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CHAPTER

5

The First Two Years:
Biosocial Development
What Will You Know?
1. What part of an infant grows most in the first two years?
2. Are babies essentially blind and deaf at birth?
3. What happens if a baby does not get his or her vaccinations?

O

ur first child, Bethany, was born when I was in graduate school. At 14
months, she was growing well and talking but had not yet taken her first
step. I told my husband that genes are more influential than anything we
did. I had read that babies in Paris are late to walk, and my grandmother was
French.
To my relief, Bethany soon began walking, and she became the fastest runner
in her kindergarten class. My genetic explanation was bolstered when our next two
children, Rachel and Elissa, were also slow to walk. My students with Guatemalan
and Ghanaian ancestors bragged about their infants who walked before a year;
those from China and France had later walkers. Genetic, I thought.
Fourteen years after Bethany, Sarah was born. I could finally afford a full-time
caregiver, Mrs. Todd. She thought Sarah was the most advanced baby she had ever
known, except for her own daughter, Gillian.
“She’ll be walking by a year,” Mrs. Todd told me. “Gillian walked at 10 months.”
“We’ll see,” I graciously replied.
I underestimated Mrs. Todd. She bounced my delighted baby on her lap, day
after day, and spent hours giving her “walking practice.” Sarah took her first step
at 12 months—late for a Todd, early for a Berger, and a humbling lesson for me.
As a scientist, I know that a single case proves nothing. My genetic explanation
might be valid, especially since Sarah shares only half her genes with Bethany
and since my daughters are only one-eighth French, a fraction I had conveniently
ignored when I sought reassurance about my late-walking first-born.
Nonetheless, I now know that caretakers influence every aspect of biosocial
growth. You will soon read many examples of caregiving that enables babies to
grow, move, see, and learn. Nurture is at least as important as nature. Genes
provide the scaffold, but every day shapes and guides each infant to become a
distinct—and special—human being.
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Body Changes
In infancy, growth is so rapid and the consequences of neglect so severe that
gains are closely monitored. Medical checkups, including measurement of height,
weight, and head circumference, provide the first clues as to whether an infant is
progressing as expected—or not.
Left: Jose Luis Pelaez Inc/Getty Images
Top: twomeows/Moment/Getty Images
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Body Size

© 2016 Macmillan

Video: Physical Development in
Infancy and Toddlerhood
offers a quick review of the physical
changes that occur during a child’s first
two years.

perc entil e A point on a ranking scale
of 0 to 100. The 50th percentile is the
midpoint; half the people in the population
being studied rank higher and half rank
lower.

Newborns lose several ounces in the first three days and then gain an ounce a day
for months. Birthweight doubles by 4 months and triples by a year, so a 7-pound
newborn might be 21 pounds at 12 months (9,525 grams, up from 3,175 grams
at birth). That is an average, but variation is substantial, depending not only on
genes and nutrition but also on birthweight—small babies may double their weight
in two months and quadruple by age 1. Height also increases rapidly: A typical
newborn grows 10 inches (25 centimeters) by age 1, measuring about 30 inches
(76 centimeters).
Physical growth then slows, but not by much. Most 24-month-olds weigh about
28 pounds (13 kilograms) and have added another 4 inches (10 centimeters) in the
previous year. Typically, 2-year-olds are one-half their adult height and about onefifth their adult weight (see Figure 5.1).
Growth is often expressed in a perc entil e, indicating how one person compares to another. Thus, a 12-month-old’s weight at the 30th percentile means that
29 percent of 12-month-old babies weigh less and 69 percent weigh more. Healthy
babies vary in size, so any percentile between 10 and 90 is okay, as long as the
percentile is close to the previous one for that individual.
When an infant’s percentile moves markedly up or down, that could signify
trouble. A notable drop, say from the 50th to the 20th percentile, suggests poor
nutrition. A sudden increase, perhaps from the 30th to the 60th percentile, signifies overfeeding.
Parents were once blamed. Especially when the percentile dropped, it was
thought that parents made feeding stressful, leading to failure to thrive. Now pediatricians consider it “outmoded” to blame parents, because failure to thrive may
be caused by allergies, the microbiome, or other medical conditions ( Jaffe, 2011,
p. 100). Similarly, obesity is now thought to be cultural and genetic, as well as
familial. Overweight babies are still problematic, but blaming parents alone is
neither fair nor helpful.

Weight of Girls and Boys, Birth to 24 Months
Weight in 16
kilograms
14

35.2 Weight in
pounds
30.8
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2
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FIGURE 5.1
A verag es and Individu al s Norms and percentiles are useful—most 1-month-old girls who
weigh 10 pounds should be at least 25 pounds by age 2. But although females weigh less than
males on average lifelong, individuals do not always follow the norms. Do you know a 200-pound
woman married to a 150-pound man?
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Body Changes

Sleep
Throughout childhood, regular and ample sleep correlates with normal brain maturation, learning, emotional regulation, academic success, and psychological adjustment (Maski & Kothare, 2013). Sleep deprivation can cause poor health, and
vice versa. As with many health habits, sleep patterns begin in the first year.

Patterns of Infant Sleep
Newborns spend most of their time sleeping, about 15 to 17 hours a day. Hours of
sleep decrease rapidly with maturity: The norm per day for the first two months is
14¼ hours; for the next three months, 13¼ hours; for 6 to 17 months, 12¾ hours.
Remember that norms are simply averages. Among every 20 young infants, their
parents report, one baby sleeps nine hours or fewer per day and another one sleeps
19 hours or more (Sadeh et al., 2009).
Over the first few months, the time spent in each stage of sleep changes. For
instance, babies born preterm often seem to be dozing most of the time, never
in deep sleep, but that may be caused partially by the constant bright lights and
frequent feedings in the traditional NICU (neonatal intensive care unit). When
they come home, preterm babies usually adjust to a day–night schedule (Bueno &
Menna-Barreto, 2016).
Newborns dream a lot: About half of their sleep is R E M ( rapid ey e m o vem ent)
sl eep. REM sleep declines over the early weeks, as does “transitional sleep,” the
dozing, half-awake stage. At 3 or 4 months, quiet sleep (also called slow-wave
sleep) increases markedly.
Sleep varies not only because of biology (maturation and genes) but also because of caregivers. Infants who are fed cow’s milk and cereal may sleep more
soundly—easier for parents but bad for the baby. Social environment matters: If
parents respond to predawn cries with food and play, babies wake up early and
often, night after night (Sadeh et al., 2009).
Insufficient sleep becomes a problem for parents as well as for infants, because
“[p]arents are rarely well-prepared for the degree of sleep disruption a newborn infant engenders, and many have unrealistic expectations about the first few postnatal months.” As a result, many parents become “desperate” and institute patterns
they may later regret (C. Russell et al., 2013, p. 68).

Sam e Boy , M u c h C hang ed All three
photos show Conor: first at 3 months, then
at 12 months, and finally at 24 months.
Note the rapid growth in the first two years,
especially apparent in changing proportions.

Especially for New Parents You
are aware of cultural differences in sleeping
practices, which raises a very practical issue:
Should your newborn sleep in bed with you?
(see response, p. 138)

R E M

( rapid ey e m o vem ent) sl eep A
stage of sleep characterized by flickering
eyes behind closed lids, dreaming, and
rapid brain waves.
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Where Should Babies Sleep?

c o - sl eeping

A custom in which parents
and their children (usually infants) sleep
together in the same room.

b ed- sharing

When two or more people
sleep in the same bed.

Response for New Parents (from
p. 137): From the psychological and cultural
perspectives, babies can sleep anywhere
as long as the parents can hear them if they
cry. The main consideration is safety: Infants
should not sleep near comforters and pillows
or on a too-soft mattress, nor beside an adult
who is drunk or on drugs. Otherwise, families
should decide for themselves, remembering
that early learning tends to endure.

Traditionally, most middle-class North American infants slept in cribs in their own
rooms; it was feared that they would be traumatized if their parents had sex in the
same room. By contrast, most infants in Asia, Africa, and Latin America slept
near their parents, a practice called c o - sl eeping , and sometimes in their parents’
bed, called b ed- sharing . In those cultures, nighttime parent–child separation was
considered cruel.
Today, Asian and African mothers still worry more about separation, whereas
European and North American mothers worry more about privacy. A 19-nation
survey found that parents act on these fears: The extremes were 82 percent of
Vietnamese babies co-sleeping compared with 6 percent in New Zealand (Mindell
et al., 2010) (see Figure 5.2). Although in general co-sleeping is more common in
nations with high poverty rates, income is not the main determinant: In Japan—
one of the wealthiest nations in the world—families often sleep together.
Cohort is significant: In the United States, bed-sharing doubled from 1993 to
2010, from 6.5 percent to 13.5 percent (Colson et al., 2013). The infant’s feeding patterns also have an effect: Bed-sharing is more common in breast-feeding
mothers and in babies who wake often at night. A study in Sweden of preterm
infants (who need to be fed every two or three hours) found that most slept with
their mothers—especially if the mother had trouble getting back to sleep if she
got up to feed her infant (Blomqvist et al., 2017).
The argument for co-sleeping is that the parents can quickly respond to a hungry or frightened baby. Indeed, a popular book on infant care advocates “attachment parenting,” advising keeping the infant nearby day and night (Sears & Sears,
2001). Responsive attachment correlates with co-sleeping (Kim et al., 2017).
However, when co-sleeping results in bed-sharing, that doubles the risk of sudden infant death syndrome (SIDS), when a baby dies unexpectedly while asleep
(Vennemann et al., 2012). Some pediatricians therefore advise against co-sleeping,
although such advice may be ignored by tired mothers, especially those in cultures
where bed-sharing is the norm.
Consequently, many experts seek ways to safeguard the practice of bed-sharing
(Ball & Volpe, 2013). Their advice includes never sleeping beside a baby if the
parent has been drinking, and never using a soft comforter, pillow, or mattress
near a sleeping infant.
Australia
Canada
China
Hong Kong
Indonesia
Japan
Malaysia
New Zealand
Philippines
Thailand

FIGURE 5.2
A w ak e at N ig ht Why the disparity
between Asian and non-Asian rates of
co-sleeping? It may be that Western parents
use a variety of gadgets and objects—
monitors, night-lights, pacifiers, cuddle
cloths, sound machines—to accomplish
some of what Asian parents do by having
their infant next to them.
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Data from Mindell et al., 2010.
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Is She A w ak e? This 36-year-old mother in
Hong Kong put her 7-month-old baby on
her back, protecting her from SIDS as the
Chinese have done for centuries. However,
the soft pillow and comforter are hazards.
Will she carry the baby to a safe place
before she falls asleep?

Developmentalists remind parents that babies learn from experience. If they
become accustomed to bed-sharing, they may crawl into their parents’ bed long
past infancy. Parents might lose sleep for years because they wanted more sleep
when their babies were small. Sleeping alone may encourage independence—a
trait appreciated in some cultures, abhorred in others.

Brain Development
From two weeks after conception to two years after birth, the brain grows more
rapidly than any other organ, from about 25 percent of adult weight at birth to
75 percent at age 2 (see Figure 5.3). Prenatal and postnatal brain growth (measured by head circumference) affects later cognition (Gilles & Nelson, 2012).
If teething or a stuffed-up nose temporarily slows eating, body weight is affected
before brain weight, a phenomenon called head- sparing . That term expresses well
what nature does—protect the brain.
Many other terms in neuroscience are not as self-explanatory, but they are useful to understand the brain. Accordingly, they are explained in the following.

Exuberance and Pruning
At birth, the brain contains far more neurons than a person needs. Some neurons
disappear in programmed cell death, and a few new ones develop. By contrast, the
newborn’s brain has far fewer dendrites, axons, and synapses than the person will
eventually have, and much less myelin. Because of all that, the brain at birth is
only half as large as at age 1 (Gao et al., 2016).
To be specific, an estimated fivefold increase in dendrites in the cortex occurs
in the 24 months after birth, with about 100 trillion synapses present at age 2.
According to one expert, “40,000 new synapses are formed every second in the
infant’s brain” (Schore & McIntosh, 2011, p. 502).
Extensive postnatal brain growth is highly unusual for mammals. It occurs in humans because birth would be impossible if the fetal head were large enough to contain the brain networks humans need. (As it is, the head is by far the most difficult
part of the human birth process.) Because the human brain grows so much after
birth, humans must nurture and protect children for many years (Konner, 2010).

head- sparing

A biological mechanism
that protects the brain when malnutrition
disrupts body growth. The brain is the
last part of the body to be damaged by
malnutrition.

In Just the First Two Years . . .
Percent 100
of adult
size
75

50

25

0

Brain
weight

Weight

FIGURE 5.3
G ro w ing Up Two-year-olds are totally
dependent on adults, but they have already
reached half their adult height and threefourths of their adult brain size.
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INSIDE THE BRAIN

Neuroscience Vocabulary
To understand the impressive brain growth that occurs throughout childhood, it is helpful to know some basic terms of neurological development (see Visualizing Development, p. 143).
Communication within the central nervous system (CNS)—
the brain and spinal cord—begins with nerve cells, called
neu ro ns. At birth, the human brain has about 86 billion.
Within and between areas of the CNS, neurons are connected to other neurons by intricate networks of nerve fibers
called ax ons and dendrites. Each neuron has a single axon and
numerous dendrites, which spread out like the branches of a
tree. Most of the brain growth in infancy consists of increases
in dendrites.
The axon of one neuron meets the dendrites of other neurons at intersections called synapses , which are critical communication links within the brain. Brain development in infancy
is “characterized by overproduction of synapses followed by a
period of gradual pruning” (Bernier et al., 2016, p. 1159). Synapse formation and demise is remarkably plastic and is heavily
dependent on experience.
Neurons communicate by firing, or sending electrochemical
impulses through their axons to synapses to be picked up by the
dendrites of other neurons. The dendrites bring the message to
the cell bodies of their neurons, which, in turn, may fire, conveying messages via their axons to the dendrites of other neurons. Some firing is involuntary—such as the reflexes cited in
Chapter 4. Most infant brain development requires new connections between one neuron and another, as dendrites grow
(Gao et al., 2016).
Axons and dendrites do not touch at synapses. Instead,
the electrical impulses in axons typically cause the release of
neu ro transm itters, which stimulate other neurons. There are
more than 100 neurotransmitters, although the exact number is
not known.
Neurotransmitters carry information from the axon of the
sending neuron, across a pathway called the synaptic gap, to
the dendrites of the receiving neuron, a process speeded up by
m y elin , a coating on the outside of the axon. Myelin increases
over childhood—lack of it is one reason infants are slow to react
to something pleasurable or painful. [Developmental Link:
Myelination is discussed in Chapter 8.]
Some neurons are deep inside the brain in a region called
the hindbrain, which controls automatic responses such as
heartbeat, breathing, temperature, and arousal. Others are
in the midbrain, in areas that affect emotions and memory.
And in humans most neurons (about 70 percent) are in the
forebrain, especially the c o rtex , the brain’s six outer layers
(sometimes called the neocortex). Most thinking, feeling, and
sensing occur in the cortex (Johnson & de Haan, 2015; Kolb &
Whishaw, 2015).

The forebrain has two halves and four lobes, which are
general regions, each containing many parts. No important
human activity is exclusively left- or right-brain, or in one lobe
or another. Although each lobe and hemisphere has specialized functions, thousands of connections transmit information
among the parts, and much of the specialization is the result of
various constraints and experiences, not foreordained by genes
(Johnson & de Haan, 2015).
The back of the forebrain is the occipital lobe, where vision is
located; the sides of the brain are the temporal lobes, for hearing;
the top is the parietal lobe, which includes smell, touch, and
spatial understanding; and the front is the frontal lobe, which
enables people to plan, imagine, coordinate, decide, and create.
Humans have a much larger frontal cortex relative to body size
than any other animal.
The very front of the frontal lobe is called the pref ro ntal
cor tex . It is not, as once thought, “functionally silent during
most of infancy” (Grossmann, 2013, p. 303), although the prefrontal cortex is very immature at birth.
Pleasure and pain may arise from the l im b ic sy stem , a cluster of brain areas deep in the forebrain that is heavily involved in
emotions and motivation. Two crucial parts of the limbic system
are the amygdala and the hippocampus.
neu ro n One of billions of nerve cells in the central nervous
system, especially in the brain.

ax o n A fiber that extends from a neuron and transmits
electrochemical impulses from that neuron to the dendrites of
other neurons.

dendrite A fiber that extends from a neuron and receives
electrochemical impulses transmitted from other neurons via
their axons.

sy napse The intersection between the axon of one neuron and
the dendrites of other neurons.

neu ro transm itter A brain chemical that carries information
from the axon of a sending neuron to the dendrites of a receiving
neuron.

m y el in The coating on axons that speeds transmission of signals
from one neuron to another.

c o rtex

The outer layers of the brain in humans and other
mammals. Most thinking, feeling, and sensing involves the
cortex.

pref ro ntal c o rtex

The area of the cortex at the very front of
the brain that specializes in anticipation, planning, and impulse
control.

l im b ic sy stem

The parts of the brain that interact to produce
emotions, including the amygdala, the hypothalamus, and the
hippocampus. Many other parts of the brain also are involved
with emotions.
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Right hemisphere (cross section)

Front
of brain

Left
hemisphere

Right
hemisphere

Prefrontal cortex
(outer layers)
Performs brain’s
“executive functions”—
planning, selecting, and
coordinating thoughts

Cerebral cortex (outer layers)
Ultimate control and
information-processing center

Thalamus
Relays messages between
lower brain centers
and cerebral cortex
Hypothalamus
Controls maintenance
functions such as eating;
helps govern endocrine
system; linked to emotion
and rewards

Auditory cortex
(on temporal lobe)
Conscious processing
of sounds

Pituitary
Master endocrine gland
Visual cortex
(on occipital lobe)
Conscious processing
of sights

Amygdala
Neural centers
in the limbic
system linked
to emotion

Spinal cord
Pathway for neural fibers
traveling to and from brain;
controls simple reflexes

Hippocampus
A structure in
the limbic
system linked
to memory

Cerebral cortex

Corpus callosum
Axon fibers connecting
two cerebral hemispheres

Cerebellum
Coordinates voluntary
movement and balance
Limbic system

FIGURE 5.4
C o nnec tio ns A few of the hundreds of named parts of the brain are shown here. Although each area has particular functions, the entire
brain is interconnected. The processing of emotions, for example, occurs primarily in the limbic system, where many brain areas are involved,
including the amygdala, hippocampus, and hypothalamus.

The am y gdal a is a tiny structure, about the same shape and
size as an almond. It registers strong emotions, both positive and
negative, especially fear. The amygdala is present in infancy, but
growth depends partly on early experience. Increased amygdala
activity may cause terrifying nightmares or sudden terrors.
Another structure in the emotional network is the hippo cam pus , located next to the amygdala. A central processor of
memory, especially memory for locations, the hippocampus responds to the amygdala by summoning memory. Some places
feel comforting (perhaps a childhood room) and others evoke
fear (perhaps a doctor’s office), even when the experiences that
originated those emotions are long gone.
Sometimes considered part of the limbic system is the
hy po thal am u s, which responds to signals from the amygdala and
to memories from the hippocampus by producing hormones, especially c o rtiso l , a hormone that increases with stress (see Figure 5.4).
Another nearby brain structure, the pitu itary , responds to the hypothalamus by sending out hormones to various body parts.
Brain research is one area of extensive international collaboration. For example, a 5-billion-dollar, 12-year project in the United
States called BRAIN (Brain Research Through Advancing Innovative Neurotechnologies) began in 2014 and is developing new tools

(Huang & Luo, 2015). Given new methods and thousands of neuroscientists worldwide, the names and functions of various parts of
the brain may be described differently from one source to another.
Thus, the descriptions here are only a beginning. From a
developmental perspective, what is crucial to know is that all
human thoughts and actions originate in the complexity of the
brain, and that understanding the brain adds insight to our effort to understand how humans live their lives. Extensive neurological plasticity is evident as all these parts of the infant brain
adapt to experience (Gao et al., 2016).
am y g dal a A tiny brain structure that registers emotions,
particularly fear and anxiety.

hippo c am pu s A brain structure that is a central processor of
memory, especially memory for locations.

hy po thal am u s A brain area that responds to the amygdala and
the hippocampus to produce hormones that activate other parts
of the brain and body.

c o rtiso l The primary stress hormone; fluctuations in the body’s
cortisol level affect human emotions.

pitu itary

A gland in the brain that responds to a signal from the
hypothalamus by producing many hormones, including those that
regulate growth and that control other glands, among them the
adrenal and sex glands.
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transient ex u b eranc e The great but

Francois Paquet-Durand/Science Source

temporary increase in the number of
dendrites that develop in an infant’s brain
during the first two years of life.

C o nnec ting The color staining on this photo
makes it obvious that the two cell bodies
of neurons (stained chartreuse) grow axons
and dendrites to each other’s neurons. This
tangle is repeated thousands of times in
every human brain. Throughout life, those
fragile dendrites will grow or disappear as the
person continues thinking.

pru ning

When applied to brain development,
the process by which unused connections in
the brain atrophy and die.

Early dendrite growth is called transient ex u b eranc e: exuberant because it is so
rapid and transient because some of it is temporary. Thinking and learning require
connections among many parts of the brain, a more efficient process because
some potential connections are pruned (Gao et al., 2016). Just as a gardener might
prune a rose bush by cutting away some growth to enable more, or more beautiful,
roses to bloom, unused brain connections atrophy and die.
As one expert explains it, there is an “exuberant overproduction of cells and
connections followed by a several year long sculpting of pathways by massive elimination” (Insel, 2014, p. 1727). Notice the word “sculpting,” as if a gifted artist
created an intricate sculpture from raw marble or wood. Human infants are gifted
artists, developing their brains to adjust to whatever family, culture, or society they
are born into.
For example, to understand any sentence in this text, you need to know the
letters, the words, the surrounding text, the ideas they convey, and how they
relate to your other thoughts and experiences. Those connections are essential
for your comprehension, which differs from other people whose infant brains developed in homes unlike yours. Thus, your brain automatically interprets these
roman letters, and, for most of you, is befuddled when viewing Arabic, Cyrillic,
or Chinese.
Further evidence of the benefit of cell death comes from a sad symptom of fragile X syndrome (described in Chapter 3), “a persistent failure of normal synapse
pruning” (Irwin et al., 2002, p. 194). Without pru ning , the dendrites of children
with fragile X are too dense and long, making thinking difficult. Similar problems
occur for children with autism spectrum disorder: Their brains are unusually large
and full, making communication between neurons less efficient and some sounds
and sights overwhelming (Lewis et al., 2013).
Thus, pruning is essential. Normally, as brains mature, the process of
extending and eliminating dendrites is exquisitely attuned to experience, as the
appropriate links in the brain are established, protected, and strengthened (Gao
et al., 2016). As with the rose bush, pruning needs to be done carefully, allowing
further growth.

Necessary and Possible Experiences
A scientist named William Greenough identified two experience-related aspects
of brain development (Greenough et al., 1987). Adults who understand them avoid
the difference-equals-deficit error explained in Chapter 1, while still providing the
experiences every baby needs.
ex perienc e- ex pec tant Brain functions

●

that require certain basic common
experiences (which an infant can be
expected to have) in order to develop
normally.

ex perienc e- dependent Brain functions
that depend on particular, variable
experiences and therefore may or may not
develop in a particular infant.

●

E x perienc e- ex pec tant g ro w th. Certain functions require basic experiences in
order to develop, just as a tree requires water. Those experiences are part of almost every infant’s life, and thus, almost all human brains grow as their genes
direct. Brains expect such experiences; development suffers without them.
E x perienc e- dependent g ro w th. Human brains are quite plastic, as was also
explained in Chapter 1. Particular brain connections grow as specific experiences occur. These experiences are not essential: They happen in some families and cultures but not in others.

The basic, expected experiences must happen for normal brain maturation
to occur, and they almost always do. For example, in deserts and in the Arctic,
on isolated farms and in crowded cities, almost all babies have things to see,
objects to manipulate, and people to love them. Babies everywhere welcome
expected experiences: They look around, they grab for objects, they smile at
people. As a result, babies’ brains develop. Without such expected experiences,
their brains wither.
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VISUALIZING DEVELOPMENT

Nature, Nurture, and the Brain
The mechanics of neurological functioning are varied and
complex; neuroscientists hypothesize, experiment, and discover more each day. Brain development begins with genes
and other biological elements, but hundreds of epigenetic
factors affect brain development from the first to the final

minutes of life. Particularly important in human development are experiences: Plasticity means that dendrites form
or atrophy in response to nutrients and events. The effects
of early nurturing experiences are lifelong, as proven many
times in mice; research on humans suggests similar effects.

NATURE
Neuron A

Human brains are three times as large per
body weight and take years longer to mature
than the brains of any other mammal, but the
basics of brains are the same from mouse to
elephant. New dendrites form and unused
ones die—especially in infancy and adolescence. Brain plasticity is lifelong.

2. Electrical
encoding

3. Signal transmission:
Axon carries messages
to other neurons
Myelin covering
the axon speeds
transmission of
neural impulses

Neuron B
1. Stimulus reception:
Dendrites receive
messages from
other neurons

4. Signal
transmission
(chemical
neurotransmitter)

Synapse

Dendrite

Axon

Neuron B

Neuron A
Neurotransmitters
In the synapse—an intersection between
axon and dendrite—neurotransmitters carry
information from one neuron to another.

Stockbyte/Getty Images

NURTURE
In the developing brain, connections from axon to dendrite reflect how a baby is treated.
In studies of mice, scientists learned that when a mother mouse licks her newborn its
methylation of a gene (called Nr3c1) is reduced, allowing increased serotonin to be
released by the hypothalamus and reducing stress hormones. Baby mice who were
frequently licked and nuzzled by their mothers developed bigger and better brains!

Low Maternal Licking and
Grooming

High Maternal Licking and
Grooming

• High stress hormone levels
• High anxiety

• Low stress hormone levels
• Low anxiety
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In contrast, dependent experiences might happen;
because of them, one brain differs from another, even
though both brains are developing normally. Babies’
experiences vary, in the languages they hear, the faces
they see, the emotions their caregivers express, and, as
you just read, where they sleep. Depending on those
particulars, infant brains are structured and connected
one way or another; some dendrites grow and some neurons thrive while others die (Stiles & Jernigan, 2010).
Consequently, experience-expectant and experiencedependent events make all people both similar and
unique, because each of us undergoes particular events.
The distinction between essential and variable input
to the brain’s networks can be made for all creatures.
But some of the most persuasive research has been
done with birds. All male songbirds have a brain
region dedicated to listening and reproducing sounds
F ac e Lit Up, Brain T o o Thanks to scientists at the University of Washington,
(experience-expectant), but birds of the same species
this young boy enjoys the EEG of his brain activity. Such research has found that
produce slightly different songs depending on where
babies respond to language long before they speak. Experiences of all sorts
connect neurons and grow dendrites.
they live (experience-dependent) (Konner, 2010).
Birds inherit genes that produce the neurons they need, perhaps dedicated
to learning new songs (canaries) or to finding hidden seeds (chickadees). That
is experience-expectant: Songs and seeds are essential for those species. Then,
Especially for Parents of Grown
depending on their ecological niche, birds depend on specific experiences with
Children Suppose you realize that you
learning songs or finding seeds.
seldom talked to your children until they
Indeed, human babies learn language in much the same way as birds learn
talked to you and that you often put them in
songs
(Prather et al., 2017). Unless something is seriously wrong, adults talk to
cribs and playpens. Did you limit their brain
babies, whose brains expect language. But the particular language depends on the
growth and their sensory capacity? (see
response, p. 147)
specific culture.
Another human example comes from face recognition: All infants need to see
faces (experience-expectant), but which particular face differences they notice
depends on who they see (experience-dependent), as the following box explains.

Harming the Infant Body and Brain
Thus far, we have focused on the many harmless variations that families offer
babies; most infants develop well. Feeding and health care vary, but every family
tries to ensure that their children survive in good health and thrive within
their culture.
For brain development, it does not matter whether a person learns French or
Farsi, or expresses emotions dramatically or subtly (e.g., throwing themselves to
the floor or merely pursing their lips, a cultural difference). However, infant brains
do not grow normally if they lack basic, expected experiences.

Necessary Stimulation
Some adults imagine that babies need quiet, perhaps in a room painted one neutral
color. That is a mistake. Babies need stimulation—sights and sounds, emotional
expression, and social interaction that encourages movement (arm waving, then
crawling, grabbing, and walking). Severe lack of stimulation stunts the brain. As one
review explains, “enrichment and deprivation studies provide powerful evidence
of . . . widespread effects of experience on the complexity and function of the
developing system” of the brain (Stiles & Jernigan, 2010, p. 345).

Copyright © Worth Publishers. Distributed by Worth Publishers. strictly for use with its products. Not for redistribution

08_BER_05813_ch05_134_161.indd 144

26/09/17 4:12 PM

Body Changes

145

A VIEW FROM SCIENCE

Face Recognition

Dario

Bo ris

A nic e

At 9 months, infants in all three groups viewed pictures of
six unfamiliar monkeys. The infants who had heard names of
monkeys were better at distinguishing one new monkey from
another than were the infants who saw the same picture book
but did not hear each monkey’s name (Scott & Monesson,
2010).
Now consider the second study. Most people do not notice the individuality of newborns. However, 3-year-olds
with younger siblings were found to be much better at
recognizing differences in unfamiliar newborns than were
3-year-olds with no younger brothers or sisters (Cassia et
al., 2009). This finding shows, again, that experience matters, contributing to development of dendrites in the fusiform face area.
As with almost every infant development, experience combines with inborn instincts, evident not only in newborn humans but also in all primates. Researchers prevented macaque
monkeys from seeing faces (including those of other monkeys
and of humans) for the first three months of life. They found
that, even without experience, 3-month-old monkeys looked
more attentively at photos of faces than photos of other objects
(Simpson et al., 2017). Every face—of chimpanzees, otters, as
well as monkeys—was almost equally interesting.
By 6 months—when they had some experiences with other
macaques—they paid more attention to the faces of their own
species (Simpson et al., 2017). That is just what human babies
do: They look intently at every face-like image at first but zero in
on the faces that are most important to them.

Io na

F l o ra

Lo u is

From “Experience-dependent
neural specialization during infancy,”
by Lisa S. Scott & Alexandra
Monesson, Neuropsychologia,
48(6), p. 1858. doi: 10.1016/j.
neuropsychologia.2010.02.008.
Copyright 2010 by Elsevier,
permission conveyed through
Copyright Clearance Center.

Unless you have prosopagnosia (face blindness), the fusiform
face area of your brain is astonishingly adept. Newborns are
even quicker to recognize a face that they have seen just once
than are older children and adults (Zeifman, 2013). They have
no idea which faces are important, so they are primed to stare
intently at all of them—unlike adults, who know they can
glance at hundreds in a crowd without paying much attention,
unless they happen to recognize someone.
Because of experience-expectancies, every face is fascinating early in life: Babies stare at pictures of monkey faces and
photos of human ones, at drawings and toys with faces, as well
as at live faces. Soon, experience-dependent learning begins
(de Heering et al., 2010). By 3 months, babies smile readily at
familiar people, differentiate men and women, and distinguish
among faces from their own ethnic group (called the own-race
effect). The own-race effect results from limited multiethnic
experience. Indeed, children of one ethnicity, adopted and
raised exclusively among people of another ethnicity, recognize
differences among people of their adopted group more readily
than differences among people of their biological group.
The importance of experience is confirmed by two studies. In the first study, infants from 6 to 9 months of age were
repeatedly shown a book with pictures of six monkey faces,
each with a name written on the page. One-third of the infants’ parents read the names while showing the pictures;
another one-third said only “monkey” as they turned each
page; the final one-third simply turned the pages with no
labeling. (The six named monkeys are below.)

Io na Is N o t F l o ra If you heard that Dario was not Louis or Boris, would you stare at unfamiliar monkey faces more closely
in the future? For 6-month-olds, the answer is yes.

Proof came first from rodents! Some “deprived” rats (raised alone in small,
barren cages) were compared with “enriched” rats (raised in large cages with
toys and other rats). At autopsy, the brains of the enriched rats were larger, with
more dendrites (Diamond, 1988; Greenough & Volkmar, 1973). Subsequent
research with other mammals confirms that isolation and sensory deprivation
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stunt development. That is now sadly evident in longitudinal studies
of orphans from Romania, described in Chapter 7.

All images copyrighted Thomas B. Szalay

Stress and the Brain
Some infants experience the opposite problem, too much of the wrong
kind of stimulation. If the brain produces an overabundance of cortisol
(the stress hormone) early in life (as when an infant is frequently terrified), that derails the connections from parts of the brain, causing
atypical responses to stress lifelong. Years later, that child or adult may
be hypervigilant (always on the alert) or emotionally flat (never happy
or sad).
Note that these infants respond to emotions, even without physical
pain. Occasional pains or stresses—from routine inoculations, brief
hunger, an unwanted bath or diaper change—are part of normal infant
life. High intensity and frequency of pains or stresses are not normal,
and they can lead to a harmful flood of stress hormones (Propper &
Holochwost, 2013).
Understanding this distinction is crucial for caregivers. All babies
cry. Because the prefrontal cortex has not yet developed, infants cannot
decide to stop crying on command.
In this case, the stress hormones are in the adults, who might react
without thinking because of their stress. Some adults yell at their
babies (which may terrify the baby), or even worse, shake them. The
ruptured blood vessels and broken neural connections that result are
referred to as shak en b ab y sy ndro m e, an example of abusive head
H ands o n H ead These children in Romania, here older
trauma (Christian & Block, 2009). Death is the worst consequence of
than age 2, probably spent most of their infancy in their
shaken baby syndrome; lifelong intellectual impairment is the more
cribs, never with the varied stimulation that infant brains
likely one.
need. The sad results are evident—that boy is fingering
Not every infant who has neurological symptoms of head trauma is
his own face, because the feel of his own touch is most
likely one of the few sensations he knows. The girl sitting
the victim of abuse: Legal experts worry about false accusations (Byard,
up in the back is a teenager. This photo was taken in 1982;
2014). Nonetheless, infants are vulnerable, so the response to a screamRomania no longer destroys children so dramatically.
ing, frustrating baby should be to comfort or walk away, never to shake,
yell, or hit.
shak en b ab y sy ndro m e A lifeLest you cannot imagine the frustration that some parents feel when their baby
threatening injury that occurs when an
cries, consider what one mother in Sweden said about her colicky baby, now age 5
infant is forcefully shaken back and forth,
and much beloved.
a motion that ruptures blood vessels in
the brain and breaks neural connections.

There were moments when, both me and my husband . . . when she was apoplectic and howling so much that I almost got this thought, “now I’ll take a
pillow and put over her face just until she quietens down, until the screaming
stops.”
[quoted in Landgren et al., 2012, p. 55]

sel f - rig hting

The inborn drive to remedy
a developmental deficit; literally, to return
to sitting or standing upright after being
tipped over. People of all ages have selfrighting impulses, for emotional as well as
physical imbalance.

Developmental discoveries about early development have many implications.
First, since early growth is so rapid, well-baby checkups are needed often in order
to spot and treat any problems. Vision and hearing are springboards for growth, so
sensory impairments should be remedied.
Fortunately, one characteristic of infants is sel f - rig hting , an inborn drive to
compensate and overcome problems. Infants with few toys develop their brains
by using sticks, or empty boxes, or whatever is available. Malnourished newborns
have catch-up growth, so a 5-pound newborn who is now well-fed gains weight
faster than an 8-pound one. Plasticity is apparent from the beginning (Tomalski &
Johnson, 2010).
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WHAT HAVE YOU LEARNED?
1. What facts indicate that infants grow rapidly in the first year?
2 . Why are pediatricians not troubled when an infant is consistently small, say at the 20th
percentile in height and weight?
3 . How do sleep patterns change from birth to 18 months?
4 . What are the arguments for and against bed-sharing?
5 . How can pruning increase brain potential?

147

Response for Parents of Grown
Children (from p. 144): Probably not. Brain
development is programmed to occur for
all infants, requiring only the stimulation
that virtually all families provide—warmth,
reassuring touch, overheard conversation,
facial expressions, movement. Extras such
as baby talk, music, exercise, mobiles, and
massage may be beneficial but are not
essential.

6 . What is the difference between experience-expectant and experience-dependent
growth?
7.

What is the effect of stress or social deprivation on early development?

8 . What should caregivers remember about brain development when an infant cries?

Perceiving and Moving
Young human infants combine motor ineptness with sensory acuteness (Konner,
2010). What a contrast to kittens, for instance, who are born deaf, with eyes sealed
shut, and who can walk immediately. For humans, senses are crucial from birth
on; movement skills take months and years.
Thus, newborns listen and look from day 1, and then they gradually develop skill movements by practicing whatever they can do. The interaction
between the senses and movement is continuous in the early months, with
every sensation propelling the infant to attempt new motor skills. Here are
the specifics.

The Senses
All the senses function at birth. Newborns have open eyes, sensitive ears, and
responsive noses, tongues, and skin. Indeed, very young babies use all their senses
to attend to everything. For instance, in the first months of life, they smile at everyone and suck almost anything in their mouths.
Sensatio n occurs when a sensory system detects a stimulus,
as when the inner ear reverberates with sound, or the eye’s retina
and pupil intercept light. Thus, sensations begin when an outer
organ (eye, ear, nose, tongue, or skin) meets anything that can be
seen, heard, smelled, tasted, or touched.
Genetic selection over more than 100,000 years affects all the
senses. Humans cannot hear what mice hear, or see what bats see,
or smell what puppies smell; humans do not need those sensory
abilities. However, survival requires babies to respond to people,
and newborns innately do so with every sense they have (Konner,
2010; Zeifman, 2013).

sensatio n The response of a sensory

Hearing

F ro m So u nd to Lang u ag e Hearing occurs
in the temporal lobe, in both hemispheres,
the green and some of the red parts of the
brain. Language comprehension, however,
is mostly in the left hemisphere, here shown
in the brown region that responds to known
words, and Broca’s area, the red bulb that
produces speech. A person could hear but
not understand (a baby) or understand but
not speak (if Broca’s area is damaged).

The sense of hearing develops during the last trimester of pregnancy. At birth,
certain sounds trigger reflexes, even without conscious perception. Sudden noises
startle newborns, making them cry.
Familiar, rhythmic sounds such as a heartbeat are soothing: That is one reason kangaroo care reduces newborn stress, as the infant’s ear rests on the mother’s chest. [Developmental Link: Kangaroo care is explained in Chapter 4.]
Soon, infants turn their heads to see the source of a voice—an ability that

Zephyr/Science Source

organ (eyes, ears, skin, tongue, nose)
when it detects a stimulus.
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T H IN K C R IT IC A LLY : Which is most
important in the first year of life,
accurate hearing or seeing?

requires instant calculation of the difference between when the sound reaches
the left and right ears.
Newborn hearing is routinely checked at most hospitals in North America
and Europe, since early remediation benefits deaf infants. If they have cochlear
implants early in life, their ability to understand and produce language is not
delayed—unlike for those whose deafness is remedied after age 2 (Tobey
et al., 2013).

Seeing

b ino c u l ar visio n The ability to focus the

Blend Images - Mike Kemp/Brand X Pictures/Getty Images

two eyes in a coordinated manner in order
to see one image.

By contrast, vision is immature at birth. Although in mid-pregnancy the eyes open
and are sensitive to bright light (if the pregnant woman is sunbathing in a bikini, for
instance), the fetus has nothing much to see. Consequently, newborns are legally
blind; they focus only on things between 4 and 30 inches (10 and 75 centimeters)
away (Bornstein et al., 2005).
Almost immediately, experience combines with maturation of the visual
cortex to improve the ability to see shapes and notice details. Movement captures attention, as does contrast. For example, by 6 weeks when babies can
see a person, they focus on the eyes—those colorful dots in a plain surface.
Vision improves so rapidly that researchers are hard-pressed to describe
the day-by-day improvements (Dobson et al., 2009). By 2 months, infants not
only stare at faces but also, with perception and cognition, smile. (Smiling
can occur earlier but not because of perception.) In many ways, the vision
of the new infant is attracted to the eyes of other people, and by age 1 infants interpret emotions, follow gaze, and use their own eyes to communicate
(Grossmann, 2017).
Because b ino c u l ar visio n (coordinating both eyes to see one image) is impossible in the womb (nothing is far enough away), many newborns seem to
use their two eyes independently, momentarily appearing wall-eyed or crosseyed. Typically, experience leads to rapid focus and binocular vision. Usually
between 2 and 4 months, both eyes can focus on a single thing (Wang &
Candy, 2010). Early screening for visual ability is as important as screening
for hearing, because good vision is crucial for learning (Brémond-Gignac et
al., 2011).
Binocular vision allows depth perception, which has been demonstrated in
3-month-olds, although it was once thought to develop much later. Toddlers who
are experienced crawlers and walkers are very adept at deciding whether a given
path is safe to cross upright or is best traversed sitting or crawling. This illustrates early coordination of the senses and motor skills (Kretch & Adolph, 2013).
(This does not mean that toddlers can be trusted not to fall off tables or out of
windows.)

Tasting and Smelling
ho ’ s T his? Newborns don’t know much,
but they look intensely at faces. Repeated
sensations become perceptions, so in about
six weeks this baby will smile at Dad, Mom,
a stranger, the dog, and every other face.
If this father in Utah responds like typical
fathers everywhere, by 6 months cognition
will be apparent: The baby will chortle with
joy at seeing him but become wary of unfamiliar faces.
W

As with vision and hearing, smell and taste rapidly adapt to the social context.
Babies appreciate what their mothers eat, prenatally through amniotic fluid,
then through breast milk, and finally through smells and spoonfuls of the family
dinner.
The foods of a particular culture may aid survival because some natural
substances are medicinal. For example, bitter foods provide some defense
against malaria; hot spices help preserve food and thus work against food
poisoning (Krebs, 2009). Thus, a taste for the family cuisine may save young
lives.
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Perceiving and Moving

Learning A b o u t a Lim e As with every
other normal infant, Jacqueline’s curiosity
leads to taste and then to a slow reaction,
from puzzlement to tongue-out disgust. Jacqueline’s responses demonstrate that the
sense of taste is acute in infancy and that
quick brain perceptions are still to come.

Families pass on cultural taste preferences despite immigration or changing historical circumstances. Thus, a feeding pattern that was protective may no longer
be so. Indeed, when starvation was a threat, humans developed a taste for high-fat
foods; now their descendants enjoy French fries, whipped cream, and bacon, jeopardizing their health.
Adaptation also occurs for the sense of smell. When breast-feeding mothers
used a chamomile balm to ease cracked nipples during the first days of their babies’ lives, those babies preferred that smell almost two years later, compared with
babies whose mothers used an odorless ointment (Delaunay-El Allam et al., 2010).
As babies learn to recognize each person’s scent, they prefer to sleep next to
their caregivers, and they nuzzle into their caregivers’ chests—especially when the
adults are shirtless. One way to help infants who are frightened of the bath (some
love bathing, some hate it) is for the parent to join the baby in the tub. The smells
of the adult’s body mixed with the smell of soap, and the pleasant touch, sight, and
voice of the caregiver make the entire experience comforting.

The sense of touch is acute in infants. Wrapping, rubbing, massaging, and cradling are each soothing to many new babies. Even when their eyes are closed,
some infants stop crying and visibly relax when held securely by their caregivers. The newborn’s ability to be comforted by touch is tested in the Brazelton
NBAS, described in Chapter 4. In the first year of life, infants’ heart rates slow
and they relax when stroked gently and rhythmically on the arm (Fairhurst et
al., 2014).
Pain and temperature are not among the traditional five senses, but they are
often connected to touch. Some babies cry when being changed, distressed at the
sudden coldness on their skin. Some touches are unpleasant—a poke, pinch, or
pat—although this varies from one baby to another.
Scientists are not certain about infant pain (Fitzgerald, 2015). Some experiences that are painful to adults (circumcision, the setting of a broken bone) are
much less so to newborns, although that does not mean that newborns never feel
pain (Reavey et al., 2014). For many newborn medical procedures, from a pinprick to minor surgery, a taste of sugar right before the event is an anesthetic.
Doctors hesitate to use drugs, because that may slow down breathing.
Babies born very early experience many medical procedures that would be
painful for adults. The more procedures they undergo, the more impaired their
development at age 1, but that outcome could be related to the reasons for those
procedures rather than the pain of them (Valeri et al., 2015).

BSIP/Universal Images Group/Getty Images

Touch and Pain

T he F irst Bl o o d T est This baby will cry, but
most experts believe the heel prick shown
here is well worth it. The drops of blood will
reveal the presence of any of several genetic
diseases, including sickle-cell disease, cystic
fibrosis, and phenylketonuria. Early diagnosis
allows early treatment, and the cries subside
quickly with a drop of sugar water or a suck
of breast milk.
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Many hospital NICUs have adopted practices that make the first days of life
better for babies, including allowing parents to touch their fragile infants, reducing
or eliminating bright lights and noisy monitors, reducing pain and distress through
careful swaddling, positioning, and so on. The result is improved social and cognitive development later on (Montirosso et al., 2017).
Physiological measures, including hormones, heartbeat, and rapid brain waves,
are studied to assess infant pain, but the conclusions are mixed. Infant brains are
immature: They have some similar responses to pain and some dissimilar ones
when compared to adults (Moultrie et al., 2016).

C R ITI C A LLY : What political

controversy makes objective research
on newborn pain difficult?

Motor Skills
The most dramatic m o to r sk il l (any movement ability) is independent walking,
which explains why I worried when my 14-month-old daughter had not yet taken
a step (as described in the introduction to this chapter). All the basic motor skills,
from the newborn’s head-lifting to the toddler’s stair-climbing, develop in infancy.
Motor skills begin with reflexes, explained in Chapter 4. Reflexes become skills
if they are practiced and encouraged. As you saw in the chapter’s beginning, Mrs.
Todd set the foundation for my fourth child’s walking when Sarah was only a few
months old. Similarly, some very young babies can swim—if adults build on the
swimming reflex by floating with them in calm, warm water.

m o to r sk il l The learned abilities to move
some part of the body, in actions ranging
from a large leap to a flicker of the eyelid.
(The word motor here refers to movement
of muscles.)

Gross Motor Skills
Deliberate actions that coordinate many parts of the body, producing large movements, are called g ro ss m o to r sk il l s. These skills emerge directly from reflexes
and proceed in a cephalocaudal (head-down) and proximodistal (center-out) direction. Infants first control their heads, lifting them up to look around. Then
they control their upper bodies, their arms, and finally their legs and feet. (See At
About This Time, which shows age norms for gross motor skills.)

g ro ss m o to r sk il l s Physical abilities
involving large body movements, such
as walking and jumping. (The word gross
here means “big.”)

Observation Quiz Which of these skills
has the greatest variation in age of acquisition?
Why? (see answer, p. 152)

AT ABOUT THIS TIME

onebluelight/E+/Getty Images

Age Norms (in Months) for Gross Motor Skills

A dvanc ing and A dvanc ed At 8 months,
she is already an adept crawler, alternating
hands and knees, intent on progress. She
will probably be walking before a year.

When 50% of All Babies
Master the Skill

When 90% of All Babies
Master the Skill

Sit unsupported

6

7.5

Stands holding on

7.4

9.4

Crawls (creeps)

8

10

Stands not holding

10.8

13.4

Walking well

12.0

14.4

Walk backward

15

17

Run

18

20

Jump up

26

29

Note: As the text explains, age norms are affected by culture and cohort. The first five norms are based on babies
from five continents [Brazil, Ghana, Norway, United States, Oman, and India] (World Health Organization, 2006). The
next three are from a U.S.-only source [Coovadia & Wittenberg, 2004; based on Denver II (Frankenburg et al., 1992)].
Mastering skills a few weeks earlier or later does not indicate health or intelligence. Being very late, however, is a
cause for concern.
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Sitting requires muscles to steady the torso, no simple feat. By 3 months, most
babies can sit propped up in a lap. By 6 months, they can usually sit unsupported,
but “novice sitting and standing infants lose balance just from turning their heads
or lifting their arms” (Adolph & Franchak, 2017). Babies never propped up (as in
some institutions for orphaned children) sit much later, as do babies who cannot
use vision to adjust their balance.
Crawling is another example of the head-down and center-out direction of skill
mastery. As they gain muscle strength, infants wiggle, attempting to move forward
by pushing their arms, shoulders, and upper bodies against whatever surface they
are lying on. Motivation is crucial: Babies want to move forward to explore objects
just out of reach.
Usually by 5 months, infants add their legs to this effort, inching forward (or
backward) on their bellies. Exactly when this occurs depends partly on how much
“tummy time” the infant has had to develop the muscles, and that, of course, is
affected by the caregiver’s culture (Zachry & Kitzmann, 2011).
Between 8 and 10 months after birth, most infants can lift their midsections
and move forward—or sometimes backward first. Some babies never crawl, but
they all find some way to move before they can walk (inching, bear-walking, scooting, creeping, or crawling). As soon as they are able, babies walk (falling frequently
but getting up undaunted and trying again), since walking is quicker than crawling, and has another advantage—free hands (Adolph et al., 2012). That illustrates
the drive that underlies every motor skill: Babies are powerfully motivated to do
whatever they can as soon as they can.
Beyond motivation, the dynamic-systems perspective highlights the interaction
of strength, maturation, and practice. We illustrate these three with walking.
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A b o u t to F al l This girl in Brazil is new
to walking and needs her whole body to
balance. Fortunately, falls are common but
harmless in infancy, because bodies are
padded, bones are flexible, and the floor is
nearby. In late adulthood, falls can be fatal.

1. Muscle strength. Newborns with skinny legs and 3-month-olds buoyed by
water make stepping movements, but 6-month-olds on dry land do not; their
legs are too chubby for their underdeveloped muscles. As they gain strength,
they stand and then walk—easier for thin babies than heavy ones (Slining
et al., 2010).
2. Brain maturation. The first leg movements—kicking (alternating legs at birth
and then both legs together or one leg repeatedly at about 3 months)—occur
without much thought. As the brain matures, deliberate and coordinated leg
action becomes possible.
3. Practice. Unbalanced, wide-legged, short strides become a steady, smooth gait.
Once toddlers are able to walk by themselves, they practice obsessively, barefoot or not, at home or in stores, on sidewalks or streets, on lawns or in mud. This
depends a great deal on caregivers providing the opportunity—holding them to
walk—in the bath, after diapering, around the house, on the sidewalk. Indeed,
“practice, not merely maturation, underlies improvements. . . . In 1 hour of free
play, the average toddler takes about 2400 steps, travels the length of about 8 U.S.
football fields, and falls 17 times” (Adolph & Franchak, 2017).

Fine Motor Skills
Small body movements are called f ine m o to r sk il l s. The most valued fine motor
skills are finger movements, enabling humans to write, draw, type, tie, and so on.
Movements of the tongue, jaw, lips, and toes are fine movements, too.
Regarding hand skills, newborns have a strong reflexive grasp but lack control.
During their first two months, babies excitedly stare and wave their arms at objects dangling within reach. By 3 months, they can usually touch such objects,
but because of limited eye–hand coordination, they cannot yet grab and hold on
unless an object is placed in their hands.

f ine m o to r sk il l s Physical abilities
involving small body movements,
especially of the hands and fingers, such
as drawing and picking up a coin. (The
word fine here means “small.”)

Video: Fine Motor Skills in Infancy
and Toddlerhood shows the sequence
in which babies and toddlers acquire fine
motor skills.
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AT ABOUT THIS TIME

Vava Vladimir Jovanovic/Shutterstock

Age Norms (in Months) for Fine Motor Skills

Su c c ess At 6 months, this baby is finally
able to grab her toes. From a developmental
perspective, this achievement is as significant as walking, as it requires coordination
of feet and fingers. Note her expression of
determination and concentration.

Answer to Observation Quiz (from
p. 150): Jumping up, with a three-month age
range for acquisition. The reason is that the
older an infant is, the more impact both nature
and nurture have.

When 50% of All Babies
Master the Skill

When 90% of All Babies
Master the Skill

Grasps rattle when placed in hand

3

4

Reaches to hold an object

4.5

6

Thumb and finger grasp

8

10

Stacks two blocks

15

21

Imitates vertical line (drawing)

30

39

Data from World Health Organization, 2006.

By 4 months, infants sometimes grab, but their timing is off: They close their
hands too early or too late. Finally, by 6 months, with a concentrated, deliberate
stare, most babies can reach, grab, and grasp almost any object that is the right
size. Some can even transfer an object from one hand to the other.
Toward the end of the first year and throughout the second, finger skills improve as babies master the pincer movement (using thumb and forefinger to pick
up tiny objects) and self-feeding (first with hands, then fingers, then utensils)
(Ho, 2010). (See At About This Time.)
As with gross motor skills, fine motor skills are shaped by practice, which is
relentless from the third month of prenatal development throughout childhood.
Practice is especially obvious in the first year, when “infants flap their arms, rotate
their hands, and wiggle their fingers, and exhibit bouts of rhythmical waving, rubbing, and banging while holding objects” (Adolph & Franchak, 2017).
As with every motor skill, progress depends not only on maturation and practice but also on culture and opportunity. For example, when given “sticky mittens”
(with Velcro) that allow grabbing, infants master hand skills sooner than usual.
Their perception advances as well (Libertus & Needham, 2010; Soska et al., 2010).
More generally, all senses and motor skills expand the baby’s cognitive awareness,
with practice advancing both skill and cognition (Leonard & Hill, 2014).

Cultural Variations
The importance of context is illustrated by follow-up studies on the “sticky mittens” experiments. Some researchers have given 2-month-olds practice in reaching for toys without sticky mittens. The infants advanced as much as those with
special mittens (Williams et al., 2015). It seems that practice of every motor skill
advances development, not only of the skill but overall (Leonard & Hill, 2014).
When U.S. infants are grouped by ethnicity, generally African American babies
are ahead of Hispanic American babies when it comes to walking. In turn, Hispanic American babies are ahead of those of European descent. Internationally,
the earliest walkers are in sub-Saharan Africa, where many well-nourished and
healthy babies walk at 10 months.
As found in detailed studies in Senegal and Kenya, babies in many African
communities are massaged and stretched from birth onward and are encouraged
to walk as soon as possible (Super et al., 2011). They do so long before a year
after birth (Adolph & Franchak, 2017). The latest walkers may be in rural China
(15 months), where infants are bundled up against the cold (Adolph & Robinson,
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2013). The other reason some cultures discourage walking is that some places are
rife with danger (poisonous snakes, open fires), so toddlers are safer if they cannot
wander. By contrast, some cultures encourage running over long distances: Their
children can run marathons (Adolph & Franchak, 2017).
Remember that difference is not deficit. However, slow development relative to
local norms may indicate a problem that needs attention; lags are much easier to
remedy during infancy than later on.
Also remember the dynamic systems of senses and motor skills: If one sense
or motor skill is impaired, other parts are affected as well. This is true throughout
childhood: Fine motor skills are aided by the ability to sit; language development
depends on hearing; reading depends on vision—so careful monitoring of basic
sensory and motor skills in infancy is part of good infant care.

WHAT HAVE YOU LEARNED?
1. What particular sounds and patterns do infants pay attention to?
2 . How does an infant’s vision change over the first year?
3 . Why is hearing more acute than vision in the early weeks?
4 . Why do some babies prefer certain tastes and smells that others dislike?
5 . What is known and unknown about infant pain?
6 . What is universal and what is cultural in the development of gross motor skills?
7.

What is the relationship between motor skills and the senses?

8 . Why do caregivers vary in which motor skills they encourage?

Public health measures have dramatically reduced infant death. In 1950, worldwide,
one infant in six died before age 1; in 2015, the rate was about 1 in 28. Income is
significant; the rate is 1 in 200 in the most developed nations, 1 in 6 in the poorest
ones (United Nations, 2015). Progress is most dramatic in large developing nations
(China and India). All told, about 2 million people are alive today who would have
died if they had been born 70 years ago. As you can see from Figure 5.5 on the
following page, improvement is evident everywhere. Infant mortality has been
reduced by 900 percent in Poland, Japan, Chile, China, and Finland.

Better Days Ahead
Most child deaths occur in the first month. In the twenty-first century in developed nations, 99.9 percent of 1-month-olds live to adulthood. Public health measures (clean water, nourishing food, immunization) deserve most of the credit.
Both survival and life itself are better for children, because parents have fewer
births and thus attend more to each one. Maternal education is pivotal. Especially
in low-income nations, educated women have far fewer, but much healthier, children than women who never went to school (de la Croix, 2013).

Considering Culture
Many cultural variations are simply alternative ways to raise a healthy child—a difference, not a deficit. Sometimes, however, one mode of infant care is much better

Louise Gubb/Corbis via Getty Images
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W el l P ro tec ted Disease and early death
are common in Ethiopia, where this photo
was taken, but neither is likely for 2-yearold Salem. He is protected not only by the
nutrition and antibodies in his mother’s milk
but also by the large blue net that surrounds
them. Treated bed nets, like this one provided by the Carter Center and the Ethiopian
Health Ministry, are often large enough
for families to eat, read, as well as sleep in
together, without fear of malaria-infected
mosquitoes.
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(a) Infant Deaths per 1,000 Births
Deaths

(b) Infant Mortality Rates: 1970 and 2015
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Data from United Nations, Department of Economic and Social Affairs,
Population Division, 2015.

Data from World Bank, 2016.

FIGURE 5.5
M o re Bab ies A re Su rviving Improvements in public health—better nutrition, cleaner water, more widespread immunization—over the
past three decades have meant millions of survivors.

healthy infant, usually between 2 and 6
months old, suddenly stops breathing and
dies unexpectedly while asleep.

P u b l ic Servic e V ic to ry Sometimes data
and discoveries produce widespread improvements—as in the thousands of lives
saved by the “Back to Sleep” mantra. The
private grief of mystified parents in Australia is separated by merely 30 years from
this subway poster viewed by hundreds of
thousands of commuters. Despite many
developmental problems—some described
in this chapter—the average human life is
longer and healthier than it was a few decades ago.

than another. To identify them, international comparisons become useful. Consider the dramatic worldwide reduction in su dden inf ant death sy ndro m e ( SIDS) .
Every year until the mid-1990s, tens of thousands of infants died of SIDS,
called crib death in North America and cot death in England. Tiny infants smiled
at their caregivers, waved their arms at rattles that their small fingers could not yet
grasp, went to sleep, and never woke up. Scientists tested hypotheses (the cat? the
quilt? natural honey? homicide? spoiled milk?) to no avail. Grief-ridden parents
were sometimes falsely arrested. Sudden infant death was a mystery. Finally, one
major risk factor—sleeping on the stomach—was discovered, thanks to the work
of one scientist, described in A Case to Study on the following page.
Copyright 2016. Reprinted and/or reproduced with permission from the New York City Department
of Health

su dden inf ant death sy ndro m e
( SIDS) A situation in which a seemingly
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A CASE TO STUDY

Scientist at Work
published report (Beal, 1988) caught the attention of doctors
Susan Beal, a 35-year-old scientist with five young children, began
in the Netherlands, where pediatricians had told parents to put
to study SIDS deaths in South Australia. She responded to phone
their babies to sleep on their stomachs. Two Dutch scientists
calls, often at 5 or 6 a.m., reporting that another baby had died. Her
(Engelberts & de Jonge, 1990) recommended back-sleeping;
husband supported her work, often becoming the sole child-care
thousands of parents took heed. SIDS was reduced in the Nethprovider when she needed to leave home at a moment’s notice.
erlands by 40 percent in one year—a stunning replication.
Sometimes Beal was the first professional to arrive, before the
In the United States, Benjamin Spock’s Baby and Child Care,
police or the coroner. Initially, she was reluctant to question the
first published in 1946, sold more copies than any book other than
grieving parents. But soon she learned that parents were gratethe Bible. He advised stomach-sleeping,
ful to talk, in part because they tended to
and millions of parents followed that advice.
blame themselves and needed to express
In 1984, SIDS killed 5,245 babies in the
that emotion to someone who was not
United States.
likely to accuse them. Beal reassured them
Interview with Susan Beal
But Beal’s 1988 article and the Netherthat scientists shared their bewilderment.
http://www.youtube.com/
lands’
1990 data caught on in the United
(Visit the link to watch a short interview
watch?v=ZIPt5q2QJ91
States. By 1994, a “Back to Sleep” campaign
with Susan Beal.)
Beal was as much a scientist as a sympathetic listener, so
cut the SIDS rate dramatically (Kinney & Thach, 2009; Mitchell,
2009). By 1996, the U.S. SIDS rate was one-half what it had been.
she took detailed, careful notes on dozens of circumstances at
In 2015, the U.S. Centers for Disease Control and Prevention
each of more than 500 deaths. She found that some things did
reported just 1,600 SIDS deaths, even though the population
not matter (such as birth order), and some increased the risk
of infants has increased over the past decades (see Figure 5.6).
(maternal smoking and lambskin blankets).
Consequently, in the United States alone, about 100,000 people
A breakthrough came when Beal noticed an ethnic variation:
are alive who would be dead if they had been born before 1990.
There were far more SIDS victims of European descent than
Stomach-sleeping is a proven, replicated risk, but it is not
of Chinese descent, which was surprising given the proportions
the only one. Other risks include low birthweight, winter, being
of European and Chinese babies in that part of Australia. Gemale, exposure to cigarettes, soft blankets or pillows, bed-sharing,
netic? Most experts thought so. But Beal’s notes revealed that
and physical abnormalities (in the brain stem, heart, mitochonalmost all SIDS babies died while sleeping on their stomachs,
dria, microbiome) (Neary & Breckenridge, 2013; Ostfeld et al.,
contrary to the Chinese custom of placing infants on their
2010). Most SIDS victims experience several risks, a cascade of
backs to sleep. She developed a new hypothesis: Sleeping pobiological and social circumstances.
sition mattered.
That does not surprise Susan Beal. She sifted through all the
To test her hypothesis, Beal convinced a large group of
evidence and found the main risk—stomach-sleeping—but she
non-Chinese parents to put their newborns to sleep on their
continues to study other factors. She praises the courage of the
backs. Almost none of them died suddenly.
hundreds of parents who talked with her just hours after their
After several years of gathering data, she drew a surprisbaby died. The entire world praises her.
ing conclusion: Back-sleeping protected against SIDS. Her
SIDS Deaths per 100,000 Live Births—United States
160
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FIGURE 5.6
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A l ive T o day As more parents
learn that a baby should be on his
or her “back to sleep,” the SIDS
rate continues to decrease. Other
factors are also responsible for the
decline—fewer parents smoke cigarettes in the baby’s room.
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Year
Data from Xu et al., December 2016; Murphy et al., December 2015; Hoyert & Xu, 2012; Murphy et al., 2012;
Kochanek et al., 2011; Miniño et al., 2007; Hoyert et al., 2005; Mathews et al., 2003; Gardner & Hudson, 1996;
Macdorman & Rosenberg, 1993; Monthly Vital Statistics Report, 1980.
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Immunization
Diseases that could be deadly (including measles, chicken pox, polio, mumps,
rotavirus, and whooping cough) are now rare because of im m u niz atio n, which
primes the body’s immune system to resist a particular disease. Immunization
(often via vaccination) is said to have had “a greater impact on human mortality
reduction and population growth than any other public health intervention besides
clean water” (Baker, 2000, p. 199).
In the first half of the twentieth century, almost every child had at least one of
these diseases. Usually they recovered, and then they were immune. Indeed, some
parents took their toddlers to play with a child who had an active case of chicken
pox, for instance, hoping their child would catch the disease and then become
immune. This protected that child later in life.

im m u niz atio n A process that stimulates
the body’s immune system by causing
production of antibodies to defend
against attack by a particular contagious
disease. Creation of antibodies may be
accomplished either naturally (by having
the disease), by injection, by drops that
are swallowed, or by a nasal spray.

Success and Survival
Beginning with smallpox in the nineteenth century, doctors discovered that giving
a small dose of a virus to healthy people stimulates antibodies and provides protection. Stunning successes in immunization include the following:
●

●

Scott Eels/Redux

●

T ru e Dedic atio n This young Buddhist monk
lives in a remote region of Nepal, where until
recently measles was a common, fatal disease. Fortunately, a UNICEF porter carried the
vaccine over mountain trails for two days so
that this boy—and his whole community—
could be immunized.

Smallpox, the most lethal disease for children in the past, was eradicated
worldwide as of 1980. Vaccination against smallpox is no longer needed.
Polio, a crippling and sometimes fatal disease, has been virtually eliminated in
the Americas. Only 784 cases were reported anywhere in the world in 2003.
However, false rumors halted immunization in northern Nigeria. Polio reappeared, sickening 1,948 people in 2005, almost all of them in West Africa.
Public health workers and community leaders rallied and Nigeria’s polio rate
fell again, to six cases in 2014. However, poverty and wars in South Asia
prevented immunization there: Worldwide, 359 cases were reported in 2014,
almost all in Pakistan and Afghanistan (Hagan et al., 2015) (see Figure 5.7).
Measles (rubeola, not rubella) is disappearing, thanks to a vaccine developed
in 1963. Prior to that time, 3 to 4 million cases occurred each year in the
United States alone (Centers for Disease Control and Prevention, May 15,
2015). In 2012 in the United States, only 55 people had measles, although
globally about 20 million measles cases occurred that year. If a traveler brings
measles back to the United States, unimmunized children and adults may
catch the disease. That happened in 2014, when 667 people in the United
States had measles—the highest rate since 1994 (MMWR, January 8, 2016).

Immunization protects not only from temporary sickness but also from complications, including deafness, blindness, sterility, and meningitis. Sometimes such
damage from illness is not apparent until decades later. Having mumps in childhood, for instance, can cause sterility and doubles the risk of schizophrenia in
adulthood (Dalman et al., 2008).
Immunization also protects those who cannot be safely vaccinated, such as
infants under 3 months and people with impaired immune systems (HIV-positive,
aged, or undergoing chemotherapy). Fortunately, each vaccinated child stops
transmission of the disease, a phenomenon called herd immunity. Usually, if
90 percent of the people in a community (a herd) are immunized, no one dies of
that disease.
Everywhere, some children are not vaccinated for valid medical reasons, but in
20 of the U.S. states, parents may refuse vaccination for their children because of
“personal belief” (Blad, 2014). One such state is Colorado, where only 81 percent of
1- to 3-year-olds were fully immunized in 2013, a rate far below herd immunity. This
horrifies public health workers, who know that the risks of the diseases—especially
to babies—are far greater than the risks from immunization.
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(a) Cases of Polio Worldwide, 1985–2015

(b) Cases of Polio Worldwide, 1999–2015
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FIGURE 5.7
N o t Y et Z ero Many public health advocates hope polio will be the next infectious disease to be eliminated worldwide, as is the case in
almost all of North America. The number of cases has fallen dramatically worldwide (a). However, there was a discouraging increase in
polio rates from 2004 to 2009 (b).

Children may react to immunization by being irritable or even feverish for a
day, to the distress of their parents. However, parents do not notice if their child
does not get polio, measles, or so on. Before the varicella (chicken pox) vaccine,
more than 100 people in the United States died each year from that disease, and 1
million were itchy and feverish for a week. Now, far fewer people get chicken pox,
and almost no one dies of it.
Many parents are concerned about the potential side effects of vaccines, in
part because the rare event of one person sickened by vaccination is broadcast
widely. Psychologists find that a common source of irrational thinking is overestimating the frequency of a memorable case (Ariely, 2010). As a result, the rate
of missed vaccinations in the United States has been rising over the past decade,
and epidemics of childhood diseases, such as one that occurred at Disneyland in
Anaheim, California, in 2014, are feared.
An example of the benefits of immunization comes from Connecticut. In 2012,
flu vaccination was required for all 6- to 59-month-olds in licensed day-care centers. Most children were not in centers, but many home-care parents became aware
of the law and immunized their children. That winter, far fewer Connecticut children were hospitalized for flu, although rates rose everywhere else. Meanwhile,
Colorado had the highest rate of flu hospitalizations (MMWR, March 7, 2014).

Especially for Nurses and
Pediatricians A mother refuses to have
her baby immunized because she wants
to prevent side effects. She wants your
signature for a religious exemption. In some
jurisdictions, that allows the mother to
refuse vaccination. What should you do?
(see response, p. 159)

Nutrition
As already explained, infant mortality worldwide has plummeted in recent years
for several reasons: fewer sudden infant deaths, advances in prenatal and newborn
care, and, as you just read, immunization. One other measure is making a huge
difference: better nutrition.

Breast Is Best
Ideally, nutrition starts with colostrum, a thick, high-calorie fluid secreted by the
mother’s breasts at birth. This benefit is not understood in some cultures, where
the mother is not allowed to breast-feed until her milk “comes in” two or three
days after birth. (Sometimes other women nurse the newborn; sometimes herbal

Video: Nutritional Needs of Infants
and Children: Breast-Feeding
Promotion shows UNICEF’s efforts to
educate women on the benefits of breastfeeding.
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Sam e Situ atio n, F ar A part:
Breast- F eeding Breast-feeding
is universal. None of us would
exist if our fore mothers had
not successfully breast-fed their
babies for millennia. Currently,
breast-feeding is practiced worldwide, but it is no longer the only
way to feed infants, and each culture has particular practices.

tea is given.) Worldwide research confirmed that colostrum saves infant lives, especially if the infant is preterm (Moles et al., 2015; Andreas et al., 2015).
Compared with formula using cow’s milk, human milk is sterile, more digestible, and rich in nutrients (Wambach & Riordan, 2014).
Allergies and asthma are less common in children who
TABLE 5.1
were breast-fed, and in adulthood, their obesity, diabetes, and heart disease rates are lower.
The Benefits of Breast-Feeding
The composition of breast milk adjusts to the age of
the baby, with milk for premature babies distinct from
For the Mother
For the Baby
that for older infants. Quantity increases to meet the deBalance of nutrition (fat, protein, etc.) Easier bonding with baby
adjusts to age of baby
mand: Twins and even triplets can be exclusively breastReduced risk of breast cancer and
osteoporosis
Breast milk has more microbiome
fed for months.
micronutrients
Natural contraception (with
Formula is preferable only in unusual cases, such as
Less infant illness, including allergies, exclusive breast-feeding, for
when the mother uses toxic drugs or is HIV-positive.
several months)
ear infections, stomach upsets
Even with HIV, however, breast milk without supplePleasure of breast stimulation
Less childhood asthma
mentation may be advised by the World Health OrganiSatisfaction of meeting infant’s
Better childhood vision
zation. In some nations, the infants’ risk of catching HIV
Less adult illness, including diabetes, basic need
from their mothers is lower than the risk of dying from
No formula to prepare; no
cancer, heart disease
infections, diarrhea, or malnutrition as a result of bottlesterilization
Protection against many childhood
feeding (A. Williams et al., 2016).
Easier travel with the baby
diseases, since breast milk contains
Doctors worldwide recommend breast-feeding with no
antibodies from the mother
other
foods—not even juice—for the first months of life.
Stronger jaws, fewer cavities,
For the Family
advanced breathing reflexes (less
(Table 5.1 lists some of the benefits of breast-feeding.)
Increased survival of other
SIDS)
Some pediatricians suggest adding foods (rice cereal and
children (because of spacing of
Higher IQ, less likely to drop out of
births)
bananas) at 4 months; others want mothers to wait until
school, more likely to attend college
Increased family income (because
6 months (Fewtrell et al., 2011).
Later puberty, fewer teenage
formula and medical care are
Breast-feeding was once universal, but by the midpregnancies
expensive)
twentieth century many mothers thought formula was
Less likely to become obese or
Less stress on father, especially
better. Fortunately, that has changed again. In 2015, 81 perhypertensive by age 12
at night
cent of U.S. newborns were breast-fed, as were one-half of
Information from Beilin & Huang, 2008; Riordan & Wambach, 2009; Schanler, 2011; U.S.
all 6-month-olds and one-fourth of all 1-year-olds (Centers
Department of Health and Human Services, 2011.
for Disease Control and Prevention, August, 2016).
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Encouragement of breast-feeding from family members, especially fathers, is
crucial. In addition, nurses ideally visit new mothers weekly at home; such visits
(routine in some nations, rare in others) increase the likelihood that breast-feeding
will continue.
Although every expert agrees that breast milk is beneficial, given the complexity
and variation of human families, mothers should not feel guilty for feeding their
babies formula. No single behavior—breast-feeding, co-sleeping, hand-washing,
exercising, family planning—defines good motherhood.

159

T H IN K C R IT IC A LLY : For new
mothers in your community, why do
some use formula and others breastfeed exclusively for six months?

Malnutrition
P ro tein- c al o rie m al nu tritio n occurs when a person does not consume enough
food to sustain normal growth. Children may suffer from stu nting , being short
for their age because chronic malnutrition reduced their growth, or from w asting ,
being severely underweight for their age and height (2 or more standard deviations
below average). Many nations, especially in East Asia, Latin America, and Central
Europe, have seen improvement in child nutrition in the past decades, with an
accompanying decrease in wasting and stunting (see Figure 5.8).
In other nations, however, primarily in Africa, wasting has increased (Black et al.,
2013). Explanations include high birth rate, maternal AIDS deaths, climate change,
and civil wars.
Chronically malnourished infants and children suffer in three ways:

1. Learning suffers. If malnutrition continues long enough to affect height, it
also affects the brain. If hunger reduces energy and curiosity, learning suffers.
2. Diseases are more serious. About half of all childhood deaths occur because
malnutrition makes a childhood disease lethal, especially the leading causes
of childhood deaths—diarrhea and pneumonia—but also milder diseases
such as measles (Walker et al., 2013; Roberts, 2017).
3. Some diseases result directly from malnutrition—including both marasmus
during the first year, when body tissues waste away, and kwashiorkor after age
1, when growth slows down, hair becomes thin, skin becomes splotchy, and
the face, legs, and abdomen swell with fluid (edema).
Prevention, more than treatment, is needed. Sadly, some children hospitalized
for marasmus or kwashiorkor die even after being fed because their digestive systems were already failing (M. Smith et al., 2013). Ideally, prenatal nutrition, then

pro tein- c al o rie m al nu tritio n A
condition in which a person does not
consume sufficient food of any kind. This
deprivation can result in several illnesses,
severe weight loss, and even death.

stu nting

The failure of children to grow to
a normal height for their age due to severe
and chronic malnutrition.

w asting

The tendency for children to be
severely underweight for their age as a
result of malnutrition.

Response for Nurses and
Pediatricians (from p. 157): It is difficult
to convince people that their method of
child rearing is wrong, although you should
try. In this case, listen respectfully and then
describe specific instances of serious illness
or death from a childhood disease. Suggest
that the mother ask her grandparents
whether they knew anyone who had polio,
tuberculosis, or tetanus (they probably did).
If you cannot convince this mother, do not
despair: Vaccination of 95 percent of toddlers
helps protect the other 5 percent. If the
mother has genuine religious reasons, talk to
her clergy adviser.

Stunting Prevalence by World Region—1990 and 2015
South Asia
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FIGURE 5.8
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E videnc e M atters Genes were thought
to explain height differences among Asians
and Scandanavians, until data on hunger
and malnutrition proved otherwise. The result: starvation down and height up almost
everywhere—especially in Asia. Despite
increased world population, far fewer young
children are stunted (255 million in 1970;
156 million in 2015). Evidence also identifies
problems: Civil war, climate change, and limited access to contraception have increased
stunting in East and Central Africa, from 20
to 28 million in the past 50 years.
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Sam e Situ atio n, F ar A part: C hil dren Stil l
M al no u rished Infant malnutrition is still
common in some nations. The 16-monthold at the left is from South Sudan, a nation
suffering from civil war for decades. The
7-month-old boy in India on the right is a
twin—a risk for malnutrition. Fortunately,
they are getting medical help, and their
brains are somewhat protected because of
head-sparing.

breast-feeding, and then supplemental iron and vitamin A stop malnutrition before it starts. Once malnutrition is apparent, highly nutritious formula (usually
fortified peanut butter) often restores weight—but not always.
A combination of factors—genetic susceptibility, poor nutrition, infection, and
abnormal bacteria in the digestive system (the microbiome)—may be fatal (M.
Smith et al., 2013). Giving severely ill children an antibiotic to stop infection saves
lives—but always, prevention is best (Gough et al., 2014).

WHAT HAVE YOU LEARNED?
1. Why is polio still a problem in some nations?
2 . Why do doctors worry about immunization rates in the United States?
3 . What are the reasons for and against breast-feeding until a child is at least 1 year old?
4 . When is it advisable that a woman not breast-feed?
5 . What is the relationship between malnutrition and disease?
6 . Which is worse, stunting or wasting? Why?

SUMMARY
Body Changes
1. In the first two years of life, infants grow taller, gain weight,
and increase in head circumference—all indicative of development. On average, birthweight doubles by 4 months, triples by
1 year, and quadruples by 2 years.

early detection of slow growth can halt later problems. Percentile
changes can signify difficulties.

2. By age 2, the average well-nourished child weighs about
28 pounds (12.7 kilograms) and has gained more than a foot in
height since birth, reaching about one-half of adult height.

4. The amount of time a child sleeps decreases over the
first two years. Variations in sleep patterns are normal,
caused by both nature and nurture. Bed-sharing is the norm
in many developing nations, although it increases the risk
of SIDS. Co-sleeping is increasingly common in developed
nations.

3. Medical checkups in the first months of a child’s life focus
especially on weight, height, and head circumference because

5. Brain size increases dramatically, from about 25 to about 75
percent of adult brain weight in the first two years. Complexity
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increases as well, with cell growth, development of dendrites, and
formation of synapses.

sitting up (at about 6 months), walking (at about 1 year), and running (before age 2).

6. Some stimulation is experience-expectant, needed for normal brain development. Both exuberant growth and pruning aid
cognition, as the connections that are experience-dependent are
strengthened.

12. Fine motor skills also improve, as infants learn to grab, aim,
and manipulate almost anything within reach. Development of
the senses and motor skills are mutually reinforcing.

7. Experience is vital for brain development. An infant who is
socially isolated, overstressed, or deprived of stimulation may be
impaired lifelong.

Perceiving and Moving
8. At birth, the senses already respond to stimuli. Prenatal experience makes hearing the most mature sense. Vision is the least
mature sense at birth, but it improves quickly with experience.
Infants use all their senses to strengthen their early social interactions.
9. The senses of smell, taste, and touch are present at birth, and
they help infants respond to their social world. Pain is experienced, but infant pain is not identical to adult pain.
10. Infants gradually improve their motor skills as they begin to
grow and brain maturation continues. Control of the body proceeds from the head downward (cephalocaudal) and from the
core to the extremities (proximodistal).
11. Gross motor skills are mastered throughout infancy, depending on practice, motivation, and maturation. Major advances are

Surviving in Good Health
13. About 2 billion infant deaths have been prevented in the past
half-century because of improved health care. One major innovation is immunization, which has eradicated smallpox and almost
eliminated polio and measles.
14. Public health workers are concerned that some regions of the
world, and some states of the United States, have immunization
rates that are below herd immunity. Young infants may be most
vulnerable to viruses, although deaths from childhood diseases
can occur at any age.
15. Breast milk helps infants resist disease and promotes growth
of every kind. Most babies are breast-fed at birth, but rates over
the first year vary depending on family and culture. Pediatricians
now recommend breast milk as the only nourishment for the first
four to six months.
16. Severe malnutrition stunts growth and can cause death, both
directly through marasmus or kwashiorkor and indirectly if a child
becomes sick. Stunting and wasting are both signs of malnutrition, which has become less common worldwide except in some
nations of sub-Saharan Africa.

KEY TERMS
percentile (p. 136)
REM (rapid eye movement)
sleep (p. 137)
co-sleeping (p. 138)
bed-sharing (p. 138)
head-sparing (p. 139)
neuron (p. 140)
axon (p. 140)
dendrite (p. 140)
synapse (p. 140)

neurotransmitter (p. 140)
myelin (p. 140)
cortex (p. 140)
prefrontal cortex (p. 140)
limbic system (p. 140)
amygdala (p. 141)
hippocampus (p. 141)
hypothalamus (p. 141)
cortisol (p. 141)
pituitary (p. 141)

transient exuberance (p. 142)
pruning (p. 142)
experience-expectant (p. 142)
experience-dependent (p. 142)
shaken baby syndrome (p. 146)
self-righting (p. 146)
sensation (p. 147)
binocular vision (p. 148)
motor skill (p. 150)
gross motor skills (p. 150)

fine motor skills (p. 151)
sudden infant death syndrome
(SIDS) (p. 154)
immunization (p. 156)
protein-calorie malnutrition
(p. 159)
stunting (p. 159)
wasting (p. 159)

APPLICATIONS
1. Immunization regulations and practices vary, partly for social
and political reasons. Ask at least two faculty or administrative
staff members what immunizations the students at your college
must have and why. If you hear “It’s a law,” ask why.
2. Observe three infants (whom you do not know) in public
places such as a store, playground, or bus. Look closely at body
size and motor skills, especially how much control each baby
has over his or her legs and hands. From that, estimate the

baby’s age in months. Then ask the caregiver how old the infant is. Explain your accuracy.
3. This project can be done alone, but it is more informative if
several students pool responses. Ask 3 to 10 adults whether they
were bottle-fed or breast-fed and, if breast-fed, for how long. If
someone does not know, or expresses embarrassment, that itself
is worth noting. Do you see any correlation between adult body
size and infant feeding?
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