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Abstract Both objects and parts function as organizational
entities in adult perception. Prior research has indicated that
objects affect organization early in life: Infants grouped elements located within object boundaries and segregated them
from those located on different objects. Here, we examined
whether parts also induce grouping in infancy. Five- and 6.5month-olds were habituated to two-part objects containing
element pairs. In a subsequent test, infants treated groupings
of elements that crossed part boundaries as novel, in comparison with groupings that had shared a common part during
habituation. In contrast, the same arrangement of elements
failed to elicit evidence of grouping in control conditions in
which the elements were not surrounded by closed part
boundaries. Thus, infants grouped and segregated elements
on the basis of part structure. Part-based processing is a key
aspect of many theories of perception. The present research
adds to this literature by indicating that parts function as
organizational entities early in life.
Keywords Object-based attention . Part perception . Infancy .
Perceptual organization
A considerable amount of evidence indicates that objects
constrain adults’ visual functions. For example, objects function as bounded regions of attention, such that shifting of
attention is more efficient within objects than between objects
(e.g., Duncan, 1984; Egly, Driver, & Rafal, 1994; Harrison &
Feldman, 2009; Hollingworth, Maxcey-Richard, & Vecera,
2012; Reppa, Schmidt, & Leek, 2012). Like objects, parts
also guide adult perception. For instance, the spread of attention is constrained not only by object boundaries, but also by
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part boundaries (e.g., Barenholtz & Feldman, 2003; Singh &
Scholl, 2000 [reported in Singh & Hoffman, 2001]; Vecera,
Behrmann, & Filapek, 2001; Watson & Kramer, 1999).
Presumably, the role of objects and parts as perceptual guides
reflects organizational mechanisms that facilitate the generation of meaningful percepts from our environment.
Prior research indicates that objects function as organizational entities in infancy. The present research examined
whether parts also guide organization early in life. The
understanding of the development of part-based perceptual
organization is important given that part-based processing is
a key aspect of many perceptual theories (e.g., Biederman,
1987; Marr & Nishihara, 1978). For instance, Biederman’s
model assumes that visual images are initially articulated
into volumetric parts and object representations are created
by the subsequent organization of these parts into perceptual
wholes. Singh and Hoffman (2001) have suggested that a
number of other perceptual and cognitive phenomena, including figure–ground segregation, shape similarity assessment, visual search, allocation of attention, and memory for
shapes, are due to part representation.
Currently, not much is known about the role of parts as
organizational entities during development. In fact, to date,
only a few studies have addressed any aspect of part perception in early infancy. Bhatt, Hayden, Reed, Bertin, and Joseph
(2006) found that, like adults (e.g., Xu & Singh, 2002), 5- and
6.5-month-old infants find concave targets among convex
distractors to be more salient than convex targets among
concave distractors. This perceptual asymmetry indicates that
concavities in the contours of images that signal part boundaries are salient to infants. In addition, infants are sensitive to
the short-cut rule, which states that, all else being equal, object
images are segmented into parts by using the shortest possible
cuts across image boundaries (Bhatt, Hayden, Kangas, Zieber,
& Joseph, 2010). This sensitivity indicates that some of the
rules that govern part segregation from images in adulthood
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are operational in infancy. Moreover, infants attend more to
the shapes of parts than to the shapes of cavities (Hayden,
Bhatt, Kangas, & Zieber, 2011). Altogether, these studies
indicate that at least some aspects of part perception seen in
adults are functional during the first year of life.
There is also evidence suggesting that objects are organizational entities in infancy. Johnson and Gilmore (1998)
found that cuing a part of an object affects 8-month-olds’
subsequent saccades to a different part of the object versus
another object and concluded that 8-month-olds’ attention
was object-based. Additionally, Bhatt, Hayden, and Quinn
(2007) found that infants as young as 3.5 months of age
group elements located in object-like regions in accord with
the principle of common region (Palmer, 1992): Infants
exposed to shapes A and B located in one rectangle and
shapes C and D located in another rectangle subsequently
found a mismatched grouping (e.g., BC) to be novel, in
comparison with an original grouping (AB). This result
demonstrates that infants use object boundaries as regions
to group visual elements (also see Hayden, Bhatt, & Quinn,
2008; Kangas, Zieber, Hayden, Quinn, & Bhatt, 2012).
Prior research thus indicates that objects can function as
organizational units in infancy and that at least some aspects
of part perception seen in adults are already evident during
the first year of life. The question then arises as to whether
parts also function as organizational entities in infancy, as
they do in adulthood. To address this question, we examined
whether object parts act as boundaries that induce grouping
and segregation in infancy. If so, it would indicate that a key
characteristic of adult perception—namely, the role of parts
as perceptual organizers—is developed quite early in life.
Currently, no theory of perceptual development directly
addresses part-based organization early in life. However,
Kellman’s (1996, 2003; Kellman & Arterberry, 1998) theory
concerning the development of edge-based processing is relevant to the present research because the part structure of the
stimuli used in this study was signaled by edge discontinuities.
Kellman’s model proposes a distinction between edgeinsensitive (EI) and edge-sensitive (ES) processes. The EI
process is thought to be available at birth and responds to
motion information, while the “rich” ES system is thought to
become functional only after 6–7 months of age and to respond to edge information such as good continuation. In the
present study, part structure was signaled by concavities in
contours of static images, which would have to be processed
by the ES system. Thus, the Kellman model predicts that
infants younger than 6 months of age will not exhibit evidence
of part-based organization, whereas older infants with more
developed ES systems will be able to process edge information and, therefore, potentially be able to derive part structure
and organize accordingly. We tested these predictions in the
present study by examining the performance of 5- and 6.5month-old infants.
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Method
Participants
Thirty-two 5-month-olds (mean age = 151.19 days, SD = 6.06;
15 female) and twenty-four 6.5-month-olds (mean age =
205.54 days, SD = 8.39; 8 female) were recruited through birth
announcements and from a local hospital. The infants were
predominately Caucasians from middle-class families. Data
from 10 additional infants were excluded due to parental
interference (n = 2), fussiness (n = 4), failure to sample both
test stimuli (n = 1), or position preference (90 % or greater
looking to one side; n = 3).
Stimuli
Infants in the experimental condition were exposed to
images of objects with two parts, each containing a pair of
elements (Fig. 1). As in prior studies (e.g., Barenholtz &
Feldman, 2003; Singh & Hoffman, 2001), parts were delineated by concavities; that is, a concave contour inflexion
was assumed to indicate a boundary between parts, while a
convex inflexion was not. One pair of elements always
shared a common part, while the other pair was located on
the other part. Note that the elements within parts were also
divided by an inflexion point, but it was convex and, therefore, did not signal a part boundary. If infants fail to group
elements within parts and segregate them from those on
other parts, it would suggest that any inflexion point, concave or convex, affects grouping or, alternatively, that
infants are insensitive to inflexion points in general. On
the other hand, if infants group elements on the basis of
parts despite the presence of the convexity within parts, it
would indicate that contour inflexions that signal part
boundaries have a special status and affect perceptual organization (Barenholtz & Feldman, 2003).
Across trials, the location of the elements varied from one
part to the next in a counterbalanced manner in order to
prevent the association of particular elements with particular
locations in the image (Fig. 1). The element pairings were
thus defined by the sharing of a common part region, although this part varied from one trial to the next. Each
element subtended approximately 1.27°, and the space between them subtended 2.56°. The distances between the
elements were such that the element that was closest to the
part boundary was as far from the other element within the
same part as the shape that occupied the nearest position on
the other part. In other words, the distances between the
within-part elements and the closest across-part elements
were equated, such that element pairings could not be
formed due to proximity. Overall, the whole image subtended 10.79° × 16.69°, while each individual part was
10.79° × 8.33° in size.
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of the familiar/novel grouping on the computer monitor
during the test was counterbalanced across infants, and this
location was switched from one trial to the next.
Infants in the control condition saw the same stimulus
arrangements as those in the experimental condition, except
that the patterns they saw were not composed of enclosed
parts (Fig. 2a, b). Two different versions of the control stimuli
were used. In one, the individual contours that made up the
parts in the experimental condition remained intact but were
pulled apart such that they no longer represented enclosed
regions (Fig. 2a). In the other, the contours were shortened so
that they no longer intersected each other to form enclosed
regions (Fig. 2b). We used these two types of control stimuli
because each kind of change disrupted the enclosed nature of
the stimuli used in the experimental condition in a different
way. In the case shown in Fig. 2a, the overall size of the
stimuli differed from those used in the experimental condition,
while the lines that formed the contour remained the same; in
the other case (Fig. 2b), the overall extent remained the same,
but the amount of contour was less than in the experimental
condition. However, preliminary analyses revealed no difference in the performance in the two control conditions; consequently, infants in the control conditions were treated as a
unified group in the analyses reported in the Results section.
Fig. 1 Examples of the stimuli used in the experimental condition of
the present study. Infants were habituated to two pairs of shape elements contained within parts, with one pair sharing a part and the other
a different part. Infants were then tested for their preference between
pairs of shapes that had shared parts during habitation versus pairs of
shapes that had been on different parts during habituation. There was
an orientation change from habituation to test. The pairs of elements
that made up the within-part and between-part patterns during habituation were counterbalanced across infants; thus, within each age group,
each pair of elements equally often reflected familiar and novel pairings during the test

Apparatus
Infants were seated approximately 45 cm in front of a 50-cm
computer monitor. Floor-to-ceiling black cloth ensured that
the infant saw only the monitor during the test session. The
monitor was the only source of light in the test chamber. A
camera located on top of the monitor and a DVD recorder
were used to document infants’ look direction and duration.
Procedure

Two different combinations of two pairs of elements were
derived from the shapes H, X, O, and square. Half of the
infants were habituated with one combination, while the
other half were habituated to the other set. After habituation,
infants were tested for a preference between a within-part
pairing and a between-part pairing (Fig. 1). The test stimuli
were counterbalanced across infants such that each pair of
elements appeared equally often as a within-part and a
between-part pairing during the test. Thus, any preference
during the test could be due only to the status of the pairs
during habituation (i.e., whether a pair shared a common
part or not), rather than to any a priori stimulus preferences.
During the test, the stimuli were oriented differently than
during habituation—that is, vertically (Fig. 1). This change
was intended as a test of infants’ abilities to generalize
grouping to a novel situation and matched the tests in prior
studies that were conducted to examine grouping based on
object boundaries (Bhatt et al., 2007). The left/right location

We used a standard infant-control procedure (e.g., Bhatt et
al., 2007; Hayden et al., 2008). Each trial began with the
presentation of an attention getter, a rapidly changing set of
colored shapes, in the middle of the computer monitor. Once
the infant fixated it, two identical images depicting pairs of
shape elements sharing a common part were presented in the
experimental condition and its corresponding control version in the control condition (see Figs. 1 and 2). The images
remained on the screen until the infant looked away for 2 s
or until a total of 60 s had accumulated. Such habitation
trials continued until the mean look duration during three
consecutive trials was less than 50 % of the mean look
duration during the first three trials. Two test trials followed
habituation; in each, the two test stimuli (Figs. 1 and 2) were
presented side-by-side for 10 s.
Coding was conducted offline by an observer who was
unaware of the left/right location of the novel stimuli.
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Fig. 2 Examples of the stimuli
used in the control condition of
the present study. The element
arrangements were the same as
in the experimental condition.
However, the lines that formed
the external contour were
displaced (a) or shortened (b) in
such a way that the stimuli were
no longer enclosed images
depicting two-part objects

Another naïve observer coded the performance of 14 infants
in order to assess coding reliability. The Pearson correlation
between the two observers’ scores was .97.

Results
Table 1 displays the infants’ look durations during habituation. A condition (experimental, control) × age (5,
6.5 months) × trial blocks (first three, last three) ANOVA
revealed only a significant effect of trial blocks, F(1, 52) =
161.95, p < .001. All other main and interaction effects were
nonsignificant (all ps > .45). Similarly, an ANOVA failed to
reveal any differences between age groups or conditions or
an interaction in the number of trials needed for habituation
(all ps > .65). Thus, infants at both ages and in both conditions habituated before being tested (as required by the
procedure), and there was no evidence indicating differences in habituation patterns across age groups or conditions.
As in prior studies (Bhatt et al., 2007; Hayden et al.,
2008; Kangas et al., 2012), we used a novelty preference
measure to assess discrimination during the test. This measure was derived by dividing the total look duration to the
novel patterns during the two tests by the total look durations to both the familiar and novel patterns and by multiplying this ratio by 100. A group mean novelty preference
score that is significantly greater than 50 % indicates discrimination, whereas a score that is not different from 50 %
indicates a lack of discrimination.
The mean novelty preference scores are displayed in Table 1.
An age (5, 6.5 months) × condition (experimental, control)
ANOVA revealed a main effect of condition, F(1, 52) = 5.25,
p < .03, np2 = .09. Neither the age main effect, F(1, 52) < 1,
p = .88, nor the interaction, F(1, 52) = 1.07, p = .31, was
significant. Thus, the score in the experimental condition was

significantly greater than the score in the control condition, and
there was no evidence indicating that this differed as a function
of age. Individual sample t-tests comparing the scores against
the chance level of 50 % indicated that the scores of both the 5month-olds and the 6.5-month-olds in the experimental condition were significantly greater than 50 %, but the scores in the
control conditions were not (Table 1). These results indicate that
infants detected a change when elements sharing common parts
were regrouped into novel combinations (experimental condition) but failed to detect the same change when the contours
surrounding the pairs did not signals parts (control condition).
Thus, infants exhibited grouping based on part structure.

Discussion
Five- and 6.5-month-old infants grouped shape elements
that were located on parts of an object and segregated them
from elements located on other parts. This result indicates
that parts function as organizational entities that guide perceptual grouping in infants. Thus, it appears that a fundamental organizational mechanism that facilitates adult
perception is operational quite early in life.
Part-based processing is a key aspect of many perceptual
theories (e.g., Biederman, 1987; Marr & Nishihara, 1978) and
is thought to underlie a number of perceptual and cognitive
phenomena, including figure–ground segregation, shape similarity assessment, visual search, allocation of attention, and
memory for shapes (Singh & Hoffman, 2001). The present
work adds to this literature by indicating that parts function as
entities that induce grouping early in life.
The present findings are inconsistent with accounts of perceptual development that posit that edge-based processing is a
late-developing function. As was discussed in the introduction,
Kellman’s (1996; Kellman & Arterberry, 1998) model assumes
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Table 1 Mean (and standard error) of number of trials to habituate, fixation duration during habituation trials, and percent preference for the novel
pairing of elements exhibited during test trials
N

Habituation
Number of trials

5-month-olds
Experimental
Control
6.5-month-olds
Experimental
Control

Test
First three trials (s)

Last three trials (s)

Preference for novel pairing (%)
M (SE)

t(vs. 50 % chance)

16
16

9.50 (.89)
8.82 (.92)

32. 41(3.99)
30.35 (3.48)

11.34 (1.73)
13.42 (1.56)

54.69 (2.05)
51.74 (1.86)

2.30**
0.93

12
12

9.17 (1.39)
9.42 (1.34)

30.34(4.79)
31.25 (3.88)

11.71 (1.72)
12.10 (1.63)

56.76 (3.19)
48.96 (2.32)

2.12*
-0.44

*p < .06, two-tailed; **p < .05, two-tailed

that the ES system is not functional before 6–7 months of age.
However, 5-month-olds in the present study exhibited partbased organization, with parts signaled by discontinuities in
static image contours. Thus, the present findings argue against
the proposal of a late-developing ES system. In this respect, the
results are consistent with other reports of early development
of edge-based processing (e.g., Bhatt et al., 2007; Ghim, 1990;
Hayden et al., 2008; Quinn & Bhatt, 2005).
Note that the stimuli used in the present study were such
that the distances between the within-part and between-part
test elements were the same, such that proximity could not
have been used to group elements. Along with other studies
that have demonstrated grouping based on object boundaries
rather than proximity (e.g., Bhatt et al., 2007), the present
study thus indicates that absolute spatial positions in an image
do not necessarily drive organization. Rather, even early in
life, the visual system takes into consideration contextual
information, including part structure, to organize images.
Another point to note is that even the elements located
within parts in the present study were divided by an inflexion point in the surrounding contour (Fig. 1). In terms of the
degree of inflexion, this convexity was equivalent to the
concavity that signaled the part boundary. Yet infants
grouped elements within parts and segregated elements from
different parts. Thus, the nature of the inflexion point is
important in infancy: Concavities that signal parts have a
special status and induce grouping of elements located on
the same side of the inflexion and segregation from those on
the different side of the inflexion, whereas convexities that
do not signal parts do not induce similar organization. This
finding is consistent with those of Barenholtz and Feldman
(2003) with adults, who found that concavities are more
significant organizational boundaries than are convexities.
The lack of grouping by infants in the control conditions
of the present study is also noteworthy. The stimuli used in
the control conditions were such that part regions could

have been constructed by the infants and used to organize
information through illusory contour formation. The failure
of grouping in the control condition suggests that infants
could not bridge the contour gaps to construct illusory regions.
In prior studies, infants as young as 3 months of age exhibited
evidence of perceiving illusory contours (e.g., Bremner,
Slater, Johnson, Mason, & Spring, 2012; Ghim, 1990;
Hayden et al., 2008). However, other studies indicate that
illusory contour formation is not evident until later in life
(e.g., Csibra, 2001), and its development continues well into
childhood (Palomares, Landau, & Egeth, 2008). The contradictory evidence in infant studies indicates that illusory contours are perceived by young infants only if there is sufficient
information to support contour formation. For instance, in
Bremner et al. (2012), while 4-month-olds perceived illusory
occluding surfaces when both occluding edges and the occlusion of background texture elements were present at the same
time, they failed to do so if only one of these cues was present.
It appears that the level of information in the control conditions of the present study was similarly not enough for infants
to perceive illusory part regions.
Future studies will have to address the exact mechanisms
that underlie the functioning of parts as organizational units
in infancy. Many studies of object- and part-based organization in adulthood have concentrated on the spatial spread
of attention within versus outside objects/parts (see Reppa et
al., 2012, for a review). As was noted earlier, the general
finding is that object and part borders function as attentional
boundaries. We did not assess attentional effects in the
present study. It is thus not clear whether the grouping of
elements based on part structure in the present study was
driven by attentional mechanisms or by some other process.
In summary, part structure guided 5- and 6.5-month-olds’
grouping of elements in the present study. In combination
with prior studies indicating that object boundaries guide
perceptual grouping in infancy (e.g., Bhatt et al., 2007;
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Hayden et al., 2008; Kangas et al., 2012), this result demonstrates that both parts and objects function as organizational entities in infancy, as they do in adulthood. Thus,
even early in life, the human visual system is able to utilize
mechanisms that constrain perception and guide the derivation of a functional representation of the environment.
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