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J. T. Enns and V. Di Lollo (1997) discovered a new form of visual masking that they labeled object
substitution masking (OSM). OSM occurs when 4 dots, presented around a target, trail in the display after
target offset. The present study showed that the physical presence of the masking dots after target offset
is not necessary for OSM. Instead, the continued presence of a changing high-level representation
associated with the target suffices to yield OSM. Apparent motion was used to define such representation.
In these experiments, the initial display offset and was followed by a 2nd display where masks appeared
at new locations. Only when the spatiotemporal properties of the stimuli on the 2nd display supported the
perception of the target moving and turning into the mask was OSM observed.

Disrupted visibility of a stimulus by the presentation of a later
stimulus is referred to as visual backward masking. This term
reflects the fact that the interference is defined “backward” in time
from a later stimulus, known as the mask, to an earlier stimulus,
known as the target. Visual backward masking (simply backward
masking hereafter) has been studied extensively because it pro-
vides insight into basic visual processes, such as the initial estab-
lishment of stable representations, visible persistence, and the
perception of motion and of the temporal order of events (see
Breitmeyer & Ogmen, 2000, for a review). In addition, however,
a new form of masking reported by Enns and Di Lollo (1997; see
also Di Lollo, Enns, & Rensink, 2000)—referred to as object
substitution masking (OSM)—suggests that at least some forms of
backward masking may provide insight into higher level visual
processes as well. In particular, OSM may reflect the establish-
ment and updating of high-level representations of objects that are
independent of specific points in time and space. The study re-
ported here provided additional evidence of this aspect of OSM.

In keeping with the role of backward masking as a tool for
studying basic visual processes, most theories of backward mask-
ing attribute the interference to disruptions of processing at rela-
tively low levels of the visual system, in stages such as stimulus
encoding, feature extraction, and contour formation (e.g., Breit-
meyer & Ganz, 1976; Breitmeyer & Ogmen, 2000; Francis, 1997;
Ogmen, 1993). Such attributions are supported by the fact that the
effectiveness of a mask often depends on image-level stimulus
characteristics. For example, in masking by light—which involves
the use of a uniform flash of light that overlaps the target as a
mask—increased intensity of the flash results in increasing levels
of masking (e.g., Crawford, 1947). In masking by pattern—in

which scrambled features of the target are used as a mask—
increased structural similarity between target and mask results in
increased masking (e.g., Kinsbourne & Warrington, 1962). In
masking by noise—which involves the use of noise, such as
random-dot fields, as a mask—increased mask density results in
increased masking (e.g., Turvey, 1973). Finally, in metacontrast
masking—in which the figure used as a mask surrounds but does
not overlap with the target—increased proximity of the mask to the
target and increased similarity of the mask’s contours to the
target’s contours result in increased masking (see Breitmeyer,
1984, and Breitmeyer & Ogmen, 2000, for reviews).

Although low-level theories go a long way toward accounting
for the characteristics of many forms of backward masking, OSM
has inspired a consideration of interference at higher levels of
processing as well. The version of OSM that we consider in this
article is illustrated in Figure 1, which summarizes an experiment
reported by Di Lollo et al. (2000). In this example, the target is a
circle with a gap, and it is presented within an array of distractor
items. All of the distractors are possible instantiations of the target.
The mask is a set of four small dots that surround the target. The
mask also serves to single out the target item. The task is to report
the direction of the gap (top, right, left, or bottom) in the circle that
is surrounded by the four dots. On every trial, the target and the
mask onset simultaneously. In one condition, the simultaneous-
offset condition, the target and mask offset together. In another
condition, the delayed-offset condition, the target offsets before the
mask. In both conditions, the target is displayed for the same
amount of time. If the offset of the mask is delayed in the
delayed-offset condition for more than approximately 100 ms, and
there is a sufficient number of distractors, then the target in the
delayed-offset condition can become nearly invisible, whereas the
target in the simultaneous-offset condition is perfectly visible.
Consistent with this phenomenology, observers are substantially
worse at reporting the location of the gap in the circle in the
delayed-offset condition than in the simultaneous-offset condition,
in which they are nearly perfect (see open circles in the graph
insert of Figure 1).

Two characteristics distinguish OSM from other forms of back-
ward masking and serve as the basis for considering the role of
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higher level representations in the mechanism behind this phenom-
enon. First, OSM appears to be dependent on the distribution of
attention within the visual field. For example, OSM does not occur
if attention is allocated directly to the target. As shown in Figure
1 (solid circles in graph insert), when the target and mask were the
only items in the display, and attention could therefore be allocated
directly to it, no OSM occurred; rather, OSM occurred only when
there were multiple (in this case 16) items in the display and the
observers did not know in which location the target would appear
(open circles in graph insert). Moreover, directing the observer’s
attention to the target location using a spatial cue can reduce or
even eliminate OSM (Enns & Di Lollo, 1997; see also Jiang &
Chun, 2001). This apparent dependence on distribution of attention
contrasts OSM with other forms of backward masking such as
metacontrast masking, which, of the various types of backward
masking, bears the closest resemblance to OSM. Like OSM and
unlike other forms of backward masking, metacontrast masking
has been modulated by attentional manipulations (Ramachandran
& Cobb, 1995; Shelley-Tremblay & Mack, 1999). However,
strong metacontrast masking is often observed when the target is
the only item in the display and attention is therefore directed to it
(e.g., Breitmeyer, 1984; Kahneman, 1967; Stigler, 1908; but see
Ventura, 1980). This result draws a first distinction between meta-
contrast masking and OSM.

The second 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 can
be structurally dissimilar from the target, and it can be extremely
sparse. In the case illustrated in Figure 1, for example, the dots
were squares with sides of only 2 min of arc (about the size of a
single pixel), and yet they were sufficient to completely eliminate
from view the target circle, which had a radius of 0.4° of visual
angle. Moreover, the mask does not have to overlap with the target
or even closely conform to it, as in metacontrast masking, to be
effective. Di Lollo et al. (2000, Experiment 3) found large amounts
of masking (approximately 35%) both when the four dots sur-
rounded the target circle, as in Figure 1, and when they were
clustered closely at the center of the target circle, relatively far

from its contour. The amount of masking in these two conditions
was not reliably different. Similarly, Jiang and Chun (2001) found
masking that was not reliably different from the standard condition
when the dots were placed off to the side of the target circle. This
lack of dependence on image-level characteristics of the mask—
the extent to which it is similar in appearance to the target and how
closely it corresponds to the spatial location of the target—sug-
gests that OSM, unlike other forms of backward masking, is
caused by something other than low-level interference, such as
featural confusion, between the mask and target (but see Breit-
meyer & Ogmen, 2000).

As reflected in the label, Enns and Di Lollo (1997) characterized
this apparently new form of backward masking as “masking by
object substitution,” whereby the representation of one object (the
set of four dots) replaces in conscious awareness the representation
of another object (the circle). According to this view, the depen-
dence of OSM on distribution of attention is attributed to the fact
that establishing and maintaining token representations for objects
is understood to be controlled by the attentional system (Kahne-
man, Treisman, & Gibbs, 1992; Pylyshyn & Storm, 1988; see
Scholl, 2001, for a review).

In their later article, Di Lollo et al. (2000) emphasized a causal
role of reentrant processes, from higher to lower levels, of the
visual system in this substitution process. Their account of the
phenomenon is as follows. When target and mask are first pre-
sented together, the lower levels of the visual system (mostly
feature analyzers) initiate the processing of target and mask infor-
mation. Very quickly, partial information about the target and
mask is sent to higher levels of the visual system (those respon-
sible for object perception) to begin constructing the correspond-
ing visual representations. Because this initial higher level infor-
mation is incomplete, it needs confirmation based on additional
input from the lower levels. If the display remains unchanged, then
durable representations of the target and the mask are established
after some number of iterations. If the target and the mask are both
removed before these durable representations are established, then
the visual system must rely on their trace representations (e.g.,
iconic memories), but processing continues in much the same,

Figure 1. Left: Illustration of a set size of 16 displays used by Di Lollo et al. (2000, Experiment [Exp.] 3). The
target is indicated by the four dots. Observers reported which of four directions the gap in the target faced. Right:
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). 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.
Adapted with permission of the authors.
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albeit degraded, way. If, however, early in the development of the
durable representations, the target is removed and the mask re-
mains, then information continues to be sampled from the display
itself, which now contains only the mask. The durable represen-
tation that becomes established, therefore, is of the mask with no
target, thereby rendering the target unrepresented and, as a result,
invisible. Under this view of the process, OSM will occur only if
two criteria are met: (a) The target offsets before a durable repre-
sentation of it has been established, and (b) some visual informa-
tion, such as the mask alone, remains in the display after target
offset to support continued sampling from the display.

An important aspect of Di Lollo et al.’s account of OSM is that
two different components contribute to the total interference. The
first is standard backward masking, which occurs at low levels of
representation. The second is the interference that occurs at higher,
perhaps object-level, representations. It is this second component
that distinguishes OSM from other forms of backward masking.
Under this view, a characteristic that differentiates “lower” from
“higher” is whether the representation is specific to a given loca-
tion. The lower level component is specific to the target location,
whereas the higher level component is not. Instead, the higher
level representation is one of the object that could, for example,
move to a new location; we refer to such representations as “object
tokens.” The understanding is that interference at both levels
contributes to OSM under the standard conditions in which it has
been observed, but it is the later component that distinguishes
OSM from other forms of masking and that was the focus of the
present study.

Although OSM does appear to reflect, at least in part, interfer-
ence that occurs at higher levels of processing, Breitmeyer and
Ogmen (2000) cited two broad reasons for why this conclusion is
not yet necessary. First, they suggested that OSM may, after all, be
a form of metacontrast masking, which is understood to be a
low-level effect (cf. Ramachandran & Cobb, 1995; Shelley-
Tremblay & Mack, 1999). Second, the apparent dependence of
OSM on attention may simply reflect general perceptual conse-
quences of how attention is distributed within the visual field.

Consider the concern that OSM is really metacontrast masking.
One of the reasons that OSM was thought to be distinct from
metacontrast masking is that the mask in OSM can be structurally
dissimilar to and spatially separate from the target. Breitmeyer and
Ogmen (2000) noted, however, that metacontrast masking is not
necessarily dependent on target–mask contour similarity and prox-
imity (Breitmeyer, Battaglia, & Weber, 1976; Breitmeyer, Love, &
Wepman, 1974). Moreover, as is the case with OSM, the strength
of metacontrast masking increases with increasing target eccen-
tricity. Thus, this characteristic is in keeping with OSM and
metacontrast masking reflecting the same source of interference.

Regarding the role of general perceptual consequences of atten-
tional allocation, the basic finding for OSM is that when an item
is attended, it is protected from OSM, which is to say that observ-
ers can accurately identify it. Breitmeyer and Ogmen (2000) noted
that because the visibility of a target is known to increase with
focused attention (e.g., Bashinski & Bacharach, 1980; Laberge,
1995; Sagi & Julesz, 1985), this relief from masking may simply
reflect the standard advantage afforded by focused attention. Poor
performance under conditions of distributed attention, they noted
further, may be related to findings of “inattentional blindness” to

stimuli in unattended regions of the visual field (e.g., Mack &
Rock, 1998).

Breitmeyer and Ogmen (2000) offered these arguments not as
strong evidence that OSM and metacontrast masking are identical
but, rather, as an indication that the conclusion that OSM reflects
a distinctly different type of masking is not yet a necessary one.
The purpose of the present study was to further probe the question
of whether OSM includes a higher level component: interference at
the object-token level of representation. If more evidence is brought to
bear on this question, then a stronger conclusion regarding the
distinctness of OSM can be drawn. The distinction between OSM
and metacontrast masking is revisited in the General Discussion
section, after presentation of the current experiments.

To address the general question of whether or not OSM reflects
interference at the level of object-token representations, we sought
to answer the following specific question: Is the physical presence
of the mask at the target location in the delayed-offset condition
necessary to cause OSM, or is the delayed presence of an object-
token representation that is associated with the mask sufficient to
cause OSM? If the latter is the case, this would establish OSM as
distinct from standard low-level backward masking. In more con-
crete terms, imagine a trial on which a target circle and a four-dot
mask onset and offset simultaneously, thus giving the appearance
of a simultaneous-offset trial. After the offset, however, the four-
dot mask reappears off to the side, supporting the perception of the
mask moving away from the target location to a new location.
Thus, the object token for the mask is still active and supported by
the stimulus, but the mask at the location of the target is gone. To
foretell the outcome of the following experiments, this and similar
delayed object-token conditions were sufficient to yield substantial
OSM, suggesting that OSM does reflect interference involving
relatively high-level visual processes and opening the door to the
development of OSM as a tool for studying object-level
representations.

Experiment 1: Separating the Cue and the Mask

This experiment had two goals. First, we wanted to replicate the
basic OSM effect in our laboratory. Second, we wanted to separate
the cue from the mask. In most published studies of OSM (Di
Lollo et al., 2000; Enns & Di Lollo, 1997; Jiang & Chun, 2001),
the set of four dots has served not only as the mask but also as the
cue indicating on which item the response should be based (but see
Neill, Hutchison, & Graves, 2002). This has raised the possibility
that OSM is partly caused by having to attend to the mask, which,
if true, would be an important component of OSM to know. More
relevant to this particular study, however, is that our strategy for
testing the question developed in the introduction required that the
cue and mask be separated.

To do so, we defined the target according to luminance. The
search display consisted of eight incomplete rings presented in a
circular array (see Figure 2). Observers were to report the location
of the gap in the ring that was dimmer than the rest. The mask
consisted of four tiny dots (of the higher luminance value) pre-
sented at the four corners of an imaginary square that surrounded
either the target or a distractor. The location of the mask was
completely independent of the location of the target. The two
overlapped, therefore, on only one eighth of the trials.
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We expected that OSM would occur when the target and the
mask appeared at the same location. If it did not, this would
suggest that OSM is dependent on attention being allocated to the
mask by virtue of its being the target-defining attribute of the
display. Moreover, it would mean that we could not use our
intended strategy for addressing the question developed in the
introduction. We were neutral as to whether or not OSM would
occur when the mask appeared at a different location. Previous
results indicating the nondependence of OSM on image-level
characteristics, such as spatial overlap of the mask and target (e.g.,
Di Lollo et al., 2000, Experiment 3; Jiang & Chun, 2001), might
suggest that OSM would occur regardless of where the mask
appeared. Extending these earlier results to make predictions about
the current experiment, however, would require making assump-
tions that were not the focus of this study and that, therefore, we
wish to avoid developing here.

To preview, we did find OSM when the mask and target
appeared in the same location, showing that OSM can occur when
the mask and cue represent distinct events. No reliable OSM
occurred, however, when the cue and mask appeared at any two
separate locations in the display. A discussion of this latter aspect
of the results is deferred to the General Discussion section.

Method

Participants. Sixteen Pennsylvania State University undergraduate
students received extra credit in a psychology course for participating in
the experiment. All participants reported normal or corrected-to-normal
visual acuity.

Apparatus. Stimuli were presented on a 21-in. (53-cm) color monitor
controlled by a Pentium-based computer. Responses were gathered with a
standard keyboard.

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 consisted of eight small rings (0.67° of visual
angle in diameter) presented in an evenly distributed circular array (1.9° of
visual angle in radius) surrounding fixation. All rings had a small gap (4.5
min of arc) that was randomly oriented, facing up, down, right, or left. The
seven distractor rings were light gray in color, whereas the target ring was
defined by being of a darker shade of gray. The mask consisted of four
small light gray dots (1.5 min of arc) presented on the four corners of an
imaginary square (0.67° in size) surrounding one of the rings. The back-
ground color of the display was black. An example of the display can be
seen in Figure 2.

Task. The task was to report the orientation of the target ring’s gap.
Participants used the number keypad of a standard keyboard to respond; the
8, 6, 2, and 4 keys were used to report gaps facing up, right, down, and left,
respectively.

Design. A three-factor, within-subject design was used. The indepen-
dent variables were target location, mask location, and target–mask offset
asynchrony. The target and mask could appear randomly on any of the
eight possible locations in the circular array. Because target location and
mask location were varied independently, the target and mask appeared at
the same location on only one of 8 trials. Target–mask offset asynchrony
was either 0 ms (simultaneous-offset condition) or 300 ms (delayed-
offset condition). Participants completed one 60-trial practice block
and four experimental blocks of 128 trials each. This resulted in 32 observa-
tions per cell (Target Location � Mask Location � Target–Mask Offset
Asynchrony).

Figure 2. Schematic of the sequence of events in Experiment 1. The trials started with a fixation cross. On the
left is an example of a simultaneous-offset trial in which the target (in black) and the four-dot mask onset and
offset together. In this example, the target and mask appear at the same location in the search array. On the right
is an example of a delayed-offset trial in which the target and the four-dot mask onset together, but the mask
remains after target offset. In this example, target and mask appear at different locations in the search array.
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Procedure. Each participant engaged in a single 45-min-long session
that began with a set of written instructions that described the task. After
the instructions, participants completed a 60-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; see also
Brown, 1996) in which search-display presentation time (SDPT) was
manipulated starting with a presentation time of 333 ms (20 refreshes).
This tracking procedure resulted in a mean SDPT of 20.3 ms, with a range
of 16.7–33.4 ms. During the experimental blocks, the SDPT was no longer
tracked trial by trial. However, average block performance was computed,
and the SDPT 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 higher than 80% (in which case presentation time was
decreased by one refresh or until presentation time reached one refresh rate,
16.7 ms).

After the practice block, participants completed four experimental
blocks of 128 trials each. A break occurred halfway through each block to
permit participants to rest for a few minutes. Breaks between blocks were
also implemented. The duration of the breaks was left up to the discretion
of the participants, who had control of when to resume the experiment.

Trial events are illustrated in Figure 2. Each trial began with the
presentation of the fixation cross, which stayed on the display throughout
the trial. After 500 ms, the search display appeared for the duration
determined by the tracking procedure (usually either 16.7 or 33.3 ms). On
half of the trials the search display was then completely erased
(simultaneous-offset condition), whereas on the other half of the trials only
the rings were removed, leaving the four-dot mask on the display for
another 300 ms (delayed-offset condition). An untimed response was then
recorded for the trial and was followed by a 1,000-ms intertrial interval.
Trials on which the wrong button was pressed or on which responses were
longer than 2,000 ms or shorter than 150 ms were flagged as errors. Each
error was followed by a 100-ms, 500-Hz tone. Percentage of trials correct
was displayed on the monitor following each block.

Results

We collapsed our data across locations in the display and
analyzed performance with respect to whether the target and mask
were presented at the same location on the circle array (location
overlap) and with respect to the two target–mask offset conditions
(target–mask offset asynchrony). Data were then submitted to a
two-way within-subject analysis of variance (ANOVA) involving
these two variables (location overlap and target–mask offset asyn-
chrony). The results are summarized in Figure 3. Location overlap
had a significant effect on performance: Overall, participants were
6.3% more accurate when target and mask did not overlap than

when they did, F(1, 15) � 12.1, p � .05. Target–mask offset
asynchrony also had a main effect on performance: Overall, par-
ticipants were 9.9% more accurate when target and mask offset
together than when the mask trailed 300 ms after target offset, F(1,
15) � 30.89, p � .005. Critical to the current hypothesis, the
interaction between these two factors was also significant, F(1,
15) � 31.26, p � .005. Amount of masking was measured as the
difference in performance between the simultaneous-offset condi-
tion and the delayed-offset condition. There was a 19.4% masking
effect when the target and the mask were presented at the same
location, F(1, 15) � 31.85, p � .005, whereas there was no
significant masking effect when they were presented at different
locations (masking of 0.4%), F(1, 15) � 0.66, p � .05.

Although no detectable masking was observable in the analysis
focusing on collapsed mask locations, a small masking effect
caused by the presence of the mask at a location adjacent to the
target could have been obscured by the absence of masking at
farther locations. We tested this in a post hoc analysis in which the
nonoverlapping location trials were divided into three categories:
trials in which the mask had been presented at a location adjacent
to the target (adjacent condition), trials in which the mask had
been presented at the location opposite to the target on the circular
array (opposite condition), and trials in which the mask had been
presented somewhere in between the adjacent locations and the
opposite location (in-between condition). The resulting masking
effects were 0.78% in the adjacent condition, 1.37% in the oppo-
site condition, and 0.05% in the in-between condition. We sub-
mitted these data to a two-way within-subject ANOVA in which
the factors were distance from target and target–mask offset asyn-
chrony. Neither distance from target nor target–mask offset asyn-
chrony significantly influenced performance, F(2, 30) � 0.85, p �
.05, and F(1, 15) � 0.62, p � .05, respectively. Also, their
interaction was not significant, F(2, 30) � 0.08, p � .05.

Discussion

The results of Experiment 1 showed that OSM can occur even
when cue and mask are separate. Strong masking occurred when
the two appeared in the same location, but no reliable masking
occurred when the mask appeared at a different location from the
cue. This latter finding was unaffected by whether the mask
appeared as far away from the cue as possible in the display or in
an adjacent location. The results of Experiment 1 allowed us to
pursue the question of interest for this study: Is the physical
presence of the mask at the target location in the delayed-offset
condition necessary to cause OSM, or is the delayed presence of an
object token associated with the mask sufficient?

Experiment 2: OSM With Moving Masks

The specific instantiation of the question that we offered in the
introduction by way of illustration was actually a description of
our strategy for answering it. The idea was to use apparent motion
to separate the mask from the target location while maintaining a
continued object token of the mask. Experiment 2, then, was
similar to Experiment 1, but with events added to the trials that
were designed to influence object-token representations through
apparent motion. Also, as a means of increasing the number of
observations in the critical conditions (recall that the mask sur-

Figure 3. Results of Experiment 1: Accuracy as a function of target–
mask overlap and target–mask offset asynchrony. Error bars indicate
standard errors.
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rounded the target in only one of eight trials), masks appeared at
every location rather than at a single location.

There were four conditions, all of which began with the rings
and four-dot masks onsetting simultaneously and the rings offset-
ting a brief time later (see Figure 4). The first two conditions were
the standard simultaneous- and delayed-offset conditions. In the
other two conditions, the masks offset with the rings, thus appear-
ing to be simultaneous-offset conditions. However, at a variable
interstimulus interval (ISI) later, identical versions of the masks
were presented at positions slightly removed from the original
positions on the circumference of a larger circle (see right side of
Figure 4). When the ISI was short (17–34 ms), the masks were
perceived to move from their original locations to their new
locations. Thus, if considered in terms of object tokens, this was a
“delayed-offset” condition rather than a “simultaneous-offset”
condition, because the object token that was the ring–mask lin-
gered for 250 ms after the offset of the rings. We therefore
expected that if object tokens are the relevant level of representa-
tion for at least some component of OSM, then OSM should occur
in this condition, despite the mask and target offsetting simulta-
neously at the target location.

For the fourth condition, we chose an ISI that should have been
long enough (216–233 ms) that the masks would (ideally) be
perceived as offsetting at their original locations, and a set of new
objects would appear to onset at the new locations (Korte, 1915, as

cited in Kolers, 1972). This condition, then, unlike the short-ISI
condition just described, really was a simultaneous-offset condi-
tion, both with regard to local stimuli at the target location and
with regard to object tokens. Thus, we expected that if object
tokens are the relevant level of representation, OSM should not
occur in this condition, just as it does not occur in the standard
simultaneous-offset condition. To preview, both expected patterns
of results were generally attained, providing initial evidence for the
object-token–level component of OSM.

Method

Participants. Sixteen Pennsylvania State University undergraduate
students received extra credit in a psychology course for participating in
the experiment. All participants reported normal or corrected-to-normal
visual acuity.

Apparatus, stimuli, and task. The apparatus, stimuli, and task were the
same as in Experiment 1, except as noted. Eight 4-dot patterns were
presented in the search display, each surrounding either a distractor or the
target. This was done to reduce the total number of display types and
increase the number of observations in our critical conditions (as described
subsequently). In the short- and long-ISI conditions, all eight 4-dot groups
were presented at a new eccentricity of 3.8°, 1.9° away from their original
location and in line with fixation and their original location. This created
the impression that the 4-dot groups were moving directly away from
fixation in the short-ISI condition. An example of the display can be seen
in Figure 4.

Figure 4. Schematic of the sequence of events in Experiment 2. Masks were presented at all eight locations in
the search array. On the left is an example of a simultaneous-offset trial. On the right is an example of the
short-ISI and long-ISI trials. After the offset of the search array, the display went blank for either a short or a
long ISI, after which the masks were presented again at a new, more eccentric location. ISI � interstimulus
interval.
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Design. A one-factor, within-subject design was used. The indepen-
dent variable was mask-offset condition. This variable involved four levels.
In the first level, nothing was presented in the display after the offset of the
search array. This condition was equivalent to the simultaneous-offset
condition of Experiment 1. The second level was equivalent to the delayed-
offset condition of Experiment 1, in which masks trailed at their original
locations after the eight rings had been turned off. The third and fourth
levels represented the short-ISI and long-ISI conditions, respectively, in
which the four-dot groups were displayed at a new eccentricity shortly after
the search array had been turned off.

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

Procedure. The procedure was the same as in Experiment 1, except for
the following. The performance tracking between experimental blocks was
extended to a performance interval between 50% and 90%. This resulted in
an average SDPT of 28.3 ms, with a range of 16.7–33.4 ms.

After the practice block, participants completed six experimental blocks
of 64 trials each. Because of the shorter block length, no halfway breaks
were necessary within a block. Trial events are illustrated in Figure 4.
Trials for the simultaneous-offset and delayed-offset conditions were iden-
tical in timing to those of Experiment 1, except for individual differences
in SDPTs.

On the short-ISI–condition trials, after the search display had been
presented for the participant’s SDPT, the display went blank for an equal
amount of time. This blank screen was then followed by the presentation
of the eight 4-dot groups at their new eccentricity. They remained in view
for a presentation time calculated as 250 ms minus SDPT. Then the display
went blank once again, and an untimed response was recorded. On the
long-ISI–condition trials, after the search display had been presented for
the participant’s SDPT, the search display was turned off for a period equal
to 250 ms minus SDPT. This longer blank screen was then followed by the
presentation of the eight 4-dot groups at their new eccentricity for SDPT.
Then the display went blank again, and an untimed response was recorded.

Results

The data were submitted to a one-way repeated measures
ANOVA. The results are summarized in Table 1. There was a
significant main effect of mask-offset condition, F(3, 45) � 8.43,
p � .005. The masking effects for the delayed-offset, short-ISI,
and long-ISI conditions were calculated as the difference between
the simultaneous-offset condition and each of those conditions,

respectively. Confirming our predictions, planned comparisons
revealed a 6.9% masking effect in the delayed-offset condition,
F(1, 15) � 16.27, p � .005; a 5.8% masking effect in the short-ISI
condition, F(1, 15) � 6.17, p � .05; and no reliable masking effect
(0.9%) in the long-ISI condition, F(1, 15) � 0.41, p � .05.

Discussion

The results of this experiment suggest that at least part of OSM
can be attributed to processing at the object-token level of repre-
sentations of the target and mask. This follows because in both the
short-ISI condition and the simultaneous-offset condition, the tar-
get and mask offset together. However, masking was observed in
the short-ISI condition but not in the simultaneous-offset condi-
tion. Under our hypothesis, this difference occurred because the
motion signal in the short-ISI condition maintained the original
object-token representation from the target location to the final
mask location, and it is the delay of this representation, not the
delay of a stimulus at the target location, that is critical to OSM.
Notably, a post hoc comparison revealed that OSM in the short-ISI
condition was not reliably different from standard OSM in the
delayed-offset condition, F(1, 15) � 0.56, p � .05.

The results of this experiment are particularly striking when
they are compared with specific aspects of the results of Experi-
ment 1. Recall that in Experiment 1, a mask that appeared and
lingered in the delayed-offset condition at a location that was
adjacent to the target location (1.4° away) yielded no detectable
OSM. Yet, in Experiment 2, a mask that lingered in a position even
farther away than that (1.9° away) did cause OSM. The difference
is that in Experiment 1, the distant mask would not have been
represented by an object token that was associated with the target
location. In contrast, in Experiment 2 the motion signal should
have caused the distant mask to be represented by the same object
token that represented the stimuli at the target location. This
contrast provides strong support for the attribution of at least some
component of OSM to interference within object-token–level
representations.

The masking effect observed in Experiment 2 was not as large
as that observed in Experiment 1; however, this reduction in effect
size was consistent with the characteristic dependency of back-
ward masking on target presentation time: Backward-masking

Table 1
Mean Accuracy Rates and Masking Effects (in Percentages) as a Function of Mask Condition: Experiments 2–5

Experiment

Mask condition

Delayed offset Location mask Short ISI Long ISI

Simultaneous offset:
Accuracy Accuracy

Masking
effect

No mask:
Accuracy Accuracy

Masking
effect Accuracy

Masking
effect Accuracy

Masking
effect

2 87.4 80.5 6.9** 81.6 5.8* 86.5 0.9
3 80.3 63.2 17.1** 71.7 8.5** 77.4 2.9
4 87.0 59.5 27.5** 75.4 11.6** 87.2 �0.2
5 89.8 64.2 25.6** 80.6 9.2** 89.2 0.6

Note. The masking effect for a given mask condition was calculated as the difference between the simultaneous-offset condition (or the no-mask condition
in Experiments 4 and 5) and that mask condition. Refer to the text for details on the different mask conditions. ISI � interstimulus interval.
* p � .05. ** p � .005.
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magnitude decreases with increasing target presentation time (e.g.,
Breitmeyer, 1984). This follows because the longer the target is
presented, the more stable its representation becomes and the less
vulnerable it is, in the case of OSM, to substitution masking
through a reentrant process. Accordingly, masking magnitude de-
creased from 19.4% in Experiment 1 to 6.9% in Experiment 2, and
target presentation time (or SDPT) correspondingly increased by
39% (from 20.3 ms to 28.3 ms).

Most likely, the need for longer target presentation times
(tracked individually for each observer) in Experiment 2 was
caused by the increased complexity of the displays used. Unlike in
Experiment 1, the displays contained masks at all locations, which
increased the complexity of the search arrays. This change af-
forded a substantial advantage in that it allowed for a greater
number of observations in our critical conditions, but it may also
have been a reason for the reduced masking effects.

Regardless of the specific reasons for the difference in size of
the basic OSM across Experiments 1 and 2, the results would be
more compelling if the magnitudes of the masking effects were
more comparable. In Experiment 3, therefore, we attempted to
replicate Experiment 2 using displays that would increase the size
of the OSM. To preview, the same general pattern held with larger
masking effects.

Experiment 3: Replicating OSM With Moving Masks

Di Lollo et al. (2000) documented the dependence of OSM on
eccentricity. In particular, the amount of OSM increased when the
target was farther away from fixation. We took advantage of this
dependency to replicate Experiment 2 in a way that would yield
larger OSM effects. The design of Experiment 3 was the same as
that of Experiment 2, except that the radii of the circular arrays
were larger.

Method

Participants. Sixteen Pennsylvania State University undergraduate
students received extra credit in a psychology course for participating in
the experiment. All participants reported normal or corrected-to-normal
visual acuity.

Apparatus, stimuli, task, and design. The apparatus, stimuli, task, and
design were the same as in Experiment 1, except for the following. The
circular search array was 3.8° of visual angle in radius, instead of 1.9° as
in Experiment 1. In the short- and long-ISI conditions, the four-dot masks
were presented in a new circular array 5.7° of visual angle in radius, 1.9°
away from their corresponding location in the search array. The dots were
therefore equally distant from their corresponding locations in the search
array in Experiments 2 and 3.

Procedure. The procedure was the same as that of Experiment 2. The
average SDPT was 30.1 ms, with a range of 16.7–33.4 ms.

Results

The data were submitted to a one-way repeated measures
ANOVA. The results are summarized in Table 1. There was a
significant main effect of mask-offset condition, F(3, 45) � 34.95,
p � .005. The masking effects for the delayed-offset, short-ISI,
and long-ISI conditions were again calculated as the difference
between the simultaneous-offset condition and each of those con-
ditions, respectively. The pattern was similar to that observed in
Experiment 2. Planned comparisons revealed a 17.1% masking

effect in the delayed-offset condition, F(1, 15) � 50.65, p � .005;
an 8.5% masking effect in the short-ISI condition, F(1, 15) �
25.67, p � .005; and no reliable masking effect (2.9%) in the
long-ISI condition, F(1, 15) � 2.79, p � .05.

A post hoc between-subjects analysis comparing the standard
OSM effect that occurred in this experiment (17.1%) with the
smaller one that occurred in Experiment 2 (6.9%) confirmed the
dependence of OSM on eccentricity that was reported by Di Lollo
et al. (2000). This difference was reliable, t(30) � 3.46, p � .005.

Discussion

The results from Experiment 2 that were critical to our hypoth-
esis were replicated in Experiment 3. In particular, reliable OSM
occurred in the short-ISI condition but not in the long-ISI condi-
tion. This confirms the attribution of at least some component of
OSM to interference within object-token–level representations.

A final aspect of the results merits discussion. Although the
difference in OSM between the short- and long-ISI conditions was
replicated in Experiment 3, another aspect of the results was
different from that of Experiment 2. In particular, the amount of
OSM in the standard delayed-offset condition was greater than that
in the short-ISI condition. This difference was confirmed by a post
hoc comparison, F(1, 15) � 34.81, p � .001. We believe that this
difference can be attributed to the lower level component of OSM.
Recall from the introduction that, as with other forms of backward
masking, the low-level component of OSM is hypothesized to
occur within image-level representations. In contrast, the high-
level component, the one that we were concerned with in this
study, is hypothesized to occur within object-token representa-
tions. Both of these components contribute to OSM in the standard
condition, whereas only the object-token–level component can
contribute to masking in the motion condition. This could lead to
greater OSM in the standard condition than in the short-ISI con-
dition. In Experiment 2, the overall smaller masking effects might
have obscured this more subtle aspect of the data.

Experiment 4: Masking Without a Mask
at the Target Location

In Experiment 4, we further tested the power of a continued
object token associated with the target location to cause OSM. The
mask at the target location was eliminated altogether, and the
stimulus information used to support the motion signal was re-
duced to a single dot (see Figure 5). These conditions would allow
for updating of the information associated with the object token
from the target location and, hence, would yield object-level
masking. They would not, however, allow for the disruption of
processing of low-level information and, hence, would not yield
any image-level masking because there is no mask at that level. If
OSM were observed under these conditions, this would provide the
strongest evidence so far of the role of object-token representation
in OSM.

We tested four conditions in this experiment. The first was a
control condition in which only the search array was presented (no
masks). In the second condition, a one-dot mask was presented at
the target location, after target offset (location mask). We expected
to find at least some masking in this condition, because it is much
like the standard delayed-offset condition. In our third and fourth
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conditions, a one-dot mask was presented at a more eccentric
location than the target, as in Experiment 2, after either a short or
a long ISI. The short-ISI condition was the critical condition in
which we expected to find masking, even though no masks were
presented at the target location and the object token was main-
tained by virtue of only a single eccentric dot presented after the
target display. The long-ISI condition was a control condition. No
masking was expected in this condition because, as in Experiments
2 and 3, the late-presented dot should be perceived as representing
a different object than the target.

Method

Participants. Sixteen Pennsylvania State University students received
extra credit in a psychology course or $6 for participating in the experi-
ment. All participants reported normal or corrected-to-normal visual
acuity.

Apparatus, task, and procedure. The apparatus, task, and procedure
were the same as in Experiment 2. The average SDPT was 19.8 ms, with
a range of 16.7–33.4 ms.

Stimuli. Stimuli were identical to the ones used in Experiment 2,
except for the following. Instead of eight 4-dot groups as masks, 8 single
dots, 0.19° in size, were used as masks. In addition, the circular search
array did not include any masks; only the target and distractor rings were

displayed on this array. After the search array had been presented, the
single-dot masks were presented either at each of the eight locations in the
array or in a new circular array 3.8° of visual angle in radius, 1.9° away
from their corresponding location in the search array, as in Experiment 2.

Design. As in Experiments 2 and 3, a one-factor, within-subject design
was used. The independent variable, mask condition, involved four levels
that were similar to the four levels of Experiments 2 and 3. The
simultaneous-offset condition was replaced by a “no-mask” condition in
which nothing occurred after the presentation of the search array. The
delayed-offset condition was replaced by a “location-mask” condition in
which, after a short ISI, eight dots appeared at the same location as the
rings. The short-ISI and long-ISI conditions were equivalent to those of
Experiments 2 and 3: After a variable amount of time, the eight small dots
were presented at new locations, farther away from fixation.

Practice and performance tracking were the same as in Experiment 1.
For brevity, participants completed only four experimental blocks of 64
trials each. This resulted in 64 observations in each of the four experimen-
tal conditions.

Results

The data were submitted to a one-way repeated measures
ANOVA. The results are summarized in Table 1. There was a
significant main effect of mask condition, F(3, 45) � 37.61, p �

Figure 5. Schematic of the sequence of events in Experiment 4. No masks were presented in the search array.
On the left is an example of a no-mask trial. On the right is an example of the short-ISI and long-ISI trials. After
the offset of the search array, the display went blank for either a short or a long ISI, after which the single-dot
masks were presented at a farther eccentricity than the items in the search array. In the location-mask trials (not
illustrated here), the presentation of the search array was followed by a blank display for a short-ISI duration.
The blank display was then followed by presentation of the single-dot masks, at the same locations as the items
in the search array. ISI � interstimulus interval.
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.005. The masking effects for the location-mask, short-ISI, and
long-ISI conditions were calculated as the difference between the
no-mask condition and each of those conditions, respectively. The
pattern was similar to those observed in Experiments 2 and 3.
Planned comparisons revealed a 27.5% masking effect in the
location-mask condition, F(1, 15) � 85.90, p � .005; an 11.6%
masking effect in the short-ISI condition, F(1, 15) � 11.90, p �
.005; and no reliable masking effect (�0.2%) in the long-ISI
condition, F(1, 15) � 0.02, p � .05.

Discussion

The results of Experiment 4 show that OSM can be obtained
even when no mask ever appears at the target location and the
object-token representation that is associated with the target is
maintained by only a single dot at an eccentric location. This is the
strongest evidence to date that at least some component of OSM is
occurring at the level of object-token representations.

To clarify, the argument is that the spatiotemporal properties of
the dot (appearing a brief time later at a location nearby the target
location) support the perception of a single object that moves from
the target location to the dot location. Thus, OSM occurs in this
condition because the stimulus attributes of the object at the ending
location are different from those of the original target. The original
target information is lost through an updating process, resulting in
poor performance on the identification task. In a manner of speak-
ing, the target may end up masking itself in this condition, because
there can be no low-level component of masking in this case.

It should be noted that the location-mask condition produced
greater masking than the short-ISI condition (27.5% vs. 11.6%), as
revealed by a post hoc analysis, F(1, 15) � 21.09, p � .005. This
is similar to the greater masking observed in the standard delayed-
offset condition than in the short-ISI condition of Experiment 3.
Under the working conceptualization of OSM adopted here, one
likely reason for this difference is that both the image-level and
object-token–level components of OSM are active in this condi-
tion. At face value, however, it seems unlikely that a single dot
could be sufficiently powerful to disrupt image-level processing to
the extent necessary to produce a 16% difference. Rather, we
believe that, in addition to the image-level component, the object-
token component played a greater role in the static condition than
in the short-ISI condition. The reason is that the object-token
representation did not have to be integrated over both space and
time to be maintained. At this point, however, this is only
speculation.

Experiment 5: Controlling for Mask Energy

In the final experiment, the goal was to replicate the findings of
Experiment 4 while controlling for mask energy. In Experiment 4,
as well as in Experiments 2 and 3, mask presentation time was
shorter in the long-ISI condition than in the short-ISI condition.
This difference in mask presentation time was introduced to equate
the time from target onset to mask offset across all masking
conditions. However, it also resulted in masks of higher energy in
the short-ISI than in the long-ISI condition. Higher energy masks
usually lead to larger amounts of backward masking than do lower
energy masks in the case of standard low-level masking (e.g.,
Breitmeyer, 1978; Spencer & Stuntich, 1970; Weisstein, 1971).

Thus, it is possible that the difference in masking magnitude
between the short- and long-ISI conditions observed in the current
experiments was driven by the difference in mask energy across
these conditions rather than isolation of the higher level compo-
nent of OSM, as we have suggested.1 Indeed, in Experiments 2–4
we found significant masking effects in the short-ISI conditions,
when mask presentation times were long (i.e., when mask energy
was larger), and no masking effects in the long-ISI conditions,
when mask presentation times were short (i.e., when mask energy
was smaller). To test for this alternative, in Experiment 5 we
equated mask presentation times across all of the masking condi-
tions (short ISI, long ISI, and location mask) while making no
other changes from the design of Experiment 4.

Method

Participants. Sixteen Pennsylvania State University students received
extra credit in a psychology course for participating in the experiment. All
participants reported normal or corrected-to-normal visual acuity.

Apparatus, task, stimuli, and design. The apparatus, task, stimuli, and
design were the same as in Experiment 4.

Procedure. The procedure was identical to that of Experiment 4,
except for the following. The mask presentation time in the long-ISI
condition was made equal to the mask presentation time in the short-ISI
and location-mask conditions. Thus, in all conditions, the masks lingered in
the display for an interval equal to 250 ms minus SDPT. As in Experiment
4, the masks onset at the designated SDPT in the location and short-ISI
conditions and at 250 ms minus SDPT after target offset in the long-ISI
condition. The average SDPT was 21.6 ms, with a range of 16.7–33.4 ms.

Results

The data were submitted to a one-way repeated measures
ANOVA. The results are summarized in Table 1. There was a
significant main effect of mask condition, F(3, 45) � 39.98, p �
.005. The masking effects for the location-mask, short-ISI, and
long-ISI conditions were calculated as the difference between the
no-mask condition and each of those conditions, respectively. The
pattern was identical to that observed in Experiment 4. Planned
comparisons revealed a 25.6% masking effect in the location-mask
condition, F(1, 15) � 56.36, p � .005; a 9.2% masking effect in
the short-ISI condition, F(1, 15) � 20.92, p � .005; and no reliable
masking effect (0.6%) in the long-ISI condition, F(1, 15) � 0.13,
p � .05.

Discussion

The results of Experiment 5 confirmed that the lack of a mask-
ing effect in the long-ISI condition was not due to the mask energy
being smaller in that condition than in the short-ISI condition. In
Experiment 4, mask presentation time was smallest in the long-ISI
condition, when no masking was found. In Experiment 5, however,
we increased mask presentation time to match the duration of the
short-ISI mask and still found no masking in the long-ISI condi-
tion. Thus, together these results strongly suggest that the lack of
a masking effect in the long-ISI condition is really due to the
absence of a motion signal linking the trailing mask to the earlier
target rather than to the low energy of the mask in that condition.

1 We thank Haluk Ogmen for pointing out this possibility.
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General Discussion

The experiments reported here demonstrate that at least some of
the masking effect that has been labeled OSM does indeed occur
at the level of object representations rather than only at earlier
levels of image processing. In standard OSM procedures (e.g., Di
Lollo et al., 2000), the mask is delayed in time and continues at the
same location in the condition in which the masking occurs. In
contrast, in the critical conditions of the present study, the mask
was delayed in time but continued at a different location. This was
achieved by having it move away from the target location at the
time of target offset. Even though no mask lingered at the target
location, substantial OSM occurred. This means that masking can
occur at the level of representation that was common to the target
and the displaced mask. We have referred to this level of repre-
sentation as the object token, which is a representation of the
object as it moves, and perhaps changes properties, through time
and space. The masking observed in these critical conditions
reflects the object-level component of OSM separated from lower,
image-level interference.

Experiments 4 and 5 provided the strongest demonstration of
this effect. In these experiments, no mask ever appeared at the
target location. Rather, a single dot was presented some distance
(1.9°) from the target location shortly after target offset. This dot
served to support the perception of a moving object that began as
the target and then moved from the target location to the dot,
having changed its identity along the way (i.e., morphing): hence
the description “when the target becomes the mask” in the title of
this article. Despite there having never been any mask at the target
location, robust OSM was observed.

The masking that occurred in the critical condition of Experi-
ments 4 and 5 cannot be attributed to interference at a low level of
processing, such as the extraction of information from the iconic
representation. This follows because there was no opportunity for
masking of this sort to occur. At most, the dot mask off to the side
was similar to a lateral postcue in a partial report task, such as a bar
pointing to the location of a to-be-reported item (as in Averbach &
Coriell’s, 1961, experiments). At delays comparable to those used
in the present study, lateral bar markers were insufficient to disrupt
the extraction of information from the iconic representation, al-
though a ring surrounding the target item was sufficient to do so.
The single dot in Experiment 4 was a less substantial stimulus than
a lateral bar marker, and it was farther away from the target item
than the bar markers in Averbach and Coriell’s experiments. Thus,
the OSM that occurred in those conditions of Experiment 4 must
have involved interference at a different level of representation,
such as that which we have been referring to as object tokens.

OSM or Metacontrast Masking?

Because the conditions under which OSM occurs most closely
resemble those under which metacontrast masking occurs, it is
reasonable to ask whether it is possible that the masking observed
in the short-ISI condition was due to metacontrast masking instead
of token-level masking. There are several reasons to believe that
target interference was not caused by metacontrast masking in
these conditions. First, as in other reports of OSM, the features of
our masks did not satisfy the image-level requirements that appear
to be necessary to observe metacontrast masking. Specifically, the

strength of metaconstrast masking depends tightly on image char-
acteristics such as the similarity and proximity between target and
mask contours. In particular, more similar and closer target and
mask contours result in larger amounts of metacontrast masking. In
our experiments, target and mask not only were very dissimilar but
were presented at different locations. In Experiments 2 and 3, the
mask consisted of four tiny (one-pixel-wide) dots. In Experiments
4 and 5, the mask consisted of a single dot (0.19° of visual angle
in diameter). In contrast, the target in all of the experiments was a
much larger circle (three times wider than the single-dot mask)
with a gap on one side. Moreover, the masks were presented 1.9°
away from the target in all short-ISI conditions.

A second reason for thinking that the target suppression ob-
served in our short-ISI conditions was not due to metacontrast
masking is that the timing of the masks in conditions in which
masking was observed in this study often failed to satisfy the
temporal requirements of metacontrast masking. One of the defin-
ing features of metacontrast masking is the temporal U-shaped
dependence of masking strength on stimulus onset asynchrony
(SOA; see Breitmeyer, 1984, for a comprehensive review of this
temporal dependency). For small SOAs (0 ms to approximately 30
ms), no masking is usually observed. As SOA increases beyond 30
ms, masking strength increases and peaks at approximately 100
ms. For longer SOAs, masking strength decreases until masking is
no longer observed at approximately 180 ms. In the current Ex-
periments 4 and 5, which involved identical short-ISI conditions,
the average SOAs were 39.6 and 43.2 ms, respectively, both on the
lower end of the SOAs that produce metacontrast. Yet, strong
masking effects were found in both experiments (11.6% and 9.2%,
respectively). In addition, the larger masking effect was observed
with the smaller SOA, revealing a temporal dependency opposite
to what would be observed with metacontrast masking.

In summary, the masks used in this study shared neither the
image-level stimulus characteristics nor the temporal characteris-
tics on which metacontrast masking depends. Therefore, it is
unlikely that the masking effects in the short-ISI conditions were
due to metacontrast masking rather than to token-level masking, as
we have concluded.

What Is “Substituted” in OSM?

In addition to providing evidence that at least some of the
interference that causes OSM occurs at the level of object repre-
sentations, the present study provides some insight into the nature
of that interference. As the label “object substitution masking”
suggests, disruption of processing was initially conceptualized as
being caused by the “substitution” in consciousness of the target
plus mask (or, in some conditions, the target alone) by the mask
alone (Enns & Di Lollo, 1997). Replacing the only representation
of the target that had yet been established with a representation of
the mask alone would effectively eliminate any further opportuni-
ties for identifying the target, thereby resulting in severe masking.
One interpretation of the term substitution is that there are multiple
object tokens, and one comes to replace another. An alternative
interpretation is that there is a single object token, and the infor-
mation that is associated with that object token is updated (i.e.,
replaced) by newly available information as the object moves (or
does not move) through time and space. This second interpretation
is essentially the same as that of “object files” being updated with
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new incoming information, a construct that has been developed in
several different contexts by Kahneman and Treisman and their
colleagues (e.g., Kahneman & Treisman, 1984; Kahneman et al.,
1992).

The question that arises given these two alternative conceptu-
alizations of the substitution process can be stated in the following
way: Is the object-level component of OSM, which was isolated in
the present experiments, caused by the representation of one object
replacing the representation of a different object in consciousness,
or is it caused by a process whereby information within the
representation of a single object is updated with newly available
information. In object-file terms, the question concerns whether a
new object file is created by the lingering mask or whether new
information, provided by the lingering mask, is inserted into an old
object file.

The results reported here, especially those of Experiments 4 and
5, suggest that the updating alternative captures the nature of the
object-level component of OSM better than does the replacement
alternative. The goal of the critical motion conditions in Experi-
ments 2–5 was to establish a perception of a single object moving
(and perhaps changing) through space. Assuming that this percep-
tion was achieved, the disruption could have occurred only through
the updating of information that was associated with that single
object token, because there was no second object token with which
to replace the old one. The long-ISI conditions in those experi-
ments, in contrast, were designed to support the perception of new
objects appearing at the new locations, and OSM failed to occur in
these conditions. This overall pattern is more consistent with the
interference having been caused by the replacement of old infor-
mation by new information within a single object representation
than it is with the interference having been caused by the repre-
sentation of a new object replacing the representation of an old
object.

OSM and Spatial Attention

Two recent articles on OSM have reported results that appear to
conflict with those from our Experiment 1 (Jiang & Chun, 2001;
Neill et al., 2002). When considered in detail, however, the con-
flicts can be attributed to methodological differences. Moreover,
when taken as a whole, the set of articles provides some insight
into the role of spatial attention in OSM. We consider these articles
in turn, followed by a discussion of the possible role of spatial
attention in OSM.

Recall that the main goal of Experiment 1 of the present study
was to dissociate the role of the mask and cue in the standard OSM
procedure. For reasons different from ours, Neill et al. (2002)
sought the same dissociation. To do so, they presented participants
with two letters, one on each side of fixation. Then an arrow at
fixation pointed to one of the two letters to indicate the target
letter, and four-dot masks surrounded both letters. As we did, Neill
et al. found that OSM occurred when a mask was delayed at the
target location, even though the target was indicated by something
other than the mask. However, they also observed a small but
reliable (1.9%) amount of masking when a mask was delayed at
the uncued location. In our experiment, no detectable masking
occurred at any of the uncued locations.

Neill et al. (2002) interpreted the small amount of OSM at the
uncued location as being caused by the lingering mask at that

location overriding the arrow cue and capturing attention away
from the target item on a small proportion of trials. This was less
likely to occur in our experiment, because the cue indicating the
target was a difference in luminance of the target stimulus itself.
Because observers were searching for this feature difference, it
should have captured attention to the target item more effectively
than a central arrow cue could have directed attention to it (see
Folk, Remington, & Johnston, 1992; Johnson, Hutchison, & Neill,
2001; Theeuwes, 1991, 1994; Turatto & Galfano, 2001). More-
over, exogenous cues (e.g., luminance differences) take less time
to process than do endogenous cues (e.g., central arrows; see
Coull, Frith, Buchel, & Nobre, 2000; Juola, Koshino, & Warner,
1995; Theeuwes, 1991, 1994; Turatto et al., 2000). Therefore,
attention would have been susceptible to capture for a shorter
period of time in our experiment than in Neill et al.’s experiment.
Taken together, then, it is likely that attention was captured to the
uncued location more often in Neill et al.’s experiment than in our
experiment, providing a possible explanation for the small amount
of OSM that they observed at uncued locations and that we did not.

Jiang and Chun (2001) were not concerned with the dual role of
the mask as both cue and mask; rather, they were concerned with
the role of the location of the mask in OSM. They presented
participants with circular arrays of eight letters each. As in the
standard OSM procedure, the target was determined by the pres-
ence of a four-dot mask. In their study, however, the dots appeared
at one of three different locations with respect to the target. In one
condition, the four dots surrounded the target letter, as in a stan-
dard OSM experiment. In the other two conditions, the four dots
were presented in a location adjacent to the target (1.1° away from
it), either to the central or the peripheral side of the target. They
consistently found OSM when the mask was presented at either of
these adjacent locations (42%). These findings appear to conflict
with those of Experiment 1 of the present study, in that no reliable
masking occurred in that experiment when the mask was presented
at a location adjacent to the target (0.78%), although a large and
reliable amount of masking occurred when the mask surrounded
the target (19.4%). Because the adjacent location in our Experi-
ment 1 was only 1.4° away from the target, our conditions were
relatively similar to the adjacent conditions used in Jiang and
Chun’s experiment. Yet, they found large amounts of reliable
OSM, and we found none.

This apparent conflict between the results from Jiang and
Chun’s study (2001) and the results from our Experiment 1 can be
resolved within the context of the interpretation of OSM that we
have offered here. Note a critical difference between the adjacent
conditions in the two studies. In our Experiment 1, the adjacent
location was initially occupied by both one of the distractors in the
search array and the mask. When the mask subsequently lingered
in the display, its token representation was associated with that of
the distractor that it previously surrounded, and not with that of the
adjacent target (see Kolers, 1972, for a related discussion in the
case of apparent motion). As a result, the target’s decaying trace
was not masked, and the visual system was able to use this trace
to generate the target’s representation. This would account for the
lack of a masking effect in the adjacent condition of our Experi-
ment 1.

In contrast, in Jiang and Chun’s (2001) experiment, the location
adjacent to the target was always a “new” location, in the sense
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that it was not occupied by any of the items in the search array.2

Furthermore, in the search array, the closest item to the mask was
the target. Thus, it is possible that a motion signal may have linked
the target stimulus to the mask stimulus. Note that Di Lollo,
Bischof, and Dixon (1993) demonstrated that apparent motion is
perceived when two stimuli onset simultaneously, one stimulus
offsets soon afterwards, and the second one lingers in the display,
just as the target and mask did in Jiang and Chun’s study. This
target–mask token association could then have been responsible
for the strong masking effects observed in Jiang and Chun’s
adjacent condition. Finally, it must also be noted that Jiang and
Chun used the mask as a spatial cue to identify the target item in
the search array. It was therefore all the more likely that, in their
experiment, participants would group target and mask stimuli
together.

Taken together, the results from all three of these studies (the
present study; Jiang & Chun, 2001; and Neill et al., 2002) can be
understood in terms of whether or not the trailing mask in the
delayed-offset condition was attended. When it was, OSM oc-
curred; when it was not, no reliable OSM occurred. This indicates
an important role of attention in the masking process and, in turn,
points to OSM reflecting interference at a relatively high level of
representation, as Enns and DiLollo (1997; Di Lollo et al., 2000)
posited in their initial introduction of OSM and as the main
findings of the present study bear witness.

Note that the role of attention implicated here appears to be one
that is in addition to that implicated by the initial studies of OSM.
The link between OSM and attention drawn by Enns and Di Lollo
(1997), for example, was that for OSM to occur, attention had to
be distributed throughout the visual field, or at least it could not be
focused directly on the target (see also Di Lollo et al., 2000). Here
the implication is that in addition to this, OSM occurs when
attention is later allocated to the trailing mask. If the target is
attended before it offsets and the mask remains alone, or if the
mask is never attended as it lingers after target offset, then ob-
servers are protected from OSM.

To the extent that both distributed attention before target onset
and focused attention on the lingering mask are necessary condi-
tions for OSM to occur, an understanding of the role of attention
in OSM begins to emerge. In particular, these conditions would
lead first to observers having a relatively fragile—and hence
overwritable—representation of the target, as a result of it having
not been directly attended. Combining that fragile representation
with relatively strong incoming information from the mask, as a
result of it having been attended, could optimize circumstances for
the mask information to overwrite the target information. Such
conditions could easily result in the phenomenology of “invisible”
targets that characterizes OSM.

OSM and Apparent Motion

Finally, although the present study was not directly concerned
with apparent motion, we did use it as a means of controlling the
hypothesized updating process and object-token representations in
the scene. Implicit in this use of apparent motion is an understand-
ing of a link between it and backward masking, such as OSM, that
is worth making explicit.

A large number of researchers have contrasted backward mask-
ing—metacontrast masking in particular—and apparent motion.

Many have argued, or adopted the position, that although meta-
contrast masking and apparent motion can be dissociated, they
nonetheless engage a common component (e.g., Breitmeyer et al.,
1974; Breitmeyer & Williams, 1990; Didner & Sperling, 1980; Di
Lollo et al., 1993; Fisicaro, Bernstein, & Narkiewicz, 1977; Kah-
neman, 1967; Weisstein & Growney, 1969; but see Stoper &
Banffy, 1977; von Gruenau, 1978, 1981). At least one aspect of
that common component, we suggest, is the updating process that
we have argued also gives rise to OSM.

The processes that end up causing interference in an OSM
paradigm may reflect a critical component in the process of main-
taining a meaningful representation of an object as it moves
through space and time in natural settings. Imagine, for example,
a scene in which a ball bounces through different locations. A
single object-token representation of the ball is initially created.
Then as the ball bounces, some of the attributes that are associated
with it (e.g., its location, its illumination, its color, its direction of
movement, and its speed) change, resulting in the updating of that
information in its object-token representation. Regardless of the
specific changes, the ball is perceived to be a single object
throughout its motion. The updating process that has been hypoth-
esized to account for OSM may be the process that normally serves
to link previous states of the ball with present states of the ball
while maintaining the perception of a single ball bouncing.

Kolers and Pomerantz (1971; see also Kolers, 1972) studied this
linking phenomenon in apparent motion and showed how it can
overwrite substantial changes in the shape of the moving object. In
fact, any two shapes that are presented in succession can be
perceived to be one and the same object moving across the two
locations, as long as the spatial and temporal separation between
the two shapes supports the perception of apparent motion in the
case of identical shapes. For example, when a square and a triangle
are presented at two different locations in somewhat rapid succes-
sion, participants perceive a square moving and turning into a
triangle rather than an initial square followed by a separate trian-
gle. In this case, the square token is linked to the representation of
the subsequent triangle, and the moving square is thereby trans-
formed into a moving triangle. Kolers and Pomerantz referred to
this phenomenon as “plastic deformation,” and we believe it is in
no way different from the token updating that takes place during
OSM. Under this view, the relationship of OSM to this updating
process is like that of visual illusions to normal perceptual pro-
cesses; it is a limitation that can be used as a tool to reveal
characteristics of normally functioning systems.

Conclusion

The present study contributes to the growing body of evidence
that OSM does include a high-level component (Di Lollo et al.,
2000; Enns & Di Lollo, 1997). In particular, the data suggest that,
in addition to the usual image-level interference that can occur
when a mask remains at the target location, interference can also
occur at the level of updating information that is associated with
the object token that, initially anyway, represented the target. If a
mask is perceived as the continuation of an object that was at one

2 We thank Brian Scholl for pointing out this important difference
between these two studies.
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time the target, and it remains in the visual scene after the target
itself is no longer available, then the information associated with
that object token will be updated to include only that which is
available in the mask. This process will effectively wipe out any
information that was established for the target, rendering it unre-
portable. In conjunction with results from previous studies, the
present results also suggest that, to be susceptible to masking of
this sort, the target must be initially unattended and the mask must
eventually be attended. These conditions have yet to be confirmed
as being necessary. To the extent that they are, however, they
indicate an important role for attention in this updating process,
one that may be reflected not only in OSM, which reveals a
limiting consequence of it, but in perception of objects as they
move and change through space and time.
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