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1. Forward

This paper is concerned with some of the central conceptions about the world that we
hold as human adults. | will attempt to bring some of our mature conceptions to light by

ciscussing a variety of experiments on the cognitive abilities of young human infants.

The enterprise of studying infants in order to learn about adults may strike the reader as
bizarre, for infants are frustrating subjects to study. A young infant can do very little. Infants
do not reach for and apprehend visible objects until they are about 4 1/2 months oid, they do
not sit independently until about 6 months, and most do not begin walking or talking until the
second year. Young infants also give us scant reason to suppose that they know much about
the world. They seem to know little about the characteristic behavior of the particular kinds of
objects that surround them, like balls and rattles. They certainly are ignorant, moreover, of
the structure of most of the events and activities that will occupy their time, like television

programs and eating dinner.

Mevertheless, infants have two related capacities that make them wvery interesting
subjects for any student of human cognition: Infants are built to gxplore and to learn. From
the start of life, infants attend to objects and events very systematically, and they quickly
develop a wealth of knowledge about the world. In our infancy and early childhood, humans
learn about many kinds of objects: their characteristic properties, their behavior, and their
functions. We learn about people: their actions, their predilections, and the nature of the
social exchanges they engage in. We learn how to count and how to catch a ball by
extrapolating its trajectory through the air. This learning occurs spontaneously, moreover,
with no instruction. No one explains to a child what a cup is, or what people are like, or how
objects move.

Because infants learn so rapidly, spontaneously, and systematically, it seems likely that
they come to the world with certain conceptions of what they will find to explore and learn
about. Initial conceptions about objects and events might lead infants to interpret their
experience in ways that promote rapid learning about those objects and events. If initial
conceptions do underlie our earliest exploration and learning, those conceptions should

determine, in large part, both the shape and the substance of the knowledge that we acquire.



These conceptions, therefore, are likely to remain at the center of our thinking. By studying
infants. psychologists may be able to peel away the layers of specialized notions that humans

acquire and to see more clearly the core conceptions that we hold.
2. Material objects

To illustrate this possibility, the present paper will focus on just one conception that
appears to begin in infancy: the concept of a material object. As adults, we tend most readily
to understand the world in terms of things like cups and cars, not in terms of parts of things
like the surfaces of cars, or ensembles of things like cars-and-their-respective-owners, or
stages of things like cars-just-whenever-they-are-in-garages. These things--the cups and the
cars--exemplify what will here be called "objects.” Our focus on objects is revealed
dramatically in visual perception. When we as adults look at any scene, the shapes and the
boundaries of the objects in the scene are given only very indirectly in the light that meets our
eyes. Every object is adjacent to other things, and every object is partly hidden: its back is
hidden by its front, and some of its forward surfaces are usually hidden as well. But we do not
experience an arrangement of visible fragments of surfaces, despite these patterns of
adjacency and occlusion. We organize the scene into an arrangement of complete, solid,
and bounded objects.

Our focus on objects is also revealed in other ways. Objects are what we communicate
about most readily when we talk about parts of the physical world, and they are what we tend
to count. If someone points to a cup, for example, and says "l like this" or "this belongs to
Julia,” these statements are of course ambiguous: "this” could be the cup, its handle, the
pattern on its surface, the stuff it is made of, or the entire set of china of which it is a member.
Similarly, if someone asks us to count the contents of a pocket, we can in principle count any
number of things, such as five coins, ten coin faces, or two kinds of metal. In practice,
however, we are rarely troubled By these ambiguities. In the absence of information or

instructions to the contrary, we will focus on the cups and the coins: the objects.




Finally, our focus on objects is revealed by the ways in which we trace parts of the world
through time. Our world is composed of persisting things that exist continuously, even
though our encounters with these things are sporadic. Somehow, we can apprehend the
enduring nature of the objects we have encountered on several occasions. We can also
predict, to some extent, what will happen to these objects in the future.

The tendency to focus on objects is discernible quite early in childhood, and it seems to
develop spontaneously, without teaching. Objects are what children are apt to communicate
about and learn words for: they focus on the tables and not on the table-legs or table-stages.
Objects are also what children spontaneously count, when they begin counting in the third or
fourth year. Thus, it seems reasonable to suppose that some of our conceptions of objects
begin at the beginning of infancy and guide the development of knowledge.

What are the conceptions of objects that we hold as adults, which could be shared by
human infants? For one, adults seem to conceive of the world as composed of things that are
relatively uniform in their substances and shapes. This conception may lead us to perceive
objects by grouping together surfaces of the same color and texture, surfaces with aligned
edges, and surfaces that together form a unit with a regular shape. Second, adults seem to
conceive of the world as composed of things that are spatially connected. This conception
may lead us to perceive objects by detecting the three-dimensional arrangement of surfaces
in a scene, grouping together all and only surfaces that are touching. Third, adults evidently
conceive of the world as composed of things that are separately moveable and that move as
wholes: things that persist as connected units over their free movements. This conception
may lead us to divide unfamiliar scenes into objects by moving surfaces about and observing
which surfaces move together.

Further conceptions concern the kinds of movements that objects undergo. We as
adults believe that objects move continuously through space and over time: an object cannot
jump from one place to another. Moreover, we expect each object to move in a certain
smooth trajectory, as long as it does not hit any other object. Third, we believe that two
distinct objects cannot occupy the same place at the same time. If two objects collide, one or
both of them must give way and change its path of movement, at least. These notions about
the behavior of material objects help us to predict the future states of an object and to



represent the object and its location when it is out of view: we expect objects to persist
connected units whenever they move freely, without contacting other things. These notions
also help us to trace objects through time: We will not grant that we have encountered a
single object, on two different occasions, unless there is a continuous path on which the
object could have traveled from the first encounter to the second.

In addition to these general conceptions, adults have many specific conceptions about
objects of particular kinds. We evidently conceive of the world as composed of particular
sorts of things, each with its characteristic properties, functions, and life-history. These
conceptions can also guide our apprehension of the objects around us. Once we have
recognized that an object is a cup, for example, our knowledge about the properties of cups
will lead us to see the object as separate from the saucer beneath it. Our knowledge of the
behavior of cups will also lead us to predict what will happen to the object if it is dropped or
filled with tea.

Our conceptions of objects usually work together: Things of known kinds tend also to
be relatively regular in color, texture, and shape, they tend to be spatially connected and
separately moveable, and they tend to move continuously and only through space not
occupied by other objects. But our conceptions do not always agree, and where they conflict,
our intuitions about objects can become unclear. What are we to make of a book in three
volumes: is it one object or three? What of the wheel of a bicycle: is it an object or only part
of an object? If human adults have a core conception of objects which gives a determinate
answer to these guestions, our introspections certainly do not seem to reveal what it is.
Indeed, the apparent vaguenesses and confusions in our thinking about objects have led
some to propose that humans have no general conceptions of material objects at all (Hume,
1738/1962; Geach, 1962; see also Wiggins, 1980). This conclusion, however, could be wrong.
We as adults might have a core conception of objects that guided the development of all
further conceptions. If such a conception exists, then studies of infants might reveal what it
is.




3. The origins of conceptions of objects

The possibility that infants share any of our conceptions is rarely considered seriously.
in developmental psychology, a field shaped both by Empiricist and by Piagetian theory, most
investigators believe that conceptions of material objects are constructions. These
conceptions are thought to be achieved slowly over the first years of life, as children discover
certain regularities among their sensations and their actions (see Helmholtz, 1885/1925;
Piaget, 1937/1954. For a recent statement of this position, see Harris, 1983). Newborn
infants, on this view, cannot perceive or know objects. They experience only sensations of
various qualities, produced by patterns of light, sound, pressure on the skin, and other
stimulations.

Only the Gestalt psychologists have proposed that humans have an initial ability to
perceive objects. Like the Empiricists, however, they denied that infants have conceptions
about the things they perceive. On the Gestalt view (see Koffka, 1935), perception of objects
is not guided by conceptions of any kind; the experience of a world of objects arises
automatically as a consequence of certain organizing forces in the nervous system. These
forces lead humans, even as infants, to structure visual arrays into units with symmetrical
shapes, uniform colors, and a common pattern of movement (Wertheimer, 1923/1958). But
conceptions of objects were thought to develop later, on the basis of this initial, automatic
perceptual tendency.

MNevertheless, this paper will explore the view that human infants and human adults
share a core conception of the material world. There is a conception of objects, | propose,
that is present throughout life and that serves as a basis for acquiring knowledge. Four lines
of research will be described, each probing some aspects of that conception.

4. Overview of the research

This research was conducted in collaboration with Renee Baillargeon, Philip Kellman,
Penny Prather, Hilary Schmidt, and Nancy Termine at the University of Pennsylvania, and
with Claes von Hofsten at the University of Minnesota. We have focused on infants’' abilities to
perceive objects, to act on objects, and to follow objects through time. Specifically, our

experiments investigate whether infants ever know if and how a visible object continues




behind a second object that partly hides it, whether infants can ever determine if two adjacent
surfaces lie on the same object or on distinct objects, whether infants take certain parts of the
visual world to be countable and independently manipulable--and if so, what parts--and
whether infants appreciate that certain parts of the world persist as units when they move

freely, even if they move fully out of view. Answers to these questions, we hope, will suggest

what the infant's conceptions of objects are.

5. Perceiving partly occluded objects

| will begin by asking whether infants can ever perceive the complete shapes of objects
that are partly hidden. Consider a regular, three-dimensional object like the rod depicted in
Figure 1: an object whose center is occluded by a nearer object but whose ends are visible
and move together rigidly, back and forth behind the occluder. As adults, we infer that these
ends are connected behind the occluder. This inference could be guided by the notion that
arrangements of objects tend to be simple and regular. Since the two ends of the rod are of
the same color and texture, are aligned, and can be joined to form a relatively simple figure,
we may infer that they lie on a single object. This inference could also be guided by the
notion that separate objects tend to move independently of each other, each object moving as
a whole. Since the two ends of the rod move in a commaon rigid translation, we may infer that
they are connected behind the occluder.

_\__,

Figure 1. Arrows indicate the path of motion.
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Do infants perceive the ends of this object as connected? To address this gquestion, we
have conducted an experiment with 4-month-old infants--infants just below the age when they
begin to reach for things (Kellman and Spelke, in press). Like many other studies of infant
perception, this experiment relied on an exploratory pattern that infants exhibit very
consistently. If a display is shown to infants repeatedly, they tend to look at it less and less
over these successive presentations; if something new is then presented, their looking time
usually increases. The amount of increase in looking time to the new display appears to be a
function of the perceived similarity of the new display to the old: if infants are presented with
two new displays, they often look more to the display that differs more from the original
display. In our experiment, accordingly, infants were presented with a moving black rod,
partly hidden behind a stationary tan block, on a series of trials. Each trial lasted as long as
the infant looked at this display, and it ended when he or she looked away. These
presentations continued until the infant’s looking time per trial had declined to half its original
level; this usually occurred after infants had looked at the rod and block display for about
three minutes. Then the occluder was taken away, and infants were shown two different
displays on alternating trials: the single, complete rod that adults perceive, and two rod
pieces that matched the visible areas of the original partly hidden object (see Figure 2).
Infants were expected to look longer at whatever new display appeared more different from
the original display. If they perceived the moving rod as complete, they should have looked
more at the broken rod. If they perceived only an arrangement of visible surfaces in the
occlusion display, then they should have looked more at the complete rod, since the same rod
surfaces were visible in the broken rod display and the occlusion display.

The results were clear: infants looked rather little at the complete rod when it was
presented. They looked four times as long at the broken rod. This difference did not reflect
any intrinsic preference for the broken rod; in other subsidiary experiments, we found that
infants look at complete and broken rods about equally when they are equally familiar, It
seemed, then, that the infants had originally perceived the moving rod to continue behind the
occluder. When the occluder was taken away, they recognized the complete rod as familiar
and perceived the two rod pieces as novel, even though these pieces corresponded to the

visible areas of the original, partly hidden object.
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This finding provides evidence that infants can perceive partly hidden objects. It is
possible that this ability follows from an initial conception of objects. In particular, infants'
perception of the complete rod might have depended on the conception that objects tend to
be regular in shape and substance or on the conception that objects tend to be connected
and separately moveable. To begin to distinguish these possibilities, we have conducted
experiments in which we presented 4-month-old infants with a variety of stationary objects of
regular shapes.

In one experiment (Kellman and Spelke, in press), infants were presented with the rod in
Figure 1, now stationary and centered behind the block. Adults perceive a unitary, connected
rod when they view this display. After infants became familiar with the partly hidden rod, they
were tested with stationary complete and broken rods. The results of this experiment
surprised us. After infants became familiar with the partly hidden rod, they showed renewed
interest in both the broken and the complete test rods, and they looked at these objects
equally. Since these infants were interested in the broken rod, we have further evidence that
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