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Young infants have been reported to perceive the unity of a center-occluded object when
the visible ends of the object are aligned and undergo common motion but not when the
edges of the object are misaligned (Johnson & Aslin, 1996). Using a recognition-based
paradigm, the authors investigated the possibility that past research failed to provide suf-
ficiently sensitive assessments of infants’ perception of the unity of misaligned edges in
partial occlusion displays. Positive evidence was obtained in 4-month-olds for veridical
perception of the motion and location of a hidden region but not its orientation, whereas
7-month-olds, in contrast to the younger infants, appeared to respond to the orientation of
the hidden region. Overall, the results suggest that habituation designs tapping recognition
processes may be particularly efficacious in revealing infants’ perceptual organization. In
addition, the findings provide corroborative evidence for the importance of both motion
and orientation in young infants’ object segregation and for the difficulty in achieving per-
cepts of the global form of a partly occluded objeat.2002 Elsevier Science (USA)
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The visual environment that surrounds us is composed of image fragme
that are reflected from object surfaces. Many objects are only partly visit
because portions of their surfaces are occluded by other nearer obje
Nevertheless, our experience of the visual array consists not of isolated im
fragments but rather of objects whose surfaces extend beyond what is dire
visible. Veridical perception of the visual environment, therefore, relies on tl
ability both to segment visible surfaces (i.e., ascertain the depth plane wit
which each surface resides with respect to the observer) and to join those e
that define the same objects if the edges are separated by a gap induced by ¢
sion. These processes underlie perception of the unity and coherence of p
occluded objects, annit formation(Kellman & Shipley, 1991; Nakayama, He,
& Shimojo, 1995).

Investigations of the ontogenetic origins of unit formation are of vital impor
tance for an understanding of how we perceive and understand the world,
they have attracted considerable attention in recent research. Infants’ percep
of object unity has been documented in those as young as 2 to 4 months of
with a habituation paradigm (e.g., Johnson & Aslin, 1995, 1996; Kellman ¢
Spelke, 1983). Infants are shown a display repeatedly until looking decrease:
a predetermined criterion, and then they view two test displays that are desigt
to match the habituation display in different ways. For example, one test displ
might match only the visible portions of the habituation display, whereas the oth
might match both visible and inferred portions, as adults would report (see F
1). Young infants typically prefer posthabituation stimuli that are novel, relativ
to the habituation stimulus, over stimuli that are more familiar (Bornstein, 1985
Therefore, if infants look longer at one test display than at the other, this sugge
that the preferred display differs more from what infants perceived during hab
uation. By comparing looking patterns across different displays, these percei
similarities and dissimilarities are used by researchers to determine how infa
perceive object unity (for reviews, see Johnson, 1997, 2000).

Research on infants’ unit formation has focused on two related issues: infa
detection and use of available visual information (which is manipulated by t
experimenter) and the changes that occur with development in how infants

A B

FIG. 1. Displays employed in past research to investigate young infants’ perception of par
occluded objects (adapted from Johnson & Aslin, 1996). (A) A partly occluded rod, with aligne
edges, moves relative to a stationary occluder. (B) A complete rod. (C) A broken rod. After habit
tion to the partly occluded rod display, infants showed a preference for the broken rod relative to
complete rod, indicating perception of the rod’s unity during habituation. A control group preferr
neither test display.
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this information and link visible edges across a gap. Earlier in the last century,
Gestalt psychologists described a range of visual information sources use
ascribe coherence to visible surface fragments (Koffka, 1935). For example
perceive the unity of the visible rod parts in the occlusion display in Fig. 1A,
observer may note the common motion and good continuation characteristic
these rod segments and that, if unified, the rod parts would constitute good fo
Motion and orientation cues are reliable indicators of object boundaries, un
and form under conditions of partial occlusion, and explorations of their use
infants have provided key insights into the achievement of unit formation duri
ontogeny. Kellman and Spelke (1983; see also Kellman, Spelke, & Short, 19¢
for example, reported that 4-month-old infants perceived the unity of two align
rod parts undergoing common motion above and below a stationary occlude
result that generalized to surfaces that were highly dissimilar and whose o
edges were not aligned.

The role of orientation cues in young infants’ unit formation was explored fu
ther with displays in which good continuation was violated but common motic
was maintained. Johnson and Aslin (1996) reported that 4-month-olds provi
no evidence of unit formation when viewing two-dimensional (2D) occlusio
displays containing rod parts whose edges were “relatable” (i.e., the edges v
arranged such that they would intersect if extrapolated behind the occluder)
misaligned (see Fig. 2). Instead, the infants responded as if unity in this disf
was indeterminate, as reflected in a lack of posthabituation preference for eil
a broken or a complete object. (Adults responded verbally to the misaligned
display also as indefinite with respect to connectedness [Johnson & Aslin, 19
Jusczyk, Johnson, Spelke, & Kennedy, 1999].) Johnson and Aslin (1996) ¢
Smith, Johnson, and Spelke (in press), in addition, found that 4-month-olds [
ceived rod parts adisjoint objects when the edges were nonrelatable (i.e., tf
edges would not intersect if extended behind the occluder), as reflected i
posthabituation preference for a complete object. These effects of edge misal
ment were obtained despite the common motion of the surfaces.
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FIG. 2. (A) The edges of the rod parts are aligned above and below the occluder. They are re
able as well because they would meet to compose a smooth, monotonic contour behind the box
The edges of the rod parts are relatable but not aligned. (C) The edges of the rod parts are ne
aligned nor relatable.
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These findings seem to indicate that both common motion and edge alignmn
are necessary for unit formation in 4-month-old infants but that neither is su
cient on its own. This conclusion may be too simplistic for several reasons. Fi
it is notable that all conditions employed by Johnson and Aslin (1996) used
computer-generated displays, precluding the use of three-dimensional (3D) in
mation to resolve depth differences among the rod, box, and background surf:
(information such as binocular disparity, motion parallax, accommodation, a
convergence). It is possible that the addition of 3D information may bring infan
percepts closer to unity because connectedness might be more likely inferre
the observer perceives the rod parts as occupying a farther depth plane tha
occluder. An experiment reported by Smith et al. (in press) is consistent with t
possibility. When 4-month-olds were habituated to a 3D version of a misalign
rod stimulus and subsequently viewed broken and complete rod test displ:
they showed no reliable preference. By contrast, infants who viewed 2D versi
of these displays exhibited a posthabituation preference for a complete obj
implying that infants’ percepts were brought away from disjoint objects (in tf
2D stimulus) and toward connectedness with the addition of 3D informatic
Second, two recent experiments indicate that young infants can achieve unit
mation in the absence of edge alignment even in 2D displays, provided that ¢
mon motion is available in tandem with good form (Johnson, Bremner, Slater,
Mason, 2000; Johnson, Cohen, Marks, & Johnson, 2001). As seen in Fig. 3, ¢
eral kinds of good form appear to contribute to unity percepts. Finally, youl
infants appear to be largely insensitive to alignment as information for perce
ual completion in static displays depicting partly occluded objects (Jusczyk et
1999; Kellman & Spelke, 1983) and illusory contours (Bertenthal, Campos,
Haith, 1980; but see Ghim, 1990). However, infants as young as 2 months of
perceive surface shape from motion information in random dot displays in t
absence of visible edges (i.e., kinetic illusory contours) (Johnson & Mason, 20
cf. Arterberry & Yonas, 2000). Taken together, therefore, the bulk of extant e
dence supports the thesis that motion is the key to early perceptual organiza

The current studies sought to extend our knowledge in this area in two we
First, we explored more subtle kinds of perceptual completion than have b

A B c

FIG. 3. Displays used to document the importance of common motion, in combination with goc
form, to specify unity to young infants. The 4-month-olds provided evidence of unity perception
all three displays, despite the fact that there was no information from edge alignment across the
(Panels A and B adapted from Johnson, Bremner, Slater, & Mason, 2000. Panel C adapted f
Johnson, Cohen, Marks, & Johnson, 2001.)
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tested to date. Visual cues such as common motion may induce a perceptual
favoring the unity of the rod segments, but this bias might not always be captu
in the “traditional” habituation design established by Kellman and Spelke (19€
to test perception of object unity (i.e., posthabituation presentation of broken ¢
complete object displays). Under some circumstances, a weak bias may aris
favor of unity but might not encompass a clear expectation of the appearanc
the hidden region. To investigate this possibility, we habituated infants to rc
and-box displays in which percepts of unity would be expected to be indeter
nate if tested with the usual broken and complete stimuli: displays in which m
aligned rod segments underwent common motion above and below an occlut
box (as reported by Johnson & Aslin, 1996, and Johnson et al., 2000). A sec
advance introduced by the current research is that we examined changes witt
in these more subtle unity percepts. We began by testing 4-month-olds bec:
the majority of evidence in past research on infants’ perception of object unity |
used this age group, and much is known about how 4-month-olds use motion
other information to perceive unity. Our first three experiments are grounded
these findings. We also tested an older age group to follow up on questions
arose from the apparent failure of 4-month-olds to perceive unity in one of c
conditions. Our hypotheses, then, were that young infants might perceive sc
aspects of unity in these displays, due to the strong influence of common mo
in organizing and inducing such percepts, and that these aspects might
revealed by a more discriminating test than has been employed to date. In &
tion, we expected that more difficult aspects of unity might be accomplished ol
by older infants.

To test these hypotheses, we employed a paradigm that tapped infants’ re
nition of the rod parts’ unity and the appearance of the hidden region. After hal
uation to a rod-and-box display with misaligned rod parts undergoing comm
motion, infants viewed test displays in which the hidden intersection of the r
parts was revealed (Fig. 4). One of the test stimuli preserved the previously |
den rod parts’ intersection in displays that we termedion/location consistent
(MLC), location consistenfLC), andorientation consistenfOC). (Note that the
MLC, LC, and OC displays are identical.) The second test stimulus violated ¢
or more of these dimensions in displays that we termetion/location incon-
sistent(MLI), location inconsistenfll), and orientation inconsistentOl).

The aim is to present departures from expectations of unity that are succ
sively more subtle: (a) departure from both common motion and gross alignme
(the motion/location consistencgroup), (b) departure from gross alignment
alone (thelocation consistencgroup), and (c) departure from good form (the
orientation consistencgroup). Our prediction is that departure from both com-
mon motion and alignment should be most easily detected and responded tc
novel relative to the habituation display because of the powerful organizir
effect of motion in perception of object unity. In addition, the MLI display vio-
lates an expectation of the location of the rod parts’ intersection. Departure frc
gross alignment constitutes a crude misalignment of elements and may alsc
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A
Experiments 3 and 4: Orientation consistency

FIG. 4. Displays employed in the current experiments. (A) Rod parts are misaligned across
occluder, but relatable, conditions under which young infants have been found to be agnostic \
respect to unity (adapted from Johnson & Aslin, 1996). (B) Consistent test displays. (C) Inconsist
test displays. The top panel shows displays used in Experiment 1, the center panel shows dis|
used in Experiment 2, and the bottom panel shows displays used in Experiments 3 and 4.

detected given infants’ sensitivity to edge orientation in determinations of unit
Performance in the location condition, however, may be attenuated relative to
motion/location condition because common motion of surfaces in both test d
plays is preserved and might contribute to percepts of unity even in the LI di
play. Departure from good form is the most subtle; there are parts of the cen
portions of both test displays that are aligned with the outer rod parts, and it
only when the center is integrated with the peripheral parts as a unitary form tt
this figure looks “wrong” relative to a “good” figure. This analysis of orientation
consistency, therefore, provides the most stringent test of veridical form perce
tion in these displays.

Design

Each aspect of unity perception (motion/location, location, and orientatio
was tested in an independent experiment with separate groups of 16 4-montf
infants. A fourth experiment tested a group of 7-month-olds in the orientati
condition. Infants in the experimental conditions were first habituated to the rc
and-box stimulus depicted in Fig. 4, to be followed by the consistent display alt
nating with one of the three inconsistent displays during test. In four baseline c
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ditions, separate groups of infants were presented the test stimuli with no p
habituation experience to investigate whether there might be an inherent pre
ence for any of these displays. Unity percepts are revealed as a reliable prefer
by infants in the experimental conditions for the inconsistent display relative
the consistent display. No reliable preferences are expected on the part of inf
in the baseline conditions.

EXPERIMENT 1: MOTION/LOCATION CONSISTENCY

The first experiment explored 4-month-olds’ perception of object unity wit
the motion/location consistent and motion/location inconsistent displays. Rec
that the MLI display violates both the motion and location of the hidden inte
section (see Fig. 4), and this violation should be readily detected.

Method

Participants The final sample consisted of 32 full-term infants (13 females ar
19 males, mean age 128.1 daysSD = 7.8). One additional infant was observed
but not included in the analyses due to excessive fussiness. The infants \
recruited by hospital visits and follow-up telephone calls. The majority were fro
Caucasian, middle-class families. Parents were paid a nominal sum for their |
ticipation.

Apparatus and stimuliAn Amiga 3000 computer and a 76-cm color monitol
were used to present the stimuli and collect looking time data. Two observe
blind to the stimulus on the screen at all times, viewed the infant through pe
holes cut into black panels on either side of the monitor. The computer presel
displays, recorded looking time judgments, calculated the habituation criteri
for each infant, and changed displays after the criterion was met. The observ
judgments were input via buttons connected to the computer's mouse port.

Each habituation display consisted of a 24.6.0.5 cm (14.0< 6.0° visual
angle) blue box, oriented horizontally. Two %03.8 cm (5.2X 2.2°) green rod
segments, oriented 27° clockwise (above the box) or counterclockwise (below
box), underwent lateral translation at a rate of 5.6 cm/s (3.2°/s). Objects were |
sented against a black background with ax120 grid of white dots measuring
48.8 X 33.0 cm (27.4x 18.7°) serving as texture elements. In the test display
a portion of the box was removed, 4.5 cm (2.6°) in height, such that the cen
part of the rod was visible as it translated. In the MLC test display, the central |
part was placed such that it was aligned with the top and bottom rod parts. In
MLI test display, the central rod part moved out-of-phase with the top and bott
rod parts. The intersection of the rod parts in the test displays all moved in
same pattern and at the same rate as the rod parts above and below the box (¢
the out-of-phase motion in the MLI display) and were presented against the s:
textured background.

Procedure Each infant was seated 100 cm from the display and tested ir
darkened room. Infants were assigned randomly to either the experimental or
baseline (no prior habituation) condition and to one of the two test display ord
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(consistent or inconsistent display first). For the experimental condition, the rc
and-box display was presented until the infant met a habituation criterion, defir
as a decline in looking time during three consecutive trials, adding up to less t
half the total looking time during the first three trials. Timing of each trial bege
when the infant fixated the screen after display onset. Observers pressed sep
buttons so long as the infant fixated the screen and released the buttons whe
infant looked away. A trial was terminated when both observers released tt
buttons for an overlapping 2 s. The screen was then turned off by the compt
and the next display appeared 2 s later. When habituation looking times decli
to criterion, the computer changed to test displays. The two test displays w
seen three times each in alternation, for a total of six posthabituation trials.

infants in the baseline condition, testing conditions were identical except that
infants were not habituated before viewing the test displays.

Results and Discussion

Looking times were calculated by averaging the two observers’ judgments
each test trial. Interobserver agreement was high across infants in the four ex
iments in this study (mean Pearsors .99). Looking time data in some cells
were characterized by positive skew; therefore, all cells were examined for ¢
liers prior to analysis. Any score exceedingRfrom the mean for its cell was
eliminated from the sample (there were 28 outliers across the four experiment
this study, or 3.6% of the total number of scores). Preliminary analyses for
experiments including sex of participant revealed no significant main effects
interactions that bear on the questions of interest (i.e., no sex differences in
formance); therefore, subsequent analyses collapsed across this variable.

Figure 5 presents mean looking times during habituation and test. Data w
examined for test display preferences with a 2 (Condition: experimental vs ba
line) X 2 (Order: consistent vs inconsistent test display presented firg)
(Display: consistent vs inconsistext)3 (Trial: first, second, or third block of test
trials) mixed analysis of variance (ANOVA), yielding a significant main effect o
display,F(1, 28)= 24.14,p < .001, due to an overall preference for the MLI dis-
play, and a significant main effect of tri&l(2, 56) = 28.49,p < .001, due to an
overall decline in looking across trials. These main effects were qualified by
significant interaction between condition and ti&R, 56)= 9.82,p < .001, due
to a more precipitous decline in looking across trials by infants in the basel
condition. Most important, there was a significant interaction between conditi
and displayF(1, 28) = 5.22,p < .05. There were no other significant effects.
Simple effects tests revealed longer looking at the MLI test display in the exp
imental conditionfF(1, 28) = 5.36,p < .05, but not in the baseline condition,
F(1, 28)= 0.84,ns

In sum, infants in the motion/location consistency experimental conditio
looked significantly longer at the inconsistent display relative to the consiste
display, whereas infants in the baseline condition exhibited no overall preferen
These results indicate that some level of unity percepts is available in the hal
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FIG. 5. Looking times during habituation and test in Experiment 1. Error bars rep8&ehthe
4-month-old infants looked longer at the motion/location inconsistent display, relative to ft
motion/location consistent display, subsequent to habituation, suggesting that they perceived a v
tion of the motion and location of the rod parts’ intersection. Infants in the baseline (no habituatic
condition exhibited no reliable preference.

uation stimulus, despite the misalignment of the rod parts’ edges. This is mc
likely due to the powerful organizing effect of common motion and the fact the
our method provides a more sensitive test than has been used in past resear

EXPERIMENT 2: LOCATION CONSISTENCY

The second experiment tested 4-month-olds’ perception of object unity w
the location consistent and location inconsistent displays (the habituation and
displays were identical to the habituation and MLC displays, respectively, usec
Experiment 1). Recall that the LI display violates the location of the hidden int¢
section but preserves its motion (see Fig. 4); therefore, unity percepts might
obtain to the same extent as in the first experiment.

Method

Participants The final sample consisted of 32 full-term infants (16 females ar
16 males, mean age 124.1 dayssSD = 7.0). The infants were recruited using
the same procedures, and from the same population, as in the first experimel

Apparatus, stimuli, and procedurdll aspects of the apparatus, stimuli, and
procedure were identical to those of Experiment 1, with the following exceptio
In the LI test display, the central rod part was offset by 7.5 cm (4.3°) and thus n
aligned with the rod parts; it moved in tandem with the top and bottom rod st
ments (see Fig. 4).

Results and Discussion

Looking times were again calculated by averaging the two observers’ jud
ments for each test trial. Figure 6 presents mean looking times during habituat
and test. Data were examined for test display preferences with a 2 (Conditic
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FIG. 6. Looking times during habituation and test in Experiment 2. Error bars rep8&enthe
4-month-old infants looked longer at the location inconsistent display, relative to the location con:
tent display, subsequent to habituation, suggesting that they perceived a violation of the locatio
the rod parts’ intersection, even when it moved in tandem with the top and bottom rod parts. Inf
in the baseline (no habituation) condition exhibited no reliable preference.

experimental vs baseling 2 (Order: consistent vs inconsistent test display pre
sented first)x 2 (Display: consistent vs inconsisterx)3 (Trial: first, second, or
third block of test trials) mixed ANOVA, yielding a significant main effect of
trial, F(2, 56)= 8.14,p < .001, due to an overall decline in looking across trials.
These main effects were qualified by a reliable interaction between condition a
trial, F(2, 56) = 9.38,p < .001, due to a more precipitous decline in looking
across trials by infants in the baseline condition. There were also several inter
tions involving effects of order: between order and displff,, 28) = 5.82,
p < .05; among order, display, and tri#(2, 56) = 6.23,p < .01, and among
condition, order, display, and triaF(2, 56) = 5.14,p < .05. These effects of
order were due to longer looking at the display presented first by infants in tl
baseline condition, an effect that was most pronounced in the first block of tria
Most important, there was a reliable ConditigrDisplay interactionF(1, 28) =
5.91, p < .05. There were no other significant effects. Simple effects tes
revealed longer looking at the LI test display in the experimental conditiot
F(1, 28)= 4.16,p = .05, but a nonsignificant tendency to look longer at the LC
display by infants in the baseline conditidf(1, 28) = 1.96,ns

To explore whether unity percepts were stronger in Experiment 1 (in whic
both motion and location were violated) than in Experiment 2 (in which loce
tion was violated but motion was preserved), the data from the two experime
tal conditions were subjected to a 2 (Experiment: motion/location vs locatic
consistency)X 2 (Order: consistent vs inconsistent test display presented firs
X 2 (Display: consistent vs inconsisterx)3 (Trial: first, second, or third block
of test trials) mixed ANOVA, yielding a significant main effect of display,
F(1, 28)= 17.03,p < .001, due to an overall preference for the inconsistent dis
plays, and a significant main effect of tri&l(2, 56)= 4.30,p < .05, due to an over-
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all decline in looking across trials. There was also a reliable interaction betwe
experiment and triak:(2, 56) = 7.52,p < .01, due to a sharper decline in look-
ing across trials in Experiment 1, and no other significant effects. The key inte
action that would reveal differences in performance between the two expe
mental conditions (the Experimeixt Display interaction) was not significant,
F(1, 28)= .008,ns

In sum, infants in the location consistency experimental condition looke
longer at the inconsistent display than at the consistent display, whereas inf
in the baseline condition exhibited no overall reliable preference. These res
indicate that the infants were highly sensitive to the likely location of the hidd
intersection of the rod segments in the habituation display and responded to a
lation of this location even when it moved with the upper and lower segments :
common motion of all visible parts was maintained. Notably, however, the di
placement of the intersection in the LI display was substantial. Experiment 3 v
designed to explore young infants’ detection of a more subtle violation, one
which both the motion and location of the intersection were preserved and o
its orientation was violated.

EXPERIMENT 3: ORIENTATION CONSISTENCY

The third experiment probed 4-month-olds’ perception of object unity with th
orientation consistent and orientation inconsistent displays (the habituation &
OC displays were identical to the habituation and MLC and LC displays, respe
tively, used in Experiments 1 and 2). Recall that the Ol display violates only tf
orientation of the hidden intersection but preserves both its motion and locati
(see Fig. 4); therefore, unity percepts might be difficult to achieve for 4-montt
olds.

Method

Participants The final sample consisted of 32 full-term infants (16 females ar
16 males, mean age 128.3 daysSD = 8.1). One additional infant was observed
but not included in the sample due to equipment failure. The infants were
cruited using the same procedures, and from the same population, as in the
two experiments.

Apparatus, stimuli, and procedurdll aspects of the apparatus, stimuli, and
procedure were identical to those of Experiments 1 and 2, with the followil
exception: In the Ol test display, the central rod part was oriented 180° horiz
tally relative to the OC display; it moved in tandem with the top and bottom rt
segments (see Fig. 4).

Results and Discussion

Looking times were again calculated by averaging the two observers’ juc
ments for each test trial. Figure 7 presents mean looking times during habitua
and test. Data were examined for test display preferences with a 2 (Conditi
experimental vs baselin®) 2 (Order: consistent vs inconsistent test display pre
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FIG. 7. Looking times during habituation and test in Experiment 3. Error bars rep8&enthe
4-month-old infants in both the experimental and baseline (no habituation) conditions showed no |
able test display preference, providing no evidence of perception of the orientation of the rod pe
intersection during habituation.

sented first)X 2 (Display: consistent vs inconsisteit)3 (Trial: first, second, or
third block of test trials) mixed ANOVA, yielding a significant main effect of con:-
dition, F(1, 28) = 12.47,p < .01, due to longer looking overall by infants in the
baseline condition, and a significant main effect of tfgR, 56) = 8.63,p <
.001, due to an overall decline in looking across trials. There was also a reli
interaction between condition and trigl2, 56) = 4.35,p < .05, due to a more
precipitous decline in looking across trials by infants in the baseline condition r
ative to the experimental condition, and reliable interactions among conditic
order, and display; (1, 28)= 6.32,p < .05, and among condition, order, display,
and trial,F(2, 56) = 6.42,p < .01. These latter two interactions were a functior
of the tendency of infants in the baseline condition to look longer at the disp
presented first, a tendency that declined across trials and was more pronou
than that of infants in the experimental condition. There were no other signific:
effects. The Conditiorx Display interaction was not significafi(1, 28)= .02,

ns and inspection of Fig. 7 reveals no trend toward longer looking at the Ol d
play by infants in the experimental condition. Therefore, this experiment provic
no evidence that the infants perceived or did not perceive the rod parts’ unity
the violation of the orientation of the hidden intersection.

To explore whether unity percepts were stronger in Experiments 1 and 2 tl
in Experiment 3, the data from the three experimental conditions were subjec
to a 3 (Experiment: motion/location vs location vs orientation consistend)
(Order: consistent vs inconsistent test display presentedXirgtjDisplay: con-
sistent vs inconsisteny 3 (Trial: first, second, or third block of test trials) mixed
ANOVA, yielding a significant main effect of displaly(1, 42) = 6.33,p < .05,
due to a greater preference overall for the inconsistent test displays, and a si
icant main effect of trialF(2, 84) = 3.76,p < .05, due to an overall decline in
looking across trials. There was also a reliable Experimddbisplay interaction,
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F(2, 42) = 6.28,p < .01, and no other significant effects. Simple effects test
revealed significant preferences for the inconsistent displays by infants in the 1
two experiments combine#{1, 42)= 16.81,p < .001. In the third experiment,
there was a slight (but not statistically significant) preference for the OC displ:
F(1, 42)= 2.08,ns

In sum, there is no evidence that the infants detected the violation of the
entation of the hidden intersection of the rod segments in the habituation disp
This finding contrasts sharply with the strong evidence from Experiments 1 a
2 that young infants respond to violations in motion and location, and it sugge
that the orientation difference may have been too subtle to be picked up by
month-olds or that 4-month-olds have no clear expectation of the orientation
the hidden region, provided it is in the correct location and moves along with 1
other rod segments. In Experiment 4, we asked whether a group of older infe
(7-month-olds) would respond to an orientation violation.

EXPERIMENT 4: ORIENTATION CONSISTENCY, 7-MONTH-OLDS
Method

Participants The final sample consisted of 32 full-term infants (15 females ar
17 males, mean age 216.8 daysSD = 9.8). Four additional infants were
observed but not included in the final sample due to fussiness. The infants w
recruited using the same procedures, and from the same population, as in the
three experiments.

Apparatus, stimuli, and procedurdll aspects of the apparatus, stimuli, and
procedure were identical to those of Experiment 3.

Results and Discussion

Looking times were again calculated by averaging the two observers’ juc
ments for each test trial. Figure 8 presents mean looking times during habitua
and test. Data were examined for test display preferences with a 2 (Condit
experimental vs baselin®) 2 (Order: consistent vs inconsistent test display pre
sented first)X 2 (Display: consistent vs inconsisteit)3 (Trial: first, second, or
third block of test trials) mixed ANOVA. There were no significant main effects
There was a reliable interaction between condition and didplay28) = 5.30,

p < .05, which was qualified by a reliable interaction among condition, orde
display, and trialF(2, 56) = 3.56,p < .05. There were no other significant

effects. The four-way interaction was due to the tendency of infants in the bz
line condition to look longer overall at the display presented first, a tendency t
declined across trials and was more pronounced than that of infants in the ex
imental condition. Simple effects tests were employed to examine the two-w
interaction and revealed reliably longer looking at the Ol display by infants in t
experimental conditiork(1, 28) = 9.35,p < .01, but not in the baseline condi-

tion, F(1, 28)= .04,ns.

To explore whether unity percepts were stronger in Experiment 4 than
Experiment 3, the data from the two experimental conditions were subjected
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FIG. 8. Looking times during habituation and test in Experiment 4. Error bars repg8tsenThe
7-month-old infants looked longer at the orientation inconsistent display, relative to the orientat
consistent display, subsequent to habituation, suggesting that they perceived a violation of the o
tation of the rod parts’ intersection, even when motion and approximate location were preser
across habituation and test. Infants in the baseline (no habituation) condition exhibited no reli
preference.

a 2 (Age Group: 4-month-olds vs 7-month-olds in Experiments 3 and 4, respe
tively) X 2 (Order: consistent vs inconsistent test display presented frs2)
(Display: consistent vs inconsistent) 3 (Trial: first, second, or third block of
test trials) mixed ANOVA, yielding only one reliable effect, an Age Groxp
Display interaction,F(1, 28) = 8.91,p < .01. Simple effects tests revealed
longer looking at the Ol display by the 7-month-ol@§1, 28)= 7.04,p < .05,
but not by the 4-month-olds, F(1, 28) 2.46,ns.

In sum, Experiment 4 reveals that 7-month-old infants appear to have percei
unity in the rod-and-box display, as reflected by a response to a violation of
expected orientation of the hidden intersection, in contrast to the 4-month-old:
Experiment 3. Therefore, we conclude that there are developments with age in
ability to perceive object unity under the challenging circumstances provided
the current experiment, in particular infants’ percepts of the orientation of the h
den region.

GENERAL DISCUSSION

In these experiments, 4-month-old infants were habituated to a rod-and-
display in which the rod edges were misaligned and underwent common mot
and subsequently tested for perception of unity of the rod parts by presen
them violations of the appearance of the intersection of the formerly hidden s
ments. The current experiments are the first to explore together infants’ sens
ity to violations of three key components of veridical percepts of partly occlud
objects (motion, location, and orientation), and the outcome confirms the sl
gestion that young infants develop some perceptual biases concerning unity f
motion information during habituation to an occlusion display. These bias
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inform percepts of the nature of the rod parts’ expected motion and how tt
might be connected in a global fashion, but we also obtained important evide
concerning limitations in 4-month-olds’ percepts of the precise orientation of t
hidden intersection. Only when 7-month-olds were tested for orientation perce
was positive evidence obtained. This subtler form of unity perception, the
likely undergoes developments between 4 and 7 months of age.

Experiments 1, 2, and 4 are the first to document infants’ unit formation in t
absence of edge alignment or good form to assist in the formation of an imp
sion of a connected, partly occluded object. These results concur with a wealtl
evidence on the importance of motion in early perceptual organization (John:
& Aslin, 1998, 2000; Johnson & Johnson, 2001; Johnson & Mason, 20C
Jusczyk et al., 1999; Kellman, Gleitman, & Spelke, 1987; Kellman & Shor
1987; Kellman & Spelke, 1983; Kellman et al., 1986) but stand in contrast to p
vious reports of young infants’ failures to perceive object unity in displays wif
misaligned rod edges (Johnson & Aslin, 1996; Johnson et al., 2000). It see
likely that part of the explanation for the disparate results lies in the methc
adopted in the current study. The previous reports had probed for a more
plicit perceptual representation of the continuity of the rod, a task that is likely
be made more complicated for the infants by the misalignment of the edges.
tested for recognition of the appearance of the hidden region by presenting
possibilities during test: one matching what an adult might posit, in terms of t
region’s motion, location, and orientation, and the other violating one of the
three aspects. Our methods, therefore, appear to comprise a sensitive mea
exploring some recognition-based forms of object unity. Young infants provide
evidence of an active perceptual representation of the absent part for this sti
lus type (Johnson & Aslin, 1996; Johnson et al., 2000; cf. Smith et al., in pres
but in the current experiments they recognized a violation of unity conditions
the form of an “illegitimate” feature rather than a missing one. This recognitio
based paradigm is rooted in the assumption that infants exhibit a novelty pre
ence after habituation to a single stimulus, an assumption that has a firm foo
in a large empirical base (Bornstein, 1985). The nature of the test displays sh
after habituation, however, appears to be crucial in revealing the perceptual ¢
petence under investigation.

Our findings also speak to an issue that has received little attention in the li
ature: the development of infants’ perception of the form of a hidden surface t
becomes revealed. Termine, Hrynick, Kestenbaum, Gleitman, and Spelke (19
found that 4.5-month-olds appeared to perceive the background (a textured,
vertical surface) as continuous behind a small occluder when the edges of
background appeared to adults to extend indefinitely (in this case, the edges \
occluded by the frame of the display apparatus). By contrast, when the same
tured surface was presented with clear boundaries behind the occluder agai
larger white background, the infants provided no evidence of perceptual comj
tion. Craton (1996) used static displays to explore infants’ perception of t
global form of a partly occluded object and reported that 8-month-olds, but not &
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or 7-month-olds, seemed to perceive the objects as composed of smooth co
uous contours. Together with the findings of the current experiments, these s
ies concur in the suggestion that perceptual completion in infancy is a grac
process extending throughout most of the first year after birth. Percepts of ul
can be achieved early provided that the stimulus meets the young infants’ limi
perceptual skills by providing sufficiently rich visual information (i.e., some
appropriate combination of motion, alignment, global configuration, and dept
(see Johnson, 1997). Perception of hidden form is more fragile, however,
appears to be delayed relative to an overall impression of unity. Moreover, fc
perception seems to emerge in a fragmented fashion, first encompassing gl
motion and location and only later encompassing more fine-grained aspects ¢
as the precise orientation.

Our finding of relatively delayed perception of occluded form, and more su
tle kinds of unity, is consistent with recent reports of protracted development
integration of information across the visual field. Kovacs (2000), for exampl
reported that contour integration across spatially separated Gabor patches
ented stimulus elements designed to match receptive field properties of e
visual neurons) is not adult-like until after 14 years. This finding was interpret
to arise from immature long-range connectivities in primary visual are
(Burkhalter, Bernardo, & Charles, 1993) and feedback (“top-down”) connectio
from extrastriate cortex that facilitate the use of context to segregate and link Ic
elements in a scene (Burkhalter, 1993). In addition, this finding may reflect in¢
ficient information processing skills such as scanning patterns (Johnson, 2C
Johnson & Johnson, 2001; Kovacs, Kozma, Fehér, & Benedek, 1999).
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