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BEHAVIORAL AND ELECTROPHYSIOLOGICAL
CORRELATES OF CHANGE BLINDNESS (INVITED

PAPER)

MASSIMO TURATTO AND VERONICA MAZZA

Abstract. Although the ability to notice a change in the visual scene
has been used as an investigative tool to gain new insights on visual
system mechanisms, it has recently become an issue itself. In the last
decade, many studies have addressed the flip side of change detection,
namely the change blindness phenomenon. Change blindness refers
to functional blindness for an otherwise visible change in the scene
an observer is looking at when visual continuity is briefly interrupted
by extraneous visual events. Here we provide a review of the main
findings and notions emerged from the change blindness studies, both
from behavioral and electrophysiological experiments. Mechanisms of
change detection and change blindness are discussed, highlighting the
role of visual attention for conscious change perception.
Copyright c©2003 Yang’s Scientific Research Institute, LLC. All rights
reserved.

1. Introduction

It is not unusual to be engaged in a conversation in which two (or even
more) persons speak concurrently. Everybody has certainly noted that in
such a situation it is very difficult, if not impossible, to fully understand the
speech of more than one person at a given time. This situation, known in the
cognitive psychology literature as the ‘cocktail party’ phenomenon (Cherry,
1953), is a simple but striking example of the human cognitive limitations
in processing incoming information. Because of these limits, computational
resources need to be selectively dedicated to the relevant information in
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a given context. As we will see, the human cognitive system selectively
deploys, by means of attention, its resources upon the incoming information,
allowing only to a subset of the total input signals to be processed and
organized into a conscious and coherent perceptual experience (Rensink,
2000).

Although usually our perception is a multisensory experience, the present
review will concentrate only on the relationship between attention and visual
perception. To this aim, we will discuss behavioral and electrophysiological
data from a functional blindness phenomenon that highlights the role of at-
tention in our conscious visual experience. However, instead of emphasizing
how attention affects visual perception by increasing the efficiency of stimuli
processing (Posner, 1980), we will focus on the effects caused by the lack of
attention on visual experience, namely what Chun and Marois (2002) have
defined the ‘dark side’ of visual attention. With this regard, there is strong
empirical evidence that the lack of attention leads to a sort of ‘functional’
blindness for an otherwise visible (i.e. suprathreshold) stimulus. These in-
triguing results come from change blindness, a form of induced blindness
that has received a substantial interest in the last decade (Simons & Levin,
1997). Research on change blindness, as well as studies on inattentional
blindness (Mack & Rock, 1998) and attentional blink (Raymond, Shapiro
& Arnell, 1992), show in a very impressive way the central role played by
attention in determining the contents of our conscious visual representation.
Overall, these studies cast serious doubts on the intuitive notion that we
can have a complete and detailed representation of the external world each
time we look at it. Hence, despite our impression to see everything, change
blindness results suggest that our ability to notice changes in a scene is
strongly limited to those objects we paid attention to (Rensink, O’Regan
& Clark, 1997). As a first step in understanding the change blindness phe-
nomenon we will start by providing a brief (though not exhaustive) view on
attention mechanisms, in order to introduce readers who are not familiar
with the cognitive psychology literature (for a more detailed review on the
different attention research fields see, Parasuraman, 1998; Pashler, 1998).

2. The Need for Selection: The Attention Mechanisms

The human brain is an extraordinary computational machinery. Be-
side controlling several basic vital functions (e.g., breathing, blood pres-
sure, etc.), different brain activities allow us, for example, to ‘see’ and to
‘hear’ while performing at the same time complex motor programs (e.g.,
walking). In addition, specific patterns of cortical activations are associated
with different cognitive functions (e.g., memory, reasoning, language, etc.).
The causal relationship between a cognitive process and the corresponding
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neural activity is a topic that goes beyond the scope of the present work.
Hence, for sake of simplicity, we simply assume that the brain is the neural
substrate that allows different types of mental processes to take place (see
Kanwisher 2001, for discussion of the relationship between neural events and
perceptual awareness). Borrowing a metaphor from the computer science,
we can describe the brain as the hardware over which the ‘cognitive system’
(i.e., the software) is implemented.

Within the brain, specialized areas are devoted to the analysis of the
sensory inputs coming from the external world. Before external stimuli
enter the brain, however, specific sensory receptors (e.g., the cochlea for
hearing, and the retina for seeing) register and convert the input signals
into the appropriate brain format, namely into bioelectrical activity. The
specific pattern of electrical activity generated is then sent forward to the
corresponding sensory cortex (e.g., the temporal cortex for audition and the
occipital cortex for vision) for further and more sophisticated analysis. In
addition, different sensory systems can work independently of one another,
and, as a matter of fact, visual and auditory information can be registered
and processed concurrently. For example, while you are reading this arti-
cle (i.e. while your visual system is analyzing black symbols over a white
background) your auditory cortex is probably at work too, registering acous-
tic stimuli present around you (unless you are reading inside a soundproof
room!). If we consider that the environment we commonly face in every-
day life is very rich and complex in terms of multisensory stimulation, what
emerges is a scenario in which the human brain is constantly bombarded by
an enormous amount of stimuli from different sensory modalities (Driver &
Spence, 1998).

A first filtering stage on incoming information is provided by the anatom-
ical structure of our sensory receptors. Photoreceptors in the retina selec-
tively respond only to a limited range of the whole electromagnetic band-
width, and, likewise, the cochlea responds, approximately, only to tones
with frequencies above 2KHz and below 20KHz. Hence, a first crude se-
lection on the total amount of information provided by the environment is
imposed by human receptor physiology.

However, even when only the visual modality is considered, this initial
low-level physiological filtering stage turns out not be sufficient to prevent
the cognitive system from computational overload. In fact, it is widely
acknowledged that the amount of incoming information registered by the
visual system well exceeds the computational resources necessary to the
cognitive system to organize all information into a conscious experience
(Duncan, 1980; Itti & Koch, 2000). The strategy adopted by the cognitive
system for overcoming this bottleneck problem is to dedicate the resources
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only to a subset of the whole input at any given instant. ‘Attention’ is
thought to govern the selection of the information to which the resources
are dedicated, namely attention determines the selection of the information
that become part of our conscious experience at any given moment. Here
the general term attention should be conceived not as a single explanatory
process, but rather as a pool of different selection mechanisms gathering in-
coming information and possibly operating at different processing stages, as,
for example, during perceptual analysis or at the level of response selection
(Pashler, 1989).

2.1. Space-based and Object-based Selection. Research on visual at-
tention has particularly concentrated on how the limited processing re-
sources are distributed in the visual field. Attention mechanisms seem to
operate on the basis of spatial coordinates (the ‘spatial’ view; see Posner,
1980), perceptual units (the ‘object-based’ view; see Scholl, 2001), or both
(e.g., Egly, Driver & Rafal, 1994). According to the spatial view, attention
selects visual information by enhancing visual processing from a defined
space region. Since the seminal work of Posner and his colleagues (Posner,
1980; Posner, Snyder & Davidson, 1980), attention has been metaphorically
described as a spotlight (or a zoom lens) that moves in the environment on
the basis of spatial coordinates, illuminating different but contiguous por-
tions of the visual field. In typical spatial-cueing experiments the observer
is instructed to detect as quickly as possible the onset of a small target
dot presented on the screen. The onset of the target is preceded by the
onset of another stimulus, the cue, which indicates the likely location for
the following target to appear. Without moving the eyes, the observer is
encouraged to move attention to the cued location, and to press a button
as soon as the target is presented. Results from these studies consistently
showed that information from the region visited by the spotlight of atten-
tion is processed more efficiently, i.e. more rapidly and accurately, than that
from other regions. The spatial view is somehow implicitly assumed also in
the ‘visual search’ literature, another line of research on the mechanisms of
attentional selection involved in target identification among distractors (for
a review, see Wolfe, 1998). In a visual search task, the observer is presented
with a more complex display as compared to a typical spatial-cueing task
(Posner, 1980). The display contains many different items, among which,
on half of the trials, the target is presented. By varying the number of
distractors (the nontarget items), and by measuring response times and/or
accuracy for target detection or discrimination, it is possible to infer the at-
tentional mechanisms underlying the visual search task. Broadly speaking,
results from visual search experiments have been taken to demonstrate the
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existence of two sequential processing stages (Treisman & Gelade, 1980).
Specifically, there would be a first stage, that operates without the need of
attention, in which visual information is processed rapidly and in parallel
across the entire visual field. Following this preattentive stage it has been
assumed to be a second attentive stage, which, being of limited capacity,
operates serially item by item binding different features into a meaningful
object. Although this bipartite scheme accounted for early empirical results
successfully, its dualistic viewpoint has been questioned by more recent find-
ings, which provided evidence for a crucial role of attention even in what
have been previously identified as preattentive processes (e.g., Joseph, Chun
& Nakayama, 1997).

Moving from a different perspective, Duncan (1984) hypothesized that at-
tention, at least in some cases, operates by selecting discrete visual objects
or perceptual units, independently of their spatial coordinates. Different
object-based studies have provided evidence that cannot be easily accom-
modated within a pure space-based view. Eriksen and Hoffman (1973) orig-
inally demonstrated that response times for discriminating one of two pos-
sible target letters (e.g., ‘E’ or ‘H’) were more elevated when the target, say
the ‘E’, was flanked by two response-incongruent letters (e.g., ‘H’) than by
two neutral letters (e.g., ‘R’). Moreover, this interference effect increased as
the distance between the target and the flankers decreased, which was con-
sistent with the spatial view of attention. In fact, the closer the flankers were
to the spotlight of attention, which was allocated to the target, the more
they were processed, and hence the greater was their interference on target
discrimination. However, in a similar flanker task, Driver and Baylis (1989)
presented the central target flanked by two pairs of distractors horizontally
arranged. On a static view one would expect the incongruent distractors to
produce a greater interference when they occupied the inner rather than the
outer positions, as predicted by the spatial view of attention. Yet, results
from the study of Driver and Baylis showed that the incongruent distractors
had a greater interference effect when they occupied the outer positions if
they briefly moved together with the target, a result that can not be ac-
counted for by a spatial view of attention. Rather, the authors interpreted
the results as evidence that attention operates on perceptual units rather
than on unparsed regions of the visual field. Accordingly, because atten-
tion was directed to the target, it also selected the distractors that moved
together with the target forming a single perceptual unit. In sum, whereas
for the spatial view attentional limitations are conceived in terms of spatial
coordinates (i.e., the farer is information from the spotlight the lesser the
efficiency with which it will be processed), for the object-based account the
limits imposed by attention are determined by the number of objects that
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can be simultaneously attended, in spite of their spatial separation (see Egly
et al. 1994, for a reconciliation of the two views).

2.2. The Locus of Selection. Regardless of whether attention operates in
space-based or in object-based mode, another crucial issue is to determine
at what stage, during the information processing, the selection occurs. The
‘locus of selection’ problem is a long-debated issue in the study of mental
processing. This debate, begun in the 50’s and lasting to date, had tradition-
ally proposed two main theoretical points of view, the ‘early-selection’ the-
ory (Broadbent, 1958), and the ‘late-selection’ theory (Deutsch & Deutsch,
1963). According to the early-selection view, attention operates just after
the initial perceptual analysis is carried out, thus preventing unattended
information from being completely analyzed. Studies combining behav-
ioral and event-related potential (ERP) measures in a spatial attention task
showed an attentional modulation of an early ERP component such as the
P1. The P1 is a positive wave elicited on average about 100 ms after stimulus
onset, which points to a very early attentional modulation on information
processing (e.g., Clark & Hillyard, 1996; for a review, see Luck, Woodman
& Vogel, 2000). By contrast, the late-selection view holds that attention
operates later, at a more central level, at least after the incoming inputs un-
dewent a sophisticated semantic analysis. Result from more recent studies
both from healthy subjects and neurological patients showed that informa-
tion that is not consciously seen is nonetheless processed up to the level
of object identification (Bar & Biederman, 1998; Dell’Acqua & Grainger,
1999; McGlinchey-Berroth, Milberg, Verfaellie, Alexander & Kilduff, 1993).
An attempt to reconcile these apparently discrepant results has been of-
fered by the ‘Perceptual load ’ hypothesis (e.g., Lavie, 1995), which states
that the stage of processing at which selection takes place is determined by
the difficulty of the task at hand. If the task is simple, and the target can
be easily found among the distractors, a low perceptual load is imposed to
the cognitive system. Under this favorable condition for target identifica-
tion, only a limited amount of the total attentional resources are used to
perform the task, with the remaining resources (involuntarily) deployed to
the distractors. This would allow a possible distractor-interference effect to
emerge, supporting the late-selection view. By contrast, under condition
of high perceptual load, namely when the target cannot be easily discrim-
inated from the distractors, all the available attentional resources are used
to identify the target, and therefore no further processing of the distractors
is possible, casting evidence for an early- selection view. ERP data support-
ing this hypothesis have been provided from a study by Handy & Mangun
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(2000), where the authors varied the perceptual load of the targets in a spa-
tial cueing paradigm. ERPs results from their experiments showed that the
magnitude of early (spatial) selective processes, as reflected by the P1 com-
ponent, is modulated by the perceptual load, with a greater P1 amplitude
during high-load perceptual conditions as compared to low-load perceptual
conditions.

2.3. The Lack of Attention. Overall results from visual attention stud-
ies highlight the importance of attention in visual perception by showing
the effect of having attention allocated properly in the display the observer
is presented with. When attention is correctly or efficiently deployed, the
task, whatever it could be (e.g., target discrimination in visual search), is
performed faster and with higher accuracy compared to when attention is
erroneously or inefficiently directed. For example, attention improves per-
formance by reducing, in a statistically significant manner, response times
for target detection or discrimination of some tens of milliseconds (Palmer,
1998). These small but significant differences in response times or accuracy
have been widely used in cognitive psychology experiments to infer and un-
derstand different cognitive functions of the human brain, and, in particular
to address the way visual attention operates. However, a more dramatic and
impressive effect of the role of attention in forming and affecting our visual
experience is provided by the neglect syndrome, a neurological disease that
often results from a right inferior parietal lobe lesion (Driver & Mattingley,
1998). At least in the initial acute phase of this neurological disorder, ne-
glect patients exhibit a complete lack of awareness for stimuli towards the
contralesional (left) side of space. This deficit might have severe and bizarre
consequences also in the everyday-life behavior of these patients, who can
completely ignore people approaching them from their left side. Also, it
commonly happens that neglect patients only eat food from the right por-
tion of the plate, or make-up only half of their face. What is important to
note is that neglect is not caused by a deficit in recording and processing
visual information at sensory level, these patients not having any damage
to the primary visual cortex (i.e., they are not blind). Rather, it is widely
assumed that the problem is due to the inability to orient attention to the
controlesional visual field. In accordance with this view, once patient’s at-
tention is artificially drawn to the contralesional side, those stimuli that were
previously neglected usually are brought back into awareness. The fact that
neglect is frequently associated with a parietal lesion is also in agreement
with the notion that the parietal cortex, along with the prefrontal cortex
and the superior colliculus, forms a neural network that is responsible for
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the orienting of attention in the visual field (Corbetta & Shulman, 2002;
Posner & Petersen, 1990).

Apart from neglect, which has proved to be very informative for the cog-
nitive neuropsychology to shade light on the functional architecture of the
human mind, research on healthy subjects has recently concentrated to dif-
ferent forms of functional blindness (change blindness, inattentional blind-
ness, attentional blink) to get new insights on the role of attention in visual
perception. Experimental and theoretical interest in these types of induced
blindness, and in particular in change blindness, has rapidly increased in the
last decade, and as a matter of fact, the cognitive psychology literature has
seen a proliferation of studies investigating the change blindness phenome-
non. Results from change blindness turn out to be particularly intriguing
because they show the impact of attention in determining the contents of
our conscious visual experience. Our impression to see everything in the
visual field does not seem to be supported by experimental results, which
instead would suggest that the human brain does not build-up an internal
visual representation as detailed as the scene really is (O’Regan, Rensink &
Clark, 1999; Rensink, 2000). Stated simply, it is hypothesized that at any
given instant we see, and consciously represent, only those objects we are
attending to. If this viewpoint is correct, its implications should carefully
be taken into consideration also by those areas of cognitive science, such as
artificial intelligence and computational cognition, who are particularly in-
terested in the implementation of human cognitive and perceptual functions
in a machine.

3. Change Blindness: When Change Detection Fails

The possibility to note a change while we are moving in the environment
is an important cognitive function. Change detection might become crucial
under many circumstances, for example, failing to recognize a traffic light
changing from green to red during car driving can cause a road accident.
From the study of McConkie and Currie (1996) several studies investigated
the ability of a human observer to note a change in a scene. Typically an
object was made to appear or disappear, to change its position, color (or
other features), or, alternatively, to change into a different object. At first,
it seems intuitively obvious that everyone would note a change such as the
appearance or disappearance of a clearly visible object in a scene. On the
contrary, evidence revealed that human observers are dramatically poor at
detecting even striking changes whenever the change is arranged to occur
along with other visual events or disturbances interrupting visual continuity
(Rensink et al., 1997). This inability to notice changes in a picture is known
as change blindness (Simons & Levin, 1997), and can be caused by many
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different types of visual events. A change can remain unnoticed if it takes
place during a blank of the image (Rensink et al., 1997), a film cut (Simons,
1996), a polarity reversal of the image (Turatto, Bettella, Umiltà & Bridge-
man 2003), when other irrelevant spots are suddenly displayed on the screen
at the time of change (O’Regan et al., 1999), or if the change is contingent to
an eye movement (Bridgeman, Hendry & Stark, 1975; McConkie & Currie,
1996) or an eye blink (Grimes, 1996).

What do these conditions have in common to produce, with possible
different degrees, the change blindness? To anticipate, the common factor
is that in all conditions visual disturbances prevent attention from being
directed or attracted to the change location, and, as a result, the change
remains unnoticed. We will now discuss this mechanism in more detail.

3.1. Change Detection Without Visual Disturbances. For a better
understanding of the change blindness phenomenon, it is useful to be ac-
quainted with how the visual system detects a change under ‘normal’ view-
ing conditions, namely when no other visual disturbances occur at the time
the change takes place (O’Regan, Deubel, Clark & Rensink, 2000; Turatto
& Bridgeman, 2003).

When exploring the visual scene, our visual search behavior, such as for
example the direction of eye movements, is affected by the way attention is
allocated in the visual field. Broadly speaking, two main classes of factors,
endogenous and exogenous, are thought to govern attentional allocation
(Yantis, 2000). For one, attention is deployed according to goal-directed or
top-down factors, which represent our goals and intentions. When seeking
for a car in a parking lot, we deploy attention across different items (i.e. the
cars) on the basis of some specific information we have in mind (a template
of the car), as for example the model and/or the color of the car. The
cars with some characteristics that match the specific of our template will
have a higher probability to engage a shift of attention, and therefore to
be inspected first (Wolfe, 1994). Yet, because of their features, some items
can summon attention automatically, that is to say independently of the
aim of the observer. Turning back to the car example, if in the parking lot
there are many green cars and only one red car, the red one will probably
attract attention even if the car we are looking for is one of the greens.
When attention is captured by salient but task-irrelevant stimulus features
is said to be controlled in stimulus-driven manner or by bottom-up factors
(Turatto & Galfano, 2000).

The role played by these factors in controlling attention has formalized
in many models of visual attention (e.g., Cave & Wolfe, 1990; Wolfe, 1994),
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in which bottom-up and top-down components are hypothesized to act to-
gether producing a sort of ‘activation map’. This map would be a biased
representation of the external world in which each element in the visual
field receives a given level of activation according to both its resemblance
with our goal and its own salience. The result is a sort of ‘priority list’
that attention will follow in being deployed across items. Hence, elements
that turn out to be particularly salient and/or behaviorally relevant will be
ranked at the top of the list. These high priority items will be first visited
by attention, and, when scene exploration requires multiple attention scans,
will be likely scanned with higher frequency. Since attention is important to
consolidate visual information, an important consequence is that the more
an item is visited by attention, the more it is likely that its properties will
be stored in a relative stable manner, becoming part of our conscious visual
representation (Becker, Pashler & Anstin, 2000).

Now, for simplicity, let us assume that the scene an imaginary observer
is looking at consists of six elements, say A, B, C, D, E, and F, and that,
because of top-down and bottom-up factors, A and B are ranked at the top
of the priority list, whereas E and F are ranked at the bottom. What is
supposed to happen if an item changes? If something changes in a scene,
and the change is large enough to stimulate photoreceptors in the retina,
the correspondent ganglion cells generate a phasic and rapid response in the
form of a transient burst of neural activity, which is then transmitted along
different pathways in the visual system (Breitmeyer & Ganz, 1976; Phillips
& Singer, 1974). Hereafter we will refer to this transient response as the
visual transient.

Imagine a high-priority object A changes into A’. The accompanying vi-
sual transient is sent forward, from early stages of visual processing (the
retina and the lateral geniculate nucleus, LGN), to the visual cortex and
other specific brain areas (e.g., the superior colliculus, the parietal and
pre-frontal cortices), which respond by producing an automatic orienting
of attention to the visual transient position, thus allowing change detec-
tion.. In other words, the visual attention system selectively responds to
visual transients by aligning attentional resources to the location of a sud-
den change (Breitmayer & Ganz, 1976; Jonides, 1981; Klein, Kingstone,
& Pontefract, 1992). In addition, because A was an high-priority object,
before being summoned to the change location as a consequence of the vi-
sual transient, focused attention was very likely deployed to A many times
during scene exploration, thus allowing object characteristics to be stored
in a relative durable manner within the visual short-term memory (VSTM),
a long-lasting storage system which is not maskable and not tied to spatial
position (Phillips, 1974). Comparison processes between the now visible A’
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and the stored representation of A will allow change identification to take
place successefully. In other words, the observer should be not only able to
detect the change, but also to identify it. If a low-priority item changes,
say F changing to F’, the accompanying visual transient will always capture
attention, thus ensuring change detection. However, because F was only
marginally (or not at all) visited by attention prior to the change occurrence,
identity information about F were not stored and consolidated in VSTM,
and therefore no comparison with the current visual representation, now
containing F’, is possible. It follows that for objects of ‘marginal interest’
change detection should always be granted, whereas change identification
would not. To summarize, the key point is that the visual transient gen-
erated by the change should assure that attention would be automatically
grabbed to the change location, and that the change is rapidly detected. If
information from the change location was previously attended, and therefore
stored, it will be possible to report the nature of the change too, otherwise
change identification will be difficult if not impossible.

3.2. Change Blindness: When the Change is Missed. At this point
we can provide and answer to the main issue, namely what causes the change
blindness. As a general rule, it can be said that change blindness is observed
whenever attention is not deployed to the change location, either because
there is no visual transient to grab it exogenously, or because attention is
endogenously directed elsewhere. As stated previously, different conditions
can, for example, prevent the visual transient from capturing attention, thus
allowing the change blindness phenomenon to emerge (see Turatto et al.,
2003). If the transient is prevented from capturing attention, then to notice
the change the observer has to initiate a serial exploration of each item in
the display, comparing information from the current visual representation
with that eventually previously stored in VSTM at each location.

Although the change blindness phenomenon has received a considerable
and specific interest only in the last ten years, it should be noted that the
possibility to note a change had been largely investigate in two distinct
areas of research in the 70’s. Perhaps one of the most influential work in
which the change blindness was examined is the study by Phillips (1974), in
which a distinction between sensory storage and visual-short term memory
was originally proposed. The main aim of this study was to character-
ize the types of memory involved in the maintenance of visual information
across two images separated by a blank interval while eyes were kept fixed.
The experimental procedure ideated by Phillips consisted of two random-
dot matrixes, in which the first matrix was displayed for 1000 ms followed
by the second matrix after a variable interval during which the screen was
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blank. Observers were to judge whether the two matrixes were the same or
different, since in half trials the second matrix had one dot changed in posi-
tion. By varying the inter stimulus interval (ISI) between the two matrixes,
Phillips found that at short ISI (i.e., less than 100 ms) the performance
was almost perfect regardless of the matrix complexity, whereas, at longer
ISI, performance declined as a function of ISI and matrix complexity. This
experimental procedure, in which two display are presented separated by
a blank, is very similar to the flicker paradigm proposed by Rensink et al.
(1997), in which the sequence 1st image-blank-2nd image-blank is repeated
for many cycles or until the observer notices a change between the two im-
ages. Studies from transaccadic integration (Irwin, 1991) are the second
area of research in which the change blindness phenomenon was observed.
These studies were aimed at investigating how our perceptual representation
of the visual world is built up using information from successive fixations.
This is a very intriguing problem for the understanding of human percep-
tion, because, despite the visual system receives different information at
each fixation, we experience a unified and stable visual world. One hypoth-
esis holds that information from each fixation is stored in a sort of visual
buffer, in which the different visual views are integrated by superimposition
according to spatiotopic or environmental coordinates (e.g., Jonides, Irwin
& Yantis, 1982). In addressing this issue Bridgeman, Hendry & Stark (1975;
also see McConkie & Zola, 1979) found that the detectability of stimulus
displacement was impaired if displacement took place during a saccadic eye
movement. This and other related evidence suggested that transaccadic in-
tegration, if any, did not rely on a high-capacity visual memory (also see
Bridgeman & Mayer, 1983; Jonides, Irwin & Yantis, 1983), so that little
information seems to be transferred from one fixation to the next. Later
studies on the change blindness phenomenon also used similar experimental
procedures to highlight the failure to notice changes during a saccade or an
eye blink (Grimes, 1996; McConkie and Currie, 1996).

Change blindness became an issue itself from the 90’s onward, with a
great proliferation of studies investigating the experimental manipulations
that make observers blind to large changes in the image as well as the
theoretical implications of this phenomenon for theories of visual perception
and awareness (e.g., Rensink, 2000; Simons & Levin, 1997). To demonstrate
unequivocally that the crucial factor in change blindness is visual attention,
Rensink et al. (1997) developed the flicker paradigm. This was motivated
by the fact that, in previous studies showing saccade-contingent change
blindness, the change took place when the image resulted to be smeared
on the retina because of the rapid eye movements. Change detection might
therefore be impaired because of the blur of the image at retinal level, rather
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than by the lack of attention to the change position. In the flicker paradigm
the observer is presented with two consecutive images, A and A’, differing
for one particular. Generally the two images (typically real-world scenes)
are displayed for half a second each, separated by an intervening blank that
could last from 80 to 200 ms. The sequence A-blank-A’-blank is repeated
cyclically for several seconds (but can be presented only once, the ‘one
shot’ technique, see Phillips, 1974), or until the observer notes the change
between the couple of images (see Figure 1). Results from experiments using
the flicker paradigm often showed dramatic changes in the scene (i.e., a
building appearing and disappearing) to remain unnoticed for several cycles
(tens of seconds). However, once the change is seen it becomes suddenly
obvious, with the observers usually being surprised for not having seen it
earlier. Note that change blindness is present even when the eyes are kept
fixed, thus ruling out any effect of the blurring of the image at retinal level
(Rensink et al., 1997).

To understand the mechanisms underlying change blindness, it should
be noted that in the flicker paradigm the change takes place during the
blank between the two images. This eliminates any possibility for the vi-
sual system to register the transient signal accompanying the change, thus
preventing the automatic orienting of focused attention to the change loca-
tion (Klein et al., 1992). When the visual transient is eliminated the change
can be seen only if the observer initiates an exploration of the whole scene,
during which focused attention is deployed serially item by item, comparing
each object (or location) across the two images. For each object, com-
parison would occur between the contents of the previous image stored in
VSTM with those of the current visual representation. In accordance with
the notion that the attentional scan path of the scene is determined by the
priority-list mechanism discussed previously, empirical evidence indicated
that the amount of change blindness is attenuated for objects of ‘central
interest’ as compared to objects of ‘marginal interest’ (Rensink et al., 1997;
Scholl, 2000).

Converging evidence on the role of the visual transient and attention in
the change blindness was provided by the mudsplashes paradigm devised by
O’Regan et al. (1999). As the name suggests, the mudsplashes paradigm
consists of the presentation of many spots in the scene concurrently with
change occurrence. This would have the effect of adding to the image ex-
traneous visual transients that compete with the crucial visual transient in
capturing attention. Attention is therefore likely to be delocalized from the
relevant change region to other irrelevant change locations by the presenta-
tion of the mudsplashes.
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Figure 1. Example of the ’Flicker’ technique. The cycle
is repeated until the change is seen or a certain amount of
time (e.g., 1 min) is elapsed.

If change detection is impaired by a brief blank between images as in
the flicker paradigm, one might also expect change blindness to occur if
changes are arranged to happen during blinks. In fact, it should be noted
that as visual continuity is interrupted by the blank, thus rendering the
visual transient invisible to the visual system, the same holds during the
blink of the eyes. In accordance with this prediction, O’Regan et al. (2000)
found a failure to detect changes when they took place during blinks. The
authors monitored observers’ eye movements during scene exploration, and
when a blink was recorded a change was introduced in the image. Results
showed that many changes were very hardly detected, replicating similar
findings with other change blindness paradigms. Furthermore, analysis of
eye movements revealed that many times change was missed even when
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observers were directly fixating the change location, which seems to suggest
that ‘. . . looking at something does not guarantee you to see it.’ (O’Regan
et al., 2000, p. 191).

The role of visual transients in change blindness has been recently ex-
plored by Turatto et al. (2003). The authors reasoned that in the mud-
splashes paradigm attention might be grabbed away from the change loca-
tion not because of extraneous visual transients accompanying the presen-
tation of the irrelevant spots, but rather because the spots are new percep-
tual objects added to the image, which are able to capture attention per
se (Yantis & Hillstrom, 1994). To verify if visual transients are sufficient
visual events to distract attention from the change location, Turatto et al.
introduced a change in the image along with the polarity reversal of the
whole image, which in the authors view should create a global visual tran-
sient (or many local visual transients) without adding new objects in the
display. Results again showed a remarkable inability of the observers to note
striking change in the scene unless attention was endogenously cued to the
most likely change location, which rendered change detection quite easy.

As discussed previously, under normal viewing condition when something
changes in a scene, a correspondent visual transient is generated in the
visual system, allowing attention to be directed to the change location. Yet,
for the visual transient to be generated it is necessary that the change is
registered by photoreceptors in the retina, which is the first stage of analysis
of visual inputs. If the change is not physically large enough to stimulate
the retina adequately, it will not be able to elicit the correspondent visual
transient in the visual system, and the change will not be experienced.
Accordingly, Simons, Franconeri and Reiner, (2000) showed that substantial
image changes can remain unnoticed if the change is made to occur very
gradually, as for example a building that slowly fades away. In this case the
whole change consists of many small changes, with each change not being
large enough to produce a visual transient that captures attention.

To summarize, so far we have seen that change blindness might be caused
by a reduced visibility of the visual transient accompanying the change. It
has been shown that different kinds of visual disturbances can obscure the
visual transient or weaken its strength in capturing attention, which renders
the observers virtually blind to the change. In some sense, we might say
that when attention is ‘distracted’ from the change location the change is
likely to be missed.

However, to have a complete picture of the change blindness phenomenon
another aspect ought to be examined. How is it possible that we are so poor
at detecting and recognizing large changes in the scene whilst we constantly
have the feeling of everything being simultaneously present in the visual
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world around us? The answer to this question goes to the very heart of
the main issue raised by the change blindness phenomenon. Put differently,
does it really exist (somewhere in the brain) a visual representation that
corresponds to the compelling impression of seeing a coherent, stable, and
detailed visual world? Does the brain create a picture-like representation of
the scene? If this were true, we should not be so poor at recognizing changes
in the scene we look at, as instead change blindness studies demonstrate,
indicating that our visual representation is not detailed as we tend to believe.
Rather, recent views on this issue suggest that, at any given instant, our
visual representation would contain very few elements, and specifically only
those selected by focused attention (Becker & Pashler, 2002; O’Regan et al.,
1999; Rensink, 2000).

3.3. Attention and Memory in Change Perception. It has long been
recognized that, before the intervention of attention, the visual system per-
forms a series of parallel processing of basic features across the entire visual
field (Neisser, 1967; Wolfe, 1994; 1998; but see Mack & Rock, 1998). The
result of these early-vision, or preattentive-vision processes, is the parsing of
the visual field in perceptual units or “proto-objects”, which are the candi-
date units for further attentional selection (Driver, Davies, Russell, Turatto
& Freeman, 2001; Wolfe & Bennett, 1997). On the other hand, there is
evidence that attention can select only one or few objects at a time (Baylis
& Driver, 1995a; Baylis & Driver, 1995b; Duncan, 1984; Tipper & Weaver,
1996). Once attention is applied to one unit its constituting features are
weld into a coherent and stable structure that supports object identification
by matching with known long-term memory information. So, by allocat-
ing attention to an object in the scene we can perceive and recognize it
because attention transforms the preattentive proto-object into an identifi-
able meaningful object. However, recent theories on visual perception hold
that objects, instead of lasting indefinitely, rapidly dissolve again into proto-
objects once attention is withdrawn from them (Rensink, 2000), rendering
proto-objects volatile structures that can be replaced by other proto-objects
appearing at the same location. Put differently, attention acts as a tempo-
rary glue that links together those basic visual properties constituting the
perceptual units that are constantly created by preattentive processes ac-
cording, for example, to Gestalt rules (Driver et al., 2001). The limited
temporal effect of attention is also stressed by the inattentional amnesia
hypothesis proposed by Wolfe (1999; also see Wolfe, Klempen & Dahlen,
2000), whose main content is the idea that visual information that is not at-
tended could well be constantly seen, but is rapidly forgotten (Wolfe, 1999).
In addition, not only attention creates our conscious visual representation,
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but also allows these contents to enter a more durable storage system as
the VSTM, which is not subjected to volatility and overwriting. If objects
information enters VSTM, it might be used for further comparison with the
contents of a successive online representation, allowing change detection
and identification to occur successfully. Hence, what emerges from change
blindness studies is a strong link between attention and VSTM in change
identification. Indeed, Awh and Jonides (2001) documented a close relation
between spatial attention and working-memory.

Because change identification relies on comparison processes, one might
wonder whether the visual system possesses any other forms of memory
that might be of help in escaping change blindness. In this sense, studies
both from iconic memory (Sperling, 1963) and visual integration within fix-
ation (Di Lollo, 1980; Coltheart, 1980) indicated that some forms of highly
detailed visual representation last for some hundred of milliseconds after
stimulus disappearance, which should indeed support change identification.
Consider, for example, the profound effect of blindness observed in the flicker
experiments. Why change detection fails despite the two images are sepa-
rated by an interval of time (e.g., 100 ms) whose duration is inferior to the
duration of the iconic memory? Information stored in the iconic memory
are very detailed, represented in a visual but not visible format, and are
subjected to fast decay within the first 300 ms from stimulus disappear-
ance (Coltheart, 1980; Di Lollo & Dixon, 1988; Gegenfurtner & Sperling,
1993). So, because of this sensory storage, which provides informational
persistence, one should be able to detect the change by comparing ongoing
visual representation (i.e., what is being seen now) with the contents of the
of iconic memory (i.e., what is in the memory storage). Yet, as many change
blindness studies repeatedly attested, this is not the case. A recent work by
Becker et al. (2000) provided an answer to this question, by showing that
the contents of iconic memory are continuously overwritten and substituted
by new incoming information (also see Rensink et al., 1997). Hence, the
contents of each new image replace those of the previous one in the iconic
memory representation, thus rendering this form of memory useless for any
comparison with the online visual representation.

To summarize, we can distinguish two mechanisms that render attention
the key factor in change blindness, and, conversely in change detection. One
mechanism deals with the role of visual transients elicited by ‘peripheral’
stages of visual analysis, and its role is to produce an automatic attentional
capture to the change location, thus allowing change detection. The other
mechanism would be linked to more ‘central’ processes, as for example the
role of attention in transferring visual information from early sensory stor-
age to VSTM, where comparisons can be made and change identification
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becomes possible. This double role of attention in change detection and
identification is consistent with the view that holds that attention operates
both at early sensory stages as well as at later central stages (Pashler, 1989).
With this regard, one of the elite technique to investigate the exact point
in time in which attention begins to modulate the processing of incoming
information from stimulus presentation is the registration of electrical brain
activity. In the next session we will provide an overview on the more recent
findings on the change blindness phenomenon using the ERP technique,
which cast further converging evidence that attention is crucial for change
detection and identification.

4. Change Blindness and ERPs

4.1. The ERP technique. The ERPs represent the electrical brain activ-
ity that occurs in response to a particular stimulus or event (Coles, Gratton
& Fabiani, 1990; Fabiani, Gratton & Coles, 2000). In particular, they can
be described as a voltage x time function, where the voltage variations are
thought to reflect the activity of neuronal populations, which, in turn, are
responsible for the implementation of some psychological process (Coles &
Rugg, 1995). The ERPs are part of the electroencephalogram (EEG), which
represents the spontaneous voltage variation in the brain activity, with an
amplitude range between –100 µV and 100 µV. Being the ERPs a set of
voltage changes contained within an epoch of EEG time-locked to an event,
in most cases they are small (few µV) in relation to the EEG waveform
in which they are contained. For this reason, in order to make the ERP
signal visible, it is necessary to employ different procedures aimed at ex-
tracting the signal (ERP) from the noise (EEG). One of the most employed
technique is averaging samples of the EEG time-locked to the repeated pre-
sentation of a stimulus. The logic underlying the averaging procedure is
that all the aspects of the EEG that are not time-locked to the stimulus,
but represent the spontaneous variation of the brain activity, should vary
randomly among several samples, thus averaging to zero and leaving the
ERP visible and measurable (Coles et al., 1990). The result of the aver-
aging is a sequence of deflections, called components or peaks, that can
be defined in three ways. The components can be classified as positive or
negative, depending on their polarity with respect to a baseline level (i.e.,
the mean voltage level for the period before the stimulus onset). Second,
the components can be labeled using their latency (in milliseconds) or their
ordinal position from the stimulus onset. Finally, the components can be
labeled using their spatial distribution over the scalp. For example, the la-
bel P300 or P3 is used to describe a positive component with a latency of
approximately 300 ms (or, alternatively, which is the third major positive
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peak) and a voltage distribution over parietal and central sites of the scalp.
Since the sequence of ERP components is thought to reflect the sequence of
neuronal and cognitive processes time-locked to the stimulus, the amplitude
and the latency of each component are assumed to reflect respectively the
magnitude and the timing of a given process (Luck & Girelli, 1998).

The ERP measures provide an useful tool for research in cognitive psy-
chology. Accuracy and speed of processing (i.e., response times) are be-
havioral measures used for assessing whether an experimental manipulation
modulates a cognitive process during the execution of a particular task.
As compared to these typical behavioral measures, which clearly reflect an
end-product of all stages of processing, the ERPs are more informative in
revealing the exact timing of the cognitive processes from the onset of the
stimulus, and thus in exploring which stage is mostly affected by the ex-
perimental manipulation. Let us reconsider the spatial-cueing experiments
described in the first part of this review. Results from behavioral studies
show that manipulating the validity of the cued location has an effect on
accuracy and/or response times, in that, for example, observers are faster
and more accurate to detect the target when it appears in the same location
of the cue as compared to when the cue indicates a different location (e.g,
Posner, 1980). Nevertheless, these results do not allow a precise identifica-
tion of the stage of processing more affected by the manipulation. On the
contrary, ERP results are more precise in revealing this and, as described in
the introduction, they will likely show that the manipulation will primarily
affect early stages of processing, as revealed by the amplitude shift of the
P1 component (e.g, Clark & Hillyard, 1996).

The ERP measures also provide additional information for the research
in the locus of selection problem. With respect to this issue, several stud-
ies have used the ERP technique to investigate at which stage attention
operates during the sequence of cognitive processes elicited by the stim-
ulus presentation. In this regard, some ERP studies have supported the
early-selection view, which claims that attention operates early during the
stimulus processing, showing an attentional modulation of the P1 and N1
components, that are assumed to reflect the first stages of information pro-
cessing, such as, for example, the perceptual analysis of the stimulus (e.g,
Mangun & Hillyard, 1990, 1991). On the other hand, as described earlier,
there are other experimental situations in which attention seems to operate
at a more central level (i.e., at some late stage in the sequence of cogni-
tive processes), as provided by the late-selection theory. In this latter case,
other studies have found that the attentional modulation affects the P3, a
late component involved in stimuli identification and recognition processes
(e.g, Eimer, 1994, 1999).
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4.2. ERP Correlates of Change Blindness. In regard of the change
blindness, as we have seen above, it has been demonstrated that the in-
ability to detect the change is due to the fact that the visual transient
usually accompanying the change is either removed (as in the flicker tech-
nique) or attenuated (as in the mudsplashes technique), allowing to the
observer only the possibility to identify the change by means of comparison
processes between the representation of the original image consolidated in
VSTM and the online representation (O’Regan et al., 2000; Rensink et al.,
1997). Therefore, in this latter condition attention might operate at a more
central level during the information processing, allowing the transfer of vi-
sual information to VSTM, where consolidation and comparison processes
for change identification are thought to occur. Studies on identification and
conscious recognition processes have shown, using the ERP technique, that
the short-term memory based mechanisms involved in these processes are
associated with the P3 (Donchin & Coles, 1988). For example, it has been
demonstrated that the attentional blink phenomenon, which represents a
failure in conscious target identification in the absence of attention, is cor-
related to the suppression of the P3, as compared to when no attentional
blink for the same target occurs (Vogel, Luck & Shapiro, 1998).

Following these lines of evidence, one would expect that a failure in com-
parison processes (i.e., a failure to identify a change) also correlates with
a reduction (or suppression) of the P3. Put in the other way, the role of
attention in avoiding the blindness for a change, allowing information con-
solidation and comparison processes, should be seen in an enhanced P3 for
attended elements as compared to unattended elements.

A first support to this claim was provided by Niedeggen and colleagues
(Niedeggen, Wichmann & Stoerig, 2001). In their experiment, observers
were presented with series of images (arrays of alphanumeric symbols) in
alternation, each separated from the others by a brief blank field (flicker
technique). There were two critical conditions. In the change-condition, the
modified image differed from the original in that an element was replaced
by another or changed its position in the display, whereas in the no-change
condition several cycles of the same image (also separated by the blank field)
were presented. ERP results showed that detected-change trials elicited a
more pronounced positivity from 300 to 700 ms from the image onset, most
pronounced at parietal and central sites, as compared to no-change trials.
Hence, the results speak in favor of a P3-like component involvement in
explicit processes associated to change identification, which in turn can be
taken as evidence that the allocation of attention to the element that is
going to change modulates some late stage of information processing, as for
example the comparison process within a memory storage.



BEHAV. & ELECTROPHYSIOLOG. CORRELATES OF CHANGE BLINDNESS 105

A second indication that within a change blindness context the atten-
tional modulation is at central level came from a study by Turatto, Angrilli,
Mazza, Umiltà and Driver (2002) with the one-shot technique. In this study
observers were presented with displays consisting of light- and dark-gray cir-
cles on a background of alternate black and white stripes, and had to detect
any change between the pair of successive displays in each trial. The fore-
ground change consisted of all the dark-gray circles becoming light-gray and
vice-versa. The background change consisted of all the black stripes turning
white and vice-versa. Behavioral results showed that, while the foreground
changes were always seen by the observers, the background changes were
not seen unless attention was explicitly cued to them. Unlike Nieddegen et
al. (2001), who compared the ERP correlates of processes associated with
the absence of a change with ERPs reflecting the processes associated with
a detected change, Turatto et al. (2002) compared the ERPs elicited by the
same event (the change in the background elements) between two different
conditions of awareness (unseen vs. seen), thus exploring the activity due
to processes involved in visual awareness of a change. ERP results showed
a P3 suppression for the unseen background change as compared to when
the same change was seen (see Figure 2). In addition, the P3 amplitude
was found to be more pronounced at frontal and parietal sites, with the ac-
tivation of the former preceding the latter of about 100 ms. With regard to
this point, this study seems to support the conclusions from a change blind-
ness study with the functional magnetic resonance imaging (fMRI) by Beck,
Rees, Frith and Lavie (2001), whose findings showed that, as compared to
the undetected changes, detected-change trials resulted in an enhanced ac-
tivity in the parietal and frontal cortex. ERP results from the study by
Turatto et al. (2002) additionally revealed the timing of this neural activa-
tion, with the frontal activity proceeding the parietal involvement.

Overall, both the studies of Nieddegen et al. (2001) and Turatto et al.
(2002) showed a late attentional modulation at central stages of informa-
tion processing. There is, however, a more recent study where the ERP
correlates of the visual awareness for a change were found to arise earlier
than in the P3-range interval (Koivisto & Revonsuo, 2003). In this study,
observers looked for a change in the orientation of one of the rectangles
between two successive displays of eight rectangles (one-shot technique).
Behavioral results showed that observers missed the change on 29% of the
total change trials. ERP results revealed two distinct ERP correlates of
visual awareness for a change. As in the two previous studies (Nieddegen et
al., 2001; Turatto et al., 2002), a more pronounced positivity for detected-
change trials was found around 400 ms from the display onset, as compared
to no-change and undetected-change trials. In addition, however, ERP data
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Figure 2. Results from the study by Turatto et al. (2002).
In the ’Background-change’ condition undetected changes
elicited a reduced P300 as compared to detected changes.
The effect started at frontal sites and then spread toward
more posterior sites.

for the detected-change trials showed a more pronounced negativity at pos-
terior sites around 200 ms after the display onset, a result that was not
found in the other studies. Koivisto and Revonsuo (2003) interpreted this
negativity shift as a manifestation of the neural processing that occurs when
the change enters phenomenal visual awareness, and the late positivity also
found in the other studies as a reflection of postperceptual processes, such
as conscious evaluation of the change.

In sum, in the three studies presented here ERP results revealed that the
failure to notice a change in a visual scene (i.e., the change blindness) reflects
a failure in postperceptual, central stages of processing, where comparison
process among the stored elements and conscious identification of the change
are thought to occur (Vogel et al., 1998). Put in other words, when atten-
tion is correctly allocated to the changing element, successful comparison
processes can operate in order to identify the change, as revealed by the pro-
nounced P3 correlated to detected-change trials. In contrast, unattended
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elements are not likely to be consolidated into VSTM, thus allowing no com-
parison processes to take place, as reflected by the strong reduction of the
P3 for the unseen changes.

5. Concluding Remarks

Seeing is not only the mere registration and processing of visual input
by dedicated brain structures, but is instead the formation of a conscious
and stable visual representation that can support change perception (detec-
tion and identification). From this perspective, the general conclusion that
the increasing bulk of evidence on change blindness suggests is that we see
much less than we think we see. From this perspective, change perception,
or conversely change blindness, becomes a tool for addressing the contents
of our visual experience, a probe of what we are effectively seeing, or have
just seen. Since results from change blindness experiments indicate that we
are very poor at detecting and identifying change when visual continuity is
momentarily disrupted, some authors have hypothesized that the contents
of our visual representation is very sparse indeed (O’Regan et., 1999). Al-
ternatively, it is not strictly necessary to postulate that our conscious visual
representation is so sparse to account for the change blindness results. An-
other intriguing possibility would state that we might have an extremely
rich conscious visual representation at any given instant, but we can re-
member only those contents we pay attention to. Put differently, it might
be the case that at any given instant we consciously see almost everything,
but the next instant we will forget everything that was not attended. This
point of view is the core of the inattentional amnesia hypothesis (Wolfe,
1999), which points to the role of attention in remembering, whereas vision
remembers nothing, as it exists only in the present tense.

It should be noted that in both cases attention is fundamental for change
detection and identification, either because it limits the contents of our con-
scious visual experience, or because it limits what can be remembered and
therefore used for comparison, which is a necessary process for identifying
that something has changed. We believe that theories and models of the hu-
man cognitive system in the area of computational cognition must take into
serious consideration the role of attention in determining what we can see,
remember and compare, since all these activities are very likely fundamen-
tal aspects of change perception. Future work will be aimed at ascertaining
whether we see but remember much less than we see, or we effectively see
very little despite our impression of a rich and detailed world around us.

Change perception is probably the result of separate processes, one de-
voted to the detection of change, while the other is involved in the iden-
tification of what has changed (Turatto & Bridgeman, 2003). Behavioral
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and neurophysiological evidence suggests that change detection and change
identification also rely on different neural mechanisms. The former would be
more closely linked to peripheral stages of processing in the visual system,
while the latter would be accomplished by more central stages, probably
involving different brain cortical areas (Beck et al., 2001). Hence, the two
processes might impose to the visual system different levels of computa-
tional load and complexity, another aspect that computational models of
the human cognitive system should consider.

Finally, a recent debated issue in the change blindness research area is
the possibility to find some mark of implicit change detection despite a
conscious failure to report any change in the scene an observer is looking
at (Mitroff, Simons & Franconeri, 2002). In other words, the question is
whether a change that is not reported explicitly could instead somehow be
registered by the visual system at some level. Although preliminary evidence
is quite controversy on this issue (Thornton & Fernandez-Duque, 2000; but
see Mitroff et al., 2002), this nonetheless seems to be an interesting topic
deserving further investigation. It has been shown that the human cognitive
system is able to process much information without awareness (e.g., Bar &
Biederman, 1998), so there is reason to suspect that even change detection or
identification could be implemented in the visual system even in the absence
of a conscious report of the change. If mechanisms for implicit change
perception had to be found, an important issue would be to understand
how they relate to mechanisms that support conscious change perception.
Perhaps the most promising techniques to investigate this issue are the ERPs
and fMRI, which might provide some new insight on the neural events that
possibly distinguishes conscious from unconscious perception of change.
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