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Abstract Change blindness has been a topic of interest in
cognitive sciences for decades. Change detection experiments
are frequently used for studying various research topics such
as attention and perception. However, creating change detec-
tion stimuli is tedious and there is no open repository of such
stimuli using natural scenes. We introduce the Change
Blindness (CB) Database with object changes in 130 colored
images of natural indoor scenes. The size and eccentricity are
provided for all the changes as well as reaction time data from
a baseline experiment. In addition, we have two specialized
satellite databases that are subsets of the 130 images. In one
set, changes are seen in rooms or in mirrors in those rooms
(Mirror Change Database). In the other, changes occur in a
room or out a window (Window Change Database). Both the
sets have controlled background, change size, and eccentrici-
ty. The CB Database is intended to provide researchers with a
stimulus set of natural scenes with defined stimulus parame-
ters that can be used for a wide range of experiments. The CB
Database can be found at http://search.bwh.harvard.edu/new/
CBDatabase.html.
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Introduction

People often fail to notice major changes in a scene
(Rensink, O'Regan, & Clark, 1997; Simons & Levin,
1997). This phenomenon of “change blindness” is com-
monly used in research on scene perception, attention,
search, etc. and has helped inform theories of visual pro-
cessing and awareness (e.g., Hollingworth, Williams, &
Henderson, 2001; Mitroff, Simons, & Franconeri, 2002;
Rensink, 2004; Simons & Levin, 1998; Simons &
Rensink, 2005). However, creating natural scene stimuli
for such experiments is time-consuming and no public
database for such stimuli has been available. Here, we
share such a database, the Change Blindness (CB)
Database, of natural scenes in which random objects ap-
pear and disappear. We provide size and eccentricity prop-
erties for these changes. The main database is accompa-
nied by specialized satellite databases of object changes
seen in mirrors and through windows. More images will
be added to the database from time to time, as they be-
come available.

Contents of the database

The CB Database contains 130 colored natural scene im-
ages obtained from the SUN Database (Xiao, Hays,
Ehinger, Oliva, & Torralba, 2010) and other World Wide
Web sources. The changes were created using Adobe
Photoshop and all the images are formatted to be 1024 x
768 in jpeg format. All images are of indoor scenes except
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two that have an indoor setting located outdoors. Each
change consists of the removal of an object from the orig-
inal scene. Change locations are pseudo-randomly distribut-
ed over the images in order to remove object location as an
a priori cue to change location. All the images are also
offered left-right reversed, providing a well-distributed set
of change locations from which to pick and choose
(Fig. 1). Each change is annotated with its size and eccen-
tricity information and provided alongside the image data-
base in spreadsheets. We also provide annotated masks cre-
ated for each change to locate changes during the experi-
ment. The mask is a binary image in which the critical
object pixels are black while the background scene pixels
are white. These masks can be incorporated into experiment
code to check whether a mouse click, eye movement, etc.
falls on the changing object.

The main database is accompanied by two specialized sets
of'images: the Window Change Set (12 scenes) and the Mirror
Change Set (24 scenes). Both of the satellite databases have
been constructed from a subset of the main database. The
Window Change Set consists of 12 scenes with two versions
each. Both versions of each scene have the same disappearing
object: in one version, the changing object is inside the room
(Fig. 2 left image) and in the other, it is outside, seen through a

Fig. 1 Exemplars of left-right reversed scenes from the Change
Blindness Database. Each scene is horizontally flipped to get a left and
aright version. The same critical object (in this case a speaker) disappears
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A scene with a change in the left hemifield

window (Fig. 2 right image). Size, eccentricity, and reaction
time data for the changes in the main database and the
Window Change Database are shown below and provided as
spreadsheets with the database.

In the Mirror Change Set, there are two types of scene
conditions (Mirror and Disjoint) crossed with two object
change conditions (reflected and non-reflected) to give
four variations on each of the 24 scenes. In the Mirror
Condition, the critical object is visible both in the room
and as a reflection in a mirror. For the room change, the
object in the room disappears (but its reflection remains);
for the mirror change, the reflection of the object disap-
pears (but the object in the room remains). In the Disjoint
Condition, the critical object is either visible in the room
or visible as a reflection in the mirror, but is not simulta-
neously visible in both. In order to have controlled
backgrounds and contexts for the four types of changes,
the same scenes with the same critical objects are used
across all four scene and change conditions. The details of
size, eccentricity, and reaction time data are provided as
spreadsheets with the database. They are also detailed in a
study by Sareen, Ehinger, and Wolfe (2014) in which we
found that the changes to objects in the mirror are harder
to find than equivalent object changes in the room.

in both versions. The critical object is circled in green for illustration
purposes only
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Critical object in the room

Critical object out the window

Fig.2 Window Change Set exemplar. In the Window Change Set, the same object (a toy car) disappears either in the room (left) or outside the window

(right). The critical object is circled in green for illustration only

Change detection experiment with the main Change
Blindness (CB) Database

In order to document the properties of CB with these stimuli,
we ran a basic CB experiment with the 130 images from the
main CB database.

Method
Participants

Thirteen observers (seven females, mean age = 29.9 years,
range = 18-52 years) participated in the experiment. All ob-
servers passed the Ishihara test for color blindness (Ishihara,
1980) and reported normal or corrected-to-normal vision. All
procedures were approved by the Partners Healthcare
Corporation Institutional Review Board and accordingly all
observers gave informed consent and were compensated for
their time.

Stimuli and procedure

The stimuli were presented on a 24-in LCD monitor (resolu-
tion = 1,920 x 1,200) and subtended 30.8° x 23.4° of visual
angle at a viewing distance of approximately 50 cm.

The experiment involved detecting changes in scenes. 130
pairs of images were shown with changes at random locations
and of random objects. Each scene could be left-right re-
versed. The scenes were randomly distributed between partic-
ipants such that half the scenes had changes on the left and the
other half had changes on the right. However, each participant
only saw one version of the same scene, either left or right. A
flicker paradigm adapted from Rensink et al. (1997) was used.
On each trial, an image alternated with a modified version in
which one object had been removed from the scene. A gray
blank field appeared in between the two images. Each image
was displayed for 240 ms with a 240-ms blank field in

between. The initial view of the scene (with or without the
changed object) was chosen at random. Observers were asked
to press a button as soon as they detected a change and then
click at the location of the change on a static (non-changing)
view of the image. This view was always the version that had
the critical object present. A trial ended either when an observ-
er pressed a button to confirm the presence of a change or after
60 s (time-out), whichever happened first. All trials contained
a change. Reaction times were recorded at each key press and
averaged for only the correct responses. All the responses with
reaction times less than 200 ms were filtered out.

Results and discussion

Figure 3 shows the distribution of the size and location of the
changes. Sizes were measured in terms of pixel area.
Eccentricities of the targets were measured from the center
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Fig. 3 Size and location of changes in the Change Blindness Database
are depicted for the left and right versions of all the scenes. Each bubble is
centered where the center of a changed object would be located on an
image and the size of the bubble is proportional to the area of that object
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ofthe image. Figure 4 shows the distribution of reaction times
with respect to change size (Fig. 4a) and eccentricity (Fig. 4b)
for the same changes on the left and right sides of horizontally
flipped images. Trials that timed-out were not included. The
same two images were shown to each participant for practice
at the beginning of the experiment and are not included in the
analysis.

Multiple regression analysis was conducted to evaluate if
reaction time was predicted by the change size and eccentric-
ity. Results of the multiple regression indicated that neither of
the two predictors, size (f = —.00001, #253) =—.16, p = .87,
95 % C1[—0.0002, 0.0001]) or eccentricity (3 =.006, #253) =
—1.02, p = .31, 95 % CI [-0.012, 0.004]), explained a signif-
icant portion of the variance in reaction time (R2 =.004, ad-
justed R* = -.003, F(2, 253) = .56, p = .57).

There was no significant difference in the reaction time for
changes in the left versus the right hemifield, #12) = .19, p =
.9,d=-.04,95 % CI[-1.63, 1.37]. The reaction times for the
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Fig. 4 Reaction time versus size (a) and eccentricity (b) distributions of
changes in the Change Blindness Database. Reaction-time (RT) data for
the same changes in the left and right scene versions show a well-
balanced stimulus set with not much variation in reaction time based on
scene sidedness (RT left vs. RT right), size (a), or eccentricity (b) of the
change
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same change in corresponding horizontally flipped scenes
were positively correlated, 7(126) = .58, p < .0001 (Fig. 5).
If the reaction time for a left version of a scene was low, it was
also low for the right version of that scene. This is one indi-
cation that some changes were reliably easier to find than
others. Detailed information about reaction time data for each
image can be found in the database and can be used to assem-
ble sets of easier and harder examples, as needed.

It is interesting that there is no apparent effect of the dis-
tance of the change from the center of the image. O'Regan
et al. (2000) found that observers were more likely to report
a change when the eyes were fixated near the point of change.
As they pointed out, this is reasonable based on acuity con-
siderations alone. Note, however, that this was a measure of
where the eyes happened to be when the change was found
and not a measure of how long it took to stumble on the
change. Our data suggest that, for our stimuli at least, there
is not a strong effect on overall RT of position of the change in
the image.

Utochkin (2011) found a different effect of the position of a
change. In his experiments, changes could be located at the
most interesting spot in the image (determined separately),
near that spot or far from that spot. Unsurprisingly, changes
at the natural focus of attention were found first but, interest-
ingly, the Near changes were harder to find than the Far chang-
es. Utochkin proposed that there was a “dead zone” around the
focus of attention. Taking these findings together with ours,
the ability to detect a change in a scene is clearly (if somewhat
complexly) related to position of the change relative to the
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Fig. 5 Correlation of reaction time (RT) for left and right changes. RTs
for the same change in the left and right scene versions are positively
correlated (» = .58), providing an estimation of the difficulty level in
detecting a change compared to other changes
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deployment of the observer’s eyes and attention. However, it
may not be dependent on the position of the change in the
image. Of course, ours is a negative finding that could be
overturned by a more powerful study (perhaps by a lab mak-
ing use of our stimuli!) but there is no obvious trend in our
data.

Change detection experiment with the Window
Change set

In an earlier study, we showed that changes to stimuli,seen in
the mirror were found less effectively than changes placed
elsewhere in a scene (Sareen, Ehinger, & Wolfe, 2014). We
created a set of scenes that would allow us to ask the same
question about changes that occur outside of a window. In this
case, there does not appear to be a penalty.

Method
Participants

Twenty-four observers (12 females, mean age = 28.5 years,
range = 19-51 years) participated in the experiment. All ob-
servers passed the Ishihara test for color blindness (Ishihara,
1980) and reported normal or corrected-to-normal vision. All
procedures were approved by the Partners Healthcare
Corporation Institutional Review Board and accordingly all
observers gave informed consent and were compensated for
their time.

Stimuli and procedure

The experiment was carried out at two testing sites where the
stimulus size varied slightly (Site 1: 24-in LCD monitor; res-
olution = 1,920 x 1,200; 30.8° x 23.4° visual angle at a view-
ing distance of approximately 50 cm; Site 2: 19-in monitor;
resolution = 1,440 x 900; 32.5° x 24.6° visual angle at ap-
proximately 50 cm of viewing distance). There is no evidence
that this difference had any effect on the results. Moreover, all
the conditions were presented to each observer and the varia-
tions across site, if any, should be constant in all the conditions
and, therefore, would not affect the final outcome.

The change detection task used was the same as described
above. 109 pairs of images were shown. Twelve of them had
changes in the windows while 50 had windows with a view to
outside in the scene but the change occurred elsewhere. The
remaining images were fillers to prevent observers from no-
ticing our particular interest in windows. For the images that
had changes in the windows, there were corresponding ver-
sions of the same scenes that had the same object changing
inside the room instead of outside the window, in order to keep
controlled background and context for the changes in and out

1347
25
°
°
20 ®
@ 15~
|_
o
10
S5k
0
& X
%00& s\*@o &
Change Type

Fig. 6 Average reaction time (RT) for Window Change Set change
detection. Changes to the same object inside a room (Room) and out a
window (Window) are detected at the same rate. Means are plotted with
SD as error bars. Individual participant data points are also shown

the window. However, each observer only saw either the
change in the room or out the window for the same scene
while seeing both kinds of changes an equal number of times.
None of the observers noticed any pattern in the location of the
changes when asked at the end of the experiment.

Results

Due to missing data one observer was excluded, as they could
not find even a single change when it happened out the win-
dow. More trials timed out when a change of the same object
was present outside the window (12.3 %) than inside the room
(9.6 %) but this difference was not significant, #(18) = .53, p =
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Fig. 7 Distribution of size and location of the changed objects in the
Window Change Set. Objects both in the room and out the window are
illustrated. Each bubble represents a manipulated object, with the size of
the bubble proportional to the area of the object and its location
corresponding to the location of the object on the image
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.6,d=.2,95 % CI[-7.83, 13.09]. Timed out trials were not
included in later analysis.

We did not find any significant difference in the reaction
times for detecting changes to the same object inside versus
outside seen through a window, #22)=1.73,p=.1,d=.5,95
% CI [-0.44, 4.90] (Fig. 6). There were no significant differ-
ences in change size, #(11) = 1.62, p = .1, d = .3, 95 % CI
[-117.9,770.9], and eccentricity, #(11) =.39,p=.7,d = .1, 95
% CI [-85.1, 122.1], between the two conditions. Figure 7
shows the distribution of size and location of changes.
Multiple regression analysis showed that none of the three
predictors, condition, (3 =—294, #(20) =—-.09, p = .9, 95 %
CI [-6.838, 6.251]), change size, (3 =—-.002, #20)=-1.32, p
=.2, 95 % CI [-0.004, 0.001]), and eccentricity, (3 = —.011,
1(20) = -89, p = .4, 95 % CI [-0.035, 0.014]), explained a
significant amount of variance in reaction time (R2 =.134,
adjusted R> = .004, F(3,20) = 1.03, p = .4). As noted, in our
earlier study, we found that changes are detected more slowly
if they occur in mirrors. We did not find this to be true for
changes seen through windows even though in both cases the
changes occur outside the room and at a greater depth than the
changes inside the room.

Summary

We present a change blindness database with objects
disappearing in natural scenes. The size, eccentricity, location,
and reaction time information for these changes is also pro-
vided. The database is accompanied by two satellite databases,
with images that have controlled background and context for
the same object changes occurring in mirrors or windows
versus indoors. There remain many questions about change
blindness that are worth addressing. Our hope is we have
lowered the barrier to conducting these experiments by pro-
viding sets of images that are well suited to the conduct of
these experiments.
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