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A Perception–Action Perspective on Tool Use Development

 

Jeffrey J. Lockman

 

In this essay I argue for a new wave of research on tool use development. Advances in the literature on perceptionÐ
action development hold important clues for how tool use unfolds in children. These advances suggest that
tool use may be a more continuous developmental achievement than has been previously believed. On this
view, tool use is rooted in the perceptionÐaction routines that infants employ to gain information about their
environments. Although tools alter the properties of effector systems, children use tools to explore and change
their environments, building on efforts that originate in infancy. Based on this approach, new research direc-
tions are suggested, including efforts designed to investigate the processes by which children detect and relate
affordances between objects, coordinate spatial frames of reference, and incorporate early-appearing action
patterns into instrumental behaviors.

 

INTRODUCTION

 

Technology is a deÞning feature of human culture. The
most advanced forms of human technology are rooted
in our capacities to fashion the materials of our envi-
ronment into tools and employ them adaptively in di-
verse contexts. Clearly, the hammer used by a toddler
is far removed from the computer used by a scientist,
but in the tool behaviors of young children, one may
begin to see the Þrst glimmer of our remarkable tech-
nological potential.

The ontogenetic and phylogenetic origins of tool
use, however, have been the subject of considerable
controversy. Across and within the Þelds of anthro-
pology, ethology, and psychology, investigators have
disagreed about the extent to which tool use is a
uniquely human or primate capacity and the kinds of
cognitive skills embodied in tool use (K. R. Gibson &
Ingold, 1993; Goodall, 1986; Kohler, 1927; Tomasello,
1998; Tomasello & Call, 1997).

Indeed, some researchers have portrayed tool use
as primarily a human capacity, requiring a form of
representational or relational thinking that is not
available to most other creatures. Applied to human
ontogenesis, this view suggests that tool use is a later-
developing ability, demanding a level of symbolic
thinking that is beyond the capacity of most infants
during the Þrst year (Bates, 1979). In contrast, other
researchers have questioned whether tool use is a ca-
pacity that only humans display, pointing out that
nonhuman primates and even other animals engage
in forms of tool use that were claimed previously to
be distinctively human (Beck, 1980; Goodall, 1986;
Tomasello, 1998). From a developmental perspective,
these types of observations suggest that the Þrst in-
stances of human tool use may occur well before the
end of the Þrst year, even in the absence of more ad-
vanced representational skills.

In view of these contrasting viewpoints and the ac-
cumulating evidence that many forms of tool use may
not be a singularly human phenomenon (K. R. Gibson &
Ingold, 1993; Tomasello, 1998), I believe that this is an
opportune time to take a new look at tool use devel-
opment. I suggest that advances in our understand-
ing of motor behavior and perceptionÐaction cou-
pling (Bertenthal & Clifton, 1998; GoldÞeld, 1995;
Lockman & Thelen, 1993; Thelen & Smith, 1994) pro-
vide a valuable new perspective from which to con-
sider tool use in young children. A key implication of
this perspective is that tool use is not a discontinuous
developmental achievement requiring a new level of
representational thinking, as some have maintained.
Instead, I argue, the origins of tool use in humans can
be found during much of the Þrst year of life, in the
perceptionÐaction routines that infants repeatedly
display as they explore their environments. In mak-
ing this argument, I also suggest how conceptualizing
tool use as a problem of action development can inform
our understanding of the development of other psy-
chological processes (e.g., coordinating spatial frames
of reference) not typically associated with tool use.

 

DEVELOPMENTAL APPROACHES
TO TOOL USE

 

During the second year, if not before, human chil-
dren begin to employ the tools of their culture dur-
ing their daily activities. Such tool use takes varied
forms. In Western societies, young children may hold a
spoon to transport food to their mouths (Connolly &
Dalgleish, 1989; McCarty, Clifton, & Collard, 1999),
grasp a crayon to scribble marks on a page (Gardner,
1980; Golomb, 1989; Goodnow, 1977; Kellogg, 1969),
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or clutch a hammer to pound an object into a surface
(Gesell, 1940).

Although children practice behaviors like these over
long stretches of developmental time, the research lit-
erature on tool use leads to a very different type of
psychological picture. In much of this literature, tool
use has been treated as some sort of cognitive ad-
vance involving insight. A chimp or child is said to in-
duce, often suddenly, how an object may be employed
in a novel relational way to achieve a goal (e.g., see
Kohler, 1927). Underlying this view is the premise
that tool use requires a cognitive leap beyond infor-
mation that is immediately given. Developmentally, a
cognitive leap is implicated as well, involving the
capacity to engage in a new form of symbolic or rela-
tional thinking. For instance, Bates (1979) has argued
that mature tool use requires the ability to engage in a
type of representational meansÐend analysis, involv-
ing the mental substitution of one means for another.

Likewise, in accounts that emphasize the social
transmission of various cognitive skills (Rogoff, 1990;
Vygotsky, 1978), caregivers are said to bridge gaps in
childrenÕs current cognitive abilities before children
develop the ability to use particular tools on their own.
Here, too, tool use is predicated on a cognitive leap of
some sort, one that is negotiated by caregivers, who
may supply information that is not immediately
available in the environment.

In contrast to these depictions of tool use as either
a discontinuous developmental achievement and/or a
product of insight based on advances in representa-
tional processes, I will begin to outline a view of tool
use development with a different emphasis. I suggest
that there is much to be gained by viewing tool use as
an extension of the perceptionÐaction coupling that in-
fants begin to evidence in the Þrst year of life. Indeed,
this view of tool use has several important implications.

First, it implies that the development of tool use
may not be as abrupt an acquisition as it is typically
portrayed to be. Instead, tool use development may
entail a more continuous and gradual process of dis-
covery and exploration, not entirely dependent on
some newly emerging form of relational or represen-
tational reasoning. On this view, variability consid-
ered in real and developmental time at the 

 

within-
subject

 

 level can provide clues about the processes of
exploration and discovery that underlie the achieve-
ment of tool use. In this connection, the trial and error
behaviors that often precede early instances of suc-
cessful tool use should not necessarily be considered
evidence of cognitive gaps or deÞciencies. These be-
haviors may better be considered as exploratory
attempts, affording opportunities for perceptual
learning. Accordingly, trial and error behaviors and

the variability in performance associated with them
need to be scrutinized for what they may reveal about
how children learn to use tools (see also Siegler, 1996;
Thelen & Smith, 1994, for related discussions about
variability in other developmental realms).

Second, and in keeping with the notion that tool
use and insight do not suddenly appear but emerge
more gradually over developmental time, I contend
that tool use may arise from infantsÕ instrumental at-
tempts to relate objects to other objects and surfaces
in the world. This involves detecting affordances that
may exist between objects or object parts, based on in-
formation that is directly perceptible. In this connec-
tion, it is known that infants under a year of age are
adept at detecting objectsÕ manual affordances. For
instance, before 9 months, infants Þnger textured sur-
faces more than smooth ones or bang hard objects
more than soft ones, presumably to produce noise
(Bushnell & Boudreau, 1993; E. J. Gibson & Walker, 1984;
Lockman & McHale, 1989; Palmer, 1989; Ruff, 1984). I
suggest, however, that tool use involves a different
type of affordance detection problem (see also Smits-
man, 1997). In tool use, the task is to detect affordances
not of individual objects, but of relations that may
exist between objects or object parts. As I hope to show,
analysis of the problem of (1) detecting potential af-
fordances between objects and (2) establishing these
relations may help us understand the psychological
achievement entailed by tool use.

Finally, I suggest that a perceptionÐaction perspec-
tive on tool use development directs us to consider
the act of tool use or 

 

tool using.

 

 More speciÞcally, I
argue that we have not paid enough attention to the
actions that young children employ when they learn
to use tools. Instead, the focus has often been on in-
sight: whether the child selects a novel but appropri-
ate tool in an unfamiliar experimental situation (e.g., see
Brown, 1990). In contrast, I propose that a new focus
on the actions that young children exhibit while using
the common tools of their cultures may reveal whether
these actions are similar or even identical to those
used by infants throughout the Þrst year when they
explore objects or surfaces in their environments.
Consideration of such a possibility may lead to addi-
tional insights about the developmental and even
evolutionary origins of tool use. 

 

MODAL AND VARIABILITY ACCOUNTS
OF TOOL USE DEVELOPMENT

 

In most psychological research on tool use develop-
ment, investigators have tried to determine the earli-
est ages at which children can infer that some object
may serve as a tool in a novel task situation. In a re-
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lated vein, investigators have asked at what develop-
mental point can children induce that an object may
be employed as a tool under different levels of environ-
mental supportÑas a function, for instance, of vari-
ous distances between a tool and a goal (Bates, 1979;
Brown, 1990). These types of efforts are motivated
largely by modal concerns, that is, establishing the
age norms at which tool use or insight occurs. Simi-
larly, in the motor development literature relating to
tool use, researchers have mainly considered modal
issues, describing year-by-year and sometimes month-
by-month changes in the grip forms that children dis-
play (Connolly & Elliott, 1972; Gesell, 1940).

These efforts are clearly informative. Nevertheless,
they do not directly address the processes by which
individual children come to use tools effectively. More-
over, they may contribute to the impression that tool
use is an all-or-nothing propositionÑthat at a given
age and/or under speciÞc environmental conditions,
children will evidence insight, engage in tool use, and
grip a tool only in a certain way.

More recently, however, the results of a number of
studies on early tool use indicate that this modal car-
icature may misrepresent the way individual devel-
opment proceeds. In a longitudinal study on early
spoon use, Connolly and Dalgleish (1993) reported
that individual infants show considerable variability
in how they hold a spoon at a given age before they
begin to use one type of grip predominantly, early in
the second year. Likewise, Greer and Lockman (1998)
recently found substantial within-subject variability
in the ways 3-year-old children gripped a writing in-
strument and oriented it in relation to a page. For
instance, in some cases individual children displayed
a so-called adult grip during one trial and more of a
clutch-hold in the next.

What is the signiÞcance of this type of within-
subject variability? Although I have cited examples
with only two types of tools, I suspect that such vari-
ability is less the exception than the rule. Moreover,
this type of variability does not necessarily indicate
that the skill of tool use is immature or that children
are engaging in unproductive trial and error behav-
iors. Tools change the properties of the hands or arms
or, more generally, the manual effector system. Based
on the lessons learned from a dynamic systems ap-
proach to motor development (Thelen & Smith, 1994;
Thelen & Ulrich, 1991), I suggest that children may be
exploring forms of tool use that promote stability and
efÞciency, enabling them to meet task demands in an
adaptive manner. Trying out different grips or ways of
using a tool may provide children with self-generated
opportunities to master the act of using a particular
tool (see also Sporns & Edelman, 1993). On this view,

trial and error behaviors should not necessarily be
considered as fruitless attempts to solve a problem or
as a lack of insight. Instead, these types of behaviors
need to be examined carefully for what they might re-
veal about the processes by which children learn to
use tools.

For this to occur, we need to think more in terms of
variability than in terms of mean scores. In particular,
we need to look to variability at the within-subject
level as a potentially rich source of information and
not simply as empirical or methodological noise. For
instance, in the aforementioned study on graphic
ability, Greer & Lockman (1998) employed a multi-
variate method to assess within-subject variability
under a number of different but routine writing con-
ditions (e.g., writing with a thin or thick pen at differ-
ent locations on a page). More generally, particular
patterns of within-subject variability may provide
clues regarding the points at which children are about
to attain increasingly stable forms of tool use or where
developmental transitions are beginning to occur (see
Thelen, 1989). Moreover, research efforts that focus
on within-subject variability may provide insights
into the kinds of developmental accountsÑmodal or
otherwiseÑthat are most appropriate for character-
izing the emergence of tool use in young children.

 

DETECTING AND RELATING AFFORDANCES

 

As noted, tools change the properties of the effector
systems. These changes in turn alter the possibilities
for action in the environment (Smitsman, 1997). Such
new ways of acting on the world, however, may pose
special challenges for infants. After all, infants in the
second half-year have become quite skilled at con-
trolling their hands and Þngers to detect the manual
affordances of surfaces and objects around them (Bush-
nell & Boudreau, 1993; Lockman & McHale, 1989;
Palmer, 1989; Ruff, 1984). But with increasing exposure
to tools, infants may discover that their usual hand and
Þnger movements have different consequences on the
world. Put another way, new affordances have been
introduced. How may the development of tool use be
understood within such a framework?

In this connection, I suggest that tool use develop-
ment may be formulated as a twofold problem of
(1) detecting and (2) relating affordances. In my view,
such a formulation has a number of interesting impli-
cations for theory and research. Consider Þrst the no-
tion that tool use is a problem of affordance detection.
In this formulation, tool use may be less a matter of
insight based on some constructive representational
process than one of detecting potential relations be-
tween objects based on information that is directly



 

140 Child Development

 

perceptible in the world (see also Smitsman, 1997).
But even in the affordance literature, such a possibil-
ity has received little empirical attention. Indeed, in
most past work on infantsÕ detection of affordances,
the focus has been on the relation embodied directly
between infantsÕ effector systems and objects or sur-
faces in their environments. For example, E. J. Gibson
and her students have asked what makes a surface
traversable for newly locomotor infants (Adolph,
Eppler, & Gibson, 1993; Gibson et al., 1987). Here the
affordance in question involves the relation between
the infantÕs mode of locomotion and the properties of
a surface. In contrast, in the case of tool use, the indi-
vidualÕs effector organ is changed by virtue of a tool.
As a consequence, tool use will depend on the prop-
erties not only of the surface or object to be acted
upon, but of the tool as well. In sum, tool use may be
conceptualized as a problem in which children begin
to appreciate the affordances entailed by different
toolÐsurface or toolÐobject combinations.

Such a perspective may be beneÞcial for guiding
research on a number of tool use skills. To illustrate,
we have recently applied this perspective to study
how young children learn to use graphic instruments.
Previous work in this area has emphasized the grips
that young children display at various ages (Connolly &
Elliott, 1972; Gesell, 1940). An affordance perspective,
however, directs us to examine other aspects of the
tool use situation, particularly the relation between
the tool and the surface based on the action capabili-
ties of the individual. With respect to graphic tools,
we have asked, ÒWhat makes a surface writable?Ó
(Lockman & Nelson, in preparation). To address this
question, we give young children different graphic
tools (e.g., a pencil or paintbrush) and ask them to
draw or paint on different types of surfaces (e.g.,
bumpy, nonrigid, rough, and so on). Our Þndings
suggest that even 3-year-old children are sensitive to
the properties inherent in different graphic toolÐsurface
combinations. For instance, when presented with a
surface that is entirely liquid, young children will at-
tempt to use a paintbrush in it (and change the color
of the liquid) but not a pencil.

More broadly, this work illustrates the types of ques-
tions and studies that may originate from an affordance
perspective on tool use. Similar questions may be asked
about the development of childrenÕs sensitivity to
other toolÐsurface combinations. In addition, concep-
tualizing tool use as a problem of affordance detection
may help us view tool use in a different developmental
light. From this perspective, tool use is seen as a more
continuous developmental achievement, emerging
from infantsÕ early and continual efforts to detect and
act on the affordances of the world around them.

But is affordance detection enough? It is important
to recognize that detecting affordance relations may
be only one, albeit a major, part of the achievement of
tool use. Even if children can detect potential afford-
ances constituted by interrelations among objects,
they still need to be able to establish these relations
through action. SpeciÞcally, to use a tool properly, the
actor typically must align one particular object sur-
face with another. For example, effective hammering
requires that the actor keep the ßat part of the ham-
mer head ßush with the nail. Although some have re-
cently suggested that the primary cognitive achieve-
ment underlying tool use involves an advance in
causal understanding (Tomasello, 1998; Tomasello &
Call, 1997), the spatial demands underlying human
tool use should not be overlooked. I believe that the
act of relating objects or particular surfaces of objects
to one another is a complicated and interesting spatial
problem, deserving of research attention. In particu-
lar, I propose that as a spatial achievement, relating
objects together can be viewed as a type of localiza-
tion task that is largely new for infants, involving the
coordination of mobile frames of reference.

How can the frame of reference notion be applied
to the analysis of tool use? Usually when we talk
about frames of reference, we talk about how we code
location. Sometimes we code location with respect to
the bodyÑegocentricallyÑand sometimes we code
location with respect to the environmentÑobjectively
(see Pick & Lockman, 1981). Objective or environmen-
tal coding is often considered a more reliable code be-
cause it is more stable. In fact, we know from the re-
sults of a number of studies that infants can code
location objectively under some conditions in the sec-
ond half-year (Acredolo & Evans, 1980; Bremner, 1978;
Keating, McKenzie, & Day, 1986; Rieser, 1979).

I suggest, however, that tool and similar manipula-
tion problems also require the use of an environmen-
tal frame of reference. Parts of objects need to be local-
ized in relation to other parts of objects. But unlike the
frames of reference examined in prior research, the
environmental frame of reference is not stable in
the usual sense. Objects do not occupy Þxed positions
in space. They can be moved, rotated, and so on. What
is stable about an object are the relations within it, al-
though the absolute locations of particular surfaces or
parts of the object can change. My suggestion is that
in early tool use it is this new type of localization
problem, involving the coordination of multiple and
mobile frames of reference, that young children need
to master in addition to detecting potential affordances
between objects.

This approach may help illuminate what young
children must achieve in many tool-like tasks. To il-
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lustrate how such tasks can be analyzed as a problem
of coordinating spatial frames of reference, let me
mention brießy the results of a longitudinal study
that we conducted on infant banging (Lockman &
Wright, 1989). In this work we gave infants pairs of
identical cubes that varied in surface properties. In
one such pair, each cube was composed half of wood
and half of sponge. To make noise with this cube if
banging it singly, the infant needed to orient the cube so
that the hard side collided with the table surface. But to
make noise with these cubes if banging them together,
the infant needed to align the cubes so that the hard
sides collided with each other. We found that between
6 and 10 months of age infants displayed the former
type of banging, but not the latter.

The difÞculty is not due to an inability to bang objects
together. Infants bang objects together by these ages
(Gesell, 1940; Thelen, 1981), and they did in fact bang
the cubes together in our study. What our infants did
not do, however, was align the cubes appropriately in
relation to each other. To interpret this difÞculty, I
suggest that we think about it as a problem requiring
the coordination of frames of reference. Aligning these
objects appropriately can be thought of as a localiza-
tion problem: one side of each object needs to be po-
sitioned in relation to the other. Put another way, two
relative, not absolutely Þxed, frames of reference must
be coordinated.

This spatial analysis, in my view, offers some new
directions for research on tool use. First, it suggests
that investigators should focus on how children go
about aligning object surfaces in tool use tasks. Such a
process-based approach is consistent with investigat-
ing questions about 

 

tool using.

 

 By comparison, more
outcome-based approaches, which are currently the
norm in the developmental literature on tool use, focus
on whether insight has been achieved. Second, con-
sidering tool use as a problem of coordinating multi-
ple frames of reference also helps us understand why
some types of tool use tasks are more difÞcult for
young children than are others. In this connection,
McCarty et al. (1999) recently found that young chil-
dren more often orient their grips appropriately when,
for instance, they use a spoon to feed themselves rather
than someone else. More generally, additional consid-
eration of the spatial demands entailed by tool using
may enhance our understanding of how the percep-
tual, motor, and cognitive abilities that underlie tool
use become coordinated in young children. 

 

ACTION PATTERNS IN EARLY TOOL USE

 

In this Þnal section, I raise an issue that in my view
has not received enough attention in the tool use liter-

ature. In a good deal of the work on the origins of tool
use, particularly from anthropological and compara-
tive perspectives, investigators have attempted to de-
scribe the structure or forms of tools that our ancestors
created during different periods of human evolution
(Toth & Schick, 1993). I suggest, however, that answers
to questions about the structure of early human tools
cannot be divorced from a consideration of the ac-
tions of the hand and/or arm that embody tool use.
More broadly, to address issues about the evolution of
tool structure and tool use, we also need to consider
the evolution of the actions that individuals employ
during tool use and how our action capabilities (e.g.,
the oscillatory dynamics of the arm) have shaped the
tools of human culture.

By the same token, developmentalists have not
typically addressed analogous issues. Most often, the
developmental focus has been on whether children
achieve insight. But I suggest that consideration of the
actions that toddlers use with the everyday tools of
their cultures is likely to reveal that these actions ini-
tially incorporate many of the action patterns that in-
fants employ with their hands and arms to explore
and act on the environment.

Possible linkages between earlier and later appear-
ing action patterns in nontool and tool use situations
merit further empirical and theoretical consideration.
In a related vein, Thelen (1981) has suggested that
some early appearing rhythmical stereotypies may
sometimes serve as the foundation for later appearing
instrumental behaviors. To explore such linkages for
tool use, future research needs to focus more on the
everyday tools that young children employ in their
daily activities. The current research practice of de-
signing novel tools and tasks to study insight, while
understandable for methodological reasons, may mask
such potential relations.

The idea that the motor precursors of tool use may
already be evident in the infancy period is illustrated
in the following study. Cralley, Ellman, & Lockman
(1999) gave infants hammer-like objects that con-
sisted of a handle attached to a cube. The rigidity of
the cube or ÒmalletÓ part varied, however. In some in-
stances, the mallet was hard, composed of wood, and
in other instances the mallet was soft, composed of
sponge. The results revealed that as early as 8 months
of age, infants were more likely to bang the hard than
the soft ÒhammerÓ by holding the handle. These Þnd-
ings indicate that infants show important elements
of tool use. First, they used a handle as an extension of
an object, a critical component of effective tool use.
And second, they employed a well-practiced action
pattern (banging) in an instrumental fashion to effect
a change (the production of noise) in the environ-
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ment. More broadly, the results are consistent with
the notion that some well-practiced infant manual
exploratory behaviors become incorporated into early
tool use.

Besides banging, other types of infant manual be-
haviors may serve a similar purpose. The back and
forth oscillatory motor patterns that infants manifest
when scooting and sliding objects (Palmer, 1989) ap-
pear to share some surface similarities with the motor
patterns that toddlers evidence in early scribbling. By
the same token, the hand-to-mouth coordination that
infants achieve early in life appears to be incorporated
into later spoon use (Connolly & Dalgleish, 1989). Of
course, more direct evidence for this proposal might
be gathered by comparing the patterning of these in-
dividual behaviors across tool and nontool use situa-
tions and developmental time. Such an approach is
similar to the strategy employed by Thelen &
Fisher (1982) to demonstrate that early kicking and
the so-called Òstepping reßexÓ are the same actions
in young infants.

Consideration of the actions employed in tool use
and their developmental precursors may also offer
some theoretical insights into the emergence of tool
use. The possibility that earlier appearing manual
actions and later appearing tool use behaviors are
related is consistent with the idea that tool use is a
more continuous developmental achievement than
has been previously believed. It is also consistent
with the idea that tool use is a form of exploratory be-
havior involving the detection of affordances, and
serves the same function as direct manipulation for
younger infants. These types of developmental con-
nections would clearly be adaptive. If the actions re-
quired for tool use are already mastered, then in-
fants and toddlers may begin to focus more on the
particular demands of a given problem so that the
tool can be deployed successfully.

Finally, let me speculate on an evolutionary impli-
cation of these general ideas. In discussions of the
possible evolutionary advance constituted by the emer-
gence of tool use, a number of theorists have argued
that the advanceÑwhatever type it might beÑdoes
not involve the creation of altogether new abilities,
but builds on capacities or potentials that are already
available to the organism (Bates, 1979; Gould, 1977).
The possibility that many infant actions become in-
corporated into subsequent tool use behaviors is not
only consistent with this idea, but may also tell us
something about the reasons why tools take the form
that they do. Put another way, the evolution of tool
use may in large part be a case where the action capa-
bilities of humans, and in particular children, deter-
mined the form of our earliest tools.

 

CONCLUSIONS

 

In this essay I have argued for a new wave of research
on tool use development. I have suggested that ad-
vances in the developmental literatures on motor
behavior and perceptionÐaction coupling contain
important clues for how tool use emerges during
early childhood. These advances direct us to consider
young childrenÕs trial and error tool use behaviors as
self-generated opportunities for perceptual learning.
These advances also direct us to consider tool use as a
problem of detecting and relating affordances between
objects or surfaces of objects. And Þnally, these ad-
vances suggest that we pay greater attention to the ac-
tions embodied in tool using; these actions may be
based on motor patterns that infants have been prac-
ticing throughout the Þrst year.

In coming years we need to go beyond traditional
developmental views of tool use as a cognitive prob-
lem primarily requiring insight and largely thought
to be dependent on an increase in processing capacity
or relational reasoning ability. Instead, there is much
to be gained from both developmental and evolution-
ary perspectives by considering tool use as an exten-
sion of infantsÕ active attempts to explore and gain in-
formation about the world. From this vantage point,
tool use may turn out to be a much more continuous
developmental acquisition than has been previously
believed. Indeed, the remarkable technological accom-
plishments achieved by our species may be rooted in
infant perceptionÐaction skills.

 

ACKNOWLEDGMENT

 

I am grateful to Herb Pick for his comments on an ear-
lier version of this manuscript.

 

ADDRESS AND AFFILIATION

 

Corresponding author: Jeffrey J. Lockman, Department
of Psychology, 2007 Percival Stern Hall, Tulane Uni-
versity, New Orleans, LA 70118; e-mail: lockman@
mailhost.tcs.tulane.edu.

 

REFERENCES

 

Acredolo, L. P., & Evans, D. (1980). Developmental changes
in the effects of landmarks on infant spatial behavior. 

 

De-
velopmental Psychology, 16

 

, 312Ð318.
Adolph, K. E., Eppler, M. A., & Gibson, E. J. (1993). Crawl-

ing versus walking infantsÕ perception of affordances for
locomotion over sloping surfaces. 

 

Child Development, 64

 

,
1158Ð1174.

Bates, E. (1979). The biology of symbols: Some concluding
thoughts. In E. Bates, L. Benigni, I. Bretherton, L. Ca-



 

Jeffrey J. Lockman 143

 

maioni, & V. Volterra (Eds.), 

 

The emergence of symbols:
Cognition and communication in infancy

 

 (pp. 315Ð370).
New York: Academic Press.

Beck, B. B. (1980). 

 

Animal tool behavior: The use and manufac-
ture of tools by primates.

 

 Hillsdale, NJ: Erlbaum.
Bertenthal, B. I., & Clifton, R. K. (1998). Perception and ac-

tion. In D. Kuhn & R. S. Siegler (Eds.), W. Damon (Series
Ed.), 

 

Handbook of child psychology: Vol. 2. Cognition, percep-
tion and language

 

 (pp. 51Ð102). New York: Wiley.
Bremner, J. G. (1978). Spatial errors made by infants: Inade-

quate spatial cues or evidence for egocentrism? 

 

British
Journal of Psychology, 69

 

, 77Ð84.
Brown, A. L. (1990). Domain-speciÞc principles affect

learning and transfer in children. 

 

Cognitive Science, 14

 

,
107Ð133.

Bushnell, E. W., & Boudreau, J. P. (1993). Motor develop-
ment and the mind. The potential role of motor abilities
as a determinant of aspects of perceptual development.

 

Child Development, 64

 

, 1005Ð1021.
Connolly, K. J., & Dalgleish, M. (1989). The emergence of

tool using skill in infancy. 

 

Developmental Psychology, 25

 

,
894Ð912.

Connolly, K. J., & Dalgleish, M. (1993). Individual patterns
of tool use by infants. In A. F. Kalverboer, B. Hopkins, &
R. Geuze (Eds.), 

 

Motor development in early and later child-
hood: Longitudinal approaches

 

 (pp. 174Ð204). Cambridge:
Cambridge University Press.

Connolly, K. J., & Elliott, J. M. (1972). The evolution and on-
togeny of hand function. In N. Blurton Jones (Ed.), 

 

Etho-
logical studies of child behavior.

 

 Cambridge: Cambridge
University Press.

Cralley, E. L., Ellman, L., & Lockman, J. J. (1999, April). In-
fantsÕ use of hammer-like objects. Poster presented at the
biennial meetings of the Society for Research in Child
Development, Albuquerque, NM.

Gardner, H. (1980). 

 

Artful scribbles: The signiÞcance of chil-
drenÕs drawings.

 

 New York: Basic.
Gesell, A. (1940). 

 

The Þrst Þve years of life.

 

 New York: Harper.
Gibson, E. J., Riccio, G., Schmuckler, M. A., Stoffregen, T. A.,

Rosenberg, D., & Taormina, J. (1987). Detection of the
traversability of surfaces by crawling and walking in-
fants. 

 

Journal of Experimental Psychology: Human Percep-
tion and Performance, 13

 

, 533Ð544.
Gibson, E. J., & Walker, A. S. (1984). Development of knowl-

edge of visual-tactual affordances of substance. 

 

Child De-
velopment, 55

 

, 453Ð460.
Gibson, K. R., & Ingold, T. (1993). 

 

Tools, language and cogni-
tion in human evolution.

 

 New York: Cambridge Univer-
sity Press.

GoldÞeld, E. C. (1995). 

 

Emergent forms: Origins and early de-
velopment of human action and perception.

 

 New York: Ox-
ford University Press.

Golomb, C. (1989). 

 

The childÕs creation of a pictorial world.

 

Berkeley: University of California Press.
Goodall, J. (1986). 

 

The chimpanzees of Gombe: Patterns of be-
havior.

 

 Cambridge, MA: Harvard University Press.
Goodnow, J. (1977). 

 

Children drawing.

 

 Cambridge, MA: Har-
vard University Press.

Gould, S. J. (1977). 

 

Ontogeny and phylogeny.

 

 Cambridge, MA:
Harvard University Press.

Greer, T., & Lockman, J. J. (1998). Using writing instru-
ments: Invariances in young children and adults. 

 

Child
Development, 69

 

, 888Ð902.
Keating, M. H., McKenzie, B. E., & Day, R. H. (1986). Spatial

localization in infancy: Position constancy in a square
and circular room with and without a landmark. 

 

Child
Development, 57

 

, 115Ð124.
Kellogg, R. (1969). 

 

Analyzing childrenÕs art.

 

 Palo Alto, CA:
National Press.

Kohler, W. (1927). 

 

The mentality of apes.

 

 New York: Vintage
Press.

Lockman, J. J., & McHale, J. P. (1989). Object manipulation
in infancy: Developmental and contextual determinants.
In J. J. Lockman & N. L. Hazen (Eds.), 

 

Action in social con-
text: Perspectives on early development

 

 (pp. 129Ð167). New
York: Plenum.

Lockman, J. J., & Nelson, S. (in preparation). 

 

What makes a
surface writable?

 

Lockman, J. J., & Thelen, E. (1993). Developmental biody-
namics: Brain, body, behavior connections. 

 

Child Devel-
opment, 64

 

, 953Ð959.
Lockman, J. J., & Wright, M. H. (1989, April). Relating ob-

jects and surfaces during infancy: A longitudinal study.
Poster presented at the biennial meetings of the Society
for Research in Child Development, Kansas City, MO.

McCarty, M. E., Clifton, R. K., & Collard, R. R. (1999). T

 

he be-
ginnings of tool use by infants and toddlers.

 

 Manuscript sub-
mitted for publication.

Palmer, C. F. (1989). The discriminating nature of infantsÕ ex-
ploratory actions. 

 

Developmental Psychology, 25

 

, 885Ð893.
Pick, H. L., Jr., & Lockman, J. J. (1981). From frames of refer-

ence to spatial representation. In L. Liben, A. H. Patter-
son, & N. Newcombe (Eds.), 

 

Spatial representation and be-
havior across the lifespan: Theory and application

 

 (pp. 39Ð
61). New York: Academic Press.

Rieser, J. J. (1979). Reference systems and the spatial orien-
tation of six-month-old infants. 

 

Child Development, 50

 

,
1078Ð1087.

Rogoff, B. (1990). 

 

Apprenticeship in thinking: Cognitive devel-
opment in social context.

 

 New York: Oxford University
Press.

Ruff, H. (1984). InfantsÕ manipulative exploration of objects:
Effects of age and object characteristics. 

 

Developmental
Psychology, 20

 

, 9Ð20.
Siegler, R. S. (1996). 

 

Emerging minds.

 

 New York: Oxford Uni-
versity Press.

Smitsman, A. W. (1997). The development of tool use:
Changing boundaries between organism and environ-
ment. In C. Dent-Read & P. Zukow-Goldring (Eds.),

 

Evolving explanations of development

 

 (pp. 301Ð329). Wash-
ington, DC: American Psychological Association.

Sporns, O., & Edelman, G. M. (1993). Solving BernsteinÕs
problem: A proposal for the development of coordinated
movement by selection. 

 

Child Development, 64

 

, 960Ð981.
Thelen, E. (1981). Rhythmical behavior in infancy: An etho-

logical perspective. 

 

Developmental Psychology, 17

 

, 237Ð
257.



 

144 Child Development

 

Thelen, E. (1989). Self-organization in developmental pro-
cesses: Can systems approaches work? In M. Gunnar &
E. Thelen (Eds.), 

 

Minnesota Symposia on Child Psychology:
Vol. 22

 

 (pp. 77Ð117). Hillsdale, NJ: Erlbaum.
Thelen, E., & Fisher, D. M. (1982). Newborn stepping: An

explanation for a Òdisappearing reßex.Ó 

 

Developmental
Psychology, 18

 

, 760Ð775.
Thelen, E., & Smith, L. B. (1994). 

 

A dynamic systems approach
to the development of cognition and action.

 

 Cambridge, MA:
MIT Press.

Thelen, E., & Ulrich, B. (1991). Hidden skills: A dynamic
systems analyses of treadmill stepping during the Þrst

year. 

 

Monographs of the Society for Research in Child Devel-
opment, 56

 

(

 

1, Serial No. 223).
Tomasello, M. (1998). Uniquely primate, uniquely human.

 

Developmental Science, 1

 

, 1Ð32.
Tomasello, M., & Call, J. (1997). 

 

Primate cognition.

 

 New York:
Oxford University Press.

Toth, N., & Schick, K. (1993). Early stone industries and infer-
ences regarding language and cognition. In K. R. Gibson &
T. Ingold (Eds.), 

 

Tools, language, and cognition in human evolu-
tion

 

 (pp. 346Ð362). New York: Cambridge University Press.
Vygotsky, L. (1978). 

 

Mind in society.

 

 Cambridge, MA: Har-
vard University Press.


