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Preface

The new chapter on social cognition focuses on children’s understanding of so-
cial information. This is a broad area that includes knowledge about self and others;
knowledge about the mind and the mental states that give rise to behavior, such.as
desire, intention, and belief; and knowledge about the social world, including un-
derstanding of social rules and social categories.

All of the remaining chapters have also been revised and updated. Some of the
many additions are increased coverage of interrelations between perception and ac-
tion, an expanded discussion of children’s biological concepts, and additional infor-
mation about the development of language comprehension.

As in previous editions, we have continued to emphasize the practical con-
tributions of research on children’s thinking. Some examples that are discussed are
techniques for eliciting accurate recollections of events from children who need to
testify in court cases, techniques for assessing children’s knowledge, and instruc-
tional methods for improving reading, writing, and mathematical skills.

Each of us is fortunate to have had a rich and stimulating intellectual envi-
ronment in which to work during the writing of the book. Many of our colleagues
have given generously of their time to help us improve the book. Some read drafts
of chapters or parts of chapters and offered feedback, including Jim Dannemiller,
Chuck Kalish, Ken Koedinger, Brian MacWhinney, and Jenny Saffran. We are grate-
ful for the opportunities to discuss children’s thinking with these individuals and
many others, including Karen Adolph, Zhe Chen, Judy DeLoache, Julia Evans, Susan
Goldin-Meadow, David Klahr, Eric Knuth, Patrick Lemaire, Colleen Moore, Nicole
McNeil, Mitchell Nathan, John Opfer, Seth Pollak, David Rakison, and Bethany
Rittle Johnson. We would also like to thank the anonymous reviewers who provided

" comments on the previous edition, and Maureen Kaschak and Karin Ockuly, who

spent many hours tracking down references. Finally, we would like to thank Theresa
Treasure, who in this edition as in the previous one, did whatever it took to get the
work done in a timely fashion.

A different kind of thanks is due our friends and families, who have provided
support as well as inspiration during the time we worked on this book. Robert
Siegler would like to thank his children, Todd, Beth, and Aaron Siegler, who have
progressed over the four editions of this book from unwittingly providing interest-
ing examples of children’s thinking to thoughtfully advancing interesting ideas
about it. Martha Alibali would like to thank her husband, Peter, who offered unwa-
vering support in myriad ways, and would also like to thank her many nieces and
nephews, who provided compelling examples of children’s thinking at various
stages of development. These individuals make the research come alive for us, and
they make our endeavors worthwhile. -

We would like to dedicate this book to the new children who came into our
lives during the writing of it, Robert Siegler’s granddaughter Alexis, and Martha and
Peter Alibali’s daughter, Mariana. The opportunity fo observe their thinking and to
take part in their development has provided us with great joy, and we hope to learn
from them for many years to come.

Robert S. Siegler
Martha Wagner Alibali
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AN INTRODUCTION
70 CHILDREN'S THINKING .

When did the sun begin? When people be ivi i
! : gan living. Who made it? God. How did
SC:‘lortli?zigI th;sv.:w He put a real lot of lightbulbs in it. Are these lightbulbs still in the
? No. Wi thappenefi to them? They burnt out. No, they stay good a long time
So' are'the lightbulbs still in it? No. I think he made it out of gold. And he lit it
with fire. (Siegler, conversation with son, 1985) . o

) The child in the vignette above answered these questions one

his ﬁfth.blrthday. What do his answers tell us about tllxow he viewe:':lv et‘:; t:ve;(:lls
at th;-at time? Do they reflect a simple lack of knowledge about astronomy and
phy81c§? Or do they indicate a fundamental difference between young ch.i.lgl’ren’s
reasoning and that of older children and adults? An adult who did not know the
origins of the sun would never ascribe its origins to God putting lightbulbs in
it. Nor yvould an adult link the origins of the sun to the fact that people began
to be alive. Do these differences mean that children generally reason in moreglit—
ﬁal ;ndtrself-centered ways than adults? Or do they just reflect a child’s grasp-
. lgmi bs1 " aazz vr;}rlsn faced with a question for which he cannot even generate a
_ For hundreds of years, people have wondered about these an

tions. Do infants see the world in the same way as adults? ngrzlztesgc?e‘;?ess

- throughout the world first send children to school between ages 5 and 7? Why are
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TABLE 1.1 Chapter Outline

I. What Is Children’s Thinking?

II. Key Questions about Children’s Thinking
A.  Are Some Capabilities Innate?
Does Development Progress through Stages?
How Does Change Igaa;fr" )
dividuals Differ?
' ggx gg !é\\anges in the Brain Contribute to Cognitive Developmevnt?
. How Does the Social World Contribute to Cognitive Development?

M. The Book’s Organization L
A. The Chapter-by-Chapter Organization
B. The Central Themes :

IV. Summary

mmEIN®

ts so much more likely than 10-year-olds to fervently believe in causes
::z’lllesa;erx‘regetaﬁanism or envirznmentalism? A century ago, people cm;lgs (El};
speculate about these issues. Now, however, we ha_ve concepts and metl; at
magnify our ability to observe, describe, and expla.m t?le process of d'eve opment.
As a result, our understanding of children’s thinking is growing rapldly._

The goal of this chapter is to introduce some basic issues .and 1’de:1}sﬁnr§—
garding children’s thinking. The first section focuses on wha!: chlldren s Y ;
ing involves. The next section introduces some of tl_te enduring questions tha
motivate people to study cognitive development. me:\lly, the last section pro-
vides an overview of the book’s organization. An outlmg of the chapter is pro-
vided in Table 1.1.

What Is Children’s Thinking?

ildren’s thinking refers to the thinking that takes plz_\ce'frox.n the moment of
glrhil:lh through the gnd of adolescence. Deﬁning‘ what thmkmg is turns out ttt\(j)nll)(e
quite difficult, because no sharp boundary divides activities that n:wolve mi
ing from ones that do not. Thinking obviously involves. t}\e higher men
processes: problem solving, reasoning, creating, conceptualizing, remfzml.)em}g:
classifying, symbolizing, planning, and so on. Other example's of thmkmk{g]l ucxl
volve more basic processes, processes at which even young children are skille t.
using language, and perceiving objects and events in the exte:mal envufonmen;
to name two. Still other activities might or m.\ght not be viewed as typefs o
thinking. These include being socially skillful, h'afnlng a kee.:n moral sense, ele -
ing appropriate emotions, and so on. The capabilities in 'ttus last groulz111 invo \Irxe;
thought processes, but they also involve many other, f\onmtellectual qualities.
this book, we give these boundary areas some attention, but the .spothgh; is on
problem solving, conceptual understanding, reasoning, remfsmbenng, 1pro uc;nsg
and comprehending language, and the other, more purely intellectual activities.
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A particularly important characteristic of children’s thinking is that it is
constantly changing. How children think at particular points in development is
interesting in and of itself, but even more central for understanding cognitive
development are the questions of what changes occur and how the changes
occur. Comparing an infant, a 2-year-old, a 6-year-old, and an adolescent, it is
easy to appreciate the magnitude of these changes. But what processes could
transform the mind of a newborn baby into the mind of an adolescent? This is
the central mystery of cognitive development.

Consider an example of the dramatic changes that occur with develop-
ment. DeVries (1969) was interested in 3- to 6-year-olds’ understanding of the
difference between appearance and reality. She presented children of these ages’
with an unusually sweet-tempered cat named Maynard and allowed them to pet
him. When the experimenter asked what Maynard was, all of the children knew

“that he was a cat. Then, as the children watched, the experimenter put a mask
of a fierce dog on Maynard’s face. The experimenter asked, “Look, it has a face
like a dog. What is this animal now?”

Many of the 3-year-olds thought that Maynard had become a dog. They re-
fused to pet him and said that under his skin he had a dog’s bones and a dog’s
stomach. In contrast, most 6-year-olds knew that a cat could not turn into a dog,
and that the mask did not change the animal’s identity.

How can a human being, even a very young one, believe that a cat can turn

. into a dog? And how does the 3-year-old who has this belief turn into the

6-year-old who scoffs at such a silly notion? We know that the change happens,
the issue is how it happens. :

Key Questions about Children’s Thinking

What are the most important questions in the study of children’s ﬂﬁnking?
Many answers are possible, but there is widespread agreement that the follow-
ing six questions are among the most important:

Are some capabilities innate?

Does children’s thinking progress through qualitatively different stages?
How do changes in children’s thinking occur?

Why do individual children differ so much from each other in their thinking?
How does development of the brain contribute to cognitive development?
How does the social world contribute to cognitive development?

Of course, these questions are interrelated in many ways. For example, under-
standing the roles of the brain and the social world in cognitive development is
crucial to understanding how change occurs. Likewise, understanding mecha-
nisms of change may shed light on why individual children differ from one
another. )

Researchers from different theoretical perspectives and different content
areas have focused on different questions to varying degrees. For example, as
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described later, researchers who take an information-processing perspective on

. - urs,
cognitive development tend to emphasize the issue of how change occ

whereas researchers who take a sociocultural perspective focus on lt;?w tgfff se(;:
cial world contributes to cognitive development. However, despite these iffer
ences in emphasis, each of the major theories t?f cognitive developmen

i say about each of these main questions. .
someflh’hmefet(;(eyyquesﬁons are introduced in the following seci:lonzt.l The :im;
phases in this chapter are on fundamental concepts relevant to each questo!
and on major themes that will recur repeatedly throughout the book.

ARE SOME CAPABILITIES INNATE?

When infants are born, how do they experience the_world? _Whencﬂthe(}ll s:ﬁea
chair, or people talking to each other, or a dog barking, what exactly gmﬁe);
see? What do they know, what don’t they know, and what leammglcapad o
do they possess? If we assume that infants come into the world poorly en otv;'\e
with knowledge and learning capabilities, the question becomes, .How ﬂfan ﬂﬁ'
develop as rapidly as they do?” If we assume that infants come 1;;:) elwo id
richly endowed, the question becomes, “Why does de‘{e_lopment e SO (Z\gns

The question of infants’ initial endowment has ehqtefi many spec:t_la othe.
Three of the most prominent come fromfu t1t1e assacttlfztwmst perspective,

ivist perspective, and the competent-infant perspective. )

ConStr}[l';felv;sssZciazionist perspective was develo;?ed by English phﬂosophemf
the 1700s and 1800s, including John Locke, David .Hume, and ¥0t:1\ Stua;tﬂiﬁes.
They suggested that infants come into the worlc‘i with only minim efcapa mfanu;
primarily the ability to associate experiences with each other. Tl_ier ore,
must acquire virtually all capacities and concepts throug.h learning. the 19208

The constructivist perspective, developed by Ieap Piaget between the 05
and the 1970s, suggests that infants are born possessing not only these asish?;les
tive capabilities but also several important perceptual and .moi:;; calia;f u t(;
Although few in number and limited in scope, thesg capabﬂ;txgs 3 ozvd ane 0
explore their environment and to construct mcrfeas‘mgly sophisticat: f:gnc tpto
and understandings. For example, infants in tl:lexr first 6 months are t}s;:) n}c\) fo
be able to form mental representations of objects and events, but ug] o
tively manipulating and investigating ol:{legts, ﬁzfy are said to become capa

i tations later in their year.

o fo%zgcz;?eg:-e;egnt perspective, based on more recent research. (e.gl.,
Spelke & Newport, 1998), suggests that both. of .the other appx:oaixc:hlfeasIl :Serﬁouz};
underestimate infants’ capabilities. Within this view, even young I tha:‘;\ »
much wider range of perceptual skills and concep.tual unc%erstangil:rl‘gs than ha
previously been suspected. These capacities allow infants, in a rudimentary way,

dimensions that older children and adults use.

to perceive the world and to classify their experiences along many of the same |
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The impressive capabilities that recent investigations have uncovered can
be illustrated in the context of infants’ perception of distance. Philosophers have
long speculated about how people can judge the distances of objects from them-
selves. Some, such as George Berkeley, an associationist philosopher of the eigh-
teenth century, concluded that the only way in which infants could come to
accurately perceive distance was by moving around the world and associating
how objects looked with how much movement was required to reach them. Yet,
the day after infants are born, they can already perceive which objects are closer
and which are farther away (Granrud, 1987; Slater, Mattock, & Brown, 1990).
Clearly, some degree of distance perception is present even before infants have
experience crawling and walking around the environment.

Infants also possess surprising knowledge of the properties of objects. For
example, by age 3 months, the earliest age at which such knowledge has been
successfully measured, infants show some understanding that objects continue
to exist even when they move behind other objects and cannot be seen; that
without support, objects will fall; that objects move along spatially continuous
paths; and that solid objects cannot move through one another (Baillargeon,
1994; Spelke, 1994, 2000). Such knowledge is not identical to the knowledge of
adults; for example, 3-month-olds seem to believe that any contact between an
object and a support is sufficient to hold the object up, even when, for example,
only the right edge of a block on the bottom is under the left edge of a block on
top of it. By 6 months, infants show the more advanced understanding that for
a support to be effective, the block on the bottom must be under a substantial
proportion of the block on the top (Baillargeon, 1994).

In addition to possessing primitive versions of fundamental concepts, in-
fants also possess general learning mechanisms that help them acquire a wide
range of new knowledge. One such learning mechanism is imitation. When
2-day-olds see an adult move his head in a certain way, they tend to move theirs
in a similar fashion; when 2-week-olds see an adult stick out his tongue, they
tend to stick out their tongues in response (Meltzoff, 2002; Meltzoff & Moore,
1983). Such repetitions provide a way for infants to learn new behaviors and also
to strengthen their bond with those they imitate, particularly their parents.

Another such learning mechanism is statistical learning, which involves
extracting sequential patterns from input. In their first year of life, infants are
capable of detecting such patterns both in auditory input, such as sequences
of tones or linguistic sounds (Saffran, 2003b; Saffran, Aslin, & Newport, 1996),
and in visual input, such as sequences of colored shapes (Kirkham, Slemmer, &
Johnson, 2002). Statistical learning is a powerful mechanism by which infants
can detect regularities in their environment.

Findings like these have given rise to the view that infants are quite cog-
nitively competent. But like previous perspectives, the new view raises as many
questions as it answers. If infants understand fundamental concepts, why do
much older children experience such difficulty with the very same concepts? For
example, if infants understand that a toy continues to exist even when a cover
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is placed on it, why do 3-year-olds still not understand; _that a cat cannoi;lzaaet
turrt’\ed into a dog simply by putting a mask on it? Reconciling the streng’chtsthen
are present early in development with the weaknesses that are leo t;;nxe;e;: fhen
and for years thereafter is one of the greatest challenges in unders g
imofher %i\allenge is specifying how innate or early-developing abilities 13:
teract with experience to yield developmentafl ch{n\ﬁge. Qne :gg:ioe::\cél'el ::1)1 :h .
ing this issue is to examine the effects of varlations in €& he
xeti?gnd path of development. For example, d;es per;ii;;\t:ixal dg::écg)or:rl\’t i;dt;‘f?
i i ing i infants who are or ?
fer in typically developing infants and A D o e e hat chil
language acquisition depend on the nature of the linguk p
B:;\S recf'::? Theqsolutions to these puzzles hxghhght'the complezc mter}callay b«:—l
tween biologically specified abilities and expeﬁence in the physical and soci
world. . .

DoEs DEVELOPMENT PROGRESS THROUGH STAGES?

i i ch other by saying, “It's
ifl misbehaves, her parents might consqle ea ’
jV\Yst:e: sataggl:, she’s going through.” When a boy fails utt;rtll): totaleam ﬁg;le;gu;\z
. ; w!
i ts might Jament, “I guess he just hasn‘ t reache e stage
]Jlnsdia:t:nd tl'ugsh" The idea that development, including cognitive devei;o;t)melr‘:é
occurs in stages is common among psychologists as well as pait;xj\lts. umwfact
exactly does it mean to say that a child is in a stage, ar;d do hdren‘ght act
progress through qualitatively distinct stages of thinking? And why mi
. . o
Jopment be stagelike, rather than continuoust o )
v op'i“l"le view ofgdevelopment as stagelike was in part inspired by thle ideas tc;i
Charles Darwin (1877). Darwin is not usually thought oli asm a geve (Zp'x;\eNrI\u .
i i his boo! escent O ,
1 t,butmmanywayshewasone.ln  book The L :
Il))sas;cvf/\ii\oglissmssed the development of reason, cunosxty,'l‘rmtahon, attentlon',:
imagination, language, and self-consciousness. Not surpmltrlx‘glty, hg zzsv “t;:):y
in t nary tencies, that is, in
interested in the evolutio course _of these compe! , that is, n Bow €€
in the course of the evolution from earlier-appearing an
?af\;gelgol;ev;, many of his ideas could be, and were, trans!ate.d into concepts
about the development that occurs in an individual huma‘m lifetime. that over
Perhaps Darwin’s most influential observation was his most basic: tha 1?3
the vast period of time that living things cl;g/ﬁe cptoFulated Tﬁ: zgr;hr;:l:i?; su\;
volved through a series of qualitaﬁ\{ely istinct forms.
E;ested to som(;cg that development within a‘glv;?mhsfeeltfxmi ?;:vi?wdevelosfeﬁfrl
distinct forms or stages. Unlike Darwin hi , , de al
theorists who adopted an evolutionary perspective further hypothesized that chil

dren would make the transition from one stage to the next quite suddenly. This

stage approach directly contradicted speculations by associationist philosophers,
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such as John Locke, that children’s thinking develops through the gradual accre-
tion of innumerable particular experiences. Associationists compared the devel-
opmental process to a building being constructed brick by brick. Stage theorists
compared it to the metamorphosis from caterpillar to butterfly.

In the early part of the twentieth century, James Mark Baldwin hypothe-
sized a set of plausible stages of intellectual development. He suggested that
children progressed from a sensorimotor stage, in which sensory observations
and motor interactions with the physical environment were the dominant form
of thought, to a quasilogical, a logical, and finally a hyperlogical stage. The idea
that children progress through these stages receives a certain amount of support
in everyday observations of children. Infants’ interactions with the world do
seem, at least at first impression, to emphasize sensory input and motor actions.
And not until adolescence do children spend much time thinking about purely
logical issues, such as whether laws that apply to them, including those regarding
driving, voting, and drinking, are logically consistent with each other. Baldwin’s
stage theory was ignored by most of his contemporaries, but it exerted a strong
influence on at least one later thinker: Jean Piaget.

Piaget, without question, added more than any other individual to our un-
derstanding of children’s thinking. He made a huge number of fascinating ob-
servations about the ways in which children think at different ages. For example,
the reason that Siegler asked his son about the origins of the sun (the anecdote
at the beginning of this chapter) was because he was fascinated by Piaget’s
descriptions of the answers given by children in the 1920s, and Siegler was
curious whether children in the 1980s would respond similarly .(they do).
Among Piaget’s other contributions were developing the stage notion to a much
greater extent than Baldwin had, and popularizing the idea of viewing intellec-
tual development in terms of stages.

What exactly do we mean when we say that children’s thinking progresses
through certain stages? Flavell (1971) noted four key implications of the stage
concept. First, stages imply qualitative changes. We do not say that a boy is in
a new stage of understanding of arithmetic when he progresses from knowing
50 percent of the multiplication facts to knowing all of them. Instead, we reserve,_
the term for situations in which the child’s thinking seems not only better but
different in kind. For example, when a girl makes up her first genuinely amus-
ing joke after several years of telling stories that she may call jokes, but that do
not even make sense to adults, it seems like a qualitative change. Note the
ambiguity of the term seems like, though. Perhaps the girl’s efforts had been im-
proving slowly for a long time but had not quite reached the threshold for what
an adult recognizes as a joke. To some degree, what constitutes a qualitative
change is in the eyes of the beholder.

A second implication of stage theories, which Flavell labeled the
concurrence assumption, is that children make the transition from one stage to an-
other on many concepts simultaneously. When they are in Stage 1, they show
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Stage 1 reasoning on all of these concepts; when they are in Stage 2, they show
Stage 2 reasoning on all of them. As a result of these concurrent changes, chil-
dren’s thinking shows abstract similarities across many domains. When the
parent in the above example said, “He’s just not in a stage where he can un-
derstand this,” the implication was that a general deficiency would keep the
child from understanding not just the particular concept but also other concepts
of comparable complexity.

Viewing children’s thinking as progressing through a series of stages also
has two additional implications: One, which Flavell called the abruptness as-
sumption, is that children move from one stage to the next suddenly rather than
gradually. Children are in Stage 1 for a prolonged period of time, enter briefly
into a transition period, then are in Stage 2 for a prolonged period, and so on.
The fourth assumption of stage theories is coherent organization. The child’s un-
derstanding is viewed as being organized into a sensible whole, rather than
being composed of many independent pieces of knowledge.

Thus, stage theories depict development as involving qualitative change,
occurring simultaneously for many concepts, occurring suddenly, and involving
a transition from one coherent way of thinking to a different coherent way of
thinking. Without question, this is an elegant and appealing description. But
how well does it fit the realities of children’s thinking? This issue will be con-

sidered in greater depth in Chapter 2.

How Dogs CHANGE OCCUR?

To develop is to change. Several types of change that occur during the course of
development are illustrated in Figure 1.1. The depiction originally was formu-
lated to describe changes in perceptual development (Astin & Dumais, 1980),
but the categories apply to all types of changes in children’s thinking.

The left side of the figure illustrates three patterns of change that can occur
in the prenatal period (before birth): a particular capability can develop fully, par-
tially, or nof at ail. The right-hand side depicts changes occurring after birth. An
already-developed ability can either be maintained or decline; a partially devel-
oped ability can grow, stay the same, or decline; and an undeveloped ability can
grow or stay undeveloped. :

The variety of possible patterns expands further when we realize that any
given ability involves many components that may follow quite different devel-
opmental courses. For example, regardless of where infants are born, they can
produce all of the sounds that are used in any of the world’s languages. Over
the course of childhood, however, they lose the ability to produce many sounds
that are not part of their native language. On the other hand, they gain increas-
ing facility in producing at will the sounds that are part of their own language-
Thus, after infancy, the ability to produce speech sounds both declines and
grows, depending on which sounds we are talking about.
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FIGURE 1.1 lilustration of several paths of developmental change ({after Aslin & Dumais,

;zgo)a. R;printzficaf'rogla Aslin, ':1.(,N' & Dumais, S.T., Binocular vision in human infants: A review
eore mework, in LP Upsitt & H.W. Reese (Eds.), Adva i i
¢ ! LW .}, nces
Development and Behavior, Copyright 1980, with permission from Els,evier. m

) How can changes in children’s thinking be explained?
mﬂuent}al efforts to answer this question are fhe Piagitiane(aix.\d'rx: iflffo?;al:ilgrif
processing perspectives. Piaget suggested that the basic mechanisms that produce
all cognitive changes are assimilation and accommodation. Assimilatio: is the
Szgsczz:rsl dti;rough which peo;.vle represent experiences in terms of their existing un-
< g. A 1-year-old girl who saw a round candle might think of it as a ball
i s.he knew ?bou.t t?alls but not candles. Accommodation is the opposite process;
in it, people’s existing understanding is altered by new knowledge. The 1- ear:
0::}:1l wh.o saw the rov.'md candle might notice that this “ball” was different );rom
;) ers in having a thin object (the wick) protruding from it. This discovery might
ay the groundwork for later learning that the world includes round candles. 5

) _Rese}«:chers who a«flopt the‘ information-processing approach to childr‘en’s
fthmkmg ve been particularly interested in the process of change. They have
ocused on four change mechanisms that seem to play large roles in cognitive

development: automatization, encoding, generalization, and strategy construction

Automatization involves executin, i

i g mental processes increasingly efficientt

;o that th.ey require less and less attention. With age and experienfeyproccé.:‘mg
ecomes increasingly automatic on a great many tasks, allowing chiidren to see

~. connections among ideas and events that they otherwise would miss. For

example, in the first few weeks of walking home from school, a 5-year-old girl
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might need to completely focus her attention on the task of fmdmg }}:er v‘:/vz:ly.
Later, the activity would become automatized, and she would_ finy derdmny
hdm(; despite paying attention to what other people were saying an g
ile she walked with them. ) )
WhﬂeEsnc:x;ving involves identifying the most informative fe:at;res Off(ihb]:c; j;;xc\:
i internal representations of
events and using those features to form internal represer ns Objects
i i oding in children’s increasing
and events. The importance of improved enc : v oing |
i is evi i text of their learning to solve story
derstanding of the world is evident in the con el e e s well
blems in arithmetic and algebra. Oftten such stories nclu
Esrorelzlxlrl:nt information. The trick to solving the problems is to encode the rele-
i i i the irrelevant parts. )
e gzﬁtéogn?ini:)f;ﬁmchange mechanisms are generaliza.tzon a}\d strategy
construction. Generalization is the extension of knowledge .acquu'ed. in one i:;n;
text to other contexts. Strategy construction is lgfl: ger;er:z:: or f;:lc‘o:sgystrat-
rocedure for solving a problem. The workings of g aliza g
2;;:’ cl;nstrucﬁon can be illustrated through a single example. After repgateddit:));
perience with suddenly nonfunctioning computers, lamps, toasters, ax;< _1;a ﬁer;
a child might reach the generalization that wher't machines d_° no:h wc;;ﬁi ‘; l;)‘i o
is due to their being unplugged. On drawing this generalization, eChmels el
form a strategy of always checking the plug whenever pushing a ma
ffect.
buﬁm';'t?easc;\li?d?s construction of this strategy illustrates that change.procetsses
work together rather than in isolation. Consftrthucting ct}?; Chzﬁkf{ii}:n%ﬁ:‘::czg};
. . es
depended on automatizing the perception of the ma ; encace
chine and on drawing the generaliza
the plug as a separate part of each ma e e 1 discon-
t machines that have plugs usually do not work w p
g:eitelcxllaAs will be evident throughout this booké1 these four changt:‘au }cvhr%c:sses—Play
atizati i izati trategy cons! —]
tomatization, encoding, generahzatlo’n, and str . n /
:ucial roles in improvements in children’s thinking in .everythmg from infants
statistical learning to adolescents’ computer programming.

How Do INDIVIDUALS DIFFER?

i i i f any given age. Individ-
dren of different ages vary, so do children of any give v
{::lt;iifz?imes are present in all aspects of development, frox‘xil helgh’f aannd lv;f;i:
i ivi have received especially

to personality and creativity. However, they ; S "
e?(alx)ninaﬁont}irn the study of intelligence. This scrutiny begm in ea:inest éxgc 1(:’}1&3
1890s, when France initiated a program of universal pu!)hc edtfca Zkrlt‘ R ené;h
niziné that not all children would benefit from the same_erh mstruhcizlhog{ (:1 tro o
Minis i issi i d Theophile Simo!

inister of Education commissioned Alfred Binet an ] g
velop :\rtest to identify children who would have difficulty leamg from stan:
dard classroom procedures and who therefore would need special education.
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The first Binet-Simon test was released in 1905. It included questions that
were intuitively related to many aspects of intelligence: language, memory,
reasoning, and problem solving. In 1916, Lewis Terman, a professor at Stanford
University, revised the test for use in the United States and labeled it the
Stanford-Binet. Updated versions remain in wide use today.

The Stanford-Binet and other intelligence tests are based on the assumption
that not all children of a given age think and reason at the same level. Some
7-year-olds reason as well as the average 9-year-old; others reason no better than
the average 5-year-old. To capture these individual differences among children,
intelligence tests distinguish between a child’s chronological age (CA) and the
child’s mental age (MA). Chronological age reflects the time since the child was
born; if a girl was born 60 months ago, her chronological age is 5 years. Mental
age is a more complex idea in that it reflects the child’s performance on an in-
telligence test relative to that of other children. Specifically, a child’s mental age
is defined as the age at which 50 percent of children answer correctly as many
items on the test as the particular child did. For example, if the average 5-year-
old correctly answers 20 questions on a test, then a child who answered 20 items
correctly would have a mental age of 5 years, regardless of whether the child is
a 4-year-old, a 5-year-old, or a 6-year-old.

Terman saw that the implications of a 4-year-old, a 5-year-old, and a 6-year-
old having a mental age of 5 years are quite different. For a 4-year-old, this level
of performance is precocious; for a 5-year-old, it is average; for a 6-year-old, it is
slow. To express these implications numerically, Terman borrowed an idea devel-
oped by Wilhelm Stern, a German psychologist, and combined the concepts of
mental and chronological age to form an Intelligence Quotient, or IQ. A child’s IQ
is the ratio between the child's mental and chronological ages. This ratio is mul-
tiplied by 100, so that the IQ can be expressed as an integer, as shown below:

Mental Age

1Q = Chronological Age

100

Thus, in Terman’s example, the 6-year-old who had a mental age of 5 years
would have an IQ of 83 (5/6 x 100), whereas the 4-year-old who had a mental age
of 5 years would have an IQ of 125 (5/4 x 100). When we consider all children
of a given chronological age, their average IQ score is 100, since the average men-
tal age for any age group is, by definition, the same as that group’s chronologi-
cal age. Whether the IQ score is above or below 100 (that is, whether the child’s
mental age exceeds or falls below his or her chronological age) indicates whether
the child scored above or below average for the age group; the distance of the
score from 100 indicates how far above or below average the score was.

One reason that IQ scores have been used so widely is that they predict per-
formance in school quite well. Another reason is their stability over long periods
of time. For example, a 6-year-old’s IQ quite accurately predicts the child’s IQ at
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age 16. The relation is not perfect; some children show large increases in IQ over
time, and others show large decreases. There is also considerable controversy
about what intelligence is and how well these or other tests measure it. Clearly,
however, intelligence test scores tend fo be quite stable from first grade to adult-
hood, and they allow quite accurate prediction of school achievement.

Until recently, no comparable predictive relation between early and later
performance had been established for very young children. Scores on intelli-
gence tests developed for children below 4 years were essentially unrelated to
IQ scores of the same children when they were older. This suggested that indi-
vidual differences in infant intelligence might be unrelated to individual differ-
ences in later intelligence.

Recently, however, a measure of infants’ information processing has re-
vealed some continuity between intelligence in infancy and intelligence in later
childhood. The measure is surprisingly simple. When infants are repeatedly
shown a stimulus, such as an object or a picture, they lose interest in it and look
at it less and less. That is, they habituate to it. Individual infants habituate at
varying rates; some reduce their looking quite quickly, whereas others take
much longer to do so. The key finding is that the more rapidly that 7-month-
olds habituate (stop looking), and the greater their preference for a new picture
after they have habituated (often called “novelty preference”), the higher their
1Q scores tend to be 4 to 10 years later (Colombo, 1993; Fagan & Singer, 1983;
Rose & Feldman, 1995, 1997; Sigman, Cohen, & Beckwith, 1997). The habituation
rates also are related to later achievement test scores in reading and mathematics
and to general language proficiency. Further, children whose habituation rates
are slowest at 7 months have higher rates of learning disabilities when they are
6-year-olds (Rose, Feldman, & Wallace, 1992).

Why should rate of habituation at 7 months predict IQ and achievement
test scores years later? One explanation is that both the early and the later per-
formance reflect the effectiveness of the child’s encoding (Bornstein & Sigman,
1986; Colombo, 1993, 1995). In other words, more intelligent infants are quicker
to encode everything of interest about the picture, leading them to be the first

to lose interest in it. They perk up more when the new picture is shown because
they more clearly encode the differences between it and the old one. Superior
encoding has also been found to be related to the ability of gifted older children
and adolescents to solve problems and learn quickly (Sternberg, 1999). Thus,
quality of encoding may link early and later intellectual capabilities.

The large majority of research on intelligence and other areas of cognitive
development focuses on individual children’s behavior. However, in trying fo
gain additional insights, researchers have recently been extending the search both
tnward and outward. The inward-looking efforts examine how development of
the brain is related to changes in children’s thinking. The outward-looking efforts
consider not only the individual child but also the formative influences of other
people and of cultural institutions. Thus, the first approach builds on findings
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and insights from the neighboring discipli i
¢ eigh g disciplines of biology and neuroscienc
the second builds on findings and insights from sociology and anthrop%lca:;;

These approaches t d i i ’s thinki i
pose cﬁgm o understanding children’s thinking are introduced in the next

How Do CHANGES IN THE BRAIN CONTRIBUTE
TO COGNITIVE DEVELOPMENT?

In general, the bigger the brain of a s V
l, 1 pecies, the more intelligent indivi
Etcl’er\ltn sp;cxes are likely to be. Without question, changes in the1 gsiezne lsnt;llizlhc}:ealsa:; '
ection patterns of the brain during the course of a child" v :
1f)(:)uﬂr‘:dly cot?ttribute to changes in the child’s thinking. These Scl'(liae:;laszl;c?cthparmo;
quantitative and qualitative, occur at three levels: (1) ch: ir i
as a whole; (2) changes in particular structures withi o bt ool B e
; ole; within th in;
in the billions of cells that make up the brain (nem‘ons).e brain; and () changes

Changes in the brain as a whole. The ch
: _ 2 anges that occur in th i
;}:Ztg)rl:in are eylg:nt m}lsrge—scale increases in its weight from birthu:o a?itl:ftillgo?is
weighs roughly 400 grams at birth; 850 grams at 11 months ;
- ; ; 1100
:Xa'au%eo 12 Zsa:(si,ul a:ld 1f15}(1)s grla.ms by adulthood (Kolb & Whishaw, 2003) Thf: atrlr:z
1t weighs almost four times as much as the b i ' x
These changes in size make possible much more advanced'tlfi::ll;(lir(\); # newbomn.

Changes in structures within the brain i

o . . . The relative sizes and levels of

;;t;v;tr}; i(;)lf cti\rel lé’l:l‘;ll 51?11:3 czlf~l :_hehlzlram also change over the course of developmer:;.
0 two main parts: subcortical structures and thy :

tex. The subcortical structures are areas atop the spi “he thalmus,

: al cord, such as the thal
medulla, and pons (Figure 1.2). The e simadlar i ' umans and
e 1.2). They are quite similar in the brains of h

of othf;i( mamumals, espegally other primates such as apes and monke}ll];n anoand

il ke Iihese subcortical areas, the cortex includes some structures‘ that are

i aani ;;dalll;ne;ﬁsaa(ﬁ! tiOtheI].:\ primates. Among them are the hypothalamus and

t . ition, however, the cortex includes a I

is far more highly developed i i . amm::large R

: ped in humans than in any other animal:
cortex. Sitting atop the rest of the brain, this . ot meckes
2 ' , large structure is wha
possible the high-level cognitive skills that o e ot o0
are uni i
languzgi ;nﬂ? complex problem solving. que to human beings, such as
t birth and for several years thereafter, the is i
) ¢ , the cerebral cortex is immature rel-
i::tea gtg ?)tfhe;; p:g:‘s11 :)f thfe llolram. This is evident both in its being a loiver pr::i
e O weight and in its being less like its mature i
zlj'fiamz?non and patterns of elecirical and chemical activity. The ielativiomun'rm g}
ty of the cerebral cortex has important consequences for cognitive function-

. ; ing. It leads to some types of cognition being impossible early on and to others
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FIGURE 1.2 The structure of the brain. A number of subcortical areas are labeled; the convoluted

area sitting atop them is the cortex.

being accomplishe
cortex will later play a dominant role in them.

As shown in Figure 1.3, the cerebral cortex includes four main lobes: the
frontal lobe, at the front of the brain; the pzm'etal lobe, at the top; the occipital lobe,
at the back; and the temporal lobe, toward the bottom. Each area is particularly
active in producing certain types of cognitive activity. For example, the occipital
lobe is especially heavily involved in processing visual information, whereas the
frontal lobe is especially involved in consciousness, planning, and the regulation
of cognitive activity. As you might expect from the types of activities in which

the frontal lobe is particularly active, it is especially immature at birth, relative

to other parts of the brain and even other parts of the cerebral cortex. Its pro-

found development during infancy and early childhood seems to be crucial to

the rapid advances in cognitive capabilities that occur during that period. (For
a good discussion of the different rates of maturation of different parts of the

brain, see Chugani and Phelps, 1986.) -
The cerebral cortex is divided into two halves, or hemispheres, connected by

a dense tract of nerve fibers called the corpus callosum. For the most part, each
hemisphere processes sensory information and motor responses from the oppo-
site side of the body; thus, sensory inputs and motor responses on the left side of
the body are processed largely by the right hemisphere, and vice versa. The two

d at first by more mature parts of the brain, even though the -
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FIGURE 1.3 Four views of th
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above, the top-right view i P is from the left, the bottol iew i
and the bo pright view is from the left looking at the inner surface of the ri rrHeft view is from
ttom-right view is from below. e right half of the brain,

hemispheres also appear to be speciali
he > b pecialized for processing information in di
fo:;\y;.r:::stse;amfl:\lfe, in most r}ght—handed adults, the left %\enﬂsphztr?iré lsrfl):clgelfze:c;
ke isgs o‘rn}atlon in a seql{enﬁal, analytic fashion, whereas the right
Remisphere | Agxecal lcaohzed for processing .information in a more holistic, inte; ga—
Drocomeen orimar inn;eq;lefrt\ce, h.ngulstlc and logical information tends togr be
- Do to b proce SS};d e left he?mlsphe:re, and emotional and spatial information
vty s pnma.n.ly in the right hemisphere. Because one hemisphere
B Sominant e in carrying out these functions, they are said to be luterll;lized
- For cxamalor g efs suggest that cerebral lateralization is present even in infan :
B shogn ésﬁnanth show hand p_referenc& in motor tasks as early as 6 monti\ys.
e anz)thggexa I’ ; at these functions are lateralized by that time (Michel, 1998
Dranother & m?af\ ;, one study compared patterns of mouth opening 1;1 5- tz;
i Tonguge avats as they produced babbling sounds, which are an early st
quisition, and non-babbling sounds. When the infants progusczg
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babbling sounds, they opened their mouths wider on the right side than on the
left, suggesting left-hemisphere control, but when they produced non-babbling
sounds, they opened the two sides of their mouths equally wide (Holowka &
Petitto, 2002). These findings suggest that the left hemisphere is preferentially
involved in language processing from early in the first year. :

Changes in neurons. A third, yet more specific, level of change that occurs
in the brain involves specific neurons (nerve cells). Neurons are present in vast
numbers in all parts of the brain—a total of between 100 and 200 billion. Over
development, the neurons becorne increasingly interconnected.

Each neuron includes three main parts: a cell nucleus, which is the core of
the nerve cell; a number of dendrites, which are fibers that bring information from
other neurons to the cell nucleus; and one (or occasionally more) axors, which are
larger fibers that transmit information from the cell nucleus to other neurons
(Figure 1.4).

Neurons transmit information both electrically and chemically. Within a
given neuron, the transmission is electrical. Electrical signals travel from the
dendrites to the cell nucleus to the axon(s). Between neurons, the transmission
is chemical. Neurons are not directly cormected to each other; instead, there are
tiny gaps, called synapses, separating the axon of one neuron from the dendrite
of another. The electrical impulse traveling along the axon leads to release of
chemical neurotransmitters, which flow across the synapse from the end of the
axon to the beginnings of dendrites of adjacent neurons. When the neurotrans-
mitters arrive at the dendrites of the receiving neurons, the information is con-
verted back into electrical impulses, which are then transmitted within that
neuron. In an adult, a single neuron often has more than 1,000 synapses with
other neurons. These multiple connections allow information to be simultane-
ously transmitted to diverse areas of the brain (Thompson, 2000).

Synaptogenesis. The formation of synapses between neurons (synapto-
genesis) is far from complete at birth. Within many parts of the brain, it follows a
distinctive developmental course of overproduction and pruning. Early in devel-
opment, there is an explosive proliferation of synapses, causing the number of
synapses in a toddler’s brain to far exceed the number in an adult’s. Then, over
the course of childhood, the number of synapses decreases to adult levels. In one
part of the frontal lobe, for example, the density of synaptic connections increases
tenfold between birth and 12 months. By age 2, the density of connections there
is almost twice as great as in adults. After this point, it gradually decreases,
reaching adult levels by about age 7 (Huttenlocher, 1994).

In other parts of the brain, the overproduction and pruning follows the
same general pattern, but with different timetables (Futtenlocher & Dabholkat,
1997). For example, in the visual cortex, the peak density of synapses is gener-
ally reached earlier than in the frontal lobe—around 1 year—and the pruning

continues longer—until age 11 (Huttenlocher, 1990). However, the basic cycle of -
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neurotransmitters flow across the syna, o e be po
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rapid initial generation of s TUnin,

e b0 genalns b t-l-ue.ynapses, followed by prolonged p: g of them,

bram')w'lhhaz ;i;;munph azsestzg t}tlxlﬁmate patftem of synaptic connections in the
? e process of synaptogenesis appear to b

genetically controlled (Bourgeois, 2001). However, experiencePaFl,so pl:ysea lglea)l,

1 . .
. 1;(:);, aiiP;ectl:Hy'm later ph.ases. In particular, experience appears to be an im-
; rminant of which synapses are maintained and which ones pruned.

If experi iri
xperiences lead to synapses firing so that neurotransmitters are released, they

 tend to be mm@ned. If not, they tend to wither (Greenough & Black, 1992;
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Greenough, Black, & Wallace, 1987). Thus, in the brain as in behavior, develop- includine other 1 . . . .
ment involves a complex interplay of genetics and experience. o : and othegr chﬂdrzi?%zlté‘?s?;z:ftinmixldggmn—pamms’ siblings, other adults
Sorr.le researchers have pmpqsgd that t%\e e.arly surplus of synapses is re- : cause of people’s efforts and ingenuity (Sl::h af :olznk}s, aril:lfaf:t.s that exist only be-
lated to infants and toddlers acquiring certain kinds of capabilities more effec- automobiles), many skills that reflect our cul , television sets, computers,
tively than adults (e.g. Bjorklund, 1997). For example, toddlers and young : writing, mathematics, computer proge C gﬁl‘f'lfltli::;lat;ge (im%ud;ng r(;:ading,
Iming, e playing), and many

values that guide strategies and i i
problem-solving efforts in certain directi
Such afs speed,‘ accuracy, neatness, truthfulness). Clearly, all of these manife:trz
ons of the social world influence what children think about and how they think

children are especially good at picking up the sounds and grammar of their
native languages. They are far more effective learners than those who immi-
rate to a new country as adults and try to learn its language then (Johnson &

Newport, 1989). It is not just that the children are learning their first language and : about it. . -
the adults their second; young children also learn phonology and syntax more ef- ‘ Children’sD g:frl;;g;:;;atl i‘eeo;lafli;h:;c?o?ﬁﬁs?ethﬂm 'role of the SOda-ﬂ world in
fectively when they are learning it in a second language (as when a S-Year—old ‘ focus of Chapter 4; however, examples that mra o eories. Such theories are the
comes to-a new country). The extra synapses in the young children’s brains may : ple in children’s cognitive develo I;ment can ];13 f ate the fmportance of ofher peo-

be especially useful for learning the extremely complex systems of contingencies The sociocultural perspectixz,- o dovel e found thro}lgl}out the.book,
embodied in the phonology and grammar qf lmguages sqch as E:nghsh. ) Lev Semenovich Vygotsky, a Russian dev. :l opment was uuhally ar!nculated by
Because of the surplus of synapses avaxlabk? in early life, the. immature brgm part of the 20th century. V;'gotsk s theo ozn}ental psychologist, in the early
displ_ays an enormous capacity to adapt to variations in expenence..'I“hls early . cribe a central role to the social, C):lltural rg’nznhn::s l_I‘Odem—day. Counter‘pai'ts as-
plasticity is the reason why infants and' children often show dra.mtahc recovery process of cognitive developmént The ;ontext > Or{C&l context in explaining the
from early brain damage, such as sometimes occurs asa rfasult of injury or stroke ! children’s experience, such that it is not meani lsfuvl1 ewed as an integral part of
(Stiles, Bates, Thal, Trauner, & Reilly, 2002). For example, infants or children who . havior as separable or distinct from the ¢ e'?mn.g t.o cqnmder cognition or be-
experience damage to. portions of the brain that process language often recover Moreover, developmental change is co on e::all?zwh“:h it occurs (Rogoff, 1998).
fully, because other parts of the brain take over the processing of la‘nguage. In_ef— individual children’s knowledgeg nd cona?{)i ed as occurring, ‘not only in
fect, the brain becomes #yewired,” and portions of the brain not initially special- k roles in social interactions and in their wgm v; processes, bu? also in children’s
ized for language take over that function. Adults who experience d.amage to the§e mined forms of behavior. Thus acc:ordina}’ts OthPam91pahng in culturally deter-
same brain regions typically fare less well, because the remaining neurons in b essential to investigate and an aiyze behag’ 0 tae Soc1oc1.11tural perspective, it is
other parts of theil" braig are already dedicated to other functions. ) i performance at any age-or develo mentallgll; in context if we are to understand

Neural plasticity is not only m.\portant for recovery from injury—it also E What does it mean to investipate beh: onge n that performar.\ce,

enables the brain to adapt to variations in experience due to patterns of use : lines of scientific inquiry have focfsed of‘ givfller‘el;‘tcsi?;exﬂ. In pr?c‘;'lt:ce, different
5 ensions of the social and

(Elbert, Heim, & Rockstroh, 2001). For example, compared to non-musicians,
; individuals who play stringed instruments display an enlarged cortical repre-
i sentation of the fingers of the left hand. Moreover, it appears that musical train-
i ing has a greater effect on cortical organization when it begins at younger ages.
! Musicians who learned to play stringed instruments at an carlier age showed
}]j greater neural activation in response to stimulation of the little finger of the
B
|

cultural context. One particularly influential approach ineati
f,)f cor;text is Urie Bronfenbrenner’s (1979) cox?c}:epl&uaIiztaotic(}r?h(r)‘fé3 ac?:l%e:ts I::sCt:
Bif);(f,enr}lisef:\ieitr;;m ;aCh ins;de the next, like a set of Russian dolls” (p. 3).
several concentric layers of i
context, ea.ch of whxch influences psychological f}l,mctizniﬁge bi)ot‘;lli}na;::ocw::rllmidl
in mteArsact;:)n w1t'h other layers. This framework is depicted in Figure 1.5 =
micromyet e'sn ;):/Avnn thﬁ th}?i Cftxlgure, the innermost layer of context consists of the
e et dv:vﬂ develo_pment occurs. Microsystems are social relation-
S ips in whidt hej d plays a 'cixrect' part, such as the mother-child relationship,
outwagr e onships, and relationships with teachers and classmates. Moving
inten-e]a; B e next layer consists of mesosystems, which are made up of multiple
el te p microsystems. For exan'.lple, the microsystems of family and schooi
e ;) lorm'a mesosxstem. Families hold expectations and provide opportu-
s for ::smmg that influence how children perform in school. Likewise,
senoo” a;fzi p:;e :td:e‘:ge:esr ﬂ;:;f gﬂuencel\?ow families interact, such as social
r rent- rences. Next are exosystems, whi i
systems in which the child does not play a direct paz‘t, but thatcﬁesﬁtﬁ:li:l:;

left hand than did musicians who learned to play at later ages (Elbert, Pantev,
Wienbruch, Rockstroh, & Taub, 1995). This finding suggests that the plasticity of
the human brain decreases over the life sparn.

How DoEs THE SocIAL WORLD CONTRIBUTE
10 COGNITIVE DEVELOPMENT?

Understanding cognitive development requires understanding not only the brain,
but also the contributions of the social world. From the day children emerge from
the womb, they live in a profoundly social environment. It is social not just in
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FIGURE 1.5 Schematic depiction of in-
teracting layers of context {based on
Bronfenbrenner, 1979).

influence children’s development.'A good example of an exosystem is the school
board, which makes decisions about the organization of community schools, the
length of the school year, and the nature of the required curricutum. Although
children are not involved directly in this system, it clearly has an impact on their
development. Finally, all of these systems are situated within the macrosystem of
the broader cultural context. The macrosystem incorporates cultural expectations
regarding how children should be cared for and what activities children should
engage in at various points in development. More broadly, the macrosystem in-
corporates cultural practices about how families and communities are organized,
cultural values about children’s roles within these communities, and cultural in-
stitutions such as school and day care.

All of these systems, from the microsystems to the macrosystem, change
over time. For example, children’s relationships with their parents change as they
grow, and societal expectations about children’s behavior vary with the child’s
age and over the course of history. Recent formulations of Bronfenbrenner’s
framework have also incorporated the dimension of time at various levels of
context (e.g., Bronfenbrenner, 1998).

All of these aspects of context are addressed within sociocultural theories
of development. However, the bulk of research within the sociocultural tradition
has focused on social interactions in which the child plays a direct role (the
micro- and mesosystems), and on the opportunities for development that are af-
forded in various cultures and subcultures (the macrosystems).

An Introduction to Children’s Thinking ) 21

Social interaction and cognitive development. Vygotsky’s theory focused
on what he termed the “higher” psychological processes—those processes that
differentiate humans from animals, such as reasoning and concept formation.
Vygotsky believed that all of the “higher” psychological processes had their
origins in social interactions. Children initially perform cognitive tasks with sup-
port from social partners, and over time, these social interactions are gradually
internalized, until children can perform tasks on their own. Thus, according to
Vygotsky, the central mechanism of developmental change is the internalization
of socially shared processes.

The notion of internalization highlights the integral role of other people in
guiding and supporting children’s development. One type of assistance that
other people provide to children is social scaffolding, which includes helping chil-
dren think about a task appropriately, modeling ways of solving problems, and
giving hints that guide the child in useful directions. The idea of social scaf-
folding is based on an analogy to the physical scaffolds used to construct build-
ings. Physical scaffolds are metal frameworks that allow construction workers to
work high above the ground while putting up the basic structures of buildings.
Once the basic structure js built, it can support the workers, and the scaffolding
can be removed. Similarly, in social scaffolding, the activities of more competent
people provide a temporary framework that allows children to think in more ad-
vanced ways than they otherwise could. After working for a while at this higher
level, children can work at the level without the external support. Parents tend
to teach their children in a way that fits the scaffolding model, playing active
roles when children are just beginning to learn a skill, and progressively with-
drawing to the background as the children show increasing mastery (Pratt,
Kerig, Cowan, & Cowan, 1988; Wood, 1986).

The cultural context of cognitive development. Vygotsky’s theory also
highlighted the importance of the culture in which children develop. In partic-
ular; he focused on the importance of cultural tools in shaping and constituting
thought. Cultural tools include the entire range of culturally constructed objects
and ideas that allow people to achieve their goals: machines such as calculators
and computers; representational devices such as books and maps; ways of
knowing about the world such as mathematics and science; notational systems
such as numbers and letters; and ideas such as gravity and efficiency.

Interacting with even the most mundane cultural tools helps children bet-
ter understand the social and physical world. Think about calendars and clocks,
for example. Learning about them involves much more than just tefling time. It
also involves learning the belief of our culture that it is useful to break up time
into discrete units of years, months, days, hours, minutes, and seconds. The ways
in which people use these tools also is revealing. We tell childsen to be home by
6:00 or 6:15, and to be at school at 8:05, but never to be at home or at school by
8:07 and 30 seconds, much less at 8:07 and 30 and 7/10 seconds. We view it as
useful to break up time to a certain level of precision, but not ordinarily beyond
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that. Countless such experiences shape the way in which children think about
concepts even as basic as time.

Culture also plays a role in children’s development by influencing the
types of activities in which children engage. There is great variation across cul-
tures in how children are cared for, and in the types of things that are typical
for children to do. In some cultures, including the United States, children are
typically segregated from adults’ social and economic worlds for much of the
day. In such cultures, many of children’s opportunities for learning occur in the
context of day care or formal schooling. In other cultures, children are routinely
integrated into adult activities, including household activities such as cleaning
and preparing meals, and economic activities such as farming and weaving tex-
tiles. In such cultures, most of children’s opportunities for learning take place in
the context of everyday situations. Such variations in children’s opportunities
for learning lead to variations in the nature and path of children’s cognitive de-

velopment. Thus, culture influences children’s development by shaping how’ ‘

children participate in culturally valued activities.

The Book’s Organization

The organization of this book can be viewed either on a chapter-by-chapter basis
or in terms of the central themes that recur in many chapters. In the sections that
follow, the book is described from each perspective.

THE CHAPTER-BY-CHAPTER ORGANIZATION

The book is divided into three sections. The first section, which includes Chap-
ters 14, explores broad perspectives on children’s thinking, including Piaget's
theory, the information-processing approach to development, and the socio-
cultural approach to development. The second section, which includes Chap-
ters 5-11, focuses on more specific aspects of children’s thinking, such as how
they perceive the world, how they use language to communicate, and how they
learn reading, writing, and mathematics. The third section includes only a sin-
gle chapter, Chapter 12. It is a summary of what has gone before and a look
forward toward the issues that promise to be most important in the future.
The first chapter, which you are just finishing, is an attempt to define the
field that is considered in this book and to introduce ideas that are important
within it. Chapter 2 is devoted to the work of Piaget, whose investigations into
children’s thinking can fairly be said to have created the modern field of cogni-
tive development. On topics ranging from how children infer the origins of the
sun to how they order the weights of different objects, Piaget saw much that

other people had missed. In addition, Piaget observed children of an extremely:
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wide age range, stretching from the first days of infancy into late adolescence.
Thus, his observations provide a feel for many aspects of development in in-
fancy, childhood, and adolescence.

Chapter 3 examines another prominent approach to the study of children’s
thinking, the information-processing approach. In some ways, this approach
represents a modern extension of Piaget’s theory; in other ways, it represents
an alternative. The basic assumptions of the information-processing approach
are that children’s mental activities can be characterized in terms of processes
that manipulate information; that processing capacities are limited; and that
the interaction between the individual’s processing system and the environ-
ment leads to cognitive growth (Klahr & MacWhinney, 1998). The information-
processing approach has proved especially useful for studying development,
because it provides precise ideas about the mechanisms that produce cognitive
change.

Chapter 4 addresses a third prominent approach to the study of children’s
thinking, the sociocultural approach. As discussed above, the social and cultural
world has a profound effect on what children do, on what they think about, and
on how they think. Research guided by sociocultural theories investigates how
social and cultural factors influence cognition and development.

Chapter 5 begins the second main section of the book, which examines
seven specific aspects of children’s thinking: perception, language, memory, con-
ceptual understanding, social cognition, problem solving, and academic skills.
Chapter 5 focuses on perceptual development. The emphases are on the sur-
prising number of visual and auditory skills that children possess from early in
infancy, and on the relations between perception and action.

Chapter 6 examines language development. Here the discussion centers on
what types of words children use first, when and how they learn grammar, how
thﬂeiy acquire word meanings, and how they use language to communicate with
others.

Chapter 7 is about the development of memory. It focuses on how the de-
velopment of basic capacities, strategies, and content knowledge contribute to
children’s growing abilities to remember. The chapter also addresses the practi-
cal issue of whether in court cases, children’s recall of what happened can be
trusted, and how the accuracy of their testimony changes with age.

Chapter 8 concerns conceptual development. The early part of the chapter
examines whether children internally represent concepts primarily in terms of
dictionary-like definitions, in terms of loosely related characteristic features, or
in terms of causally connected theories. The latter part of the chapter examines
the development of several particularly important concepts: time, space, num-
ber, and living things.

Chapter 9 is about social cognition. The focus is on children’s developing
understanding of social information, including knowledge about the self and
others, knowledge about the mind and the mental states that give rise to be-
havior, and knowledge about the social world.
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Chapter 10 focuses on problem solving. All of us solve problems daily, but
such activities play an especially large role in the lives of young children. The
reason is that many tasks that older individuals find routine pose novel chal-
lenges for younger ones. Among the problem-solving processes examined in the
chapter are planning, causal inference, analogy, tool use, and scientific and log-
ical reasoning.

Chapter 11 concerns the development of reading, writing, and mathemat-
ics. Many of the skills for which development is described in the preceding
chapters—perception, language, memory, conceptual understanding, and prob-
lem solving—are put to use in the classroom. Children’s acquisition of academic
skills illustrates how different types of thought processes work together to allow
learning of complex concepts and skills. -

The third main section of the book is Chapter 12. It summarizes the main

conclusions that apply across the diverse areas of children’s thinking and iden-

tifies key issues for future investigation.

TuEe CENTRAL THEMES

This chapter-by-chapter organization provides one way of thinking about the

material the book covers. Another way is to consider the themes that arise in -

many chapters. The following are eight recurring themes.

1. The most basic issues about children’s thinking are “What develops?” and “How
does development occur?”

2. Four change processes that seem to be particularly large contributors to cog-
nitive development are automatization, encoding, generalization, and strategy
construction.

3. Infants and very young children are more cognitively competent than they appear.
They possess a rich set of abilities that enable them to learn rapidly.

4. Differences between age groups tend to be ones of degree rather than kind. Not only
are young children more cognitively competent than they appear, but older children
and adults are less competent than we might think.

5. Changes in children’s thinking do not occur in a vacuum. What children already
know about material that they encounter influences not only how much they learn
but also what they learn.

6. The development of intelligence reflects changes in brain structure and functioning
as well as increasingly effective deployment of cognitive resources.

7. Children’s thinking develops within a social context. Parents, peers, teachers, and
the culture at large influence what children think about, as well as how and why
they come to think in particular ways.

8. Increasing understanding of children’s thinking is yielding practical benefits as well
as theoretical insights.

A simple strategy for improving your understanding of the material in this
book is to spend a few minutes now re-reading and thinking about these eight

themes. Then, as you read subsequent chapters, try to notice how they unite dif-

ferent aspects of children’s thinking.
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Summary .

For hundreds of years, people who have had contact with children have won-
dered about such questions as where the children’s ideas came from and
whether infants perceive the world in the same way as adults. Recent concep-
tual and methodological advances have greatly improved our ability to explore
these and many other questions about children’s thinking,.

A number of the most important questions about children’s thinking have
long histories. Are some capabilities innate? Do children proceed through qual-
itatively different stages of thinking, or is development continuous? How do
changes in children’s thinking occur? How do individuals differ in qualities such
as intelligence, and how much continuity is there between early and later abili-
ties? How do the internal world of the maturing brain and the external world
of other people shape development? These continue to be among the most basic
questions about children’s thinking.

A number of themes are identified that recur throughout the book. Among
these are the surprising cognitive competence of infants and young children, the
continuous growth of children’s thinking beyond this initial competence, the
challenge that children face of coping with complex tasks while having only
limited processing resources, the ways in which existing knowledge influences
learning, and the influence of brain development and of the social world on
children’s thinking.
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