
ville et al., 2005) and independent locomotion and spatial cogni-
tion (Campos et al., 2000).

Postural Basis for Object Exploration

If visual–manual exploration leads to 3D object completion,
what are the developmental origins of visual–manual exploration?
Of course, less sophisticated forms of object exploration (manip-
ulation without coordinated visual inspection) precede the more
sophisticated exploratory procedures, but where then do less so-
phisticated forms come from? Reed (1982) and others have argued
for the primacy of posture. Accordingly, we found that self-sitting
ability promoted coupling between visual inspection and object
manipulation. The ability to hold an object with one hand and
finger it with the other, the ability to transfer an object from hand
to hand, and so on require infants to stabilize their trunks so that
their arms and heads are free to move. As infants achieve upright
self-sitting, the hands are freed from supporting functions, and
gaze is more easily stabilized during reaching (Bertenthal & von
Hofsten, 1998; Rochat & Goubet, 1995). Infants given early ex-
periences with postural control or object engagement at 4 months
showed advanced onset of reaching (Lobo & Galloway, in press).
Moreover, these infants showed more haptic exploration of objects
a few weeks later and displayed more means–end behaviors.

Self-sitting ability, coordinated visual–manual exploration, and
3D object completion are part of an integrated developmental
system. Whereas active, self-initiated visual–manual exploration
appears to be critical to the development of 3D object completion,
self-sitting is only developmentally linked to object completion
because it facilitates visual–manual exploration. In our study,
infants displayed coordinated visual–manual exploration or its
absence relative to sitting proficiency even though caregivers
helped support infants during the manual skills assessment. In
other words, infants brought to the structured play session their
repertoires of exploration from outside the lab. The development
of coupled visual–manual exploration is dependent on everyday
experience sitting up and playing with toys in the home.

The ability to self-sit confers more opportunities for infants to
acquire visual–manual exploratory skill. Caregivers might be able
to accelerate the acquisition of coordinated visual–manual explo-
ration by artificially enhancing postural control (Lobo & Gallo-
way, 2008) or in providing early object engagement experiences
(Needham et al., 2002), but unless these interventions are part of
an experimental manipulation or are normal rearing practices in
the culture (e.g., Bril & Sabatier, 1986), it seems unlikely that
caregivers provide enough supported sitting experiences. Although
it is possible that other hands-free postures, such as playing while
supine or in a prone position, could support the development of
visual–manual exploration, the strong connection between the
acquisition of self-sitting and visual–manual exploration argues
against this possibility. Apparently, infants have to learn to sit up
on their own to have diverse and distributed experiences exploring
objects.

Conclusions: Systems in Development

We examined the developmental link between motor skill ac-
quisition and 3D object completion. Maturation and unimodal
visual experience (represented by chronological age) do not pre-

dict these perceptual abilities. Rather, 3D object completion is
rooted in the development of exploratory skill. Infants may first
develop the ability to visually and manually explore objects to
reveal their backs, and as they play, they build up what they know
about objects from this exploration. However, the development of
3D object completion may not be this simple and linear: Percep-
tion and action are not dissociable developmental agents. Every
time infants explore objects, their perceptual and motor abilities
influence their exploratory behaviors. Thus, emerging perceptual
abilities guide object exploration, and simultaneously, perception
becomes elaborated with the acquisition of new motor skills. As
J. J. Gibson (1979) put it, the primary role of perception is to guide
action; motor actions, in turn, provide new information for per-
ceptual systems. Moreover, the developmental history of a new
skill can have a surprisingly twisted and nonobvious path. The
current study suggests that the emergence of 3D object completion
arises in a developmental cascade from postural coordination to
object exploration to perception and cognition.
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