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A nationa mediacampaignin the Spring of 1997
announced that new research on the develop-
ment of the human brain reveals the contribution of
stimulation to infants and young children in the devel op-
ment of adult characteristics that define success and
fulfillment.

Some scientists and journalists clam brain devel-
opment occurs through a sequence of critical periods,
each offering a “window of opportunity” for environ-
mental stimulation to support and enhance devel opment,
and that without such stimulation, important potential
capabilities for learning, thinking, feeling, and loving
may be lost forever.

But some of the claims and conclusions seem con-
tradictory. Parents, for example, are admonished to
stimulate their infants and children before these win-
dows of opportunity close, but then they are advised not
to feel guilty if they have not provided enough stimula-
tion to their infants because it is never too late to
encourage child development. Also, if early experience
is so crucial, why is it that a dose of early stimulation
often fails to produce permanent benefits?

Thisreport providesthe basic facts and attemptsto
clarify questions about brain development and what the
new research demonstrates.

The Basics of Brain Development

Two Fundamental Principles

There are two fundamental principles that are im-
portant for understanding brain devel opment:

1. Except for minor reflexes, essentially all hu-
man behavior --- looking, listening, speaking, thinking,
loving, wor shiping, imagining, and socializing -- is
lar gely governed by the brain. Persistent changesin
the behavior of an infant, child, or adult are accom-
panied by changesin thebrain of that individual.

For example, providing rats with toysto play with
instead of keeping them in barren cages produces bigger
and better brains. The brains of severely neglected chil-
dren are smaller than those of advantaged children. So,
just because certain experiences are found to produce
changes in the brain does not make those experiences
more important. All persistent behavior changes are lo-
cated in the brain — scientists just need to locate them.

The latest brain research, for the most part, smply
shows that experience which produces changes in be-
havior produces changesinthebrain. Most of theresearch
illustrates what child development psychologists, child
care professionals, and many parents and grandparents
already knew, and confirmsthe nature of good parenting
and child care.

2. Much of thebrain resear ch showstheterrible
consequences of extremely poor and atypical stimu-
lation and environmentson the brain development of
animals and humans. No resear ch, however, shows
that extremeamountsof stimulation or super-rich en-
vironmentsproduceasuperior brain and human being.

This research confirms that abusive and neglectful
treatment of infants and young children produce serious
and sometimes permanent deficits in the brains and be-
haviors of these victims. But it does not show that
bombarding infants and young children with sights,
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sounds, language, socia interaction, music, games, and
other experiences will produce a super child. In fact,
too much stimulation and experiencesthat are not devel -
opmentally appropriate may hinder infant development
and turn a child off to learning and other opportunities
for growth.

The Developmental Task

The neurological process of brain development is
an incredible phenomenon. The brain of every human,
for example, has approximately one billion nerves, each
formed between the sixth week and the fifth month of
prenatal life. These nerves are wired in ways that en-
able us to learn, imagine, and love. The new brain
research is beginning to reveal the secrets of how that
takes place.

Neural Proliferation

Brain development occurs in overlapping stages.
Thefirst stageisneural proliferation, during which those
one billion nerve cells, called neurons, are created by
the end of the fifth prenatal month. Barring extremely
unfavorable conditions, these neurons are produced in
every infant according to biological instructions.

Neural Migration

The second stage, neur al migration, islargely com-
pleted during prenatal life. By a process not yet fully
understood, nerves literaly grow and send long arms
through the brain to different areas and make contact
with one another. This migration is like the laying of
telephone “trunk lines’ that allow calls to be made be-
tween cities and to any specific phone.

Synaptogenesisand Differ entiation

During and after neural migration, neural
synaptogenesis and differentiation occurs.
Synaptogenesisisthe connecting of different nervecells
(at places called synapses) to form a network of link-
ages. Asaresult of these connections, neuronsthat start

out essentialy the same become differentiated to per-
form one function instead of another --- hearing, for
example, rather than seeing.

Neural synaptogenesisand differentiation does not
occur at the same time in every area of the brain, so
different functions develop at different times. The peak
activity of such development occurs in the region asso-
ciated with hearing during the first postnatal months, in
the region associated with vision during the first 3-4
months of postnatal life, and in areas responsible for
cognition and intelligence at age one year through ado-
lescence.

This sequencing is part of the neurological basis
for “ developmentally appropriate practices,” or provid-
ing stimulation and pertinent experiences for different
skills and functions at appropriate timesin achild slife.

Neural Overproduction

In the process of making all of these connections,
the brain over produces connections, making more than
it needs. An infant in the first few months of life, for
example, iscapable of distinguishing between every pair
of soundsthat occursin any languagein the world.

Selective Elimination and Degener ation

Most of brain growth is governed by biology. But
experience, or “stimulation,” is needed. Experience en-
hances both connections between neurons and
selective elimination and degener ation of connections,
in what is sometimes called a*“use or lose it” develop-
mental process. The connections in the brain that help
the infant distinguish the sounds (phonemes) of various
languages are used when an infant hears those sounds.
But if infants are not exposed to sounds unique to a spe-
cific language, those neural connectionsthat distinguish
them wither and die. For example, al infants are born
with the ability to distinguish “r” and “I” sounds. But
withinthefirst six months of life, infantsin Japan can no
longer distinguish between “r” and “I” sounds, because
those sounds do not exist in the Japaneselanguage. This
isone of the reasons parents are advised to talk to their
infants, even if their infants cannot understand words.
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Selective eimination may be the first, if not most
crucia, component of the ability of human beingsto adapt
to their environments. It makes us exceedingly flexible.

But the fact that nerve connectionsdieif not usedis
often invoked as the basis for the claim that if certain
capabilities are not nurtured at particular timesin early
development, they arelost and cannot be devel oped later.
Thisisonly partly true.

But, not every set of connections and every capa
bility is permanently lost if not stimulated early. In fact,
very few human functions are lost forever from lack of
stimulation. For most abilities, connections that once
degenerated can be recreated when the environment
changes.

Myeélination

Another late stage of brain development is
myelination, the process by which nerve cells become
coated with alayer of fatty cells (myelin) that insulates
them and speeds neural conduction. Myelination con-
tributes speed and efficiency to the functioning of the
brain.

The Role of Experience

While much of this brain development is biologi-
cally programmed, stimulation and experience is
nevertheless necessary. How much stimulation is neces-
sary? |s more stimulation better? When is it necessary?
When, if ever, isit too late? Is earlier better? How do
we know we are doing the right things to promote the
development of our children? The answers depend on
particular functions and capabilities.

Basic Functions

Brain development occurs in stages that are ar-
ranged in a hierarchical order.

Functionsthat arenecessary for survival, which
essentially every human being acquiresin basicform,
tend to develop first. These functions require some

experience at particular timesto develop normally.
But thenecessary experienceisfairly minimal and is
very common in the typical environmentsof human
infantsand children. Therefore, ailmost every human
infant and child recelvesthe minimum amount of ex-
perience necessary, and mor e of such experiencedoes
not improvethe development of these capabilities.

For example, unless an infant sees light during the
first six months of life, the nerves leading from the eye
to the visual cortex of the brain that process those sig-
nals will degenerate and die. An infant born with total
cataracts that are not removed for several months will
be blind for therest of hisor her life. But for the elderly,
cataracts developed in their later years typically do not
cause blindness. When the cataracts are removed, the
elderly person can see, because the nerves of the visual
system had devel oped at an appropriate time. Although
infants are given arelatively narrow window of oppor-
tunity during which to experience light, nearly all are
exposed to light during devel opment. A minimum amount
of light is needed, but more than the minimum does not
improve vision.

More complex visual behavior such as distinguish-
ing shapes, geometric forms, and peopl€e sfaces, requires
stimulation and experience aswell. But for these dightly
higher visual functions, the window of opportunity is
longer and moreforgiving. Take, for example, monkeys
that have been deprived of opportunities to use pattern
vision abilities during the first 6 months of life (i.e.,
they are allowed to see light, but not forms). When nor-
mal visual experiences arefinaly alowed, their abilities
to distinguish between objects and to reach for them are
similar to those of newborn monkeys. Their pattern vi-
sion abilities have been delayed, but not lost. From then
on, the monkeys develop at the same rate as monkeys
that had been given normal visua experiencesfrom birth.

With humans, having a warm, caring, stable rela-
tionship with another human being, usually aparent, isa
crucial early experience, without which the ability to
care, love, sociaize, empathize, and so on may not de-
velop normally. Attachment starts very early and should
be nurtured from the beginning. But the window of op-
portunity is wide. Children probably must have such a
relationship before the age of four years, otherwise long-
lasting problems will occur because of timing alone.
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Higher Functions

In contrast to the functions described above that
essentially every human acquires, “higher functions’ are
those that some people are better at than others. They
include most of the social, emotional, and mental char-
acteristics we cherish --- language fluency and
intelligence, social relations and loving, and so forth.

Higher functionsrequirecertain stimulation and
experience to occur, but the necessary experiences
aremorelikely to beuniquetotheindividual and not
shared with all other people. In addition, the “ win-
dow of opportunity” ismuch longer and may even be
lifelong, and the necessary experiencesmay not need
tobetied totheparticular period in which thebrain
that gover nsthat function isdeveloping most rapidly.

Language development, for example, consists of a
combination of basic and higher processes. It is prob-
ably the case that humans, who are biologically disposed
to developing language, need to experience a respon-
sive language environment before they will develop
basic language. Consequently, a child kept in a closet
for the first six years of life, for example, will not walk
out of the closet speaking a language. But with the ex-
ception of unusual situations, every child experiences a
responsive language environment and develops basic
language.

When does a child need to experience a respon-
sivelanguage environment “beforeit’ stoo late?’ Parents
are often advised to talk and sing to their infants (even
fetuses) during the first three years of life. Fetuses and
newborns can come to recognize their parents voices
and, by selective degeneration, infants will focus on the
sounds of the particular language spoken to them. But
will infants fail to develop normal language or the abil-
ity to sing or appreciate music if specia efforts are not
madeto talk and sing to them in the first months or year
of life? The answer is, no.

Experience with a responsive language environ-
ment probably needsto occur during thefirst 8-12 years
of life before permanent dysfunctionin developing alan-
guageislikely to occur. A girl who had been lockedina
closet until age 6 had essentially three guttural “words”
when discovered. But after 18 months of tutoring, she

devel oped avocabulary, language fluency, and |Q within
the normal range.

However, children differ in their ability to use lan-
guage, their ability to think and conceptualize abstractly,
their ability to solve problems, and so forth. Such higher
skills, important for success in school and in the devel-
opment of “intelligence,” aso require experience. But
not every child recelvesthe sametype and amount of the
needed experience, so children differ in these abilities.
Further, such experience does not necessarily have to
occur at specific periods of time in development. Even
rats that were given special toys as pups and grew to
have larger brains did not necessarily have to experi-
encethosetoysas pups. Rats deprived of such experience
until adulthood and then given toys to play with also
developed larger brains.

Consequently, higher skills do not require highly
specific experiences at particular ages for their devel-
opment. They do require a great deal of and a great
variety of stimulation that is most efficiently delivered
both early and over a prolonged period of time. Con-
cern should not be focused so much on how early we
give stimulation or how much of it is provided lest the
brain die and its functions lost forever. Concern should
center on providing a variety of developmentally ap-
propriate experiences both early and throughout
childhood, adolescence, and beyond.

|s Earlier Better?
The answer is, sometimes.

Earlier isessential for basic functions. It isbet-
ter, but not so essential, for higher functions. That
is, thedevelopmental window of opportunity for ba-
sicfunctionsisshorter than for higher functions.

Light is essential early; pattern vision can occur a
little bit later. A caring, stable relationship with another
human is needed in the first years of life. Exposure to a
responsive language environment is needed in the first
8-12 years of life. But exposure to more complicated
language, thought processes, problem-solving strategies,
and abstract reasoning can probably occur over a very
long period, perhaps decades in length.
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But even if windows of opportunity are quite long,
there is something very compelling about the idea that
“earlier is better.” In fact, earlier can be better even for
higher functions.

Developmentally-appr opriate stimulation should
probably begin when awindow of opportunity opens,
even if it may be many years before that window
closes.

Just because the window of opportunity to experi-
ence a caring, stable human relationship is four years
does not mean we deliberately wait until then to start
such arelationship. It is best to start at the beginning of
that window --- at birth if not sooner.

Does such early stimulation produce better social
relationships, language, and intelligence later? Yes, a
little. Children who learn a second language earlier in
their lives, for example, do somewhat better at that lan-
guage than those who wait until adolescence or adulthood
to learn it. But adolescents and adults can learn a sec-
ond language, albeit with somewhat greater difficulty.

IsMoreStimulation Better?
Again the answer is, sometimes.

For basic functions, a modest amount of stimu-
lation is often all that is required and more is not
necessarily better. For progressively higher functions,
however, agood deal of varied stimulation over apro-
longed period of time will produce corresponding
results--- that is, moreis better.

More stimulationisnot awaysbeneficial and some-
times can be harmful. In terms of raw stimulation
necessary to keep the eyes and ears operating, low-in-
come children get more thingsto look at and sounds to
hear because they live in close quarters with many other
people than do infants from upper-income homes, who
tend to have their own bedrooms and fewer people in
the house. But the sensory skills of low-income infants
are no better than those of high-income infants. The ap-
propriate stimulation of aninfant isonethat isdistinctive
--- that stands out from a quiet background --- and is
delivered up close and personad to the baby, followed

by along pause of no stimulation, which alows the in-
fant to absorb the experience and respond to it.

But, for higher functions, more developmentally-
appropriate stimulation is better. Abilities such as fluid
language, abstract thinking, higher mathematics, and ex-
ceptional social skillsneed agreat deal of nurturing with
progressively more complex devel opmentally-appropri-
ate stimulation over a fairly long period of time ---
decades, in some cases. That is why quality education
IS so important, and why schooling takes 12, 16, or 20-
plus years.

How Much IsEnough?
The answer again depends on the function.

For basic functions, relatively little stimulation
at theright time in development is often enough to
produce per manent benefits. But for higher functions,
relatively mor estimulation over much longer periods
of timeisoften required to develop and maintain the
ability.

A little light early in life will keep the visua neu-
rons functioning for the rest of one'slife, evenif light is
not available later. But for fluid language and intelli-
gence, much more is needed over a longer period of
time, and early stimulation may not produce permanent
benefits without continued stimulation.

Thisprincipleisimportant for public policy. It says
that for many higher functions, including school and life
success, the inoculation model of early experienceis
not true. In other words, giving children a dose of lan-
guage and mental stimulation at age 4, such asHead Start,
will not immunize them against the subsequent effects of
poor environments, including the poor-quality schools
they might attend after leaving Head Start. Brain devel-
opment for higher abilities is a lifelong process and
continuous environmental support of higher functionsis

probably necessary.

SoWhat Should BeDone?

1. Basicand higher functionsand capabilitieswill
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develop normally if achild isreared in atypical, nor-
mal environment. Being neglected or abused or having
adysfunctional parent becauseof alcohal, drug abuse,
or psychopathology, for example, isnot a normal en-
vironment. Such familiesneed help to provide atypica
environment, and some of these children may need out-
of-home experiences or care to develop normally.

2. For infantsliving in normal environments, to
a great extent, “Grandma knows best.” She will tell
us that having a good time with your infant by talking,
responding, listening, or just plain “loving your infant
where he or sheis at” iswhat a good parent does. Be
sensitive to how your infant communicatesthat he or she
ishaving agood timeor, conversely, isoverloaded. Pro-
vide infant-only time. Be on call to your infant’s or
children’s needs. Be caring, responsible, and devoted,
and you will provide the necessary ingredients for nor-
mal devel opment.

3. Even for higher functions, thereare somead-
vantagestobeginningearlier. But earlier iscertainly
only better if it ismatched in a developmentally-ap-
propriate manner to the infant’s and child’s
capabilitiesand inter estsat the moment. Charting out
ages and stages and matching experiencesto those skills
and interests is the appropriate curriculum for early
childhood education. These experiences should be de-
livered at “teachable moments,” naturally occurring
instances in which the child needs to know something
and isready to learn. To match experienceto an infant’s
or young child’ sability and motivations, parentsand care
givers are better advised to respond to a child rather
than to stimulate him or her. One of the best ways to
respond appropriately is to imitate the child's action,
perhaps with dight variations. Then the adult is doing
something the child understands. The ssmple advice is
that if the child is relaxed, attentive, responsive, and
you both are having a good time together, chances are
those activities are developmentally appropriate.

4. Many of themost important skillsand human
characteristicsneed long-term and varied nurturing
from parents, caregivers, teachers, and friends. The
United States invests disproportionately in education
beginning at approximately age 6. But evening out the
commitment and investing more in quality early child-
hood education and family programsisimportant. Parents
need these programs; some crucial child functions, such
as attachment, have early windows, and other functions,
such aslanguage, can be advanced more easily and effi-
ciently when encouraged beginning early.

5. We should not expect to inoculate children
with a shot of early quality education before age 6
and then send low-incomechildrentoinferior schools
for the remainder of their educational lives and ex-
pect them to perform at national average. The most
crucia human characteristics benefit from both early and
continued nurturing paced and tailored to the changing
developmental and motivational needs of children and
adolescents.

The new brain research highlights the incredible
development of the human mind, and while that mind
needs certain environmental food early on, it also re-
quires sustenance throughout its existence to produce the
intellectual, socia, and emotional fruit we all want for
our children and our nation.

This summary was written by Robert B. McCall,
Ph.D., Co-Director of the University of Pittsburgh Of-
fice of Child Development and Professor of Psychology,
with the help of Mark S. Strauss, Ph.D., Associate Di-
rector of the Office of Child Development and former
Chairman of the University of Pittsburgh Department of
Psychology. Itisbased largely on R. A. Thompson, Early
neurological development and early intervention. Un-
published paper, author, Department of Psychology,
University of Nebraska, Lincoln, NE.
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