Trends in Cognitive Sciences, Vol.9 No.1 January 2005

16

Change blindness: Past, present, and future

Daniel J. Simons! and Ronald A. Rensink2

1psychology Department and Beckman Institute, University of Illinois, 603 E. Daniel Street, Champaign IL 61820, USA
2Departments of Psychology and Computer Science, University of British Columbia, 2136 West Mall, Vancouver BC, V6T

174, Canada

Change blindness is the striking failure to see large
changes that normally would be noticed easily. Over the
past decade this phenomenon has greatly contributed to
our understanding of attention, perception, and even
consciousness. The surprising extent of change
blindness explains its broad appeal, but its
counterintuitive nature has also engendered confusions
about the kinds of inferences that legitimately follow
from it. Here we discuss the legitimate and the
erroneous inferences that have been drawn, and offer a
set of requirements to help separate them. In doing so,
we clarify the genuine contributions of change blindness
research to our understanding of visual perception and
awareness, and provide a glimpse of some ways in
which change blindness might shape future research.

Introduction

The term ‘change blindness’ refers to the surprising dif-
ficulty observers have in noticing large changes to visual
scenes [1,2]. Although failures to detect change have been
studied for decades [3], recent work has brought change
blindness out of the laboratory and into the realm of more
typical perceptual experience. But although the often
counterintuitive nature of change blindness has been the
source of considerable insight into visual perception and
awareness, it has also been the source of considerable
confusion as to the inferences that can be legitimately drawn
from it. Consequently, the results of these studies have
sometimes been mischaracterized, leading to extreme and
relatively unsupported claims, some of which havegained
traction in the field. In rejecting these claims, some
researchers have been tempted to summarily dismiss the
entire field, essentially throwing out the baby with the
bathwater.

The goal of this opinion article is to counter this potentially
unfortunate trend by: (i) highlighting the new and important
insights that have legitimately been obtained from recent
work on change blindness; (ii) identifying common
misconceptions about the kinds of inferences that can be
drawn from it; (iii) delineating the constraints on such
inferences so that future work will not fall prey to these
misunderstandings; and (iv) describing some new ways in
which change blindness can provide a useful tool for the
study of attention, awareness, and visual perception.
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Insights obtained from change blindness

The recent surge of interest in change blindness followed
decades of related work on the interplay between visual
perception and memory [3]. For example, numerous
previous studies showed that observers often fail to notice
the displacement of a target dot or the change in shape of a
line-drawn object if the change occurs during an eye move-
ment (see [4] for an overview). This earlier work addressed
many of the same theoretical issues revivified by more
recent research, including limitations on memory capacity,
links between attention and awareness, and the integration of
information over time. However, an overarching theoretical
framework linking these issues was never developed.

Generality of effect

The shift to a more general view of change blindness was
triggered — at least in part — by the discovery in 1991 that
observers often failed to notice large changes to photographs
that were made during an eye movement [5]. For example,
50% percent of observers failed to notice when two cowboys
sitting on a bench exchanged heads! These shocking results
inspired others to examine whether similar failures could
happen in other ways, and in the absence of eye movements.
In one of these new paradigms — the “flicker’ task [1] — an
original and modified scene alternate repeatedly, separated a
brief blank display, until observers find the change.
Observers eventually find most changes, but can take an
astonishingly long time to do so, even for large changes.
Similar results were found for changes made during eye
blinks, ‘mudsplats’, and brief occlusions, as well as changes
made gradually (see [3] for an overview). All these
techniques (as well as those based on eye movements)
involved a common element: they impaired localization of
the motion signals that accompanied the change. This
suggested that attention is needed for change perception,
with change blindness resulting whenever the accompanying
motion signals failed to draw attention [1].

Other studies discovered that these effects are even stronger
when the changes are unexpected. For example, if an actor
in a scene is changed during a shift in camera position, most
observers do not notice, even if the actor is replaced by
another person [6]. In fact, many observers fail to notice
when a conversation partner is replaced by a different person
in the middle of a real-life interaction [7,8]. The use of
naturalistic stimuli in more recent work represented a signi-
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ficant departure from earlier research, one which helped
bridge the gap between the simple stimuli usually found in
the laboratory and the complex stimuli usually found in the
real world. The counterintuitive finding of substantial
change blindness under more naturalistic conditions strongly
supports the view that it is not an artifact produced by
artificial disruptions; rather, it is a general failure to retain
and/or compare information from moment to moment.
Moreover, this counterintuitiveness itself is of scientific
interest; most people firmly believe that they would notice
such large changes [9,10]. The practical ramifications of this
‘change blindness blindness’ are significant; for example,
the mistaken belief that unexpected events always draw
attention might help account for ‘looked but didn’t see’
automobile accidents.

Relation to attention

Another important finding established by these newer
studies is that attention is needed to see change. Changes to
semantically central items are detected faster than changes
elsewhere [1], even when the changes are of equal physical
salience [11], suggesting that objects in a scene that
preferentially receive attention are more likely to be encoded
and compared. This finding inspired further insights into the
nature of focused attention, the nature of visual short-term
memory, and the relation between them. For example,
although attention can be distributed to 4-5 items at a time
[3], only a single change can be seen at any moment
(‘change simultagnosia’) [12], indicating that the informa-
tion from these items is pooled into a single collection point
(or ‘nexus’). Moreover, properties of the same kind compete
for binding into a single integrated object, but properties of
different kinds do not, suggesting that they are represented
by parallel systems [13].

Interestingly, the connection between attention and aware-
ness is not symmetrical: although attention is necessary for
conscious change perception, it might not be sufficient.
Changes to attended objects frequently go unnoticed [14,15],
particularly when the changes are unexpected. This suggests
that object perception is highly dynamic — the properties
consciously perceived at any moment are just those needed
for the task at hand [15]. Such findings counter earlier
claims that attention always binds features into a complete
representation of an object [16-18].

Given the link between attention and awareness, change
detection has also been used to measure the locus of
attention, much as eye tracking can measure the locus of
fixation. For example, Tse and colleagues asked subjects to
search for a change in a large array, using successful
detection to indicate the locus of attention [19].
Interestingly, detection was enhanced both at the location of
a flashed cue and on the opposite side of fixation, indicating
that attention is symmetrically distributed around the
fixation point, something not previously suspected. This
technique, in principle, could serve as an ‘attention tracker,’
providing a measure of covert attention independent of
fixation. Moreover, it could potentially be used to assess not
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only what observers are attending to, but also what aspects
of it (e.g. overall shape, color, particular parts).

Insights into other visual processes

These developments have in turn provided a novel way to
explore perceptual organization and grouping processes. For
example, studies using the flicker task suggest that items of
similar color can be grouped into a single memory structure
[12]. Change-detection failures also have been used to
explore the role of scene context in guiding attention [20]
and to provide an indication of foreground-background
segmentation and re-segregation [21].

Given that attention is limited, our perception of dynamic
events in a scene requires careful attention management [3].
Faster change detection implies earlier attention to the
changed property, and an analysis of such ‘attention
scanpaths’ can provide important insights into individual and
group differences. For example, social drug users are more
likely to detect changes to drug paraphernalia in photographs
than are non-drug users [22] and American football experts
are better able to spot meaningful changes to football scenes
than are novices [23]. Change blindness can also help
determine the mechanisms and strategies used by patients
with various visual deficits [24,25].

Work on change blindness has also helped at an operational
level, refining concepts which were not previously well
articulated. For example, it forced a clarification of the
distinction between motion perception, change perception,
and difference detection, notions that often were conflated in
earlier work: Motion perception is now more clearly under-
stood as the detection of unorganized flow at a location,
change perception as the detection of an ongoing trans-
formation of a structured object, and difference perception as
an inferential comparison of the current stimulus with traces
in long-term memories [3]. These distinctions can be
applied broadly, for example in distinguishing between the
contributions of motion and change in the perception of
facial expression [26].

Change detection research has also developed ways to
explore possible non-attentional (and perhaps nonconscious)
contributions to visual perception. Such processes might
register the presence of a change before conscious
perception, either via the possible [27] operation of implicit
processes [14,28-30] or via other mechanisms such as
‘mindsight’ — the ability of some observers to experience a
‘gut feeling” as to the presence of a change before they
visually identify it [31]. This ‘sensing’ of a change might
constitute a new perceptual mechanism revealed through the
use of change blindness (but see [32]). Although such non
attentional pathways are controversial, change blindness has
inspired novel, testable hypotheses about the mechanisms of
perception.

Limits to what can be inferred from change blindness

Unfortunately, these important advances have been clouded
by the drawing of several overly strong conclusions. For ex-
ample, earlier work on visual integration inspired the claim
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that our visual representations are sparse, incomplete, or
absent altogether [33,34], and the striking blindness to large
changes in scenes strengthened the appeal of this view. If
true, this conclusion would require radical revisions of our
way of thinking about perception, memory, and awareness
[35]. However, the existence of change blindness does not
on its own necessitate sparse representations — it could occur
even with fairly detailed and complete visual represen-
tations of a scene [36-38]. Despite regular mention of the
fact that representations might exist in the face of change
blindness [2,36], conclusions of absent representations have
become increasingly prevalent[35], with conference sessions
devoted to the idea (for example, at the 2004 Meeting of the
Association for the Scientific Study of Consciousness).
Many researchers who recognize the logical flaw have
consequently been tempted to dismiss the entire line of
research, thereby throwing out the good along with the bad.
In an attempt to counter these potentially unfortunate

trends, we identify four ‘requirements of scope’, which
delineate the possibilities that need to be ruled out before a
blanket assertion of sparse (or absent) representations could
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be legitimately drawn from the existence of change blind-
ness. The consequences of failing to meet these requirements
of scope are illustrated by Figure 1.

Requirements of scope

(1) Evidence must eliminate the possibility that detailed and
complete representations exist, but decay or are replaced
before change perception occurs. Indeed, experiments on
visual search and iconic memory indicate that detailed
representations do exist, but are volatile, lasting only 0.5 s
or until some new stimulus replaces them [39,40]. No
extant change blindness study has ruled out this
possibility.

(2) Evidence must eliminate the possibility that represen-
tations of the pre-change stimulus exist, but are at
locations or in pathways inaccessible to the mechanisms
used for change perception. Considerable evidence exists
for multiple visual pathways [41]; indeed, visuo-motor
pathways apparently do contain information unavailable
to conscious change detection [42,43]. Extant change
blindness experiments have insufficiently addressed this
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Figure 1. The consequences of failing to meet the requirements of scope. Each panel illustrates how information can be preserved in the face of
change blindness if a requirement of scope is not met. The sequence of displays viewed by the observers appears below a gray box indicating what
is retained from the initial display over time. ‘C’ indicates a comparison process and the arrows indicate what is compared. In (a), the representation
is initially complete, but fades or is disrupted before it can be compared with the post-change scene. When the comparison eventually occurs, the
initial representation is gone, so change blindness ensues. Change blindness says nothing about such short-lived representations. In (b), the
representation is complete, but it does not enter the pathway used for the comparison process, so change blindness ensues. In (c), the
representation is detailed but in a format that precludes successful change detection. In (d), the representation is complete and detailed, but the
comparison process fails and the change is not detected. Note that in each of the four cases, the representation of the first display could be
complete and detailed (at least momentarily). Even if the representations are not complete and detailed, the logic underlying the requirements of
scope and the limitations they place on inferences from change blindness still apply.
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Box 1. Perception versus inference

Failure to recognize the requirements of scope sometimes leads to
the erroneous conclusion that all visual representations are sparse or
absent. Yet, similar failures can also lead to illegitimate conclusions
that overestimate the completeness of the representations underly-
ing conscious ‘here-and-now’ visual experience [37].

Observers can sometimes detect a change when they later re-
fixate a changed item, implying that some information about the pre
change object was stored somewhere. But the inference of a change
at some point in the past does not imply that the observer also
perceived the change. Indeed, these processes might use entirely
different mechanisms and representations [3]. For example, many
observers fail to notice when a building in a photograph gradually
disappears over the course of 12 s. However, upon viewing the initial
state of the photograph again, they then realize that the building is
missing [47]. They did not have a visual experience of it changing;
rather, they realized that it was different, possibly on the basis of
long-term memory.

Although both mechanisms involve preserved information, it is
important not to conflate them; otherwise, there is a risk of
inappropriately ascribing the capacity of the long-term mechanisms
presumably used for inference to the shorter-term mechanisms used
for change perception, inflating estimates of the information they
contain. Of course, more complete and detailed ‘pixilated’ represen-
tations might be involved in change perception [37,38], but the
existence of these does not logically follow from existing work. This
inference would require establishing that only the short-term
mechanisms underlying change perception were being tested, with
no direct contributions from longer-term structures.

possibility. (Interestingly, the presence of multiple path-
ways can also lead to an overestimate of the information
available for change perception; see Box 1.)

(3) Evidence must eliminate the possibility that such
representations exist, but are in a format that cannot be
used for change perception. In other words, evidence must
show that whatever can be seen, can be seen to change. If
this requirement is not met, conclusions must be limited to
those representations that subserve the perception of
change, rather than perception in general. Tests not
involving comparison (e.g. information integration across
saccades; see [34]) could potentially examine such
representations. But change blindness can say nothing
about the nature of representations that cannot be
compared.

(4) Evidence must eliminate the possibility that such
representations exist in an appropriate format and
pathway, but the comparison operation is not applied
(even though it could be). For example, if the change-
detection task is time-limited and the comparison
mechanism slow, observers might not be able to compare
the changed region in time [36,38,44]. And even with
sufficient time, these mechanisms might not be engaged
by tasks that do not compel their use [45]. Consequently,
change blindness cannot rule out the existence of repre-
sentations that were not accessed.

In summary, the failure to detect change does not imply the
absence of a representation unless all the requirements of
scope are met. Given that no studies have done this, extant
work on change blindness can say nothing about the
representations that subserve the static aspects of vision — it
can only reveal limits on the representations that subserve
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the conscious perception of dynamic change. In fact,
mounting evidence suggests that some information is
preserved even when observers fail to detect changes
[37,38,44]. And theoretical frameworks based on change
blindness studies have long asserted that at least some
information concerning the static aspect of a scene must be
maintained (over both short and long time scales) if scene
perception is to operate effectively [40].

The future of change blindness research

Although there are limits to some of the conclusions that can
be drawn from change blindness, considerable potential
remains. Change blindness has already contributed to our
understanding of various mechanisms of visual perception,
including those that are central to our conscious experience
of vision. It has extended the reach of empirical techniques
beyond the traditional boundaries of cognition and percep-
tion research, providing a new way to explore individual dif-
ferences, expertise, and even cultural differences [46]. And it
may even provide new ways of studying aspects of
individual experience that have traditionally been difficult to
investigate (e.g. implicit perception; see also Box 2).

Change blindness has contributed to a resurgence of the
study of scene perception, and in particular, of the dynamics
that underlie it. More broadly, change detection and change
perception can be considered special cases of event percep-
tion, and the concepts and techniques developed in this lit-
erature could become useful tools for understanding the per-
ception of dynamic events more generally. Such an approach
holds promise for several reasons. First, studies of change
blindness use a wide variety of stimuli, from controlled dis-
plays to real-world interactions. Second, models based on

Box 2. Outstanding issues and questions

« Can observers detect a change even if they fail to perceive it consci-
ously? More precisely, does change perception require a conscious
comparison mechanism [27]? If not, are there alternative routes to
change detection [29,30]? Such alternative routes would suggest
that attention might not be necessary for change detection (or per-
haps that it is necessary only for conscious perception of change).

How detailed are our visual representations? Earlier frameworks
posited that preserved representations were relatively sparse, con-
taining for example less than 10% of the information (in terms of
bits) in the incoming image [48]. However, the amount of preserved
information might be much higher [38]. New research could address
this issue by fully meeting the requirements of scope, by clarifying
what is meant by ‘detail’, and by using converging measures from
tasks and methods not based on change perception.

Do people experience the presence of a change before they can
explicitly localize and identify it? The evidence for mindsight
suggests that it is an experiential state quite different from the
‘picture’ that usually accompanies the pick-up of visual information.
Does mindsight constitute evidence for a previously unknown per-
ceptual mechanism [31]? Or can it be accounted for by individual
differences in the criteria used to report a change [32]?

* To what extent and in what manner do long-term representations
(visual or otherwise) contribute to change-detection performance?
When long-term memory does contribute, are the mechanisms
responsible qualitatively different from when change detection hap-
pens via immediate perception? Does the comparison of long term
information differ from the immediate perception of change [[3]? Are
the contents of the longer-terms stores ever transferred to the
shorter-term mechanisms?
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change blindness already address the nature of object rep-
resentations, allowing a natural extension to events. Third,
change-blindness research inherently concerns scene
perception over time, something that most models of object
recognition do not. As such, there is potential to extend the
concepts and techniques developed in this field of research
to more complex events, thereby enabling the successful
exploration of a world of interesting new phenomena.
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