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General Introduction 
 
1.1 Introduction 
 

“Everyone knows what attention is. It is the taking possession by the 
mind, in clear and vivid form, of one out of what seem several 
simultaneously possible objects or trains of thought. Focalization, 
concentration, of consciousness are of its essence. It implies withdrawal 
from some things in order to deal effectively with others (William James, 
1890, pp. 403-404).” 

 
Of course, James was not the first to recognize the crucial role of attention in 

daily life. As James already noted, everyone knew what attention is. However, after the 
turn of the century attention became an increasingly important topic in psychology. At 
first, however, behaviorism withheld a glimpse in the mind, but by the 1950ies attention 
could not be set aside in cognitive psychology anymore. Attention has become a major 
player in the explanation of human behavior.  

 
1.2 Early selection  
 
Broadbent proposed his influential filter model in 1958, which still characterizes much of 
the research in the field today (Broadbent, 1958). This theory, which was chiefly based 
on observations made in the auditory domain, proposed two stages of perceptual 
processing. In the first stage all the physical properties of the signal, such as loudness and 
location are extracted in parallel. In the second stage more abstract aspects, such as the 
meaning of the spoken word, become available. Because of presumed limitations in the 
available processing capacity in the second stage, not all available stimuli can enter this 
stage at the same time, and a filter is used to determine which stimuli are allowed to 
enter. Broadbent’s first concern was specifying the point at which information processing 
is limited. Relying primarily on experimental data that suggested that subjects could 
easily selective process information presented on a relevant ‘information channel’ and 
ignore information presented on other, irrelevant channels when channels differed on a 
physical dimension (such as ear or voice) but not, or much less easily, when channels 
differed only with respect to meaning, Broadbent hypothesized that attention operates to 
select information at an early, precategorical level based on attributes such as the location 
of the stimuli, or basic perceptual features such as pitch or loudness. 

Although this model shows how ‘withdrawal from some things in order to deal 
effectively with others’ might occur, everyone also knows that attention is not perfect. 
For drawing the attention of someone, even of a highly focused person, simply clapping 
your hands will usually do, but calling the person by his name will usually also be 
effective. Potentially relevant information sometimes gets past the selective filter. To 
account for this and other phenomena seemingly at odds with the notion of an all-or-none 
filter, Treisman (1960) proposed that attention filters by amplifying attended and 
attenuating unattended perceptual information. According to this theory, the early, 
selective filter does not completely block out unwanted information, but only attenuates 
or reduces the strength of unattended stimuli. 
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Chapter 1 

1.3 Late selection 
 
Soon after Broadbent’s early selection theory, others proposed that perceptual processing 
does occur onto the categorical level, but that attention is simply needed to prolong the 
representation of relevant information. Information which is not attended will be heard or 
seen, but will rapidly decay, and will not be available for conscious perception (see e.g., 
Deutsch & Deutsch, 1963; Norman, 1968). This explains how initially unattended 
information can sometimes be accurately identified.  

This clash of views has inspired many attempts to pinpoint the locus of selection 
more definitively. The results are mixed, however. Furthermore, Lavie (Lavie & Tsal, 
1994; Lavie, 1995; Lavie & Robertson, 2001; Lavie & de Fockert, 2003) showed that 
when identification of a target stimulus is relatively easy (i.e. low perceptual load), 
irrelevant stimuli seem to be processed deeply. This can be taken as evidence for late 
selection. However, when identification of a target stimulus is made more difficult (i.e. 
high perceptual load), irrelevant stimuli seem to undergo only low-level processing, 
which suggests early selection. Lavie argued that whether selection appears to take place 
at early versus late levels, critically depends on the extent to which perceptual processing 
of relevant information leaves spare perceptual capacity to automatically “spill over” to 
the processing of irrelevant information. When the relevant stimuli do not demand all of 
the available perceptual capacity, irrelevant stimuli will automatically capture spare 
capacity to enable their processing; giving rise to signs of late selection. 

The debate regarding the locus of attentional selection stems from Broadbent’s 
assumption that the perceptual system is limited in the information it can extensively 
process, and that attention’s function is to limit and select the information in order to 
prevent the perceptual system from overload. However, others have opposed that the 
visual system is well-equipped to process large amounts of perceptual information to 
considerable depth. The hard labor attention has to fulfill, it is suggested, is to pick out 
the relevant information to act upon. Attentional selection may be needed to prevent 
currently irrelevant information from eliciting inappropriate actions. The basis for this 
‘selection-for-action’ view is that although the senses are capable of registering many 
different objects together, effector systems are typically limited to carrying out just one 
action at a time (see e.g., Allport, 1987; 1993).  

Neumann (1987) focused on Broadbent’s assumption of the function of attention. 
According to Broadbent (1958) simultaneous registration of all the features present is 
possible, but combining these separate features into correct and reliable representations of 
the rich perceptual world is hardly possible, because infinitely many possible 
combinations can be made. Neumann’s argument against this is simple but compelling: 
‘The difficulty is not to combine stimuli, but rather to deal with them independently at the 
same time’ (Neumann, 1987, p. 363). Combining stimuli in some circumstances (e.g., 
when they converge on the same response) may even be more profitable. For instance, 
identification of a string of letters is as easy as identification of one letter when the letter 
array forms a familiar word (Cattell, 1885). In addition, it has been shown that 
performance in reading a word can, under certain circumstances, even be superior to 
reading a single letter (the so-called word superiority effect; e.g., Reicher, 1969; see 
Paap, Newsome, McDonald, & Schvaneveldt, 1982 for a review). 
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More recently Treisman developed a ‘Feature Integration Theory’ of visual 
attention ('FIT', Treisman & Gelade, 1980; Treisman, 1993; 1998). Similar to 
Broadbent’s theory, the FIT proposes a pre-attentive stage in which features are extracted 
and stored in feature maps, with separate maps representing different dimensions (like 
colour or orientation). The locations of the features are extracted separately but in parallel 
and stored in a ‘master map of locations’. The role of attention in this theory is to conjoin 
the separate features into objects. This is a serial process, whereby one location in the 
mastermap of locations is selected at a time. This location can either become activated by 
bottom-up processes, e.g., when a stimulus differs from all the others with respect to a 
salient feature ('pop-out', see Treisman and Gelade, 1980) or in a top-down manner, when 
attention is moved serially through the positions in the location map or when a location 
has been made relevant by instruction. In this model, attention’s function is to bind 
together the different features of an object.  

Many other theorists (e.g., Van Der Heijden, 1993; LaBerge & Brown, 1989; see 
Heslenfeld, Kenemans, Kok, & Molenaar, 1997 for an overview) have formulated similar 
models in which basic features are represented in functionally specialized modules. These 
models agree that location has a special role in attention: Attentional selection always 
occurs through activation of a spatial code within the location module. On the other hand, 
it has become clear that attention can select several features at a time, provided they 
belong to the same object (e.g., Duncan, 1984). The discussion of the locus of selection 
(early versus late) shifted to a discussion regarding the spatial properties of attention.  

 
1.4 Space Based Attention 
 
Posner (1980) proposed that attention can be directed towards regions of space, and 
operates by ‘illuminating’ anything present there. This spotlight metaphor was proposed 
on the basis of letter identification tasks in which subjects’ attention was cued spatially in 
advance of the letter presentation, with the letter appearing at the cued or an uncued 
location (i.e. left or right of fixation). The spotlight could be aimed at a specific location 
in several ways. Attention could be cued externally by first (up to 200 ms before target 
presentation) presenting a bright flash on the left or right location. Targets presented at 
cued locations were discriminated faster and more accurately than those presented at 
uncued locations. In addition to exogenous cuing, Posner (Posner, Walker, Friedrich, & 
Rafal, 1984) showed that attention can also be directed endogenously. In this paradigm, a 
centrally presented arrow indicated the most likely target location (left or right of 
fixation) of the upcoming target or is neutral, in which case the target is equally likely to 
appear on the left or the right side of fixation. In the majority of trials the directional cue 
correctly indicated the location where the target appeared (valid trials), but in a small 
number of trials the target appeared at the location in the opposite visual half field 
(invalid trials). Compared to neutrally cued targets, subjects were better in responding (in 
speed and accuracy) to validly cued targets, whereas invalidly cued targets were 
responded to worse than neutrally cued targets.  

Generalizing the spotlight metaphor, Eriksen and colleagues (Eriksen & Yeh, 
1985) proposed that the width of the spotlight can be adapted like a ‘zoom lens’. In an 
experiment which has become a standard paradigm in the field, subjects are presented 
with an array of letters (Eriksen & Eriksen, 1974). The central letter has to be identified 
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and responded to. For instance, the central letter can be either an ‘H’ or an ‘E’, referring 
to different response hands (e.g., left response is required when the central letter is an 
‘H’, whereas an ‘E’ requires a right response). Spatial attention is needed because the 
flanking letters are also all ‘E’s or ‘H’s. It was found when these flanking letters are 
within a radius of 1° of visual angle, the response to the target letter was affected. When 
the flankers were different from the central target (e.g., ‘E’s surrounded by ‘H’s), 
reaction times and errors increased compared to when all the letters were identical. This 
suggests that the attentional beam cannot be shrunk infinitely. The ‘zoomlens’ cannot 
decrease its resolution below the 1°, but can widen its radius depending on the task 
(LaBerge, 1983). 

More recent models propose that this ‘illuminating’ effect of attention gradually 
decreases with eccentricity to the attended location. This ‘gradient’ hypothesis predicts 
that information which is presented proximate to the attended location is relatively 
enhanced as compared to information which is presented at more distant locations, which 
can be reflected in performance (LaBerge and Brown, 1989) and in electrophysiological 
indices (Mangun & Hillyard, 1987), to be discussed in more detail below. According to 
these models of spatial attention, attention is distributed along extrapersonal spatial 
reference frames. They predict that information which is presented within the attended 
region of space will be better processed, and that objects are identified only after 
attention has been directed to their regions of space. Others, however, have argued that 
this view is too simple and proposed instead that attention is directed towards objects 
rather than towards regions of space. 
 
1.5 Object Based Attention 
 
A variety of recent evidence suggests that attention is focused on objects, rather than, or 
in addition to, spatial locations, giving rise to object-based theories of visual attention. 
These theories suggest that preattentive perceptual processing not only involves simple 
stimulus features (i.e. colour, orientation), but also Gestalt mechanisms of grouping, such 
as closure, proximity, good continuation, common fate and similarity (Wertheimer, 1923; 
Neisser, 1967). Object-based attentional theories assume that processes of grouping and 
figure-ground segregation create candidate objects that individually can be the target of 
attention, which is different from space-based theories, which assume that regions of 
space are selected whether they are occupied by objects or not. Many others have 
reviewed the effects of grouping on attentional selection (e.g., Scholl, 2001; Kanwisher & 
Driver, 1992; Driver & Baylis, 1998). Therefore, I will only highlight some of the 
pertinent findings. 

Duncan (1984) presented subjects with two superimposed objects. One of the 
objects was a tall or a small box with a gap either on the left or the right side, and the 
other was a line tilted to the left or right and was either dashed or dotted. Subjects had to 
identify either two dimensions of a single object (same condition) or one dimension on 
each of the objects (different condition). Note that the relevant features had the same 
spatial relationship in the same and different object condition. When the two target 
dimensions were on separate objects, detection was worse than when those dimensions 
were presented within the same object. This indicates that in this divided-attention task 
selection is biased towards selecting whole objects. Furthermore, Duncan also showed 
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that as long as two properties were located on a single object, performance was 
equivalent to a control in which only a single property was judged (compare with Cattell, 
1885).  

An important question concerns the type of object representation on which 
selection takes place. Vecera and Farah (1994) showed that when the objects used by 
Duncan (1984) were superimposed, the object effect was the same as when the objects 
were spatially separated. They suggested that selection takes place from an internal 
object-based representation, in which objects are coded in a spatially-invariant fashion. In 
response to that, Kramer, Weber and Watson (1997) presented their subjects also with 
two objects, like in Vecera and Farah’s study. These objects could also be either 
superimposed or spatially separated. In addition to the primary task, describing two 
features of one object or two features of two different objects, the subjects had to respond 
as quickly as possible when a probe stimulus was presented. This probe was presented 
after the objects were removed in only a fraction of the trials. In the superimposed 
condition, when the probe was presented on the location previously occupied by the two 
objects (containing all the relevant information for the primary task), subjects were faster 
in responding to that probe as compared to when the probe was not preceded by an object 
on that location. In the separate condition, in which both target features were presented 
on the same object, the probe could be presented on the location of that object, or on the 
location that was occupied by the object that contained no target features for the 
identification task Subjects were much faster when the probe was preceded at the position 
occupied by the object with both target features. Kramer et al. (1997) suggested that 
“attention activates those locations in a retinotopic or spatiotopic representation of the 
visual field that correspond to an object’s shape” (Kramer, Weber, & Watson, 1997, p. 4). 
It should be noted that this ‘grouped-array proposal’ is similar to the space-based 
attentional models described earlier, but differs from these in the sense that attention is 
flexible with respect to its shape. 

Objects have also been found to affect performance in focused attention tasks. For 
instance, Gestalt laws have been found to influence the Eriksen flanker-interference 
effect. When the target had the same colour as the flankers, the interference effect was 
larger than when flankers and target were differently coloured (Humphreys, 1981; Harms 
& Bundesen, 1983). Driver and Baylis (1989) presented subjects with an array of five 
placeholders which moved up or down a computer screen and were replaced when they 
were all in one horizontal plane on fixation by five letters with a central target and two 
near and two distant flankers. They showed that when the target and the more distant 
flankers coincided in motion (in contrast to the flankers closer to the target) the 
interference effect was associated with those distal flankers, rather than with the nearer 
flankers. This suggests that the Gestalt of common movement overruled that of 
proximity. Although this latter effect proved to be fragile (cf. Kramer, Tham, & Yeh, 
1991; Berry & Klein, 1993), another object based effect was reported by Kramer and 
Jacobson (1991). They presented subjects with five vertical lines of which they had to 
report the texture of the central line. Nearby lines could have either the same or another 
(referring to another possible response) texture. In three experiments they showed that the 
interference effect was manipulable by grouping lines by colour (Exp 2) or by closure 
alone (Exp 3.), and in combination (Exp 1). Closure grouping was established by 
connecting the nearby flankers with the target in one condition (so that the target 
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belonged to an object which also contained the nearby flankers), in which interference 
was higher than in a control in which no closure was used. In another condition, the inner 
flankers were connected to the outer flankers (and the target was solitary), and 
interference was reduced compared to control. Colour grouping was established the same 
way as closure, with similar results. Importantly, they also showed that the grouping 
effects on interference were strongly reduced when the distance between the stimuli was 
increased to more than 1°, but that the interference effect was still present. So, space and 
object based attention could be observed simultaneously. Note also that the object effect 
decreased with increased distance between the line segments, whereas in divided 
attention tasks of Vecera and Farah (1994) spatial disparity did not vary with the object 
effect. 

The paradigms used to establish space based attention (Posner, 1980; Eriksen & 
Hoffman, 1972) have also been applied to and combined with objects. For instance, Egly, 
Rafal, and Driver (1994) presented two rectangles. With those rectangles as context, they 
used the spatial cuing paradigm of Posner (1980). They spatially cued one of the four 
rectangle ends, after which a target stimulus was presented at one of three possible 
locations. The most probable location of the target (in 75% of the cases) was the Cued 
Position (Valid). The other targets were presented with equal probability either on the 
cued rectangle (but at the other end of the rectangle; e.g., Cued Within) or on the other 
rectangle (Cued Between). Importantly, these invalidly cued targets were presented with 
equal distance to the cue. The results suggested that attention uses both spatial- and 
object-based frames of reference: responses for validly cued target were fastest, those for 
targets on Cued Between locations slowest, and those for targets on Cued Within 
locations in between.  

The objects in the Egly-paradigm were perceptually distinct, with no ambiguity as 
to which borders belonged to which object. As already addressed above (i.e. Vecera & 
Farah, 1994; Kramer, Weber, and Watson, 1997), the nature of the object representation 
on which selection takes place is a matter of some debate. Several researchers have used 
the Egly-paradigm to investigate how objects which affect attention are represented. 
Moore, Yantis and Vaughan (1998) showed that (1) the object-based effect was still 
present when the rectangles were Kanizsa illusory objects (which will be described 
further below) and, (2) that when a third irrelevant rectangle was added to occlude the 
other two rectangles, the object-based effect was also still present. Based on these 
findings, Moore et al. (1998) suggested that selection takes place on basis of an internal 
object representation (see also Behrmann, Zemel, & Mozer, 1998).  

Pratt and Sekuler (2001) showed that amodal completion (the process of 
perceptually completing an object which is occluded) is involuntary and produces an 
internal representation of an object which affect attention. They first showed four 
squares, one in each quadrant. After a second or so, a rectangle was placed between the 
squares aligning the squares (producing the same initial display in the occluded condition 
as used by Moore et al. (1998) used). The results suggested that subjects perceived two 
occluded rectangles, rather than the four squares they were initially presented with. 

Chen (1998) aligned two ‘V’ like rectangles (which had different colours) in such 
way that they formed an ‘X’. When he referred to the objects as two superimposed ‘V’-
shaped objects, subjects showed an object advantage; the RT for targets on the uncued 
location within the cued object were shorter than when targets were presented on the 
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uncued object. Importantly, when he referred to the objects as one (two-coloured) large 
‘X’-shaped object, this effect disappeared completely. This indicates that even a 
suggested perceptual organization can strongly affect the spread of attention across 
physical objects. 

Kramer and colleagues (Atchley & Kramer, 2001; Watson & Kramer, 1999) 
noted that when they used more realistic objects, object-based effects were larger than in 
similar experiments employing more abstract objects, which failed to establish such 
results. Conversely, when the rectangles are perceptually degraded, object-based effects 
are marginalized (Abrams & Law, 2002) although subjects could still report the direction 
of the rectangles.  

Driver and Baylis (1998) showed that when the two rectangles are replaced by 
two rows of four circles, target detection is better when the cue is presented within the 
same row of circles than when the target appears on an uncued row of circles. They 
suggested that the ‘packaging of the world into units’ occurs before attention. Viewing 
object-based attention this way is much in the spirit of the classic distinction which has 
motivated much of attention research, that between ‘early selection’ and ‘late selection’ 
theories (see Johnston & Dark, 1986; Pashler, 1998). 

Strengthening or weakening the object-based effect in the Egly paradigm by 
rather simple manipulations in the representation of the rectangular objects suggest an ill 
defined rule that as the representation of an object is ‘stronger’, the more impact it will 
have on attention. How the representation of objects relates to attention is still a matter 
which has to be resolved. 

The issue of exactly what type of object representation attentional selection 
operates on continues to pose problems. For instance, though it is often assumed that 
object-based attentional effects also implicate object-based reference frames (e.g., 
Behrmann & Tipper, 1999), this is not necessarily the case (Mozer, 1999; Driver & 
Pouget, 2000): there are many ways in which attention could spread throughout an object 
and not the surrounding context, even though all of the features on that object were still 
represented in environment- or viewer-based coordinates. 

 
As discussed above, the contrast which has done much to fuel research on object-

based attention is that between objects and locations. At present, the question is no longer 
whether attention is based on space or on objects as mutually incompatible theoretical 
options, but how these attentional factors are related. Almost all of the results with the 
Egly-paradigm, but also the study of Kramer and Jacobson (1991) discussed above, show 
that both phenomena can be found simultaneously. Lavie and Driver (1996) suggested 
that space- and object-based attention systems interact. They showed that object-based 
attention effects can be eliminated when exogenous spatial cues are used to encourage 
subjects to allocate attention spatially. Atchley and Kramer (2001) suggested that this 
occurred because the objects used by Lavie and Driver were less realistic. In their own 
study, in which realistic objects were used, exogenous spatial cues reduced but failed to 
completely eliminate object-based effects completely. Atchley and Kramer (2001) 
suggested that there is a trade-off between both systems. Object-based effects are more 
likely to be larger when spatial uncertainty is increased (and also when the object is more 
realistic) at the cost of spatially directed attention, whereas object-based effects are 
diminished when spatial regions are selectively cued.  
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Models like the biased-competition model of Duncan and colleagues (Desimone 
& Duncan, 1995; Duncan, Bundesen, Olson, Humphreys, Chavda, & Shibuya, 1999) may 
explain this relation between both space-based and object-based attentional systems. This 
model proposes that if a feature of an object is salient, this feature will gain strength in 
the competitions within the features’ module. Consequently, other features of the same 
object also gain in competitional strength within their modules. This object specific 
competition can be biased; by behavioral requirements such as task instructions, 
operating by means of top-down modulation of within-module competition. Therefore, 
stimuli forming a group, or which are elements of an object, may, through cooperative 
interactions, have higher competing values than others, which makes selection more 
likely. (Note that this model is similar to the ‘FIT’ model of Treisman (1980) with the 
difference that in the biased competition model, space is not special but occupies a 
module like any other module). More realistic objects typically have more features than 
the simple artificial objects used in experimental settings. Consequently, more modules 
will typically be activated by complex realistic objects than by ‘experimental’ objects, 
providing more opportunities for cooperative between-module interactions and thus a 
stronger object effect. Such a stronger object effect, supported by a denser network of 
cooperating modules, would in turn be less sensitive to, and less dependent upon, 
cooperative or competing interactions with modules dedicated to representing location. In 
general, then, the biased-competition model provides an interesting perspective on the 
possibility of a trade-off relation between space- and object-based attentional systems 
(i.e. Atchley and Kramer, 2001). 

 
1.6 Object Based Attention and Kanizsa Illusory Figures 
 
Object boundaries and surface discontinuities usually exist as luminance changes in the 
image, but this is not always the case. Although we often perceive clear perceptual 
boundaries between image regions, the physical bases for these percepts may be very 
slight. Object-based attention effects can also be observed in Kanizsa illusory objects (see 
Figure 2.1). Importantly, these objects also have a methodological advantage over 
physically present objects in experimental settings because in experiments which use 
physically present objects (Duncan, 1984; Kramer & Jacobson, 1991) objectness is hard 
to manipulate without physical addition or omission of elements. Kanizsa objects, 
however, can be easily configured so that no illusory object is perceived, by simple 
rotation of the pacmen inducers. Configured in a way like in Figure 2.1, these objects are 
mostly described to be perceived as a square, brighter than its surroundings (Dresp, 
Lorenceau, & Bonnet, 1990), which overlaps four circles, which are placed behind the 
square’s corners (e.g., called pacmen inducers).  

Moore, Yantis, and Vaughan (1998) used two illusory Kanizsa rectangular 
objects, instead of real objects, in the Egly paradigm, and observed object- and space-
based effects very similar to those found with real objects. Mattingley et al. (1997) 
showed that an extinction patient (extinction patients tend to ignore stimuli in one 
hemifield (mostly the left) when other stimuli are simultaneously present in the other 
hemifield) was able to orient to an otherwise ignored halffield if this was part of a 
Kanizsa object which extended into the intact hemifield. When the Kanizsa object 
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percept was violated she could no longer indicate any changes in the left hemifield. These 
authors suggested that attention spreads over the surface of a perceived object.  

In a search task Grabowecky and Treisman (1989) presented an array of pacmen 
inducers and subjects had to report whether a Kanizsa object was created within this 
array. They found RT to increase linearly with the number of pacmen clusters. This 
indicates that search for this illusory figure is serial, with subjects testing each individual 
cluster for the presence of an illusory object before moving attention to the next cluster 
(see also Meyer & Fish, 1987; Pritchard & Warm, 1983). In these experiments, it is 
possible that subjects initially parsed the pacmen inducers as objects themselves. As 
grouping of target elements with distractor elements dramatically impairs visual search 
(Duncan & Humphreys, 1989), Davis and Driver (1994) first presented uninformative 
clusters of circles. After some time, a quarter of each circle was erased. Subjects had to 
report whether or not a Kanizsa square was created. It was shown that the detection of a 
Kanizsa square was not dependent on the number of clusters. This indicates that subjects 
did not have to search within each cluster for a square, but that these objects popped out 
in the display, suggesting that these objects are produced preattentively (see Gurnsey, 
Humphrey, & Kapitan, 1992). 

Searching for stimuli is also influenced by contextual Kanizsa objects. 
Ricciardelli and colleagues (2001) presented subjects with a Kanizsa triangle, 
superimposed on a physical triangle (e.g., the Kanizsa triangle was presented as if it was 
closer to the observer and occluded the outlined triangle). Target detection on the 
physically outlined, but partly occluded triangle (called amodal completable object) was 
disrupted by stimuli presented on the Kanizsa illusory triangle. So, stimuli presented on a 
object subjectively closer to the observer seem to have an advantage over objects further 
away. 

Yantis (1993) argued that a bottom-up capture of attention is caused by 
presentation of a new object. Rauschenberger and Yantis (2001) first presented subjects 
with eight (two rows of four) circles. After a second or so, a quarter was erased of seven 
of the eight circles, creating pacmen inducers, and of the remaining circle either the top 
or bottom half was erased. The subjects were required to report the orientation of the half 
circle (upright or down). When four of the seven pacmen created a Kanizsa square, 
subjects showed slowed responses to the target compared to when the other pacmen were 
not composed to create a Kanizsa object. However, this was only so when the Kanizsa 
objects were presented on fixation rather than to the left or right (note that this at odds 
with the search task experiment of Davis & Driver, 1994, mentioned above). 

This review of empirical results suggests that it is very difficult to clearly 
establish whether the percept of illusory objects, such as Kanizsa objects, is formed by 
sensory/bottom-up processes or requires additional attentive processing, based on 
performance measures alone. Psychophysiological measures may provide additional 
information and insight in how illusory objects are produced. Brain imaging techniques 
(Positron Emission Tomography or PET, and functional Magnetic Resonance Imaging or 
fMRI) and lesion studies can be used to investigate the degree of overlap between brain 
structures involved in object perception and those which are recruited by attention. Brain 
imaging techniques with excellent time resolution (Magnetic Encephalogram or MEG, 
Electro Encephalogram or EEG and single cell recordings), can be used to investigate the 
time-course of processing of illusory objects.  
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1.7 Psychophysiological Studies of Illusory boundary formation 
 
Visual information is transferred from the retina through the thalamus to arrive first in 
area V1 of the visual brain areas. This area contains cells with small receptive fields that 
are specialized in detecting the orientation of stimuli falling within this field. Higher 
visual brain areas contain cells which have increasingly large receptive fields, and have 
more complex features to which they preferentially respond.  

Illusory contours may be produced in several ways. In psychophysiological 
studies Kanizsa objects are sometimes used, but often illusory contours produced in 
another way are used. A common way to create illusory contours is to present line 
gratings with discontinuities which form regular borders. Usually such an illusory border 
consists of coinciding line-endings of the line grating. For example, a grating consists of 
horizontal lines with regular distance between them, but the surface of a square is shifted 
or is rotated. This way the surface of the square has another texture than the surrounding 
and an illusory square is typically perceived. 

It has been proposed that V1 cells which are activated by a physically present 
contour are activated in a similar way by illusory contours (von der-Heydt, Peterhans, & 
Baumgartner, 1984; von der-Heydt & Peterhans, 1989). However, when illusory contours 
indeed result in activation of V1 cells, they may do so as a result of feedback from higher 
cortical areas, whose cells’ larger receptive fields are more suitable for illusory contour 
processing. Lee and Nguyen (2001) have measured activity of deep and superficial layers 
of V1 and V2 in the macaque monkey while they were presented with Kanizsa objects. 
They observed that the response of V2 neurons to illusory contours was significantly 
stronger than the response of neurons in V1. Furthermore, the largest amount of neurons 
responding to illusory contours could be found in the deep layers of V2. The onset time 
of responses to illusory contours was 70 ms. in the superficial layers of V2 and 95 ms for 
deeper V2 layers, whereas the superficial layers of V1 were active after 100 ms. and after 
190 ms. in deep V1 layers. These results seem to confirm the hypothesis that V1’s 
response to illusory contours is initiated by neurons in higher brain areas. This is 
supported by findings by Lamme and Spekreijse (Lamme, Van Dijk, & Spekreijse, 1993; 
Roelfsema, Lamme, & Spekreijse, 1998), who produced illusory objects by shifting a part 
of a line grating.  
 To measure the ongoing brain activity in humans other techniques are often used. 
For instance, magneto-encephalography (MEG) measures the magnetic fields which are 
produced by the dipole currents of cortical cell columns. Ohtani et al. (2002) presented 
subjects with line gratings which produced illusory or no illusory objects and compared 
the evoked activity of low-level visual areas. Activity was similar until 80 ms. after 
which significantly stronger responses were found for illusory objects, suggesting that 
cortical areas involved in illusory contour perception became active. A source within 
V1/V2 could model up to 95% of evoked activity in two subjects, whereas in two 
remaining subjects the model reached somewhat lower levels. These results suggest that 
illusory contours are processed in early visual areas, although the authors stressed that the 
MEG-technique and the stimuli that they used might not have been effective in capturing 
the visual processing in the higher-tier areas. 
 Functional Magnetic Resonance Imaging (fMRI) has the advantage that it can 
image correlates of brain activity with a high topographical resolution. Mendola et al. 
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(1999) exploited this to image higher visual brain areas while presenting Kanizsa objects 
and contrasted this with activity in which they rotated the pacmen inducers. They found, 
in line with the results discussed above, that early visual areas were active (V1, V2, V3, 
and VP). However, they also found activity in V7 and V8 which extended into V3a and 
V4v. The level of activity of the higher visual areas was much higher than the activity in 
the lower brain areas. The activity was mainly found in the Lateral Occipital cortical 
areas (LOC-areas). These areas are possibly related to figure-ground segregation and 
object recognition (Malach et al., 1995; Moscovitch, Kapur, Kohler, & Houle, 1995; 
Ishai, Ungerleider, Martin, Schouten, & Haxby, 1999). 

There are only a few studies which used the electro-encephalogram (EEG) to 
provide data on brain activity related to the perception of illusory figures. Kanizsa objects 
evoke a rather different pattern in the event-related potential (ERP) of the EEG than the 
same pacmen placed in a formation in which no illusory object can be formed. Former 
experiments (Herrmann & Mecklinger, 2000) focused on differences in potentials evoked 
by Kanizsa and non-Kanizsa objects. Herrmann and colleagues (1999; 2000; 2001) 
observed that Kanizsa objects evoke larger N170’s (N1’s) compared to non-Kanizsa 
objects, independently of which type of object the subjects had to detect. Therefore, they 
conclude that the N170 reflects illusory contour detection. Others (Pegna, Khateb, 
Murray, Landis, & Michel, 2002) compared activation of non Kanizsa, Kanizsa and real 
contours (the illusory edge between the inducing pacmen is a real line) of triangles. The 
ERPs elicited by the Kanizsa triangles and the real contours were similar. They conclude 
that both processes ‘modulate a common network associated with filling-in and figure-
ground segregation’ (p. 965). Proverbio and Zani (2002) found differences in Kanizsa 
and non-Kanizsa objects evoked potentials on the N1 component also. The effects of 
Kanizsa object processing found in the ERP are somewhat later than in the single-cell 
studies and the MEG-study of Mendola et al. (1999) discussed above.  

Although many studies thus suggest that 1) higher brain areas are involved in the 
production of the illusory contour percept and 2) that lower brain areas (V1) also reflect 
responses to illusory contours, probably due to reentrant information from higher brain 
areas, it has been suggested that the conscious percept of illusory contours corresponds to 
V1 activation (Lamme & Roelfsema, 2000; Super, Spekreijse, & Lamme, 2001). A 
plausible model is that in an afferent signal (feedforward sweep) the detection of illusory 
contours is produced in higher brain areas, and in a recurrent activity sweep forms 
coherent activity with lower (V1) activity, which is crucially involved in conscious 
perception of an illusory object (Lamme, Super, Landman, Roelfsema, & Spekreijse, 
2000). Thus, lower brain areas may be crucial for conscious perception of an illusory 
object. However, as attentional modulation is found mostly and profoundly in extrastriate 
visual areas, it is conceivable that attentional processes, such as search for illusory 
contours, mainly involve modulation of higher brain areas. This is also suggested by the 
observation that monkeys are impaired in illusory contour perception after lesions were 
inflicted on higher visual areas, such as the inferotemporal (IT) area (Huxlin, Saunders, 
Marchionini, Pham, & Merigan, 2000).  

 
1.8 ERP studies of spatial attention 
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Spatial attention has been found to modulate the early visual components P1 and N1 in 
the ERP (for reviews see Mangun, Hillyard, & Luck, 1993; Mangun, 1995; Clark & 
Hillyard, 1996; Hillyard, Anllo-Vento, Clark, Heinze, Luck, & Mangun, 1996; Wijers, 
Lange, Mulder, & Mulder, 1997). The P1 is a positive peak (100-150 ms. after 
stimulation) which occurs before the negative N1 (150-200 ms.), and both ERP 
components are most prominent over the occipito-temporal areas of the scalp. The P1 and 
N1 sources are thought to originate from extrastriate areas of the brain. It was proposed 
that attended information gained in sensory strength compared to unattended information. 
However, the P1 and the N1 differ somewhat in their functionality. Compared to ERPs 
evoked by stimuli shown after neutral cuing (e.g., a cue which has no predictive value for 
the location of the upcoming stimulus), validly cued stimuli evoked equally large P1’s, 
whereas invalidly cued stimuli evoked smaller P1’s. This last effect is also observed in 
the N1, but the N1 is in addition larger for validly cued stimuli than neutrally cued 
stimuli. Therefore, it was proposed that in early phases processing of unattended 
information is suppressed (rather than that attended information is boosted), reflected in 
P1 modulation, whereas the N1 reflects both boosting of attended information and 
suppression of unattended information (Luck, Hillyard, Mouloua, Woldorff, Clark, & 
Hawkins, 1994). As this N1- component is thought to originate from early, extrastriate 
visual brain areas, spatial attention is thought to lead to sensory gain (Luck et al., 1994).  

Later the N1 was proposed to reflect several processes, such as sensory gain and 
discriminative processes (Mangun, Hillyard, and Luck, 1993). Vogel and Luck (2000) 
showed that the N1 is enhanced in tasks in which the target is relatively hard to 
discriminate from nontargets. Indeed, in simple detection tasks the N1 is not affected by 
attention (Vogel & Luck, 2000). Also, it was suggested that the N1 reflected attentional 
shifting processes (Heinze, Luck, Mangun, & Hillyard, 1990; Luck, Heinze, Mangun, & 
Hillyard, 1990), although this was refuted a few years later (Heinze & Mangun, 1995).  

These findings are in line with early selection, space-based theories of attention. 
Mangun and Hillyard (1987), for example, showed that the effects of attention on the 
ERP reduce as the distance between the focus of attention and the stimulus increases. 
This is congruent with the spatial gradient hypothesis discussed above.  
 
1.9 ERP studies of object attention 
 
In spite of repeated pleas to investigate brain processes during object based selection 
(Driver and Baylis, 1998; Vecera, 1997) surprisingly little ERP research has been done to 
apply the expertise of spatial selection correlates in the ERP on object selection. Next, I 
will summarize and review all ERP research on object selection that we are aware of. 

Valdes-Sosa and colleagues (Valdes-Sosa, Bobes, Rodriguez, & Pinilla, 1998) 
found modulation of the P1 and N1 components by object selection. They showed two 
superimposed rotating random dot patterns which formed transparent surfaces, in one of 
which subjects had to detect a sudden shift of a set of the dots, while ignoring these shifts 
in the other. Unattended compared to attended sudden shifts induced P1 and N1 
amplitude reduction. Although the selection of space is identical in both cases, the 
selection of 'objects' modulated these early visual components. Using similar displays, 
Pinilla and colleagues (Pinilla, Cobo, Torres, & Valdes-Sosa, 2001) showed that when 
subjects had to detect a second sudden shift in the random dot patterns, this was very hard 
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in a period of 200-500 ms. following a first shift of the superimposed dot pattern. This 
phenomenon of problems of detecting a second target is known as ‘attentional blink’(see 
Shapiro, Raymond, & Arnell, 1994). Detection of a second shift was facilitated when it 
occurred on the same dot pattern as the first one. The difficulty in shifting between 
objects was associated with attenuation of the N1 (smaller N1’s were evoked by the 
second shift when it occurred in different dot patterns). This indicated that the two-
surface cost corresponded to competitive effects early in vision. 

Weber and colleagues (Weber, Kramer, & Miller, 1997) complemented the study 
described above of Kramer, Weber, and Watson (1997) who used probing techniques in 
the Duncan (1984) paradigm to show that attention is spatially allocated to areas in which 
the relevant features are presented. In contrast with this performance study, no secondary 
task of the subjects was required in that they did not have to respond to the probes. 
Rather, in this experiment the probes were used to evoke ERPs which indicated the 
allocation of attention. For instance, when the probe was presented on locations which 
were not preceded by objects on that location, it evoked a small P1 compared to probes 
presented on locations which were preceded by objects. This is an indication that 
attention was directed to the location of the objects. Furthermore, the probe evoked larger 
P1’s when it was preceded by objects of which one contained both target features than 
when the target features were located on different objects. This indicates that subjects do 
not select the information from an internal representation that is spatially invariant 
(Vecera and Farah, 1994), but rather that object-based attention is spatially mediated. 
Attention is distributed over an object’s shape (i.e. Kramer, Weber, and Watson, 1997), 
as if it exactly silhouettes present objects.  

Another important point in their experiment concerns the ERPs evoked by the 
target objects themselves. On presentation of the objects, the N1 component was larger 
when the two target features were located on different objects than when they were 
located on the same object. This N1 difference indicated that attention is differently 
allocated on objects which contain both target features than on objects which both carry 
one target feature. Furthermore, the P3 component was larger for objects which contained 
both target features compared to when they were located on different objects. This P3 
difference indicates that stimulus evaluation is faster when one object contains both target 
features. The authors concluded that object-based selection is spatially mediated. 

Another similar study was carried out by Czigler and Balazs (1998). In this study, 
subjects had to respond only when two features were present and withhold response when 
only one or none of the relevant features were present. They focused on the ERP which 
was evoked by the objects themselves also, but with a closer look on the temporal 
difference between the different conditions. The objects were either superimposed 
(Experiment 1) or spatially separated (Experiment 2; see Vecera and Farah, 1994). The 
processing of this spatial effect can be compared with the temporal development of the 
object effect (i.e. the difference between the condition in which the target features 
occupied the same object and the condition in which the features were on different 
objects). First, the exogenous components (P1/N1) did not differ for the object effect, 
whereas the P3 occurred earlier in the single-object condition than the different-objects 
condition. Furthermore, and importantly, the object effect was evident earlier and more 
pronounced in the separated location condition than in the superimposed condition 
(Czigler & Balazs, 1998; Fig 4, p.122). Thus, focusing attention on a particular object 
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precedes target/nontarget categorization. This suggests that space aids to separate the two 
objects. 

He and colleagues (He, Fan, Zhou, & Chen, 2004) recently measured ERPs 
during a detection task similar to the Egly et al. (1994) study. They showed that under 
high cue validity conditions (77% of the trials in which a target appeared, it appeared on 
the cued position and in the remaining target present trials it was equally likely they 
appeared on the cued rectangle or on the other rectangle), both space- and object-based 
effects were observed. In further experiments (Exp. 2 and 3) they showed that the space-
based attention effects decreased to zero when the cue probability was reduced, whereas 
object-based effects were still as prominent as in the first experiment. The logic behind 
this is that with unpredictive cues, selection is based on reflexive mechanisms. Location 
cuing effects in this experiment was associated in altered anterior waveforms, whereas 
object-based effects were associated with modulation of the N1. He and colleagues 
conclude that space- and object-based selection reflect voluntary and reflexive 
mechanisms, respectively. 

For the question how object and space based attention mechanisms are related, 
studies like He et al’s are important. This type of ERP study can be extended on several 
points. First, although He et al.mainly focused on topographical indices, ERP measures 
provide an opportunity to examine the temporal relation between both types of 
processing. Second, they showed that in altering cue validity, spatial attention is mainly 
modulated, whereas object-based attention effects are constant with varying cue validity. 
However, as already reviewed above, slight manipulations in the ‘representation’ of the 
rectangular objects alter the effects on object-based attention effects. Varying the object-
based effects in the Egly paradigm and their ERP correlates would provide 
complementary and valuable information about the relation between object- and space 
based attention mechanisms.  
 In conclusion, the ERP studies which investigate object-based attention are scarce 
and inconclusive regarding the questions of how it is related to spatial selection, both 
temporally and functionally. 
 
1.10 Outline of this thesis 
 
The empirical chapters of this thesis that will follow this introduction (Chapters 2-5) are 
focused on object-based attention mechanisms. Chapter two describes two performance 
(RT and accuracy) studies, in which it is attempted to alter the spatial allocation of 
attention by the presence of Kanizsa objects. Two experiments are described in which 
endogenous spatial cues indicated the most probable location of relevant information. 
Kanizsa objects, presented over the relevant locations, were used in an attempt to alter the 
spatial attention effects. The theoretical question is whether spreading of attention is 
involuntary altered by the contextual presence of a Kanizsa object. 
 In Chapter 3 two experiments are described. First, in an RT study Kanizsa objects 
were used to establish object-based attention effects similar as in the experiment of Egly, 
Rafal and Driver (1994). In the second experiment, ERPs and RT were used to 
investigate and contrast the temporal dynamics of spatial and object based attention 
effects on processing. 
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 In Chapter 4 the Eriksen flanker paradigm is used in combination with Kanizsa 
objects in an attempt to alter the focus of (spatial) attention, similarly as in the 
experiments of Kramer and Jacobson (1991). In addition we measured ERPs to establish 
how the Kanizsa object context influenced selection processes. 
 In Chapter 5 it is explored how the shape of local elements which induce the 
illusory Kanizsa object influence the perception of the shape of the illusory object. First, 
in a performance study, a Stroop-like task explores how the form of one level (e.g., the 
form of the Illusory object or the form of the inducing elements) influences form 
discrimination at the other level. Second, in an ERP study it is explored how these stimuli 
are processed while subjects discriminated combinations of features on the different 
levels (illusory or elements).  
 In Chapter 6 the empirical studies are summarized and a more general conclusion 
concerning the influence of contextual illusory objects on attention and 
psychophysiological correlates is drawn. 
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Two alternative target locations and object-based attention in Kanizsa 
Illusory and Amodal objects 
 
Jurjen van der Helden, and Berry Wijers. 
 
Abstract 
 

Object-based attention refers to the effect that subjects are able to report 
the features of an object more efficiently on which attention has been 
focused than the features of an unattended object. It has been proposed 
that attention spreads more easily over an object surface than over other 
regions of space (Mattingley, Davis, & Driver, 1997). In the current paper, 
two experiments are reported in which (the distribution of) endogenously 
directed attention is studied in Kanizsa Illusory and Amodal objects. In the 
first experiment, subjects had to respond to letters which were presented 
either to the left or to the right of fixation. Informative or neutral 
endogenous cues (two arrowheads) were presented 500 ms before target 
presentation. Informative cues predicted the target location with a 
probability of 80% (valid trials). In the other 20% of the trials with 
informative cues the target was presented at the unexpected location 
(invalid trials). In case of neutral cues, the target was as likely to be 
presented at the left or right location. Cue and target were presented within 
a Kanizsa Illusory rectangle or within an Amodal rectangle. In Experiment 
2, subjects were required to simply detect a sudden onset at left or right 
target positions. The targets were either presented within the end of a large 
rectangular object or within one of two square objects (again Kanizsa or 
Amodal objects). After presentation of the objects, the inducers at the left 
and at the right changed in different colours (e.g., blue at the left and red at 
the right), indicating the most probable target location. After 400 ms the 
target appeared in 67% of the cases at the cued location, and in 17% at the 
other location. In addition, 17% of the trials were catch trials, in which no 
target was presented and subjects had to withhold responding. In both 
experiments standard performance effects of spatial cuing were obtained, 
but these effects were completely independent of the type of object(s) in 
which the targets were presented. It is argued that object-based attention 
effects reflect a preference to shift attention within attended objects before 
attending other objects.  

 
2.1 Introduction 
 
Visual spatial attention is thought to act by modulating early visual information 
processing. Subjects selectively attending to a certain spatial area have a better 
representation of the visual information presented within that area as compared to 
information presented elsewhere. As a result, in tasks involving a speeded response, 
subjects show reduced reaction times and fewer errors when stimuli are presented at 
attended locations as compared to stimuli at other locations. For example, Posner (1980) 
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cued subjects' spatial attention with arrowheads which predicted the most probable 
location of an upcoming peripheral (left or right) stimulus. A simple response had to be 
made to that stimulus. Responses were faster for validly cued stimuli than for invalidly 
cued stimuli. Posner (1980) also used a neutral cue which did not predict the location of 
the stimulus. RT to neutrally cued stimuli was intermediate to validly and invalidly cued 
stimuli, indicating that spatial attention both facilitates information processing at validly 
cued locations and inhibits information processing at invalidly cued locations. 

Because of such findings and many others, theories of visual attention have 
heavily emphasized the spatial, location-based aspects of attention (e.g., Van Der 
Heijden, 1993). Duncan (1984), however, showed that space-based attention cannot 
account for some performance differences when subjects responded to stimuli presented 
at the same spatial location. Subjects were presented with two objects: a box and a line 
struck through it. Participants had to report two of four features of these objects. In the 
situation in which the 'target features' belonged to the same object, performance was far 
superior to the situation in which the features belonged to different objects, even though 
the spatial distances between the features were identical in both situations.  

The theoretical question is whether spatial attention is acting upon incoming 
elementary features before or after these are integrated into consistent object percepts. In 
the latter case, spatial attention also would be expected to be affected by the properties of 
the perceived objects. Mattingley, Davis, and Driver (1997) showed an elegant example 
of object-based attention effects. A patient with hemi-neglect performed a simple 
detection task. Hemi-neglect is considered as a syndrome mostly developed by patients 
with damage to the superior temporal sulcus (STC) in the right hemisphere. These 
patients seem to have ‘lost the left side of their world’. The patient in the study of 
Mattingley et al. (1997) had to detect 'pacmen' figures on the left, right or on both sides of 
fixation, which could be configured (in the case of four inducing pacmen) so that an 
illusory square was created (i.e. a Kanizsa rectangle). When four pacmen were presented 
in such a way that these did not create an illusory rectangle, the patient only reported the 
presence of the pacmen in the right visual field, a classical pattern known as extinction. 
Importantly, when the four pacmen were arranged as an illusory rectangle, the patient 
also reported the left pacmen also when the four pacmen were configured in an illusory 
contour display. It was argued that the percept of the illusory rectangle was created 
before attention was spatially distributed. Attention, it was proposed, 'spreads' over the 
illusory rectangle into the contralesional hemispace and consequently leads to a reduced 
extinction. 

If attention tends to spread across perceived objects, this tendency might 
counteract efforts to direct attention selectively to parts of an object. In that case, it is 
expected that the attention effects as found by Posner will be diminished (or absent) by 
displaying the task within an illusory object, since the object is considered to be 
preattentively created and to alter the spatial distribution of attention. We report on two 
experiments using Kanizsa illusory figures in speeded response attention tasks. In the 
first experiment, participants were given a task similar to the Posner paradigm. A central 
double arrowhead cued the most likely position (left or right of fixation) of the upcoming 
target letter. In addition, in some trials there was a neutral cue, which specified that both 
positions were equally likely. This Posner task was displayed either within a Kanizsa 
illusory rectangle or within a Kanizsa violation (Amodal figures in which the inducing 
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circles were completed, see Fig 1). The purpose was to examine whether the display of 
the illusory objects altered the spatial distribution of attention. This would be evidenced 
by the finding that the RT effects which are usually obtained in the Posner paradigm 
would be reduced or absent in the illusory Kanizsa figure condition. We expected that the 
modulating effect of the embedding figure on the spatial attention effects would be larger 
with Kanizsa figures than with Amodal figures, since for Amodal figures the subjective 
experience of perceiving an illusory figure is much smaller. Other evidence also indicates 
that Kanizsa and Amodal figures are processed differently (Corballis, Fendrich, Shapley, 
& Gazzaniga, 1999).  

In the second experiment, instead of the central double arrowhead cues, the 
inducer elements of the Kanizsa figure were used to cue spatial attention. This was an 
attempt to increase the importance of the illusory object itself in the orienting of 
attention. In Experiment 1, subjects could in principle ignore the illusory object and focus 
their attention completely to the central cue. Note though, that according to some of the 
ideas described above, this would not be possible, since the illusory object is processed 
preattentively, automatically modulating the distribution of spatial attention. 
Nevertheless, it could be that object-based attention effects are less obligatory than 
sometimes postulated, and that therefore task related factors might matter. 

First, 8 pacmen inducers (2 vertical, 4 horizontal) were presented and configured 
in either two Kanizsa squares (1 left, 1 right of fixation) or one large Kanizsa rectangle, 
extending from the left to the right visual field. Again, in this design Amodal figures 
were used for comparison. The figures in this experiment could not be ignored, as in the 
first experiment, since spatial attention was cued by colouring the inducing pacmen. 
Subjects were instructed to attend to the location that was surrounded by inducers with a 
certain colour. Again, the probability that the stimulus appeared at the attended location 
was 80 %. No neutral cues were used in the second experiment. Another difference 
between both experiments was that we used a discrimination task in Experiment 1, and a 
simple detection task in Experiment 2. 
 
2.2 Experiment 1 
 
2.2.1 Method 
 
2.2.1.1 Participants 
 
14 unpaid right-handed volunteers (age: 17-27) were positioned 0.75 meter in front of a 
computer screen and had normal or corrected-to-normal vision. 
 
2.2.1.2 Procedure and Stimuli 
 
A trial consisted of 5 displays. First, a fixation sign ('+') was shown at the centre of the 
screen for 400 ms. Second, a double arrowhead, cuing the likely location of the target 
('>>' or '<<'), or a neutral cue ('><'), substituted the fixation sign. Neutral cues were 
presented in 1/3 of the trials. After 500 ms, randomly, either a Kanizsa or an Amodal 
rectangular figure (width: 9.2 cm, height: 5.6 cm, see Figure 2.1) was presented. The 
centre of these figures was at fixation, and the figures extended to the left and right in 
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both visual half fields. The figures were induced by four pacmen, 4.5 cm in diameter 
each, placed on each corner of the rectangular figure. Amodal inducing pacmen were 
created by erasing a quarter of the circle, like in the Kanizsa figure, with the exception of 
the outer ring of the circle (1 pixel thick). The strength of the illusion is expressed by 
dividing the length of delimited rectangle line area by the total illusory line length (see 
Ringach & Shapley, 1996). For the illusory rectangle width this is 4.5/9.2=0.49, for 
height this is 4.5/5.6=0.8. 750 ms later the imperative stimulus (IS) was presented, either 
to the left or right (2.2 cm) of the double arrowhead, within the Kanizsa or Amodal 
rectangle. The IS was either an 'E' or an 'H' (.6 × .6 cm) and was presented for 110 ms. 
The Kanizsa or Amodal figure and the cue were presented for another 1000 ms. 
Responses were collected in the 1110 ms interval in which the stimulus and the 
poststimulus Kanizsa or Amodal figures were presented. 
 
 
Figure 2.1 
 
Depicted are the 
contextual objects 
used in 
Experiment 1. On 
the left a Kanizsa 
rectangle is 
depicted, on the 
right an Amodal 
rectangle. 

Kanizsa Rectangle Amodal Rectangle 

 
 
Subjects were instructed to attend to the location to which the arrowhead pointed. The 
probability of the IS appearing at the indicated location was 80 % (in case of a neutral 
cue 50 %). One half of the subjects was instructed to respond with a left keyboard key ('z' 
button) when the IS was an 'E' and with a right keyboard key ('/' button) when the IS was 
an 'H'. For the other half of the subjects the instruction was reversed. Subjects were 
instructed to respond as fast and accurately as possible. Ten blocks of 120 trials were 
presented to each subject.  
 
2.2.1.3 Analyses 
 
Reaction time (RT) and errors percentages were analyzed. A repeated measures 
MANOVA was calculated for two factors; cue validity (VALIDITY, three levels; valid, 
neutral, or invalid), and figure type (FIGURE-TYPE, two levels, Kanizsa or Amodal 
figure). In order to account for the violation of sphericity assumption in the application of 
the univariate approach, we used the Huynh-Feldt correction (Huynh & Feldt, 1976) in 
case of a Huynh-Feldt epsilon ≥0.75, and the Greenhouse-Geisser correction (Greenhouse 
& Geisser, 1959) in case of an epsilon <.075 (Quintana & Maxwell, 1994).  
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2.2.2 Results 
 
The analyses showed significant RT- and error-effects of VALIDITY (F(2,26)=44.8, 
p<.001, and F(2,26)=9.5, p<.005, respectively). However, there was no main effect of 
FIGURE-TYPE, nor an interaction between FIGURE-TYPE and VALIDITY (RT: 
F(2,26)=.43, ns.; errors: F(2,26)=.57, ns.; see Figure 2.2).  
 
 
Figure 2.2 
 
In the upper panel 
the RTs on targets 
in Experiment 1, 
in the lower panel 
the accuracy data 
are presented. 
Error bars indicate 
standard error of 
mean. 
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It was observed that in RT there were no significant benefits, which is indicated by the 
contrast between valid and neutral conditions (F(1,13)=.2, ns.). However, more errors 
were made in the validly cued condition than in the neutral cued condition (F(1,13)=9.9, 
p<.05). The costs (indicated by the contrast between neutrally and invalidly cued 
conditions) in RT and errors were significant (F(1,13)=111.3, p<.001 and  F(1,13)=10.8, 
p<.05). No effect of FIGURE-TYPE on either benefits or costs was found. 
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Another separate analyses of benefits compared to costs of cuing was performed 
to test the magnitude of the costs compared to the benefits. First, the difference between 
validly cued and neutrally cued conditions (indicating the benefits of attentional cuing) 
and the difference between neutrally and invalidly cued conditions (indicating the costs 
of attentional cuing) was calculated. The costs of attentional cuing in this experiment was 
higher than the benefits for RT (F(1,13)=70.0, p<.001) and for errors (F(1,13)=11.4, 
p<.01). 

 
2.2.3 Discussion 
 
We expected the spatial distribution of attention to be changed by presenting the spatial 
attention task in the context of an embedding illusory Kanizsa figure. In that case, first, 
we could have found that the validity effects were absent or much reduced as compared 
to similar studies without an embedding figural context. Clearly, this prediction could not 
be confirmed. We obtained robust effects of VALIDITY on both RTs and error 
percentages, and the size of the validity effect (valid as compared to invalid trials) is 
much comparable to other studies without embedding figures (e.g., Posner, Snyder, & 
Davidson, 1980; Posner, 1980). These VALIDITY effects indicate that subjects 
adequately shifted their attention to the cued position, despite the presence of the 
embedding illusory figure. 

Second, we used Amodal figures as reference stimuli to the Kanizsa figures. 
Mattingley et al. (1997) found that Kanizsa figures but not Amodal figures largely 
improved left visual field performance of their extinction patient. Other research 
(Corballis et al., 1999) as well indicates that Kanizsa and Amodal objects are processed 
differently. Therefore, we expected that Kanizsa figures would have larger effects on 
spatial attention than Amodal figures. However, in contrast to expectation, the crucial 
FIGURE-TYPE by VALIDITY interaction was far from significant.  

In the following part we discuss some possible explanations for the reason why 
we did not obtain the expected differential effects of Kanizsa and Amodal figures. First, 
Ringach and Shapley (1996) suggested that despite different perceptual outcomes in the 
formation of objects from Kanizsa configurations (strong illusory boundaries) and 
Amodal configurations (much weaker illusory boundaries), discrimination of object form 
of what would be rectangular shapes in our case, is the same. Possibly, the figural context 
did have an effect on the distribution of spatial attention, but similarly so for Kanizsa and 
Amodal figures. In fact, although we obtained robust validity effects (as determined by 
the difference in performance to validly and invalidly cued stimuli), the exact pattern of 
results was somewhat atypical. Contrary to previous studies (e.g., Posner, Snyder, and 
Davidson, 1980; Posner, 1980), attentional costs (performance in invalid versus neutral 
trials) were much larger than attentional benefits (performance in valid versus neutral 
trials). This might indicate that the embedding figural context was beneficial to task 
performance in the neutrally cued trials, helping the subjects to divide attention over the 
whole rectangular surface. Future investigations could use a condition without any figural 
context or a condition with pacmen in an orientation not forming an illusory figure. 

Second, it could be that the subjects in experiment 1 did not perceive the Kanizsa 
figures at all. For instance, Lavie (Lavie and Tsal, 1994; Lavie, 1995) showed that when 
perceptual load is increased, irrelevant stimuli are processed only shallowly. In the 
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present experiment, the introduction of the (irrelevant) inducing pacmen may have 
increased the perceptual load so that the processing of the individual pacmen was 
insufficient to produce an illusory object percept. However, this seems unlikely 
considering the literature on the processing of Kanizsa figures. There is ample evidence 
that irrelevant Kanizsa figures presented together with a visual attention task are 
processed extensively. For instance, subjects performing an attention task showed 
increased cerebral blood flow in area MT (an area known to be activated by the 
perception of motion) when rotating pacmen which induced illusory objects moved from 
top to bottom of the screen , in comparison with the same task in which the rotating 
pacmen did not induce illusory objects (Seghier et al., 2000). Furthermore, experiment 5 
of Mattingley et al. (1997), in which the extinction patient had to detect dots presented 
within either a Kanizsa or an Amodal object, it was shown that she ignored a second dot 
on the left when the dots were presented in an Amodal object, but not in a Kanizsa object. 
This shows that a neglect patient strongly benefits from the context of an irrelevant 
Kanizsa figure, even though it has been demonstrated that neglect patients in general are 
highly vulnerable to even slight increases in perceptual load (Lavie, 1999).  

Lastly, it is possible that the pacmen Kanizsa inducers have to play an active role 
in the attention task in order to influence spatial attention. In this task it is possible that 
subjects successfully ignored the Kanizsa object, because the pacmen inducers were 
always presented outside the focus of attention and could not be strategically used for 
improving performance. In comparison, Mattingley et al.’s (1997) patient had to actively 
search for pacmen inducers, or could profit from them in order to find a second dot on the 
left (Exp 5.), in which she only succeeded when the pacmen inducers formed a ‘good’ 
Kanizsa rectangle. Therefore, in Experiment 2, the pacmen inducers served as a 
predictive cue, indicating the most likely position of stimulus presentation. 
 
2.3 Experiment 2 
 
In the present experiment the pacmen inducers had to be used in order to optimally 
anticipate the upcoming target location. Pacmen inducers were changed from white to red 
on one side and from white to blue on the other side of fixation. These colours were 
predictive for the target location. In this way the pacmen inducers played a more 
prominent role in orienting attention, and possibly made it difficult for subjects to ignore 
the illusory figure(s). In addition we used a simple detection task instead of a 
discrimination task. The imperative stimulus was a bright white square placed in the 
illusory figure on either the cued (valid trials) or uncued side (invalid trials). Subject had 
to make a speeded response to the imperative stimulus. In catch trials no stimulus was 
presented and subjects had to withhold responding. In this design several figure displays 
were possible: eight pacmen inducers (four horizontally, two vertically) were either 
configured such that two illusory squares were presented (one left, one right) or such that 
one large illusory rectangular figure was presented, which covered left and right stimulus 
positions (see Figure 2.3). 

The experiment of Egly et al. (1994) used a more or less similar design. Subjects 
had to detect a bright target square which was presented at one of the four ends of two 
rectangles. Before the stimulus was presented the subjects were exogenously cued to one 
the four rectangle ends by the brightening of the line which made up the rectangle end. 
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Egly et al. (1994) observed that when subjects were validly cued to a rectangle end, RT 
was fast relative to invalidly cued stimuli. Importantly, they observed that on invalidly 
cued trials, the RT was faster when a stimulus was presented at the opposite end of the 
cued rectangle than when the stimulus was presented at the other rectangle. Egly et al. 
(1994) concluded that apart from the obvious benefit of spatial cuing, there was also a 
benefit when the stimulus was presented at a location that was not itself directly cued, but 
belonged to the same perceptual object. The latter effect was interpreted as object-based 
attention.  
 In Experiment 2, we expected object-based attention to manifest itself particularly 
in the invalidly cued trials. In trials in which two illusory squares are presented and the 
stimulus is presented at the uncued square, the performance cost (relative to validly cued 
trials) will be large, since the stimulus is both spatially unexpected, and attention in 
addition has to switch to another object. In trials with a single illusory rectangle, on the 
other hand, an invalid stimulus is spatially unexpected, but is presented at a location 
within the cued object, so the performance cost should be smaller. 

As in Experiment 1, Amodal figures were used as control stimuli. We expected 
object-based attention effects to be smaller for Amodal figures than for Kanizsa figures. 
 
2.3.1 Method 
 
2.3.1.1 Participants 
 
13 Paid right handed volunteers (age: 19-29) were positioned 0.75 meter in front of a 
computer screen and had normal or corrected-to-normal vision. 
 
2.3.1.2 Procedure and Stimuli 
 
Each trial started with a fixation sign ('+') which was shown for 400 ms (see Figure 2.3). 
Then, for 1000 ms a display was presented containing 8 filled white circles (3.2 cm in 
diameter), four to the left and four to the right of fixation. Each set of four circles were 
arranged in a square configuration. Subsequently, a cue display was presented for 400 
ms, in which parts of the circles were omitted to create pacmen inducing a(n) illusory 
figure(s), or (an) Amodal figure(s). On half of the trials, the pacmen formed two square 
(illusory) figures (6.6 × 6.6 cm), one to the right and one to the left of fixation. In the 
other half of the trials the pacmen formed a single horizontal rectangle (19.2 cm width 
and 6.6 cm height), extending in both the left and right visual fields. For the Amodal 
figures, the pacmen inducers were configured the same as in Experiment 1. This stimulus 
also served as an attentional cue by presenting the four inducers in the left visual field in 
red, and the four inducers in the right visual field in blue, or vice versa. One of these 
colours (counterbalanced over subjects) indicated the location at which the subsequent 
imperative target would be presented with a probability of 80%. The imperative stimulus 
(IS) was presented for 100 ms, and consisted of a white square (3.3 × 3.3 cm), placed in 
the illusory space on the left or right of fixation between the inducing pacmen. 20% of 
the trials were catch trials without an IS. After the IS, there was an additional 800 ms 
response interval, in which the fixation sign and the coloured inducers remained visible. 
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Each subject was presented with 16 blocks of 48 trials. Mean RT was tested in a repeated 
measures analysis of variance (MANOVA) with factors VALIDITY (valid versus 
invalid), FIGURE-TYPE (Kanizsa versus Amodal figures), and CONFIGURATION (two 
squares versus one rectangle). 
 
2.3.2 Results  
 
Subjects used the coloured pacmen successfully as an attentional cue. On valid trials, the 
average RT was 243 ms and 298 ms on invalid trials (VALIDITY: F(1,12)=32.6, p<.001, 
see Figure 2.4). No further statistically significant effects were obtained. Error 
percentages were not analyzed, because too few errors were made. 
 

Figure 2.3  
 
Depicted is a schematic display of a trial of Experiment 2. Red and blue pacmen (see text) are depicted as 
light and dark in this figure.  
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Presented are the RTs on targets in Experiment 2. The figure’s legend refer to the type of contextual object 
(Kanizsa or Amodal), and the number of objects used (1 rectangle or 2 squares). Error bars indicate 
standard error of means. 
 
2.3.3 Discussion 
 
We observed a robust spatial attention effect on RT. Importantly, the spatial attention 
effect was not modulated by the type of figures (Kanizsa versus Amodal), nor by the 
configuration of the figures (two squares versus one rectangle). Therefore, in contrast to 
what would be expected on the basis of existing literature (e.g., Egly, Driver, and Rafal, 
1994; Moore, Yantis, & Vaughan, 1998), in the present experiment we were unable to 
demonstrate effects of object-based attention on the distribution of spatial attention.  

In the present experiment the pacmen inducers were differently coloured in two 
groups of four, serving as an attentional cue. The purpose was that this stimulated the 
processing of the inducers and would lead to a stronger representation of the (illusory) 
figure(s). However, this procedure could have lead to an undesirable side-effect: possibly, 
object-based attention was guided more strongly by perceptual grouping on the basis of 
colour than by grouping on the basis of the induced illusory figures. In that case attention 
would be distributed over the group of pacmen in the relevant colour, independent of the 
type of figure presented. Possibly, in this situation no perceptual representation of the 
illusory figures is formed at all. Alternatively, it could be that despite the colouring of the 
inducers, Kanizsa figure representations were still built preattentively, but that the 
distribution of spatial attention is determined mainly by colour grouping.  
 
2.3.4 General Discussion 
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Although we observed robust spatial attention effects in Experiments 1 and 2, we 
completely failed to obtain evidence for object-based attention effects. We could 
conclude from this that spatial and object-based attention concern two different processes 
which may sometimes interact (Egly, Driver, and Rafal, 1994; Mattingley, Davis, and 
Driver, 1997), but not in the experiments presented here. However, it remains unclear 
under what conditions object-based effects do or do not emerge. 

Two considerations may be important. First, the influence of Kanizsa illusory 
figures on spatial attention might be weak and unreliable. It may be questioned whether 
the subjects in Experiments 1 and 2 actually perceived the (illusory) figures. However, 
results of the study of Mattingley et al. (1997) render this possibility rather unlikely, for 
they successfully modulated the distribution of spatial attention with similar Kanizsa 
figures. Furthermore, Moore, et al. (1998) replicated the experiment of Egly et al. (1994) 
with Kanizsa objects, and obtained similar object-based attention effects. 

Second, it seems that object-based attention effects are hard to demonstrate in 
experiments with endogenous (symbolic) attentional cuing (Macquistan, 1997; but see 
Abrams & Law, 2000). Perhaps, when changes in the object-environment trigger 
reorienting of attention (e.g., by exogenous/peripheral cues), selection of some aspects of 
that environment occurs involuntary, resulting in object-based effects. On the other hand, 
it could be that selection of the environmental elements is suppressed when reorienting 
occurs without a change in the object-environment (by using endogenous cues).  

Goldsmith and Yeari (2003) emphasized another important difference between 
exogenous and endogenous cuing in studies on object-based attention. They pointed out 
that before presentation of an exogenous cue, attention is presumably broadly distributed 
over both rectangles. However, before the presentation of an endogenous cue, attention is 
probably tightly focused at the position at which the endogenous cue is about to appear. 
The diffuse attentional state in the pre-cue interval in exogenous cuing conditions might 
promote object-based attention. Evidence for their stance was obtained in experiments in 
which it was attempted to induce a diffuse attentional state in the pre-cue interval in 
endogenous cuing conditions as well (by instruction and by auditory endogenous cuing). 
Indeed, clear object-based attention effects were obtained with such conditions. 
Unfortunately, these notions do not explain the absence of object-based attention effects 
in Experiment 2. The colouring of the left and right parts of the stimulus display in the 
cue interval was unpredictable, so that it seems reasonable to assume that subjects 
divided attention over the entire configuration in the pre-cue interval. 

It could be that object-based attention mechanisms are only active during a short 
period of time after the initial focussing of attention, and that only space-based 
mechanisms are active following this time interval. Evidence for this was obtained in a 
study of Abrams and Law (2000). These authors used the Egly et al. (1994) paradigm 
with arrowheads as endogenous cues. They observed, like others (Macquistan, 1997), that 
with a cue-stimulus interval of 900 ms no object-based effects exist. Surprisingly 
however, they did observe these effects in a 300 ms cue-stimulus interval. This may 
indicate that object-based attention effects are short-living after reorientation of spatial 
attention. In Experiment 1 we used a 750 ms cue-stimulus interval, which might explain 
the absence of object-based attention effects in that experiment. However, in Experiment 
2 we used a shorter (400 ms) cue-stimulus interval, and still did not obtain object-based 
effects. 
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A final consideration concerns another important difference between the present 
experiments and other studies on object-based attention (e.g., Egly, Driver, and Rafal, 
1994). In other studies invalid targets could appear at two uncued locations, whereas 
there was just a single uncued location in our experiments. Shomstein and Yantis (2004) 
argue that object-based attention effects in fact reflect a search preference. If, on invalid 
trials, attention has to be reoriented towards uncued positions, subjects prefer to start 
searching for the invalid target in the same object. If there is just a single alternative 
target location, no preferential search strategy is possible, and therefore it doesn’t matter 
whether the single alternative location belongs to the same or to another object. This 
could explain why, in Experiment 2, we did not find differences between RT to the 
invalid targets presented in the same object (single rectangle trials) and RT to invalid 
targets presented in a different object (two-square trials).  
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Early ERP components show cued object advantage in Kanizsa and 
Amodal subjective figures 
 
Jurjen van der Helden, Berry Wijers, and Ritske de Jong. 
 
Abstract 
 

We used Kanizsa and Amodal rectangles to test whether the spatial 
distribution of attention was influenced by subjective figures, analogue to 
the seminal experiments of Egly, Driver, & Rafal (1994). We precued one 
of four ends of two (subjective) rectangles before subjects had to detect a 
luminant target. This target was either presented at the position of the 
precue (Valid trial), within the precued rectangle but opposite to the cued 
position (Cued Within trial), or at the uncued rectangle (Cued Between 
trial). By comparing these three classes of trials we investigated space-
based (Valid versus Cue Within trials) and object-based (Cued Within 
versus Cued Between trials) attention effects on performance and event-
related potentials (ERPs, Experiment 2). In two experiments we replicated 
the findings of Egly et al. (1994) with Kanizsa figures. RTs were faster for 
Valid Trials than for Cued Within trials, and RTs were fasted for Cued-
Within trials than for Cued Between trials. Overall (Valid versus Cued 
Between trials) attention enhanced early components (P1/N1) in the event-
related potential (ERP), reflecting modulated sensory processing (‘sensory 
gain’). The contralateral P1 (100-140 ms) only showed a space-based 
effect, whereas the contralateral N1 (150-200 ms) showed both a space-
based and an object-based effect. These RT and ERP effects were similar 
for Kanizsa and Amodal rectangle figures. These results indicate that 
object-based attention was active both for Kanizsa and Amodal rectangles 
and resulted in sensory gain for stimuli presented within the cued object, 
although at a later stage of processing than purely space-based sensory 
gain. 

 
3.1 Introduction 
 
In everyday life, we navigate in a rich environment with moving and static, coloured and 
monochrome, living and non-living objects. To navigate properly, we should be able to 
filter out the relevant events from the irrelevant ones. Visuospatial attention provides us 
with a tool that enables us to do so. Attended objects can be described more precisely and 
remembered longer and better. Posner (1980) suggested that information presented at an 
attended location is selected for further processing. A way to manipulate spatial attention 
is to present a short visual flash in the peripheral visual field, which is assumed to attract 
attention (‘exogenous attentional cue’). Shortly thereafter a target is presented, either at 
the position of the attentional cue or at the opposite position, in the other visual field, and 
subjects have to detect or discriminate the target as fast as possible. Usually it is found 
that when the locations of the target and the cue overlap (valid trials) performance is 
better as compared to when the target and the cue were on different positions (invalid 
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trials). Duncan (1984) showed that space is not the only critical feature on the basis of 
which selection operates. He presented subjects with two superimposed objects (a box 
and a line) which varied both on two visual features (size and gap-side for the box and tilt 
and texture for the line). Subjects were required to identify two of those features. When 
the subjects had to identify two of the features of the same object, detection was superior 
as compared to the situation in which subjects had to identify two features of different 
objects. This indicates that selection is biased towards selecting whole objects even when 
they share the same location.  

Although space-based and object-based accounts of attention can be seen as rival, 
it is also possible to view space-based and object-based attention as complementary. 
Results from an experiment by Egly, Rafal, & Driver (1994) can be taken as supportive 
for the latter view. In this experiment two rectangles were presented vertically to the left 
and right of fixation or horizontally above and below fixation. Subsequently a peripheral 
cue was presented in one of the four rectangle ends. This cue was either valid (the 
stimulus appearing a short time later was at the same location) or invalid. Validly cued 
stimuli were detected faster than invalidly cued stimuli. Invalidly cued stimuli could be 
presented either in the cued rectangle but at the opposite end (Cued Within), or in the 
uncued rectangle (Cued Between). The spatial distance between the valid and invalid 
positions was identical for the Cued Within and Cued Between trials. Importantly, 
subjects responded slower to the Cued Within stimuli than to the validly cued stimuli, but 
faster than to the Cued Between stimuli. The latter difference was considered an object-
based attention effect, whereas the former difference can be considered as an additional 
effect of space-based attention.  

Many later studies on object-based attention used variations of the experimental 
design of Egly et al. (1994). Moore, Yantis and Vaughan (1998) used rectangular illusory 
Kanizsa figures instead of real outlined rectangles. Kanizsa figures are typically 
configured by placing pacmen on the corners of an illusory occluding object (see Figure 
3.1, middle). Moore et al. (1998) observed object-based attention effects similar to Egly 
et al. (1994), indicating that the spatial distribution of attention was altered by the illusory 
objects. 

In another experiment Moore et al. (1998) presented two outlined rectangles with 
another rectangle placed on top of the two rectangles so that this gave the impression of 
two rectangles appearing behind an occluding rectangle. When an object is partly 
occluded, but is seen as one whole object, it is said to be amodally completed. The 
occluding rectangle had no effect on the object-based attention effect. Moore et al. (1998) 
concluded that perceptual completion of objects is accomplished before objects influence 
the spatial distribution of attention, since object-based attention effects occurred even 
when the occluded rectangles had to be amodally completed (for a computational account 
see Behrmann, Zemel, and Mozer, 1998).  
 Vecera and Behrmann (1997) studied task performance in the Egly et al. (1994) 
paradigm in a patient with apperceptive agnosia. They observed that the patient did show 
the usual space-based cuing advantage, but failed to show an object-based cuing 
advantage. Abrams, and Law (2002) found that the object-based attention advantage was 
also eliminated by adding random visual noise to the stimulus displays. Abrams and Law 
(2002) concluded that object-based attention effects depend on successful segmentation 
of a scene into objects in an early stage of visual processing. Since the objects were still 
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clearly visible in the noise condition, Abrams and Law (2002) hypothesize that the 
segmentation that is accessible for conscious report may differ from the (earlier) 
representation that is operated upon by object-based attentional mechanisms. 

Chen (1998) used two coloured ‘V’-shaped objects as a background for target 
presentation. The Vs were aligned so that they formed two differently coloured upper and 
lower parts of a large ‘X’. Similar to the Egly et al. (1994) design, one of the ends of this 
background object was cued, and subsequently subjects had to discriminate targets that 
were presented either at the cued position or at the other uncued positions. When Chen 
(1998) referred to these objects as two aligned ‘V’-shaped objects, subjects showed an 
object-based advantage: the RT for targets on the uncued location within the cued object 
(V) were faster than when targets were presented on the uncued object (differently 
coloured V). Importantly, when he referred to the objects as one (two-coloured) large 
‘X’-shaped object, subjects no longer showed this object-based advantage. This suggests 
that subjective organization is an important factor in the manifestation of object-based 
attention effects. 

Similarly, Iani, Nicoletti, Rubichi, & Umiltá (2001) showed that the object-based 
attention effect was eliminated when two of the rectangle ends used by Egly et al. (1994) 
were connected, resulting in one unitary ‘U’-shaped object. The conclusion which can be 
drawn from this is that whenever the subject is able to perceive an object (even occluded 
or illusory), spatial attention will be distributed preferably over the cued object. The 
internal representation on which selective attention operates depends on subjective 
interpretation (Chen, 1998) and experience (Behrmann, Zemel, and Mozer, 1998; Zemel, 
Behrmann, Mozer, & Bavelier, 2002). 

Numerous experiments have shown that Kanizsa illusory objects alter the 
distribution of spatial attention as real objects do. Davis and Driver (1994) showed that 
visual search of Kanizsa illusory objects in a display with up to six clusters of pacmen 
was parallel. Later, they showed that search for a Pacmen figure among circular 
distractors was impaired when the Pacmen was placed on a corner of an illusory 
occluding Kanizsa object (Davis & Driver, 1998). They concluded that because the 
subjects amodally completed the Pacmen into an intact circle, placed behind the 
occluding illusory surface, it did not pop-out anymore. Similarly, search on occluded 
(amodal object surfaces is disrupted by distractors in occluding object surfaces 
(Ricciardelli, Bonfiglioli, Nicoletti, & Umilta, 2001; Davis & Driver, 1997).  

Results from Mattingley, Rafal, & Driver (1997) provided another demonstration 
of the fact that illusory objects can exert strong effects on the distribution of visuospatial 
attention. They showed that their 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. For instance, when two dots were presented (left 
and right) within a Kanizsa object, she was able to detect them both, but she could not do 
this (she only reported the right dot) when these dots were presented on a Kanizsa-like 
object in which the outer rim of the inducing pacmen were closed (often referred to as 
amodal objects, see Figure 3.1, lower). Corballis, Fendrich, Shapley, & Gazzaniga (1999) 
showed in two split-brain patients that the perception of Kanizsa illusory objects could be 
performed by both hemispheres, whereas discrimination between differently shaped 
amodal objects could be performed accurately by the right hemisphere only. So, Kanizsa 
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figures and amodal figures are apparently perceived differently and have different effects 
on spatial attention (Mattingley, Davis, and Driver, 1997; see Ringach and Shapley, 
1996, however). Alternatively therefore, it could be argued that the patient of Mattingley 
et al. was impaired in perception of the amodal object, because of the damage of her right 
hemisphere (which, according to Corballis et al. is important in perception of amodal 
objects). Note also that these 'amodal' objects do not have the effect on spatial attention 
(Mattingley, Davis, and Driver, 1997; Davis and Driver, 1994) as do occluded objects 
(Moore, Yantis, and Vaughan, 1998; Behrmann, Zemel, and Mozer, 1998; Zemel et al., 
2002). 

It has been suggested that object-based attention is dominantly a function of the 
left hemisphere. Patients with hemi-neglect due to right temporoparietal damage often 
fail to detect targets in contralesional hemispace, but less frequently so when targets are 
part of or are presented within an object extending into contralesional hemispace 
(Mattingley, Davis, and Driver, 1997; Egly, Driver, and Rafal, 1994). Egly, Rafal, Driver, 
& Starreveld (1994) used the same stimuli as Egly et al. (1994) but now presented either 
to the left or right visual fields. Egly et al. (Egly, Rafal, Driver, & Starreveld, 1994) 
found that a split-brain patient showed large object-based attention effects with right 
visual field presentation, but significantly reduced object-based effects with left visual 
field presentation. Neuroimaging research has provided supportive evidence for the idea 
that the left hemisphere is dominant for object-based attention. Arrington, Carr, Wayer, & 
Rao (2000) showed that several left hemisphere structures showed increased activation 
when subjects oriented spatial attention to an area bounded by object contours (object-
based spatial attention) as compared to when subjects oriented to an unbounded region of 
space (location-based spatial attention). More specifically, increased activation with 
object-based spatial selection was found in left lateralized dorsolateral frontal, parietal, 
temporal, and thalamic structures. Arrington et al. (2000) suggest that these are the same 
brain areas that are known to be involved in spatial attention on the basis of previous 
research, and that these structures are more intensively activated in the left hemisphere 
when spatial attention is tightly focused by the boundaries of an object. 

In the present experiment we investigated the time course of the processes 
involved in space-based and object-based attention using event-related brain potentials 
(ERPs). ERPs provide an excellent opportunity to examine the temporal aspects of space-
based and object-based attention. Space-based attention has already been extensively 
studied with event-related potentials (ERPs). Numerous studies have shown that spatial 
attention modulates early exogenous ERP components, namely P1 (100-140 ms) and N1 
(150-200 ms) (Wijers, Lamain, Slopsema, Mulder, & Mulder, 1989; Mangun & Hillyard, 
1991; Eimer, 1993; Eimer, 1994a; Eimer, 1994b; Yamaguchi, Tsuchiya, & Kobayashi, 
1995) 

Only few studies investigated object-based attention using ERPs. In a study of 
Valdes-Sosa and colleagues (Valdes-Sosa et al., 1998), the stimuli consisted of two 
superimposed sets of dots in rigid rotation around fixation, each set of a different colour 
and direction of motion. These stimuli generated the percept of two transparent surfaces 
sliding across each other. At random intervals, the dots of one colour were linearly and 
simultaneously displaced, while the other set continued to rotate. Subjects were instructed 
to attend to one of these surfaces (and to ignore the other surface) in order to discriminate 
the direction of the displacements within that surface. Attended as compared to 

 35



Chapter 3 

unattended displacements induced an increase of P1 and N1 amplitudes. Although the 
attended and unattended stimuli occupied the same spatial positions, attending one of the 
‘objects’ (surfaces) modulated these early visual components. 

 In the present experiment, we aimed at a direct comparison of space-based and 
object-based selection. For this reason, the temporal dynamics of both types of selection 
was our main interest, rather than which specific ERP components are modulated. 
Important effects were expected to be found not only at occipital sites (e.g., P1/N1 
effects), but also at other midline and more frontal electrodes. For instance, Weber et al. 
(1997) showed that the P300 is also modulated by object-based selection (see also 
Czigler and Balazs, 1998).  

Czigler and Balazs (1998) used the same stimuli as Duncan (1984, see above) and 
measured ERPs. Stimuli with two specific features were denoted as targets. In different 
conditions these two features belonged to the same object or to different objects. The 
ERPs in single-object versus two-object conditions condition diverged earlier than the 
onset of the ERP differences between the target versus nontarget stimuli. Czigler and 
Balasz (1998) interpreted this finding as showing that the allocation of attention to a 
particular object precedes (and might facilitate) the identification of the stimulus features. 
In a second experiment Czigler and Balasz (1998) used identical stimuli, with the 
exception that the two objects were spatially separated. Although the authors did not 
statistically compare the results from the two experiments, visual inspection of their data 
(Figure 4, p.122) suggests that the single versus two-object differences emerged earlier 
with separated objects (Experiment 2) than with spatially overlapping objects. This 
suggests that a spatial separation between objects speeds up the allocation of attention to 
one of the objects.  
 
Objectives 
 
The first experiment was an attempt to replicate the object-based effect reported by Egly 
et al. (1994), using illusory rectangular objects formed by illusory contours. We directly 
compared this condition with a condition with rectangles formed by real contours 
(identical to Egly et al., 1994). A replication of object-based effects with illusory 
contours would pave the way for Experiment 2, in which we aimed to trace the time-
course of illusory object-based and space-based attentional processes using ERPs.  

 
3.2 Experiment 1 
 
Moore, Yantis, & Vaughan (1998) already showed object-based attention benefits in an 
experiment with objects (rectangles) formed by illusory contours. However, in that 
experiment the task consisted of searching a target letter (either ‘T’ or ‘L’) at one of the 
rectangle ends among distractors at the other rectangle ends. In order to compare space-
based and object-based ERP-effects it is necessary to stimulate a single spatial location. 
Therefore, we investigated whether we would obtain similar results using a simple 
detection task instead of the search/discrimination task used by Moore et al. (1998). If an 
object is cued by a peripheral cue, the allocation of attention to that object will cost a 
certain amount time. Therefore, it could be that the latency of the response relative to the 
moment of cuing might be an important factor determining whether or not object-based 
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effects will be found. Since reaction times are much faster in simple detection tasks than 
in search/discrimination tasks, it seemed essential to 
verify that object-based effects would be obtained using 
a simple detection task. Additionally, we compared 
attentional effects with illusory rectangles with the 
effects with real rectangles as used by Egly et al. 
(1994). 

 
Figure 3.1 

 
3.2.1 Method 
 
3.2.1.1 Participants 
 
Twelve subjects (4 female, 8 male, age M=23.6) were 
recruited from the Groningen University population 
and paid for their participation. Informed consent was 
obtained before the experiment. Their vision was 
normal or corrected-to-normal. 
 
3.2.1.2 Stimuli 
 
Subjects sat 1 m in front of a computer screen. A 
fixation cross was presented on the centre of the screen 
('+'), which remained visible throughout the entire 
block. A trial began with the presentation of two 
rectangles on either side (either horizontally, below and 
above, or vertically, right and left) of fixation. These 
rectangles were made up of real contours (Real 
rectangles) or of illusory contours (Illusory, Kanizsa 
rectangles). The real rectangles were two boxes of 15 × 
5 cm made up from 2 pixels wide lines. The Kanizsa 
Illusory Rectangles were produced in the following 
way: first 16 white circles (diameter 2.5 cm) were 
placed in four rows of four with 2.5 cm space between 
them. Then the space of two horizontal or vertical 
rectangles of 15 × 5 cm was cleared on either side of 
the centre (see Figure 3.1, middle). The illusory 
rectangles had a support ratio of 0.5 (see Ringach and 
Shapley, 1996). After 1000 ms presentation of these 
figures, a peripheral cue was presented for 50 ms. The 
cue was a line of 8 pixels wide along the border of one 
of the rectangle ends (5 cm in length). In 80% of the 
trials a target stimulus (a white square of 42 mm in 
diameter) was presented at one of three possible 
positions (either at the cued position: Valid, or at the 
opposite end of the cued rectangle: Cued Within, or 
opposite to the cued position in the uncued rectangle: 

 
Depicted are used objects in 
Experiment 1 and 2. In Experiment 
1 real (top figure) and Kanizsa 
objects (middle figure) were used. 
In Experiment 2 Amodal objects 
(bottom figure) were contrasted with 
Kanizsa objects. In this example the 
rectangular objects are oriented 
horizontally, although we also used 
vertical rectangles. 
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Cued Between), after a variable interval between 250 and 340 ms (10 ms steps). The 
remaining trials were catch trials in which no target was presented. 75 % of the target-
present trials were valid. 12.5 % of the target-present trials were Cued Within trials, and 
12.5% were Cued Between trials. After 1000 ms the target and rectangles disappeared. 
The next trial began after 500 ms presentation of a screen with only the fixation cross. 
 
3.2.1.3 Procedure 
 
Subjects were instructed to respond when a target was presented by pushing the 'spacebar' 
key of a computer keyboard with their right hand, and withhold responding on catch 
trials. Subjects completed 10 blocks of 160 trials. Each block consisted of 96 valid trials, 
16 Cued Within trials in, 16 Cued Between trials, and 32 catch trials. 
 
3.2.1.4 Analysis 
 
The median response times (RTs) were analyzed with a 2 (FIGURE-TYPE: Real versus 
Kanizsa rectangles) × 2 (ORIENTATION: Vertical versus Horizontal rectangles) × 3 
(VALIDITY: Valid, Cued Within, or Cued Between) within subjects repeated measures 
analysis of variance (MANOVA). In order to account for the violation of sphericity 
assumption in the application of the univariate approach, we used the Huynh-Feldt 
correction (Huynh and Feldt, 1976) in case of a Huynh-Feldt epsilon ≥0.75, and the 
Greenhouse-Geisser correction (Greenhouse and Geisser, 1959) in case of an epsilon 
<.075 (Quintana and Maxwell, 1994). 
  
3.2.2 Results 
 
The median RTs are presented in Figure 3.2. Reactions to stimuli presented in Real 
rectangles were faster than when they were presented in Kanizsa Illusory rectangles 
(FIGURE-TYPE: F(1,11)=13.2, p<.005). As expected, a main effect of VALIDITY was 
found (F(2,22)=24.3, p<.001), indicating the fastest reactions on valid trials, and the 
slowest on Cued Between trials. A planned comparison confirmed that RT was faster in 
Cued Within trials than in Cued Between trials (F(1,11)=29.8, p<.001). There was no 
significant interaction between FIGURE-TYPE and VALIDITY (F(2,22)=1.6, ns.), 
indicating that the pattern of attention effects was similar for both real and illusory 
figures. VALIDITY interacted with ORIENTATION (F(2,22)=4.2, p<.05). Contrasts 
revealed that ORIENTATION was only significant in Cued Within trials (F(1,11)=5.5, 
p<.05), in which RT was slightly faster (6 ms) for horizontal stimuli than for vertical 
stimuli. In Horizontal objects, responses were given 6 ms earlier than in Vertical objects.  
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Figure 3.2  
 
Reaction times of Experiment 1 are presented here. RTs to stimuli presented in Real rectangular objects are 
presented in the left panel, and to stimuli presented in Kanizsa objects in the right panel. Error bars indicate 
standard error of mean. 
 
 
3.2.3 Discussion 
 
The results clearly showed both space-based and object-based cuing benefits. These 
effects were much the same for Real figures and Illusory figures. Moore et al. (1998) 
obtained similar results with illusory figures. However, their subjects had to search for a 
target among nontargets, whereas the subjects in the present experiment simply had to 
detect targets. Two remarks should be made regarding this difference in task 
requirements. First, it could be argued that the subjects in Moore, et al's study showed an 
object cuing search advantage, which does not necessarily implicate that the distribution 
of visuospatial attention depended on (illusory) objects. McCarley, Kramer, and Peterson 
(2002) recently suggested that subjects are more inclined to overtly explore within a cued 
object rather than that visuospatial attention is altered by the object. Subjects were 
required to look at the target before manually judge its orientation. In invalidly cued trials 
saccades from the cued location were more likely made within the cued rectangle than 
between rectangles. Moreover, the time to redirect gaze within a rectangle was shorter 
than between rectangles, whereas the time between a corrective saccade and the manual 
response to the target was the same for targets within the cued rectangle and targets in the 
uncued rectangle. This suggests that the performance benefit at the location within the 
cued rectangle relative to the location in the uncued rectangle does not so much reflect 
‘radiation’ of visuospatial attention within the cued object, but rather a preference to 
explore locations within a cued object first. 
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 Second, the RTs in the present experiment with a simple detection task are at 
least twice as fast as in the search experiment of Moore et al. (1998). In the introduction 
we argued that the interval between cuing and responding might have an effect on the 
strength of object-based effects. Despite the fast RTs in the present experiment, we still 
obtained robust object-based effects, indicating that attention is rapidly allocated to the 
cued object.  
 
3.3 Experiment 2 
 
3.3.1 Method 
 
3.3.1.1 Participants 
 
Fourteen (4 males, 10 females, age M=21.4) voluntary subjects were paid for their 
participation. They had normal or corrected-to-normal vision. 
 
3.3.1.2 Procedure and Stimuli 
 
The procedure of Experiment 2 was the same as in Experiment 1 with a few exceptions. 
Subjects received series of 80 trials per run. In total they received 20 runs. The same 
stimuli were used in case of Kanizsa object trials as the Kanizsa object trials in 
Experiment 1. In Experiment 2 Amodal figures were used instead of the Real figures 
used in Experiment 1. Amodal figures were similar to the Kanizsa figures, with the 
difference that the 'mouths' of the pacmen were outlined by closed circles (one pixel 
thick, see Figure 3.1, lower panel). After a variable interval after cue onset (230-320 ms 
with 10 ms steps) the target appeared in one of the rectangle ends. In this experiment, 
subjects were seated 1 m from the screen and had their heads in a chin-rest. The subjects 
had to respond with a release button whenever a target was detected. On catch trials, 
subjects had to withhold their response. The subjects were informed that the cue location 
was informative for the target location. After each block the subjects were informed 
about their performance. Of the 80 trials presented in each block, 32 were Valid trials, 16 
were Cued Within trials, 16 were Cued between trials, and 16 were Catch trials. So, on 
target-present trials the cue predicted the target location with a probability of 50%1. 
 
3.3.1.3 Recording 
 
The electroencephalogram (EEG) was measured with an electrocap (Electro-Cap 
International) using 30 Sn electrodes placed at positions O2, Oz, O1, PO10, PO8, PO7, 
PO9, P10, P8, P6, P4, Pz, P3, P5, P7, P9, TP8, CP4, CP3, TP7, T8, C4, Cz, C3, T7, F8, 
F4, Fz, F3, and F7 (Sharbrough, Chartrian, Lesser, Luders, Nuwer, & Picton, 1991) All 
electrodes were referenced to the right and left mastoids. 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 
                                                 
1 Note that the probability of Cued Within and Cued Between trials was higher than in Experiment 1. This 
was done to increase the signal-to-noise ratio for the ERPs for invalid trials. 
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10 s and a 200 Hz low-pass filter, sampled at 1000 Hz, digitally lowpass filtered with a 
cut-off frequency of 35 Hz, and on-line reduced to a sample frequency of 100 Hz. 
 
3.3.1.4 Performance Analysis 
 
The median response times (RTs) were analyzed with a 2 (FIGURE-TYPE: Kanizsa or 
Amodal rectangles) × 3 (VALIDITY: valid, cued within, or cued between) × 2 
(ORIENTATION: horizontal, or vertical) within subjects repeated measures 
(MANOVA). In order to account for the violation of sphericity assumption in the 
application of the univariate approach, we used the Huynh-Feldt correction (Huynh and 
Feldt, 1976) in case of a Huynh-Feldt epsilon ≥0.75, and the Greenhouse-Geisser 
correction (Greenhouse and Geisser, 1959) in case of an epsilon <.075 (Quintana and 
Maxwell, 1994).  
 
3.3.1.5 ERP analysis 
 
Only target-present ERPs were calculated from trials in which subject correctly 
responded within 150-1000 ms from presentation of the target. Since the cue-target 
interval was rather short (although variable), it could be expected that the target ERPs 
were overlapped by ERP-activity elicited by the cues. To correct for this, we made ERPs 
of the catch trials. These were used as an approximation of the cue-related activity and 
were subtracted from the ERPs in the target-present trials. The catch trial ERPs were 
averaged by taking as the zero time-point the same time-point at which targets were 
presented in the target-present trials. The catch trial ERPs were produced by taking the 
zero time-point with the same jitter relative to cue-onset as the targets in the target-
present trials.  

In the catch trials (as in the target-present trials), cues were presented at one of 
four possible display locations. We averaged the catch trial ERPs separately for each of 
these cue locations, and subtracted them from the target ERPs with the cue at the 
corresponding location. For further analyses, the waveforms were averaged over both 
stimulus positions within a visual half-field. 

We focused on two aspects of the ERP. The first aspect is how the figural context 
influences the known spatial cuing effects on the visual components P1 and N1. 
Secondly, we explored the time-course of attention effects more precisely by testing 
mean amplitude values in small consecutive time windows. P1 and N1 amplitudes were 
calculated by averaging all samples between 100 and 140 ms and between 150-200 ms 
respectively on electrodes P7 and P8. For analysis of the temporal dynamics, the ERP on 
Cz was chunked from 0 to 360 ms in 18 bands of 20 ms to detect the onset of the 
different attention effects. Testing many intervals increases Type I errors. One band being 
significant on the basis of chance is (18 × 0.05=0.60). Therefore, we only report 
significant F values if there was a significant effect of a factor on at least two adjacent 
intervals. In this case, the probability of a Type I error in two consecutive significant 
intervals is reduced to 0.042. For consecutively significant bands the maximal F-value is 
reported. 

Four factors were analyzed in a within subjects repeated measures design 
(MANOVA), FIGURE-TYPE, ORIENTATION, and VALIDITY. Furthermore, for the 
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P1 and N1 analysis an additional factor LATERALITY (electrode ipsilateral versus 
contralateral to the target visual field) was tested. 
 
3.3.2 Results 
 
3.3.2.1 Performance 
 
The median RTs are presented in Figure 3.3. A main effect of VALIDITY was found 
(F(2,26)=16.2, p<.001). Planned comparison showed that RTs on validly cued targets 
was faster than on Cued Within targets (F(1,13)=4.6, p=.05). Also, Cued Between targets 
were responded to more slowly than to Cued Within targets (F(1,13)=40.1, p<.001). 
Reactions to stimuli presented within Amodal rectangles did not differ from those 
presented in Kanizsa rectangles (FIGURE-TYPE F(1,13)=.4, ns.). Importantly, validity 
effects were found to depend on the type of figure in which the stimuli were presented 
(FIGURE-TYPE × VALIDITY (F(2,26)=4.9, p<.05). An analysis with Valid versus Cued 
Within revealed that an interaction existed between VALIDITY and FIGURE-TYPE 
(F(1,13)=14.6, p<.005). Planned comparisons revealed that responses to validly cued 
stimuli were faster when they were presented in an Amodal object as compared to 
Kanizsa objects (F(1,13)=10.9, p<.01).  

An unexpected interaction was observed, namely between FIGURE-TYPE and 
ORIENTATION (F(2,26)=7.6, p<.05). Responses were faster to horizontal Kanizsa 
rectangles and vertical Amodal rectangles as compared to the other stimulus types. 
 
3.3.2.2 ERPs 
 
P1 
 
Validly cued targets evoked a larger contralateral P1, as can be seen in Figure 3.4. This 
was statistically expressed in an interaction between VALIDITY and LATERALITY 
(F(2,26)=6.8, p<.05.). Post-hoc contrasts showed that VALIDITY was significant on the 
contralateral electrode only (F(2,26)=6.6, p<.05). Importantly, for this contralateral 
electrode, the P1 amplitudes for Cued Within and Cued Between targets did not differ 
(F<1), whereas Valid targets evoked larger P1’s than Cued Within targets (F(1,13)=14.0, 
p<.005), or Cued Between targets (F(1,13)=5.5, p<.05). This indicates that object cuing 
had no effect on the P1 amplitude.  

An interaction was found between VALIDITY, LATERALITY and 
ORIENTATION (F(2,26)=3.9, p<.05). Figure 3.5 illustrates the origin of this effect. 
When cue and target were presented within the same hemifield the contralateral P1 was 
enhanced relative to a target in the uncued hemifield. This was confirmed by separate 
tests for the contralateral and ipsilateral electrode. Whereas there was a marginally 
significant ORIENTATION by VALIDITY interaction for the contralateral electrode 
(F(2,26)=3.3, p=053), this interaction was nonsignificant for the ipsilateral electrode 
(F(2,26)=1.8, ns.). 
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Figure 3.3 
 
Reaction times of Experiment 2 are presented here. On the left panel, the RTs are presented to stimuli in 
Kanizsa rectangular objects, and on the right panel to stimuli in Amodal objects. Error bars indicate 
standard error of mean. 
 
 
N1 
 
A main effect of VALIDITY was found (F(2,26)=8.6, p<.01). The N1 was larger when 
the target was validly cued than when it was Cued Within (F(1.13)=7.3, p<.05) or when it 
was Cued Between (F(1,13)=11.1, p<.05), but the difference between Cued Within and 
Cued Between trials was not significant (F(1,13)=2.2, p>.05). VALIDITY also interacted 
with LATERALITY (F(2,26)=16.4, p<.001). As Figure 3.4 shows, this interaction 
reflects that at the ipsilateral electrode N1 amplitude is enhanced for the Valid trials only, 
whereas at the contralateral electrode N1 amplitude is enhanced both for Valid trials and 
for Cued Within trials. Tested separately for the contralateral electrode the Cued Between 
versus Cued Within difference was significant (F(1,13)=8.9, p=.010).  

In the main design, LATERALITY and VALIDITY also interacted with 
FIGURE-TYPE (F(2,26)=4.8, p<.05). Although this interaction could in principle reflect 
interesting differences in attentional effects between the two types of figures, the 
statistics showed that the interaction reflected an unexpected result. It was found that the 
interaction was mainly caused by a larger N1 for the Cued Between trials in Amodal 
objects than in Kanizsa objects at the ipsilateral electrode (F(1,13)=9.9, p<.01). 

Like in the P1 statistics, an interaction was found between VALIDITY, 
LATERALITY, and ORIENTATION (F(2,26)=39.4, p<.001). Figure 3.5 (right panel) 
shows that this interaction reflects that stimuli presented within the uncued hemifield 
showed an enhanced N1 at the contralateral electrode and a decreased N1 at the 
ipsilateral electrode. 
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Figure 3.4 
 
ERPs of the presentation of the targets are presented here. At the top 3 graphs, ERPs are shown of the 
stimuli presented on Kanizsa objects, in the bottom 3 of the stimuli presented on Amodal objects. Electrode 
positions are shown at the top of each graph. 
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Cz 
 
The effects of VALIDITY at Cz in the main design started at 120 ms and continued to 
200 ms (7.9<F(2,26)<17.6, p<.005, see Figure 3.4). A large negativity was evoked in the 
Valid condition as compared to the invalidly cued conditions. Similar early anterior 
attention effects have been reported by others (e.g., Rugg, Milner, Lines, & Phalp, 1987). 
Luck and Hillyard (1995) referred to a similar effect in a feature detection experiment as 
the ‘anterior N1 effect’. Eimer (1996; 1998) observed an early (160-190 ms) attention-
related medial centroparietal negativity (‘Nd1’). He found that this effect was specifically 
related to phasic attention tasks, as the effect was absent in a sustained attention task. 
Although the functional interpretation of this effect remains somewhat unclear, the result 
nevertheless demonstrates that the subjects engaged in early selective processing in the 
present task. 

This early effect did not reflect object cuing, however, unlike the contralateral 
posterior N1. The first object-based attention effects (i.e. Cued Within versus Cued 
Between) at Cz started at 220 ms and lasted until 280 ms (F(1,13)<6.7, p<.05). In this 
latency interval, The Cued Within targets evoked a more positive waveform than the 
Cued Between targets (see Figure 3.4).  

VALIDITY interacted with FIGURE-TYPE from 220 to 280 ms (F(2,26)<10.7, 
p<.001). This reflected that the validly cued targets evoked a more positive ERP in 
Amodal objects as compared to validly cued targets in Kanizsa objects.  

 
3.3.3 Discussion 
 
As in Experiment 1, in Experiment 2 we found object-based attention effects in 
performance using illusory Kanizsa objects. This was the case even though the 
predictability of the cue in Experiment 2 was lower than in Experiment 1 (50% versus 
75%). The same effects were found for the Amodal objects, for which the perception of 
an illusory object is probably weaker than for Kanizsa figures. In both experiments it was 
also clear that detection of a stimulus benefits the most when the same location is 
precued. This indicates that spatial and object cuing effects both exist simultaneously and 
are not mutually exclusive. The important question is how these selection processes are 
temporally organized in information processing. 

The ERP dynamics of Experiment 2 clearly showed earlier effects of spatial cuing 
than object cuing. On occipital electrodes, stimuli presented at the cued position elicited 
an enhanced P1 relative to stimuli presented at other positions. For the P1 there was no 
object-based effect, i.e. stimuli presented in the cued object but at the opposite, uncued 
position (Cued Within trials), elicited a similar P1 as stimuli presented within the uncued 
object (Cued Between trials). For the later contralateral N1 component, however, both 
space-based and object-based cuing effects were observed. The N1 was largest when 
stimuli were presented at the cued position and smallest when stimuli were presented 
within the uncued object. Importantly, when stimuli were presented at an uncued position 
but within the cued object, N1 amplitude was also enhanced relative to stimuli within the 
uncued object.  
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Figure 3.5 
 
The objects are presented on the left. Abbreviations: V=Validly Cued, W=Cued Within, and B=Cued 
Between. Presented on the right are the amplitudes of the P1 and N1 for the different cuing effects. In the 
top panel the effects are presented when the object was horizontal, in the lower panel when the object was 
vertical. The cuing effects are presented so that the left and the centre of each graph show the effect when 
the target is within the cued halffield, in the right of each graph the target was in the uncued halffield. 
 
 
At Cz effects of attention started later, but showed a similar time-course, namely the 
space-based effect developed earlier than the object-based effect. So, similar patterns of 
results were found for the occipital effects (first a space-based effect followed by an 
object-based effect), the central effects, and performance (largest space-based effect, 
smaller object-based effect). This might suggest that the central effects and performance 
effects are the direct consequence of earlier visual (occipital) selection processes. 

  
Spatial attention effects 
 
Our data are compatible with the common view that the modulation of the early visual 
ERP components by visuospatial attention reflects sensory gain (Mangun, Hillyard, and 
Luck, 1993; Gomez-Gonzalez, Clark, Fan, Luck, & Hillyard, 1994; Wijers et al., 1997). 
As in previous studies, spatial cuing modulated both the P1 and the N1, which supports 
models that propose that spatial attention involves an early selection of visual signals 
(Posner, 1980). These effects appear to be rather spatially diffuse, however. Stimuli 
presented at an uncued position, but within the same hemifield as the cued position, also 
shown enhanced P1 and N1 components. 
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Object-based attention effects and the N1 
 
We also found that the N1 for cued objects is larger than the N1 for uncued objects. In 
the following we will discuss this effect by relating it to different interpretations of N1 
attention effects, and previously reported object-based attention effects. Mangun, 
Hillyard, and Luck (1993) suggested that the N1 reflects several different processes. For 
instance, recently it was proposed that the N1 not only reflects sensory gain, but 
discriminative processes as well (Vogel and Luck, 2000). Vogel and Luck (2000) showed 
that the N1 is enhanced in tasks in which the target is relatively hard to discriminate from 
nontargets. Indeed, in simple detection tasks, such as ours, the N1 is not affected by 
attention (Mangun and Hillyard, 1991). 

Also, it has been suggested that the N1 reflects attentional shifting processes 
(Luck et al., 1990; Heinze et al., 1990). Luck et al. (1990) and Heinze et al. (1990) found 
that the usual attentional N1 enhancement found for unilateral stimuli is absent in 
conditions in which stimuli are presented bilaterally in both visual fields. They argued 
that with unilateral stimuli attention is involuntarily captured by stimuli at the irrelevant 
display positions, and has to be shifted back upon presentation of relevant stimuli. With 
bilateral stimuli it is presumably easier to focus attention constantly on the relevant 
display position. Indeed, they observed that the N1 effect returned in conditions with 
mixed bilateral and unilateral stimuli (Luck et al., 1990). The enhanced N1 to attended 
stimuli was larger the higher the probability of unilateral stimuli. Furthermore, there was 
a sequence effect on the N1 enhancement, such that the N1 was largest for attended 
stimuli preceded by unattended stimuli. To summarize, these authors suggested that an 
increased contralateral negativity overlaps the N1 when an attentional switch is made (see 
also Yamaguchi, Tsuchiya, and Kobayashi, 1995; Boksem, Lorist, & Meijman, in prep). 

Our data, showing a larger N1 to Cued Within than to Cued Between stimuli, 
might also be interpreted as reflecting a contralateral negativity in the N1 latency range, 
as the result of an attentional switching mechanism. In the first place, it seems unlikely 
that the object cuing effect on the N1 reflects modulation in discrimination power. 
McCarley et al. (2002) recently showed that although more and faster saccades were 
made within a cued object than to an uncued object, discrimination performance for 
stimuli presented within the cued object was not better than for stimuli presented on 
uncued objects (McCarley, Kramer, & Peterson, 2002). Furthermore, our simple 
detection task does not require much stimulus discrimination in order to perform on the 
task. Our N1 results are in line with several other ERP findings concerning object cuing, 
which can also be most readily explained in terms of attentional shifting. Weber, Kramer, 
and Miller (1997) replicated Duncan’s experiment (Duncan, 1984) in which two 
superimposed objects were presented and subjects had to report whether two target 
characteristics were present. As in Duncan’s experiment this was easier when the two 
target features were on the same object than when they were presented on different (but 
same location) objects. Importantly, the N1 was larger when the features were on 
different objects, than when they were on the same object. This may reflect a rapid 
reallocation of attention onto the other object, once one of the two target features has 
been selected. Pinilla, Cobo, Torres, & Valdes-Sosa (2001) recently showed that when a 
rapid attentional switch had to be made from one transparent rotating dot pattern to the 
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other (on the same location) this lead to an ‘attentional blink’; discriminating a brief 
change in movement direction of the dots was harder for at least 500 ms. This 
performance effect was accompanied with an N1 reduction, suggesting that subjects 
failed to rapidly shift their attention from one dot pattern to the other. 

Another notable finding concerning N1 amplitude was that we found the 
contralateral N1 to be enhanced (and the ipsilateral N1 to be reduced) when a stimulus 
was presented in the uncued visual half field (Figure 3.5). This was the case both for 
uncued stimuli within the cued object (Cued Within trials with horizontal objects) and for 
uncued stimuli presented within the uncued object (Cued Between trials with vertical 
objects). However, this effect was more pronounced for the Cued Within trials within 
horizontal objects, yielding an overall Cued Within versus Cued Between N1 
enhancement. We speculate that the contralateral N1 is sensitive to shifts of attention in a 
horizontal direction (more so than to shifts in a vertical direction), and that the overall 
object-based attention effect reflects a preference to shift attention within a cued object.  

Altogether, these data suggest that in early phases of processing stimuli presented 
at attended locations (and stimuli within the same halffield) gain sensory enhancement by 
attention. After some time, (150 ms, see Theeuwes, Atchley, & Kramer, 2000) subjects 
can disengage their attention and rapidly shift their attention, preferably within cued 
objects (McCarley, Kramer, and Peterson, 2002). We observed object-based cuing effects 
with both Kanizsa and Amodal figures. This was evident in both performance and in the 
ERPs. It is surprising that object cuing effects also exist in Amodal objects, because 
several reports describe a clear difference in the perception of Amodal objects compared 
to Kanizsa objects (Mattingley, Davis, and Driver, 1997; Corballis et al., 1999). 
However, others (Ringach and Shapley, 1996, Exp 5; Kellman & Shipley, 1991) argue 
that despite another perceptual outcome (strong illusory boundaries in Kanizsa objects 
and no boundaries in Amodal objects) in the formation of objects from Amodal and 
Kanizsa configurations, the unit formation of, in our case, rectangular shapes, is the same.  

Although in general the observed attention effects were similar for Kanizsa and 
Amodal object, the performance results showed some indication of a difference. There 
was a significant Validity by Figure-type interaction for RT. The pattern of results 
suggests that this reflects a smaller object-based attention advantage for the Amodal 
figures, and a smaller space-based advantage for Kanizsa figures (see Figure 3.3). This 
would suggest that attention is distributed more evenly over the Kanizsa object than over 
the amodal object. A statistically significant difference, however, was only found for the 
valid stimuli. Moreover, since such effects were not observed for early ERP effects, it 
seems plausible that these RT effects are more likely to reflect response selection or 
stimulus evaluation processes, rather than the distribution of early space-based or object-
based selection. 

The main conclusion is that space-based and object-based selection are two 
processes which are temporally separable. In this experiment, object selection takes place 
following spatial selection, which is in accordance with early selection models. However, 
we do not exclude the possibility that object selection can in some situations be 
prioritized by task demands and/or perceptual circumstances. In our study, the objects 
served only as landmarks (i.e. the only possible locations for targets to appear were in the 
presented objects). Other object-based attention effects which have been described 
concern competition of features which are element of the objects (Kramer and Jacobson, 
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1991; Duncan, 1984), rather than the contextual effects described here. It seems that the 
contextual effects of objects reflect a preferential search strategy, rather than attentional 
modulation by objects. 

Furthermore, the perceptual/attentional load was not very high in the present 
experiment. It is known that when perceptual load is increased, the added stimuli enter 
competition for spatial attention, so that the chance that irrelevant stimuli or objects are 
selected increases (Lavie and Tsal, 1994). This would increase the need for early (object-
based) selection mechanisms. On the contrary, one could argue that with a relatively low 
perceptual/attentional load (as in the present experiment) the task can be performed by 
diffusely distributing attention across larger parts of the visual field. This might more 
readily allow the target-surrounding object to enter perceptual/attentional processing and 
lead to larger object-based effects. 

To conclude: a question which remains open is under which specific task and 
perceptual conditions objects alter the spatial distribution of attention. Recently, 
researchers have started to address these questions more specifically (Shomstein & 
Yantis, 2002; Lamy & Egeth, 2002). Nevertheless, for the time being, our conclusion is 
that spatial and object selection are not mutually exclusive, but that spatial selection 
concerns earlier processing than object selection by default. 
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Effects of Kanizsa object context on flanker interference: Behavioral and 
electrophysiological evidence 
  
Jurjen van der Helden, Ritske de Jong, and Berry Wijers. 
 
Abstract 
 

The Eriksen flanker task is often used to test the effectiveness of spatial 
attention. Objects are capable of influencing perceptual organization and 
spatial attention. We used Kanizsa objects (illusory rectangles created by 
pacmen inducers) to create different surrounding contexts onto which we 
presented the letter arrays. Our aim was to provoke increased flanker 
interference effects when target and flankers are presented in the same 
object context, and to decrease effects when the target was in an isolated 
object context. In addition to performance data, we used event-related 
potentials (ERPs) as an index of both how the objects were processed and 
how the letter arrays were processed. Object context did not influence the 
flanker interference effect, but presentation of the letter array evoked 
larger N1 components when the target letter was presented in an isolated 
object context than when letter arrays were presented onto other objects. 
This suggests that the object context altered perceptual organization 
without altering the flanker interference effect. 

 
4.1 Introduction 
 
Visual selective attention enables a person to filter out irrelevant visual information and 
focus on relevant information. However, selective attention is not perfect. A well known 
paradigm in clinical settings as well as in experimental psychology to study the 
limitations of normal and disturbed attention is the Eriksen task (Eriksen and Eriksen, 
1974; Eriksen and Yeh, 1985; Eriksen & St James, 1986; Eriksen and Hoffman, 1972). 
Eriksen and coworkers showed that when subjects had to respond to a letter on a fixed 
location, accuracy and speed of responses were highly dependent on whether or not 
surrounding letters (so-called flankers) were congruent with the response associated with 
the target letter. Competition of the flanking letters on identification of the target letter 
occurred when they were located closer than 1° to the target letter. To investigate the 
locus of such flanker-target interactions, Eriksen and Eriksen (1974) assigned two types 
of letters to each of the two hands as an appropriate response (for instance, an ‘H’ and 
‘K’ to the left and ‘C’ and ‘S’ to the right hand). Responses to letter arrays in which the 
flankers and the target indicated different response hands were slower than to letter arrays 
in which flankers and target indicated the same response hand. Critically, when flankers 
were non-identical, but indicating the same response hand as the target (i.e. a ‘K’ target 
flanked by ‘H’s) subjects’ response speed was hardly distinguishable from RTs on targets 
flanked by identical letters. This suggests that the locus of flankers-target interference is 
in response selection, rather than in perceptual identification. Miller (1991) pursued 
elimination of the flanker effect by task manipulations which supposedly altered the early 
selection of the target letter and found in 10 Experiments that ‘early selection rarely, if 
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ever, completely excludes unattended stimuli from semantic analysis’ (Miller, 1991, 
p273). The locus of interference in the Eriksen paradigm is still a subject of debate 
(Magen & Cohen, 2002), but the consensus nowadays seems to be that interference 
reflects both a perceptual and a response conflict. 

The use of event-related potentials (ERPs) has been especially informative 
regarding the functional locus of interference in the Eriksen paradigm. Incompatible 
arrays are usually associated with longer P300 latencies than compatible arrays (Coles, 
Gratton, Bashore, Eriksen, & Donchin, 1985), indicating a perceptual conflict. In Coles et 
al’s study, the compatibility effect on P300 latency was about half that on reaction time 
(RT). The additional effect on RT could be attributed to response conflict. Incompatible 
flankers led to an early activation of the incorrect response, reflected in the ‘lateralized 
readiness potential’ or LRP, which is derived from the EEG and indexes the preferential 
preparation for moving one hand or the other (Coles, 1989; Smid & Mulder, 1995). 
Activation of the incorrect response appears to ‘compete’ with activation of the correct 
response and, therefore, to delay the selection and execution of the correct response 
(Coles et al., 1985; Coles, Smid, Scheffers, & Otten, 1995). Thus, the use of ERPs has 
also pointed to a contribution of both response and perceptual competition. 

On the basis of his experiments Eriksen proposed the ‘zoomlens’ model of visual 
attention (Eriksen and Yeh, 1985; Eriksen and St James, 1986), according to which 
spatial attention can be dynamically allocated along a continuum from tightly focused to 
widely distributed. The resolution of the attentional beam is inversely related to its width. 
Thus, with difficult discriminations, a concentrated beam of attention with high resolving 
power would be necessary for successful processing of the stimulus array. On the other 
hand, relatively easy discriminations could be made with attention distributed more 
broadly across the visual field. 

Space-based models of visual attention, such as the zoomlens model, can be 
contrasted with object-based models of visual attention, which stem from Gestalt theories 
(Wertheimer, 1923). These state that attention selects objects or groups of features on the 
basis of properties as proximity, colour, common fate, and closure. The influence of 
objects has been studied in a variety of settings, for instance in which features of one 
object interfere with features of another object. Duncan (1984) presented subjects with 
two superimposed objects and had them search for two features which were either on the 
same or on separate objects. When the target features belonged to separate objects, 
subjects identified the target features much slower than when they the same object. 
Importantly, the spatial distance between the two target features was constant, in either 
case. Furthermore, Vecera and Farah (1994) showed that when the objects are spatially 
separated, the results are the same as with superimposed objects. This indicates that 
selection is spatially invariant and that selection is biased towards selecting whole objects 
(see Kramer, Weber, and Watson, 1997, for another explanation, however). 

Objects can also alter the spatial attentional distribution by acting as contextual 
landmarks. Egly, Driver, and Rafal (1994) presented subjects two parallel rectangles 
(vertically or horizontally) which enclosed all four potential target locations which were 
equidistant to each other. After 1 sec. they spatially cued one end of the two rectangles. 
Within half a second later a target stimulus was flashed to which the subject had to 
respond as quickly as possible, at either the same or another location as the preceding 
cue.  
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This target was most often presented on the same location as the cue (validly 
cued), but sometimes elsewhere. This could either be within the same rectangle as the cue 
or on the other one, which were, at equal distance of the originally cued location. 
Responses to validly cued targets were fastest. Responses to targets presented within the 
cued rectangle were faster than targets on uncued rectangles. This indicates that attention 
can be simultaneously based on space and objects and also that attention can be altered 
by figural context. 

Object-based attention has also found to influence performance in the Eriksen 
task. An example is a study of Driver and Baylis (1989). In their experiment, they 
showed five letters of which some moved up or down. In one condition, the outer flanker 
positions were congruently moving with the target location whereas the inner flankers 
were stationary. Despite the closer spatial proximity of the inner flankers to the central 
target letter, they led to less interference with target processing than did the outer (more 
distant) flankers. Presumably common movement with the target overrules the effect of 
proximity. Some doubt has been cast upon this finding, however, as two studies failed to 
replicate this effect (Kramer, Tham, and Yeh, 1991; Berry and Klein, 1993) even when 
grouping of central and outermost letters by movement was aided by colouring the 
equimotional stimuli (Kramer and Jacobson, 1991). Other studies have found that 
colouring, however, has a modulating effect on the interference (Humphreys, 1981; 
Harms and Bundesen, 1983). Incompatible flankers had less impact when they had 
another colour than the target.  

Kramer and Jacobson (1991) presented subjects with five vertical lines of which 
they had to report the texture of the central line. Nearby lines could have either the same 
or another (referring to another appropriate response) texture. In 3 experiments they 
showed that the interference effect was manipulable by grouping lines by colour (Exp 2) 
or by closure (Exp 3) alone, and in combination (Exp 1). Closure grouping was 
established by connecting the nearby flankers with the target in one condition (so that the 
target belonged to an object which also contained the nearby flankers), in which 
interference was higher than in a control in which no closure was used. In another 
condition, the inner flankers were connected to the outer flankers (and the target was 
solitary), and interference was reduced compared to control. Colour grouping was 
established the same way as closure, with similar results. Importantly, they also showed 
that the grouping effects on interference were strongly reduced when the distance 
between the stimuli was increased to more than 1°, but that the interference effect was 
still present. So, space and object based attention can be observed simultaneously. 

Object based attention effects can also be observed in Kanizsa illusory objects. 
Mattingley et al. (1997) showed that an extinction patient (extinction patients tend to 
ignore stimuli in one hemifield (mostly the left) when they are stimulated simultaneously 
in the other hemifield) was able to orient to an otherwise ignored halffield if this was part 
of a Kanizsa object which extended into the intact hemifield. When the Kanizsa object 
percept was violated she could no longer indicate any changes in the left hemifield. Davis 
and Driver (1994) found that search time of Kanizsa objects was independent from the 
number of distractors in the search display. This ‘pop-out’ effect suggests that Kanizsa 
objects are constructed preattentively. 

Kanizsa objects evoke a rather different pattern in the EEG than the same pacmen 
placed in a formation in which no illusory object can be formed. Former experiments 
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(Herrmann and Mecklinger, 2000) focused on differences in potentials evoked by 
Kanizsa and non-Kanizsa objects. Herrmann, et al. (1999; 2000; 2001) observed that 
Kanizsa objects evoke larger N1s compared to non-Kanizsa objects, independently of 
which type of object the subjects had to detect. Therefore, they conclude that the N170 
reflects illusory contour detection. Others (Pegna et al., 2002) compared activation of non 
Kanizsa, Kanizsa and real contours (the illusory edge between the inducing pacmen is a 
real line) of triangles. The ERPs elicited by the Kanizsa triangles and the real contours 
were similar. They conclude that both processes ‘modulate a common network associated 
with filling-in and figure-ground segregation’ (p. 965).  
 
Objectives  
 
Several questions have often been addressed. First, where is the locus of processing of 
objects with respect to the locus of attention? Many authors have argued, conform the 
Gestalt view, that preattentive stages of perceptual processing also include the formation 
of object representations (even illusory ones), which in turn can alter attention 
involuntary (Mattingley, Davis, and Driver, 1997; Davis and Driver, 1994; Duncan, 
1984). Others have argued that objects are processed postattentively. For instance, like 
the zoomlens model, the gradient hypothesis (Downing, 1988; Mangun and Hillyard, 
1991) claims that attention is focused first on a location in space and after that on objects 
and that the efficiency of information processing gradually decreases with the distance to 
the attended location. Kramer and Jacobson (1991) have shown that when the target 
information is part of an object which also contains flanker lines, this ‘intra-object’ 
flanker interference is large compared to interference from flankers which are not part of 
the same object as the target. Taken together with the literature which states that figural 
context also alters visuospatial selection (Egly, Driver, and Rafal, 1994; Davis and 
Driver, 1994) this logic should also apply for the Eriksen paradigm.  

In the present study, we used illusory objects to create different figural contexts 
for a letter array. In focused attention tasks as the Eriksen task, a physical boundary may 
help subjects to use these cues in an effort to effectively segregate the target from the 
flankers. In the experiment presented here, there is no physical barrier between the letters. 
Kanizsa objects also allow changes to the form of the illusory object with simple 
rearrangements or rotation of the pacmen, without addition or deletion any physical 
elements in the visual display. 

A large illusory object containing the total letter array allows ‘attentional leakage’ 
(Yantis & Johnston, 1990) from the target to the flankers (i.e. across the object). This 
would be reflected in large flanker interference effects. To do so, we created a Global 
Kanizsa object onto which the letter array was presented some time later. On the other 
hand, when an illusory object is created so that the illusory borders are between the target 
and the nearby flankers, they may well largely seal off the attentional leak. We did this in 
two different conditions. First, pacmen were organized so that a small Local object was 
created on the target position only, so that the target letter was put in a separate context 
from the flankers. Secondly, we created two Peripheral objects, which placed the flankers 
instead of the target onto Kanizsa objects, and in which the target was placed between 
those two illusory rectangles. This condition is comparable with the ‘different’ object 
condition of Kramer and Jacobsen (1991). Note that in this condition the target is 
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supposed to appear behind the flankers, whereas in the Local condition the target is 
supposed to appear in front. 

We used ERP measures to pinpoint the processes associated with object-based 
attention. Few experiments of the massive amount of studies on object-based attention 
have used ERPs.  

The P3 latency is an indicator of perceptual speed of the correct target. When the 
objects alter selection, the P3 latency also could indicate that object context influence 
concerns perceptual loci of interference. 
 
4.2 Method 
 
4.2.1 Participants 
 
12 students (7 female, 5 male, age (17-26), M=20.7) were recruited from the Groningen 
University population and received course credits for their participation. All were right-
handed, and their vision was normal or corrected-to-normal. 
 
4.2.2 Stimuli 
 
Subjects were seated 1 m from a computer screen and placed their head in a chin-rest. A 
fixation sign (‘+’) was presented at the beginning of a trial. After 850 ms a figure display 
was presented. This display was constructed in the following manner. Four rows of 6 
circles were presented, in total 4.82° high and wide. The outer and inner two circles of 
each row were 0.74° in diameter, the second and fifth were 0.57° in diameter. The 
horizontal distance between the circles was 0.11°, see Figure 4.1. 

From the top row to the bottom row the distance was the same for each figure. 
When an illusory object was presented between two rows, the distance between these 
rows was 0.74°, else it was 0.11°. Illusory objects were 1.55° high, irrespective of the 
position they were presented (above, at, or below fixation). The illusory objects were 
configured by two aligning rows of half circles and four pacmen inducers (two on each 
row). These pacmen inducers were placed on the inner two positions, on the outer two 
(facing each other to induce a Local and a Global illusory object, respectively) or placed 
on the inner position facing outward and on the outer position facing inward to produce 
two objects peripheral of the target position. 

The object was either 4.13° (Global) or wide 0.86° (Local). The Peripheral objects 
were 1.55° wide each. The ‘strength’ of the illusory object percept is indexed by the 
length of the edge of the object which is aligned with the pacmen inducers divided by the 
total length of the edge of the object (see Ringach and Shapley, 1996). This index was 0.5 
for the height and 0.87 (Local) and 0.86 (Global) and 0.86 (for each Peripheral) for the 
width. Only when the illusory object(s) was presented on fixation the ‘+’ sign 
disappeared. 

In a period of 350-600 ms (with 50 ms steps) after presentation of the Kanizsa 
object, a row of five letters was presented within the rows of circles which contained the 
illusory object. The outer two and the central (third) letter could differ or not and were 
either an ‘H’ or an ‘E’. These were chosen because they cannot be discriminated by 
simple featural differences. The distance between the letters was 0.29°. The target for the 
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subjects was the central letter. When presented on a Global illusory object all five letters 
just fitted into this display. When presented on a Local illusory object only the central of 
the five letters (i.e. the target) just fitted within the object. Peripheral objects parsed the 
flanker letters from the target letter which was not placed on an object. 

After 150 ms the display disappeared and the fixation sign appeared. Subjects had 
1000 ms time to respond after appearance of the letters. Half of the subjects had to 
respond with their left hand when the target was an ‘E’, and with their right hand when 
the target was an ‘H’. The other half of the subjects had to respond with their left hand 
when the target was an ‘H’, and with their right hand when the target was an ‘E’. 
Responses had to be made by releasing the left or right index finger from a release button 
on a response box. The response boxes were placed on a comfortable distance on a table 
in front of the subject. It was stressed to the subject that it was important to fixate and 
keep their eyes at the fixation spot during presentation of the entire trial.  

There were 18 categories (compatible or incompatible, and with Local, Global or 
Peripheral objects, and on, above or below fixation) which were presented with equal 
probability. Each block contained 4 of each category, which comes to 72 trials in each 
block of 160 s. Subjects completed 17 blocks in total.  
 From the top row to the bottom row the distance was the same for each figure. 
When an illusory object was presented between two rows, the distance between these 
rows was 0.74°, else it was 0.11°. Illusory objects were 1.55° high, irrespective of the 
position they were presented (above, at, or below fixation). The illusory objects were 
configured by two aligning rows of half circles and four pacmen inducers (two on each 
row). These pacmen inducers were placed on the inner two positions, on the outer two 
(facing each other to induce a Local and a Global illusory object, respectively) or placed 
on the inner position facing outward and on the outer position facing inward to produce 
two objects peripheral of the target position. 

The object was either 4.13° (Global) or wide 0.86° (Local). The Peripheral objects 
were 1.55° wide each. The ‘strength’ of the illusory object percept is indexed by the 
length of the edge of the object which is aligned with the pacmen inducers divided by the 
total length of the edge of the object (see Ringach and Shapley, 1996). This index was 0.5 
for the height and 0.87 (Local) and 0.86 (Global) and 0.86 (for each Peripheral) for the 
width. Only when the illusory object(s) was presented on fixation the ‘+’ sign 
disappeared. 

In a period of 350-600 ms (with 50 ms steps) after presentation of the Kanizsa 
object, a row of five letters was presented within the rows of circles which contained the 
illusory object. The outer two and the central (third) letter could differ or not and were 
either an ‘H’ or an ‘E’. These were chosen because they cannot be discriminated by 
simple featural differences. The distance between the letters was 0.29°. The target for the 
subjects was the central letter. When presented on a Global illusory object all five letters 
just fitted into this display. When presented on a Local illusory object only the central of 
the five letters (i.e. the target) just fitted within the object. Peripheral objects parsed the 
flanker letters from the target letter which was not placed on an object. 
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Figure 4.1 
 
Schematic representation of the task. See text for further explanation. 
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After 150 ms the display disappeared and the fixation sign appeared. Subjects had 1000 
ms time to respond after appearance of the letters. Half of the subjects had to respond 
with their left hand when the target was an ‘E’, and with their right hand when the target 
was an ‘H’. The other half of the subjects had to respond with their left hand when the 
target was an ‘H’, and with their right hand when the target was an ‘E’. Responses had to 
be made by releasing the left or right index finger from a release button on a response 
box. The response boxes were placed on a comfortable distance on a table in front of the 
subject. It was stressed to the subject that it was important to fixate and keep their eyes at 
the fixation spot during presentation of the entire trial.  

There were 18 categories (compatible or incompatible, and with Local, Global or 
Peripheral objects, and on, above or below fixation) which were presented with equal 
probability. Each block contained 4 of each category, which comes to 72 trials in each 
block of 160 s. Subjects completed 17 blocks in total.  
 
4.2.3 Procedure 
 
Subjects were instructed to respond only to the central letter. Their gaze could be checked 
both visually (a camera registered their gaze) and electrophysiologically (their vertical 
and horizontal electro-oculogram was registered online). Importantly, no instruction was 
given about the objects other than that it predicted the location of the letter array. They 
were also told that there was no relation between one trial and the next. After this 
instruction they exercised blocks of 36 trials until their performance was satisfactory (8 
errors or less). Subjects received feedback after each block about average accuracy and 
their reaction time on compatible letter combinations and incompatible letter 
combinations, averaged across all figural contexts. 
 
4.2.4 Recording 
 
The electroencephalogram (EEG) was measured with an electrodecap (Electro-Cap 
International) using 29 Sn electrodes placed at positions FP1, FP2, F7, F3, Fz, F4, F8, 
FC5, FC3, FC4, FC6, T7, C3, Cz, C4, T8, CP5, CP6, P7, P5, P3, Pz, P4, P6, P8, PO9, 
PO7, O1, O2, PO8, and PO10 (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 35 Hz, and on-line reduced 
to a sample frequency of 100 Hz.  
 
4.2.5 Performance Analysis 
 
The mean reaction times (RT) on hits were analyzed as well as the error levels. Correct 
responses within 200-700 ms after target presentation were considered as hits. A repeated 
measures analysis (ANOVA) was performed on the performance data, with FIGURE 
(Global, Local, or Peripheral objects), COMPAT (compatible or incompatible letter 
combinations), and POS (at, above or below fixation) as within-subject factors. In order 
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to account for violation of sphericity assumption in application of the univariate 
approach, we used the Huynh-Feldt correction (Huynh and Feldt, 1976) in case of an 
Huynh-Feldt epsilon ≥0.75, and the Greenhouse-Geisser correction (Greenhouse and 
Geisser, 1959) in case of an epsilon <0.75 (Quintana and Maxwell, 1994).  
 
4.2.6 ERP Analysis 
 
ERPs were averaged off-line. Artifacts (out-of-range, movements or saccades) were 
rejected automatically and ocular correction was performed (Gratton, Coles, & Donchin, 
1983). Averages reported here were corrected with a baseline of 100 ms preceding 
stimulus onset. Two types of ERPs were of special interest. The first is the OBJECT-
ERP. Kanizsa objects usually evoke enhanced N1s compared to non-Kanizsa objects (see 
Introduction). To investigate this effect, we analyzed the pooled activity of visual evoked 
potentials on electrodes O1/O2. The time range uncontaminated by letter array 
presentation is until 350 ms after object presentation. The factors in this analyses were 
POS (at, below, or above fixation), and FIGURE (Global, Local, and Peripheral objects). 
We analyzed the OBJECT-ERP from 50 ms to 350 ms in 50 ms bands. 

Second, the ERP evoked by the letter array (ARRAY-ERP) gives us insight in 
how the compatible and incompatible letter arrays are processed and whether this 
information is differently processed in different object contexts. These averages were also 
corrected with a baseline of 100 ms preceding the onset of the letter array. We calculated 
the lateralized readiness potential (LRP) to test whether the different objects have a 
differential effect on the build-up of readiness of a response. For calculation of the LRP, 
electrodes C3/C4 were analyzed. Visual effects were expected to be most pronounced at 
posterior electrodes (O1/O2). Nine bands of 50 ms each were analyzed from 50 ms to 500 
ms. Testing many intervals increases Type I errors. The chance of one band being 
significant on basis of chance is (1-0.959)=0.37. Therefore, we report significant F values 
if there is a significant effect of a factor on at least two adjacent intervals. In this case, the 
probability for a type I error in two consecutive significant intervals is reduced to 0.02. In 
consecutive significant bands the largest F-value is reported. Furthermore, the individual 
P3 latencies were established by automatic scoring of the most positive peak on electrode 
Pz between 300 – 700 ms postarray. The factors were the same as in the OBJECT-ERP, 
with an additional factor COMPAT. For calculation of the LRP, electrodes contralateral 
or ipsilateral to the response hand were pooled. LRP values were calculated by amplitude 
subtraction of electrodes contralateral from electrodes ipsilateral to the response hand. 
The different ERP components were analyzed with 3 factors (POS, FIGURE, and 
COMPAT). Violations of sphericity for the ERPs were treated in the same way as for the 
performance data. 
 
4.3 Results 
 
4.3.1 Performance 
 
RT data are presented in Figure 4.2, left panel. As expected, compatible trials were faster 
than incompatible trials (COMPAT: F(1, 11)=99.9, p<.001). Furthermore, POS was 
significant (F(1.41, 15.46)=16.52, p<.001), which indicated that responses were much 
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faster when the array was presented at fixation than when they were presented elsewhere 
(RT did not differ for arrays presented in the lower and upper visual field (F(1,11)=1.28, 
p>.05)). 

Our aim was to alter the flanker interference under influence of the object context. 
However, the factors FIGURE and COMP did not interact (F(1.43, 15.70)=.07, ns.). 
Although they did interact with different positions (F(2.70, 29.64)=2.77, p<.05), this 
could not be explained in fruitful manner for our questions2. 

Accuracy data are presented in Figure 4.2, right panel. COMPAT also was 
significant on errors. Error levels were elevated for incompatible trials compared to 
compatible trials (F(1,11)=98.4, p<.001). An COMPAT and POS interaction was found 
which reflected that incompatible arrays resulted in lowered accuracy, especially when 
the array was presented off fixation (F(1.96, 21.51)=3.92, p<.05). Also, an effect of 
FIGURE was found on accuracy (F(1.85, 20.33)=3.66, p<.05). The contrast between the 
different objects revealed that only arrays presented in Local objects showed elevated 
error scores compared to Peripheral objects (F(1,11)=10.25, p<.01). The factors FIGURE 
and COMPAT again did not reach a significant level, as our a priori hypothesis would 
predict (F(1.86, 20.43)=.36, ns.).  
 

 
Figure 4.2 

Performance data. In the left panel the RTs of compatible and incompatible letter arrays in the different 
figural contexts are presented, in the right the error percentages. Error bars indicate the standard error of 
mean. 
 
4.3.2 ERPs 
 
OBJECT-ERPs 
 
In Figure 4.3 the OBJECT-ERPs are shown. The factor POS was significant from 100-
350 ms (F(2,22)=31.9, p<.001). As can be seen in Figure 4.3, the amplitude is more 
positive as the object is presented higher in the visual field.  

Also, FIGURE was significant from 150-350 ms (F(2,22)=6.83, p<.005). As can 
be seen in Figure 4.3, the Global object evoked larger amplitudes than the other object, 
although Peripheral and Local objects differed from 300-350 ms, (F(1,11)=12.93, 
p<.005). 

                                                 
2 Contrast analysis showed that this interaction was because of a 7 ms larger compatibility effect for 
Peripheral objects than for Local objects when they are presented in the lower visual field only. 
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From early stages onward (100 ms) these factors also interacted (F(4,44)=11.68, 
p<.001). In an early stage of this effect it could be determined by post-hoc comparison, 
that the FIGURE effect was larger in the LVF, as can be seen in Figure 4.3. In a later 
stage (200-350 ms) the different figures also evoked different signals on fixation (as well 
as in the LVF). Remarkably, the different figures had no effect on the ERP pattern when 
they were presented in the UVF (F(2,22)< 2.88, ns.). 
 
ARRAY-ERP 
 
O1/O2 
 
The location of presentation of the array resulted in different amplitudes on O1/O2 from 
150-350 ms postpresentation (F(2,22)=41.27, p<.001, see Figure 4.4). Within this period, 
contrasts revealed that N1 amplitude was largest when the array was presented in the 
Lower Visual Field (LVF) compared to the Upper Visual Field (UVF, (F(2,22)=74.03, 
p<.001), which was less negative than when the array was presented on fixation 
(F(2,22)=26.96, p<.001). Also within this period (150-350 ms), the posterior N1 (O1/O2) 
also depended on the type of figure the array was presented on (F(2,22)=21.53, p<.001). 
Arrays presented on Local objects showed a stronger N1 compared to Global object 
context (F(1,11)=29.51, p<.001) and also compared to Peripheral object context (with the 
remark that from 200-300 this was marginal, 3.85≤ F(2,22)≤11.22, p≤ .076), as revealed 
by contrasts. A Global object context tended to evoke smaller N1s than Peripheral object 
context: a later part of the N1 (200-300 ms) showed marginally significant effects (4.14≤ 
F(2,22)≤27.11, p≤.067). The effects of POS and FIGURE interacted from 100-250 ms 
(3.55≤ F(4,44)≤4.87, p≤.013). As can be seen in Figure 4.3, the FIGURE N1 effect 
between Peripheral and Local objects was absent when the array was presented at 
fixation, which was confirmed by the contrasts. 
 
LRP 
 
LRPs are presented in Figure 4.5. COMPAT was significant in the periods 250-350 
(F(1,11)=15.70, p<.005), and 400-500 ms (F(1,11) =8.12, p<.05). In the early episode, 
stronger lateralization in compatible arrays was observed than in incompatible arrays. 
There was still lateralization in the later epoch when arrays were incompatible, while 
compatible arrays did not evoke lateralization any more. 
 
P3 Latency 
 
See Figure 4.6 for the P3 latencies. P3 latency showed large effects of compatibility 
(F(1,11)=26.3, p<.001). Compatible array displays resulted in earlier P3 peaks than 
incompatible arrays. Although FIGURE also resulted in significant effects on P3 
latencies (F(2,22)=3.83, p<.05), this did not interact with COMPAT. Arrays presented in 
a Global object resulted in relatively early P3 peaks, whereas Peripheral objects resulted 
in late peaks, with arrays in a Local object resulting in intermediate P3 peak latencies.  
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Figure 4.3 
 
Grand Averages ERPs evoked by the presentation of the different objects. The upper panel shows the 
potentials evoked by the different objects presented in the upper visual field, the middle objects presented 
on fixation, and the lower the objects presented in the lower visual field. 
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Figure 4.4 
 
Grand Averages ERPs evoked by the presentation of letter arrays. The upper panel shows the potentials 
evoked by letter arrays presented on the different objects which were presented in the upper visual field, the 
middle panel when the letter array was presented onto objects presented on fixation, and the lower when 
letter arrays were presented onto objects presented in the lower visual field. 
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Figure 4.5 
 
The Laterilized Readiness Potentials of the letter arrays presented on the different objects. Shown are the 
LRPs pooled for letter arrays presentation fixation, upper and lower visual field. The LRP of compatible 
and incompatible letter arrays in the upper panel are compared when the letter array was presented on 
Global objects, on Local objects in the middle panel, and on Peripheral objects in the lower panel. 
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Figure 4.6 
 
P3 latencies of compatible and incompatible letter arrays are compared for when the letter 
array was presented on the different objects. Error bars indicate the standard error of 
mean. 

 
 
4.4 Discussion 
 
The present results indicate that visual processing of the letter array was altered by the 
figural context. The N1, evoked by presentation of the letter array, was enhanced (by 
several microvolts) when it was presented on a Local object. The early components P1 
and N1 are known to vary as a function of focused visual attention. The P1 is modulated 
by spatial attention (Mangun and Hillyard, 1991) and the N1 especially when visual 
discriminative processes come into action (Vogel and Luck, 2000; Mangun and Hillyard, 
1991). The spatial allocation of visual attention was argued to depend on the figural 
context. However, we did not find any modulation of the P1 by the figural context that 
might suggest differences in spatial attention. Instead, the present evidence suggests that 
the Local objects created a context in which discriminative processes are enhanced. 

In spite of the sizable effect on the N1 amplitude, figural context did not have an 
appreciable effect on performance, or response selection (reflected in the LRP). One 
would expect, when discrimination of a central target letter in a letter array is enhanced in 
a Local object context, that that context would have at least some beneficial effect on 
post-discrimination processing. In fact, we failed to find any evidence for the 
hypothesized role of figural context in modulating interference effects in the Eriksen 
flanker task. Though this outcome is perhaps somewhat disappointing, the often fragile 
nature of object-based effects on performance in the Eriksen flanker task has been 
established before (Kramer, Tham, and Yeh, 1991; Berry and Klein, 1993). Importantly, 
no such effects were obtained in the present study even when the letter array was 
presented off fixation, requiring attentional shifts, which Lamy and Egeth (2002) have 
suggested to be important for objects to influence spatial attention. This pattern of results, 
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clear effects of figural context on the N1 amplitude coupled with a complete absence of 
figural context effects on overt performance (and on LRP latencies), suggests that figural 
context affected perceptual processes involved in discriminating the target from flanker 
letters, but that this perceptual effect may have been too subtle to cause significant 
changes in subsequent processing in the Eriksen flanker task. Consequently, the present 
results suggest that early ERPs may sometimes provide more sensitive indicators of 
object effects on perceptual processing than indicators based on overt behavior measures. 
Such superior sensitivity of ERPs have been suggested before; for instance, groups which 
tend to differ in daily life (extraverts vs. introverts) show similar performance in a go/no-
go task, but have remarkable differences in information processing indicated in the N1/P3 
(Rammsayer & Stahl, 2004).  

Egly et al. (1994) suggested that the context of objects can alter the spatial 
distribution of attention. Using Kanizsa objects as a figural context resulted in similar 
results (Moore, Yantis, and Vaughan, 1998). It has been suggested that such figural 
context as in the Egly paradigm alter the preference to search for target preferably on the 
cued object, although discriminability of stimuli presented in the cued object context is 
not higher than stimuli presented elsewhere (McCarley, Kramer, and Peterson, 2002). 
Alternative target locations seem to be preferably searched along the object context. In 
the experiment presented here, with only one relevant target location, Kanizsa figural 
context failed to influence overt performance in the flanker interference task. This 
suggests that with no alternative locations to search, contextual objects do not have an 
effect on performance. 

These effects of object context seem to differ from experiments of Duncan (1984) 
and the experiments of the object effects in the Eriksen paradigm described in the 
Introduction (Kramer and Jacobson, 1991; Driver & Baylis, 1989) in which objects have 
a large effect on performance and the target locations is known. In those experiments, a 
target feature is element of an object. When multiple features have to be reported, they 
are more easily detected when they belong to the same object as compared to when they 
are element of different objects (Duncan, 1984). When only one feature has to be 
identified, flanker interference is enhanced when the target features are element of an 
object also containing the flanking features, whereas it is reduced when the target feature 
is element of another object than those containing flanking features (Kramer and 
Jacobson, 1991; Driver and Baylis, 1989). 

 
Another important result is the OBJECT-ERP. First, the P1 was enhanced for 

Global objects as compared to other objects. Former experiments (Herrmann and 
Mecklinger, 2000) focused on differences in potentials evoked by Kanizsa and non-
Kanizsa objects (objects in which the inducing pacmen do not create an illusory object). 
Herrmann, et al. (1999; 2000; 2001) observed an N170 (N1) enhancement by Kanizsa 
objects compared to non-Kanizsa objects, which was independent of the task. Therefore, 
they concluded that the N170 reflects illusory contour detection. Others (Pegna et al., 
2002) compared activation of non Kanizsa, Kanizsa and real contours (the illusory edge 
between the inducing pacmen is a real line) of triangles. The activation of the Kanizsa 
triangles and the real contours was comparable. They conclude that both processes 
‘modulate a common network associated with filling-in and figure-ground segregation’ 
(p. 965). 
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To our knowledge, no one has compared different sizes of illusory objects (with a 
constant visual input). Furthermore, perception of the form of the illusory object is 
completely irrelevant in this experiment. In our experiment, larger illusory objects 
evoked larger P1 components. This resembles the effects which are found when the 
visual system is presented with larger objects, such as checkerboard size (Pike & Polich, 
1988), which evoke larger early visual components. Our experiment suggests this is also 
true for illusory objects. This shows that different illusory object forms result in different 
visual cortical representations. 

Second, former reports suggest that occluded surfaces, such as Kanizsa objects, 
are better perceived when they are presented in the lower visual field, possibly because 
depth is a more important cue when stimuli are close (Rubin, Nakayama, & Shapley, 
1996). The differences we report with the OBJECT-ERP suggest that the Kanizsa objects 
were indeed identified more quickly when they were presented in the LVF. 
 

To conclude, different contextual objects were processed into different cortical 
representations, and although this perceptual reorganization had an effect on the 
perceptual processing of the letter array (reflected in N1 modulation), the objects failed to 
influence flanker interference performance. 
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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 
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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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Figure 5.3 
 
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 

 79



Chapter 5 

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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6.1 Summary 
 
Many researchers have studied space-based and object-based selection in the past few 
decades by focusing on effects in performance (Posner, 1980; Posner et al., 1984; Scholl, 
2001; Kanwisher and Driver, 1992; Driver and Baylis, 1998). In ERP research, however, 
mainly space-based selection has been studied (for reviews see Mangun, Hillyard, and 
Luck, 1993; Mangun, 1995; Clark and Hillyard, 1996; Hillyard et al., 1996; Wijers et al., 
1997).  

The first chapter of this thesis reviews the relevant theoretical concepts of space- 
and object-based selection and the role of Kanizsa illusory objects. We also discussed 
various views and evidence on how space- and object-based selection might Be related. A 
satisfactory and coherent theoretical framework which focuses on the relation between 
space- and object-based selection has not yet been formulated. In order to better 
understand the relation between these types of selection, ERP may provide valuable 
information. For instance, in space-based selection models, attention is thought to 
enhance sensory gain of information at attended locations. In line with this idea, spatial 
attention has been found to result in modulating effects on the ERP, known as the early 
exogenous components P1 and N1, which are thought to be generated in extrastriate 
visual areas. 

The general aim of this thesis was to explore the influence of Kanizsa objects as a 
context on selection, and to use ERPs to gain more insight in the brain processes that are 
associated with object-based attention. The questions addressed are: 1) are spatial 
attention effects in performance modulated by the context of illusory objects in which 
there are only two relevant locations (the cued location and one alternative location)? 2) 
when there are several alternative locations, besides the cued location, for targets to 
appear, is spatial distribution of attention altered by the context of (illusory) objects? 3) 
can the interference of flanking letters on discrimination of a target letter be manipulated 
by contextual illusory objects? 4) how does the form of illusory object inducers interact 
with the perception of the form of the illusory object itself? 
 
6.1.1 Chapter 2 
 
In the study presented in chapter two, two spatial cuing experiments were conducted in 
which illusory objects and so-called Amodal objects were used as a surrounding context. 
In the first of those experiments, after presentation of the object context (a Kanizsa or 
Amodal rectangle), an endogenous cue was presented on fixation which always was in 
the centre of the object, indicating the most probable target location. The possible target 
locations were to the left or the right within the presented object. It has been suggested in 
the literature (e.g., Mattingley, Davis, and Driver, 1997) that attention is more likely to 
spread over the surface of the ‘good’ percept of the Kanizsa object (leading to reduced 
effects of spatial cuing) than over Amodal objects. In the second experiment, either one 
large illusory object was presented (which again could be Amodal or Kanizsa), which 
comprised both possible target locations (left and right of fixation), or two objects, each 
comprising one possible location. Colouring of the inducers was used to indicate the most 
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probable location of the target. Contrary to the predictions derived from object-based 
theories, in neither of the experiments did Kanizsa illusory figures have an effect on 
performance. As will be discussed in more detail below, it is suggested that object-based 
selection effects emerge only when there is competition for visual information between 
two alternative target locations (one within the attended object, one on another object). 
 
6.1.2 Chapter 3 
 
Chapter three uses a well-known paradigm in the literature on object-based selection to 
test whether object-based effects emerge when more than one alternative target locations 
are used (Egly, Driver, and Rafal, 1994). In this paradigm, two parallel rectangles are 
first presented and spatial attention is cued to one of the rectangle ends. After a short 
delay, a target square is flashed in either the cued location (Valid) or on the other end of 
the cued rectangle (Invalid Within) or on a rectangle end (but equidistant to the Invalid 
Within location) of the other rectangle (Invalid Between). Typically, responses to Validly 
cued targets are quickest, then Invalid Within, followed by Invalid Between targets (Egly, 
Driver, and Rafal, 1994). In a pilot experiment, we first conducted a behavioral study to 
verify that object-based effects are also present when using Kanizsa rectangles, in 
addition to real rectangles. Space-based and object-based cuing effects were observed to 
be equal in both types of objects. In the second experiment, we used Kanizsa rectangles 
and contrasted these with Amodal rectangles. Furthermore, we measured ERPs to test 
whether object-based attention affects the same components as spatial attention does (P1 
and N1) and to study the temporal dynamics of object- and space-based selection. The 
results showed that whereas spatial attention modulated both the P1 (100-140 ms) and the 
N1 (150-200 ms) amplitudes, object-based attention only had an effect on the N1 
amplitude. The results for Amodal and Kanizsa objects were very similar. The N1 
component has been associated with perceptual processes such as visual discrimination 
(Vogel and Luck, 2000). Information at attended locations is better discriminated. The 
N1 has also been associated with reflexive shifts of attention (Luck et al., 1990; Heinze et 
al., 1990). As discussed in Chapter 3 (and further below), this latter interpretation of the 
N1 provides a better explanation for the present effects. Specifically, the N1-effects on 
Invalid Within and Invalid Between targets are taken to indicate that when a stimulus is 
not detected at the cued location, spatial attention is preferably redirected to alternative 
locations within a cued (i.e. the same) object, rather than to alternative locations within 
other objects. This interpretation is in line with recent ERP studies on object-based 
attention and with recent behavioral findings suggesting that object context biases search 
strategies (e.g., Shomstein and Yantis, 2002; 2004; McCarley, Kramer, and Peterson, 
2002). 
 
6.1.4 Chapter 4 
 
Chapter four describes an ERP experiment in which Kanizsa objects were used as 
contexts in an Eriksen-task (Eriksen and Eriksen, 1974). Before the letter array appeared, 
a Kanizsa illusory object context was presented in an attempt to affect the flanker 
interference effect. One of the contextual Kanizsa illusory figures was one large rectangle 
so that the letter array presented over it contained both the target and the flanking letters. 
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This condition was contrasted with conditions in which the Kanizsa illusory figure 
contexts were smaller so that the target and flanking letters were presented on different 
object contexts. The expected reduction of flanker interference effects when the Kanizsa 
contextual objects segregated the target letter from the flankers compared with a letter 
array which was presented in a large Kanizsa object context was not found. What was 
found was 1) a difference in ERP signature when the Kanizsa objects were presented 
(indicating that the objects were differentially processed) and 2) that presentation of the 
letter array on a context which segregated the target from the flankers evoked larger N1 
components compared to presentation of the same letter array on a different context. This 
suggests that processing of the letter array may be altered by the Kanizsa object context, 
but that this is not expressed in an effect on performance. 
 
6.1.5 Chapter 5 
 
In chapter five the effect of the relation between the form of the inducing elements of an 
illusory object and the form of the illusory object itself is investigated. First, a behavioral 
study was conducted in which the subject’s task in one condition was to discriminate the 
form of the inducing elements (square or circle) and in the other condition to discriminate 
the form of the illusory object (square or circle). From several lines of evidence 
suggesting global dominance (see Navon, 1977) , it would be expected that illusory 
object form identification would interfere with the identification of the form of the 
inducing elements, whereas form identification of the inducing elements is hardly 
influenced by the form of the global illusory object (i.e. larger global-to-local interference 
than local-to-global interference). However, in the present experiment it was observed 
that judging the form of the inducing elements was not affected by the form of the 
illusory object. Instead, illusory object form identification was influenced by the form of 
the local inducers. More errors and slower responses were made when the form of the 
inducing element referred to the other response hand (i.e. when objects were 
incompatible) than when the element and illusory object form were compatible. 

In a second experiment, we used the same stimuli with a slightly different 
approach, which aims at ERP patterns rather than at performance measures. Similar 
illusory objects were used in one condition. In an additional condition real Global objects 
were used instead of Illusory Global objects. In this paradigm, subjects had to detect a 
target combination of features (e.g., a Global square with circular inducers). The task to 
detect a target with a congruent combination of features (e.g., Global square with square 
inducers or circular Global objects induced by circles) was much easier than when a 
target with an incongruent feature combination had to be detected (e.g., Global square 
with circular inducing elements or illusory circles with square inducers).  

In addition to these performance data, the ERPs also suggested marked 
differences between conditions in which the target’s Global and Local features were 
congruent and conditions in which they were incongruent. In conditions in which subjects 
had to detect a target with congruent features, the ERP suggested that subjects processed 
Global and Local stimulus features in parallel. That is, a processing negativity associated 
with stimulus processing was observed for relevant Global features independently from 
the negativity caused by relevant Local features. This pattern contrasted with the ERP 
pattern evoked by stimuli presented in the condition in which subjects had to detect a 
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target with incongruent features. In this condition, selective processing of the features 
started later than in the condition in which the target had congruent features (the 
difference in onset of feature processing between both conditions was comparable with 
the difference in target detection between both conditions). Furthermore, the negativity 
associated with stimulus processing was only observed when both Global and Local 
features were relevant (i.e. only stimuli with relevant Global and Local features evoked a 
negativity compared to other stimuli). This may indicate that in this condition subjects 
compared the presented stimulus with a holistic representation of the target stimulus (i.e. 
the combination of Global and Local features), whereas in the condition in which the 
target had congruent Global and Local features, subjects could compare the features of 
the presented stimulus independently with memory traces of the Local and Global target 
features. These results suggest that selective processing of stimulus features depends 
strongly on task requirements, similar to what has been shown for differential 
engagement of early and late selection mechanisms (see for instance Lavie and Tsal, 
1994; Lavie, 1995). 
 
6.2 Conclusion and direction for future research 
 
In all of the experiments described in this thesis, similar and clearly visible Kanizsa 
Illusory objects were used. Indeed, in the experiments in which ERPs were measured, 
Kanizsa objects evoked distinct potentials, suggesting a distinct object representation. 
Therefore, the subjects probably clearly perceived the Illusory object form. However, 
these contextual objects had marginal effects on performance in most of the experiments. 
This seems surprising with respect to the theoretical proposals and a variety of previous 
empirical findings reviewed in Chapter 1. Taken at face value, object-based theories 
would seem to predict that a Kanizsa illusory figure, when actually perceived, should be 
able to influence attentional selection, which should have resulted in effects on 
performance. 

The unexpected and disappointing absence of object-based effects on 
performance in most of the experiments we performed may be explained by recent 
findings. McCarley, Kramer, & Peterson (2002), used the Egly design in which subjects 
could freely move their eyes to search a target among three distractors. After a peripheral 
cue, a target display was shown as soon as the subject had redirected his or her gaze from 
central fixation to one of the possible target positions (in most cases, of course, the cued 
location). A two choice alternative response had to given to the target manually. In 
invalidly cued trials, subjects made more and faster eye movements within the cued 
object than across objects. Critically, when (the manual) RTs were compared for trials in 
which the subjects’ gaze was redirected from a distractor directly to a target, the RT to 
targets presented on the same object were nearly identical to the RTs to targets presented 
on the uncued rectangle. Hence, subjects were more inclined to explore the cued 
rectangle, although discrimination of stimuli presented on uncued locations of the cued 
objects was not better than that of stimuli which appeared on the uncued rectangle. This 
suggests that the object cuing effect reflects attention-allocation or a search strategy 
rather than an automatic tendency of visual attention to covertly spread across an object.  

According to the attentional prioritization account of Shomstein and Yantis 
(2002) object-based effects should emerge only when attention cannot be narrowly 
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focused because multiple locations in the scene are potentially relevant. They first 
presented two superimposed rectangles (one vertically, one horizontally) which crossed 
at fixation. In the first four experiments they presented a target letter on fixation. 
Flanking letters were presented left and right of the target. Notice that these flanking 
letters were either on the same rectangle (i.e. when the horizontal rectangle was presented 
on top of the vertical rectangle), or on the other rectangle (i.e. when the vertical rectangle 
was presented on top of the horizontal rectangle). Interference by flankers which were 
presented on another rectangle than the target letter did not differ from those presented on 
the same rectangle. However, in a fifth experiment, attention could not be narrowly 
focused, because the target could be presented at four possible locations on the 
rectangles. In this experiment object-based modulation of the flanker effect was 
observed. Therefore, they suggested that object-based selection may reflect an object-
specific attentional prioritization strategy, rather than modulation of an early sensory 
representation by objects (Shomstein and Yantis, 2002; 2004). 
 The results of the experiments presented in this thesis are consistent with the 
notion that object-based selection effects emerge when attention cannot be narrowly 
focused because multiple locations in the scene are relevant. The results of the 
experiments discussed in Chapter 2 suggest that this notion can be characterized more 
specifically. In these experiments only two locations were relevant. Kanizsa Illusory 
object contexts had no influence on performance in these experiments. This suggests that 
an attentional shift towards an alternative location is not hampered by crossing an 
object’s boundary, when there is only one alternative location. In the experiments which 
use the Egly paradigm (Egly, Driver, and Rafal, 1994) relevant information can be 
presented at more than one alternative location. Typically, targets presented on rectangles 
which were cued are responded to faster and more accurately than targets presented on 
uncued rectangles. This suggests that subjects redirect attention preferably within the 
object on which attention is located than to locations on other objects. 
 Object-based effects on performance were found in the experiments discussed in 
Chapter 3. Furthermore, the ERP effects associated with object-based attention (the N1 
component) occurred later than the ERP effects associated with space-based attention 
(the P1). In Chapter 3 it is argued that the N1 modulation by object-based selection can 
be associated with reflexive attentional shifting (Luck et al., 1990; Heinze et al., 1990; 
Yamaguchi, Tsuchiya, and Kobayashi, 1995). In recent literature, the N1 has also been 
associated with discrimination processes (Vogel and Luck, 2000). As discussed above, 
McCarley et al. (2002) showed that discrimination of target presented on the cued 
rectangle is not better than of the target presented on the uncued rectangle. Therefore, it 
seems more likely that the N1 modulation by object selection in this experiment reflects a 
reflexive shift of attention than altered discriminative power.  
 The interpretation of the N1 modulation by object-based selection as a reflection 
of attentional shifting not only converges with the recent experiments discussed above 
(McCarley, Kramer, and Peterson, 2002; Shomstein and Yantis, 2002; 2004), it can also 
explain the data from other ERP studies on object-based selection. Weber, Kramer, and 
Miller (1997) replicated Duncan’s experiment (Duncan, 1984) in which two 
superimposed objects were presented and subjects had to report whether two target 
characteristics were present. As in Duncan’s experiment this was easier when the two 
target features were on the same object than when they were presented on different (but 
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same location) objects. Importantly, the N1 was larger when the features were on 
different objects, than when they were on the same object. This may reflect that attention 
has no need to be reallocated in the same object condition (all the relevant information is 
attended), but that an attentional shift is needed when the target features are on separate 
objects. When this statement is correct, this would implicate that the attentional shift 
within the cued object occurs between 150 and 200 ms (in the N1 latency). 
 Attention could be narrowly focused on the target location in the experiment 
discussed in Chapter 4, preventing the need to shift attention. In line with the recent 
evidence discussed above, performance was not influenced by Kanizsa Illusory object 
contexts. Interestingly however, we observed that the N1 evoked by presentation of the 
letter array was altered by the figural context. In contrast with discussion in the preceding 
paragraphs, the N1 in this experiment is unlikely to reflect a reflexive attentional shift. 
The letter array was presented at least 350 ms. after the subjects were presented with the 
object display, which indicated the letter array location with 100% probability. This 
should have been sufficient time to focus attention at the location at which the letter array 
would be presented (see Cheal & Lyon, 1991). The N1 in this experiment may reflect a 
change in perceptual organization, without an effect on performance. In a similar vein, 
McCarley et al. (2002) showed that the discriminative power was not increased on 
locations to which subjects were more inclined to shift attention to. This illustrates that 
exploratory behavior of subjects over objects and perceptual factors may occasionally be 
dissociated from performance. 

In the experiments discussed in Chapters 2, 3 and 4, Kanizsa illusory objects were 
used as surrounding contexts in which relevant information was presented. This 
contextual role of these objects was similar to that in other studies (e.g., Egly, Driver, and 
Rafal, 1994; Mattingley, Davis, and Driver, 1997; Moore, Yantis, and Vaughan, 1998; 
Abrams and Law, 2000). In these studies, the features of the object itself are not relevant 
to the task the subjects had to perform. The objects were used as a spatial context for the 
relevant information presented on them. These object-based selection effects may be 
contrasted with those shown in studies which have investigated how features of an object 
are selected when subjects have to report another feature of the same object. It was shown 
that when subjects had to discriminate a feature of an object, other features of the same 
object were also (partly) selected (e.g., Kramer and Jacobson, 1991; Lavie & Driver, 
1996; Duncan, 1984; Vecera and Farah, 1994; Kramer, Weber, and Watson, 1997). That 
this difference may also reflect different mechanisms of object-based selection can be 
illustrated by comparison of the experiments of Kramer and Jacobson (1991) and the 
experiment in Chapter 4. Although these experiments were very similar, only in the 
former were object-based effects on performance found. In Kramer and Jacobson’s 
studies, the subject’s task was to discriminate a feature, for instance the texture, of a 
central target line. The texture of flanking lines interfered more with discrimination of the 
target line, when these flanking lines were elements of the same object as the target line, 
than when they were elements of another object. Presumably, the texture of other parts of 
the same object also was selected and influenced performance on texture discrimination 
of the target. In the experiment discussed in Chapter 4, objects were used as surrounding 
context for a letter array of which subjects had to discriminate a central target letter. In 
contrast with the experiments of Kramer and Jacobson (1991), these flankers (i.e. letters) 
and the target were not element of the same object. Shomstein and Yantis (2002) used a 
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Summary and General Discussion 

very similar design as the experiment discussed in Chapter 4, and reported similar results. 
This may suggest that multiple features of an attended object are involuntarily selected.  

Models such as the biased competition model of Duncan et al. (Desimone and 
Duncan, 1995; Duncan et al., 1999) might explain how multiple features of the same 
attended object are more easily selected. This model focuses on the interplay between 
bottom-up and top-down sources of attention. Bottom-up information processing of each 
presented stimulus occurs concurrently. For instance, when one blue coloured stimulus is 
presented between several red coloured stimuli, this stimulus will pop-out in this module 
and colour as a module also gains competitive weight. Consequently, the stimulus 
activates other modules so that other features of the same object gain a competitive edge 
over their within-module competitors. Between modules object-specific features facilitate 
each other. Therefore, selection involves processing of all the features of the object. Top-
down activation biases this competition by behavioral requirements, such as task 
restrictions. This operates upon the, in this example, visual processing areas by top-down 
activation. When, in a certain task, objects have to be identified which have a particular 
colour, the colour module, and a certain colour in particular will be preactivated. Stimuli 
forming a group, or which are element of an object, may have higher competing values 
than others, which makes selection more likely. It would be interesting to investigate how 
the surrounding contextual effects of objects might be simulated in this model. 
 This within-module competition in conjunction with object-specific between-
module facilitation may also explain why object-based effects are larger when realistic 
objects are used (Watson and Kramer, 1999; Atchley and Kramer, 2001). Experiments 
which used simple object features (Kramer and Jacobson, 1991; Lavie and Driver, 1996; 
Duncan, 1984; Vecera and Farah, 1994; Kramer, Weber, and Watson, 1997) the 
magnitude of the object-based effect expressed in RT is of 20 ms. Sometimes, these small 
effects are even eliminated. For instance, Lavie and Driver (1996) used a feature 
discrimination paradigm. Rather than detecting the number of features, they asked the 
observers to perform a same/different judgment. They presented subject with two 
intersecting dashed lines. The relevant features were gaps and dots that could appear on 
one line (same object) or both lines at either a near distance or a far distance (spatially 
equivalent to the same object condition). In the first three experiments, the same/different 
judgment was performed more rapidly when both features occupied the same line than 
when each relevant feature occupied another line. In a fourth experiment they facilitated 
spatial attention with an exogenous cue. In this last experiment, no object-based effects 
were observed. Watson and Kramer (1999) also found that when two targets have to be 
described this is easier and performed faster when they occupy the same object, as 
compared to when they are presented on separate objects. The objects they used to do this 
experiment were more realistic, namely two aligned wrenches. Their object-based effects, 
they noted, were in the magnitude of 90 ms. Atchley and Kramer (2001) attempt was to 
create as realistic objects as possible. They presented subjects with pipes which could 
extend into a depth plane. The subjects were told they would be viewing a virtual reality 
display of pipes in a nuclear power plant and that an accident had occurred which had 
caused leaks in the pipes. The targets were the leaks in the pipes. In four experiments 
they found object-based effects of 70 ms or so. Even when they tried to replicate the 
findings of the fourth experiment of Lavie and Driver (1996) just described, they still 
observed object-based effects on performance.  
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Chapter 6 

How can the relatively large effect that realistic objects have on space- and 
object-based selection be simulated in the model of Duncan (1999)? Simple objects 
consist of only a few features (e.g., colour and texture). Realistic objects consist of many 
features (e.g., colour, semantic predisposition, texture, etc). When these many features 
mutually facilitate each other’s representation, than the spatial features of the object will 
also become strongly boosted. Therefore, selection of a particular location separated from 
the object, becomes harder when the object is realistic.  
 

In conclusion, the results reported in this thesis are consistent with recent findings 
in other laboratories. These findings suggest that subjects preferably shift their attention 
within objects on which attention was already located. Another important recent finding 
is that realistic objects can be used to increase the object-based selection effects in 
comparison with usage of simple objects. Future research may use realistic objects more 
often to study object-based selection, thereby avoiding the fragility of object-based 
effects in experiments which used less realistic objects. In this thesis, ERP methods have 
been shown to usefully contribute to knowledge about object-based attention, especially 
when more realistic objects will be used. 
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Samenvatting 
 
1 Inleiding 
 
Visuele aandacht deed al ruim een eeuw geleden haar intrede in het experimentele 
psychologische onderzoek. Hoewel de laatste decennia binnen de cognitieve 
wetenschappen erg veel bekend is geworden over de werking van aandacht en hoe 
aandacht in onze hersenen geïmplementeerd is, bestaat er over de fundamentele vragen 
nog veel onenigheid. Eén van die vragen betreft of visuele aandacht gebaseerd is op 
ruimte of op objecten. Ruimtelijk of spatieel gebaseerde aandacht verwijst naar de 
eigenschap die ons in staat stelt om informatie op een bepaalde locatie beter te verwerken 
dan informatie op andere locaties, zonder dat we overigens met onze ogen naar die plek 
hoeven te kijken. Andere theorieën gaan ervan uit dat aandacht gebaseerd is op objecten. 
Deze worden hierin gesteund door bevindingen die aantonen dat irrelevante informatie 
vooral ook wordt geselecteerd wanneer die binnen een object wordt gepresenteerd 
waarop ook de relevante informatie zich bevindt. Uit deze omschrijvingen valt al op te 
maken dat ze elkaar niet geheel uitsluiten. Niettemin omvat deze controverse historisch 
gezien een fundamentele theoretische vraag. Naast deze oudere theoretische concepten 
die een rol hebben gespeeld om deze vragen te beantwoorden, worden in hoofdstuk 1 ook 
modernere theorieën samengevat die zich concentreren op hoe deze mechanismen van 
aandacht met elkaar samenhangen en interacteren. 
 Elektrofysiologisch onderzoek in de laatste decennia heeft zich vooral toegelegd 
op de hersenprocessen die een rol spelen bij spatiële aandachtmechanismen. De 
voornaamste bevinding die dit heeft opgeleverd, is dat de extrastriate visuele gebieden in 
de cortex gepreactiveerd lijken te worden. Dit heeft een verhoogde prikkelbaarheid van 
deze gebieden tot gevolg, die tot uiting komt wanneer er informatie op de plek wordt 
aangeboden waar men op lette. Hoe de resultaten uit de spaarzame ERP-experimenten 
naar object-gebaseerde aandacht hierbij aansluiten blijft onduidelijk. Hoe object-
gebaseerde aandacht zich temporeel en functioneel verhoudt tot spatieel gebaseerde 
aandacht blijft daarom een vraag. In de meeste van de volgende hoofdstukken worden 
experimenten beschreven waarin we gebruik maken van ERP’s. 
 Onderzoek dat ook betrekking heeft op de fundamentele theoretische discussie 
over object-gebaseerde aandacht richt zich op de waarneming van illusoire objecten. De 
illusoire objecten waar we in dit proefschrift over gerapporteerd wordt zijn zogenaamde 
Kanizsa-figuren (Kanizsa, 1974). Deze figuren worden gevormd door een aantal 
‘inducers’ zo te plaatsen dat er een groot figuur wordt waargenomen dat dichterbij 
geplaatst lijkt ten opzichte van de ‘inducers’. Zo kunnen vier pacmen (cirkels waaruit een 
kwart is weggehaald) zo tegenover elkaar geplaatst worden dat het lijkt alsof een vierkant 
deels het zicht op vier achterliggende cirkels ontneemt. Het zal duidelijk zijn dat er extra 
hersenprocessen vereist zijn om dit percept op te bouwen. Hoe en of dit proces invloed 
heeft op aandacht is een belangrijke vraag in dit proefschrift. De onderzoeksvragen die 
ten grondslag liggen aan dit proefschrift zijn erop gericht om meer duidelijkheid te 
verschaffen over de relatie en interactie tussen object-gebaseerde en spatieel-gebaseerde 
aandacht. 
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2 Verspreiding van aandacht over Kanizsa en Amodale objecten wanneer er 
maar 2 relevante posities zijn 
 
In hoofdstuk 2 worden twee gedragsexperimenten beschreven waarin getracht wordt de 
spatiële allocatie van aandacht te veranderen door middel van Kanizsa dan wel 
zogenaamde ‘Amodale’ objecten. Amodale objecten zijn vergelijkbaar met Kanizsa 
figuren, waarbij het door het aanbrengen van een aantal randen aan de inducerende 
elementen minder waarschijnlijk is dat er een illusoir figuur zal worden waargenomen. In 
de eerste van deze experimenten werd spatiële aandacht gemanipuleerd door middel van 
twee pijlen (de ‘cue’) die voordat de relevante informatie werd aangeboden aangeven 
waar deze waarschijnlijk (links of rechts van fixatie) ging verschijnen. Vervolgens 
verscheen de ‘target’ rechts of links. Ook was er een situatie waarin de proefpersoon geen 
indicatie had of de target links of rechts zou komen. Dit werd gedaan door middel van 
presentatie van een ‘neutrale’ cue; één pijl die naar links wijst en vlak daarnaast één naar 
rechts. Al deze informatie werd gepresenteerd binnen een rechthoekig figuur dat of een 
Kanizsa of een Amodaal figuur was. Uitgaande van object-gebaseerde 
aandachtstheorieën was de a-priori hypothese dat een Kanizsa figuur makkelijker de 
aandacht doet verspreiden over het object dan een Amodaal figuur. Dit zou tot gevolg 
moeten hebben dat het verschil tussen de situatie waarin de target op de gecuede (dus 
verwachte) positie verschijnt en de situatie waarin de target op de ongecuede positie 
verschijnt (i.e. het spatiële aandachtseffect) in Kanizsa figuren kleiner is dan in Amodale 
figuren. Dit bleek niet het geval. Het spatiële aandachtseffect was even groot voor de 
figuurtypen.  
 In het tweede experiment dat in dit hoofdstuk wordt beschreven, wordt eveneens 
getracht de spatiële allocatie van aandacht te veranderen door het aanbrengen van 
Kanizsa dan wel Amodale figuren. Aan het begin van een trial werden òf 2 illusoire 
vierkante figuren getoond, aan beide zijden van fixatie één, òf 1 rechthoekig figuur, dat 
beide zijden van fixatie omvatte. Deze figuren werden gecreëerd door plaatsing van 2 
rijen van 4 inducerende elementen met in het midden het fixatiepunt. De aandacht werd 
dit keer gemanipuleerd door na verloop van tijd de inducers rechts en links van fixatie 
van kleur te veranderen (rood of blauw). De proefpersoon was geïnformeerd over binnen 
welke vier gekleurde inducers de target het meest waarschijnlijk getoond zou gaan 
worden. Net als in het eerste experiment was de hypothese dat het effect van spatiële 
aandacht kleiner zou zijn in Kanizsa rechthoeken dan in Amodale rechthoeken. Wanneer 
we van object-gebaseerde aandachtstheorieën uit mogen gaan valt ook te verwachten dat 
mensen aandacht moeilijker los kunnen maken van een Kanizsa figuur dan van een 
Amodaal figuur. Derhalve zou een aandachtverschuiving tussen twee vierkante Kanizsa 
figuren moeilijker moeten zijn dan een aandachtverschuiving tussen twee vierkante 
Amodale figuren. Uit de reactietijden werden geen verschillen geobserveerd die enige 
van deze verwachtingen bevestigden. Reactietijden gaven alleen aan dat de 
proefpersonen in staat waren geweest de aandacht goed op de gecuede locatie te richten. 
Een mogelijke verklaring voor het ontbreken van object-gebaseerde aandachtseffecten in 
de resultaten van deze experimenten zou kunnen zijn dat deze pas ontstaan wanneer er 
meer dan 1 alternatieve locatie is waarop relevante informatie moet worden gezocht. 
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3 Object-gebaseerde aandachtseffecten in gedrag en in vroege ERP-
componenten in Kanizsa en Amodal figuren met meer dan 2 relevante 
posities 
 
Een artikel dat beroemd is geworden omdat het op elegante wijze laat zien dat spatiële en 
object-gebaseerde aandacht naast elkaar kunnen bestaan en elkaar niet uitsluiten is dat 
van Egly en collega’s (Egly, Driver, and Rafal, 1994). Zij presenteerden twee 
rechthoeken links en rechts (als deze verticaal werden getoond) of onder en boven 
(horizontaal) van fixatie. De aandacht werd getrokken door 1 van de uiteinden van de 
rechthoeken op te laten lichten. Na enige tijd kon er een target verschijnen waarop de 
proefpersonen zo snel mogelijk moesten reageren. Deze target kon op 3 mogelijke 
posities verschijnen. De meest waarschijnlijke locatie was de gecuede locatie (Valid). 
Minder waarschijnlijk was dat de target elders verscheen. In die gevallen verscheen deze 
op dezelfde rechthoek maar aan het andere uiteinde (Cued Within) of op de andere 
rechthoek op het uiteinde het dichtst bij de gecuede locatie (Cued Between). In de 
reactietijden werden spatieel-gebaseerde effecten gevonden: proefpersonen waren sneller 
op de targets die op de gecuede locatie verschenen dan wanneer de targets elders 
verschenen. Maar ook object-gebaseerde aandachtseffecten werden gevonden: targets die 
binnen het rechthoek verschenen waarop ook de cue verschenen was werden sneller 
opgemerkt dan targets die op de andere rechthoek stonden. Het eerste experiment van 
hoofdstuk 2 is een replicatie van deze studie, waarbij fysiek aanwezige rechthoeken 
werden afgewisseld met Kanizsa illusoire rechthoeken om te verifiëren dat spatieel- en 
object-gebaseerde aandachtseffecten ook in Kanizsa figuren optreden. De resultaten 
waren vergelijkbaar met die van Egly: er werden spatieel- en object-gebaseerde 
aandachtseffecten gevonden voor beide typen figuren. Er bestond een constante 
vertraging wanneer een target gezocht moest worden in een Kanizsa figuur ten opzichte 
van een echt figuur, maar de aandachtseffecten waren in beide typen figuren even groot. 
 In experiment 2 herhaalden we dit experiment, waarbij we de echte figuren 
vervingen door Amodale figuren. De hypothese is dat deze een minder goed percept van 
een rechthoek oproept waardoor theoretisch de object gebaseerde effecten zouden kunnen 
worden verminderd. Ook werd het ERP geanalyseerd dat veroorzaakt werd door het 
verschijnen van de target. De reactietijden lieten zien dat voor beide typen figuren 
spatieel- en object-gebaseerde aandachtseffecten aanwezig waren. Ook in het ERP 
werden reflecties van beide aandachtsmechanismen gevonden. Spatiële aandacht had een 
effect op de vroege componenten (de P1 en de N1) waarmee we eerder gevonden 
resultaten repliceerden. Object-gebaseerde aandacht had alleen een effect op de N1, die 
later optreedt dan de P1. De conclusie die we hieruit trekken sluit aan bij recente 
bevindingen die erop wijzen dat object-gebaseerde aandacht vooral te danken is aan een 
preferentie die proefpersonen hebben om eerst binnen het geattendeerde object te zoeken 
naar relevante informatie alvorens de aandacht te verplaatsen naar een ander object.  
 
4 De invloed van contextuele Kanizsa figuren op het Eriksen-flanker 
interferentie-effect op gedrag en ERP 
 
Om spatieel gebaseerde aandacht te testen wordt vaak de zogenaamde Eriksen flanker 
taak gebruikt. In deze taak veroorzaken concurrerende stimuli die vlakbij de target 
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worden geplaatst (de flankers) over het algemeen interferentie op de taakprestatie. 
Overeenkomend met de meeste Eriksen flanker-taak experimenten wordt in het 
experiment in hoofdstuk 4 een rij letters gebruikt die dienen als flankers en target. 
Flankers die overeenkomen met een andere respons dan welke de target aangeeft remmen 
de identificatie (meer fouten en langere RT) in vergelijking met andere flankers. Deze 
interferentie kan als maat worden gezien voor hoe goed mensen zich spatieel kunnen 
focusseren op de target. In het experiment dat in hoofdstuk 4 wordt beschreven werd 
getracht dit interferentie-effect te beïnvloeden door Kanizsa figuren zó te plaatsen dat de 
ene keer de target en de flankers in hetzelfde object staan en de andere keer in een andere. 
Eerst werden de figuren aan de proefpersonen gepresenteerd alvorens de letters 
hierbinnen werden aangeboden. Het aanbieden van het contextuele figuur had tot doel de 
interferentie te verhogen wanneer de flankers en de target in dezelfde object-context 
werden getoond en te verlagen wanneer deze in verschillende object-contexten werden 
getoond. Naast de gedragsgegevens werden ook ERP’s gemeten als maat voor hoe de 
objecten werden verwerkt en hoe de flankers en targets werden verwerkt. De contextuele 
Kanizsa figuren hadden geen invloed op de flanker interferentie-effecten in het gedrag. 
Daarentegen had de context wel invloed op het ERP dat gemeten werd wanneer de letters 
op de figuren werden getoond. De N1 component was groter wanneer de target op een 
geïsoleerd figuur werd gepresenteerd dan wanneer de letters in verschillende object-
contexten werden gepresenteerd. Dit suggereert dat object-context de perceptuele 
organisatie kan veranderen, maar dat dit de flanker-interferentie niet verandert.  
 
5 De interactie tussen de vorm van Kanizsa illusoire objecten en de vorm 
van de inducerende elementen  
 
In dit hoofdstuk worden 2 experimenten beschreven. Het doel van het eerste experiment 
was om te observeren of de vorm van een Kanizsa illusoir figuur interfereert met de vorm 
van zijn inducerende elementen. Proefpersonen werden 4 verschillende figuren getoond. 
De illusoire figuur was ofwel vierkant danwel rond, waarbij tevens de inducerende 
elementen vierkant of rond waren. In de ene conditie werd proefpersonen gevraagd de 
vorm van de inducerende elementen te identificeren en in de andere conditie de vorm van 
het illusoire figuur. Op basis van eerdere bevindingen zou verwacht kunnen worden dat 
een illusoir figuur zo sterk en snel aanwezig is in het perceptuele systeem dat de vorm 
hiervan de identificatie van de inducerende elementen zal beïnvloeden (in snelheid en 
accuraatheid). Toch zijn er tot nog toe weinig experimenten gedaan die de interactie 
tussen de vorm van de inducerende elementen en het illusoire figuur onderzochten. In het 
eerste experiment dat in hoofdstuk 5 wordt beschreven werd echter alleen interferentie 
gevonden wanneer men de vorm van het illusoire figuur moest identificeren en niet 
wanneer men de vorm van de inducerende elementen moest identificeren. Dit suggereert 
dat de inducerende elementen een dominante plek in het perceptuele systeem innemen ten 
opzichte van illusoire figuren. In het tweede experiment werd onderzocht hoe de 
verwerking van dit soort stimuli verloopt (met behulp van ERP’s) en welk type 
informatie het snelst beschikbaar is om selectief verwerkt te worden. Dezelfde figuren 
werden aan proefpersonen getoond. In dit experiment moesten proefpersonen letten op 
een specifieke combinatie van de vorm van de inducerende elementen en van het illusoir 
figuur. Zo waren bijvoorbeeld in een conditie alleen de stimuli met een illusoir vierkant 
met ronde inducerende elementen relevant en alle andere waren irrelevant. Proefpersonen 
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bleken sneller in het detecteren van targets wanneer elementen en illusoir figuur 
gelijkvormig (congruent) waren dan wanneer ze moesten reageren op ongelijkvormige 
(incongruente) targets. De ERP-effecten suggereerden dat de manier waarop 
proefpersonen aandacht schonken aan de stimuli aanzienlijk anders was wanneer men 
moest reageren op een congruente stimulus dan wanneer men moest reageren op een 
incongruente stimulus. Het ERP in de congruente conditie wees erop dat de verwerking 
van de elementen en het illusoire figuur onafhankelijk van elkaar waren. De ERP effecten 
in deze condities wezen onder andere uit dat relevante kenmerken selectief werden 
verwerkt ook wanneer het andere kenmerk irrelevant bleek.  

Daarentegen leken proefpersonen in de incongruente conditie te letten op een 
specifieke combinatie van kenmerken. Ook zette de selectieve verwerking van deze 
eigenschappen een stuk later in dan in de congruente conditie. Dit suggereert dat de 
organisatie van selectieve aandacht sterk afhankelijk kan zijn van de configurele 
eigenschappen van het aandachtskanaal. In voorgaand vergelijkbaar onderzoek werd 
ervan uitgegaan dat selectieve aandacht enkel een modulerende werking kan hebben op 
perceptuele verwerking. Dat wil zeggen dat aangenomen werd dat de volgorde waarin 
kenmerken selectief verwerkt worden gefixeerd zou zijn. Uit de experimenten die 
beschreven worden in hoofdstuk 5 vinden we evidentie dat deze volgorde niet vastligt, 
maar sterk afhangt van perceptuele en taak-gerelateerde factoren. Of verwerking van 
illusoire figuren vrijwillig is of niet, is volgens ons dan ook afhankelijk van dit soort 
factoren. 
 
6 Conclusies en aanbeveling voor vervolgonderzoek 
 
De uitkomsten die in dit proefschrift worden gerapporteerd zijn consistent met recente 
bevindingen in andere laboratoria. Deze bevindingen suggereren dat proefpersonen bij 
voorkeur hun aandacht eerst binnen een object verschuiven en pas daarna naar andere 
objecten. Een andere recente bevinding is dat grotere object-gebaseerde 
aandachtseffecten gevonden worden wanneer er meer realistische objecten gebruikt 
worden. Het verdient dan ook aanbeveling om object-gebaseerde aandacht te 
onderzoeken met meer realistische objecten. ERP-methoden hebben in dit proefschrift 
laten zien een waardevolle aanvulling te leveren op de kennis over object-gebaseerde 
aandacht en zullen dat blijven doen wanneer meer realistische objecten zullen worden 
gebruikt. 
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