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Abstract In three experiments we studied change detec-
tion and identification when no extraneous transients
were present in the image at the time of change. Each
image consisted of 12 different objects, sorted by color
into three different levels of probability of change. In
Experiment 1, change of one object was detected and
identified frequently in objects having the highest
probability of change (central interest), which we
hypothesize were mainly visited by attention. Changes in
other objects with a lower probability of change (mar-
ginal interest), however, although detected efficiently
were unlikely to be identified. Identification improved
for less attended objects if the changed stimulus simply
disappeared, allowing visual persistence to hold infor-
mation about the object until attention could be shifted
to it (Experiment 2). Contrary to previous findings
showing that response times (RTs) for luminance change
detection in a multi-element display are not altered by
attention, we found changes in objects of central interest
to be detected faster than in objects of marginal interest
when objects’ identity was to be held in working mem-
ory. However, no differences in RTs emerged in the
same change detection task when objects’ identity was
not stored in working memory (Experiment 3).

Keywords Attention Æ Visual transients Æ Change
perception Æ Change blindness Æ Working memory

Introduction

For many common human activities, such as driving, it
is important to rapidly note changes in the visual envi-
ronment. It is therefore of obvious interest to study how
the human visual system processes and handles infor-
mation concerning change (Rensink 2002). Before
becoming an issue of investigation itself in the last dec-
ade, change perception has been widely employed since
the 1970s to investigate the functional organization of
the visual system, with a particular reference to
‘peripheral’ and ‘central’ visual memory systems (e.g.,
Singer and Phillips 1974). More recently, however, re-
search has concentrated on a phenomenon that is the
counterpart of change perception, namely change
blindness. Change blindness refers to the fact that hu-
man observers are dramatically poor at perceiving even
striking changes when the change occurs along with
other visual events or disturbances interrupting visual
continuity (Rensink 2002; Simons and Levin 1997). For
example, in one of the first change blindness studies,
McConkie and Currie (1996); also see (Bridgeman et al.
1975; Grimes 1996) showed that observers were virtually
blind even to large changes in real world images when
they took place during saccadic eye movements.

Remarkably, however, people can remain blind to
changes regardless of whether they take place during eye
movements (Simons and Levin 1997). Indeed, a change
can remain unnoticed if it takes place during a brief
blank of the image (Rensink et al. 1997), a film cut
(Levin and Simons 1997), a polarity reversal of the im-
age (Turatto et al. 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 coincides with an
eye blink (O’Regan et al. 2000).

For a better understanding of the cognitive mecha-
nisms underlying change blindness it would be useful to
clarify the physiological and cognitive processes sub-
serving successful change perception without global
transients. In the present paper we avoid conditions in

M. Turatto (&)
Department of Cognitive Science and Education,
University of Trento,
Via Matteo del Ben, 5, 38068 Rovereto, Italy
E-mail: massimo.turatto@unitn.it
Tel.: +39-464-483529
Fax: +39-464-483554

B. Bridgeman
University of California, Santa Cruz, CA, USA

Exp Brain Res (2005) 167: 595–608
DOI 10.1007/s00221-005-0056-4



which there are sudden ‘extraneous’ visual events in the
scene at the time of change. Hence, the only visual
transient (explanations follows) is that caused by the
change itself. In addition, in many change blindness
studies, in which the visual transient accompanying the
change is absent or useless to perceive the change, the
term ‘change detection’ refers to the fact that partici-
pants consciously report the presence of change (e.g.,
Henderson and Hollingworth 1999; Rensink et al. 1997;
McConkie and Currie 1996; O’Regan et al. 1999). Al-
though there are theoretical and empirical reasons to
believe that detecting and identifying a change in a
typical change blindness tasks might not be the same
thing (Beck and Levin 2003; Watanabe 2003), often the
term change detection ‘‘... denotes not only detection
proper (i.e., the observer reporting the existence of the
change), but also identification (reporting what the
change is) and localization (reporting where the change
is).’’ (Rensink 2002, p. 246). Actually, some change
blindness studies have reported no difference in perfor-
mance when change detection and identification have
been compared (e.g., Mondy and Coltheart 2000), which
seems to justify the use of the general term change
detection to refer to the perception of change (but see
Beck and Levin 2003; Brawn et al. 1999).

There are even stronger reasons to refer to change
detection and identification as two distinct processes
when change perception is evaluated and when no
extraneous transients are present at the time the change
takes place. Indeed, change detection would be the mere
conscious registration that something has changed
without any knowledge about the nature of the change.
Change identification, instead, would refer to the ability
to identify what has been changed. Finally, we define the
term ‘visual transient’ as any sudden change in the
luminance pattern at the retinal level that is sufficiently
large to generate a transient burst of neural activity in
those cortical and subcortical areas responsible for
attentional and oculomotor orienting (Breitmeyer and
Ganz 1976; Corbetta and Shulman 2002; Singer and
Phillips 1974). This covert and/or overt orienting reflex
is quite powerful; visual transients, unless actively
counteracted (Theeuwes 1991; Warner et al. 1990),
usually attract attention (and the eyes) to the corre-
sponding spatial location (e.g., Jonides 1981).

Mechanisms of change perception without extraneous
transients

When moving in the environment, visual search behav-
ior is affected by the way attention is allocated in the
visual field. Broadly speaking two main classes of fac-
tors, endogenous and exogenous, are thought to govern
attentional allocation (Yantis 2000). Endogenous
attention is deployed according to goal-directed or top-
down factors, which represent our goals and intentions.
In contrast, when attention is captured by a salient but
irrelevant element, it is said to be directed in a stimulus-

driven manner or by bottom-up factors (Turatto and
Galfano 2000, 2001). Once bottom-up and top-down
factors are combined together in the ‘activation map’,
the result is a sort of ‘priority list’ that attention will
follow in being deployed across items in the scene (Wolfe
1994). Hence, elements that turn out to be particularly
salient and/or behaviorally relevant (i.e., similar to the
target of the current search) will be ranked at the top of
the list. These high-priority items will be the first visited
by attention, and, when scene exploration requires
multiple attention scans, those items are likely to be
scanned first and with higher frequency. Since attention
is important to consolidate and transfer information
from a volatile sensory or iconic representation into
short-term memory, an important consequence is that
the more an item is visited by attention the more likely
that its properties will be stored in a relatively stable
manner, whereas items that are not attended are subject
to fast decay and forgetting (Wolfe 1999). Only those
items that are moved to this more durable storage be-
come part of our conscious visual representation and
can be used for comparisons with previous information,
thus allowing change detection and identification (Bec-
ker et al. 2000; Rensink et al. 1997).

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 one of these
items change? As discussed previously, if no other
extraneous transient is present, the transient accompa-
nying the change is registered by low-level mechanisms
in the visual system, which responds by aligning atten-
tion to the transient location (Breitmeyer and Ganz
1976; Jonides 1981; Klein et al. 1992). As already sug-
gested by O’Regan et al. (2000); also see O’Regan
(2001), if a high-priority object changes, say that A
changes into A¢, before being summoned to the change
location as a consequence of the visual transient, focused
attention would have been deployed to A many times
during scene exploration, thus allowing object charac-
teristics to be stored in a relatively durable representa-
tion in working memory (WM). By comparing A¢ with
the stored representation of A, an observer should be
able to identify how A¢ differs from A. In other words,
the observer should not only be able to detect the
change, but also to identify it. If a low-priority item
changes, say F changing into F¢, the visual transient will
always capture attention, thus ensuring an efficient
change detection. However, because F was only mar-
ginally (or not at all) visited by attention before change,
its related information was not stored and consolidated,
and therefore no comparison with the current visual
representation, now containing F¢, would be possible. It
follows that for objects of marginal interest change
detection should always be possible, whereas change
identification should be very difficult (also see O’Regan
et al. 2000; O’Regan 2001).
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We believe that there are at least two reasons that
justify a direct test of change perception mechanisms
when the only transiet visible is that caused by the
change itself. At a general level, it should be noted that,
although very plausible, the aforementioned hypothesis
on change perception mechanism stems from what is
known about mechanisms governing attentional orient-
ing (Yantis 2000) and visual WM (Irwin 1991; Luck and
Vogel 1997) but has not been tested directly in a situa-
tion where the observer is explicitly looking for a
change. Indeed, O’Regan and his collaborators already
pointed out that ‘‘... this prediction about seeing changes
under normal conditions has not been studied empiri-
cally. It may correspond to the ‘what was that?’ situation
which one encounters sometimes when one has the
impression that something has happened in the visual
field, without knowing exactly what it was. Certainly
further work would be useful to determine to what ex-
tent people miss marginal interest changes that take
place in full view under normal conditions’’ (O’Regan
et al. 2000, p. 207).

In addition, it would be useful to explore how visual
attention and WM interact to ensure efficient change
perception (Rensink 2002). In particular, this interplay
could be of interest for change perception in a multi-
element display containing objects of central and mar-
ginal interest. The existence of strong links between
attention and WM has been suggested by many previous
models of visual attention, which posit that these two
cognitive functions cooperate particularly during visual
search (e.g., Cave 1999; Wolfe 1994). For example, WM
would be relevant to maintain a search template of the
target, and to perform a matching between such tem-
plate and the item attended at any given time (Bundesen
1990; Duncan and Humphreys 1989). In addition,
Desimone and Duncan (1995; Desimone 1998) have also
proposed that the content of WM can influence the
deployment of visual attention by biasing the represen-
tation of the stimulus held in memory. Besides being
confirmed by cell recording studies (e.g., Chelazzi et al.
1998), this prediction has recently gained important
support from a behavioral study by Downing (2000),
who showed that attention shifted to the location of the
stimulus held in WM, even if information in WM was
irrelevant for the spatial attention task.

However, in all these studies the effect of WM on
spatial attention allocation has been evaluated when a
single stimulus, either the target of the visual search or
the item to be remembered for further comparison, was
held in memory. In contrast, for the present study
(Experiments 1 and 2) we required participants both to
detect and identify a change in one of many objects
presented in the display. Because we used three different
colors to assign three different priorities of change to 12
different objects (thus creating objects of central and
marginal interest), participants had to keep in memory
more than one element (possibly four; Luck and Vogel
1997). In principle, participants should try to memorize
the shapes of those objects sharing the color having the

greatest probability of a change. So, one might wonder
whether, in a change perception task, the allocation of
visual attention could be biased to those items matching
the search template in WM. Since in the present study
the search template was defined on the basis of color,
this would entail that participants could be able to pay
attention to different objects of the same color in the
multi-element display. This would be far from trivial, as
previous studies did not find evidence that attention can
be selectively allocated to objects of a given color during
visual search, when they are scattered among other ob-
jects (of different colors) in the scene (Treisman 1982;
Tsal and Lavie 1988). Can WM affect attention alloca-
tion in a change perception task, thus leading to evi-
dence for color selectivity? To anticipate, contrary to
previous studies, we found that, under the present
experimental conditions, evidence for color selectivity
emerged when a luminance change detection was cou-
pled with a WM task. The specific role of WM was
confirmed in Experiment 3, as when the memory task
was removed, selectivity for color disappeared.

Among the various types of changes, we chose to
investigate the changes caused by object substitution and
by object deletion, which might be considered two of the
largest modifications that might potentially occur in a
scene. For each type of change we explored change
detection [by considering detection response times (RTs)
and proportion of missed changes], and change identi-
fication (proportion of errors).

Experiment 1

Previous studies on change blindness have provided
evidence that if the visual transient accompanying a
change is masked or attenuated, an object can be mod-
ified or substituted without observers noticing any
change in the scene (Rensink et al. 1997). In contrast, if
visual continuity is not disrupted by other extraneous
transients, the change should be easily perceived because
the only visual transient is that associated with the
change (e.g., Rensink et al. 1997; Turatto et al. 2003). In
the present experiment we explored change perception
when the scene modification consisted of a given shape
changing into a different one (e.g., a triangle changing
into a circle, see Fig. 1, upper panel). In this and the
following experiments we used objects of familiar
shapes, as previous studies showed that object famil-
iarity seems not to be an issue in change perception
(Pashler 1988).

As we noted, perceiving a change is a visual function
that can be distinguished in two separate processes,
change detection and change identification. Therefore,
we asked participants to perform two tasks upon scene
modification. When a change occurred they had to de-
tect it first as quickly as possible. Then, without time
pressure, they were also asked to identify the shape that
had been changed. There is reason to believe that change
detection can mainly rely on ‘peripheral’ visual mecha-
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nisms processing luminance changes in parallel across
the visual field (Braw and Snowden 1999; Snowden and
Hess 1992). In contrast, change identification would rely
on ‘central’ high-level mechanisms, such as a capacity-
limited WM (Irwin 1991; Luck and Vogel 1997; Rensink
et al. 1997), in which attention selectively transfers
information from early fast-decaying visual buffers
(Coltheart 1980; Di Lollo and Dixon 1998; Rensink
2002).

To study change perception when the corresponding
transient is present, we presented two images, separated
by a zero interstimulus interval (ISI), identical in all
aspects except for one object that, on some trials, might
change into a different one. The exposure time of the
first image was set at 2,500 ms, whereas that of the
second image was set at 1,500 ms. By using such a long
exposure time for the first display we gave observers
enough time to engage in multiple attentional scanning
of the image without any extraneous transients (for
examples of other change blindness studies using long
exposure durations see Beck and Levin 2003; Simons

1996). This would allow them to store information se-
lected by attention in WM, and to use such information
for later comparisons when a change occurs.

Method

Participants

Twelve psychology students from the University of
Trento served as participants. Their average age was
22.6 years, and all were unaware of the purpose of the
experiment.

Apparatus and stimuli

All experiments were conducted in a room with normal
illumination (approximately 50 cd/m2). Participants sat
in front of a computer monitor at a viewing distance of
50 cm. The display consisted of 12 geometrical shapes
(randomly chosen on each trial between squares, circles,

Fig. 1 Example of the stimuli
and events used for
Experiments 1 (upper panel) and
2 (lower panel). The different
objects’ colors are represented
as differences in gray level,
whereas the background was
black. In this example, object
substitution consists of a
triangle changing into a circle,
whereas in the case of object
deletion the triangle disappears.
The dashed circle (not present in
the real display) indicates the
location of change
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triangles, and diamonds) occupying random positions in
a 5·5 matrix (Fig. 1), and presented over a black back-
ground (about 2 cd/m2). Each shape had the same spatial
extent, covering approximately 1� of visual area. One-
third of the stimuli were colored in red, one-third in blue,
and the remaining in green. Colors were matched for
luminance by means of a Minolta chromameter CS-100,
and were set, on average, at a luminance of 12.8 cd/m2.

Stimuli were presented on a LCD monitor (active
matrix technology), driven by a 640·480 graphic board.
The choice of this type of monitor was motivated by the
fact that any possible role of screen persistence in change
perception due to phosphors fading is eliminated. In
addition, the experiment was performed under normal
room illumination, to reduce any effects of afterimages
(see discussion of Experiment 2).

Design

The only factor involved was object priority, with three
levels (high, medium, and low). Object priority was
manipulated by assigning different probabilities of
change to objects of each color. The probability of
change was 60, 30, and 10% for high-priority, medium-
priority, and low-priority objects, respectively. Because
participants were clearly informed about this contin-
gency, this manipulation had the intention to define a
‘list of priority’ affecting attentional allocation to objects
in the display. In other words, this should create objects
of ‘central’ and ‘marginal’ interest as in previous change
blindness studies (Rensink et al. 1997). The color
assignment to the three probabilities of change was
counterbalanced across participants.

Participants were given three experimental blocks of
60 trials each. In each block the change, when present,
occurred as follows: 30 trials in the high-priority color,
15 in the medium-priority color, and five in the low-
priority color. This left 10 trials in which no change was
presented, which served as catch trials. A block of 14
training trials was performed by the participants at the
beginning of the experiment. Data from this block of
trials were not analyzed.

Procedure

Before the experiment began, instructions emphasized
the contingency between objects of a given color and its
related change probability. Each trial began with the
presentation of 12 objects for 2,500 ms. Then, on change
present trials, an object changed into another (e.g., a
circle became a triangle). The color of the changed ob-
ject remained the same. After the initial 2,500 ms was
elapsed, and regardless of whether a change occurred,
participants were given 1,500 ms for responding to the
presence of a change (if any). During this time, the
display remained visible on the screen. Participants were
instructed to react as quickly as possible to any change
in the display by pressing the spacebar on the computer

keyboard, but to refrain from responding if nothing
changed. If they correctly detected a change, then a
message on the computer screen required them to iden-
tify the shape that was substituted. Participants pro-
vided their response by pressing, without time pressure,
the corresponding shape initial letter on the keyboard
(e.g., ‘c’ for circle; ‘t’ for triangle). Feedback messages
were sequentially provided both for change detection
(missed changes and false alarms) and, when the change
was present, for change identification (feedback was gi-
ven only in case of a wrong identification response).

Results

In this and in the following experiments, before analyses
on RTs were carried out, RTs above 2 SD from the
mean and below 150 ms were deleted as outliers. As a
consequence of the outlier-latency criterion, 1.5% of the
data were trimmed in the present experiment.

Change detection

Response times from the change detection task were
entered into a repeated measures analysis of variance
(ANOVA), in which the factor object priority was sig-
nificant, F(2,22)=4.464, P<0.024. The results indicated
that RTs for change detection varied as a function of
object priority (see Fig. 4). Participants were slower at
detecting a change in the low-priority objects
(M=501 ms, SD=84) and the medium-priority objects
(M=500 ms, SD=70), and faster in the high-priority
objects (M=484 ms, SD=76). Planned comparisons (t-
tests, two-tailed) revealed that RTs were significantly
shorter when the change occurred in high-priority ob-
jects than in either medium-priority objects t(11)=2.888,
P<0.015, or low-priority objects t(11)=2.381,
P<0.036. In contrast, RTs did not differ between low-
and medium-priority objects (P=0.813).

Percentages of correct change detection (Fig. 2) were
entered into a repeated measure ANOVA. The factor
object priority was significant, F(2,22)=5.597, P<0.009.
Planned comparisons revealed that change detection
accuracy was slightly although significantly affected by
object priority: low-priority objects (M=88%, SD=9),
medium-priority objects (M=92%, SD=5), high-pri-
ority objects (M=94%, SD=4). Planned comparisons
confirmed that participants were more accurate in
detecting a change in high-priority objects than in low-
priority objects t(11)=3.160, P<0.009. In addition,
change detection was, in general (trend toward sig-
nificance), more accurate for high-priority objects than
medium-priority objects t(11)=1.753, P<0.107, and
more accurate in medium-priority objects than in low-
priority objects t(11)=1.879, P<0.087.

The number of false alarms (i.e., responses on catch
trials) was very low (less than 2% in this and the fol-
lowing experiments), and was not further analyzed.
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Change identification

The participants’ ability to identify a change as a func-
tion of object priority was evaluated by entering per-
centages of correct change identification into a repeated
measure ANOVA (the percentages refer to trials where
the change was correctly detected. This also holds for
Experiment 2). The factor object priority was significant,
F(2,22)=14.095, P<0.0001. As confirmed by planned
comparisons change identification was clearly mediated
by the way attention was allocated to the display that is
according to object priority (see Fig. 2). Accuracy in
change identification was higher in the high-priority
objects (M=69%, SD=17) than in either the medium-
priority objects (M=44%, SD=6), t(11)=3.957,
P<0.002, or low-priority objects (M=36%, SD=15),
t(11)=4.315, P<0.001. In addition, change identifica-
tion in the low-priority objects was not significantly
different neither from medium-priority objects
(P=0.170), nor from chance level (36% vs. 33%,
P=0.442). However, change identification in the med-
ium-priority objects differed from chance level (44% vs.
33%), t(11)=5.700, P <0.0001.

Discussion

In this experiment a change in an object could be de-
tected whether attention was directed to it or not, while
change identification was successful only for those ob-
jects that were particularly attended (i.e., objects of high
priority). These results are consistent with the hypothe-
sized mechanism for change perception when extraneous
visual discontinuities are removed (O’Regan et al. 2000;
O’Regan 2001). To study the different impacts of
attention and memory on change perception we needed
to differentiate the allocation of the two cognitive
functions to objects in a multi-element display. How-
ever, instead of relying on participants’ spontaneous

reports to define objects of central and marginal interest
(e.g., Rensink et al. 1997), we created such priority by
varying the contingency between objects’ color and
probability of change. When informed of such a con-
tingency, participants were motivated to mainly attend
to those objects that had the largest likelihood to be
changed.

Results depicted in Fig. 2 indicate that when extra-
neous transients are absent, perceiving a change con-
sisting of an object substitution, is a process that can be
divided into two distinct functions: change detection and
change identification. Change detection was only mar-
ginally, although significantly, affected by attention
allocation prior to change. In this case, the maximum
difference in performance between objects of central
(i.e., high priority) and marginal interest (medium and
low priority) is 6%. The modest decrement from a 100%
performance, one would expect, can be accommodated
by assuming that occasionally the change occurred
during blinks or eye movements (Grimes 1996; Deubel
et al. 2004). In contrast, change identification heavily
depended on which information visual attention has
selected and transferred from the display into WM. The
low-priority objects condition shows a percentage of
correct change identification that is not different from
chance level, whereas in the high-priority change con-
dition participants correctly identified the change 69%
of the time. This difference is ten times greater than in
the change detection task.

Also of interest is the RT pattern that emerged from
the change detection task. From the predictions about
change perception in the absence of extraneous tran-
sients, there were reasons to expect RTs for change
detection to be unaffected by object priority. When an
object in the scene is replaced by a different one, the
corresponding visual transient is detected by transient
detector mechanisms in the observer’s low-level visual
system. This, in turn, elicits a neural response in the
cortical and subcortical neural structures controlling
visual orienting behavior, which exogenously directs
attention to the location of the transient (Breitmeyer and
Ganz 1976; Corbetta and Shulman 2002). In addition,
hard-wired mechanisms for luminance change detection
seem to operate in parallel over the entire visual field
(Snowden and Hess 1992). Accordingly, Brawn and
Snowden (1999) asked their participants to detect a
luminance increment (the target) as quickly as possible
in one of either the red or green items in a multi-element
display. Before each block of trials, participants were
informed about the color of the objects among which the
luminance change took place. Though this information
should have favored the allocation of attention toward
the relevant color, RTs for change detection were
unaffected by knowledge of target color. In contrast, in
the present experiment we found a clear modulation of
attention allocation towards a specific color (that de-
fined objects of central and marginal interest) during a
change detection task, in which the change was caused
by a modification of the luminance pattern at retinal

Fig. 2 Percentage of correct target detection and identification
during object substitution as a function of object priority in
Experiment 1. Chance level for change identification was 33%
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level. RTs for change detection were shorter for objects
of central interest and longer for objects of marginal
interest. In the GD we will provide an explanation for
the discrepancy between this result and that of Brawn
and Snowden (1999).

Overall, the results of Experiment 1 unambiguously
show that the possibility of identifying a change cor-
rectly is strongly affected by allocation of visual atten-
tion in the display prior to change occurrence. During
scene exploration before change, objects of central
interest receive more attentional resources than other
objects, which results in a higher probability that their
related information is transferred into WM. In the case
of object substitution, the possibility of storing infor-
mation in WM is crucial to change identification, since
information in early sensory storage systems is subjected
to overwriting by new input at the same spatial coordi-
nates (Becker et al. 2000; Rensink et al. 1997). In
accordance with this view, in the present experiment the
appearance of the new object caused information from
the object previously occupying the same position to be
lost, due to overwriting at a sensory storage level.
However, if by means of attention the old-object identity
is consolidated in WM, which is not subjected to erasure
by new visual information (Gegenfurtner and Sperling
1993), then a comparison is possible with the current
visual representation, thus allowing the change to be
identified correctly. By contrast, if the old object is
marginally visited by attention, as in the case of low-
priority objects and to a lesser extent of medium-priority
objects, related information will be lost when the new
object replaces the previous one, thus making change
identification difficult.

Experiment 2

On the basis of Experiment 1 we concluded that unless
attention moved object information from fast-decaying
visual buffers to a more durable storage such as WM,
the appearance of a new object overwrote information
about the previous object at the same location. This
rendered comparison between the contents of the cur-
rent visual representation with those of the previous one
impossible, and change identification failed (also see
Rensinsk et al. 1997). In contrast, comparisons should
be possible between the ongoing visual representation
and the contents of WM, as WM is not maskable by new
information. As an example, in Experiment 1, this sort
of comparison allowed change identification by con-
fronting what was visible at a change location after the
change (the new object), with what was stored in visual
WM (for the same spatial coordinates), which corre-
sponds to what was there before change.

However, if a change consists of object deletion,
change identification might take advantage of compari-
son between the current visual representation and the
contents of three potentially different kinds of fast-
decaying visual buffers. Two of them, visible persistence

and retinal afterimages, are visible, whereas iconic
memory, although referring to a visual property, is not
visible (Coltheart 1980). For the moment, the three
kinds of persistence will be referred to as visual persis-
tence, which indicates only that it has something to do
with early mechanisms of information storage in the
visual system, which are sensitive to masking. One log-
ical implication is that if information from visual per-
sistence can be used after stimulus offset, stimulus
identification should eventually be possible regardless of
whether attention has previously consolidated object
information in WM. In other words, in the case of object
deletion, as compared to object substitution, change
identification should depend much less on where atten-
tion is deployed before the change takes place. Put dif-
ferently we might predict that change identification
should depend only slightly on object priority.

Method

Participants

Twelve psychology students from the University of
Trento served as participants. Their average age was
23.7 years, and all were unaware of the purpose of the
experiment.

Apparatus and stimuli

The same as in Experiment 1.

Design and procedure

As in Experiment 1 except that the change consisted of a
shape that disappeared from the display (Fig. 1, lower
panel).

Results

As a consequence of the RT outlier-latency criterion,
1.8% of the data were trimmed in this experiment.

Change detection

Response times from the change detection task were
entered into a repeated measures ANOVA, in which the
factor object priority was significant, F(2,22)=3.865,
P<0.036. Planned comparisons showed that partici-
pants were faster at detecting a change in the high-
priority objects (M=515 ms, SD=98) compared to the
medium-priority objects (M=537 ms, SD=102),
t(11)=3.282, P<0.007, whereas the difference between
high-priority objects and the low-priority objects
(M=532 ms, SD=106) was only marginally significant,
t(11)=1.807, P<0.098. Overall, the results were con-
sistent with RT data of Experiment 1, suggesting a se-
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lective allocation of attention to objects of central in-
terest (see Fig. 4).

We next analyzed change detection considering
accuracy as the dependent variable. Percentages of cor-
rect change detection (Fig. 3) were entered into a re-
peated measure ANOVA. The factor object priority did
not approach significance (P=0.203), revealing that
change detection accuracy did not vary as a function of
objects of central and marginal interest.

Change identification

The impact of object priority on change identification
was evaluated in a further ANOVA, in which the factor
object priority was significant, F(2,22)=7.042, P<0.004.
Planned comparisons showed that change identification
varied as a function of object priority (see Fig. 3). The
percentage of correct change identification was higher in
the high-priority objects (M= 90%, SD=8) than in ei-
ther the medium-priority objects (M=75%, SD=15),
t(11)=3.238, P<0.008, or the low-priority objects
(M=79%, SD=17), t(11)=2.408, P<0.035. The dif-
ference between medium-priority objects and low-
priority objects was not significant (P=0.201), but for
both conditions the percentage of correct change iden-
tification was higher than chance level (for both
P<0.0001).

Discussion

The first consideration, which the present results deserve
for the kind of display and stimuli used here is that
visual persistence plays a clear role in object identifica-
tion after an object has disappeared. This is immediately
evident when one compares accuracy of correct change
identification, for each level of object priority, in
Experiment 2 with that of Experiment 1, in which we can
expect backward masking from the new object to sup-
press persistence from the previous object, preventing
identification of the old object from persistence alone.
These differences (for all, P<0.001) suggest that when
some sort of visual persistence can be used after stimulus
offset to retrieve object identity information, change
identification is improved. This is particularly evident
when low and medium levels of object priority are
considered. For example, when the low-priority objects
are considered, object substitution identification accu-
racy was 36% (which did not differ from chance level,
33%), whereas for object deletion it rose to 79%. Put
differently, in the present change identification task
some sort of visual persistence can be used to escape the
limits imposed by attention in transferring information
in a more durable storage such as WM.

However, note that using information from visual
persistence also has a positive effect on high-priority
objects, where performance was better for object dele-
tion (M=90%) than for object substitution (M=69%).
This might indicate that the process of moving infor-

mation from sensory storage to WM is not perfect, or
alternatively that four attended objects represent the
limits of attention or WM (Irwin 1991; Luck and Vogel
1997). However, one could speculate that the lower
percentage of change identification in the case of object
substitution as compared to object deletion, might be
attributed to the fact that the process of retrieving
information from WM about the object that has been
changed could suffer some degree of interference from
the new object’s identity at the same location. This,
however, does not apply to the case of deletion, as no
new object replaces the one that disappeared. Finally,
one should also consider that, unlike in natural scenes,
interference in retrieving the identity of the changed
object may arise also because we used an array of similar
and easily confusable objects.

At this point we might ask whether the results are of
any help in distinguishing the type of visual persistence
involved in the present experiment. What kind of visual
persistence might have improved change identification
as compared to Experiment 1? Room, background, and
stimulus luminance produced a retinal illumination of
approximately 30 Td, a value that is not in the range
typically thought to elicit retinal afterimages (Coltheart
1980). Moreover, had retinal afterimages been the cause
of improvement in performance, participants should
have seen the afterimage of the disappearing object
moving on the screen as they turned their eyes toward
the location of change. Importantly, none of the par-
ticipants (nor one of the authors, M. Turatto, during
informal observation) reported having seen any after-
image shifting in the direction of eye movement. Visible
persistence can be ruled out as well, given that, before
disappearing, the target stimulus remained visible for at
least 2,500 ms. In fact, visible persistence has a maxi-
mum duration of about 300–500 ms from stimulus onset
(Coltheart 1980; Di Lollo and Dixon 1988).

As far as iconic memory is concerned, Becker et al.
(2000) investigated the role of this type of short-lasting

Fig. 3 Percentage of correct target detection and identification
during object substitution as a function of object priority in
Experiment 2. Chance level for change identification was 33%
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visual buffer when participants looked for a change be-
tween a pair of images separated, at variable ISI, by a
blank. The authors provided convincing evidence that
during the blank, information from the first display is
stored in an iconic memory form. Unless stored in WM
via attention, this information is either subjected to fast
decay or to overwriting by new information once the
second display is presented. This mechanism would ex-
plain why items that are not attended are not seen
changing in the flicker paradigm, thus producing the
change blindness phenomenon (also see Rensink et al.
1997). Since in the present experiment the changing
object was deleted without being replaced, it seems
plausible to hypothesize that observers used the spatially
localized visual transient to recover information stored
in iconic memory to identify the object after its offset.

Although it is clear that object deletion particularly
improved change identification as compared to object
substitution, we also found that change detection was
slightly, although significantly, better for object deletion
than for object substitution (P<0.05 for all levels of
priority). Different reasons could explain this difference.
First, one should note that with the type of visual scene
used here when an object disappears it is the config-
uration of the whole scene which is destabilized. Given
that changes in layout are easier to detect than single
local changes (Simons 1996; Simons and Wang 1998),
this might explain why change detection was higher for
object deletion as compared to object substitution, as in
the latter case the layout was not modified by the
change. Although we recognize that this may be, in
general, a viable explanation, we would also like to note
that there are reasons to suspect that changes in layout
due to deletion were difficult to detect in the present
study, as the gist of the scene remained the same, namely
a random array of simple objects. In other words, the
meaning of the scene did not change as one object dis-
appeared. A second possibility to explain change
detection improvement for object deletion calls into
question the fact that the visual transient caused by a

deletion was greater than that caused by a substitution,
thus increasing the probability that the change was no-
ticed. Hence, deletion, as compared to substitution,
improved identification as well as detection, even though
the improvement was larger in the former than in the
latter. However, one should also note that change
detection performance could not improve too much
from substitution to deletion, as it was already almost at
ceiling in the case of object substitution.

Overall, however, results from the present experiment
were in line with two important results that emerged
from Experiment 1. First, although in the case of object
deletion change identification was very good even for
objects of marginal interest, it still remained more diffi-
cult than change detection (see Fig. 3). Second, RTs for
change detection confirmed that attention can be selec-
tively allocated to objects of a particular color (cf.
Brawn and Snowden 1999). The next experiment ex-
plored this unexpected pattern of results in more detail.

Experiment 3

In both Experiments 1 and 2 participants were faster at
detecting the change in objects of central interest (high-
priority objects) than in objects of marginal interest
(medium- and low-priority objects). Since we defined
object priority on the basis of color, this seems to indi-
cate that participants were able to selectively attend to
the objects of the relevant color in the display. This,
however, is at odds with previous findings showing that
attention cannot be distributed to different scattered
items of the same color in a display (Brawn and Snow-
den 1999; Treisman 1982; Tsal and Lavie 1988). Indeed,
with regard to this point Treisman (1982, p. 199) already
noted that ‘‘ ... attention cannot be distributed over a
subset of items (e.g., the red ones) when these are spa-
tially scattered among other items in a random mixed
display’’. Brawn and Snowden (1999) confirmed this
prediction, showing that participants were not faster at

Fig. 4 Mean RT as a function
of object priority in
Experiments 1, 2, and 3
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detecting a luminance change in one of many items of
two possible colors when the color of the changing item
was known as compared to when it was unknown. By
contrast, attention to color selectivity emerged when the
task switched from a simple luminance change detection
to luminance change discrimination. The authors ex-
plained their findings relating attention effect to the type
of task (detection vs. discrimination) by suggesting that
attentional effects are evident only in the case of a dis-
crimination task (Brawn and Snowden 1999; also see
Bravo and Nakayama 1992).

In fact, results from Experiments 1 and 2 seem to
support the idea that attention can be modulated by
color using a simple change detection task. Note that
the type of task we used in both object substitution
and deletion conditions involved a luminance change
detection task, so in this sense our task was similar to
that of Brawn and Snowden (1999). Instead, an
important aspect that differentiates our study from
previous ones is that in Experiments 1 and 2 change
detection was combined with an unspeeded WM task.
Hence, possibilities exist that information encoded and
stored in WM might modulate, to some extent, the
allocation of visual attention in the change detection
task.

If our hypothesis is correct, we predict that RTs for
change detection should not vary as a function of object
priority, that is, as a function of color, when participants
had only to perform the change detection task, without
change identification.

Method

Participants

Twelve psychology students from the University of
Trento served as participants. Their average age was
25.2 and all were unaware of the purpose of the exper-
iment.

Apparatus and stimuli

As in Experiment 1.

Design and procedure

As in Experiment 1, except that the task required only
detecting the change as quickly as possible, with no
questions about change identification.

Results

As a consequence of the RT outlier-latency criterion,
1.7% of the data were trimmed in this experiment.

Response times from the change detection task were
entered into a repeated measures ANOVA with object

priority as a factor. Contrary to the results of Experi-
ment 1, object priority was not significant,
F(2,22)=0.723, P=0.496. RTs for change detection did
not vary as a function of object priority (see Fig. 4):
high-priority objects (M=404 ms, SD=76), medium-
priority objects (M=405 ms, SD=73), low-priority
objects (M=409 ms, SD=70). Note that RTs for
change detection were, on average, 100 ms faster in this
experiment than in Experiment 1 (P<0. 001). This is a
well known effect attributable to the fact that there is a
cost in performance when two responses need to be
scheduled, even if for the second response there is no
time constraint (Umiltà et al. 1992).

Change detection was also analyzed considering
accuracy as the dependent variable. Percentages of cor-
rect change detection were entered into a repeated
measures ANOVA, in which the factor object priority
was not significant (P=0.079). The trend towards sig-
nificance was caused by a modest decrement of the
percentage of change detection in the low-priority ob-
jects condition (M=92%) as compared to both medium-
and high-priority objects conditions (both M=96%).

Discussion

Results from Experiment 1 (also see Experiment 2)
showed that attention was selectively allocated to objects
of central interest when these were defined on the basis
of color. Such attention color selectivity was possible
even when objects of central interest were spatially
scattered among other objects of marginal interest de-
fined by different colors. This conclusion was supported
not only by change identification accuracy, but, cru-
cially, also when the RTs for change detection were
considered. Indeed, RTs were significantly shorter for
the high-priority objects (central interest) as compared
to the medium- and low-priority objects (marginal
interest).

Interestingly, however, the present experiment
showed that the same change detection task failed to
show evidence that attention can be modulated by color
when the involvement of WM was largely reduced by
excluding the unspeeded change identification task after
change detection. Indeed, under this condition RTs did
not vary as a function of object priority. This was con-
firmed by the fact that the RT advantage of the central-
objects condition (high-priority objects) over the mar-
ginal-objects condition (medium- and low-priority ob-
jects) was larger in Experiment 1 (16 ms) than in
Experiment 3 (3 ms) (P<0.04).

The results from Experiment 3 are consistent with
those of previous studies showing that luminance change
detection was not altered by attention (Bonnel et al.
1992; Brawn and Snowden 1999; Snowden and Hess
1992). Yet, results from the change detection task in
Experiments 1 and 3 taken together seem to suggest that
attentional modulation by color can be found if the at-
tended objects have to be stored in WM.
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General discussion

In the last decade many studies have been dedicated to
the change blindness phenomenon (Simons and Levin
1997; Rensink 2002). The interest raised by change
blindness is, at a more general level, due to the fact that
it provides a striking example of how important atten-
tion is to visual perception, and how ‘blind’ we may be
under some, not infrequent, conditions (e.g., during a
blink of the eye, O’Regan et al. 2000). More specifically,
however, change blindness has proven to be a productive
research topic in vision, as studying change blindness
can reveal how various cognitive functions, such as
attention and memory, interact to build up our con-
scious visual experience. In a change blindness study the
importance of focused attention (and memory) for
change perception is demonstrated by removing or
reducing the salience of the visual transient that nor-
mally accompanies a change. This can be done by
changing in the blank period between a pair of images
(Rensink et al. 1997) or during blinks or saccades
(Bridgeman et al. 1975), by presenting other irrelevant
objects at the time of change (O’Regan et al. 1999), or
by reversing the image polarity (Turatto et al. 2003).
Since attention can process only a limited number of
elements at any given time, finding a change in a com-
plex scene that is repeatedly occurring under our eyes
can require a surprisingly long time.

The basic assumption behind all change blindness
studies is that when the only transient present in the
scene is that accompanying the change, then change
detection should always be possible, whether it takes
place in objects of central or marginal interest. In con-
trast, change identification should be feasible for the
former but severely impeded for the latter. On the basis
of what is known about attention and memory mecha-
nisms there might be a general agreement on these pre-
dictions about seeing changes when extraneous
transients are removed, although these have remained
only as speculations (O’Reagn et al. 2000; O’Regan
2001).

Hence, the main aim of the present study was to
verify empirically mechanisms of change perception for
object substitution and deletion when no extraneous
disturbances are imposed at the time of change. We
intentionally used the term ‘change perception’ to note
that this process may involve at least two distinct
mechanisms, change detection and change identification.

Results from Experiment 1 showed that change
identification was accurate for objects of central interest
(high-priority objects), but was very inaccurate for ob-
jects of marginal interest (medium- and low-priority
objects), with change identification not different from a
chance level when the change took place in objects of
marginal interest. This presumably occurred because the
representation of unattended objects is only temporarily
stored in a visual buffer such as Iconic memory, which is
subjected to masking from incoming information at the

same location (also see Beck and Levin 2003; Becker
et al. 2000; Rensink et al. 1997). In contrast, identity of
attended objects is transferred into WM, which is not
vulnerable to masking (Gegenfurtner and Sperling
1993), and can be used for comparison with post-change
objects. As is evident from Fig. 2 , accuracy on change
detection was higher than for change identification, al-
though it slightly declined from 100% as a function of
object priority. This optimal performance would be
attributable to the fact that luminance change detection
is ensured by low-level mechanisms that pick up visual
transients in parallel across the retina (e.g., Snowden
and Hess 1992). Results from Experiment 2 confirmed
different performances between detection and identifi-
cation, also showing that, for each level of object pri-
ority, change identification accuracy was higher than in
Experiment 1. Change identification was easier when an
object disappeared than when it was substituted (i.e.,
masked) by a new one. In a visual display like that used
here, in which the objects were presented over a black
background, when an object disappeared the observers
still had the possibility to retrieve object’s information
from Iconic memory. This would allow a comparison
between the post-change and pre-change objects that
were not entered in WM, which would result in object
identification improvement even for objects of marginal
interest.

Overall, a clear difference emerges between change
detection and change identification, as the former is al-
most perfect and virtually independent of attention
allocation (but see discussion on RTs), whereas the latter
is affected by where attention is located at the time of
change. This empirically confirmed the hypothesized
mechanisms of change perception (also see O’Regan
et al. 2000; O’Regan 2001), indicating that change
detection and identification rely on different mecha-
nisms, and as such, the two terms should not be used
interchangeably. A distinction between detection and
recognition (or identification) has also been suggested by
Beck and Levin (2003; also see Watanabe 2003) when
the change is made to occur across the blank between
two images. However, when extraneous transients are
absent at the time of change, change detection refers
only to noticing that something has changed because of
the registration of a visual transient in the scene. In
contrast, change detection as intended by Beck and
Levin (2003) refers to a more central process that
operates when the visual transient is eliminated (e.g., by
a blank between the pair of images), and that relies on
comparisons between pre-change and post-change rep-
resentations. Interestingly, it seems that there might be
cases in which representations that are sufficient for
change detection might not be sufficient for change
recognition or identification (Beck and Levin 2003).

The fact that change detection accuracy was almost
perfect both in Experiments 1 and 2 regardless of whe-
ther the change occurred in objects of central or mar-
ginal interest (although a modest decrement as a
function of object priority emerged in the detection task
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of Experiment 1), suggests that luminance change
detection is performed in parallel over the entire visual
field and is not altered by attention (Bonnel et al. 1992;
Snowden and Hess 1992). Although previous studies
indicated that attention cannot be selectively allocated
to items of a given color when they are presented among
other items of different colors (Treisman 1982; Tsal and
Lavie 1988), we found that RTs for change detection
were shorter for objects of central interest than for ob-
jects of marginal interest. This was also surprising given
previous failures to show evidence for color selectivity in
attention allocation when a change detection task was
used (e.g., Brawn and Snowden 1999). Faster RTs for
objects of central interest were also found in Experiment
2, in which the luminance change was determined by the
disappearance of an item from the display. How can this
finding be reconciled with previous findings of no
attention selectivity for color using a simple RT task?
One important difference is that, in contrary to previous
studies, in Experiments 1 and 2 the change detection
task was followed by an unspeeded memory task. The
involvement of WM for change identification may have
led participants to pay ‘more’ attention to the relevant
objects (also see Agostinelli et al. 1986; Mondy and
Coltheart 2000), which speeded RTs for objects of cen-
tral interest as compared to objects of marginal interest
in the change detection task.

An alternative explanation would call into question
the relationship between the contents of WM and
attention. In Experiment 1, two types of information
were held in WM: the search template, which corre-
sponded to the color with the highest probability of
change, and, as the search went on, the identity of those
objects having that color. In contrast, in Experiment 3
only the search template was likely kept in WM, as no
change identification was required. The idea that the
search template held in WM can bias the perceptual
mechanisms to favor allocation of attention to those
items that have common features with the template is
predicted by some attention models (Bundesen 1990;
Desimone and Duncan 1995; Duncan and Humphreys
1989). In the biased-competition perspective objects
compete for attention as integrated wholes, so that
attention to one feature of an object (e.g., its color)
should bias attention to other objects on this dimension
as well. If this were the case, one would predict that
‘‘...working memory for a single feature, such as the
color red, should bias attention to any object with the
same feature’’ (Downing 2000, p. 473). However, since it
is reasonable to assume that participants used the search
template to attend to a specific color in Experiment 1 as
well as in Experiment 3, results from Experiment 3 seem
to challenge this prediction, as no attention selectivity
for color was observed in RTs when the task required
only a change detection. This also suggests that it was
not the template ‘‘search for items of a given color’’ per
se that affected the allocation of attention in Experiment
1. Instead, attention appears to have been selectively
allocated to those objects that matched the search tem-

plate only when the shape identity of these objects was
held in WM for change identification. Consistent with
this idea, evidence has emerged recently that visual
short-term memory is to a considerable extent object-
based (Vogel et al. 2001; Wheeler and Treisman 2002).
However, note that the discrepancy between the present
results and those of Brawn and Snowden (1999) might
be more apparent than real. Indeed, it should be noted
that in Brawn and Snowden’s study, participants viewed
displays with a greater number of elements (some dis-
plays contained upto 32 items) as compared to the 12
used in the present study. Hence, in our study, partici-
pants’ selectivity for color could have emerged because
of the limited number of elements that needed to be
attended to.

A final consideration regards the possible role of fix-
ations in the present experiments. Although we did not
monitor eye movements during display viewing, it is very
likely that participants preferentially attended and gazed
at objects of central interest to encode the corresponding
information (i.e., shape) in WM (Henderson et al. 1999).
Hence, if objects of marginal interest were not fixated,
their information was unlikely to be entered in WM, and
change identification failed. Accordingly, Henderson and
Hollingworth (1999) showed that fixation position and
saccade direction are crucial in determining whether
changes are perceived. The authors asked their partici-
pants to memorize details of objects in a picture for a
subsequent memory test, while monitoring the scene for
changes. The change consisted of either an object rota-
tion or deletion, and was arranged to occur during an eye
movement that was directed either toward or away from
the location of change. Because the change took place
during an eye movement, the corresponding visual
transient was swamped by motion signals due to the
image’s retinal displacement. Hence, change detection in
Henderson and Hollingworth’s (1999) study would be
similar to change identification in the present study. In
accordance with the results for change identification in
objects of marginal interest in Experiments 1 and 2,
Henderson and Hollingworth (1999) found that when
neither the pre- nor the post-change fixation was on the
changing object, participants missed the change 90% of
the time in the case of rotation, and 60% of the time in
the case of deletion. So, fixation position might have
played a role in producing the priority effect in change
identification. Similarly, one might argue that fixation
position would also explain the priority effect when RTs
for change detection are considered. Yet, results from
Experiment 3 are at odds this view, as they did not show a
priority effect on RTs, even though it seems reasonable to
assume that participants fixated objects of central inter-
est more than objects of marginal interest.

However, the possibility exists that the pattern of eye
movements and fixations might have been different as a
function of whether participants had, or not, to encode
object identity in WM for change identification. There
are indeed reasons to suspect strong links between eye
movements and WM, as recent works showed that visual
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search is affected by a concurrent WM task (Oh and
Kim 2004; Woodman and Luck 2004). Certainly further
work should explore the relationship between eye
movements during scene exploration for change detec-
tion and identification, and WM.
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