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Although 4-month-olds perceive continuity of an object’s trajectory through occlusion, little is known
about the information specifying an occluding surface at this age. We investigated this in 3 experiments
involving 84 participants. Testing the claim that 5-month-olds are unable to perceive the Kanizsa figure
as an occluding surface (Csibra, 2001), we demonstrated that 4-month-olds perceived trajectory conti-
nuity behind this figure providing its horizontal extent was small. We demonstrated that the presence of
visible occluding edges or occlusion of background was insufficient to specify an occluding surface but that
their combination was sufficient. Thus, beyond object deletion and accretion, both visible occluding edges and
occlusion of background are necessary for perception of occluding surfaces at this age.
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The ability to detect the persistence of objects as they pass
behind occluding surfaces is a fundamental of human perception,
and there is now evidence that this capacity is present early in
infancy. Figure 1 illustrates one method of testing infants’ percep-
tion of trajectory continuity. Infants are habituated to a display in
which an object moves back and forth across a display screen,
disappearing behind a centrally placed occluder (see Figure 1A),
and looking preference is assessed on two test trials in which the
occluder is absent but the object moves either discontinuously (see
Figure 1B) or continuously (see Figure 1C). The rationale is that if
infants perceive continuity in the habituation trajectory, they
should exhibit a novelty preference for the discontinuous test
display, whereas if they perceive discontinuity, they should show
a novelty preference for the continuous test display. The period
around 4 months of age appears to be pivotal for the emergence of
perception of trajectory continuity. Two-month-olds do not per-
ceive an object’s trajectory as continuous even across the shortest
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gap in perception, whereas 6-month-olds exhibit robust perception
of trajectory continuity (Johnson et al., 2003). Four-month-olds are
the youngest infants to have been shown to perceive trajectory
continuity, and they only do so when the occlusion event is of short
duration or takes place across a short spatial extent (Bremner et al.,
2005; Johnson et al., 2003).

Perception of the continuity of an object trajectory involves
perceiving an occluding surface consistent with the temporary
disappearance of the object. However, relatively little is currently
known regarding what specifies an occluding surface for young
infants. To reach a full understanding of the extent of the emergent
ability and to identify likely further developments in the months
that follow, it is particularly important to discover the cues that
infants are capable of using at the point of emergence of perception
of trajectory continuity at around 4 months of age.

Perception of the continuity of a moving object despite its
deletion and accretion at occluder boundaries, known as the tunnel
effect (Burke, 1952), is apparent in adults even when there is no
visible occluding surface (Kahneman, Triesman, & Gibbs, 1992;
Michotte, Thines, & Crabbe, 1964/1991). On seeing an object that
is deleted and accreted at the edges of an invisible occluder, adults
perceive it as disappearing into and reappearing from a slit or
tunnel in the background; thus, deletion and accretion appear to be
sufficient information to specify an occluding surface. It would
appear that young infants are not subject to the tunnel effect:
Following habituation to a deletion and accretion event with a
visible occluder, 4- and 6-month-olds often look longer at a dele-
tion and accretion event without a visible occluder in comparison
to an event involving a continuous trajectory without an occluder,
presumably because of a preference for novelty (Bremner et al.,
2005, Bremner et al., 2007; Johnson et al., 2003; see Figure 1). If
deletion and accretion by themselves specified an occluding sur-
face for young infants, one would predict either a null result or a
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Figure 1.
display. B: Discontinuous test display. C: Continuous test display.

preference for the continuous trajectory, as it was more different
from either of the two deletion and accretion events.

If deletion and accretion alone, that is, in the absence of a visible
occluder, are not sufficient to support young infants’ perception of
object persistence through occlusion, it is relevant to ask
what other information must be provided for infants to perceive an
occlusion event as such. The clearest information specifying an
occlusion event is the presence of a luminance-defined bounded
surface that has edges coinciding with deletion and accretion
events; work on trajectory perception confirms that provision of
this information is sufficient even in computer-generated displays
containing minimal explicit depth information (Bremner et al.,
2005, 2007; Johnson et al., 2003). This leads to the question of
whether less direct specification of an occluder may be sufficient,
in combination with deletion and accretion, to specify an occlusion
event.

Here, there are already some pointers in the literature. In the
case of the Kanizsa figure, adults perceive a strong illusion of a
rectangular surface, closer in depth than the inducing elements,
and this led Kanizsa (1979) to conclude that the rectangle was
perceived as an occluding surface. We know that infants at 7
months (Bertenthal, Campos, & Haith, 1980) and perhaps even 3
months (Ghim, 1990) perceive the illusory contours presented by
static Kanizsa figures and that 3- to 4-month-olds demonstrate
detection more robustly when the illusory figure is in motion
(Kavsek & Yonas, 2006; Otsuka & Yamaguchi, 2003; Yoshino,
Idesawa, Kanazawa, & Yamaguchi, 2010). Furthermore, Csibra
(2001) demonstrated that 8-month-olds, but not 5-month-olds,
perceive illusory contour figures as occluding surfaces. This is a
key finding with respect to the focus of the present article because
it demonstrates a condition in which information short of a visible
surface with luminance-defined boundaries leads 7-month-olds to
perceive object deletion and accretion as though behind an occlud-
ing surface.

However, given what is known about young infants’ sensitivity
to time and distance out of sight in moving object occlusion events
(Bremner et al., 2005; Johnson et al., 2003), we should consider
the possibility that this ability may be present considerably earlier
than 8 months of age. The Csibra (2001) task involved test events
in which a moving object was deleted and accreted at boundaries
that were either aligned or unaligned with an illusory Kanizsa
square (see Figure 2), the question being whether infants looked
longer at the unaligned occlusion event. The elegant design led to
familiarization and test displays containing six “pacman” ele-
ments, with the position of the illusory contour determined by

Displays used in past research to investigate infant perception of trajectory continuity. A: Habituation

different rotations of the elements. Csibra used an optimal speed
for detection of trajectory continuity by young infants (Bremner et
al., 2005), and the combination of object speed and illusory oc-
cluder width resulted in occlusion times and distances within the
range of values that lead to perception of continuity by 4-month-
olds viewing a fully visible occluder (Johnson et al., 2003). How-
ever, these occlusion times and distances present conditions that
are near the limit of a 4-month-old’s ability to fill in gaps in
perception in this sort of task and thus might present a sufficiently
high perceptual load to prevent perception of trajectory continuity
when the occluder was illusory. It is possible that the cumulative
load involved in perceiving the illusory surface and filling in the
spatiotemporal gap was beyond the younger infants’ processing
capacity. In short, infants may only be able to identify a moving
object occlusion event as such when they are able to integrate
information about deletion and accretion with information speci-
fying an occluding surface, and it is possible that young infants are
only capable of this when this dual perceptual load is low enough
to be within their processing capacity. Thus, as the starting point of
our investigation of the conditions under which infants perceive
continuity of an object’s trajectory, in Experiment 1, we carried
out an investigation of 4-month-olds’ ability to perceive the
Kanizsa figure as an occluding contour. We followed this in
Experiments 2 and 3 with systematic manipulations to assess the
effects of occlusion of background and visibility of an edge as cues
to an occluding surface. In all three experiments, we focused on
investigating 4-month-olds’ performance, with the aim of estab-
lishing the parameters determining the emergent ability to perceive
trajectory continuity across occlusion.

Experiment 1

In Experiment 1, we adopted the method used previously to
investigate young infants’ perception of trajectory continuity
(Bremner et al., 2005, 2007; Johnson et al., 2003), replacing the
visible occluding surface with a Kanizsa illusory surface. Addi-
tionally, we compared different widths of illusory occluder, pre-
dicting that young infants would perceive an object occlusion
event when the occluding surface was narrow but not when it was
of a width that achieved the same time out of sight as in the Csibra
(2001) investigation.

Method

Participants.  Forty-eight 4-month-old infants (M = 128.2
days; range = 111-154 days; 25 girls and 21 boys) took part in the
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Figure 2. The display presented in Csibra (2001). From “Illusory Con-
tour Figures Are Perceived as Occluding Surfaces by 8-Month-Old In-
fants” by G. Csibra, 2001, Developmental Science, 4, p. F8. Copyright
2001 by Wiley.

experiment. A further four did not complete testing because of
fussiness. Twelve infants were assigned to each of the four exper-
imental and control conditions in such a way as to ensure that the
mean age and the gender balance were comparable across condi-
tions. Throughout the series, infants took part in only one exper-
iment. In all experiments, participants were recruited by personal
contact with parents in the maternity unit when the baby was born,
which was followed up when the infants were near test age by
telephone contact with those parents who volunteered to take part.
Infants with reported health problems, including visual and hearing
deficits and those born two weeks or more before their due date,
were omitted from the sample. The majority were from Caucasian,
middle-class families.

Apparatus and stimuli. A Macintosh computer and a Sam-
sung 100-cm color monitor were used to present stimuli and

collect looking-time data. An observer viewed the infant on a
second monitor, and infants were video recorded for later inde-
pendent coding of looking times by a second observer. Both
observers were unaware of the hypothesis under investigation.
Using Habit software (Cohen, Atkinson, & Chaput, 2000), the
computer presented displays, recorded looking-time judgments,
calculated the habituation criterion for each infant, and changed
displays after the criterion was met. The observer’s judgments
were input with a keypress on the computer keyboard.

Figure 3 indicates the displays used in this experiment. The
habituation display was presented against a black background with
a 20 X 20 grid of white dots measuring 48 X 48 cm (27° X 27°)
serving as texture elements. Four Kanizsa figure-inducing pacman
elements 6.7 cm in diameter were presented with vertical separa-
tion of 15 cm and horizontal separation of 7.7 cm (4.4° visual
angle; narrow occluder condition) or 10.4 cm (5.9°; wide occluder
condition) center to center. A 6.7-cm (3.8°) green ball moved back
and forth from one side of the display to the other, moving at 16.5
cm/s (9.4°/s) and undergoing deletion at an invisible vertical edge
aligned with one pair of inducing elements and accretion at an
invisible edge aligned to the other pair of inducing elements. It
took 2,520 ms for the ball to traverse the width of the display.
Time from complete visibility to invisibility or the reverse was 360
ms. Time totally out of sight was 80 ms (narrow occluder) or 240
ms (wide occluder). Time completely in sight to the left and right
of the occluder was 1,720 ms (narrow occluder) or 1,560 ms (wide
occluder). The animation was run as a continuous loop for the
duration of the trial. In test displays, the inducing elements were
removed and the ball moved back and forth at the same speed as in

Figure 3. Displays presented in Experiment 1. A: Wide occluder habit-
uation display. B: Narrow occluder habituation display. C: Wide occluder
discontinuous test display. D: Wide occluder continuous test display.
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the habituation display. In the continuous trajectory test display, the
ball was always visible. In the discontinuous trajectory display, the
ball went out of and back into view just as in the habituation event.

Procedure. Each infant was seated 100 cm from the display and
tested individually in a darkened room. For infants in the experimental
condition, the habituation display was presented until looking time
declined across four consecutive trials, from the second trial on,
adding up to less than half of the total looking time during the first
four trials. Timing of each trial began when the infant fixated the
screen after display onset. The observer pressed a key as long as the
infant fixated the screen and released the key when the infant looked
away. A trial was terminated when the observer released the key for
2 s or 60 s had elapsed. Between trials, a beeping target was shown to
attract infants’ attention back to the screen. After habituation trials,
infants were presented with the two test trials in alternation, three
times each, for a total of six trials. Infants in the control conditions
received only the test trials to assess any intrinsic preference. On test
trials, half of the infants in each condition were presented with the
continuous trajectory first, and the rest viewed the discontinuous
trajectory first. The second observer coded looking times from vid-
eotape for purposes of assessing reliability of looking-time judgments.
Interobserver correlations were high across the three experiments in
this report (r = .98).

Results

Figure 4 shows looking times at the two test displays. Infants in
the control conditions looked approximately equally at the two
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Figure 4. Mean looking times to the two test displays for wide and
narrow illusory occluder conditions in Experiment 1. Error bars display
standard errors.

displays. In the experimental conditions, infants looked longer at
the discontinuous test trial, although this difference was small in
the case of the wide occluder display. We can have confidence in
assuming that longer looking at one test display is indicative of a
novelty preference rather than a familiarity preference for two
reasons. First, infants were habituated to a standard criterion,
circumstances under which familiarity preferences rarely occur.
Second, several articles have reported systematic age-related data
that would be very hard to interpret on the basis of familiarity
preference, and the same applies in the present series of experi-
ments. A 2 (display: wide vs. narrow) X 2 (condition: experimen-
tal vs. control) X 2 (test trial order) X 2 (test trial type: continuous
vs. discontinuous) X 3 (test trial block) mixed analysis of variance
(ANOVA) yielded a significant effect of test trial type, F(1, 38) =
10.85, p = .002, "qﬁ = .22. This was qualified by a significant
interaction between test trial type and condition, F(1, 38) = 11.05,
p = .002, n}% = .22, and thus further analyses were carried out on
experimental and control conditions separately. In the experimen-
tal conditions, there was a significant effect of test trial type, F(1,
20) = 17.95, p = .001, nﬁ = 47, qualified by an interaction
between test trial type and display that approached significance,
F(1,20) = 4.18, p = .054, nﬁ = .17. Infants exposed to the narrow
occluder displays looked significantly longer at the discontinuous
test trial (M = 22.84, SD = 12.81) than the continuous tests trial
(M = 11.07, SD = 5.36), F(1, 10) = 21.4, p = .001, m} = .68,
whereas infants exposed to the wide occluder displays showed no
significant difference in looking between the test displays (discon-
tinuous test M = 21.19, SD = 14.22; continuous test M = 16.07,
SD = 17.85), F(1, 10) = 2.23, p = .16, nﬁ = .18. In the control
conditions, there was no effect of test trial type (discontinuous test
M = 25.82, SD = 13.05; continuous test M = 26.04, SD = 14.32),
F(1, 20) = 0.008, p = .93, nﬁ = .00. There was, however, a
significant effect of test trial block (Block 1 M = 32.72, SD =
20.13; Block 2 M = 24.93, SD = 20.13; Block 3 M = 20.15,
SD = 18.19), F(2, 19) = 4.61, p = .023, ’nf, = 33, and a
significant interaction between test trial type and test trial order,
F(1, 20) = 8.68 p = .008, nf, = .30. These effects can be
interpreted in terms of a reduction in looking across test trials.

Discussion

Infants exposed to the object occlusion event involving the
narrow illusory occluder perceived trajectory continuity, whereas
those exposed to the wide illusory occluder event showed no
evidence of doing so. Although this group showed a trend in the
same direction as those exposed to the narrow occluder event, this
was not a significant effect, and the near-significant interaction
between test trial type and display suggests that the two groups
performed differently. These results confirm our prediction that
young infants would perceive trajectory continuity in an event in
which the object appeared to pass behind an illusory Kanizsa
occluder, provided that the spatiotemporal gap in perception was
small. In contrast with the Csibra (2001) conclusion that the ability
to treat a Kanizsa figure as an occluding surface emerges sometime
between 5 and 8 months of age, our results suggest that the ability
is present at 4 months. In other words, the Kanizsa figure is
effective at the earliest point in development at which infants
demonstrably perceive trajectory continuity behind an occluding
surface.
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Experiment 2

The result with the narrow illusory occluder in Experiment 1 is
striking. The Kanizsa figure neither occludes background nor
presents visible, luminance-defined edges in the region that the
ball travels across. Yet 4-month-olds apparently treated it as a
continuous occluding surface in the same way as they do a fully
visible luminance-defined surface (Bremner et al., 2005; Johnson
et al.,, 2003). This raises the question of whether Kanizsa-type
illusory figures present a special case or whether other information
short of a visible surface would be sufficient information to specify
an occluding surface. A visible surface both presents luminance-
defined occluding edges and occludes background. The favored
interpretation of the Kanizsa illusion is that it is perceived as a
surface nearer in depth and partially occluding four discs. Thus,
locally, this figure presents both occlusion of background (the
discs) and visible occluding edges in the region of the inducing
elements. Notably, however, neither of these cues is present in the
region of the object’s trajectory in Experiment 1. To test whether
either of these cues on their own would be sufficient information
for an occluding surface when presented globally, particularly
along the line of the object’s trajectory, in Experiment 2, we
habituated infants to a moving object occlusion event in which
either a thin edge specified the surface but there was no occlusion
of background or no edge was visible but background was oc-
cluded (see Figure 5; the use of the dot texture background allowed
the latter manipulation). In these conditions, we further reduced
the occluder width to minimize the perceptual load associated with
interpolating across the spatiotemporal gap in perception.

Method

Participants. Twenty-four 4-month-old infants (M = 121.9
days; range = 107-145 days; 12 girls and 12 boys) took part in the
experiment. Twelve infants were assigned to each of the two
conditions in such a way as to ensure that the mean age and gender
balance were comparable across conditions.

Apparatus and stimuli. The same apparatus as in Experi-
ment 1 was used for stimulus presentation, video recording of the
infant, and recording looking times. The habituation display was
presented against a black background with a 20 X 20 grid of white
dots measuring 48 X 48 cm (27° X 27°) serving as texture
elements. The thin-edge display included a centrally placed outline
rectangle with vertical and horizontal dimensions 15 cm (8.58°)
and 7 cm (4°). The background-occluding display contained no
visible edge, but the background grid was omitted within the
15- X 7-cm rectangle. A 6.7-cm (3.8°) green ball moved back and
forth from one side of the display to the other, undergoing deletion
and accretion at the vertical thin edges or the corresponding
positions in the occlusion condition. In both conditions, time out of
sight was 40 ms and time completely in sight to the left and right
of the occluder was 1,760 ms. The animation was run as a con-
tinuous loop for the duration of the trial. Test displays contained no
visible edges or background occlusion and the ball moved back
and forth at the same speed as in the habituation display. In the
continuous trajectory test display, the ball was always visible. In
the discontinuous trajectory display, the ball went out of and back
into view just as in the habituation event.

Procedure. Infants were first habituated to the thin edge or
background occlusion event and then were presented with the two
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Figure 5. The habituation displays and mean looking times to the two test
displays in the thin edge and background occlusion conditions of Experi-
ment 2. Error bars display standard errors.

test displays in alternation, three times each, for a total of six test
trials. On test trials, half of the infants in each condition were
presented with the continuous trajectory first, and the rest viewed
the discontinuous trajectory first. Habituation and test trials were
carried out according to the same criteria and procedures as in
Experiment 1. Because the test displays were similar to those used
in Experiment 1 and in previous work (Bremner et al., 2005;
Johnson et al., 2003) in which, without exception, null preferences
were obtained in control conditions, we did not include control
conditions in this or the subsequent experiment.

Results and Discussion

As Figure 5 indicates, infants exposed to the thin line or back-
ground occlusion habituation displays looked longer at the contin-
uous test trial (M = 17.85, SD = 9.8) than at the discontinuous test
trial (M = 12.71, SD = 6.8). A 2 (display: thin edge vs. back-
ground occlusion) X 2 (test trial order) X 2 (test trial type:
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continuous vs. discontinuous) X 3 (test trial block) mixed
ANOVA yielded a significant effect of test trial type, F(1, 20) =
5.32,p = .03, nﬁ = .21, infants looking significantly longer at the
continuous test display. There was no significant interaction be-
tween test trial type and display.

The fact that infants in both conditions looked longer at the
continuous test display indicates that they perceived the habitua-
tion event as an object moving on a discontinuous trajectory. Thus,
it appears that neither a thin occluding edge nor occlusion of
background texture is sufficient information to specify an occlud-
ing surface. It would appear that in the absence of adequate
information for an occluding surface, the occlusion event specified
discontinuity of the object’s trajectory.

Experiment 3

The very different outcome of Experiment 2 compared with that
in the narrow illusory occluder condition of Experiment 1 attests to
the strength of the illusory surface effect even at 4 months. In our
final experiment, we posed the question of whether, apart from the
illusory surface condition, there are conditions short of the pres-
ence of a luminance-defined surface that are sufficient to specify
an occluding surface for 4-month-olds. Specifically, would com-
bining the cues presented separately in Experiment 2 cross a
threshold to specify an occluding surface?

Method

Participants. Twelve 4-month-old infants (M = 124.1 days;
range = 115-131 days; six girls and six boys) took part in the
experiment. A further two did not complete testing because of
fussiness.

Apparatus, stimuli, and procedure. The same apparatus as
in Experiment 1 was used for stimulus presentation, video record-
ing of the infant, and recording looking times. The habituation
display was a combination of the displays presented in Experiment
2, combining both a centrally placed outline rectangle with back-
ground texture occlusion within this outline (see Figure 6). A
6.7-cm (3.8°) green ball moved back and forth at the same speed
as in Experiments 2 and 3. In all other respects, the procedure was
identical to that in Experiment 2.

Figure 6. The habituation display used in Experiment 3.

Results and Discussion

Following habituation to the thin line and background occlusion
display, infants looked longer at the discontinuous test display
(M = 24.29, SD = 11.23) than at the continuous test display (M =
16.96, SD = 10.68). A 2 (test trial order) X 2 (test trial type:
continuous vs. discontinuous) X 3 (test trial block) mixed
ANOVA confirmed significantly longer looking at the discontin-
uous test display, F(1, 10) = 8.92, p = .014, ’ﬂ; = .47, indicating
that they perceived trajectory continuity in the case of this display.
To compare the results with those of Experiment 2, we carried out
a 3 (display: thin edge vs. background occlusion vs. thin edge and
background occlusion) X 2 (test trial order) X 2 (test trial type:
continuous vs. discontinuous) X 3 (test trial block) mixed
ANOVA on the data set for both experiments. This indicated no
overall significant effect of test trial type, F(1, 30) = 0.34,p = .57,
*qlz) = .01. However, there was a significant interaction between test
trial type and display, F(2, 30) = 6.06, p = .006, 7];2) = .29, arising
from the opposite results obtained in the two experiments.

The contrasting result in this experiment compared with Exper-
iment 2 indicates that although the presence of a luminance-
defined occluding edge or background texture occlusion were
singly insufficient to specify an occluding surface, their combina-
tion was sufficient to do so. This led infants to perceive the moving
object occlusion event as a continuous movement of an object
passing behind an occluder.

General Discussion

Experiment 1 demonstrated that 4-month-olds see the Kanizsa
figure as an occluding surface, perceiving a moving object’s tra-
jectory as continuous across an occlusion event involving this
illusory surface. Furthermore, as with their perception of visible
occluding surfaces, their perception of continuity is limited to short
occlusions. Experiment 2 demonstrated that neither a visible oc-
cluding edge nor background occlusion was sufficient on its own
to support perception of an occluding surface, but Experiment 3
demonstrated that these two cues in combination did specify an
occluder. Our conclusion is that in addition to deletion and accre-
tion of the moving object, the presence of both background occlu-
sion and visible occluding edges is necessary to specify an occlud-
ing surface for 4-month-olds. However, given that the Kanizsa
figure only provides these cues in the regions of the inducing
elements, explicit information does not have to exist in the path of
the object, other than accretion and deletion at the illusory edges.
Given that this information is apparently insufficient on its own to
specify an occluding surface for 4-month-olds and was present in
Experiments 2 and 3, it is clear that it was the Kanizsa figure that
provided the extra information to specify an occluding surface.

The null result in Experiment 1 with the wider illusory occluder
is generally in accord with our previous findings that 4-month-olds
only perceive trajectory continuity when the time or distance out of
sight is short (Bremner et al., 2005; Johnson et al., 2003). How-
ever, the wide occluder was still narrower than one of the occluder
widths yielding positive results with a visible occluding surface
(Johnson et al., 2003). Our hypothesis was that this null result
could be expected because the processing load involved in the
combined process of perceiving the illusory occluder and filling in
the perceptual gap across occlusion was beyond young infants’
processing capacity.
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There is already a way to operationalize processing load for
illusory figures. Shipley and Kellman (1992) defined support ratio
in Kanizsa figures as the ratio of contour in the inducing elements
to total contour in the illusory surface and identified this as an
important factor in perception of the illusion. Otsuka, Kanazawa,
and Yamaguchi (2004) demonstrated that 3- to 4-month-olds only
perceive the Kanizsa illusion when there is a relatively high
support ratio. Specifically, they obtained evidence for perception
of the illusory contour when the support ratio was .66 but not when
it was .37. The support ratio in our narrow illusory figure was .59,
whereas it was .53 for the wide illusory occluder. Although these
ratios are not very different, the ratio for the wide occluder was
precisely halfway between the ratios used by Otsuka et al. (2004),
and it is possible that it lies below the threshold for perception of
an illusory surface. However, this would not explain the Csibra
(2001) null result with 5-month-olds, because the illusory figure in
that experiment had a support ratio of .69, slightly greater than the
ratio at which Otsuka et al. (2004) obtained a positive result with
infants younger than 5 months. Our conclusion is thus that support
ratio is not the only factor determining whether a positive or a null
result has been obtained in moving object occlusion studies. We
know that in the case of fully visible occluders, occluder width is
a determinant of perception of trajectory continuity in 4-month-old
infants (Johnson et al., 2003), and further work indicates that
infants in this age group only perceive trajectory continuity when
the object is out of sight either for a short time or across a short
distance (Bremner et al., 2005). This suggests that this process
carries a perceptual load that is easily exceeded. Thus, although
support ratio is evidently an important factor in the present case,
having to be above a certain threshold to support the perception of
the illusion, null results in the Csibra study and possibly in the
wide illusory contour condition of our Experiment 1 probably
resulted from the joint perceptual load of perceiving the illusory
figure and interpolating the occluded trajectory component.

We believe that these findings further extend the understanding
of infants’ emergent perception of occlusion events. Unlike the
case for adults, deletion and accretion of a moving object at
occluding edges appears to be insufficient to specify an occlusion
event and hence the presence of an occluder. However, the addi-
tional presence of a visible occluding edge and background occlu-
sion (Experiment 3) is sufficient to specify an occluding surface,
either for the full extent of the surface or, as in the case of the
Kanizsa figure, only locally at the inducing elements. Given the
contrasting negative result in Experiment 2 in which these cues
were presented singly, it appears that the combination of cues is
particularly important. It seems likely that only this combination
serves to specify a surface closer in depth than the background, a
key property of an occluding surface and an aspect of the Kanizsa
illusion reported by adults.

Additionally, the positive finding for the case of the Kanizsa
figure contributes further to understanding the conditions under
which young infants can use illusory or incomplete information to
specify a surface. Previous work has tended to focus on infants’
perception of moving illusory surfaces, it being demonstrated that
5-month-olds are capable of using the simple cue of accretion and
deletion of texture to perceive the nearer of two surfaces (Granrud
et al., 1984). Furthermore, Johnson and Aslin (1998) demonstrated
that 4-month-old infants perceived object unity when the classic
rod and box display (Kellman & Spelke, 1983) was specified by

motion shear or accretion and deletion cues alone. In their study,
both rod and box were presented in lateral motion relative to each
other and background. Thus, it appears that illusory contours are
more easily detected when they are in motion and, under these
conditions, have been demonstrated in infants younger than the
4-month-olds we observed (Johnson & Mason, 2002; Valenza &
Bulf, 2007).

In summary, our results suggest that when the occluding surface
is stationary and the infant’s perceptual task is to perceive conti-
nuity of an object’s trajectory behind this occluder, quite rich
information is needed to specify the occlusion event. This supple-
ments evidence that infants in this age group perceive trajectory
continuity only if the temporal or spatial gap in perception is short
(Bremner et al., 2005). However, 2-month-olds appear unable to
perceive trajectory continuity even under the most supportive
conditions. Thus, what we have found in this series of experiments
provides important additional information about the nature of the
emergent ability at 4 months of age. We know, however, that
perception of trajectory continuity becomes more robust in subse-
quent months, at least to the extent of tolerating longer gaps in
perception (Johnson et al., 2003). Future work will determine how
these starting conditions are modified as infants develop: specifi-
cally, whether there is a reduction in the strength and number of
cues needed to specify an occlusion event as infants’ information
processing capacities increase.

References

Bertenthal, B. 1., Campos, J. J., & Haith, M. M. (1980). Development of
visual organization: The perception of subjective contours. Child Devel-
opment, 51, 1072-1080. doi:10.2307/1129546

Bremner, J. G., Johnson, S. P., Slater, A., Mason, U., Cheshire, A., &
Spring, J. (2007). Conditions for young infants’ failure to perceive
trajectory continuity. Developmental Science, 10, 613—-624. doi:
10.1111/5.1467-7687.2007.00616.x

Bremner, J. G., Johnson, S. P., Slater, A., Mason, U., Foster, K., Cheshire,
A., & Spring, J. (2005). Conditions for young infants’ perception of
object trajectories. Child Development, 76, 1029-1043. doi:10.1111/
j-1467-8624.2005.00895.x

Burke, L. (1952). On the tunnel effect. The Quarterly Journal of Experi-
mental Psychology, 4, 121-138. doi:10.1080/17470215208416611

Cohen, L. B., Atkinson, D. J., & Chaput, H. H. (2000). Habit 2000: A new
program for testing infant perception and cognition (Version 1.0) [Com-
puter software]. Austin, TX: The University of Texas at Austin.

Csibra, G. (2001). Illusory contour figures are perceived as occluding
surfaces by 8-month-old infants. Developmental Science, 4, F7-F11.
doi:10.1111/1467-7687.00179

Ghim, H.-R. (1990). Evidence for perceptual organization in infants:
Perception of subjective contours by young infants. Infant Behavior &
Development, 13, 221-248. doi:10.1016/0163-6383(90)90032-4

Granrud, C. E., Yonas, A., Smith, I. M., Arterberry, M. E., Glicksman,
M. L., & Sorknes, A. C. (1984). Infants’ sensitivity to accretion and
deletion of texture as information for depth at an edge. Child Develop-
ment, 55, 1630-1636. doi:10.2307/1130032

Johnson, S. P., & Aslin, R. N. (1998). Young infants’ perception of illusory
contours in dynamic displays. Perception, 27, 341-353. doi:10.1068/
p270341

Johnson, S. P., Bremner, J. G., Slater, A. M., Mason, U. C., Foster, K., &
Cheshire, A. (2003). Infants’ perception of object trajectories. Child
Development, 74, 94-108. doi:10.1111/1467-8624.00523

Johnson, S. P., & Mason, U. (2002). Perception of kinetic illusory contours



INFANT PERCEPTION OF ILLUSORY OCCLUSION 405

by 2-month-old infants. Child Development, 73, 22-34. doi:10.1111/
1467-8624.00389

Kahneman, D., Triesman, A., & Gibbs, B. J. (1992). The reviewing of
object files: Object-specific integration of information. Cognitive Psy-
chology, 24, 175-219. doi:10.1016/0010-0285(92)90007-O

Kanizsa, G. (1979). Organization in vision. New York, NY: Praeger.

Kavek, M. J., & Yonas, A. (2006). The perception of moving subjective
contours by 4-month-old infants. Perception, 35, 215-227. doi:10.1068/
p5260

Kellman, P. J., & Spelke, E. S. (1983). Perception of partly occluded
objects in infancy. Cognitive Psychology, 15, 483-524. doi:10.1016/
0010-0285(83)90017-8

Michotte, A., Thines, G., & Crabbe, G. (1991). Les complements amodaux
des structures perceptives [Amodal complements of perceptual struc-
tures]. Excerpted in G. Thines, A. Costall, & G. Butterworth (Eds.),
Michotte’s experimental phenomenology of perception (pp. 140—167).
Hillsdale, NJ: Erlbaum. (Original work published 1964)

Otsuka, Y., Kanazawa, S., & Yamaguchi, M. K. (2004). The effect of

support ratio on infants’ perception of illusory contours. Perception, 33,
807-816. doi:10.1068/p5129

Otsuka, Y., & Yamaguchi, M. K. (2003). Infants’ perception of illusory
contours in static and moving figures. Journal of Experimental Child
Psychology, 86, 244-251. doi:10.1016/S0022-0965(03)00126-7

Shipley, T. F., & Kellman, P. J. (1992). Strength of visual interpolation
depends on the ratio of physically specified to total edge length. Per-
ception & Psychophysics, 52, 97-106. doi:10.3758/BF03206762

Valenza, E., & Bulf, H. (2007). The role of kinetic information in new-
borns’ perception of illusory contours. Developmental Science, 10, 492—
501. doi:10.1111/j.1467-7687.2007.00602.x

Yoshino, D., Idesawa, M., Kanazawa, S., & Yamaguchi, M. K. (2010).
Infant perception of the rotating Kanizsa square. Infant Behavior &
Development, 33, 196-208. doi:10.1016/j.infbeh.2009.12.010

Received June 29, 2010
Revision received June 28, 2011
Accepted June 30, 2011 =

E-Mail Notification of Your Latest Issue Online!

Would you like to know when the next issue of your favorite APA journal will be available
online? This service is now available to you. Sign up at http://notify.apa.org/ and you will be
notified by e-mail when issues of interest to you become available!




