
An important component of successful visual percep-
tion is the ability to keep track of information as belong-
ing to the same entities from one moment to the next. As 
an observer moves about the environment, and the envi-
ronment about the observer, objects need to somehow be 
linked into persisting representations. While this process 
of object persistence is critical, it is not obvious how best 
it should be accomplished. On one hand, it would be too 
taxing on our visual system to remember every detail from 
one view of the world to the next, such that each view can 
be compared with the previous one. From what is known 
of attentional processing and memory, even a limited ver-
sion of such a system is just not feasible. However, on the 
other hand, it seems maladaptive to encode nothing, sim-
ply letting the outside world act as its own memory. While 
this is a philosophical stance (e.g., O’Regan & Noe, 2001) 
and can be used as a successful strategy when implement-
ing scene perception for robotic locomotion (Michels, 
Saxena, & Ng, 2005), clearly some amount information is 
stored in memory at any given moment. Yet, the questions 
then become, how much information, and of what sort?

A useful framework for addressing the nature of ob-
ject persistence is the object file theory (e.g., Kahneman, 
Treisman, & Gibbs, 1992). According to this theory, in-
formation about various visual entities is bound together 
into object files—episodic visual representations that use 
spatiotemporal information to track entities over time and 
motion and that store (and update) information about the 
objects. That is, object files provide a means to bind visual 
features (e.g., shape, color) into units and to keep track of 
bound features as “the same unit” from one moment to the 
next. Note there are a few critical assumptions to this defi-

nition: (1) Object files are episodic in nature, temporarily 
representing information in the here and now; (2) object 
files are indexed, or tracked, via spatiotemporal informa-
tion (location and time); and (3) object files store surface 
feature information.

Object files are most directly explored through the object- 
reviewing paradigm—a simple visual task that allows for 
an assessment of persisting objecthood over time (Kahne-
man et al., 1992). Observers view a preview display in 
which visual information is presented on various objects. 
For example, the letter S appears in a square on the left 
side of a display and the letter G appears in a square on the 
right. The letters disappear and the squares move, (e.g., 
the left square moves to the top and the right square moves 
to the bottom) and a target letter then appears in one of the 
squares and observers simply name this letter as quickly 
as possible. Typically, observers are slightly quicker to re-
spond when the target letter appears on the same object 
in which it had originally appeared than when it appears 
on the other object. So observers would be quicker to say 
“S” if the letter S appeared on the final top square than on 
the bottom square. Critically, this response time benefit 
cannot be explained by general priming: Both letters were 
present in the original display, equidistant from the target 
letter location. The only thing underlying this response 
time benefit is objectness: Observers respond faster when 
the target appears on the same object.

Since the introduction of the object file theory, a num-
ber of aspects have been explored in depth. Several studies 
examined the nature of the information stored in object 
files (e.g., Gordon & Irwin, 1996, 2000; Henderson, 1994; 
Henderson & Anes, 1994). For example, it was shown that 
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the stored information is abstract and flexible: If observ-
ers see a picture of a fish during the preview display, they 
will be quicker to read the word fish if it appears on the 
object the picture was previewed on than if it appears on 
a different object (Gordon & Irwin, 2000). Other studies 
have explored the rules that guide the operation of object 
files, examining how they are created, maintained, and 
destroyed (e.g., Mitroff, Scholl, & Wynn, 2004, 2005a, 
2005b; Noles, Scholl, & Mitroff, 2005). For example, one 
study found that when an object split into two, the associ-
ated object file was maintained, although it was attenuated 
(Mitroff et al., 2004).

One issue that has not been explored more deeply 
though, is the assertion that object files are solely in-
dexed through spatiotemporal information (Kahneman 
et al., 1992). All previous evidence for persisting object 
representations has come from studies in which an ob-
ject is perceived to move from one place to another such 
that a spatiotemporal correspondence is apparent. When 
discussing object file representations, there must exist a 
necessary reliance upon visual memory such that specific 
representational information is needed to maintain objects 
as being the same. In the seminal paper on object files by 
Kahneman et al., the authors were clear that spatiotem-
poral information is the one and only means with which 
objects files can be maintained. Similar to the concept 
of FINST (e.g., Pylyshyn, 1989), the object file theory 
suggests that an object’s surface feature and identity in-
formation may be stored independent of where the object 
happens to be and a spatiotemporal pointer allows for the 
tracking of the object. When an object moves or changes 
in some fashion, it is reassessed based upon its location 
with respect to time and if there is a sufficient spatiotem-
poral match, it is deemed to be the same object, and only 
then are the contents accessed.

Spatiotemporal correspondence is not an issue unique 
to the object file theory. It has played an important role, 
for example, in multiple object tracking (e.g., Scholl, 
Pylyshyn, & Franconeri, 1999), apparent motion (e.g., 
Dawson, 1991), and within the infant visual cognition lit-
erature (e.g., Wilcox & Chapa, 2004). As such, it is critical 
to understand how privileged spatiotemporal information 
really is. Similar to what has been asked in other literatures 
(e.g., Flombaum & Scholl, 2006; Navon, 1976; Scholl, 
2001), here we ask whether nonspatiotemporal informa-
tion can drive the computation of object persistence. Kah-
neman et al. (1992, Experiment 6) used a pseudoapparent 
motion paradigm to explore whether color alone could 
drive response time differences in the object-reviewing 
paradigm. Observers viewed a preview display of two let-
ters, drawn in different colors, presented in white squares 
(one above and one below center). The colored letters dis-
appeared and then two new squares appeared, one to the 
left and one to right of center. After a brief delay, the first 
two squares disappeared and a target letter appeared in 
one of the remaining squares. Observers were no quicker 
to respond if the target letter was the same color as when 
it was previewed than if it was a different color, suggest-
ing that color alone cannot drive the computation of ob-
ject files. However, this was not necessarily a fair test: 

By having the four squares all briefly present at the same 
time, it was clear that the objects at the end were not the 
same objects as those at the beginning. If object files keep 
track of entities as being the same objects, then there was 
no reason to expect any effect in this situation, regardless 
of whether or not color can underlie the computation of 
object files.

In three experiments and three subsequent control 
experiments, we reexamine whether surface feature in-
formation can underlie object persistence in the object-
reviewing paradigm. In Experiment 1, we test the single 
surface feature of color. In Experiment 2, we examine 
color, shape, size, luminance, and topology (whether or 
not there is a hole in the object). In Experiment 3, we test 
color, shape, size, luminance, topology, and polarity. If 
we find that surface features can drive object files, it will 
expand the current understanding of the nature of object 
persistence. Alternatively, if we corroborate the original 
claims of Kahneman et al. (1992), we will provide evi-
dence for a rather strict constraint upon the visual system’s 
ability to keep track of objects over time.

Method

The three primary experiments use the same methods, except 
where noted below.

Participants
Observers were members of the Duke University community and 

were paid or received course credit for their participation. All had 
normal, or corrected-to-normal, vision and none reported being color-
blind. If an observer’s mean response time or accuracy rate was more 
than two standard deviations from the group mean (calculated for 
each experiment independently), their data were removed from all 
additional analyses. Ten observers participated in Experiment 1; 33 
participated in Experiment 2, with the data from 4 outliers removed 
(2 for response time and 2 for accuracy); and 21 observers participated 
in Experiment 3, with data from 2 removed (both for accuracy).

Apparatus and Materials
Stimulus presentation and data collection were accomplished with 

a G4 Macintosh computer with a 19-in. CRT monitor, using custom 
software written with the VisionShell graphics libraries (Comtois, 
2006). Observers sat, without head restraint, approximately 50 cm 
from the monitor in a dimly lit room (all visual angle calculations are 
estimated with this distance). Stimuli were presented against a solid 
white background (except for in Experiment 3, which had a medium 
gray background). Preview and target letters were drawn in a black 
monospaced font, subtending 1º. The letters were drawn without 
replacement from the set [K-M-P-S-T-V] for Experiments 1 and 2 
and from [K-M-P-S-T-V-X-F-H-R] for Experiment 3.

Within each experiment there were two trial types— spatiotemporal 
and feature. In all three experiments, the spatiotemporal trials were 
as follows (see Figure 1): Each trial began with two identical squares 
(1.90 deg2), presented as black outlines, 4.75º to the left and right 
of the center of the display (all distances are calculated to the center 
of the objects). When the squares moved, they traveled a curvilinear 
path, either clockwise or counterclockwise, such that they ended 
4.75º above and below center. The feature trials differed by experi-
ment, and the stimuli were as follows (see Figure 1): In Experi-
ment 1, the preview display consisted of two squares (1.90 deg2), 
4.75º to the left and right of center. One of the two squares was 
colored blue and the other was red (color assignment varied across 
trials and was counterbalanced across the experiment). The squares 
reappeared in the target display 4.75º above and below center with 
one blue and the other red. In Experiment 2, the spacing and lo-
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cations were the same as in Experiment 1, but the objects’ surface 
features differed. One was blue, square, large (2.40 deg2), relatively 
dark, and had a small hole in the bottom right quadrant. The other 
was red, circular, small (1.40º in diameter), relatively bright, and 
did not have a hole. Other than the hole in the square, both were 
solid objects. In Experiment 3, the objects were identical to those 
from Experiment 2, except that the hole was relatively larger and 
nonuniform (see Figure 1). Note also that in Experiment 3 the red 
object was brighter than the gray background and the blue object 
was darker, resulting in a polarity difference.

Procedure
Each trial began when the observer pressed the space bar, causing 

the preview objects to appear. After 500 msec, the preview letters 
appeared and remained visible for 500 msec. In the spatiotempo-
ral trials, the objects then began their motion, either clockwise or 
counterclockwise, and moved for 1,000 msec. In the feature trials, 
the objects disappeared and then reappeared 1,000 msec later at the 
target locations. Although some observers reported experiencing 
apparent motion between the preview and target object locations on 
feature trials, this was not a necessary component to the experimen-

Figure 1. display depictions, response times for congruent and incongruent match trials, and 
oSPBs (with their significance values) for the spatiotemporal and feature trials of experiments 1–3. 
Feature trials contained two distinct objects. In experiment 1, a blue square versus a red square; 
in experiment 2, a blue, large, dark, square with a small hole versus a red, small, light, circle; and 
in experiment 3, a blue, large, dark, square (with a small hole) that was relatively darker than the 
background, versus a red, small, light, circle that was relatively brighter than the background. the 
figure only depicts one motion direction for the spatiotemporal trials (objects could move clockwise 
or counterclockwise), only one object configuration for the feature trials (the “red” object could also 
appear on the right at the start and/or on the bottom at the end), and does not depict the preview 
and target displays wherein letters were drawn on the objects.
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tal logic; the critical aspect of the feature trials was that the surface 
feature properties were the only information that could be used to 
link either target object to one of the preview objects.

After the linking phase, the target letter appeared either in the 
top or in the bottom object and observers responded as quickly as 
possible whether the target letter was the same as either of the pre-
view letters. The target was neither of the preview letters 50% of 
the time (no-match trials) and was one of the preview letters the 
other 50% of the time (match trials). On match trials, 50% of the 
time the target letter matched the letter that had been previewed in 
that object (congruent match trials), and 50% of the time it matched 
the preview letter from the other object (incongruent match trials). 
Congruency was determined by continuity in the spatiotemporal 
trials and by surface features in the feature trials. Observers pressed 
the “1” key on the number pad to respond “match” and the “2” 
key for “no-match.” This modified version of the object-reviewing 
paradigm (using a matching task rather than naming) has been suc-
cessfully used numerous times (e.g., Mitroff et al., 2004, 2005a, 
2005b; Noles et al., 2005) and has the advantage that it requires 
observers to attend to, and remember, the preview letters. Here we 
are testing the limits of object persistence, asking whether surface 
features can underlie object files, so using such a method is par-
ticularly appropriate.

All variables were counterbalanced such that the target letter was 
equally likely to appear in the top or bottom object, the objects were 
equally likely to rotate clockwise or counterclockwise in the spa-
tiotemporal trials, and either object was equally likely to appear on 
the left or right and top or bottom in the feature trials. There were 
288 test trials, half of which were spatiotemporal, and the other half 
feature trials. Trial type was randomly varied throughout the ex-
periment, and the trial order was different for each observer. Prior to 
the experiment, observers received written and oral instructions and 
completed 20 practice trials. Observers were prompted to rest every 
50 trials and were able to do so after any trial.

ReSultS

Observers were quite accurate on the match/no-match 
questions, both for the spatiotemporal and feature trials 
(spatiotemporal—Experiment 1, 95.97%; Experiment 2, 
97.66%; Experiment 3, 96.38%; feature—Experiment 1, 
96.81%; Experiment 2, 97.40%; Experiment 3, 96.71%), 
and there were no differences in accuracy by trial type (all 
p values . .25). Only trials with an accurate response within 
two standard deviations of the observer’s mean response 
time were included in further analyses. Few trials were 
removed based upon these criteria (Experiment 1, 4.45% 
(SD 5 0.98%); Experiment 2, 4.13% (SD 5 0.91%); Ex-
periment 3, 4.06% (SD 5 1.21%).

The critical measure of the object-reviewing paradigm 
is the object-specific preview benefit (OSPB), a response 
time benefit for congruent match over incongruent match 
trials. Separate OSPBs were calculated for spatiotemporal 
and feature trials for each observer, and the group results 
are presented in Figure 1. A significant OSPB was found 
for the spatiotemporal trials in each experiment, but not 
for the feature trials. An ANOVA performed over the dif-
ference data (OSPBs—incongruent match minus congru-
ent match trials), with experiment as a between-subjects 
factor and trial type (spatiotemporal versus feature) as a 
within-subjects factor, resulted in a significant main effect 
of trial type [F(1,54) 5 6.08, p 5 .017] and no interaction 
between trial type and experiment (F , 1).

elIMInAtIng PotentIAl ConCeRnS

Before discussing the implications of these results, we 
briefly offer supporting evidence from three additional 
experiments.

experiment 4: trial Structure Concern
An intermixed trial design in the object-reviewing par-

adigm can bias observers’ ability to process objecthood 
(Mitroff, Arita, & Fleck, 2006), so it is possible that the 
design here may have weakened the feature trials. To test 
for this, 38 observers participated in an additional experi-
ment solely composed of 256 feature trials. The proce-
dure and stimuli were identical to Experiment 2, except 
that the objects differed by three features: square, small 
(1.07 deg2), and red vs. circular, large (2.90º in diam-
eter), and blue. Overall accuracy was 95.37% and there 
was no significant feature-driven OSPB [congruent, M 5 
499.88 msec; incongruent, M 5 504.01 msec; OSPB 5 
4.13 msec, t(37) 5 1.12, p 5 .27].

experiment 5: disappearance Concern
It is possible that the disappearance of the objects in 

the feature trials, per se, could have weakened the feature 
trials. To address this, 15 observers participated in an ex-
periment wherein objects disappeared and reappeared, 
but moved along a spatiotemporally continuous path. The 
procedure was similar to Experiment 1 with the follow-
ing changes: Two identical white outlined discs (2.52º in 
diameter) appeared vertically aligned (5.05º between their 
centers and drawn against a black background) 12.63º to 
the left of center. After a letter briefly appeared in each 
disc (1,000 msec), they moved to the right at a constant 
rate of 6.31 deg/sec for a total of 4 sec. Once they stopped 
(12.63º to the right of center), a single target letter ap-
peared in one. At 650 msec into the motion, the discs dis-
appeared, reappearing 2,700 msec later, further along the 
motion path, as if they had been moving the whole time. 
Each observer completed 160 trials, and overall accuracy 
was 91.20%. Critically, an OSPB [13.78 msec, t(14) 5 
2.22, p 5 .044] was observed, even though the objects 
were physically gone for nearly 3 sec.

experiment 6: linking duration Concern
It is possible that the 1,000 msec ISI in the feature tri-

als of Experiments 1–3 may have attenuated any existing 
effects. The spatiotemporal trials always had information 
physically present, but the feature trials had a 1,000-msec 
gap. To address this, we had 21 observers participate in 
an additional experiment. (Two observers were removed 
based upon the criteria described above, 1 for response 
time and 1 for accuracy.) This experiment was identical to 
Experiment 3 in all aspects save one: The ISI was reduced 
from 1,000 msec to 0 msec. Observers were accurate on 
96.69% of the trials and showed the same pattern of data 
as that shown in Experiments 1–3. There was a signifi-
cant OSPB for the spatiotemporal trials [congruent M 5 
594.83 msec, incongruent M 5 613.82, OSPB 5 18.99, 
t(18) 5 2.27, p 5 .036], but not for the feature trials 
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[congruent M 5 624.63 msec, incongruent M 5 633.02, 
OSPB 5 8.39, t(18) 5 0.829, p 5 .418].

dISCuSSIon

Through the above six experiments, it was found that 
surface feature information alone did not allow for the 
maintenance of object file representations. Even when 
there were six featural differences between the two objects 
in Experiments 3 and 6, the observers were no quicker 
to respond when the target letter reappeared in the same 
object than when it reappeared in the other object. Impor-
tantly, though, on an intermixed set of trials with spatiotem-
poral continuity, the observers were quicker to respond 
on congruent than incongruent trials, demonstrating that 
the failure on the feature trials is not a general null result 
but rather a specific failure of surface feature continuity 
to yield an advantage for congruent trials. Furthermore, 
given that the feature trials showed significantly smaller 
object-specific preview benefits than the spatiotemporal 
trials, the important message of these experiments is not 
necessarily that features can never underlie the computa-
tion of object files, but rather that, if they can, they sure 
don’t do so very well.

The present findings support the original predictions 
and claims of Kahneman et al. (1992) and do so multiple 
times and with a variety of tested features. While spa-
tiotemporal information is known to play a special role in 
visual perception, it was still quite surprising that surface 
features wielded no significant influence here given that 
no other information relevant to object persistence was 
available. Considering the nature of the experimental de-
sign, this is particularly informative about where along the 
object file process the failure to use feature information 
arises. Consider that during the preview display, the visual 
system does not “know” whether there is going to be sub-
sequent spatiotemporal information to follow. When there 
happened to be spatiotemporal information, object spe-
cific preview benefits were observed, so the objects must 
be processed, at least to some extent, at this stage. Fur-
thermore, we know that objects can temporarily disappear 
and reappear and still produce OSPBs, as long as they are 
accompanied by clear spatiotemporal information. Thus, 
the only major change here is that the spatiotemporal in-
formation is not available to be used by the object file 
system’s “reviewing” operation to determine whether a 
currently viewed object is the same as a previously viewed 
one. It appears that once the objects reappear in the target 
display, the object file system cannot use the surface fea-
ture information (even though it is presumably available) 
to address which object is which.

Clearly, feature information, in the absence of spa-
tiotemporal continuity, plays a key role in some aspects 
of visual processing (e.g., recognizing a friend you are 
picking up at the airport). However, an open question for 
future exploration is whether here we gave feature infor-
mation a fair chance to guide online object persistence. 
While our spatiotemporal trials involved no ambiguity, the 
feature trials, in a sense, provided the visual system with 

a conundrum: Beyond there being no spatiotemporal in-
formation available to help support object file processing, 
there was also the surprising situation of objects magi-
cally disappearing and reappearing. Typically, motionless 
objects do not suddenly disappear and then reappear in 
new locations. Thus a possibility remains that under dif-
ferent circumstances, without conflicting spatiotemporal 
information, surface features could help guide object 
persistence.

The present experiments suggest that the computation 
of object persistence appears to rely so heavily upon spa-
tiotemporal information that it will not (or at least is un-
likely to) use otherwise available surface feature informa-
tion, particularly when there is conflicting spatiotemporal 
information. This reveals a striking limitation, given vari-
ous theories that visual perception uses whatever short-
cuts, or heuristics, it can to simplify processing, as well as 
the theory that perception evolves out of a buildup of the 
statistical nature of our environment (e.g., Purves & Lotto, 
2003). Instead, it appears that the object file system has 
“tunnel vision” and turns a blind eye to surface feature in-
formation, focusing on spatiotemporal information when 
computing persistence.
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