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Timed reactions to an object in apparent motion:
Evidence on Cartesian and non-Cartesian

perceptual hypotheses

NELSON COWAN and ELLYN GREENSPAHN
University ofMissouri, Columbia, Missouri

In three experiments on apparent motion, subjects were to press a computer key as quickly as pos
sible either when the apparently moving stimulus passed the midpoint of its trajectory or when it
reached the endpoint. Ifmotion is perceived as a trajectory through a series of spatial locations, and
if this type of percept is the basis of deliberate responding (assumptions that can be considered
Cartesian in origin), then reaction times should be faster to the midpoint than to the endpoint. In con
trast to these assumptions, there was no difference between reaction times to these two points. Al
ternative accounts of the results are discussed.

In apparent motion or "phi movement" (e.g., Kahne
man & Wolman, 1970; Kolers & von Griinau, 1976;
Ohtani, Ejima, & Nishida, 1991; Wertheimer, 1912), an
object that abruptly disappears from the visual field at
some location, A, and abruptly reappears shortly after
ward at a slightly different location, B, often gives rise to
the illusory perception of movement of the object from
location A to location B. There are interesting riddles
about apparent motion that remain to be solved. It is not
known how, or when in the course of information pro
cessing, the phenomenal experience of motion is con
structed. Nor is it clear how the experience of apparent
motion affects the processing of information about the
component stimulus objects. These questions are high
lighted by a paradox. If apparent motion is assumed to
traverse from location A to location B, then the object
should appear at any intermediate point, i, before it ap
pears at location B. However, the motion logically cannot
be perceived until after a stimulus has been presented at
location B. Therefore, there must be an effect of infor
mation presented at location B on the perception of ear
lier points in the trajectory, which has been described as
a backward referral of information (Libet, 1981).1

To understand the nature of apparent motion, it may
help to consider a task in which the subject is to press a key
as quickly as possible, either when the perceived motion
appears to complete its trajectory or when the perceived
motion appears to reach a point in the middle of its tra
jectory. This is the task that we will investigate. On the
basis of very different views of how perception fits into
information processing, cases could be made that the re
action time (RT) should be faster to the intermediate point
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(i), faster to the endpoint (B), or comparable for the two
points. Let us consider these possible outcomes in turn.

Faster Responding to the Intermediate Point:
A Cartesian-Theater View

Dennett and Kinsbourne (1992) described what they
termed a Cartesian-theater view of perception, which
was based on the writings of Descartes (1664/1985). In
this view, in order for information from the sense organs
to reach conscious awareness, it must be projected to one
particular brain system, or "theater," of consciousness.
Descartes assumed that theater resides in the pineal
gland, an assumption that now appears naive even
though the true anatomical basis of awareness remains
uncertain. Without specifying where the neural seat of
consciousness actually might be, predictions still can be
made from a Cartesian-theater view, by incorporating
assumptions from recent works conforming to fundamen
tally the same view.

A basic prediction can be derived as follows. Assume
that information available to conscious awareness is
used to form a conscious percept, and that the percept is
used to make deliberate responses to the stimuli. As
sume also that subjects see the apparently moving object
pass the midpoint of the trajectory before it reaches the
endpoint. It follows that they also should be able to press
a response key sooner for the midpoint event than for the
endpoint event.

Baars (1988) described a theory that might well be clas
sified as a Cartesian-theater view, in which consciousness
is seen as a "global workspace." Any chunks of informa
tion that reside in the workspace concurrently become as
sociated with one another and available throughout the
processing system. The workspace is said to be not only
the seat of conscious awareness and experience but also
the source of deliberate or voluntary responding. Thus,
if the subject were asked to make a speeded response to
one point in the trajectory of apparent motion, the re-
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sponse would have to be made on the basis of the same
information that leads to the conscious percept, and in a
manner consistent with that percept.

The reason that conscious percepts and deliberate re
sponses should be consistent according to the model is
that there is a presumed association between elements in
the workspace. The workspace is thought to act as an in
tegrator and interpreter that combines separate chunks
of information and organizes them into a coherent, ra
tional picture upon which deliberate actions are based.
Some indirect support for this view of the normal con
scious mind as an integrator and interpreter comes from
research by Gazzaniga (1988) on patients with surgi
cally separated left and right cerebral hemispheres. The
left, verbal hemisphere appears to make up post hoc ra
tionales so as to explain logically some actions insti
gated by the right hemisphere, the origin and purpose of
which are unknown to the left hemisphere.

To reiterate, according to one modern version of the
Cartesian-theater concept, what appears to occur sooner
(presumably, passage ofpoint i) should be responded to
sooner. For this prediction to hold, it need not be as
sumed that the apparent rate of travel remains constant
from point A to point B; the prediction still could hold if
there were apparent acceleration or deceleration within
the trajectory. On the other hand, the prediction would
not hold if the travel from the intermediate point (i) to
the endpoint (B) appeared to be instantaneous. It has in
fact been found that an interstimulus interval (lSI) of
omsec can give rise to apparent motion (Kahneman &
Wolman, 1970; Ohtani et aI., 1991). However, there is
good reason to believe that, even in the case ofa O-msec
lSI, the perceived rate of travel is not infinitely high.
There is considerable evidence that apparent motion fol
lows a path that is ecologically plausible given the con
straints of physics as experienced by the subject (e.g.,
Shepard, 1984). Clearly, subjects are incapable of expe
riencing actual motion beyond a certain speed (Naka
yama, 1985). For example, when a flashlight is switched
on, the progression of the light beam across space
clearly is too quick to be perceived. Similarly, if appar
ent motion is observed, it is likely to be experienced as
noninstantaneous even if the lSI is 0 msec.

It is important to note that several versions of the
Cartesian-theater view, making opposing predictions,
are possible. The prediction described above is consis
tent with what Dennett and Kinsbourne (1992) called the
Stalinesque version of the Cartesian-theater view, allud
ing to the withholding of information from awareness.
Applied to the present task, it would suggest that when
an endpoint stimulus at B is first detected by some un
conscious processing mechanism, the information that
an object is present there is known at some point in the
brain but is withheld from the conscious record until
after a left-to-right movement sequence from A to B can
be inserted. Another possible version of the Cartesian
theater view also leads to the same prediction, but was
not acknowledged by Dennett and Kinsbourne. It states
that the processing of the object at the endpoint location

(B) is retarded by the two-stimulus context, so that the
information that there is something at this endpoint is
not available anywhere in the brain until after the infor
mation that something is moving from A to B.

A second version of the Cartesian-theater view de
scribed by Dennett and Kinsbourne (1992) leads to a dif
ferent prediction for thepresent task. It is termed Orwellian,
alluding to the revision of information in awareness. In
the present task, the presence of a stationary item at the
right-hand side ofthe display could be registered in aware
ness initially, but quickly forgotten when it is replaced by
the perception of movement from left to right. This view
can be attributed to Goodman (1978, p. 83), who noted
that the appearance of movement past a midpoint "seems
to leave us a choice between a retrospective construction
theory and a belief in clairvoyance." If the short-lived
conscious percept ofa stationary object at B were enough
to produce a speeded reaction even though this percept
was forgotten soon afterward, then subjects should be
able to respond to the endpointfaster than to the midpoint
of the trajectory. However, it seems somewhat implausi
ble that an attended event reaching awareness would be
forgotten so quickly. Previous research has indicated that
even brief shifts of awareness, as measured by errors in
repetition or "shadowing" ofa speech channel in selective
listening tasks, produce stable memories ofthe briefly at
tended information (Cowan, Lichty, & Grove, 1990;
Wood & Cowan, 1995). A non-Cartesian view described
by Dennett and Kinsbourne can make the same predic
tions as the Orwellian version of the Cartesian-theater
view, but on more plausible grounds; so, for convenience,
the Orwellian stance will not be given much attention in
this article.

Theories of perception that can be termed non
Cartesian do not hold that all deliberate and conscious
activities must arise from the same coherent neural
workspace or Cartesian theater. Two different non
Cartesian views to be discussed-a multiple-drafts view
and a general information-processing view-are capable
of making different theoretical predictions for the task
under consideration.

Faster Responding to the Endpoint:
A Multiple-Drafts View

Dennett and Kinsbourne (1992) described a view that
is opposed to the notion that there is a Cartesian theater
of some sort. Instead, they proposed that the brain may
contain separate and sometimes conflicting descriptions
ofstimulus events simultaneously, Conscious awareness
was said to reflect the brain's attempt to weave a coher
ent story from the various perceptual strands, so that a
perceptual event that was incoherent with the overall
story might eventually be deleted from the story and
therefore inaccessible to verbal report (i.e., it would re
main outside of conscious awareness). In an analogy
with creative writing, each perceptual event was termed
a perceptual draft, with the perceptual events corre
sponding to the subject's subjective report forming the
final draft.
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Dennett and Kinsbourne (1992, p. 194) stated that the
"Multiple Drafts model agrees with [Goodman's, 1978,
'Orwellian' approach] that retrospectively the brain cre
ates the content (the judgment) that there was interven
ing motion, and this content is then available to govern
activity and leave its mark in memory." They go on to
differentiate their view from that of Goodman in that
they do not agree that the information must be projected
to an area of consciousness where it must replace the
previous information.

There is considerable flexibility in how the theory
might be applied; it is not tightly specified. However, for
the task under consideration, one plausible scenario is as
follows. First, the brain would perceive separate objects
at point A and point B. Then, in a subsequent perceptual
draft, the perceptual story would include only a single
object that moved from A to B. Assume that it takes time
to form each perceptual draft, and that any perceptual
draft can serve as the basis of an overt speeded reaction.
The prediction is then that the RT to point B, based on a
nonfinal perceptual draft, could be faster than the RT to
the intermediate point i, which can be based only on the
subsequent perceptual draft incorporating motion.

No Difference Between Locations:
Other Non-Cartesian Views

In contrast to the above prediction, no difference be
tween RTs to points i and B would be predicted by the
multiple-drafts view if the formation of successive per
ceptual drafts was extremely rapid, or if a speeded reac
tion for some reason could not be based on the nonfinal
draft. The prediction still would differ from that of the
Cartesian-theater approach, in which the sequence of
RTs must conform to a sequence ofperceived locations.

In another non-Cartesian view that has been associ
ated with the information-processing approach to cog
nition and perception (e.g., Massaro & Cowan, 1993), it
is believed that much processing takes place automati
cally and does not depend upon conscious awareness. In
fact, according to this view, responses could be made on
the basis of information different from the information
that results in conscious perception.

One simple account of apparent motion from an
information-processing approach is suggested by the
theory of Kahneman and Wolman (1970). They pro
posed that each stimulus gives rise to an internal neural
response. Apparent motion was said to be perceived only
if the neural responses to the two stimuli "overlap." Al
though this theory might be in need of further clarifica
tion, it can be used to make some simple predictions. In
the apparent motion situation, overlap between the neural
responses would, of course, begin at the same time that
the neural response to the second stimulus begins. It
therefore is plausible that information about motion (the
overlap between responses) could be available for an
overt speeded response at the same time that information
about the presence of a stimulus at location B is avail
able. This could result in no difference in RTs to the in
termediate point and the endpoint of apparent motion.

(The conscious perception ofmotion nevertheless might
depend on another stage of processing that interprets the
meaning ofthe overlap in neural responses. Conceivably,
the interpretation might not even be completed until
after the speeded response is made, in direct contradic
tion to a Cartesian-theater view.)

There is one more consideration that could be impor
tant for the information-processing view described above.
There might be a primitive stage of motion detection
that is used to make a response in the proposed experi
mental situation and that is in some way available to con
sciousness. A logically coherent cognitive understand
ing of the display might still be incomplete at the time
that the response is made.

There is considerable evidence for a primitive type of
motion-detection mechanism in the brain that is inde
pendent of the perception of spatial location (for a re
view, see Nakayama, 1985). For example, in motion af
tereffects such as the waterfall illusion, movement is
perceived without any change in the perceived location
(Wohlgemuth, 1911). According to this type of mecha
nism, it would be possible to detect motion consciously,
yet without simultaneously being aware of a trajectory
along the points involved in the motion. As soon as this
motion-detection mechanism is set into play, the subject
might respond by inferring that the midpoint was passed
and the endpoint reached.

Presumably, in order to reach a rational understanding
of the display in light of the subject's world knowledge,
the subject at some point also would have to reach the
perception or inference that the motion passed along a
trajectory from one location to another. This more cog
nitive perceptual stage might reflect the second of two
apparent motion processes that have been proposed pre
viously (see Cavanagh & Mather, 1989; Petersik, 1989).
Petersik described this second stage, relative to the first
stage, as more flexible and penetrable by cognitive pro
cesses. Given a two-stage description of motion percep
tion, one information-processing view would state that
the initiation of rapid responding need not await the op
eration of the second stage.

It could reasonably be claimed that such a two-stage
description of motion perception also would qualify as
one version of the multiple-drafts view, with the two
stages of motion detection serving as the two drafts
(though Dennett and Kinsbourne did not describe ap
parent motion in this way). In contrast, it would seem
less likely that the two-stage description could be ac
cepted within a Cartesian view. Descartes (1637/1965)
characterized the visual system of the brain as a natural
device that carried out mathematical geometric calcula
tions automatically and intuitively, and that type ofmen
tal system would seem to perceive motion in terms of the
change in spatial coordinates of the object. Thus, in the
proposed experimental situation, we wish to assert sim
ply that the prediction of no difference between mid
point and endpoint reaction times can be made by vari
ous non-Cartesian views, but not easily by a standard
Cartesian view.
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Although the predictions we have discussed depend
on special assumptions, and other variations are possi
ble, they do serve to illustrate that a study of timed re
actions to stimuli in apparent motion can be useful in
constraining theories of perception. Accordingly, in the
present article, we report on three experiments in which
subjects were to respond rapidly, either when the object
appeared to pass the spatial midpoint in an apparent mo
tion trajectory or when it appeared to reach the endpoint
of the trajectory.

EXPERIMENT 1

Method
Subjects. The subjects were 31 introductory psychology stu

dents who received course credit for their participation. One sub
ject was excluded from the final sample for making too many false
alarms (15) during the test session, leaving a final sample of30.

Apparatus, Stimuli, and Procedure. Stimuli were displayed, and
responses collected, on an IBM AT computer at a luminance ad
justed to the subject's comfort, with green characters on a black
background in a dimly lit room. Each trial began with the words
GET READY presented both above and below the area to be taken up
subsequently by a three-row display. After 1 sec, the ready signal
disappeared and was replaced by the display, which covered an
area on the screen 2.7 em wide and 1.5 em tall in the center of the
screen. At the typical viewing distance of 50 em, the display sub
tended a visual angle of3.! 0 in width and 1.70 in height.

The session began with two practice sessions, each of which
continued until 10 experimental trials were run, half with a mid
point "*,, marker and the other halfwith a right-hand, or endpoint,
"*,, marker. On each trial, the top row of the display consisted of
three repetitions of the character "!" (0.5 em tall) at the left, mid
dle, and right of the 2.7-cm-wide display, which remained
throughout the trial as reference points. In the middle row, at the
same time, the character "*,, (0.25 em tall) appeared directly under
either the middle or the right-hand "!", indicating the location at
which the subject was to respond as the moving character arrived.
In the third row, at the same time, an "0" (0.25 em tall) appeared
directly under the left-hand asterisk. This was the character that
eventually would appear to move. Initially, the display for a respond
at-midpoint trial, for example, would look about as follows:

*o

After a random interval varying from 1 to 2 sec, the "0" disap
peared. On half of the trials, 100 msec after the "0" disappeared,
the same character appeared directly under the right-hand "!" char
acter, giving rise to apparent motion of the "0" (thus, lSI =

100 msec). The subject's task was to press the enter key of the
computer as quickly as possible after the "0" appeared to get as far
as the "*,, marker. This display remained on until the subject re
sponded to it, which ended the trial.

On the other half of the trials, again after 100 msec, the "0" in
stead reappeared under the left-hand "1". This procedure was used
so that the subjects would not be able to anticipate movement on
the basis ofthe disappearance of the left-hand "0". Whenever they
made a response to an "0" that had reappeared at the left instead
of shifting to the right-hand side of the display, that response was
counted as a false alarm. If an "0" reappeared at the left-hand side
of the display and the subject did not make the mistake of re
sponding to it, then the trial ended 1 sec after the reappearance.'

For all types of trial, the end of one trial was followed immedi
ately by the ready signal for the next trial to begin. The probabil
ity that the current trial would be a control trial in which there was

no shift to the right always was .5. However, the location ofthe "*,,
marker was maintained across trials until by chance the "0" did
shift to the right (i.e., an experimental trial). The sequence of"*"
marker locations in experimental trials was random, with the re
striction that there could be no more than two successive experi
mental trials with the same marker location.

After the practice session, the test session began, and it contin
ued until a total of 100 experimental trials were run, again half
with a midpoint "*,, marker and the other halfwith an endpoint "*,,
marker. When the necessary number oftrials in one condition was
reached, only the other condition was run (it could be either con
dition). Given the random determination of trial types, each sub
ject also received about 100 catch trials in which the "0" disap
peared but then reappeared in the same location, about half of
which occurred with midpoint markers and half with endpoint
markers.

Results
None of the subjects made more than five false alarms

during the test session, except one subject who was ex
cluded from the final sample as noted above. For the
other subjects, the mean number of false alarms for the
test session was 1.27 (SD = 1.50). RT scores were cal
culated from the appearance ofthe circle at the endpoint
and the subject's response to the movement, and RTs
larger than 1 sec were disqualified because they were as
sumed to reflect attentional lapses. This occurred only
rarely, in 0.4% of the midpoint trials and 0.7% of the
endpoint trials. Mean RTs for each subject in both ex
perimental conditions were calculated.

The averages of these individual subject means were
338.11 msec (SD = 41.88, SEM = 7.65) for trials in
which the marker was at the midpoint and an almost
identical 338.50 msec (SD = 44.36, SEM = 8.10) for tri
als in which the marker was at the endpoint. In a within
subject analysis of variance (ANOVA) of RTs, the dif
ference between conditions did not approach significance
[F(I,29) < 1, MSe = 163.69].

Most ofthe variance in RTs was between subjects, and
most subjects yielded similar mean RTs for the midpoint
and endpoint conditions. This can be observed clearly
within (endpoint-midpoint) difference scores (M =
0.39 msec), which had a 95% confidence interval of
only 6.76 msec. Given the large number of trials per
subject, even individual subject means were fairly reli
able. The average individual's SEM was 10.91 msec in
the midpoint condition and 11.09 msec in the endpoint
conditions.

The absence of a significant difference between con
ditions cannot easily be attributed to a lack of power of
the experiment. A power analysis (Buchner, Faul, & Erd
felder, 1992) indicated that a difference between means
as small as 20 msec could have been detected with a
power (1- (3) of about .95.

One potential problem with the experimental design is
that it was not completely balanced across the session.
The randomization permitted no more than 2 trials of a
particular type in succession until all trials of one type
were presented, but then all remaining trials ofthe other
type were presented. This resulted in a final run of, on
the average, 4.16 trials of one type (SD = 2.77), as op-
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posed to a limit of 2 trials elsewhere in the session. It is
conceivable that this lack of balance in the design was a
problem because of effects of practice or fatigue. How
ever, to take into account the effect of the final runs, RT
means were recalculated, with all but the first 2 trials of
the final runs omitted. The RT means calculated in this
way (338.02 msec for the midpoint and 338.16 msec for
the endpoint) were nearly the same as before, and again
the effect of condition failed to approach significance
[F(I,29) < 1, MSe = 152.05]. In the subsequent experi
ments, the designs were completely balanced.

Discussion
The present finding appears to rule out the possibility

that the phenomenal experience of motion from one dis
crete point to another underlies the RTs. If it were the
basis of RTs, one would expect the RT to a midpoint
marker to be faster than the RT to an endpoint marker.

Before this conclusion can be accepted, however, an
other possibility must be ruled out. The subjects might
have perceived the "0" stimulus as passing the midpoint
considerably sooner than the endpoint, but their RTs still
might not reflect this because of the time it takes to mo
bilize the motor system. For example, suppose that the
subjects perceived the midpoint target, on the average,
120 msec after the left-hand "0" stimulus disappeared,
and that they perceived the endpoint target, on the aver
age, 40 msec later than the midpoint. Suppose further
that they only reached a state of motor readiness
200 msec after the left-hand "0" stimulus disappeared.
Then their RTs could not reflect the difference in per
ception times. Experiment 2 was designed to examine
this possibility by requiring a response to a stimulus pre
sented earlier at the midpoint and to examine other de
tails of apparent motion.

EXPERIMENT 2

To address the concern of the minimal RT, on some
trials an actual "0" stimulus was briefly flashed at the
midpoint of the phi movement trajectory, beginning at
half of the 100-msec lSI that elapsed between the be
ginning and endpoint stimuli. If subjects are incapable
of making a response any more quickly than the re
sponses that occurred to an endpoint stimulus in Exper
iment 1, then this actual midpoint stimulus should make
no difference.

In another condition, the midpoint stimulus was not
flashed until 50 msec after the endpoint stimulus. The
effect was disconcerting. Because the midpoint stimulus
disappeared quickly (whereas the endpoint stimulus re
mained, pending the subject's response), a movement
from left to right still could be perceived, although some
subjects thought that the timing ofthe stimulus was some
how awry. We included this condition for exploratory pur
poses, to find out whether the delayed midpoint stimulus
could delay the subject's response to a midpoint marker
by predominating over the earlier midpoint percept that
is based only on apparent motion. If so, it would favor an

Orwellian hypothesis, in which fleeting conscious percepts
can be amended in memory by subsequent information.

In all, two marker conditions (midpoint, endpoint)
were crossed with three midpoint stimulus conditions
(-50 msec, +50 msec, none) for a total of six condi
tions. Figure 1 illustrates the timing of displays for the
three conditions in which the "*,, marker indicating the
target location was placed in the middle of the display;
the remaining three conditions were the same, except
with the "*,, marker located under the rightmost of the
three "!" symbols in the display.

Method
Subjects. The subjects were 23 introductory psychology stu

dents who had not participated in Experiment 1 and who received
course credit for their participation.

Method. The progression of events on each trial was the same
as in Experiment I, except that on some trials the "0" character
was presented at the midpoint. On some ofthese trials ( - 50-msec
condition), it began 50 msec before the onset of the right-hand
(endpoint) "0" and lasted for 50 msec, at which time the "0" at
midpoint was extinguished and an "0" was presented at the right
hand location. On other trials (+50-msec condition), the "0" was
presented only 50 msec after the onset of the endpoint stimulus,
and again this midpoint stimulus lasted 50 msec. The right-hand
"0," on the other hand, always persisted on the screen until the sub
ject made a response, as in Experiment I. The midpoint stimulus
never was presented on catch trials, in which the "0" disappeared
and then reappeared 100 msec later at the beginning (right-hand)
location. Thus, in all, there were six experimental conditions,
formed by combining "*,, markers to be responded to at two loca
tions (midpoint, right) with three midpoint "0" presentation con
ditions (no midpoint "0," as in Experiment 1; midpoint "0"
50 msec before the right-hand "0" appears; midpoint "0" 50 msec
after the right-hand "0" appears).

There were two practice sessions with 12 experimental trials
each (2 of each of the 6 conditions), and then a test session with
120 experimental trials (20 of each condition). Within the test ses
sion, each successive block of 6 experimental trials included each
trial type once. As in Experiment I, the control trials occurred ran
domly with a .5 probability on each trial. In all other ways, the
method was the same as that in Experiment I.

Results
As in Experiment 1, the frequency of false alarms was

fairly low (M = 2.83, SD = 3.30). Also as in Experi
ment 1, RTs longer than 1 sec were omitted in the cal
culation of subject means. The percentage of trials in
which this occurred ranged among the six conditions
from 0.7% to 1.1% of the trials. The mean RTs for each
condition, averaged across individual subject means, are
shown in Table 1. The table indicates that the means for
the - 50-msec condition were about 50 msec below the
means for the other two conditions.

The RT means were entered into an ANOVA with two
within-subject factors: the location of the "*,, marker
(midpoint versus right-hand side) and the timing of the
stimulus at the midpoint location (- 50 msec, +50 msec,
none). Consistent with Table 1, this analysis yielded
only an effect of the stimulus at midpoint [F(2,44) =

75.79, MSe = 447.95,p < .001]. Post hoc pairwise Tukey
tests revealed that the - 50-msec condition mean was
significantly lower than both the +50-msec and the no-
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Time
Within Condition

Trial No Midpoint -50 msec +50 msec

< 0 msec !

* *
0 0 0

Omsec

* * *
50 msec

* * *
0

100 msec

* * *
0 0 0

ISOmsec

* * *
0 0 0 0

200 msec

* * *
0 0 0

Subject's response ends trial

Figure 1. An illustration of the display as it appeared at various times within a trial, for three
midpoint "0" presentation conditions of Experiment 2. The conditions shown are for a mid
point target location, as indicated by the location of the "*,, marker. The subjects were to re
spond to movement of the "0" to or past the marker location. The conditions for the endpoint
target location (not shown) were the same, except that the "*" marker was located under the
right-hand "!" marker. -50 msec and +50 msec represent the midpoint "0" stimulus
onset times relative to the onset ofthe right-hand "0" stimulus.

midpoint-"o" means (ps < .01), but that the difference
between the +50-msec and no-midpoint conditions did
not approach significance. Thus, having an actual stim
ulus at the midpoint 50 msec before the endpoint stimu
lus hastened responses to either the midpoint or the end
point.

Consistent with Experiment 1, the effects involving
the location of the "*" marker did not approach signifi
cance. In the conditions with no stimulus at the mid
point, the difference in RTs for the endpoint and mid
point target locations (M = -2.87 msec) had a 95%
confidence interval of 12.26 msec.

Discussion
These results provide reassurance that the absence of

an effect of the marker location in the case of apparent
motion cannot be attributed to an insensitivity of the RT
measure, given that the RT was altered by a real mid
point stimulus presented before the endpoint stimulus.
The means are what one would expect if subjects use

each piece of relevant information as soon as it is pre
sented. Moreover, responses were not delayed by later
information in the case of the +50-msec condition.

There was, however, one surprising outcome of this
experiment. Placing an "0" stimulus at the midpoint
50 msec before the endpoint "0" stimulus not only
speeded the response to a midpoint marker but also
speeded the response to an endpoint marker by almost
the same amount (see Table 1). There are two possible
accounts of this effect. One account states that the mid
point presentation helped the subject to perceive the mo
tion associated with the endpoint "0" presentation more
quickly than otherwise would have been possible. An
other account, however, states simply that the subject
did not wait for apparent motion, given that the midpoint
"0" was presented. Whenever the midpoint "0" occurred,
it was followed 50 msec later by an endpoint "0," so the
subjects might have anticipated the occurrence of the
endpoint "0." Experiment 3 was conducted to clear up
this ambiguity. It had the same design as Experiment 2,

Table 1
Mean Response Times and Standard Errors of the Means (in Milliseconds)

for Each Condition in Experiment 2

Midpoint "0" Stimulus

- 50 msec + 50 msec Absent

Marker Position M SEM M SEM M SEM

Midpoint 294.41 9.48 346.25 10.71 347.49 11.07
Endpoint (Right) 305.64 10.11 349.83 11.51 344.62 10.75

Note-- 50 msec and + 50 msec are the onset times of the midpoint "0" stimulus rel
ative to the onset of the right-hand "0" stimulus.
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except that a second type of catch trial was added, in
which the "0" stimulus progressed to the midpoint but
then failed to progress further (to the endpoint).

EXPERIMENT 3

Method
Subjects. The subjects were 24 students who had not partici

pated in the first two experiments.
Apparatus, Stimuli, and Procedure. In place of the IBM AT

computers used in the previous experiments, all but 5 subjects in
this experiment viewed the stimuli on newer IBM-compatible
computers using Intel 80486 microprocessors. The monitor dis
play for these computers was slightly larger than before; the width
of the stimulus display (which, in Experiments I and 2, was 2.7
ern) was now 3.0 em, which, at a typical viewing distance of 50
ern, corresponded to a visual angle of 3.4°. The display was now
white (instead of green) on a black background. No systematic dif
ferences between the responses of the subjects using the older ver
sus the newer equipment could be observed.

The procedure was the same as in Experiment 2, with one ex
ception. On trials in which the "*" marker was at the endpoint and
the "0" stimulus was presented at the midpoint before the endpoint
stimulus (-50-msec condition), after the midpoint "0" disap
peared the probability of it reappearing at the endpoint was only
.50. The other halfof the time, the "0" reappeared at the midpoint,
constituting a new type ofcatch trial. Given that the "*" marker on
these trials indicated the endpoint as the target location, responses
to the "0" reappearing at the midpoint were incorrect and the sub
ject received a computer message warning of the mistake. Thus,
there were two types of catch trials in this experiment, corre
sponding to an "0" stimulus disappearing and reappearing either
at the beginning of the trajectory, for either target location (as in
the previous experiments), or at the middle of the trajectory, for
endpoint target locations only.

Results
The subjects made an average of only 1.83 false

alarms (SD = 2.88) to the catch trials at the beginning of
the apparent motion trajectory. False alarms at the mid
point were more frequent but still fairly low (M = 2.92,
SD = 2.52). As in Experiments 1 and 2, RTs greater than
1 sec were omitted from the analysis of responses on
experimental trials. The proportion of such trials was
low, ranging from 0.2% to 0.8% of all trials in particu
lar conditions.

The mean RTs for experimental trials are shown in
Table 2. The corresponding data were entered into an
ANOVAwith the same factors as used in Experiment 2.
There was again a main effect of the midpoint presenta
tion condition [F(2,46) =36.32, MSe = 392.46,p < .001].
As in Experiment 2, post hoc Tukey pairwise compar-

isons indicated that the - 50-msec midpoint-presentation
condition mean was significantly lower than both the
+50-msec and the no-midpoint-presentation means (ps <
.01), though the difference between the latter two condi
tions did not approach significance. Thus, the inclusion
of frequent midpoint catch trials in Experiment 3 did not
fundamentally change the effect ofmidpoint presentation.

Consistent with both of the previous experiments, the
main effect of the location of the "*,, marker did not ap
proach significance. In the conditions with no stimulus
at the midpoint, the difference in RTs for the endpoint
and midpoint target locations (M = -12.63 msec) had a
95% confidence interval of 14.11 msec.

On the other hand, in Experiment 3, the interaction of
the midpoint presentation with the target location
reached significance [F(2,46) = 4.29, MSe = 408.19,p <
.02]. It appears from Table 2 that the effect of midpoint
presentation was smaller when the target location was
the endpoint than when it was the midpoint. Neverthe
less, separate analyses for the midpoint target location
and the endpoint target location both produced strong
main effects of the midpoint presentation (ps < .001).

One clue to the nature of the interaction is provided
by separate analyses for each midpoint presentation.
When there was no midpoint presentation, responses
were marginally faster to the endpoint than to the mid
point [F(I,23) = 4.33, MS e = 558.07, P < .08]. On the
other hand, in the - 50-msec midpoint-presentation con
dition, responses were marginally slower to the endpoint
than to the midpoint [F(l,23) = 3.17, MSe = 444.89,p <
.09]. The difference for the +50-msec condition did not
approach significance.

Discussion
The main finding of Experiment 2, an RT advantage

of receiving an "0" stimulus at the midpoint of the dis
play 50 msec before the endpoint "0" stimulus, was
replicated in Experiment 3. On the other hand, the ad
vantage was about 50 msec in Experiment 2, as opposed
to about 30 msec in Experiment 3. Given the presence of
an extra type of catch trial in Experiment 3, this more
moderate advantage is probably more meaningful psy
chologically.

This result is of use in interpreting the main finding
from all three experiments that, in the absence of an ac
tual midpoint stimulus, subjects respond to apparent
movement past the midpoint of the display and apparent
arrival at the endpoint in comparable amounts of time. If

Table2
Mean Response Times and Standard Errors ofthe Means

(in Milliseconds) for Each Condition in Experiment 3

Midpoint"0" Stimulus

-50 msec +50 msec Absent

MarkerPosition M SEM M SEM M SEM

Midpoint 296.13 15.26 334.67 16.65 337.38 14.99
Endpoint(Right) 306.96 12.59 328.75 11.84 324.75 12.63

Note--50 msec and +50 msec are the onset times of the midpoint"0" stimulusrel
ative to the onset of the right-hand "0" stimulus.



the subjects actually perceived motion past the midpoint
at least 30 msec before they perceived motion to the end
point, but simply could not get their motor systems to re
spond to the midpoint stimuli quickly enough to reflect
this priority, then they should not have been able to re
spond to a real stimulus at the midpoint 30 msec more
quickly. Thus, it appears that perception of the move
ment past the midpoint and perception of movement to
the endpoint in apparent motion are constructed in the
brain simultaneously or nearly so, even though the per
ception is one involving apparent temporal sequence.

The addition of frequent catch trials in which the "0"

remained at the midpoint rather than progressing to the
endpoint did not alter the fact that the midpoint presen
tation speeded responses to the endpoint target location
as well as to the midpoint location. The midpoint pre
sentation thus appears to have served to prime the per
ception of movement based on the appearance of the
endpoint stimulus. The advantage of this priming was
impressive-in fact, only marginally less than the ad
vantage of a midpoint presentation for responding to
movement past the midpoint (see Table 2).

Finally, with no midpoint presentation, in Experi
ment 3 the response to the endpoint (about 325 msec)
was marginally faster than the response to apparent mo
tion past the midpoint (about 337 msec), as shown in
Table 2. It is unwise to place much stock in a marginal ef
fect, but if this effect turned out to be real, it would be
consistent with the multiple-drafts model of perception
described above. In any case, this provides even stronger
evidence that the Cartesian-theater view, as described
above, is wrong. In that view,the RT difference should be
in the other direction, conforming to a sequence in which
movement of the "0" stimulus past the midpoint is per
ceived to have occurred before its arrival at the endpoint.

GENERAL DISCUSSION

This study contrasts several basic views ofperception
and the predictions they make in a simple task based on
stimuli that give rise to the perception of apparent mo
tion. The subjects were to press a button as quickly as
possible when the target object appeared to reach either
the midpoint or the endpoint of its apparent motion tra
jectory. If this task were accomplished on the basis ofthe
perceptual events in a manner that reflected the relative
times at which they were experienced, as it should be ac
cording to one common view (a version ofthe Cartesian
theater view, discussed in the introduction), and if the
appearance of the object passing the midpoint preceded
the appearance of the object reaching the endpoint, then
the mean RT to the midpoint should have been faster
than the mean RT to the endpoint. Instead, it was found
in three experiments that the midpoint and endpoint RTs
were nearly identical.

One never can state with certainty that two means are
identical, but several factors strengthen the contention
that the RTs to the midpoint and endpoint target loca
tions really were very similar. First, the means were quite
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similar in these two conditions. For trials with no actual
midpoint stimulus, the difference in means was approx
imately 0,3, and 13 msec in the three experiments. (In
the marginally significant 13-msec difference, respond
ing was slower to the midpoint stimulus, in opposition to
the Cartesian-theater view described above.) Second, a
statistical power analysis indicated that it should have
been possible to detect an RT difference as small as
20 msec with a power of .95. Third, the fact that signif
icantly faster RTs were observed when an actual stimu
lus was presented at the midpoint 50 msec before the oc
currence ofthe endpoint stimulus (in Experiments 2 and
3) demonstrates that the RT measure was not simply in
sensitive to the precise timing of events in the display.
Given the result of Experiment 3, there may be some
possibility that the RT to the midpoint actually is slightly
slower than the RT to the endpoint, but there is no evi
dence suggesting the opposite (that the RT to the mid
point is faster).

An additional ANOVA across all three experiments
(N = 77) was conducted for the conditions with no mid
point presentation. Again, there was no difference be
tween the mean for the RT to the midpoint target loca
tion (M = 340.68, SD = 56.01) and the endpoint target
location (M = 336.04, SD = 52.37) [F(l,76) = 2.29,
MSe = 363.16,p >.1]. All of this goes against the Carte
sian-theater view described in the introduction.

As suggested in the introduction, the Cartesian-theater
view can be salvaged if one is willing to make the Or
wellian assumption described by Dennett and Kins
bourne (1992)-that is, the assumption that information
about a stationary object at the endpoint can reach aware
ness but then be forgotten when it is quickly replaced by
the perception ofmotion. An advantage for the endpoint
is predicted if subjects can use the information about a
stationary object at the endpoint to initiate a speeded re
sponse during the fleeting moment when the informa
tion is in awareness, before it is replaced by a perception
of movement.

One possible prediction of the multiple-drafts model
is similar to predictions of the Orwellian view. The
image of a static object at B arrives, and, subsequently,
the perception of motion is constructed. (The only dif
ference is that, in the perceptual-drafts view, both types
ofpercept remain in the system rather than one being re
placed by another.) For these models, the response to the
endpoint in principle should precede the response to the
midpoint. However, the advantage for the endpoint RT
predicted by these views failed to reach significance in
any of the experiments.

The Cartesian-theater view, as described above, em
bodied two assumptions. The first was that the observer
forms a conscious percept in which the moving object
reaches the midpoint of the trajectory and then subse
quently reaches the endpoint of the trajectory. (As men
tioned above, this assumption may be inferred from con
siderations described by Descartes, 1637/1965; see also
Sedgwick, 1986.) The second was that responses are
based on this conscious percept. (This assumption may
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be inferred from considerations described by Baars,
1988, Dennett & Kinsbourne, 1992, and Descartes,
1664/1985). Given that RTs were the same for the mid
point and the endpoint markers, it appears that at least
one of these assumptions is incorrect. It seems instead
that there is a source of information about motion that
precedes (or, conceivably, occurs instead of) a logical,
spatially coherent percept, and that this source can be
used to make deliberate responses. It is not yet clear
whether the non-Cartesian outcome is most aptly viewed
as a type ofmultiple-drafts mechanism or an information
processing mechanism with multiple processing stages.

Apparent movement to the endpoint of the display
created by a right-hand "0" stimulus logically implied
movement past the midpoint, so from this point of view
it is not surprising that, in all three experiments, the RTs
to the midpoint and endpoint were very similar. More
over, when an actual midpoint "0" cue to movement was
presented 50 msec earlier (Experiments 2 and 3), RTs
for both midpoint and endpoint target locations were
faster as a result. The midpoint stimulus appears to have
sped up the psychological interpretation of movement
leading ultimately toward the endpoint stimulus.

Though the present data are unable to specify defini
tively what the mechanism ofperception is, they do rule
out at least one plausible class of perceptual theory
namely,the versions ofthe Cartesian-theater view in which
speeded reactions to apparent motion are based directly
on a coherent, conscious percept of movement from a
beginning point, through the intermediate points, to an
endpoint. The midpoint RT was not faster than the end
point RT as it should have been if the chronology of
speeded responses matched the chronology of percep
tual events. The data are useful in illustrating how be
havioral evidence can help to address basic philosophi
cal questions about perception.
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NOfES

I. Dennett and Kinsbourne (1992) suggested that the paradox is
dramatized in the situation in which the object that appears to move is
presented in one color at one location and a different color at the other
location. In such a situation, Kolers and Griinau (1976) had subjects
match the apparently moving object to an adjustable color standard at
various points in the trajectory, and the results suggested an abrupt
change from the first color to the second at about the middle of the ap
parent trajectory. We considered basing our experiments on this color
phi phenomenon. However, when we programmed and observed the
experimental setup, the target object actually appeared rather colorless
during motion. We therefore wonder if the color matches that Kolers
and Griinau obtained reflect primarily task demands and the limitation
in available responses rather than a vividly experienced color transi
tion.

2. Stimulus display times were approximate given that the display
was not synchronized with the computer monitor's refresh rate of
60 Hz.
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