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Abstract
Anne Treisman and colleagues developed an influential theoretical framework surrounding the construct of Bobject files^ as a
means of understanding the functional need for an episodic representation of objects as they move, change, disappear, and
reappear from view (Kahneman, Treisman, & Gibbs, Cognitive Psychology, 24, 175–219, 1992; Treisman, The Quarterly
Journal of Experimental Psychology, 40, 201–237, 1988). Within that framework, object files are defined through the process
of object correspondence, whereby stimuli are associated with and represented as later instantiations of existing object repre-
sentations and are used to selectively update those representations. A central assertion of the object file framework is that object
correspondence is established on the basis of spatiotemporal continuity, without regard to feature information. We tested this
assertion by investigating whether feature information, separate from spatiotemporal information, can determine how object
correspondence is resolved. We used the perception of causality in simple dynamic displays, which provides a means of inferring
how object correspondence is resolved.We found that, contrary to the spatiotemporal dominance assertion, feature information is
used to resolve object correspondence. We suggest that the object-file framework be extended to reflect the importance of both
feature and spatiotemporal information in establishing and maintaining episodic object representations.
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A functional challenge for the visual system is maintaining
representations of objects that move and change, and yet per-
sist as continuous entities across time and space. A core com-
ponent of this functional problem is object correspondence,1

which is illustrated in Fig. 1. Consider the left side of Fig. 1a,
which depicts the retinal image of a simple scene at two points
in time, three discs in three positions at Time 1, and three discs

in three different positions at Time 2. The right side of the
figure illustrates alternative representations of the organization
of the scene that gave rise to those retinal images; in other
words, representations of what objects went where over time.
At Time 1, the three spatially distinct stimuli will give rise to
three distinct objects being represented in the scene. The prob-
lem of object correspondence arises at Time 2. Here there are
also three distinct stimulus images, but which object represen-
tation from Time 1 (if any) corresponds to which stimulus at
Time 2? How this correspondence problem is resolved will
determine the perceived organization of this scene. The right
side of the figure illustrates two, of many, alternative possible
resolutions of object correspondence and their resulting alter-
native perceived organizations of the scene for these particular
images.

The illustration in Fig. 1a depicts an exaggerated view of
the object correspondence problem in at least two different
ways. First, when objects move in the physical world, they
move smoothly from one location to another, creating a spa-
tiotemporal history in the retinal image that, in turn, provides a
means of indexing image-level information over time. Even
when an object disappears behind another surface or object,

1 The process that we are referring to as object correspondence has also been
referred to as temporal grouping (Gepshtein & Kubovy, 2000) and object
individuation (Feldman & Tremoulet, 2006). As will be discussed later it is
probably similar, but not identical, to motion correspondence (Kolers, 1972;
Ullman, 1979).
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the location and time of its reemergence is often predictable
based on its spatiotemporal history prior to disappearing. A
second way in which Fig. 1a is exaggerated is that objects are
rarely identical. Figure 1b illustrates how adding a single
distinguishing feature—color in this case—could, in principle,
provide information regarding how to resolve object corre-
spondence. Both factors—spatiotemporal continuity and
featural continuity—would seem to play a role in resolving
object correspondence.

Despite the logical potential for both spatiotemporal and
feature information to play a role in object correspondence,
multiple theoretical proposals and empirical findings have led
to the assertion that object correspondence is resolved almost
exclusively on the basis of spatiotemporal information, with-
out regard to feature information (e.g., Flombaum, Scholl, &
Santos, 2009; Kahneman, Treisman, & Gibbs, 1992;
Pylyshyn, 1989, 2001; Scholl, 2007). The general assertion

is that correspondence between stimuli that are closer in time
and space will be preferred over correspondence between
stimuli that are more separated in time and space, regardless
of what feature matches there may or may not be. Under the
strong version of this view, features such as color, luminance,
texture, and shape are irrelevant to the process of establishing
and maintaining object representations over space and time.

The view that only spatiotemporal variables are relevant to
establishing and maintaining object correspondence is evident
in two influential theoretical frameworks in the visual atten-
tion and object-perception literature. One is the theory that
proposes the attentional construct of fingers of instantiation,
or FINSTs (Pylyshyn, 1989, 2001), which are spatiotemporal
pointers that define object continuity. FINSTs are indices de-
fined by image location and time and are Bblind^ to other
information such as color, size, and semantic identity. The
large literature on multiple-object tracking that has emerged
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Fig. 1 Illustration of the object correspondence problem. The left side of
each panel illustrates retinal images at two different points in time. The
right side illustrates alternative perceptual organizations representing the
scene in terms of which objects went where, depending on how object
correspondence is resolved. In a one might imagine that the top

organization is more likely, given its simpler spatiotemporal relations.
In b, featural continuity conflicts with spatiotemporal continuity.
Neither correspondence solution reflects a physically impossible
situation. How will object correspondence be resolved? (Color figure
online)



in the wake of the FINST theory has addressed the question of
what role feature and semantic identity information plays in
the covert tracking of multiple moving. The findings have
been variable, with some studies showing evidence that fea-
ture and identity information is used to track objects and
others that it is not (e.g., Cohen, Pinto, Howe, & Horowitz,
2011; Horowitz et al., 2007; Makovski & Jiang, 2009; Sun,
Zhang, Fan, & Hu, 2018).

The second theoretical framework that asserts that object
correspondence depends only on spatiotemporal information
is the object-file framework developed by Treisman and col-
leagues (Kahneman et al., 1992; Treisman, 1988). Within the
object-file framework, episodic representations of objects in
the world—referred to as object files—are established on the
basis of spatiotemporal continuity. These representations are
episodic in the sense that they are distinct from long-term
memory of objects and refer to instantiated objects with count-
able identities that are within the observer’s experience rather
than representations of objects that have been abstracted away
from specific times and places. Once established, other infor-
mation, including surface features and semantic identity, can
be associated with an object file, and importantly, those asso-
ciations are maintained and updated in the face of change over
space and time. According to this view, feature information is
content that is stored Bin^ an object file, and it therefore cannot
itself be a basis on which the carrier representation (i.e., the
object file) is defined.

Early evidence concerning the object-file framework
came from the object-reviewing paradigm (Kahneman
et al., 1992). Figure 2 illustrates a standard version of this
method. Two simple shapes (e.g., squares) are shown with,
for example, letters in each one (preview stage). The letters
disappear, leaving the empty squares, which then move
smoothly to new locations. After stopping in their new
locations, a single letter is presented in one of the two
objects, and subjects name the letter as quickly as they
can. The target letter can be the same letter that was pre-
sented in the original object during preview (same-object
condition), the letter that was presented in the other object

(different-object condition), or a new letter altogether (no-
match condition). The standard finding is that, beyond a
general priming effect whereby responses are slowest in
the no-match condition, responses tend to be faster in the
same-object condition than in the different-object condi-
tion (e.g., Hollingworth & Franconeri, 2009; Kahneman
et al., 1992; Mitroff & Alvarez, 2007; Mitroff, Scholl, &
Wynn, 2005; Moore, Stephens, & Hein, 2010). These ob-
ject-specific preview benefits, as they are known, have
been interpreted as evidence that identity information is
associated with a specific object representation, and that
this information travels with the representation of the ob-
ject that is perceived as moving to a new location (cf.
Mitroff et al., 2005).

Mitroff and Alvarez (2007) tested the assertion that ob-
ject files are defined only in terms of spatiotemporal con-
tinuity using the object-reviewing paradigm. They showed
that while object-specific preview benefits occurred when
stimuli in the prime display were linked with stimuli in the
final display through smooth motion from one location to
another, as shown by Kahneman et al. (1992), they did not
occur for when the stimuli in the prime display disappeared
and later reappeared in the new location with no smooth
motion linking them, and were linked only by having the
same features (e.g., color and shape) or not.

The lack of object-specific preview benefits in the fea-
ture condition of the Mitroff and Alvarez (2007) study,
however, may have been caused by a general disruption
of correspondence processes due to stimulus discontinuity,
rather than a failure of feature-based object correspondence
in particular. Hollingworth and Franconeri (2009) placed
an occluding surface along the path of motion such that
objects could smoothly move behind it and reemerge in a
manner that was either consistent or inconsistent with sim-
ple smooth motion, and with the same or different features
(see also Bae & Flombaum, 2011). Under these
discontinuity-matched conditions, object-specific benefits
occurred with both spatiotemporal continuity and feature
match. Related, Moore et al. (2010) showed that when
surface features of objects, such as color, abruptly changed
over the course of smooth motion from one location or
another (without the benefit of an occluding surface to
Bexplain^ the change), object-specific benefits were elimi-
nated, indicating that abrupt feature changes, like abrupt
spatial discontinuities, can disrupt object continuity (see
also Moore & Enns, 2004; Moore, Mordkoff, & Enns,
2007; Tas, Dodd, & Hollingworth, 2012b; Tas, Moore, &
Hollingworth, 2012a).

The current study will test the extent to which feature
information can determine object correspondence using a
measure of object correspondence that does not depend on
memory, as the object-reviewing paradigm does, but that
nevertheless uses smooth continuous motion in the

Atten Percept Psychophys (2020) 82:181–192 183

Fig. 2 The object-reviewing paradigm, adapted from Kahneman et al.
(1992). See text for details



displays. Before explaining this measure and why we think
it is particularly well suited to examine the question at
hand, we will first review the original basis of the spatio-
temporal priority hypothesis because we believe there has
been a conflation in the literature of two different corre-
spondence processes that are useful to distinguish.

Object correspondence versus motion
correspondence

The original basis for the assertion of spatiotemporal domi-
nance in object correspondence came from an earlier literature
concerning motion correspondence (Kolers, 1972; Ullman,
1979), which concluded that feature information is, at best,
only minimally influential in resolving the correspondence
between stimuli during the perception of apparent motion
(see Green, 1986, for a review). In this section, we offer the
observation that while related, object correspondence and mo-
tion correspondence are separable constructs, and therefore
evidence regarding the resolution of motion correspondence
does not necessarily extend to the resolution of object
correspondence.

The simplest apparent motion displays consist of two iden-
tical stimuli (e.g., discs) that are presented one after the other
at different locations. Within a given range of temporal and
spatial separations, observers perceive motion rather than two
stationary stimuli (e.g., Wertheimer, 1912). When the distance
in space or time is too great or too small, however, observers
tend to perceive two stationary stimuli either sequentially or
simultaneously (Korte, 1915; Neuhaus 1930). In other words,
when the spatiotemporal parameters are Bwrong,^motion cor-
respondence processes fail (see Kolers, 1972; Ullman, 1979,
for discussions of motion correspondence and the specific
spatiotemporal conditions under which it succeeds or fails).

Multiple studies addressed the question of whether feature
relationships, such as whether or not the stimuli have the same
color, shape, size, or luminance, for example, might also play
a role in motion correspondence. These studies used different
types of measures. Some asked observers to report the quality
of the apparent motion (e.g., report Bgood^ motion vs. Bbad^
motion) and tested whether feature similarity increased per-
ceived quality of motion. Other studies used ambiguous ap-
parent motion displays and tested whether feature similarity
could bias the perceived direction of motion. In general, this
work can be summarized as showing that the effects of feature
similarity on apparent motion, when present, tended to be
small in comparison with the effects of spatiotemporal param-
eters (e.g., Burt & Sperling, 1981; Cavanagh, Arguin, & von
Grünau, 1989; Green, 1986; Kolers & Pomerantz, 1971;
Kolers & von Grünau, 1976; Navon, 1976; Nishida, Ohtani,
& Ejima, 1992; Sekuler & Bennett, 1996; Shechter,

Hochstein, & Hillman, 1988; Werkhoven, Sperling, &
Chubb, 1994).

Collectively, the results from the apparent motion literature
were taken as evidence that spatiotemporal information is the
primary determinant of motion correspondence. And because
perceiving apparent motion between two stimuli seems to im-
ply that they were represented as a single object, the results
from the apparent motion literature were extended to the ob-
ject perception literature, and were also taken as evidence that
object correspondence is resolved on the basis of spatiotem-
poral information without regard to feature information (e.g.,
Kahneman et al., 1992; Flombaum et al., 2009; Pylyshyn,
1989, 2001; Scholl, 2007).

Although there is clearly a relationship between motion
correspondence and object correspondence, they are not iden-
tical constructs (cf. Odic, Roth, & Flombaum, 2012). At a
theoretical level, object correspondence is a broader construct
than motion correspondence. It includes the continuity of rep-
resentations across larger time scales than motion correspon-
dence, and does not always include a direct experience of
perceived motion, though movement may be implied.
Imagine, for example, that you are following a friend in a
car on a busy highway, and you lose sight of the car for several
minutes. When you sight it again, you perceive it as the same
car, and part of that perception is an inference of movement,
but the motion was not experienced as such. This is an exam-
ple of object correspondence without motion correspondence.
Motion correspondence can also occur without object corre-
spondence. Specifically, motion can be experienced in the
absence of any concomitant set of first-order image features
with which the perceived motion energy can be associated
(Adelson & Bergen, 1985). This is analogous to feature-less
correspondence in stereopsis that Julesz (1971) famously
demonstrated. Thus, while motion and object correspondence
are related constructs, they are double dissociable.

Using perceived causality as a domain
for testing the role feature information
in object correspondence

In the current study, we assessed the role of feature informa-
tion in the perception of dynamic causal events that allows for
an operational definition of correspondence during online per-
ception, not memory, such as in the object-reviewing para-
digm, and uses continuous, smooth motion. We describe the
logic of this approach in the context of introducing the
displays.

The left side of Fig. 3 (clear launch) illustrates a display that
was originally described and studied by Michotte (1963). A
stimulus translates smoothly toward a second, identical, but
stationary, stimulus until the first is immediately adjacent to
the second. The second stimulus then begins to move

184 Atten Percept Psychophys (2020) 82:181–192



smoothly away, while the first stimulus stops. This simple
dynamic scene gives a strong impression of the first stimulus
as an object that Blaunches^ a second object into motion (see
Movie 1). This perception goes beyond the perception of ap-
parent motion in that it represents distinct objects with episod-
ic countable identities and attributes different causal functions
to each. It is therefore an excellent context in which to assess
the role of feature versus spatiotemporal information in resolv-
ing object correspondence, as distinct from motion
correspondence.

The right side of Fig. 3 illustrates a more ambiguous situ-
ation with regard to causality. Here, the first stimulus travels
until it completely overlaps the second stimulus, and then
stops. One stimulus then moves smoothly away, while the
other remains. Perceptually, this display is asymmetrically
bistable (see Movie 2). It is most often perceived as the first

disc Bpassing^ over a stationary disc that happens to be in its
path of motion. However, it can also be perceived as the first
disc launching the second disc into motion similar to the dis-
play in the left side of Fig. 3 and Movie 1 (e.g., Scholl &
Nakayama, 2002; see also Bertenthal, Banton, & Bradbury,
1993, for a similar display).

These simple dynamic displays provide a powerful method
for measuring object correspondence during online perception
because the different perceptions (launching vs. passing) im-
ply different, mutually exclusive resolutions of object corre-
spondence: Assume that the represented identities of the two
discs at the beginning of the display are represented as Object
A and Object B, respectively (see Fig. 4). We can then ask
which of the two stimuli in the final display corresponds to
Object A and which corresponds to Object B? That is, how
was object correspondence resolved? When launching is re-
ported (left side of Fig. 4), it implies that Object A ended in the
middle position (labeled A′) and Object B ended in the far
right position (labeled B′). In contrast, when passing is report-
ed (right side of Fig. 4), it implies that Object A ended in the
far-right position and Object B ended in the middle position.
Thus, reports of Blaunch^ versus Bpass^ imply different, mu-
tually exclusive resolutions to the object-correspondence
problem, and therefore constitute an indirect measure of object
correspondence. By asking what factors affect reports of
launching versus passing, we can test what factors, features
versus spatiotemporal, affect object correspondence.2

2 Mitroff et al. (2005) used a similar display in which two objects are shown in
smooth motion moving toward each other. As they cross paths, they are per-
ceived as either passing by each other and continuing on in the same direction,
or bouncing off one another and returning in the direction they came. Like the
causality displays here, these two perceptions imply different object correspon-
dences. They measured object-specific preview benefits and found that bene-
fits were systematically associated with the opposite object from that predicted
by the implied object correspondences. Because we are not using the object-
reviewing paradigm here, we simply note this puzzling finding.
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Fig. 3 Conditions under which observers tend to perceive a moving
object launch or pass. On the left are displays that observers tend to
perceive as clearly launching. On the right is a more ambiguous
condition, though the tendency is to perceive it as passing more often
than launching. The only difference between these two sequences occurs
in the middle of the motion sequence (marked in the figure by the red
frame). In the clear launch condition, the moving disc stops when the
edges of the two objects are adjacent. In the ambiguous condition, the
moving disc completely overlaps the stationary disc. Adapted from
descriptions by Michotte (1963)

Fig. 4 Whether a display is perceived as launching or passing implies
alternative, mutually exclusive resolutions of object correspondence.
Observer reports of Blaunch^ versus Bpass,^ therefore, provide an
indirect measure of object correspondence



Overview of the current study

We used spatiotemporally ambiguous displays like those illus-
trated on the right side of Fig. 3 to test whether feature informa-
tion can systematically influence object correspondence, or alter-
natively, whether only spatiotemporal variables are relevant to
that process. Specifically, as illustrated in Fig. 5, we manipulated
the features of individual stimuli such that in different conditions,
the feature information was consistent with launching, consistent
with passing, or provided no biasing information (neutral). In
addition, for comparison we included a condition that, similar
to Michotte’s (1963) original displays, was relatively unambigu-
ous spatiotemporally and regarding its feature information,which
we refer to as the Bclear launch^ condition. Movies 2–4 provide
demonstrations of the neutral, launch-consistent, and pass-
consistent conditions, respectively, using contrast polarity as the
biasing feature.

Notice that the three main conditions (launch-consistent, neu-
tral, and pass-consistent) are identical in terms of their spatiotem-
poral information. The only thing that differs is the pattern of
feature information over time. Therefore, if there are systematic
differences in reports of perceived causality (launching vs. pass-
ing) across these conditions, then they must be attributed to the
feature differences. And because perceived causality reflects ob-
ject correspondence, any such differences would imply that fea-
ture information contributed to the resolution of the object corre-
spondence process.

We used four different feature dimensions—size, contrast po-
larity (as illustrated in Fig. 5), color plus luminance, and

isoluminant color—in order to be sure that whatever results we
obtained were not idiosyncratic to any particular type of feature.
By way of preview, feature information strongly biased the per-
ception of causality, indicating that feature information, not just
spatiotemporal information, contributes to object correspondence
processes in these perceived causality displays.

General method

Observers

Twenty-four individuals (20–46 years, M = 24; four male, 20
female) who were mostly students from the University of
Tübingen were recruited. They were compensated for their
time by either getting course credit (10 individuals) or money
(€8/hour; 14 individuals). All reported normal or corrected-to-
normal visual acuity and color vision, and all were naïve as to
the purpose of the experiment.

Design

A 4 (feature type: size, contrast polarity, color plus luminance,
isoluminant color) × 4 (display type: clear launch, launch con-
sistent, neutral, pass consistent) within-subjects design was
used. The 16 conditions appeared equally often in a pseudo-
random order within each block of trials. Data were collected
from 10 blocks of 64 trials each for a total of 40 observations
in each condition.
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Fig. 5 The different display conditions using contrast polarity as an example feature. See text for details



Apparatus

The experiment was conducted on a PC with Windows XP
driving a 17-inch CRTcolor monitor, set at a spatial resolution
of 1,024 × 768 pixels and a refresh rate of 100 Hz. It was
programmed using MATLAB software (Version R2012a,
7.14, The MathWorks Inc., Natick, MA, USA) with the
Psychophysics Toolbox extensions (Brainard, 1997; Kleiner,
Brainard, & Pelli, 2007; Pelli, 1997). Viewing distance was
fixed at 65 cm using a chin rest. Observers were tested in
individual rooms with dimmed room illumination.

Stimuli

Size Stimuli consisted of black (<1 cd/m2) discs that were
either 2.3° or 1.1° in diameter, presented on a gray (25 cd/
m2) background.

Contrast polarity Stimuli consisted of white (143 cd/m2) or
black (<1 cd/m2) discs (2.3° in diameter), presented on a gray
(25 cd/m2) background.

Color plus luminance Stimuli consisted of blue (CIE: 39, 114,
302; 17 cd/m2) or yellow (CIE: 96, 97, 106; 127 cd/m2) discs
(1.4° in diameter), presented on a gray (CIE: 56, 13, 257; 25
cd/m2) background.

Isoluminant color Stimuli consisted of turquoise (average
CIE: 56, 32, 63; 25 cd/m2) or orange (average CIE: 55, 56,
63; 25 cd/m2) discs (2.3° in diameter), drawn on a gray (56,
13, 257; 25 cd/m2) background of the same luminance as the
stimuli.

The four different display types are illustrated in Fig. 5. All
four conditions began with two horizontally aligned discs,
with one at the center of the display and one to the left or right
(equally often, pseudorandomly selected). In the neutral con-
ditions, the two discs were identical. Specifically, they were
both blue (or yellow), both turquoise (or orange), both black
(or white), or both large (or small), depending on the feature
condition. In the other three display conditions, the disc off to
the side had one of the two features being tested in the given
feature condition, while the other disc had the other feature
value. Specifically, the disc off to the side was blue (or yel-
low), turquoise (or orange), black (or white), large (or small),
while the disc at the center was yellow (or blue), orange (or
turquoise), white (or black), small (or large). For the clear-
launch conditions, the two discs were identical with the given
feature (big or small, yellow or blue, turquoise or orange)
occurring equally often, pseudorandomly selected.

The motion sequences for each of the four display condi-
tions are illustrated in Fig. 5. In all conditions, when the discs
moved, they moved smoothly at 20° per second. In the clear-
launch conditions, the disc started at 16.8° (or 15.6° for the

small disc) off to the side, traveled toward the center disc until
its leading edge reached the near edge of the stationary disc,
and then stopped. The center disc then immediately began
traveling smoothly at the same speed and in the same direction
as the original disc until it was 14.5° from the center and
stopped. In the other three conditions (i.e., launch consistent,
neutral, pass consistent), the disc started 14.5° off to the side at
the beginning of the trial, traveled smoothly until it was cen-
tered on the center disc (both discs overlapping completely),
and then stopped. Another disc immediately moved away
from the center position at the same speed and stopped at
the opposite side of the display. In the pass-consistent condi-
tions, the disc that moved away from the center after the first
disc stopped was identical to the first moving disc. In the
launch-consistent condition, it had the opposite feature (like
the disc that was at the center of the screen at the beginning of
the trail). Whether the discs traveling toward the center moved
in front or behind the disc at the center was randomly selected.

Task

The task was to report whether a display appeared as though
the first moving disc Blaunched^ the second disc into motion,
or whether it appeared as though the first disc Bpassed over^
the second disc by pressing the Bj^ or Bf^ key, respectively.

Procedure

Each observer participated in a single session that lasted
approximately 1 hour. Following the informed-consent
process, they received written instructions describing the
task. A Blaunch^ was described as Bwhen it looks as though
the first disc moves across the screen, makes contact with
the stationary disc near the center, and causes the stationary
disc to move across the screen.^ A Bpass^ was described as
Bwhen it looks as though the first disc moves across the
screen, passes over a stationary disc at the center of the
screen, and continues on to the other side^ (translated from
German).

Following instructions, observers completed a block of 10
practice trials, which were randomly selected from among the
16 possible trial types. Observers were encouraged to rest
between blocks as much as they liked. They self-initiated the
next block of trials by pressing the space bar.

Each trial began with the two discs in their starting posi-
tions for 300 ms, at which point the motion sequence for that
condition (see above) commenced. At the end of the motion
sequence, the discs were presented for another 300 ms in their
end position. Then the screen went blank and 500 ms after the
observer’s response, the next trial began. If the participant
pressed a key other than one of the two response keys, the
error message BWrong key^ was shown.
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Results and discussion

Fourteen trials (0.09%) of the entire data set had to be exclud-
ed from the analysis because of key presses other than the two
possible response keys. Figure 6 shows the mean percentage
of trials on which observers reported Blaunch^ as a function of
display type for each of the four feature conditions, respec-
tively.We submitted participant means to a 4 (feature type) × 4
(display type) repeated-measures analysis of variance
(ANOVA) on the arcsin transformation of the proportion of
trials reported launching,3 with alpha set to .05. Where appro-
priate, Huynh–Feldt corrections were applied to address vio-
lations of sphericity. Standardized effect sizes are reported in

terms of adjusted partial eta squared (adj η̂2p; Mordkoff, 2019).

Both main effects were significant, feature type: F(1.70,
39.12) = 12.53, p < .001, adj η̂2p = .33, and display type:

F(2.63, 60.51) = 424.12, p < .001, adj η̂2p = .95, as was the

interaction, F(2.79, 119.50) = 26.51, p < .001, adj η̂2p = .51.

We followed up this omnibus analysis with separate four-level
(display type) one-way ANOVAS for each of the four feature
types. The effect of display type was reliable for all four fea-

ture types—size: F(1.62, 37.21) = 417.73, p < .001, adj η̂2p =

.95; contrast polarity:F(1.72, 39.59) = 346.62, p < .001, adj η̂2p
= .94; color plus luminance: F(1.96, 45.00) = 260.79, p <

.001, adj η̂2p = .92; and isoluminant color: F(1.90, 43.72) =

276.71, p < .001, adj η̂2p = .92.

Because the clear-launch condition was different spatio-
temporally from the other conditions, we followed up the

initial analysis with a set of ANOVAs in which only the three
spatiotemporally identical display conditions—launch consis-
tent, neutral, and pass consistent—were included to confirm
that the effect of display type holds even when the spatiotem-
porally distinct condition is not contributing. We began with a
4 (feature type) × 3 (display type) repeated-measures
ANOVA. Again, both main effects were significant, feature

type: F(2.68, 61.65) = 20.49, p < .001, adj η̂2p = .45, and

display type: F(1.16, 26.70) = 221.56, p < .001, adj η̂2p =

.90, as was the interaction F(3.34, 76.82) = 37.80, p < .001,

adj η̂2p = .61. Separate three-level (display type) one-way

ANOVAs confirmed that the effect of display type was reli-
able for each of the four feature types—size: F(1.04, 24.02) =
322.00, p < .001, adj η̂2p = .93; contrast polarity: F(1.20,

27.55) = 182.60, p < .01, adj η̂2p = .88; color plus luminance:

F(1.22, 28.15) = 131.64, p < .001, adj η̂2p = .85; and

isoluminant color: F(1.27, 29.20) = 99.37, p < .001adj η̂2p =

.80—confirming that the effect of display type holds even
when the only differences between conditions is the feature
information.

Collapsing across feature type, the pattern of the effect of
display type on perceived launching was clear. Observers re-
ported launching on 96.69% ± 2.44% of the clear-launch tri-
als, on 77.59% ± 7.19% of the launch-consistent trials,
10.76% ± 3.56% of the neutral trials, and 2.43% ± 1.55% of
the pass-consistent conditions, respectively. Given the non-
overlapping confidence intervals, it is clear that first, each of
these conditions yielded different levels of perceived
launching from the other conditions. Second, consistent with
previous findings, there was a strong tendency to perceive the
neutral version of these displays (spatiotemporal information
only) as passing, rather than launching. Because response rate
is bounded by 0%, this means that there was relatively little
opportunity for the effect of feature biasing in the pass-
consistent condition to reveal itself. Despite that, launching
was reported reliably less often in the pass-consistent condi-
tion than in the neutral condition, overall. Moreover, it indi-
cates that the impact of features on correspondence did not
occur simply because the spatiotemporal information was am-
biguous; the launch-consistent condition yielded nearly 80%
launch reports across feature conditions, despite the fact that in
the absence of feature information (the neutral condition), ob-
servers reported Bpassing^ on nearly 90% of the trials on
average. Feature information supporting launching overrode
a strong perception of passing based on the spatiotemporal
information.

While the general pattern is consistent across feature types,
as revealed in the omnibus ANOVA, feature type reliably
interacted with display type in determining the specific rate
of reporting Blaunch.^ We therefore conducted separate one-
way ANOVAs testing the relative effects of feature type for

3 Because of the bounded nature of the measure and the extreme values in
some conditions (near 100% and 0%), transforming the data failed to yield
normally distributed data. The violation of the assumption of normality, how-
ever, leads to increased risk of missing reliable effects, and therefore is con-
servative with regard to finding evidence of reliable effects.
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Fig. 6 Percentage of trials on which observers reported Blaunch^ for each
condition and each feature type, separately. Error bars are condition-
specific within-subject standard errors (Cousineau, 2005; Morey, 2008)



each display condition. The following patterns were con-
firmed (see Fig. 6). There was no effect of feature type in

either the clear-launch condition, F(3, 69) = 0.76, ns, adj η̂2p
= −.01, or the pass-consistent condition, F(3, 69) = 0.48, ns,
adj η̂2p = −.02. Different features affected the percentage re-

ported Blaunch^ to varying degrees in the launch-consistent

condition, F(2.50, 57.38) = 35.81, p < .001, adj η̂2p = .59.

Pairwise comparisons (Dunn–Šidák) confirmed that size bias
resulted in the highest percentage of Blaunch^ reports (all ps <
.01), and isoluminant-color bias resulted in the lowest percent-
age of Blaunch^ reports (all ps < .01), while contrast polarity
and color plus luminance fell in between and were not reliably
different from each other (p > .10). That is, when a small disc
approached a large disc, and a large discmoved on, the display
was especially likely to be perceived as the small disc
launching the large disc into motion; the same held for the
reverse relationship. Finally, feature-type reliably affected per-
centage of reported Blaunch^ in the neutral condition as well.
In this case, pairwise comparisons (Dunn–Šidák) confirmed
that size bias resulted in fewer Blaunch^ reports than any other
feature type (all ps < .01), while no other feature type differed
from the others (all ps > .10).

Why these particular relationships? Size may have been a
particularly effective manipulation in the launch-consistent
condition for several reasons. First, shape (of which size is a
parameter) may be a particularly strong cue to correspon-
dence. Second, there may have been a small spatiotemporal
component to size differences because the edges of larger
discs are in different spatial positions than those of smaller
discs. The contrast polarity and color-plus-luminance condi-
tions may have been similarly effective because they share the
component of luminance differences. Related, isoluminant
color, while still strongly effective, may have been the least
effective feature because hue was the only distinguishing fea-
ture in that case. We offer details of the relative effectiveness
of feature type in this particular experiment only for complete-
ness of understanding this data set. The specific pattern of
which features are more powerful than others with regard to
influencing object correspondence in any given set of displays
will no doubt depend on the specific parameters. If smaller
size differences were used, for example, then contrast polarity
may have been more powerful than size. Or if luminance-
contrast differences were reduced in the contrast polarity con-
dition, then its effect may have been more similar to the
isoluminant color condition. Moreover, the broader context
in which events occur may affect the relative effectiveness
of features. Scholl and Nakayama (2002) used displays much
like the launch-consistent contrast-polarity displays used in
the current study and obtained much lower rates of reported
launching. Theirs’ was a study of the effect of including addi-
tional, spatiotemporally unambiguous (clear launch) displays
in the same scene as the ambiguous displays on how the

ambiguity was resolved. They found that ambiguous displays
were strongly biased in the direction of less ambiguous dis-
plays that were shown at the same time. In some contexts,
launch-consistent contrast polarity information may be insuf-
ficient to override the spatiotemporal bias to resolve the am-
biguity as passing (see also Bae & Flombaum, 2011).

The more general point that we wish to highlight is that the
launch-consistent, neutral, and pass-consistent display condi-
tions in this experiment differed from each other only in how
feature information changed over the course of the display,
and yet reports of perceived causality differed systematically
across those display conditions, consistent with the correspon-
dence relations indicated by feature information.
Spatiotemporal information cannot, therefore, be the only de-
termining factor in the resolution of object correspondence.

General discussion

We used perceived causality to test whether the visual system
relies on feature information when resolving object correspon-
dence during online perception of dynamic scenes or, alterna-
tively, whether only spatiotemporal factors are relevant to that
process. Perceived launching versus perceived passing in dis-
plays like those used in this study imply different solutions to
object correspondence (see Fig. 4), and can therefore be used
as a measure of how object correspondence was resolved.
Four different types of feature information (size, contrast po-
larity, color plus luminance, and isoluminant color) were ma-
nipulated in displays to bias a launching percept (launch con-
sistent), a passing percept (pass consistent), or neither (neu-
tral). Because these conditions were identical in terms of spa-
tiotemporal information, any differences across them would
imply a role of features in perceived causality, and by logical
extension, object correspondence. In fact, feature-bias condi-
tions strongly influenced whether launching or passing was
perceived for all four feature types, thus confirming that fea-
ture information is used to resolve object correspondence dur-
ing online perception, even with continuous motion. This is
contrary to the assertion that only spatiotemporal information
is used to define episodic object representations as in the
object-file (Kahneman et al., 1992) and FINST (Pylyshyn,
1989, 2001) theoretical frameworks.

The current results are analogous to a previous study in
which it was shown that feature information, including
color, orientation, and luminance, matches between stimu-
li, influenced how observers perceived ambiguous appar-
ent motion (Hein & Moore, 2012). That study used Ternus
displays (Pikler, 1917; Ternus, 1926), for which two very
different motion percepts are perceived depending on how
correspondence is resolved and large feature effects were
observed (Hein & Moore, 2012; see also Kramer & Yantis,
1997; Petersik & Rice, 2006). These findings with Ternus
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displays contrast with those of classic apparent motion
which, as summarized in the introduction, has shown a
strong dominance of spatiotemporal information and at
best small feature effects (e.g., Burt & Sperling, 1981;
Cavanagh et al., 1989; Green, 1986; Kolers & Pomerantz,
1971; Kolers & von Grünau, 1976; Navon, 1976). It is
possible that Ternus displays, which are more complex
than simple apparent-motion displays, engage object-
correspondence processes in addition to motion-
correspondence processes, and that this is why it reveals
such large feature effects. This interpretation is supported
by other recent studies showing that a perceived feature,
specifically lightness (perceived) rather than luminance
(physical), determined how Ternus displays were resolved
(Hein & Moore, 2014), that the relevant spatial framework
for Ternus motion is spatiotopic, rather than retinotopic
(Hein & Cavanagh, 2012), that the history of the elements
making up a Ternus display in terms of their object struc-
ture (grouped or ungrouped) influenced how Ternus mo-
tion was perceived (Stepper, Moore, Rolke, & Hein,
2019a), and, finally, that endogenously cued attention sim-
ilarly influenced correspondence in Ternus motion
(Stepper, Rolke, & Hein, 2019b).

Given the clear influence of both feature information and
spatiotemporal continuity on the resolution of correspondence
in these displays, the question then becomes how are different
sources of information weighted? Feldman and Tremoulet
(2006) suggested a Bayesian solution whereby the visual sys-
tem resolves object correspondence based on the most plausi-
ble correspondence of visual information, whether it is spatio-
temporal or featural, and Bplausible^ is determined by envi-
ronmental probabilities and prior experience. In the case of no
feature differences (i.e., infinite featural similarity), of course,
spatiotemporal factors will dominate. In the case of feature
differences, however, the greater the featural similarity across
time and space, the more likely it is that it derives from the
same object, and therefore the more likely it will be used to
resolve correspondence.

Although a model based on prior probabilities of specific
cues being associated with continuous objects is consistent
with Feldman and Tremoulet’s (2006) findings, Caplovitz,
Shapiro, and Stroud (2011) showed that ambiguous motion
displays (i.e., the bouncing-streaming display; see, e.g.,
Bertenthal et al., 1993) can be resolved in a way that involves
the perception of the two objects switching feature values
along the path of motion, which is clearly inconsistent with
real-world statistics where features do not usually migrate
from object to object. See Kanisza’s (1979, pp. 49–54) de-
scription of a model man who appears to pass a dot from
one foot to another while seeming to hop up and down for
an early (and entertaining) description of this phenomenon.
Caplovitz et al. (2011) initially showed this for simple features
like color and texture, but it also held for more complex

features (face identity) for which switching values would be
extremely unlikely in terms of prior experience (Shapiro,
Caplovitz, & Dixon, 2014). Caplovitz et al. argue that the
resolution of correspondence depends on image-level features
that are not interpreted in terms of object properties (i.e., as
belonging to one object or another). The objects that were
perceived as switching some features shared a lot of other
features (e.g., size, shape, orientation), and that a large set of
shared features was sufficient to drive correspondence. Under
this view, the perception of the switching features was a con-
sequence of the visual system reconciling the remaining fea-
ture information, given the specific resolution of correspon-
dence. The main point from all of these studies for current
purposes is that neither spatiotemporal nor feature information
is specifically prioritized over the other for resolving object
correspondence, but rather that all available cues contribute to
a solution that is most consistent with the entire set of cues in a
specific situation.

With regard to the object-file framework, which has as a
central tenet that object correspondence depends only on
spatiotemporal continuity (Kahneman et al., 1992), we
suggest that little is lost from the value of the theory by
relaxing that assertion. It seems likely that the inclusion of
the claim that object files are defined only on the basis of
spatiotemporal continuity in the development of the object-
file framework reflects the collective understanding at the
time from the motion-correspondence literature that fea-
tures are (nearly) irrelevant in resolving correspondence
in apparent motion displays, rather than anything funda-
mental to object perception and attention. And as we noted,
object-correspondence and motion-correspondence are dis-
sociable processes. While the metaphor of a file in which
information is stored does lead to the implication that con-
tent of the file cannot serve to define the file itself, that is a
limit of the metaphor rather than the more general con-
struct of an episodic carrier representation. Related, while
FINSTs, as originally conceptualized, were limited to spa-
tiotemporal definition, there is nothing that logically pre-
cludes them from including featural indexing with their
spatiotemporal pointers.

In summary, this work contributes to a growing body of
work confirming that feature information is not disregarded
during object correspondence processes. Rather, the visual
system uses all of the information that it has available to it—
spatiotemporal and featural—to resolve object correspon-
dence. This conclusion is contrary to a central assertion of
the object-file (Kahneman et al., 1992) and the FINST
(Pylyshyn, 1989, 2001) theoretical frameworks of attention
and object perception, and future developments of those
frameworks should reflect its rejection. However, the rejection
of spatiotemporal priority does not undermine the value of
either framework because, we suggest, they were never really
dependent on it.
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