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DYNAMIC CONTOUR PERCEPTION
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Contour in visual perception has
not received an amount of attention
deserved by the fundamental role it
plays in all visual activities. One
investigator has indicated his view of
the importance of contour by writing,
" . . . the matter of contour forma-
tion is one of the central phenomena
of sensory psychology and nerve
physiology" (1, p. 334). If visual
acuity, form perception, visual con-
trast, and stereopsis depend primarily
upon the ability of the visual system
to "construct" an edge from varying
patterns of energy that strike retinal
receptors, then it is clear that contour
must be systematically investigated
if we seek to understand any visual
activity.

Contour is usually defined as an
abrupt gradient of stimulation of
adjacent areas on the retina, and this
gradient is dependent upon intensity
differentials in the objective field (2,
11). Ordinarily this definition is
adequate but phenomena of "sub-
jective contour," certain contrast
effects, and the perception of edges
of apparently moving stimuli are
instances which require an extension
of the definition. Perceived contour
does not always depend upon an
abrupt gradient in stimulation even
though this is the usual stimulus
correlate (5, 6).

Time is required to form visual
contours. The exact magnitudes for
various conditions of observation,
however, have not been studied
systematically. Werner, neverthe-
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less, has shown that the contours of
certain geometric figures presented
stroboscopically for 12-25 msec, are
obliterated when an enclosing figure
with a common center follows in
120-240 msec. (13). In most in-
stances the first figure was not seen
at all. This study, unfortunately,
does not give systematic data on the
appearance of contour of the first
figure as a function of its duration of
exposure. It must be assumed that
a duration greater than 25 msec,
would produce contour. A second
study relating to time factors in the
perception of contour is one by
Cheatham (2). He indicated that the
development time of perception (the
perception of complete contours) as
measured with a masking method is
of the order of 30-100 msec., depend-
ing upon the shape of the stimulus
and its brightness.

In the present experiment the time
required to perceive the contours of
moving stimuli was studied. Hereto-
fore, this topic had not been investi-
gated. For the purposes of the
present study, a distinction is made
between static and dynamic contour
perception, the latter referring to the
formation and maintenance of sharp
edges during the actual movement of
a stimulus. This distinction parallels
the one made by Miller and J^udvigh
between static and dynamic visual
acuity (9).

METHOD

First it is necessary to describe the phe-
nomenon upon which observations in this study
are based. A moving stimulus is presented at
some velocity (V) which makes it impossible to
perceive sharp contours. Typically, contours
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FIG. 1. Apparatus components and features of the observed stimulus.

of small stimuli (a few degrees in angular size)
no longer can be discerned when V exceeds
15°/sec. (4). Now suppose that V = 20°/sec.
and the stimulus is exposed in a fixed position
for a brief interval prior and subsequent to its
movement. Under these conditions the previ-
ously blurred edges of the stimulus now are seen
in sharp contour, as they were when V < IS0/
sec.2

With respect to contour perception, the
present study investigated the relation between
values of V and durations of exposure of the
stimulus in its fixed position before and after
movement. Henceforth ti and h will designate
the duration of the exposure of the stimulus in
its fixed positions prior and subsequent to move-
ment, respectively. The letter T will indicate
the duration of exposure when the relationship
ti = h holds.

Apparatus,—A device similar to the one
employed by Michotte was used (8). By
rotating a large disk on a horizontal axis behind
an aperture, numerous combinations of ti and
(2 could be obtained. The velocity of the
stimulus was altered by changing the speed of
the disk's rotation. A variable speed trans-

2 Credit for this original observation is due
to Professor Albert Michotte of the Psychological
Laboratory of Louvain University, Louvain,
Belgium.

mission (Graham) was used to drive the disk.
Exposure of t\ and tt was controlled both by the
speed of the disk and the length of the concentric
arcs upon it. The schematic drawings in Fig. 1
illustrate the important components of the
apparatus and the general features of the
experimental situation. A drawing of the disk
is given in the upper-left portion of the figure.
Rotation of the disk behind a horizontal aper-
ture produced a stimulus field which appeared
like the set of three drawings in the bottom-right
part of the figure. Drawing 1 illustrates the
field when the stimulus first appeared; Drawing
3 shows the field after movement had taken
place. The slanted band in Drawing 2 shows
the appearance of the stimulus during move-
ment. The slant is due to the "fall" of the
eccentric arc on the disk.

The stimulus field was observed by S from
a cubicle. He looked through a viewing box.
The upper half of the box contained a projector
which illuminated the stimulus field. In the
lower half of the viewing box a white movable
panel served as the pre-exposure field. The S
always looked at the pre-exposure field between
observations.

The size of the white stimulus field was 8°18'
by 1°30'. Its brightness was SO ft.-l. The
larger area surrounding this field and the con-
centric and eccentric bands on the disk were all
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painted black, having a brightness of 1.5 ft.-l.
All measures of brightness were made with a
MacBeth Illuminometer. Movement extended
over 5° of visual angle and the stimulus sub-
tended an angle of approximately 0°30'.

Instructions.—The instructions for observing
the moving stimulus when T = 0 directed S to
report contour if the stimulus appeared with
sharp edges and homogeneous blackness through-
out the extent of movement. Neither a fixation
point nor instructions regarding visual fixation
and pursuit were given S. The criterion of
sharpness was demonstrated by showing S the
stimulus both in a fixed position and as it moved
across the field at a low velocity. This sequence
also was shown periodically to remind S of the
criteria to be met. For those trials in which ti
and fa > 0, S was given similar instructions
regarding contour. On any trial where the
appearance of the stimulus did not meet the
desired criteria, S was requested to describe what
he saw. Preliminary data indicated that in
spite of the difficult and complex task set for S,
each was able to maintain the criteria of sharp
edges and homogeneous blackness with remarka-
ble stability.

Procedure.—During S min. of light adaptation
to the pre-exposure field E read a standard set
of instructions to S.3 Then the demonstrations
regarding the criteria of contour were given.

The stimulus was shown to S at a low velocity
with T — 0. Four successive presentations of
the moving stimulus were given, after which S
stated the presence or absence of contour. By
following a modified method of limits, V was
increased until S reported the absence of con-
tour. At this V positive values of t\ and fa were
introduced in 10-20 msec, steps. The magni-
tude of ti and ti was increased progressively until
S reported the reappearance of contour. The
next step involved increasing V in 1-2° steps until
contour was not observed. Then, once again,
the exposure duration of t\ and fa was increased
until contour was regained. In this manner a
series of values was obtained for each S which
represented the duration of T and enabled S to
report the presence of contour during movement
of the stimulus for different velocities. Data
for both horizontal and vertical movement were
gathered, the latter type of movement being
presented simply by modifying the orientation
of the aperture in front of the rotating disk.

In order to determine the differential effects
of ti and fa on the perception of contour, data
also were obtained on trials over the range of

3 The brightness of the pre-exposure field was
planned to be equal to that of the white part
of the stimulus field. Due to an error in notation
its brightness was approximately 100 ft.-l.

values for V where ti ^ fa. The procedure used
was as follows: At combinations of V and T
which were adequate to produce contour, ti (or
fa) was reduced in duration to .00, .25 7", .507",
and .75 T in that order, while tt (or ti) remained
equal to T. The S made a judgment of contour
at each of these combinations of ti and fa. For
example, assume that when V = 17%ec. S
required a T of 200 msec, before reporting con-
tour. With fa = 200 msec., ti was reduced to
0, SO, 100, and ISO msec. Then with ti = 200
msec., fa was reduced to 0, SO, 100, and ISO
msec. For each of these eight combinations S
made a judgment of contour. On odd-numbered
trials fa was altered after ti, whereas on even-
numbered trials the reverse was true.

Data from five graduate students are included
in the results. All Ss were considered "sophisti-
cated" because each had made numerous pre-
liminary observations prior to the systematic
ones reported here. Each S had 20/20 vision,
either corrected or uncorrected.

RESULTS

The data of each of the five Ss for
horizontal movement are given in the
individual graphs in Fig. 2. In all
instances t\ = h. The time exposure
of the stimulus in a fixed position
before and after movement is plotted
against velocity. A zero value of T
means that the stimulus was moving
as it appeared and disappeared.
Because of the procedure employed,
not all of the functions are defined by
the same number of points. Visually
fitting a straight line to the data for
each S clearly indicates that within
the range of values of V and T
studied, the contour of the moving
stimulus can be maintained when F
increases as long as T increases. The
apparatus did not permit exposures
of ti and tt greater than 350 msec.
Consequently, nothing can be said
about the nature of the relation
between higher velocities of move-
ment and increased magnitudes of T.
Obviously, however, at and beyond
some critical velocity contour will not
be seen, regardless of the duration of
T.
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FIG. 2. Individual and composite contour-contours. The individual functions

represent data for horizontal movement only.

The individual functions in Fig. 2
may be described as contour-contours.
All the combinations of T and V to
the left of the lines produce the per-
ception of sharp edges. Those com-
binations to the right do not. Con-
sidering the difficulty of maintaining
the criteria of judgment, the data for
each of the five Ss are remarkably
similar. In some individual graphs
there are clusters of two and three
points. These data reflect reversals
of judgment which occurred when V
was increased after a given combi-
nation of V and T had produced
contour. This increase in V had the
effect of reducing the value of T unless
compensated for by an extension of
the concentric arcs on the disk.

Reversals in the data mean, therefore,
that contour reported for a particular
combination of V and T was also
reported when V was increased and T
was decreased slightly.

A composite of individual functions
for horizontal and vertical movement
is shown in the lower-right graph in
Fig. 2. These composite functions
were derived by interpolating values
of velocity from the five best-fitting
lines at SO-msec. intervals of T, be-
ginning with T = 0. The means for
the five interpolated values of V for
each SO-msec. interval of T represent
the composite functions. The per-
ception of contour for stimuli moving
horizontally and vertically is very
similar. The small but consistently
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higher values of V for vertical move-
ment probably result from a practice
effect since these observations were
made after those of horizontal move-
ment. The two functions show that
visual contour can be maintained if
for every increase of l°/sec. in V the
exposure of T is increased by approxi-
mately 30 msec.

The effects on contour when ti 5^ h
are shown in Fig. 3. Data for both
horizontal and vertical movement are
presented. In this figure the per-
centage of trials in which contour
was reported has been plotted against
the relative durations of ti and f2.
Data for all Ss and all velocities of
movement have been combined. The
reference value of Vi is based upon
the number of trials where t\ = <2 and
contour was perceived. Accordingly,
for horizontal movement contour was
reported on approximately 80% of
the trials in which i\ equalled some
positive value and tz = .50 of h. The

100

RELATIVE DURATION OF

t, AND

FIG. 3. Curves showing the relation between
contour perception and the relative values of
h and U.

asymmetry of the curves, at least of
the one for horizontal movement,
indicates that ti was relatively more
important for the perception of con-
tour than was *2. While the figure
does not show it, a separate .study of
the effects of t\ and h for different
specific velocities of movement sug-
gests that the importance of h over tz
is more pronounced at the higher
velocities. Figure 3 does indicate,
however, that in the absence of either
ti or 22, but not both, contour is still
observed a certain per cent of the time.
This means that with an exposure of
the stimulus in a fixed position either
before or after movement, contour can
be seen at velocities greater than in
those cases where only a moving
stimulus is presented. Data of indi-
vidual Ss indicate clearly that both
tj. and <2 are necessary for contour
perception at the very high velocities.

DISCUSSION

The data show that dynamic contour
perception is influenced to an important
degree by the events preceding and
following stimulus movement. The
edges of a stimulus which are not seen
clearly at a particular velocity can be
observed if the stimulus is presented in a
stationary position before and after its
movement. The explanation of this
phenomenon is not obvious on the basis
of present knowledge of the visual
system and its functions.

Because of the sequence of stimulation
in the procedure employed in the present
experiment, the results might be ex-
plained on the basis of optimal apparent
movement. By omitting the second
stage of the sequence, i.e., real move-
ment, the usual conditions for presenting
apparent movement are achieved. It is
possible, therefore, that ^s were reporting
the contours of an apparently moving
stimulus rather than those of one in
actual motion. There are, however, two
principle arguments against this inter-
pretation. One stems from the fact
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that the stimulus during movement was
tilted. Inability to observe this par-
ticular orientation would be presumptive
evidence that S was perceiving optimal
apparent movement rather than real
movement. But this apparently was
not the case here since the tilt of the
stimulus during movement could be
observed.4 The second point of argu-
ment is based on the obvious difference
in appearance of movement and contour
with and without the physically moving
stimulus. Comparative observations of
this difference were not systematically
made, but observations by some 6"s
indicated that the difference was obvious.
By using a second disk which allowed
the presentation of t\ and t-i without the
moving phase, several combinations of
durations of ti and /2, and the interval
between them produced various degrees
of apparent movement. This apparent
movement included "phi" and was
always less than optimal. Less than
optimal movement would be expected
when one considers the relatively long
intervals which separated t\ and /2-6

Although the results obtained in this
study are probably independent of
optimal apparent movement, the greater
importance of t\ as compared to /a, at
least for horizontal movement, certainly
suggests the relevance of apparent move-
ment to these data (10).

Data on the effects of the relative
duration of t\ and /2 show that visual
contour at increasing velocities can be
maintained to some extent when either
t\ or /2 = 0, the former being much more
important for contour resolution than
the latter. Obviously, apparent move-
ment is not involved under these
conditions.

The differential importance of t\ and
t%, the relationship between duration of

4 One S at a velocity of 30°/sec. reported the
absence of slant of the stimulus, indicating
optimal apparent movement was being observed.

6 A transmission setting corresponding to V
of 30°/sec. represented a time interval between
h and h of approximately 166 msec. At 20°/sec.
the interval was about 250 msec,, and for 14°/
sec. it was about 357 msec.

T and magnitude of f, plus the temporal
and spatial features of the stimulus
presentations suggest a tentative ex-
planation of the present results in terms
of a statistical conception of contour
resolution. This conception can be
traced to the work of Marshall and
Talbot (7), and recently expanded by
Osgood and Heyer (12) to account for
figural aftereffects. More recently, Day
(3) has used the essential ideas of sta-
tistical theory to explain form perception.
One basic feature of this theory is that a
contour or edge is represented in the
visual cortex as a " . . . normal dis-
tribution of excitation, symmetrical
about its axis transversely and extending
as a ridge throughout the longitudinal
extent of the contour" (12, p. 102).
Parameters of this hypothetical distri-
bution are considered to be affected by
the state of adaptation, contrast, and
the intensity of illumination.

It may be assumed here that the
excitation gradient representing a visual
contour must reach or surpass some
minimum level before the edge of a
stimulus, fixed or moving, can be seen.
This assumption is the same one as that
made by Day (3) for form perception.
It is here extended to include a moving
contour, with the additional provision
that the gradient varies as some function
of velocity. By further assuming spe-
cific growth and decay functions of
excitation for movement and /i it can be
shown that these distributions interact
and summate. The product of the sum-
mation is a single-peaked distribution
above the minimum level for contour
recognition which is continuously dis-
placed in space. As velocity of move-
ment is increased and thus the level of
the excitation gradients decreased, in-
creasing values of ti can still maintain
the peaked distribution above the mini-
mum level up to some critical duration
of /i. Based upon present data this
critical duration would seem to be no less
than 300-350 msec.

Recalling that both t\ and t% were
necessary for contour resolution at the
higher velocities, it is also necessary to
indicate the role played by /2 in the
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process described above. By using the
statistical basis of contour for apparent
movement, as suggested by Osgood (11,
pp. 243-248), it may be assumed that
overlapping distributions in the cortex,
representing stimuli separated in space,
can produce under proper conditions a
single-peaked distribution continuously
shifting in cortical space. The perceived
effect of this state of affairs is optimal
apparent movement. Since the higher
velocities studied in the present experi-
ment were of such magnitudes that the
time interval between t\ and h was 200
msec, or slightly less, the conditions for
apparent movement were being ap-
proached if not achieved. It is con-
cluded, therefore, that the necessary
presence of /z for contour perception at
the higher velocities represents the com-
bined effects of the excitation distri-
bution for real movement and for ap-
parent movement. At the lower
velocities the summed interaction of t\
and real movement maintained contour
at velocities greater than that possible
without t\. At the higher velocities the
summation was between the contour
processes of real and apparent move-
ment. It is evident that at velocities
slightly above 30°/sec. the excitation
gradient from real movement would be
negligible, while that for apparent move-
ment would be maximal. In this in-
stance the perceived contour of the
stimulus moving from h to /2 would be
apparent. At extremely high velocities
neither real nor apparent contours would
be discernible; instead, only simultaneity
of two discrete stimuli separated in space.

It is obvious that the above discussion
neglects many important details of neu-
rophysiological activity which must un-
derlie the perceptual results described
as well as complicating factors of visual
fixation, tracking movements of the eyes,
and angular extent of movement. How-
ever, the results and their interpretation
presented here are compatible with the
statistical theory of perceptual processes
in its present formulation. The details
of the quantitative relationships indi-
cated above currently are being worked
out, and data concerning some of the

complicating factors mentioned are being
gathered.

SUMMARY

In this experiment the perception of contour
of a moving stimulus was studied in relation to
how long the stimulus was seen before or after
it moved, or both. On the basis of observations
from five Ss involving velocities of movement
up to 30°/sec., the following conclusions and
interpretations were made:

1. The sharp contour of a moving stimulus
cannot be observed when its velocity exceeds a
value of about 10-15°/W.

2. By exposing a stimulus in a fixed position
before and after movement, contour can be
maintained during movement at least up to
velocities of 25-30%ec.

3. For the production of contour during
movement, the relation between the duration
of exposure of the stimulus in fixed positions
before and after movement and the velocity of
the stimulus is linear, within the limits studied.

4. Contour is maintained most effectively
under the conditions studied when movement is
both preceded and followed by equal magnitudes
of exposure of the stimulus in fixed positions.

5. A general explanation of the results was
proposed on the basis of the statistical theory of
perceptual processes.
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ERRATUM

In the article "Further Tests of Theories of Decision in an 'Expanded
Judgment' Situation" by Francis W. Irwin and W. A. S. Smith in the December
1956 issue of this JOURNAL (/. exp. Psychol,, 1956, 52, 345-348), there are
two errors of wording in the text. In line 7 of RESULTS AND DISCUSSION
(p. 347) and again in line 7 of the SUMMARY (p. 348), the word "directly"
should be changed to "inversely." The word "inversely" was intended in
both instances, and was required by the results and by the two theories under
discussion.


