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Three experiments were conducted to investigate the role of object representations in object substitution
masking (OSM). OSM occurs when a very sparse mask is presented simultaneously with a target stimulus
and the target offsets first, leaving the mask to linger in the display for some time. Results confirm earlier
claims that there is an isolatable object-level component to OSM and indicate that a target can be
protected from OSM if, prior to offsetting, it can be represented as a distinct object from the mask. When
the mask was presented as sliding past the target (Experiment 1), as jiggling independently of the target
(Experiment 2), or in a different color from the target (Experiment 3), OSM was reduced or eliminated.
This suggests that OSM reflects basic updating processes that allow the perception of continuity of object
identity over change.
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Visual backward masking (i.e., interference in the processing of
one stimulus by the later presentation of another) has been used to
study a wide variety of basic visual processes (for reviews, see
Breitmeyer & Ogmen, 2000; Enns & Di Lollo, 2000; Francis,
2000, 2003). A recently described form of backward masking,
which Enns and Di Lollo (1997) referred to as object substitution
masking (OSM), presents the possibility of using backward mask-
ing to study the updating processes that are involved in perceiving
objects as they move and change through space and time.

OSM is illustrated in Figure 1. This figure shows the critical
conditions under which it has been observed and provides data
from an experiment reported by Di Lollo, Enns, and Rensink
(2000). The task is to find the circle in the array that is surrounded
by four dots and report the direction of its gap. There are two
conditions. In the simultaneous-offset condition, the array of cir-
cles and dots offset at the same time, whereas in the delayed-offset
condition, the dots offset some time after the offset of the array of
circles. When there are multiple items in the display and the
location of the target is unpredictable, there is a range of offset
times for which the target in the delayed-offset condition can
become nearly invisible, whereas the target in the simultaneous-
offset condition remains quite visible. The open-circle function in
the graph in Figure 1 (bottom panel) shows data reflecting this
effect; observers are substantially worse at reporting the location
of the gap in the circle (top, right, left, or bottom) in the delayed-
offset condition than in the simultaneous-offset condition.

From the earliest observations of OSM, several characteristics
distinguished it from other forms of backward masking (see Enns
& Di Lollo, 2000, for a review). One is that OSM depends
critically on how attention is distributed within the scene. For
example, it depends on the number of items that are in the display
(see, e.g., Figure 1). Moreover, directly orienting the observer’s
attention to the target location using a spatial cue can reduce or
even eliminate OSM (Di Lollo et al., 2000; Enns & Di Lollo, 1997;
Jiang & Chun, 2001b). In contrast to this dependence on attention,
other forms of backward masking occur even when attention is
focused on a single stimulus. Metacontrast masking, which most
closely resembles OSM in form, can be modulated by attentional
manipulations (Ramachandran & Cobb, 1995; Shelley-Tremblay
& Mack, 1999). However, unlike OSM, metacontrast masking occurs
quite robustly even when the target is the only item in the display and
attention can therefore be allocated directly to it (e.g., Breitmeyer,
1984). Another characteristic that distinguishes OSM from other
forms of backward masking is that image-level characteristics of the
mask are of little importance to its effectiveness. The mask need not
be structurally similar to the target to be effective, it can be extremely
sparse, and unlike most other forms of masking, the mask does not
have to overlap with the target or even closely conform to it to be
effective (Di Lollo et al., 2000; Enns & Di Lollo, 1997; Jiang & Chun,
2001a, 2001b; Lleras & Moore, 2003; Neill, Hutchison, & Graves,
2002). Finally, OSM occurs under conditions in which there are no
asynchronous transients of the mask relative to the target (Di Lollo,
Bischof, & Dixon, 1993). These transients (e.g., target onset relative
to mask onset) play critical roles in formal models of backward
masking, and the fact that OSM occurs without them presents chal-
lenges for most existing models of backward masking (cf. Di Lollo,
Enns, & Rensink, 2002; Francis & Hermens, 2002).

These distinguishing characteristics led Di Lollo and colleagues
(Di Lollo et al., 2000; Enns & Di Lollo, 1997) to characterize this
form of backward masking as masking by object substitution. The
idea is that the representation of one object (the set of four dots)
replaces in conscious awareness the representation of another
object (the circle). In making this proposal, Di Lollo et al. (2000)
emphasized the role of reentrant processing within the nervous
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system. They suggested that ongoing ascending signals within
lower visual areas, which have small receptive fields, are com-
pared against descending signals from higher brain areas, which
have larger receptive fields. To the extent that the signals correlate,
the representations carried in those signals are reinforced; to the
extent that they do not correlate, those representations are replaced
with new ones embodied in the new incoming signals. The de-
scending signals can be conceptualized as perceptual hypotheses
for which evidence from continued incoming information is sought
in the form of correlated activity in earlier areas. Di Lollo et al.
(2000) developed a computational model, the computational model
of object substitution (CMOS), that both instantiates these ideas in
a neurally plausible way and produces patterns of OSM consistent
with those found for human observers.

As the name suggests, under the masking by object substitution
hypothesis, at least some of the interference occurs within object-
level representations rather than within local spatially specific
representations. This follows in part because the perceptual hy-

potheses derive from activity in areas in which spatial information
that existed at lower areas has been lost due to increasing
receptive-field sizes, and the assumption is that the representations
are in terms of objects. Consistent with this aspect of the hypoth-
esis, Lleras and Moore (2003) showed that OSM can occur even
when the mask and target offset simultaneously, but the mask is
presented some distance away, giving rise to the appearance of its
having moved from the target location to a new location. This
finding indicates that at least a component of OSM is associated
with the representation of the mask as an object that can move (and
presumably change) over time.

Focus of the Present Study

The present study investigates the role of object representations
in OSM further. Specifically, it shows that target information can
be protected from substitution masking when it is perceived as
deriving from a distinct object from the mask.

To clarify, consider Figure 2A, which provides an illustration of
how the masking by substitution hypothesis gives rise to OSM. To
report an attribute of a stimulus, one must establish a sufficiently
stable representation of that stimulus at those levels of the system to
which report mechanisms have access. Initial representations are
unstable impressions that require continued sampling of information
from the display. If the stimulus changes during the period of time in
which the representation of a target is unstable, then the representation
will eventually come to include only the new information. Thus, in the
delayed-offset condition, the stimulus changes from including the
target to including only the mask, and consequently, information
continues to be sampled from the display, and the representation
eventually comes to include only information about the mask.

Now consider Figure 2B, which illustrates what would happen
under this view if separate object representations for the mask and
the target could be established sufficiently quickly. In this case, the
target is protected from substitution because when the target off-
sets, the information that is sampled from the mask-only display is
linked with the mask object representation. Thus, whatever infor-
mation about the target the system was able to link with the target
object representation prior to the target offsetting will be protected
from being overwritten.

Figure 2B is an illustration of the hypothesis that we tested in
the present study: An object will be susceptible to substitution
masking when the observer fails to establish separate object rep-
resentations for the target and the mask before the target offsets;
and by extension, an object will be protected from substitution
masking to the extent that separate object representations can be
established for the target and mask before the target offsets. To test
this hypothesis, we introduced manipulations that were designed to
facilitate or interfere with the establishment of separate object
representations for the mask and target, and we predicted that these
should decrease or increase OSM, respectively.1

1 The object representations that we are referring to here have much in
common with existing constructs in the literature, most notably object files
(Kahneman, Treisman, & Gibbs, 1992), but also fingers of instantiation
(FINSTs; e.g., Pylyshyn, 1989, 2001; Pylyshyn & Storm, 1988), object
tokens (Kanwisher, 1987), and proto-objects (Rensink, 2000). For the
moment, we use the generic term of object representation to separate it
from the specific theoretical context of any one of these other constructs.
More on this is offered in the General Discussion.

Figure 1. Top panel: Illustration of set size � 16 displays used by Di
Lollo et al. (2000, Experiment 3). The target is indicated by the four dots.
Observers reported which of four directions the gap in the target faced.
Bottom panel: Data from two set-size conditions. Object substitution
masking occurs when attention is distributed (set size � 16) but not when
it is focused (set size � 1). Data are from “Competition for Consciousness
Among Visual Events: The Psychophysics of Reentrant Visual Processes,”
by V. Di Lollo, J. T. Enns, & R. A. Rensink, 2000, Journal of Experimental
Psychology: General, 129, p. 491. Copyright 2000 by the American
Psychological Association.
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Experiment 1: Separating the Mask From the Target
Using a Sliding Mask

In Experiment 1a, we facilitated the establishment of separate
object representations for the mask and target by having the mask
onset at a different location from the target position, and then
appear to slide past the target position as the target was presented,
moving on to a new position after target offset (see Figure 3 for an
illustration). Thus, conditions encouraged the representation of the
mask as one object moving across the scene and the target as a
second object that appears briefly in the target location. This
sliding condition was compared with one in which the mask again
onset at a different location from the target position, but then rather
than sliding past the target, the target moved with the mask, giving
rise to the perception of a single object moving and changing shape
during its movement. We refer to these two conditions as the
separated and not-separated conditions, respectively.2

The prediction was that less OSM would occur in the separated
condition than in the not-separated condition. This follows because
according to the hypothesis, the target would have its own object
representation in the separated condition, and therefore informa-
tion that is associated with it would be protected from substitution
by delayed information about the mask.

Notice that the separated and not-separated conditions differ
only by a single display. Specifically, in the separated condition
the four-dot mask is presented in a new position while the target
remains stationary, whereas in the not-separated condition, both
the target and the four-dot mask are presented in the new position.
The final frame was the same across the two conditions, and it
simply supported the continuation of the motion that was estab-
lished in the earlier frames.

Experiment 1b was motivated by the fact that in the separated
condition of Experiment 1a, there was one frame in which the
target was immediately surrounded by only two dots, whereas in
the not-separated condition, the target was always surrounded by
four dots. Figure 3B illustrates the trial events used in Experiment
1b. These events supported the same perception of a four-dot mask
onsetting and sliding past the target position, while the target
flashed briefly at the target location. In this case, however, the
target happens to be surrounded by another four-dot mask. Thus,
the separated and not-separated conditions are matched in terms of
the time during which the target was surrounded by four dots. The
two versions of the experiment yielded the same pattern of results.

Method

Participants. Forty undergraduate students at the Pennsylvania State
University University Park Campus received extra credit in a psychology
course for participating in the experiment (20 in Experiment 1a and 20 in
Experiment 1b). All of the participants reported normal or corrected-to-
normal visual acuity.

Apparatus. Stimuli were presented on a 21-in. color monitor controlled
by a Pentium-based computer. Responses were gathered with a standard
keyboard.

2 No separate measures of the phenomenology of the separated versus
not-separated displays in this or the other experiments reported here were
obtained. Rather, the design of the conditions relied on previously docu-
mented influences on the perception of motion and parsing in dynamic
scenes (for reviews, see, e.g., Kolers, 1972; Michotte, 1946/1963; Palmer,
2002).

Figure 2. A: An illustration of masking by substitution. The left parts of
the figure indicate the physical stimulus as it changes across time. The right
parts are illustrations of the state of the response-accessible representa-
tion(s) of the stimuli, in which increasing–decreasing contrast indicates
increasing–decreasing availability, and the small square indicates an object
representation with which the stimulus information is being associated.
Here, the information associated with the target is overwritten by mask-
only information once the stimulus changes to a mask-only display. B: An
illustration of target information being protected from substitution by
mask-only information when the display changes, because separate object
representations were established for the mask and target from very early
stages of representation development.
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Task. The task was to report the orientation of the gap in the circle that
is drawn in the darker shade of gray. Participants used the number keypad
of a standard keyboard to respond: the 8, 6, 2, and 4 keys were used to
report a gap facing up, right, down, and left, respectively.

Design. A one-variable, within-subjects design was used. The inde-
pendent variable was the mask-offset condition, and it had four levels. The
first level was a standard simultaneous-offset condition in which the masks
and circles onset together at the standard locations on the screen (i.e., those
of the target display, see Procedure and stimuli section for details) and
offset simultaneously. The second level was a standard delayed-offset
condition in which the masks and circles again onset together at the
standard locations but the masks offset about 200 ms following the offset
of the circles. The third condition was the mask–target not-separated
condition (hereafter just not separated) in which the trial events corre-
sponded to those illustrated in left panels of Figure 3A and 3B. Finally, the
third condition was the mask–target separated condition (hereafter just
separated) in which the trial events corresponded to those illustrated in the
right panels of Figure 3A and 3B.

Data were collected from 6 blocks of 64 trials each for each participant.
All four types of mask-offset conditions occurred equally often. The target
was presented equally often in all eight locations on the search array, and
the data were collapsed across target locations. This resulted in 96 obser-
vations for each type of mask-offset condition.

Procedure and stimuli. Displays were viewed from a distance of
approximately 60 cm. A 0.2° � 0.2° fixation cross was presented at the
center of the screen throughout the experiment, and the background was
black.

Each participant completed a single session, which lasted approximately
45 min. A session began with a set of written instructions that described the
task. After the instructions, participants completed a 64-trial block during
which accuracy performance was tracked to an average level of 70%
correct. This was done following a step algorithm described by Levitt
(1971) in which the exposure duration of the search display was manipu-
lated, starting with a presentation time of 333 ms (20 refreshes). To
accommodate the trial events used to establish the separated and not-

separated conditions, we set the minimum search-display duration at two
vertical refreshes of the monitor (33 ms). This tracking procedure resulted
in a mean search-display duration of 36 ms, with a range of 33–50 ms.
During the experimental blocks, the search-display duration was no longer
tracked trial by trial. However, an average block performance was com-
puted, and the search-display duration for the following block was adjusted
if overall accuracy was lower than 60%, in which case presentation time
was increased by one refresh (16.7 ms), or was higher than 80%, in which
case presentation time was decreased by one refresh or until presentation
time reached two refreshes.

After the practice–tracking block, participants completed the six exper-
imental blocks. A break was provided between blocks, during which the
mean accuracy from the preceding block was displayed. Participants ini-
tiated the next block at their own pace.

The beginning of a trial was indicated by a 50-ms 2000 Hz tone. In both
the simultaneous- and delayed-offset conditions, this tone was followed
683 ms later by the search display. The search display consisted of a set of
8 four-dot masks, each surrounding a circle with a gap in it. The eight
mask–circle pairs were presented in an evenly distributed circular array
that had a radius 3.8°. Each mask consisted of four small (1.5 min of arc
diameter) light-gray dots that were presented at the four corners of an
imaginary square (0.67° in size). The circles were 0.67° in diameter, and
the gaps were 4.5 min of arc. Seven of the circles were the same light gray
as the masks, and one was a darker gray, indicating that it was the target
circle. In the simultaneous-offset condition, circles and masks offset after
the search-display duration (SDD) that was determined by the tracking
procedure. In the delayed-offset condition, the circles offset after the SDD,
but the masks remained for another approximately 200 ms (233 ms – SDD)
before offsetting.

In the separated and not-separated conditions, the tone indicating the
start of a trial was followed 500 ms later by the presentation of 8 four-dot
masks in a 1.9° radius circular array. This mask-only display was presented
for SDD and was followed by an interstimulus interval that was also the
SDD during which only the fixation cross was in the display. The search
array was then presented for the SDD minus 17 ms (one vertical refresh).
At this point in the trial, events differed across the not-separated and
separated condition for a single refresh. In the not-separated condition, for
both Experiments 1a and 1b, both the masks and the targets were presented
for one refresh in an array that was slightly larger than the target array (4.8°
radius). In the separated condition of Experiment 1a, the masks were
presented in the slightly larger array, but the circles with gaps remained in
their original positions. In the separated condition of Experiment 1b, the
same was true, but a four-dot mask also remained in the original positions.
Finally, in both the separated and not-separated conditions in both exper-
iments, an interstimulus interval of SDD occurred followed by a set of
four-dot masks presented in a still larger circular array (5.7° radius) in the
largest array positions. These were presented for approximately 200 ms
(233 ms – SDD). Figure 3 provides an illustration of these events for a
single dot-circle pair without timing details. Figure 4 provides an illustra-
tion of these events for a single sample trial and includes timing details.

Results and Discussion

Figures 5A and 5B show the masking effects from Experiments
1a and 1b, respectively. These effects are all measured against the
simultaneous-offset condition. So the values in Figure 5 are dif-
ferences in performance between each of the other three conditions
and the simultaneous-offset condition. Table 1 gives the mean
percentage correct for each of the four conditions separately.

One-way analyses of variance (ANOVAs) were conducted on
the arcsin transformations of the percentage correct data. For these
and all of the statistical tests reported later, alpha was set at .05.
The pattern of results was the same across the two experiments.
There was a significant effect of offset condition: Experiment 1a,

Figure 3. Illustrations of how sliding motion was used in Experiment 1
to facilitate the establishment of separate object representations for the
mask and target. A: The version used in Experiment 1a. B: The version
used in Experiment 1b.
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F(3, 57) � 28.6; Experiment 1b, F(3, 57) � 16.7. Follow-up
comparisons revealed that significant masking occurred in the
standard delayed-offset conditions: Experiment 1a, t(19) � 6.4,
and Experiment 1b, t(19) � 5.4; and in the not-separated condi-
tions: Experiment 1a, t(19) � 6.3, and Experiment 1b, t(19) � 4.3,
but no reliable masking occurred in the separated conditions:
Experiment 1a, t(19) � 1.5, and Experiment 1b, t(19) � 0.1.

Two main points can be made on the basis of these results. First,
like the experiments reported by Lleras and Moore (2003), they
show that substitution masking occurs at least in part within
object-level representations. This follows because reliable masking
occurred in the not-separated conditions even though the mask and
target offset simultaneously at the target location. At a local level
(i.e., at the location of the target), trials in this condition were
simultaneous-offset trials. As such, no masking should have oc-
curred; yet it did. Although the mask was not delayed at the
location of the target, it was delayed in the scene as a whole. In
particular, by moving from the target location to a new location,
the mask as an object in the scene was delayed. That masking
occurred under these conditions indicates that the key to OSM is
that the mask is delayed in the scene as an object even if it moves
to a new location.

Second, these results support the hypothesis that when separate
object representations can be established early for the target and
the mask, the target information can be protected from substitution
by delayed information associated with the mask. This hypothesis
derives from the understanding of OSM as occurring at the level of
object representations, whereby information that is sampled from
the display is associated specifically with representations of ob-
jects in the scene (see Figure 2). To the extent that the mask and

the target are represented as a single object, information that is
sampled from the mask-only display will overwrite information
that had been extracted about the target (Figure 2A). To the extent
that the mask and target are represented as separate objects, infor-
mation that is sampled from the mask-only display will be asso-
ciated with the mask object representation (Figure 2B). In the latter
case, whatever information had been sampled about the target will
be protected from being overwritten by the mask-only information.
As this hypothesis predicts, less OSM occurred in the separated
conditions of Experiments 1a and 1b, in which the target and mask
should have been more likely to be represented as separate objects,
than in the not-separated conditions, in which they should have
been more likely to be represented as a single object. In fact, no
reliable OSM occurred in the separated condition. In the following
experiments, we sought converging evidence using other manipu-
lations that were designed to establish separated and not-separated
conditions.

Experiment 2: Separating the Mask From the Target
Using (Un)grouping by (Un)common Fate

In Experiment 2, the establishment of separate object represen-
tations for the mask and target was facilitated by having the mask
and target jiggle around their base location independently of each
other (separated) or together (not separated). Stimuli that move
coherently with each other tend to be perceptually grouped to-
gether, a phenomenon referred to as grouping by common fate (see
Palmer, 2002, for a review). In contrast, stimuli that move inde-

Figure 5. Masking effects from Experiments 1a (A) and 1b (B). Each plot
reflects the difference in performance between the indicated condition and
the simultaneous-offset condition. The error bars are the standard errors of
the mean differences. OSM � object substitution masking.

Figure 4. Timing of events from a sample trial in Experiment 1. This
illustrates a separated trial from Experiment 1a. Stimulus display duration
(SDD) was tracked separately for individual participants and had a range of
33–50 ms.
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pendently of each tend to be perceived as separated, a phenomenon
that might be described as ungrouping by uncommon fate.

To provide sufficient viewing time of the motion, we began the
trials with placeholder displays in which the motion occurred (see
Figure 6). Specifically, following the tone indicating the beginning
of the trial, an array of complete circles (no gaps), which were all
surrounded by four-dot masks and were all light gray, was pre-
sented. Thus, there was no indication at this point of which item
would be the target or where gaps were located. But the place-
holders did allow for the establishment of object representations.
In a brief 10-frame movie, the masks and placeholders jiggled
around their base locations, either together (see Figure 6, left
panel) or separately (see Figure 6, right panel). The movie in the
separated condition appeared as though the placeholders and
masks started at their central locations, moved off in separate
directions, and finally returned to their central locations. The
movie in the not-separated condition appeared as though the place-
holders and masks started at their central locations, moved off in
a random direction as units, and then returned to their central

locations. Following the return to their base position, the trial
proceeded as usual.

The form of the logic for this experiment was the same as the
preceding ones. When the target and mask are perceived as sepa-
rate objects, the target should be protected from substitution, and
so less OSM should occur in the separated condition than in the
not-separated condition.

Method

Except where noted here, the method was the same as in Experiment 1.
Participants. Twenty undergraduate students at the Pennsylvania State

University University Park Campus received extra credit in a psychology
course for participating in the experiment. None had participated in Ex-
periment 1, and all reported normal or corrected-to-normal visual acuity.

Stimuli. Placeholder displays consisted of a fixation cross (0.2° � 0.2°
of visual angle, from a viewing distance of 60 cm) plus eight small
light-gray circles (0.67° of visual angle in diameter) on a black back-
ground. The circles were presented in an evenly distributed circular array
(3.8° of visual angle in radius) surrounding fixation. Each was surrounded
by a light-gray four-dot mask that was identical to those used in Experi-
ment 1.

Apparent motion was introduced by showing a 10-frame movie in which
the circles and dots were offset slightly from their center point. The first
frame of the movie consisted of the placeholders, and the masks centered
in the standard positions along 3.8° radius circular array that would
eventually become the target array. In the separated condition, a new
location for the mask and a new location for the placeholder in each pair
were established for each of Frames 2–4 by choosing randomly new x–y
coordinates that were 2–7 pixels in any direction from the current position
of each. The not-separated condition was similar except that instead of
choosing new locations for the placeholders and masks separately, a single
pair of new x–y coordinates was chosen for each placeholder and mask
pair. The remaining 5 frames of the movie were the first 5 frames presented
in reverse order. Each frame was presented for 150 ms and was replaced
immediately by the next frame. The final frame of the movie was followed
by the search display, which was the same as that used in Experiment 1.

Task. The task was the same as in Experiment 1: Report the orientation
of the gap in the ring that was drawn in the darker shade of gray (i.e., the
target ring) in the target display.

Design. A 2 (mask offset: simultaneous vs. delayed) � 2 (separation:
not separated vs. separated) within-subjects design was used. In the
simultaneous-offset conditions, the masks and targets offset at the same
time. In the delayed-offset conditions, the masks offset about 200 ms
following the offset of the target. In the not-separated conditions, the masks
and placeholders jiggled as units prior to target onset. In the separated
conditions, the masks and placeholders jiggled separately prior to target
onset (see Figure 6).

Because the period of motion that preceded the target display increased
the total length of each trial compared with Experiment 1, participants
completed four rather than six 64-trial experimental blocks following the
64-trial practice block. All four conditions occurred equally often. The
target was presented equally often in all eight locations of the search array
and the data were collapsed across target locations. This resulted in 64
observations for each type of mask-offset condition.

Table 1
Mean Percentages Correct (and Standard Errors of the Mean) in Experiment 1

Experiment N Simultaneous offset Delayed offset Not separated Separated

1a 20 81.7 (2.2) 68.8 (2.7) 70.2 (2.5) 79.6 (2.5)
1b 20 78.2 (2.1) 67.8 (2.2) 72.4 (1.6) 78.0 (1.8)

Figure 6. Illustration of displays and trial events used in Experiment 2.
Figure shows simultaneous offset conditions. SDD � stimulus display
duration.
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Procedure. The general procedure was the same as Experiment 1. A
difference is that the tracking procedure allowed search-display durations
to drop down to one vertical refresh, rather than setting a minimum of two.
The mean duration was 29 ms, with a range of 17–67 ms.

A central fixation cross remained in the display throughout the experi-
ment. The beginning of a trial was indicated by a tone; 500 ms following
the tone, the 10-frame movie was presented. The target display appeared
immediately following the 150 ms of the final frame of the movie, which
was identical across the separated and not-separated conditions (i.e., place-
holders and masks centered at their locations in the standard circular array).
Specifically, gaps were presented in all of the ring placeholders, and the
target ring was changed from light gray to dark gray. The rest of the trial
was identical to those in previous experiments. The target display appeared
for the search-display duration that was determined by the tracking proce-
dure (mean duration � 43 ms, range � 17–67). On simultaneous-offset
trials, targets and masks offset together, whereas on delayed-offset trials,
masks remained in the display for another approximately 200 ms (233 ms
– SDD).

Results and Discussion

The mean percentage correct for the four conditions of Exper-
iment 3 are given in Table 2. A two-way repeated measures
ANOVA conducted on the arcsin transformations of the subject
data revealed a significant main effect of mask offset, F(1, 19) �
9.02. The main effect of separation was not significant, F(1, 19) �
1.42, but the interaction between mask offset and separation was,
F(1, 19) � 6.27. The nature of the interaction was that reliable
OSM occurred in the not-separated condition, t(19) � 3.8, but not
in the separated condition, t(9) � 0.8. Thus, like Experiment 1, the
results of this experiment support the hypothesis that when a
separate object representation can be established early for the
target, the target can be protected from substitution masking.

Experiment 3: Separating the Mask From the Target
Using (Un)grouping by (Dis)similarity

In Experiment 3, we facilitated the establishment of separate
object representations for the mask and target by having the mask
and target appear in different colors. When the target and mask are
of different colors, it should be easier to establish distinct object
representations for the two than when they are of the same color.
The prediction was again that there should be less OSM in the
separated conditions than in the not-separated conditions.

Two different versions were conducted (see Figure 7). The
displays used in the separated condition of Experiment 3a may
have facilitated the allocation of attention directly to the target
location because the mask–target complex in those displays was

the only red thing in the display. This would be problematic
because OSM depends on the distribution of attention (e.g., Enns
& Di Lollo, 1997). This concern motivated Experiment 3b, in
which the separated displays did not afford the direct allocation of
attention to the target item on the basis of red-singleton status.

Method

Except where noted here, the method was the same as in Experiments 1
and 2.

Participants. Forty undergraduate students at the Pennsylvania State
University University Park Campus received extra credit in a psychology
course for participating in the experiment (20 in Experiment 3a and 20 in
Experiment 3b). None had participated in Experiments 1 or 2, and all
reported normal or corrected-to-normal visual acuity.

Stimuli. Displays consisted of a fixation cross (0.2° � 0.2° of visual
angle, from a viewing distance of 60 cm) that was present throughout the
trial. The search display again consisted of eight small circles (0.67° of
visual angle in diameter) that were presented in an evenly distributed
circular array (3.8° of visual angle in radius) surrounding fixation. The
same four-dot masks as those used in Experiments 1 and 2 were used
except they varied in color and luminance. In the separated condition of
Experiment 3a, the masks surrounding the distractor rings were drawn in
the same dark gray as the target, whereas the mask surrounding the target
ring was red. In the not-separated condition, the masks surrounding the
distractor rings were red and that surrounding the target ring was the same
dark gray as the target. In Experiment 3b, the masks surrounding the
distractor rings in both the separated and not-separated conditions were red.
In the separated condition, the mask surrounding the target ring was also
red, whereas in the not-separated condition it was dark gray. Figure 7
provides an illustration of these conditions.

Task. Despite changes in the appearance of the displays, the task was
identical to that of Experiments 1 and 2: Report the orientation of the gap
in the ring that was drawn in the darker shade of gray (i.e., the target ring).

Design. A 2 (mask offset: simultaneous vs. delayed) � 2 (separation:
not separated vs. separated) within-subjects design was used. As before, in
the simultaneous-offset conditions, the masks and targets offset at the same
time. In the delayed-offset conditions, the masks offset about 200 ms
following the offset of the target. In the not-separated conditions, the mask
surrounding the target circle was the same color as the target, whereas in
the separated conditions, they were different colors (see Figure 7).

Participants completed one 64-trial practice block and 6 experimental
blocks of 64 trials each. All four conditions occurred equally often. The
target was presented equally often in all eight locations on the search array,
and the data were collapsed across target locations. This resulted in 96
observations for each type of the four conditions.

Procedure. The general procedure was again the same as Experiment
1 except that the tracking procedure allowed search-display durations to
drop down to one vertical refresh rather than a minimum of two. The mean
duration was 24 ms, with a range of 17–50 ms. The beginning of a trial was

Table 2
Mean Percentages Correct (and Standard Errors of the Mean) and Differences (and Standard
Error of Mean Difference) in Experiments 2 and 3

Experiment N

Not separated Separated

Simultaneous
offset

Delayed
offset Difference

Simultaneous
offset

Delayed
offset Difference

2 20 83.7 (2.1) 76.4 (2.2) 7.3* (1.8) 79.0 (2.4) 77.5 (1.8) 1.5 (1.8)
3a 20 80.2 (1.5) 64.6 (1.5) 15.6* (1.8) 72.1 (1.5) 65.1 (1.5) 7.0* (2.1)
3b 20 83.8 (1.5) 67.9 (2.2) 15.9* (2.0) 72.9 (2.2) 65.0 (1.9) 8.0* (1.5)

* p � .05; all t values (19) � 3.0.
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indicated by a tone and was followed 500 ms later by the search display.
On half of the trials, the circles and masks all offset after the SDD
(simultaneous-offset condition), whereas on the other half of the trials, only
the circles offset after SDD. The masks remained in the display for another
approximately 200 ms (233 ms – SDD). Also, all displays were stationary.

Results and Discussion

The mean percentage correct for the different conditions of
Experiments 3a and 3b are given in Table 2. The pattern of results
was the same across the two experiments. Two-way repeated
measures ANOVAs conducted on the arcsin transformations of the
percentage-correct data revealed a significant main effect of mask
offset: Experiment 3a, F(1, 19) � 53.12, and Experiment 3b, F(1,
19) � 70.0; as well as a main effect of separation: Experiment 3a,
F(1, 19) � 5.01, and Experiment 3b, F(1, 19) � 17.6. Critical to
the hypothesis being tested, the interaction between mask offset
and separation was also significant: Experiment 3a, F(1, 19) �
14.01, and Experiment 3b, F(1, 19) � 13.8, such that although
reliable OSM occurred in all conditions (see Table 2 for statistical
details on the specific comparisons), more masking occurred in the
not-separated conditions than in the separated conditions.

The results from this experiment again provide support for the
hypothesis that when a separate object representation can be es-
tablished early on for the target, it will be protected from substi-
tution masking by delayed information from the mask. As that
hypothesis predicts, less masking occurred in the separated con-
ditions than in the not-separated conditions in both experiments.

There are two concerns regarding this experiment. First, base-
line performance (i.e., performance in the simultaneous-offset
condition) was different across the separated and not-separated
conditions. In particular, accuracy in the not-separated
simultaneous-offset conditions was better than performance in the
separated simultaneous-offset conditions. We do not have a spe-
cific explanation for this difference that can accommodate both
versions of the experiment. The main point, however, is that in
both versions of the experiment, deviation from baseline was
greater in the not-separated condition than in the separated condi-

tion; that is the power of the results is in the interaction between
mask-offset and mask–target separation. Because overall perfor-
mance was well above chance (25%) in all conditions, there is no
concern that this interaction was introduced artifactually by a floor
effect.

The second concern is that low-level contour interference might
be expected to be decreased by having the mask and target appear
in different colors, regardless of the role of object representations
in OSM. This concern is mitigated by the fact that the masks were
extremely sparse, and therefore did not afford much contour in-
teraction. In addition, some of the reduction in standard masking
that occurs when masks and targets differ in color may in fact arise
from it affording the separation of mask from target that we have
been discussing here. Nonetheless, reduced low-level contour in-
terference in the separated conditions of this last experiment can-
not be ruled out.

We offer this last experiment primarily with a focus on its
convergence with the other experiments that used alternative meth-
ods of manipulating mask–target separability. In particular, all
pointed with greater or lesser strength to the conclusion that when
a separate object representation can be established for the target
early on in processing, information associated with that represen-
tation can be protected from OSM.

General Discussion

The experiments reported here make two main points. First, they
provide further evidence that there is an isolatable object-level
component that contributes to OSM. In the not-separated condition
of Experiment 1, OSM occurred even though no mask remained at
the location of the target. Rather, the delay of the mask as an object
in the scene appears to have caused the interference. The second
point, which is the new one, is that susceptibility to OSM is
determined by the extent to which separate object representations
can be established for the target and mask prior to target offset;
when separate object representations can be established, target
information can be protected from being overwritten.

This second point not only confirms a role of object represen-
tations in OSM but also offers an observation about visual infor-
mation processing more generally. That is, it suggests the possi-
bility that an object-mediated updating process is fundamental to
representing, perceiving, and interacting with dynamic scenes. The
idea is that representations of stimuli that are to become available
for report and other action are developed in terms of object units
that are defined by relatively simple rules of spatiotemporal co-
herence. By spatiotemporal coherence, we mean spatiotemporal
events that are physically consistent with stimulation at two points
in time having originated from a single object. As some aspect of
an object in the scene changes, new information can be associated
with that object unit without overwriting existing information
about other objects in the scene that may not have changed. An
advantage of object-mediated updating compared with updating
that is based, for example, on the scene as a whole or on regions
within the proximal image, is that representations of scenes can be
simultaneously robust and flexible—robust in that the component
objects are maintained as stable representations that are extended
over time, but flexible in that the information that is associated
with each object can be overwritten (updated) as the information
that is sampled from the external world changes. A consequence of
object-mediated updating is that to the extent that stimulation is

Figure 7. Illustration of the displays used in Experiment 3a (A) and 3b
(B). The darker circles denote red.

1178 MOORE AND LLERAS



perceived as the current instantiation of a previously represented
object, the previously represented information for that object is
subject to being overwritten and lost to perceptual access. Under
this view, rather than being a laboratory phenomenon that occurs
only under specifically prepared conditions, OSM reflects a stan-
dard updating process that is fundamental to representing dynamic
scenes in a functional way.

The idea that vision is organized in terms of “objects” is of
course not new. Object files (Kahneman & Treisman, 1984; Kah-
neman, Treisman, & Gibbs, 1992), FINSTs (e.g., Pylyshyn, 1989,
2001; Pylyshyn & Storm, 1988), object tokens (Kanwisher, 1987),
and proto-objects (Rensink, 2000) are all proposals aimed at de-
scribing this aspect of vision (for reviews of some aspects of this
work, see Kanwisher & Driver, 1992; Scholl, 2001). Of these, the
object-file proposal is the most similar to the ideas expressed here.
We have discussed the present results in generic terms, because
most of the theoretical detail that has been worked out for object
files in particular, but also for the other constructs, is beyond what
is needed for the basic conclusion that we wish to draw, which is
that there is an object-mediated updating process that is funda-
mental to representing, perceiving, and interacting with dynamic
scenes in a functional way. At this point, however, we discuss the
results in terms of object files.

Object files were developed as a construct by Kahneman, Treis-
man, and colleagues (Kahneman & Treisman, 1984; Kahneman et
al., 1992) to allow for the representation of numerical identity as
an object moves and changes through time. According to the
theory, three different processes give rise to a changing object as
being represented as a single continuous object rather than as
multiple objects. First, correspondence is determined such that an
object in the current display is marked as a new object or as an old
object in a new location. Correspondence is based on the spatio-
temporal constraints of real objects in the world. Second, if an
object is an old object at a new location, a review process is applied
such that the information that had already been associated with that
object is retrieved from longer term storage. Third, an impletion
process integrates current and retrieved information to yield a
perception of a continuous object that changes or moves.

The idea of object-mediated updating that we are invoking in
this article is captured most closely within object-file theory
through a combination of the correspondence and impletion com-
ponents. Object-mediated updating concerns object-based percep-
tion; it is the idea that the current content of perceptual awareness
is mediated through representations that are organized in terms of
spatiotemporally defined units in the scene. This seems to be the
aspect of processing that is captured by the correspondence and
impletion processes. In contrast, the literature and theory surround-
ing object files have been concerned primarily with what would be
better described as object-based memory; they have focused on the
review process, whereby incoming information makes contact with
the semantic representation system (i.e., is identified) at a facili-
tated rate (or not) based on an object-based matching (or mis-
matching) process (see, e.g., Kahneman et al., 1992). Indeed the
choice of names for the construct object file derives from the
metaphor of a long-term storage system like a police file. Because
the basic idea of object-mediated updating is not dependent on
most of what has been investigated in regard to object files, and
because as a basic idea it can stand alone, we chose to discuss it
outside of the context of object-file theory. Nonetheless, the
present work can be construed as concerning the perceptual end of

object-file theory and may best be discussed in that context in the
future.

At this point, we return briefly to Di Lollo et al.’s (2000)
hypothesis of masking by substitution through reentrant process-
ing. In form, the reentrant account of OSM combined with the
additional explicit claim that the updating is mediated through
object representations bares considerable resemblance to the re-
view process described in object-file theory. The difference how-
ever, as noted earlier, is that the object-file review process has
focused on object-based memory, whereas the reentrant account
concerns object-based perception. Here is where this contrast
becomes important: The review process is a comparison of stored
information with incoming information. The stored information
has made contact with the semantic system and is at least as stable
a representation as is offered by short-term memory, if not long-
term memory. In contrast, object-mediated updating through reen-
trant processing involves the online overwriting of existing infor-
mation. Except within the context of a few iterations of the
reentrant signal, to borrow the language of Di Lollo et al. (2000),
there is little opportunity within this level of representation for the
comparison of information across different times. It is an online
process that determines the current content of perceptual aware-
ness by updating incoming information in a manner that is in-
formed by the objects in the scene, where objects are merely
spatiotemporally coherent events.

Finally, before leaving the topic of related constructs, it is
important to note that the object representations that we have
invoked here should not require attention to be initiated; at least a
default parsing of the scene based initially on spatiotemporal
coherence should occur regardless of attentional allocation within
the scene. In this sense, they can be contrasted with object files as
well as with the constructs of proto-objects as conceptualized in
coherence theory (Rensink, 2000) and FINSTs within indexing
theory (e.g., Pylyshyn, 1989, 2001; Pylyshyn & Storm, 1988).
They further differ from FINSTs in that they are not information-
free indices, but on the contrary, are indices through which per-
ceptual information is updated. Thus, although the object repre-
sentations that we refer to in regard to the hypothesized process of
object-mediating updating share many attributes of existing con-
structs, they are not captured entirely by any one of them.

Conclusions

The present results provide additional evidence that there is an
isolatable object-level component to OSM. To the extent that a
separate object representation can be established for a given stim-
ulus, it will be protected from substitution masking by later stim-
uli; to the extent that a later stimulus is represented by the same
object representation as an earlier stimulus, the earlier information
will be susceptible to substitution masking. We think that this
reflects the fact that object-mediated updating is a fundamental
component of representing, perceiving, and interacting with dy-
namic scenes in a functional way—that is, in a way that allows for
representations of scenes that are simultaneously robust and flex-
ible. To the extent that this conclusion is true, evidence of object-
mediated updating should be found in other visual phenomenon.
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