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The visual world that surrounds us is complex and detailed. This means that there 
is an almost continuous load on the human visual system, with many different 
objects being present. Despite the fact that each object is a potential target for action, 
responding to an object is only possible if the object is processed to a certain degree. 
However, not all objects surrounding us are processed. The visual system appears to 
be limited at some stage in the information processing cycle in the number of objects 
that can be processed for action. Although people may have the idea that vision is 
a simple sense and that all information that falls on the eye is perceived and allows 
the observer to act upon it, this is not the case. There is a certain limitation at some 
level of the information processing cycle. From all information that enters the visual 
system, some information is followed by a response whereas other information is 
not. A natural mechanism seems to select certain information for a response. Allport 
(1987) and Neumann (1987) state that ‘selection for action’ is a necessity resulting 
from our senses being capable of registrating different objects. Although theories do 
not agree where in the information cycle selection takes place, it is clear from all 
theories that selection plays a crucial role. 

All human information processing models have sensory input (e.g. visual input) 
on one side and a response on the other, with some information processing stages 
in between. A well-known schematic model is the human information processing 
model of Wickens (1984). This model is shown in Figure 2.1.

Figure 2.1  Human information processing model of Wickens (1984).
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As Wickens claims, the model combines models presented by other researchers 
(e.g. Broadbent, 1958; Smith, 1968; Sternberg, 1969; Welford, 1976). Applying this 
model to the visual system, all visual information enters the short-term sensory store, 
preserving the physical stimuli for a short period of time without attention. The 
information is then processed, activating what was previously learned and stored 
in the brain. At this point the stimulus is said to be perceived or recognised. Once 
a stimulus has been perceptually categorised, the observer must decide what to do 
with it (decision and response selection), leading to response execution if a decision 
is made to generate a response. Selection is the process that takes place between 
what Wickens calls ‘perception’ and the decision and response selection. 

Kahneman (1973) presents two models of selective attention. Model A assumes 
that all stimuli are transmitted to the stage of ‘sensory registration and storage’. 
Only a selection of those stimuli is transmitted to the next stages ‘perceptual 
analysis’ and ‘response selection’. The model illustrates aspects of the filter theory 
(Broadbent, 1957, 1958), assuming a bottleneck at or just prior to the stage of percep-
tual analysis. When two stimuli are presented, only one stimulus can be perceived 
immediately. The sensory information that corresponds to the other stimulus 
is held briefly as an unanalysed image. Only after the perceptual analysis of the 
first stimulus is completed can the observer attend to the other image to perceive 
it. Model B also assumes that all stimuli are transmitted to the stage of ‘sensory 
registration and storage’ but also claims that all information is then transmitted to the 
stage of ‘perceptual analysis’. Only after this perceptual analysis phase, a selection is 
transmitted to the response selection phase. 

Model B is associated with Deutsch and Deutsch (1963) who located the bottleneck 
only at or just prior to the stage of response selection, claiming that the meaning of 
all presented stimuli is extracted in parallel and without interference. The bottleneck 
prevents the initiation of more than one response at a time and selects the response 
that best fits the requirements of the situation. Kahneman already stated that some 
experimental results argue for model A whereas other results argue for model B, 
leading him to conclude that cognitive operations are far more flexible than either of 
these bottleneck theories suggest. 

The two-stage approach (Treisman & Gelade, 1980; Cave & Wolfe, 1990; Duncan & 
Humphreys, 1989; Theeuwes, 1992a) assumes that at an early stage, visual informa-
tion is processed across the entire visual field in parallel without capacity limitations. 
A later attentive stage has a limited capacity and can deal only with one or a few 
items at a time. When items pass from the first to the second stage of processing, 
these items are considered to be selected, which is required in order to come to a 
response (Treisman, 1988; Duncan, 1980).
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Even though different models locate the bottleneck at different locations in the 
information processing cycle, all models agree that there is a bottleneck somewhere 
in the information processing cycle. Selection is necessary to map specific visual 
information to a response.

2.1 What determines selection?

Not all information visually available is useful or informative for our task at hand. As 
discussed before, when walking a street, there is no need to process or respond to all 
details in the surroundings even though they could easily be processed or responded 
to if necessary. Performance would profit from automatic selection when relevant for 
the task at hand. Chapter 1 showed various examples of information that is crucial 
for the task at hand, without any selection for response execution. Apparently, the 
most informative regions of a scene are not automatically selected. 

2.1.1 Attention
Attention plays an important role in selection. Attention has been described as ‘the 
mechanism that accomplishes selection’ (Yantis, 1998) and its main function is to 
facilitate perceptual processes (Tipper & Weaver, 1998; Broadbent, 1958; Treisman, 
1988). Attention is also said to be a mechanism that selects stimuli for further higher-
level cognitive processing (Cavanagh, 2004; Allport, 1993; Desimone & Duncan, 
1995; Broadbent, 1958). As William James already noted in 1890, the object that 
people are paying attention to appears to receive more processing and is more richly 
represented in perception. Broadbent’s (1958) classic filter theory states that percep-
tion only analyses the low-level physical properties of visual stimuli, such as colour, 
size, and motion. Higher levels of internal representation (e.g. recognition) are only 
achieved when attention is directed towards the perceptual representations of a par-
ticular object. Attention operates as a selective filter, by enhancing the perception 
of some stimuli at the expense of others present in the scene (Posner, Snyder & 
Davidson, 1980; Egeth & Yantis, 1997; Cepeda, Cave, Bichot & Kim, 1998; Pashler, 
1998; Bahcall & Kowler, 1999; Cave & Bichot, 1999).

Actively capturing attention to the location of the change by means of spatial cues 
has shown to improve change detection (Scholl, 2000; see Simons, 2000 for a review), 
most likely by improving selection. In Angelone, Levin and Simons (2003) par-
ticipants watched a movie in which an actor asked someone for directions. From 
this particular scene to the next, something the actor wore or carried changed 
colour. When participants were explicitly told that they had to pay attention to a 
specific area on the female actor, change detection improved by enabling selection. 
Inattentional Blindness experiments have shown a positive relationship between 
the spatial location of attention and the detection of information (Mack & Rock, 
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1998; Newby & Rock, 1998; Most, Simons, Scholl, Jimenez, Clifford & Chabris, 
2001). The opposite condition, forcing observers to focus attention at a specific 
location on the screen via a secondary task, has been found to eliminate the ability 
to localise a change at another location (Fernandez-Duque & Thornton, 1999), most 
likely by disabling selection. Also non-location based aspects of attention play a role 
in detecting information in Inattentional Blindness studies. Information that has 
similar features to items that are attended has a higher chance of being detected. 
In an Inattentional Blindness study by Most, Simons, Scholl, Jimenez, Clifford and 
Chabris (2001), observers who attended to either white or black items in a display 
were more likely to detect an unexpected object when it was similar in luminance to 
the attended items and dissimilar to the ignored items. This attentional explanation 
is completely in line with the name ‘Inattentional Blindness’; people are ‘blind’ to 
things in their visual surroundings because they are not paying attention to it. The 
most likely explanation is that due to inattention it was never selected. 

2.1.2 Eye movements
Under normal conditions, selection takes place overtly by directing the eye to the 
visual information. Visual performance had shown to improve when targets occupy 
the location of an upcoming eye movement (Rizzolatti, Riggio, Dascola & Umilta, 
1987; Rizzolatti, Riggio & Sheliga, 1994) and discrimination is best when the eye is 
directed to the object that has to be identified (Schneider & Deubel, 1995). When 
information is selected with attention only (without any eye movement), this is 
referred to as covert attention (e.g. Carrasco, Evert, Chang & Katz, 1995; Geisler & 
Chou, 1995; Verghese & Nakayama, 1994; Talgar, Pelli & Carrasco, 2004; Barrett, 
Bradshaw & Rose, 2003; Hunt & Kingstone, 2003). When the eyes are also moved 
to the spatial location, this is referred to as overt attention (e.g. Hunt & Kingstone, 
2003; Bradley, Mogg & Millar, 2000; Henderson, 2003). Even though the existence of 
covert attention (the ability to pay attention to an object without actually fixating it) 
has been shown by various researchers (Von Helmholtz, 1909; Eriksen & Hofman, 
1972, 1973; Hoffman & Nelson, 1981; Hoffman, Nelson & Houck, 1983; Posner, 1980; 
Yantis, 1998; Van der Heijden, 1992), it is generally agreed that there is a close link 
between attention and eye movements. When performing complex tasks, the eyes 
move almost continuously at an average rate of three to four times per second (e.g. 
Rayner, 1978; Tinker, 1939; Yarbus, 1967), suggesting that eye movements serve an 
important function in selecting visual information. 

The close link between visual attention and eye movements has been shown in 
several studies (e.g. Henderson, 1996; Klein & Pontefract, 1994; Posner, 1980; Godijn 
& Theeuwes, 2002). Shepherd, Findlay and Hockey (1986) showed that when an 
eye movement is imminent, observers can only direct attention to the location that 
is the target for the saccade. The relationship is independent of whether the eye 
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movement is triggered by an external event, such as a sudden movement, or is 
internally directed by the participant on the basis of instructions or expectations 
(Hoffman, 1998; Hoffman & Subramaniam, 1995; Kowler et al., 1995; Posner, 1980). 
A number of studies have suggested that when an eye movement is observed from 
one object to the next, it can be concluded that attention has shifted as well (Deubel 
& Schneider, 1996; Hoffman & Subramaniam, 1995; Irwin & Gordon, 1998; Kowler, 
Anderson, Dosher & Blaser, 1995; Rayner & Pollatsek, 1992; Shepherd, Findlay & 
Hockey, 1986; McPeek, Maljkovic & Nakayama, 1999; Godijn & Pratt, 2002; Inhoff, 
Pollatsek, Posner & Rayner, 1989). All these studies argue against the decoupling 
hypothesis, i.e. the ability to direct visual attention to one location while simultaneously 
‘programming’ an eye movement to another location. The decoupling would also seem 
unnatural from a biological point of view. Consider the visual orienting reflex that 
occurs in most large animals including humans to sudden lights or abrupt changes in 
the perceptual field (see Rohrbaugh, 1984 for a review). In this case eye movements 
would not be functional if the orienting reflex only attracted the eyes without any 
attentional focus. In nature, sudden changes in the perceptual field need to be selected 
immediately in order to come to a response (e.g. flee). In general, it is not possible to 
attend to one location while moving ones eyes to a different one (Deubel & Schneider, 
1996). The competitive integration model (Godijn & Theeuwes, 2002; Theeuwes 
& Godijn, 2004; Godijn & Theeuwes, 2004) also assumes a strong relationship 
between attention and eye movements. It states that the perceptual processing of 
objects is facilitated if the object is selected as the goal for the eye movement.

2.2 The human eye

Obviously, the physiology of the eye plays a crucial role in how vision is accomplished. 
Light that passes the pupil encounters the lens, which together with the cornea and 
the pupil enables people to focus images on the retina, the light-sensitive tissue layer 
that lines the inner portion of the eye. Once images are focused on the retina, the 
eye nerve transports the visual signals to the brain. Even though the retina surrounds 
nearly 200 degrees of the inside surface of the eye ball, the central part of the retina 
that can process information in detail (with high resolution) is only small (Rayner & 
Pollatsek, 1992). This area is called the fovea, covering a region of about 1.5 degree 
of visual angle around a fixation point (Anderson, 1985; Cohen, 1981). The ability 
to process incoming information beyond this region decreases very rapidly (Van der 
Heijden, 1992). Even though the fovea is relatively small, the eye movement system 
enables the fovea to be directed to objects in the environment. By moving the eyes 
and head the fovea can be directed in rapid succession at one object after another, 
allowing clear vision for areas much larger than this 1.5 degrees of visual angle. 

When discussing visual selection, not all eye movements play an important role. Due 
to the physical features of the visual system, many relatively small eye movements 
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(e.g. tremors, drifts and micro-saccades) are only necessary for keeping a clear focus 
without vision fading out. They do not play a role in what is selected. Three eye 
movement parameters are important in visual selection: saccades, smooth-pursuits 
and eye fixations. 

1. Saccades are very rapid, jerky movements that bring information from peripheral 
retinal locations (where visual acuity is relatively low) to the foveal region. This 
allows the extraction of the highest quality visual information (Buswell, 1935; 
Yarbus, 1967; Henderson & Hollingworth, 1998; Land, Mennie & Rusted, 1999). 
These fast eye movements reach velocities as high as several hundred degrees per 
second and occur at a rate of about 3 to 4 per second. 

2. Eye fixations are momentary or longer pauses of the eye at a particular position. 
Different criteria have been used to define a fixation. For example, fixations have 
been defined as eye movements remaining for at least 200 msec within a square 
of 2 degrees (e.g. Salthouse, Ellis, Dienier & Somberg, 1981; Moffitt, 1980; Widdel 
& Kaster, 1981). If one defines fixations as a momentary pause between two 
saccades, a fixation can be of any length without a minimum duration. Under 
normal conditions, the duration of a fixation represents the amount of time it 
takes to process the fixated information plus the time it takes to program the 
next saccade (for more details see 2.2.2). Under these conditions, fixations have 
a typical minimum duration of around 200 msec but can also be much higher 
(Findlay, 1997; Pollatsek & Rayner, 1982; Henderson & Hollingworth, 1998; 
Andriessen & de Voogd, 1973). Only under specific experimental conditions, 
much shorter fixations are found. Objects that elicit exogenous saccades, such 
as an abrupt visual onset, are fixated much shorter (Theeuwes, Kramer, Hahn 
& Irwin, 1998; Theeuwes, Kramer, Hahn, Irwin & Zelinsky, 1999). This is under 
conditions that an endogenous saccade to a target was already programmed and 
the onset interrupted moving the eyes towards the target. At the moment that 
the saccade was triggered to the target, the abrupt visual onset captured the eye. 
The fixation to the onset can be short since the programming for the next saccade 
(to the target) was already done before the abrupt visual onset. When discussing 
visual selection, the eye is assumed to be stationary during fixations since the 
tremors, drifts and micro-saccades that may be part of a fixation do not change 
the focus of attention. 

3. Smooth-pursuits are slow smooth movements that keep the eyes fixated on a 
moving object (thereby being stationary relative to the moving object), generally 
at speeds well under a 100 degrees per second. In a typical smooth pursuit 
response to a target suddenly moving in the field, the eye and the target cannot 
be perfectly matched both in velocity and position at once (Westheimer, 1954; 
Rashbass, 1961). The ‘position error’ that occurs is partially corrected by a 
saccade. Basically smooth-pursuits are a combination of fixations and saccades 
for moving objects. 
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When dealing with natural viewing tasks, two relatively discrete temporal phases are 
distinguished, with fixations (periods of time when the point of regard is relatively 
still) and saccades (periods of time when the eyes are moving to reorient the point of 
regard from one spatial position to another) being of primary interest (e.g. Kroeber-
Riel, 1992; Viviani, 1990; Van Duren, 1994; Gaarder, 1975). Even when following a 
moving object with smooth-pursuits, this pattern of fixations in combination with 
saccades has been found. This pattern of fixations and saccades is found in vision of 
humans, most other vertebrates and some invertebrates (Land, 1995; Land & Nilsson, 
2002).

Eye movements are never randomly distributed over a scene but are related to the 
information or objects in the scene (Buswell, 1935; Yarbus, 1967; Humphreys, 1996). 
Without a specific visual search task, looking routines tend to select stimuli that are 
ecologically likely to be significant (Kahneman, 1973). Buswell (1935) was one of the 
first to show that fixations are concentrated on particular areas of interest in a picture. 
These findings are in line with the scanpath theory of Noton and Stark (1971a, 1971b, 
1971c). This theory claims that in viewing, a particular repetitive sequence of eye 
movements is executed; a ‘scanpath’, being replicable over observers. This has been 
confirmed by other researchers (Lai, 1975; Locher & Nodine, 1973; Fisher, Monty & 
Perlmuter, 1978; Parker, 1978; Yarbus, 1967; Mannan, Ruddock & Wooding, 1997). 
When observers are instructed to identifying a briefly presented image, there is a 
high degree of similarity between fixations made by the same observer to different 
versions of a given image. Also for a given image there is a high degree of similarity 
between fixations made by the different observers (Mannan, Ruddock & Wooding, 
1997).

Given the importance of saccades and fixations when scanning the visual world it is 
important to address what saccades and fixations can tell us about visual selection. 

2.2.1 Saccades
During saccades, the human visual system is functionally blind. Saccades suppress 
the processing of visual information although processing is not entirely inhibited. 
This phenomenon is called ‘saccadic suppression’ (Matin, 1972, 1974; Volkmann, 
1986, 1976; Becker, 1991; Shebilske, 1975; Irwin, Carlson-Radvansky & Andrews, 
1995; Rayner & Pollatsek, 1992; Sperling & Weichselgartner, 1995; Wirtschafter & 
Weingarden, 1988). Common explanations are that such blindness rises from the 
rotational forces on the retina due to the speed of a saccade or that it may be caused 
by the velocity of visual details whiping across the retina during the eye movement. 
Without saccadic suppression, the motion of the image on the retina would prevent 
people from seeing anything (Kleiser, Seitz & Krekelberg, 2004). 
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What can saccades reveal about what is selected or attended? Humans make extensive 
use of rapid eye movements to direct the highest-resolution region of their foveated 
eyes towards locations and objects of current behavioural interest (Itti, 2005). 
The sequential attention model (Henderson, 1988; Henderson, 1992a; Henderson & 
Ferreira, 1990; Henderson, Pollatsek & Rayner, 1989) assumes that processing by 
means of covert and overt attention is closely coupled and that spatial attention 
precedes a saccade. In other words, directing attention to a location in space provides 
the endpoint of the saccade. Covert attention allows observers to select an object at its 
location before the actual saccade towards this object is launched. So if the eyes are 
going to move to a particular location (saccade), then attention was directed to that 
location first. The model claims that redirecting attention to a new stimulus coincides 
with the signal to generate a saccade to a new stimulus. The location of the stimulus 
towards which attention is redirected is equal to the location towards which the eyes 
are programmed to move. This has been confirmed by several others (e.g. Shepherd, 
Findlay & Hockey, 1986; Posner, 1980). Since a saccade from one object to the next 
can be interpreted as a shift in attention (Deubel & Schneider, 1996; Hoffman & 
Subramaniam, 1995; Irwin & Gordon, 1998; Kowler, Anderson, Dosher & Blaser, 1995; 
Rayner & Pollatsek, 1992; Shepherd, Findlay & Hockey, 1986; McPeek, Maljkovic & 
Nakayama, 1999; Godijn & Pratt, 2002), the end location of the saccade indicates 
what object is selected. Since it is not possible to attend to an object while moving 
the eyes to a different one (Deubel & Schneider, 1996), there is a close link between 
attention, saccades and selection. Rizolatti et al. (1987, 1994) found that oculomotor 
and attention control are supported by overlapping networks of brain regions. Their 
premotor theory of attention makes the strong claim that the neural structures for 
programming eye movements are the same structures that are used for programming 
shifts of attention. In addition neurophysiological evidence has been found to support 
the premises that there is a strong relationship between attention and eye movements 
(Kustov & Robinson, 1996; Corbetta, 1998; Moore & Fallah, 2001, 2004). 

Summarising, saccades are required in order to align an object to the foveal area. Due 
to high resolution in the foveal area, moving an object to the fovea allows the object 
to be processed in detail. In natural viewing conditions, attention precedes saccades. 
Attention selects an object and the saccade follows, moving the selected object to 
the fovea. Therefore the end position of the saccade identifies the object that was 
previously selected by attention. 

2.2.2 Fixations
As previously discussed, the eye is essentially blind during saccades. Therefore, 
fixations are of primary interest in studying visual selection since information is most 
likely to be acquired during fixations that intervene between saccades (Kroeber-Riel, 
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1992; Viviani, 1990). Kawabata, Yamagami and Noaki (1978) found a strong relation 
between what was fixated and what was reported, which was confirmed by Ellis and 
Stark (1978). Various studies have shown that people usually identify objects they 
fixate (see Rayner & Pollatsek, 1992 for a review), suggesting a close link between 
fixations and visual selection. In a variety of natural tasks, the relation between 
fixations, visual selection and action has been studied (Land & Lee, 1994; Land, 
Mennie & Rusted, 1998, 1999; Hayhoe, 2000; Land & Furneaux, 1997). Tasks studied 
are driving (Land & Lee, 1994), table tennis (Land & Furneaux, 1997), piano playing 
(Land & Furneaux, 1997) and tea-making (Land, Mennie & Rusted, 1999). The results 
all demonstrate that fixations are almost exclusively linked to objects that observers 
interact with when performing the task, with very stable findings over participants.

There are several theories that address the relationship between fixation duration and 
information processing. According to the immediacy hypothesis (Just & Carpenter, 
1980) processing of a currently fixated signal is complete prior to the start of the 
saccade to the next signal. In that case glance durations accurately reflect the time 
needed for processing the fixated signal, and variations in processing requirements of 
a signal would affect its fixation duration but not the duration of subsequent fixations. 
The sequential attention model (Henderson, 1988; Henderson, 1992a; Henderson & 
Ferreira, 1990; Henderson, Pollatsek & Rayner, 1989) claims that at the beginning 
of fixating a new stimulus, attention is allocated to the stimulus, but that as soon as 
the processing of the fixated stimulus is completed, attention is redirected to a new 
stimulus. This all seems to be in line with empirical evidence showing that fixation 
duration depends on the amount of processing during a fixation (Just & Carpenter, 
1980; Rayner, 1977; Rayner & Duffy, 1986; Paap, McDonald, Schvaneveldt & Noell, 
1987; Inhoff, 1984; Carroll & Slowiaczek, 1986). 

In the current thesis, the term ‘glance’ or ‘glance duration’ will be used to describe 
the point of gaze and the duration of the gaze. This term is used in order to avoid 
discussing whether particular eye movement behaviour should be labeled a fixation, 
a saccade or a smooth pursuit. The term glance will be used to indicate what someone 
gazes at, irrespective of whether this is fixated, fixated interrupted with saccades 
while gazing at the same object or whether the gaze is following a moving object. 
The main interest in this thesis is visual selection and how it leads to a response. 
Since fixations, saccades to a location and smooth pursuits all point to the same 
phenomenon, that is that something is selected, a distinction between these three 
types of eye movements is not required for the current research theme.
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2.3 What controls the eye?

If eye movement behaviour represents the way we select information from the 
environment the next question is how and in what way is the eye controlled. Do 
people have full control over what is attended or selected? 

Literature has shown that selection may either be controlled by the properties of 
the stimulus field or by intentions, goals and beliefs of the observer (see Egeth & 
Yantis, 1997; Theeuwes, 1993, 1994, Eriksen & Hoffman, 1972; Posner, 1980; Yantis 
& Jonides, 1984; Yantis, 1996, 2000; Abrams & Jonides, 1988; Findlay, 1981; Fischer 
& Weber, 1993; Shepherd, Findlay & Hockey, 1986). Attention or selection is said 
to be ‘bottom-up’ (or exogenous or stimulus-driven or passive) when it is controlled 
by some salient stimulus attribute that is not necessarily relevant to the observer’s 
perceptual goals or the task at hand. Attention or selection is said to be ‘top-down’ 
(or endogenous or goal-driven or active) when it is controlled by the observer’s 
deliberate strategies, intentions, goals and expectations. In this respect, the term 
conspicuity is often mentioned. The conspicuity of an object represents how much 
an object stands out from its surrounding environment. How much an object stands 
out depends on whether an object is able to draw attention without an observer 
looking for it (so called ‘object conspicuity’, Hughes & Cole, 1986, related to bottom-
up selection) or how easily it is selected when an observer is actually looking for it 
(so called ‘search conspicuity’, Hughes & Cole, 1986, related to top-down selection). 

2.3.1 Bottom-up selection
Selection is said to be bottom-up when selection is controlled by some salient stimulus 
attribute that is not necessarily relevant to the observer’s perceptual goals or the task 
at hand. Such an object automatically forces itself to be selected, possibly eliciting 
an eye movement toward the object. As soon as the eye is close to a salient object, 
the object automatically attracts the eye (Engel, 1977). As mentioned before, this 
is also called object conspicuity; the capacity of an object to attract attention even 
though the observer is not specifically looking for the object. Since salience does 
not depend on the goal of the observer, many researchers have tried to determine 
objective salience criteria by having participants watch videos or images in a free-
search paradigm. By computing saliency maps (Koch & Ullman, 1985; Niebur & 
Koch, 1996; Itti, Koch & Niebur, 1998; Itti & Koch, 2000), it is possible to determine 
the degree to which eye movements are drawn by stimulus properties alone. 

An example of a bottom-up feature is for instance size. If a target is very large 
compared to its background, this may render the object conspicuous (Engel, 1974, 
1977; Forbes, Fry, Joyce & Paine, 1968a, 1968b; Paine, 1969). Also, the complexity of 
the background plays a role (Boynton & Bush, 1956; De Jong & Duijnhower, 1972). 
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People tend to fixate an isolated object in the field even when it carries no information 
(Kahneman, 1973). Adults have also shown to retain an extremely powerful tendency 
to direct their eyes toward a moving object and to scan contours (Kahneman, 1973). 
Attention is automatically attracted by unique features (Treisman & Gelade, 1980), 
abrupt onsets (Yantis & Jonides, 1984; 1996) and the appearance of new perceptual 
objects (Hillstrom & Yantis, 1994) even when irrelevant to the task at hand. 

The strong effect of bottom-up selection is illustrated in cases where objects cannot 
be ignored even when the observer is searching for something else. Theeuwes (1991a, 
1992b) used visual search tasks in which participants had to select an item with a 
specific unique feature (e.g. green circle amongst green squares, top-down search). 
A known to be irrelevant distractor with a unique colour (e.g. red square) could 
not be ignored, showing strong bottom-up selection. Even after extensive training, 
this bottom-up effect of the irrelevant item was still present (Theeuwes, 1992b). 
Pashler (1988) also found an interfering effect of a distractor with a unique colour 
on finding a target with a unique form. Yantis and Jonides (1984) demonstrated 
that the visual system is selectively sensitive to visual stimuli that are presented 
with an abrupt onset. When searching a display for a specific target, abrupt onsets 
were always selected first. Onset stimuli were identified much faster than no-onset 
stimuli, with the abrupt onset drawing attention to this location. In this respect it is 
not the onset per se, but rather the stimulus onset transient (which can also be an 
abrupt offset) that attracts attention (Jonides & Yantis, 1988; Yantis & Jonides, 1984; 
Miller, 1989). Peripheral cues with abrupt onsets elicit a bottom-up shift of attention 
to that location, without participants being able to ignore this abrupt onset when 
explicitly instructed to do so (Jonides, 1981). Theeuwes (1990) also showed that an 
abrupt transient change of form induced an unavoidable ‘pop-out’ suggesting that 
attention is drawn to the source of change. Changing the colour of equiluminant 
stimuli did not result in bottom-up selection. Müller and Rabbitt (1989) found that 
allocating attention to a specific location could not prevent a shift of attention to an 
abruptly changing flash.

Bottom-up salience can be used to enhance selection in case of a stimulus of high 
importance. Important signs or warnings can be made big and bright in order to 
attract attention. Objects that stand out from their background can successfully 
compete for attention with other objects in the scene. Bottom-up selection is also 
what advertisers use for drawing attention to their advertisements. By using bright 
colours, flashing lights and moving items it is assumed that the information is 
automatically attended, even if people are not specifically looking for that informa-
tion. The conspicuity of an object has therefore also been defined as its ability to 
attract attention without the need for any search (Jenkins, 1982) or the attention-
getting value (Holmes, 1974). The fact that advertisements are capable of attracting 
attention while searching for something else was shown in an experiment by Cole 
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and Jenkins (1982). Even though observers were specifically instructed to search 
for specific objects placed in the driving scene, conspicuous non-task related items 
such as advertisement signs attracted overt attention. This shows the strength of 
bottom-up processes even in case of top-down search.

In this respect, using an unpredictable content or a strange item in an advertise-
ment may also work to get attention. Mackworth and Morandi (1967) claim that 
areas with a high informational value or an unpredictable content are the ones 
being spontaneously inspected in the context of picture viewing. This relationship 
between informative regions and observers’ fixation clustering has been replicated by 
several researchers (Zusne & Michels, 1964; Antes, 1974; Buswell, 1935; Yarbus, 1967). 
A problem is that the definition of informativeness is often subjective (Buswell, 1935; 
Yarbus, 1967; Antes, 1974; Mackworth & Morandi, 1967). ‘Informative’ has also been 
used to define objects that do not fit the scene (Friedman, 1979; Henderson, Weeks 
& Hollingworth, 1999; Loftus & Mackworth, 1978), with longer glance durations 
for objects that are unlikely in the scene (Friedman, 1979; Henderson, 1992a; 
Henderson, Weeks & Hollingworth, 1999; Loftus & Mackworth, 1978). Observers 
tend to return their gaze to semantically informative regions over the course of scene 
viewing (Loftus & Mackworth, 1978; Henderson, Weeks & Hollingworth, 1999). 
Other studies found a more complicated relation, with incongruous information not 
having a higher probability of being fixated, but once fixated they result in longer 
fixations (Friedman & Liebelt, 1981; De Graef, Christiaens & d’Ydewalle, 1990; 
Henderson, Weeks & Hollingworth, 1999). 

When the conspicuity of an item is very large, the bottom-up selection may take 
attention away from other items. When the conspicuous item is relevant for the 
task, it enhances performance. On the other hand, when the conspicuous item is 
irrelevant but forces itself to be selected, relevant information may suffer. Take for 
example the case of advertisements (i.e. billboards). In driving, advertisements with 
odd messages, flashing lights or moving images may ask for attention while the infor-
mation is completely irrelevant for the driving task. In this example, the bottom-up 
features of the advertisement may even cause dangerous situations. In this case ‘the 
failure to apprehend’ may be the result of other irrelevant information being selected 
in a bottom-up manner.  

2.3.2 Top-down selection
Obviously, bottom-up selection only represents one side of the coin. Selection can 
also be under top-down control. When William James first introduced his notions on 
attention in 1890, he called this type of attention ‘active’. Top-down selection takes 
place when people select objects from a scene that share features with the specific 
target object they are looking for (e.g. Treisman & Gelade, 1980; Wolfe et al., 1989; 
Findlay, 1997). As mentioned before, this is also referred to as search conspicuity, 
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which is the capacity of an object to be found if the observer is specifically looking 
for this target. Observers who were instructed to attend to circles were more likely 
to detect an additional circle (82%) than observers attending to squares (6%) (Most, 
Clifford, Scholl & Simons, 2000). This is also in line with the fact that in the Simons 
and Chabris study (1999), mentioned in Chapter 1, the top-down selection of the 
black basketball team in one of two superimposed video scenes resulted in better 
detection of the black gorilla walking across the scene than those observers using the 
top-down selection of the white basketball team. Most, Clifford, Scholl and Simons 
(2000) found that instructing observers to attend to a black instead of to a white 
shape lead to a higher chance of perceiving an additional black circle. That top-down 
selection is strong is shown by the fact that even items with a unique brightness, 
colour or shape do not automatically attract attention. These features that normally 
pop-out if they are relevant for the task do not capture attention when they are 
irrelevant for the task, showing control by the observers’ intentions (Jonides & Yantis, 
1988; Theeuwes, 1990). 

When searching for an object in a scene, people first search at the likely locations 
for these objects. Obviously, this is search that is clearly under top-down control. 
Search for an object at a non-predictable location was much slower than search for 
an object at a likely location (e.g. a saucepan under a table) (Meyers & Rhoades, 
1978). Searching for traffic signs located on the left (unexpected) side of the road 
lead to a high number of misses and increased search times (Theeuwes, 1991c). 
Observers searched on the right side of the road where traffic signs are normally 
located. Pearson and Schaefer (2005) found that emphasising the driving aspect 
in a photo change detection task changed participants’ top-down search. Partici-
pants performed better on detecting driving-relevant changes than participants 
without this instruction. In driving scenes, participants are faster in detecting 
driving related changes than driving unrelated changes (Richard, Wright, Ee, Prime, 
Shimizu & Vavrik, 2002). Yarbus (1967) also found that the way observers scan a 
picture depended on the instructions that the observers received. When instructed 
to estimate the material circumstances of a family in the picture, fixations were 
distributed widely over the scene. When instructed to guess the age of people in 
a picture, observers concentrated their fixations specifically on faces. Research on 
expert performance clearly shows the strength of top-down selection. Because of 
their attentional set, experts primarily focus on domain-specific stimuli whereas non-
experts may also pay attention to other stimuli. Experts in American football were 
faster at detecting changes in photographs related to football than novices (Werner & 
Thies, 2000). Chess masters have better immediate memory for chess-related infor-
mation with brief exposures (De Groot, 1978; Chase & Simon, 1973a, 1973b), expert 
chess players are better in detecting changes related to the chess play than novices 
(Reingold, Charness, Pomplun & Stampe, 2001) and experienced drivers are better 
in detecting driving-relevant changes compared to non-driving task related changes 
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(Groff & Chaparro, 2003; Pearson & Schaefer, 2005). These results suggest that inten-
tions, goals and expectations guide selection and thereby perception. 

However, this top-down selection, ruled by intentions, goals and expectations may 
also introduce a problem. Consider the following example of Sarter and Woods 
(1997). In the cockpit of highly automated aircraft, pilots failed to detect changes 
in an automation configuration when the automation took an unexpected action. 
Since this was not part of the top-down selection strategy, it was not inspected and 
therefore not detected. Pilots reported that they looked where they expected to find 
changes. So if the top-down strategy is adequate for the task at hand, selection or 
detection is rather effective and fast, but in case of an incorrect top-down strategy, 
selection or detection may be absent. 

Although the distinction between bottom-up and top-down control is important, it is 
equally important to recognise that any given act of attention typically involves some 
combination of the two attentional modes (Yantis, 1998; Itti, 2005; Itty & Koch, 2000; 
Parkhurst & Niebur, 2004). 

2.4 Conclusion

Selecting the right information for the execution of a task is very important. Even 
though all information available in the world around us falls on the retina, only 
some information is fully processed. Only selected information is able to generate 
a response. Since there are many examples in which people do not select the right 
information, the phenomenon of ‘the failure to apprehend’ can often be found. 
Selection may not have taken place because other more conspicuous information 
may draw away attention from the relevant information. Or even though relevant, 
particular information may not be part of our top-down search strategy, thereby 
never entering the next information processing stage to such an extent that it can 
result in a response. 

The concept of attention plays an important role in visual selection processes. 
Directing attention to an object implies that the object is selected and thereby 
available for further processing. In this respect, attention operates as a selective 
filter, leading to more elaborate processing of some stimuli at the expense of others. 
Attentional selection can take place covertly (without the eyes fixating the location 
that one attends), but in most cases, attention and eye movements are closely linked. 
In natural viewing tasks, attention precedes the eye. When a saccade is made to 
a specific object, the object is first selected by attention. A fixation to a specific 
object is the end position of a saccade and indicates that this object has been selected. 
The duration of a fixation has said to indicate the time required to process the 
information.
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