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Perception of three-dimensional

form by human infants

PHILIP J. KELLMAN

Swarthmore College, Swarthmore, Pennsylvania

Human adults can perceive the three-dimensional form of an object from single views or from
the continuously transforming two-dimensional projections of an object rotating in depth. The
present work reports that 16-week-old infants can perceive three-dimensional form from trans-
forming optical projections, but not from single or multiple static views of an object. In a
habituation-of-looking-time procedure, infants in a kinetic condition were shown videotapes of
one of two three-dimensional objects continuously rotating, on alternate trials, around two different
axes of rotation in depth. Infants in two other conditions saw successive static views taken from
the same rotation sequences. After habituation, perception of three-dimensional form was tested
by presenting the same three-dimensional form moving around a new axis of rotation in depth
and a different three-dimensional form moving around the same, new axis. Infants shown con-
tinuously transforming displays generalized habituation to the same object and dishabituated
dramatically to the new object, whereas infants in the two static conditions showed no differen-
tial responding to the test objects as a function of habituation object. Kinetic information seems
to be primary in the development of three-dimensional form perception.

Perceiving the three-dimensional forms of objects is
central to human thought and behavior. Many important
properties of objects depend on their forms; moreover,
when other properties of objects concern us, we may still
detect and recognize these objects by their forms. The
visual sense predominates in enabling us to perceive three-
dimensional form, at a distance and with great precision.
How these abilities originate in the life of a human per-
ceiver is currently not well understood. This question, spe-
cifically, the origins of visual form perception abilities
in early infancy, is the subject of the present research.

Adult perception of form occurs under diverse circum-
stances, and similar diversity has characterized theories
of the origins of form perception. Adults often perceive
the three-dimensional form of an object from a single
viewpoint. This fact is consistent with the old notion that
one view calls up previously remembered views from
other vantage points, and that these associated views to-
gether constitute the form (Helmbholtz, 1866/1925; Mill,

{1865/ 1968; cf. Hebb, 1949). Adults may also perceive the

whole form of an unfamiliar object from a single view,
suggesting reliance on rules about object regularities
{(Michotte, Thines, & Crabbe, 1964; Wertheimer,
1923/1958). Some recent analyses, however, suggest that
the fundamental process in form perception does not in-
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volve such rules, but depends on the pickup of informa-
tion from optical transformations, given by object or ob-
server movement (Gibson, 1966, 1979; Johansson, 1970).
Mathematically, the continuously transforming projection
from a rotating object contains invariant projective geo-
metric properties unique to that object (Gibson, 1979;
Braunstein, 1976). Perceptually, human adults readily uti-
lize transforming projections to perceive accurate form
and depth (Braunstein, 1976; Gibson, 1979; Wallach &
O’Connell, 1953).

Accounts of the origins of form perception abilities have
diverged sharply over the contributions of innate endow-
ment or maturation as opposed to learning. Rules of ob-
ject perception, for example, have been claimed to reflect
the intrinsic functioning of the nervous system (Koffka,
1935) or, in contrasting views, to be derived from ex-
perience (Brunswik, 1956; Piaget, 1954, 1977). Much re-
cent discussion has focused on the suggestion that the de-
tection of invariant properties from optical transformations
may be accomplished by perceptual mechanisms that are
products of evolution (Gibson, 1966, 1979; Johansson,
1970; Shepard, 1982). Even some perceptual theorists
who emphasize the role of learning in perception have
suggested that perceiving form from motion information
may be an innate ability on which subsequent learning
may be based (Wallach & O’Connell, 1953).

Little previous research has addressed these conjectures
directly, by studying human infants. Perception of invar-
iant two-dimensional shape at different slants has been
investigated by Bower (1966) and by Caron, Caron, and
Carlson (1978, 1979). The latter study resolved some
difficulties of earlier work and provided evidence that 12~
week-old infants can detect invariant two-dimensional
shape despite differences in slant.
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