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Parallel and Serial Processes in Motion Detection

Mir1 Dick, SHIMON ULLMAN, Dov SAGI

Apparent motion was used to explore humans’ ability to perceive the direction of
motion in the visual field. A marked qualitative difference in this ability was found
between short- and long-range motion. For short-range motion, the detection of the
direction of motion is characterized by parallel operation over a wide visual field (that
is, detection performance is independent of the number of objects in an array). When
the positional displacement is large relative to an object’s size, the direction of motion
is detected in a serial manner. The process of detection is limited in this case by the
ability to detect other events, such as appearance and disappearance of an object, and
the ability to compute their spatio-temporal relations. The results are consistent with a
previously suggested division of the motion detection system into short- and long-
range processes. The direction of short-range motion can be perceived in parallel
(preattentively), whereas long-range motion is attentive and requires more complicat-
ed computations. It seems that the detection of long-range motion is a conjunction
task, combining the detection of disappearance and appearance.

N EXAMINATION OF THE CONDI- that, when the displacement increases and

tions under which apparent motion

can be perceived has suggested that
two processes are involved in producing the
perception of motion (I). One process,
short-range (SR) motion, operates when the
spatial and temporal offsets are small. The
other process, long-range (LR) motion, can
operate over large displacements. It was
suggested (2), however, that there is a more
fundamental distinction between the two
systems. The SR process seems to operate
directly on changes in the local density
distribution. In contrast, the LR process
operates by first identifying image features
and then matching them over time. We now
show that the dichotomy of SR and LR
processes is related to another dichotomy in
vision, namely, between preattentive and
attentive vision.

It has been suggested (3, 4) that vision
operates in two modes. The first, preatten-
tive vision, is such that feature differences
can be detected in parallel over a wide visual
field. The second, the attentive mode, is
required for detecting more complicated
characteristics of objects, such as feature
conjunctions (3), their spatial relations (4),
or feature identification (5). Such tasks can
be accomplished only by the serial shifting
of an “attentive aperture” over small parts of
the visual field.

Others have shown that direction of mo-

motion detectability remains the same, the
detection of the direction of motion changes
from parallel to serial. At large displace-
ments, performance depends on more basic
features, such as appearance and disappear-
ance. In contrast, performance for SR mo-
tion remains unchanged even when the de-
tection of appearance and disappearance is
impossible.

In our experiments, we regarded observ-
ers’ response time as an indication of the
processing time of the perceptual task (3).

When an observer was searching for a par-
ticular feature among a group of objects
sharing the same feature, if response time
was constant regardless of the size of the
group (subject to constraints such as retinal
eccentricity), then we assumed that the fea-
tures were processed in parallel. If response
time increased with the size of the array,
keeping a fixed error rate, then we assumed
that a serial search took place.

Clearly visible dark squares of 7.5 X 7.5
minutes of arc, which we call dots, were
used as stimuli. The perception of motion
was created by two frames serially flashed on
a bluish screen of a Symbolics Lisp Machine.
Eight well-trained observers participated in
these experiments; each experiment was per-
formed by at least two observers. Results for
three observers, one of the authors and two
students who were unfamiliar with the pur-
pose of the experiments, were plotted. The
observers were asked to press a given key-
board key in response to the visual stimuli as
accurately and as rapidly as possible. Expo-
sure times were limited to 48 msec per frame
to prevent a second fixation at the screen.
The interstimulus interval was zero, and no
masking was used. Response time was mea-
sured from the onset of the second frame.
The response time increased with a decrease
of the array density, so that we kept the
separation between the dots fixed at approx-
imately an average of 75 minutes of arc in all
the experiments. This separation assures
clear, unambiguous correspondence be-
tween the moving dots.

We tested for the detection of motion per
se as well as for the direction of motion. The
detection of a moving dot while dots in the
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Fig. 1. Reaction times for two observers, ZR and MD, plotted as a function of the number of stationary
dots in the array to be searched. Results from four classes of experiments are shown: SR, short-range
motion; LR, long-range motion; A, appearance of a dot; D, disappearance of a dot. All plotted reaction
times represent the mean of at least 100 trials. The typical standard error in these experiments is 7 msec.
The percentage of correct responses is about 94% in each experiment. Performance seems to be parallel
in all four cases.

tion can be extracted by parallel processes
(6) for small displacements (SR). We find
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Fig. 2. Reaction times of two observers for the
detection of a dot moving in one direction (to the
right) as a function of the number of dots moving
in the opposite direction. The array contained 64
dots; moving and stationary dots were randoml

chosen. Results of observers MS and MD from
two classes of experiments are shown. Symbols:
(O) MS, SR motion; (A) MD, SR motion; (+)
MS, LR motion; (X) MD, LR motion. The
dotted line represents the average results of the
same observers for SR motion experiment, but
with exposure time 16 msec per frame. Typically
the percentage of correct responses was 94% for
SR motion. The numbers near the data points
indicate the percentage of correct responses for
LR motion.

background remained stationary was regard-
ed as a motion detection task. The observer’s
task in this case was to decide whether
something moved or nothing changed. The
moving dot had to be detected regardless of
its direction of motion, while in the sur-
rounding visual field there was a variable
number of stationary dots. The detection
was considered parallel if detection time was
independent of the number of stationary
dots.

Motion detection was examined for vari-
ous displacements; we present results for
two displacements. SR displacements were
those of the size of the dot and LR displace-
ments were of 25 minutes of arc. The num-
ber of stationary dots varied in these experi-
ments from 25 to 100 (since the density was
fixed, the arrays subtended 5.5 to 13.7
degrees of the visual angle). Our results
show that motion detection under these
conditions was performed in parallel regard-
less of the displacement size (Fig. 1). At this
stage it was still unclear whether detection
was based on the motion itself or on other
possible components of apparent motion.

We next examined the detection of direc-
tion of motion. The existence of detectors
for direction of motion has been suggested
by several investigators (7). A straightfor-
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ward extension of the previous task would
have been to ask the observers whether the
dot moved to the right or to the left with
respect to a variable number of stationary
dots. Such an experiment would be incon-
clusive, however. Since we have shown that
a moving dot can be detected by a parallel
process, if another step of search is required
to determine the direction of the moving
dot, then a single shift of the serial process
could suffice for making the required dis-
tinction. Reaction time patterns in this case
would be independent of the number of
stationary dots. Therefore, the detection of
the direction of motion of a target dot was
tested as a function of the number of dots
moving in a different direction. Throughout
these experiments the size of the array was
11 % 11 degrees (64 dots). A variable num-
ber of dots (N) moved in one direction, and
in half the trials a test dot moved in the
opposite direction with identical speed. Ad-
ditional stationary dots served as back-
ground items. We assumed that a constant
reaction time, independent of the number of
moving elements in the background, im-
plied that direction of motion was processed
in parallel.

The results showed that the direction of
motion was detected in parallel only when
small motion displacements were used (less
than 17.5 minutes of arc). Figure 2 shows
examples of data obtained from two observ-
ers detecting the direction of motion when
the test dot and the background dots moved
with short and long displacements (similar
to those used in Fig. 1). The average error
rate in performance was about 6% for the
small displacement; the rate was about the
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same for large displacements when a small
number of dots were moved but increased
with the number of dots moving in the
background.

The data point corresponding to N = 0
indicates the case where the observer had to
decide whether one dot moved to the left or
to the right. The data point N = 1 comes
from experiments where both dots moved in
the same direction or in opposite directions
(that is, with a single dot serving as a
distractor). In this case the equal percentage
of correct responses allowed a comparison
to be made between small and large dis-
placements. The increase in reaction time for
the first distractor was about 30 msec. This
indicates that a serial process was probably
taking place (3). The other data points
presented for the large displacement should
be considered together with the perform-
ance error rate. The search time, limited by
our short presentation times, caused an in-
crease in error rate. Under constant error
rate conditions, the slope for the LR motion
would presumably have been steeper. The
case where all the background dots moved
in one direction and a single dot moved in
the opposite direction is marked at a de-
tached point at the end of the graph
(N = 64).

For a single dot (N = 0), the reaction
time was about the same for SR and LR
motion. With additional dots, LR judg-
ments become increasingly difficult to make.
Since the dot densities used in the experi-
ments guaranteed unambiguous correspon-
dence between moving dots, the added diffi-
culty with LR motion is probably not relat-
ed to matching ambiguities. We also con-
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Fig. 3. Reaction times for the detection of a moving dot as a function of the number of dots appearing
and disappearing in an array of 64 dots. The moving and the disappearing or appearing dots were
chosen randomly; the other dots remained stationary. Two classes of motion ranges were used (as for
Fig. 2). For SR motion, the percentage of correct responses was 92% (SE, 7 msec); for LR motion the
percentage is marked near every data point (SE, 12 msec).
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