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Abstract

l Visual object representation was studied in free-ranging
rhesus monkeys. To facilitate comparison with humans, and to
provide a new tool for neurophysiologists, we used a looking
time procedure originally developed for studies of human
infants. Monkeys’ looking times were measured to displays
with one or two distinct objects, separated or together,
stationary or moving. Results indicate that rhesus monkeys

INTRODUCTION

Physiological and anatomical studies in nonhuman
primates have advanced the understanding of the
primate visual system and revealed detailed homologies
between human and nonhuman primate vision (Too-
tell, Dale, Sereno, & Malach, 1996; Sereno, Dale, &
Tootell, 1995; DeYoe & Van Essen, 1988; Maunsell &
Newsome, 1987; Desimone, Albright, Gross, & Bruce,
1984). Fundamental questions nevertheless remain
concerning the similarities and differences between
the visual representations that humans and monkeys
form. For example, to what degree do nonhuman
primates share our human propensity to develop taxo-
nomies of objects, treating each living object as a
member of a given species and each artifact as a tool
with a specific function? Answering such questions is
critical to understanding the relation between visual
cognition in human and nonhuman primates and to
interpreting data on the physiology and anatomy of
primate vision.

Here we report four experiments investigating how
semi-free-ranging rhesus monkeys form representations
of and inferences about visible objects presented under
natural conditions. Our experiments use methods that
require no training, that allow direct comparisons with
studies of humans both before and after the acquisition
of language, and that could be adapted to permit
simultaneous behavioral and neuronal recordings. We
examine rhesus monkeys’ parsing of visual displays into
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used featural information to parse the displays into distinct
objects, and they found events in which distinct objects moved
together more novel or unnatural than events in which distinct
objects moved separately. These findings show both common-
alities and contrasts with those obtained from human infants.
We discuss their implications for the development and neural
mechanisms of higher-level vision. Il

objects and their sensitivity to the natural motions of
those objects, using a looking time procedure that was
developed for studies of human infants (e.g., Fantz,
1961), adapted for studies of object perception in
human infancy (e.g., Spelke, Breinlinger, Jacobson, &
Phillips, 1993), and applied to both free-ranging rhesus
monkeys and captive cotton-top tamarins with consid-
erable success (Hauser, MacNeilage, & Ware, 1996;
Hauser, 1998).

THE DEVELOPMENT OF OBJECT PARSING IN
HUMANS

One motivation for the current work comes from
developmental studies of object perception in human
infancy. Infants perceive objects by using information
about the three-dimensional arrangements and mo-
tions of visible surfaces (hereafter, “spatiotemporal
information”) before they use information about the
colors, textures, and curvature of surfaces (hereafter,
“featural information”) (Xu, Carey, & Welch, 1999;
Needham & Baillargeon, 1998; Spelke et al., 1993;
Kestenbaum, Termine, & Spelke, 1987; von Hofsten
& Spelke, 1985). Further, the ability to use featural
information to represent distinct objects emerges at
the same time as the first names for objects. This
correlation raises questions about the relation between
visual representation and language. Does the acquisi-
tion of a natural language, or the emergence of related
symbolic capacities, lead humans to represent objects
in a way that is unique to our species? Alternatively, do
human and nonhuman primates form homologous
object representations that emerge in humans at about
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1 year of life? The current studies attempt to distin-
guish these possibilities by testing adult nonhuman
primates’ abilities to perceive objects using featural
information.

Much of the evidence concerning the development of
object representations in humans comes from preferen-
tial looking experiments, in which infants are presented
repeatedly with a visual display until their attention to
the display declines, and then they are presented with
new displays. Looking times to the new displays are
measured, on the assumption that infants will look
longer at displays they perceive to be novel or unnatural
(Baillargeon, 1995; Fantz, 1964). These looking times
therefore provide evidence concerning infants’ repre-
sentations of all the displays, and their (perhaps tacit)
expectations about how the displays may change
(Spelke, 1985).

One set of preferential looking studies provides the
background for the present experiments. Xu et al.
(1999) presented 10- and 12-month-old infants with
an array that adults perceive as one meaningful object
on top of another (e.g., a duck resting on a car) on a
flat supporting surface (Figure 1). In one condition,
the objects were stationary; in the other condition,
the top object was moved relative to the bottom
object during the initial familiarization. After infants
had viewed the stationary or moving display repeat-
edly, they were shown two test events in which a
hand grasped the top object and lifted it. In one
event, the top object rose into the air while the
bottom object remained on the supporting surface
(left-hand side of Figure 1); in the other event, both
objects moved upward together (right-hand side of
Figure 1). Looking times to the outcomes of these
events were compared to each other and to the
looking times of infants in a baseline condition, who
viewed the same outcome displays but received no

initial familiarization with the objects and viewed no
object motion. Relative to this baseline measure of
the displays’ intrinsic attractiveness to infants, the 12-
month-old infants in the main experiment looked
longer at the test outcome in which the two objects
had moved together, both after familiarization with
moving objects and after familiarization with stationary
objects. This looking pattern provides evidence that
infants had parsed both of the initial displays into two
bounded objects, and that they represented each
object as separately movable and manipulable. The
10-month-old infants showed the same looking pat-
terns in the condition in which the objects initially
were presented in motion, but not in the condition in
which the objects initially were stationary. These
findings provide evidence that 10-month-old infants
used spatiotemporal information, but not featural
information specifying object kind, to represent object
boundaries.

Xu et al.’s (1999) findings accord with research using
variants of this method with younger infants and
simpler object displays. Infants 3- to 5-months-old have
been found to parse two adjacent objects such as
blocks and cones into two separately movable, manip-
ulable units if the objects are separated in depth or
undergo separate movement (Spelke, Hofsten, & Kes-
tenbaum, 1989; Kestenbaum et al., 1987; von Hofsten
& Spelke, 1985) but not if the objects are stationary,
adjacent, and distinguishable only by their different
surface texture, coloring, and curvature (Needham &
Baillargeon, 1998; Spelke et al., 1993). Because infants
are known to be sensitive to the latter featural informa-
tion (see Kellman & Arterberry, 1998, for review), one
interpretation of these findings is that infants’ repre-
sentations of objects depend on a modular system,
which operates on spatiotemporal but not featural
information (e.g., Scholl & Leslie, in press; Bertenthal,

Figure 1. Displays testing in-
fants’ sensitivity to spatiotem-
poral or featural information
(reprinted from Xu et al., 1999).
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