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In Chapter 1, we introduced you to the idea that there are different domains of devel-
opment. In this section of the book, we look at each of these domains in more detail. 
We describe physical, cognitive, social, and emotional development, as well as lan-

guage and identity development. Although we have divided development into these sepa-
rate aspects, in some respects it is an artificial division. Increasingly, research on children’s 
development has attempted to integrate these areas to understand how they interact and 
influence each other. Even as we study one particular domain, such as physical develop-
ment, we must keep in mind that each aspect of development affects and is affected by the 
others. For example, infants who experience a high level of stress (emotional) because of 
abuse or neglect are found to have higher levels of stress hormones later in life (physical), 
which may result in hypervigilance, which is the tendency to watch for and anticipate dan-
ger in the environment (cognitive) (Gunnar, 2007). Keeping in mind the fact that human 
beings are not just the sum of their parts, we approach our presentation of the basic build-
ing blocks of development with the awareness that we cannot really separate the effects of 
one “building block” from those of the others.

In this chapter, we present some of the central issues in regard to the physical develop-
ment of infants, children, and adolescents. We begin by looking at how the brain develops 
(including some information on disabilities associated with brain development). We then 
examine how we move from the physical helplessness of newborns to the incredible motor 
skills we see in children and adolescents. In the third section, we discuss how our senses 
develop as we grow. In the last two sections, we show how the body grows from infancy 
through the sexual maturation of adolescence and describe the critical role that nutrition 
plays in healthy growth.

Brain Development
We begin our study of brain development by addressing two common misconceptions. The 
first is the well-known myth that humans use only 10% of their brains. As we describe the 
parts and the functions of the brain in the following sections, it should become clear to 
you that we use all parts of our brains (Boyd, 2008). The second misconception is that what 
we think has little to do with how our bodies function and that our body’s functioning has 
little to do with our thoughts. We emphasize the ways in which the brain and the body are 
connected. What affects the brain affects the body, and what affects the body affects the 
brain (Diamond, 2009). To begin to see the surprising ways in which the brain and the 
body interact, try Active Learning: Brain and Body.
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Physical Development

The Body and the Brain

6

TRUE/FALSE #1
Humans use only 10% 
of their brains.

False. Neurologist Barry 
Gordon, who studies the 
brain, says, “It turns out 
. . . that we use virtually 
every part of the brain, 
and that [most of] the 
brain is active almost all 
the time.” (Boyd, 2008, 
para. 5)
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Structures of the Brain
The brain is an organ of the body made up of a number of different parts. We can examine 
the brain from two perspectives: from side to side and from back to front. As you can see in 
the photo of the brain shown here, the brain is divided down the middle into two halves, or 
hemispheres. Some parts of the brain are the same on both sides, and some are different. For 
example, the motor cortex that controls the body’s movements is similar on both sides, but the 
right side of the brain controls the left side of the body, and vice versa. However, the language 
centers of the brain appear largely on the left side, at least for right-handed people. Lefties may 
have their language centers on either or both sides. The two sides of the brain communicate with 
each other through the structure that joins them, called the corpus callosum. Although the two 

sides have some distinct functions, there is no such thing as 
being totally “right-brained” or “left-brained.” Both halves of 
our brains are involved in complex ways in almost everything 
we do. For example, although much of language is processed 
on the left side, specific aspects of language, such as humor 
and the emotional tone of what you say, are found in the right 
hemisphere (Kinsbourne, 2009).

We get a different view of the brain when we look at it 
from the side. The parts, or lobes, of the brain have some dis-
tinct functions, which we describe below. However, as we saw 
with the two hemispheres, it is important to realize that most 
aspects of human functioning involve many parts of the brain 
in coordination with one another. For example, the occipital 
lobe is known to control vision; however, the parietal, tempo-
ral, and frontal lobes also play a role in vision (Merck Manual, 
2008).

Look at Figure 6.1, along with Table 6.1, to identify the 
parts of the brain in this image, working from the back of 
the head (on the right side) toward the front (on the left side). 
Starting at the lower back of the head, the brain stem (in blue) 
includes the spinal cord, which controls our basic functions 
such as breathing. Next, the cerebellum (in green) controls bal-
ance and movement. Above the cerebellum, the cerebrum or 
cortex controls the higher functions of thought and action. The 
cerebrum includes many different parts, including the occipital 

ACTIVE 
LEARNING

Brain and Body
Sit comfortably in a chair. Cross your right leg over your left (at the knee or ankle). Circle your right foot 
to the right (in a clockwise direction). Now, using your right hand, draw a number 6 in the air. Were 
you able to keep your foot circling to the right? A few people can, but most people cannot. This is easy 
to do using your right foot and your left hand, so the problem lies in the fact that the left side of your 
brain controls the right side of your body and seems to be able to go in only one direction at a time. 
You know that your body is physically capable of doing both actions, but your brain may not let you do 
both at the same time. Children too are limited in their physical abilities in part because of their brain 
development. Not only will you be learning about the impact of the brain on the body’s activities, but 
you will also learn about the impact the body has on the brain and the effect that experience has on 
the development of both body and brain.

The two hemispheres of the human brain. Although the two 
hemispheres of the brain may look similar, some brain functions 
are handled mainly by one side, other functions are handled 
mainly by the other side, and some are handled by both. The 
corpus callosum (shown in green in this picture) connects the 
two hemispheres so they can communicate with each other.

Hemispheres   
The two halves of the 
cerebellum.

Corpus callosum   
The band of fibers 
that connects the two 
hemispheres of the 
brain.
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Brain structures and functions

Name of structure Color in figure Some functions of each structure

Brain stem Blue Includes the spinal cord, which controls our basic functions such as breathing, heartbeat, and blood pressure 

Cerebellum Green Controls balance and movement

Occipital lobe Yellow Processes visual information 

Temporal lobe Pink Involved in hearing, language, memory for facts, visual memory, and emotion

Parietal lobe Orange Processes sensory input and spatial awareness

Frontal lobe Red Processes complex thoughts, movement, language, working memory, and self-control

Table 6.1

lobe (in yellow), which processes vision; the temporal lobe (in pink), which processes hearing; the 
parietal lobe (in orange), which processes sensory input and spatial awareness; and the frontal lobe 
(in red), which processes complex thoughts, movement, language, and self-control. The very 
front of the cerebrum is called the prefrontal cortex, which controls judgment and the ability to 
plan. Within the cerebrum, but not visible in Figure 6.1, are the amygdala and the hippocampus, 
which are important in the experience and expression of emotions, memories, and sensations 
(Bear, Connors, & Paradiso, 2007). Although this is a good description of some of the functions 

Side view of the human brain. Use the color code in Table 6.1 to locate the different areas of the brain 
in this photo. Pay attention to the different functions controlled by each brain structure.

Figure 6.1

SOURCE: Based on The Merck Manuals, Online Medical Library. (2008). Neurologic Disorders: Function and Dysfunction of the Cerebral 
Lobes, Introduction.
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that we currently know are associated with different areas of the brain, brain research is one of 
the most active areas in the field of child development, so our understanding of brain functions 
will undoubtedly change as research continues.

As we continue our discussion of the brain, this overview should help you think about how 
different aspects of physical development are linked back to the different parts of the brain and 
the functions they control. In future chapters you will learn more about the cognitive, language, 
and emotion centers of the brain and their functions.

Developmental Processes

Neurons and Synaptic Connections

The brain is made of 100 billion nerve cells, called neurons (Pakkenberg & Gundersen, 1997). 
Each nerve cell sends messages via special chemicals called neurotransmitters to other nerve 
cells through extensions of the cell called axons. Each cell receives messages through receptors 
called dendrites. The place where the axon from one neuron meets the dendrite of another 
neuron is called the synapse as illustrated in Figure 6.2. Just about everything we do depends 
on communication between nerve cells. Neurotransmitters are released from one cell and bring 
their “message” to the second cell. Adults have approximately 1 quadrillion (!) of these synaptic 
connections. 

Infants are born with almost all the neurons they will ever have; however, they have rela-
tively few synapses or connections between them. As a result, babies have fewer inborn behavior 
patterns than other animals, and they are more open to learning from their environment. The 
experiences they have actually shape the development of synaptic connections and the formation 
of their brains (Rosenzweig, Breedlove, & Watson, 2005). The development of new synapses is 
referred to as synaptogenesis. After a baby is born, new synapses may be formed at the rate of 
more than one million connections per second (Greenough, Black, & Wallace, 1987). One reason 
why infants’ brains are more active than adults’ brains is because they are so busy forming con-
nections (Gopnik, Meltzoff, & Kuhl, 1999).

Plasticity of the Brain: Experience-Expectant 
Versus Experience-Dependent Brain Development

The ability of the infant brain to change in form and function is referred to as plasticity. If you, 
as an adult, had half of your brain (one hemisphere) removed, the result would be catastrophic. 
You would lose movement in the opposite side of your body, and you would lose the functions 
handled in that hemisphere. For example, people who have damage to the language centers in 
the left hemisphere may be unable to speak. However, until about age 4 or 5, children who have 
had one hemisphere removed to treat an otherwise untreatable condition, such as severe epi-
lepsy, can recover almost full function (Eliot, 1999). In one study of children who had an entire 
temporal lobe removed, there was no significant decline in the group’s overall IQ following the 
surgery (Westerveld et al., 2000). Even when the surgery involved the left temporal lobe (the 
part of the brain associated with language), there was no loss of verbal intelligence functioning 
and nonverbal intellectual functioning actually improved significantly. This occurs because the 
brain at this young age has enough plasticity that brain cells that were originally intended to 
serve one function (for example, controlling movement) can turn into cells that control another 
function instead (for example, language). In the study by Westerveld et al. (2000), the small 
group of children who experienced significant losses following the surgery tended to be the old-
est children in the group. 

At various times within the first years of life, babies’ brains produce so many new synap-
tic connections that the density of connections is greater than that found in the adult brain 
(Blakemore & Choudhury, 2006). However, many of these connections do not survive. In a 

Neurons  The cells that 
make up the nervous 
system of the body.

Neurotransmitters   
Chemicals that 
transmit nerve 
impulses across a 
synapse from one 
nerve cell to another.

Axon  The part of a 
nerve cell that conducts 
impulses away from the 
cell body.

Dendrites   
The portions of a 
neuron that receive 
impulses from other 
neurons.

Synapse  The place 
where the axon from 
one neuron meets the 
dendrite of another 
neuron.

Synaptogenesis   
The development of 
new synapses.

Plasticity  The ability 
of an immature brain 
to change in form and 
function.

TRUE/FALSE #2
Newborn babies 
form synapses (the 
connections between 
nerve cells) in their 
brains at the rate 
of a hundred new 
connections each 
second.

False. New synapses 
form much faster than 
that. Newborns form 
over one million new 
connections between 
neurons every second.

VIDEO LINK 6.1
Brain plasticity
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process called pruning, synaptic connections that are used remain and those that are not used 
deteriorate and disappear. Just as you prune away dead branches on a tree to strengthen it, this 
process of pruning away unused synapses strengthens the brain. Rather than being a terrible loss, 
this process produces a brain that is much more efficient (Huttenlocher, 1999). As an example, 
newborn infants can distinguish between all speech sounds, but during their first year of life 
they are exposed to only the specific sounds in the language that they hear each day. By the 
end of that time, babies can no longer distinguish between the sounds that they don’t regularly 
hear. This fine-tuning of the ability to categorize sound is thought to be the result of pruning 
of synapses in the part of the brain that processes sound during early development (Blakemore 
& Choudhury, 2006). 

There is another proliferation of synapses in the brain at the start of puberty, followed by 
a second round of pruning that reduces synaptic density later in adolescence (Blakemore & 
Choudhury, 2006). The inefficiency of thought that results from this profusion of synaptic con-
nections in early adolescence was demonstrated when young adolescents were shown a picture 
of a face (for example, a sad face) and heard a word that might or might not match that expres-
sion (“happy” or “sad”). It took young adolescents longer to make a decision whether the image 
and word matched than it did for either younger or older participants in the study (McGivern, 
Andersen, Byrd, Mutter, & Reilly, 2002). The decrease in early adolescent performance was 
attributed to the proliferation of synapses at this age, and the increased efficiency at the task 
later in adolescence was attributed to the synaptic pruning that had occurred. As we will see 
later in this chapter, some researchers have even connected a lack of pruning to the development 
of the disorder known as autism. The normal pruning process is completed in some areas of the 

Pruning   
The deterioration and 
disappearance of 
synapses that are not 
used.

VIDEO LINK 6.2
Milestones of infant 
brain development

VIDEO LINK 6.3
Synaptic pruning

Neurons and synapses. Two nerve cells (neurons) are connected to each other as the axon of one reaches the dendrite of the other 
at the synapse (shown at the left). At the synapse, chemicals called neurotransmitters are released from one cell and bring their 
“message” to the second cell (shown at the right).

Figure 6.2

Presynaptic neuron Postsynaptic 
neuron

Presynaptic axon

Axon terminal

Synaptic cleft

Postsynaptic dendrite

Axon

Neurotransmitter 
in vesicles

Terminal releases 
neurotransmitter

Neurotransmitter interacts 
with receptors, dendrite

SOURCE: Garrett, B. Brain & Behavior: An Introduction to Biological Psychology. © 2009 SAGE.
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brain by age 12. In others, especially the prefrontal cortex, which controls judgment and impulse 
control, the process is not completed until well into adolescence or early adulthood (Blakemore 
& Choudhury, 2006; Giedd, 2004; Gogtay et al., 2004; Huttenlocher & Dabholkar, 1997). 
The changes that occur in the brain with this wave of pruning allow teens and young adults to 
develop the most sophisticated levels of thought (Petanjek et al., 2011). 

The process of pruning follows a “use it or lose it” principle. Greenough et al. (1987) described 
two ways that this happens: experience-expectant mechanisms and experience-dependent mech-
anisms. Experience-expectant brain development occurs because our brain expects certain 
events to happen. For example, in the normal course of events our eyes will be exposed to light. 
When these expected events occur, the pathways that are used are retained. In experiments with 
kittens, Hubel and Wiesel (1965) showed that if this does not happen, the eye still develops 
normally, but the part of the brain that processes visual information does not function. Kittens 
with one eye closed for a period of time after birth were never able to develop vision in that eye, 
even when the eye was later open. This is why children who have an eye that has considerably less 
vision or doesn’t coordinate with the other eye (a condition called amblyopia or “lazy eye”) must 
have intervention early in their lives or they may lose effective vision in that eye.

Experience-dependent brain development is much more individual and depends on each 
person’s particular experiences. In addition to unused synapses being pruned away, it appears 
that new synapses develop in response to stimulation. For example, Elbert, Pantev, Wienbruch, 
Rockstroh, and Taub (1995) studied the brains of violinists. If you pretend to play the violin, on 
which hand are the fingers more active? The fingers of your left hand move all around, press-
ing on the strings to produce different notes, while the fingers of your right hand usually stay in 
one position, holding the bow. Elbert et al. found that the area of the right side of the brain that 
controls the left hand has many more synaptic connections than the same area of the left side 
of the brain in violinists. It is unlikely that these people are born this way, making them more 
likely to become violinists. Instead, the constant use of the fingers of the left hand to move and 
hold the appropriate strings on the violin further develops that part of the right side of the brain.

Myelination of Neurons in the Brain

So far we have discussed the development of synapses through the process of synaptogenesis, but 
for messages to be sent successfully, another necessary process in the development of the nervous 
system is myelination. For neurons to work efficiently, they need to be coated with a fatty sub-
stance known as myelin, as shown in Figure 6.3.

Picture an electrical cord between the wall socket and your lamp. How does the message 
travel from your light switch to turn on the lamp on your desk? Within the electrical cord is 
a metal wire that carries the electrical current. If bare wire were used with no insulation, not 
only would you get a shock when you touched it, but your light would not work very well. Only 
some of the current, not all of it, would be likely to arrive at its destination. For that reason, an 
electrical cord is always insulated with some material that cannot carry an electric current. As a 
result the electrical message all goes to turn your light on. In a similar fashion, the neurons in 
the nervous system are insulated with myelin so that the message sent by the neurotransmitters 
will be received most effectively.

When babies are born, just as the synaptic connections are not complete, so too the myelin 
sheath does not yet cover all of the nerves in the nervous system. The process of producing syn-
aptic connections, pruning away those that are not being used, and myelinating the connections 
that are left will continue throughout childhood and adolescence (Paus et al., 1999). We have 
only recently developed imaging techniques that can trace the developmental pattern of myelina-
tion in the human brain as it moves from the lower centers at the base of the brain through the 
higher centers of the cortex (Deoni et al., 2011). As researchers learn more about the normal 
progression of myelination as we grow, they are also likely to find evidence of the abnormal pro-
cesses that may result in such disorders as autism and schizophrenia (Deoni et al., 2011). 

Experience-expectant 
brain development   
Development that 
occurs when we 
encounter experiences 
that our brain expects 
as a normal event.

VIDEO LINK 6.4
A baby’s brain

Experience-dependent 
brain development   
Development that 
occurs in response 
to specific learning 
experiences.

Myelination  The 
process of laying 
down a fatty sheath of 
myelin on the neurons.

TRUE/FALSE #3
Children who practice 
the violin every day for 
many years become 
better at playing the 
violin in part because 
their activity makes 
physical changes in 
the structure of their 
brains.

True. Research has 
shown that for children 
who play violin, the 
part of the brain that 
controls motor activity 
on the left side of the 
body is more developed 
than that same part of 
the brain that controls 
the right side of the 
body. Violinists use 
the fingers on their left 
hand to move along the 
length of the strings, 
but the fingers of the 
right hand only hold 
the bow.
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We have already learned that synaptogenesis is affected by our experiences through the pro-
cess of experience-dependent brain development. There is also evidence that myelination is 
affected by our experiences. Bengtsson et al. (2005) compared brain development in children 
who spent long hours practicing piano to that in children who did not play piano. Their evidence 
indicates that the extra stimulation that certain neurons experience when children are practic-
ing results in more myelination of those neurons, including those in the corpus callosum, which 
connect the two hemispheres of the brain. The corpus callosum is involved in the ability to coor-
dinate movements of your two hands at the same time. In this study, children who played piano 
had increased brain efficiency, and this increased ability continued into adolescence. 

Of great interest is the finding that the connections between the centers for reasoning and the 
centers for emotions, such as the amygdala, are still developing during adolescence, so emotional 
responses in adolescents are less tempered by reasoning than will be the case in adults (Society 
for Neuroscience, 2007b). The number of changes that occur does mean, however, that the brain 
may be especially vulnerable to the effect of neurotoxins (such as alcohol and other drugs) dur-
ing this period of development (Squeglia, Jacobus, & Tapert, 2009). Any cognitive deficits that 
result have potential consequences for future academic, occupational, and social functioning as 
the adolescent moves into young adulthood. 

The tendency of some adolescents to act on their emotions without thinking through a situ-
ation may be related to the immaturity of this system in their brain. In Active Learning: Teen-
age Brain Development you will see how this information has even played a role in judgments 
made by the legal system.

Figure 6.3

The myelin sheath. The myelin sheath is a fatty coating that wraps around the nerves to ensure that 
the chemical messages sent between neurons are delivered efficiently. In this figure, the axon is shown 
in blue with the myelin sheath wrapped around it. A cross section is shown here so you can see how the 
coating wraps around the axon.

VIDEO LINK 6.5
Adolescent brain 
development
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Disabilities Related to Brain Development
When brain development does not occur as expected, or when there is damage to the brain 
at any point, a number of disabilities may result. We discuss here two very different types of 
outcome: cerebral palsy and autism. We discuss cerebral palsy because specific brain abnor-
malities are known to cause this disability. We include autism in this section on the brain 
because, although the precise cause (or causes) of autism remains elusive, there now is almost 
universal agreement that there is an underlying biological explanation connected with brain 
development.

Cerebral Palsy

Cerebral palsy is an umbrella term that describes a group of brain-based disorders that affect 
a person’s ability to move and maintain balance and posture. People with cerebral palsy may 
experience difficulties with muscle tone, coordination, movement, and speech. These abnor-
malities arise early in development and are the result of brain lesions that can occur during 
fetal development or at any point up to about 3 years of age (Abdel-Hamid, 2011). About 70% 
of the cases of cerebral palsy result from brain injury during prenatal development, most often 
with no known cause, and an additional 10% to 20% are due to brain injury during the birth 
process itself (United Cerebral Palsy, 2007). The remaining 10% occur after the infant is born 
but early in development, when an infection or injury causes damage to the brain. Approximately 
800,000 children and adults in the United States live with one or more symptoms of cerebral 
palsy (National Institute of Neurological Disorders and Stroke [NINDS], 2011a), and the per-
centage of children afflicted by this condition has remained largely unchanged over the past 30 
years (Abdel-Hamid, 2011). 

Risk factors include premature birth, low birth weight, conception of two or more fetuses, 
maternal exposure to toxins or infections, and lack of oxygen during the birth process (Abdel-
Hamid, 2011). While some children are profoundly affected and will need total care through-
out their lives, others show only mild impairment and require little or no special assistance. 
Although this condition does not get progressively worse, early intervention and therapy can 
be beneficial to the child because it can help prevent or delay the onset of secondary problems. 
The goal of the intervention is to create an individual treatment plan that meets each child’s 
unique needs. Medications can help control seizures and muscle spasms, surgery can lengthen 

ACTIVE 
LEARNING

Teenage Brain Development
Imagine that you are serving on a jury deciding the following case: At age 17, Christopher Simmons brutally 
murdered an elderly woman, Mrs. Shirley Crook, as he robbed her house. Simmons was convicted of this 
crime. It is now your job to assign punishment: life in prison or the death penalty. What factors would you 
take into account in making your decision? Would the defendant’s age be one of them? Give your decision 
and the reasons for it, and then see below to find out what the Supreme Court decided and why.

Answer: In fact, Christopher Simmons was initially sentenced to death by a lower court. The case eventually 

went to the Supreme Court, which overturned this penalty in favor of life in prison. During the Supreme 

Court considerations, the American Society for Adolescent Psychiatry entered into evidence an argument 

that adolescents may have impaired impulse control and judgment because of the immaturity of their brain 

development. In particular, the prefrontal cortex, which controls these functions, is not fully developed 

(Lehmann, 2004). In the final decision, Justice Anthony Kennedy stated, “The adolescent’s brain works 

differently from ours. Parents know it” (Anderson, 2005, para. 25). This is still a very controversial issue. Would 

you agree that adolescent brain development should be an argument to limit the harshness of punishment for 

crimes committed? Why or why not?

Cerebral palsy   
A chronic condition 
that appears early 
in development and 
primarily involves 
problems with body 
movement and muscle 
coordination.
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muscles and tendons that are 
too short to function, and phys-
ical therapy can help the child 
build necessary skills. You also 
may have seen new technolo-
gies that let children with cere-
bral palsy use even limited head 
movements to operate a com-
puter with a voice synthesizer 
enabling them to communicate.

An exciting new avenue of 
research is investigating the 
use of a drug that allows the 
regrowth of the myelin coating 
on nerve cells in the brain (Fancy 
et al., 2011). When a lack of oxy-
gen disrupts the nerve cells’ abil-
ity to create myelin, those cells 
die and this can lead to cerebral 
palsy. Recent research with mice 
has discovered a drug that allows 
the myelin to regrow and repair 
the damage. Although this research is far from being ready to use in humans, it offers hope for 
a new pharmaceutical treatment of this type of brain injury. 

Autism

Autism is characterized by three distinctive behaviors: diff iculties with social interaction, 
problems with verbal and nonverbal communication, and repetitive, compulsive behavior 
or interests (American Psychiatric Association, 2000). We discuss autism in this chapter 
because the disorder is linked to problems in brain function, but we return to this topic in 
Chapter 9 when we discuss language development because diff iculties with communica-
tion are a central feature of autism. 

Autism is one of several conditions that are part of what is called the autism spectrum, 
which can range from relatively mild to very debilitating. Although people along the spectrum 
have some symptoms that they share (such as problems with social interactions), there are dif-
ferences in when the symptoms first appear, how severe they are, and the exact form that they 
take (Centers for Disease Control and Prevention [CDC], 2012c, 2012d). 

For some children, the severity of the condition lessens over time and they can function 
well with just a little guidance and support, but others need ongoing close supervision and care 
throughout their lives. In a few rare cases, the child can even show extraordinary abilities in a 
limited area of expertise—what is called being a savant. If you have seen the movie Rain Man, 
you may remember that the main character suffers from autism, but he also has an extraordinary 
mathematical ability (Cheatham, Rucker, & Polloway, 1995). In real life, Stephen Wiltshire was 
diagnosed with autism at age 3 and didn’t learn to speak until 9 years of age, yethis amazing ren-
derings of cityscapes are now shown around the world, and he has been honored for his contribu-
tion to the art world by Queen Elizabeth II (Stephen Wiltshire MBE – Biography, 2012).

Over the years, a number of possible causes of autism have been proposed and investigated. 
See Journey of Research: Searching for the Cause of Autism for more information and to see 
how our understanding of possible causes of autism has changed over time.

Cerebral palsy and assistive technology. Computer technology today can enable a young 
person with cerebral palsy to participate in classroom activities and communicate his thoughts 
and feelings, even though he has limited physical mobility. 

Autism  A disorder 
that is characterized 
by difficulties with 
social interaction, 
problems with verbal 
and nonverbal 
communication, and 
repetitive, compulsive 
behavior or interests.

VIDEO LINK 6.6
The autistic brain
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JOURNEY of 
RESEARCH

Searching for the Cause of Autism
In an early description of autism, the psychia-
trist Leo Kanner (1949) identified the cause 
as parental coldness marked by a mechanical 
attention to the child’s needs, without any gen-
uine warmth or enjoyment. The infant’s aloof-
ness and withdrawal were seen as an adaptive 
response to an almost intolerable situation. As 
a result of Kanner’s description, the psychologi-
cal literature from the 1940s through the early 
1970s was filled with references to what were 
called “refrigerator mothers” (Frith, 2003). 
Today inadequate parenting has been eliminated 
as a cause of autism. 

More contemporary research has focused on 
possible biological causes. Evidence for a genetic 
cause comes from the observation that autism 
runs in families (Bailey, LeCourteur, Gottesman, 
& Bolton, 1995), boys are much more likely than 
girls to be diagnosed as autistic (Fombonne, 
2005), and siblings of children who are autistic 
are 20 to 50 times more likely to be diagnosed 
as autistic themselves compared to the risk in the 
general population (Salmons, 2010). Other lines 
of research have identified structural differences 
in the brains of autistic children, such as a mas-
sive overgrowth of brain synapses and a lack of 
synaptic pruning (Carper & Courchesne, 2005). 
Remember our earlier discussion of the impor-
tance of synaptic pruning for efficient brain func-
tion? Still other research has found functional 
differences, such as reduced activity in the dor-
sal medial-frontal cortex, the portion of the brain 
that mediates emotional and social responsive-
ness (Mundy, 2003). These differences in the 
brains of autistic children may contribute to the 
difficulty they have in understanding what other 
people are thinking, which has been referred to 
as “mindblindness” (Baron-Cohen, 2001). You 

will learn more about this aspect of autism in 
Chapter 12.

Another line of research has examined possi-
ble environmental causes (or triggers) of autism. 
The one that you may have heard of is the 
research that has looked at the role of mercury 
used as a preservative in the measles-mumps-
rubella (MMR) vaccine given to infants. In 1998, 
the British medical journal Lancet published a 
study that appeared to find a link between the 
vaccine and autism (Wakefield et al., 1998). In 
response to this report and other similar research 
(California Department of Developmental 
Services, 1999), public concern about the safety 
of the vaccine grew. However, in 2004, 10 of the 
12 original authors of the Lancet article issued 
a retraction of their research that said, in part, 
that the data were insufficient to establish a 
causal link between the MMR vaccine and autism 
(Murch et al., 2004, p. 750).

The current scientific consensus is that the 
clinical evidence does not support the conten-
tion that immunizations are a cause for autism 
(CDC, 2012b; National Research Council, 2011). 
In research in Montreal, when the mercury com-
pound in the vaccine was removed from the 
vaccine, there was no parallel decrease in the 
incidence of autism. In fact, the incidence in 
the group of children who had not received the 
vaccine was slightly higher (Fombonne, Zakarian, 
Bennett, Meng, & McLean-Heywood, 2005). The 
far stronger research evidence for a genetic com-
ponent and/or neurological involvement makes it 
unlikely that some event after the child has been 
born (such as an immunization) is the cause 
(Taylor, 2006). Because understanding the cause 
of autism is of such great importance, research 
on this topic will need to continue.

Accurately estimating the prevalence of autism spectrum disorders (ASDs) is not easy, but 
in March 2012, the CDC (2012a) released statistics that indicated yet another increase in the 
prevalence in ASDs in the United States. By this most recent estimate, 1 in 88 children has 
been identified with an ASD, an increase over all previous estimates (see Figure 6.4). Although 
ASDs occur in all racial, ethnic, and socioeconomic groups, it is 5 times more common among 
boys than among girls (1 in 54 for boys versus 1 in 252 for girls). The current estimates ref lect 
a 23% increase in the estimated prevalence of ASDs between 2006 and 2008, and a staggering 

Autism spectrum 
disorders  A group 
of conditions ranging 
from severe (autistic 
disorder) to mild 
(Asperger’s disorder) 
and characterized by 
pervasive impairment 
in thinking, feeling, 
language, and the 
ability to relate to 
others.
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78% increase between 2002 and 2008. Researchers in Asia, Europe, and North America have 
reported similar prevalence rates (about 1% of the population), and in some cases reported preva-
lence is considerably higher than these estimates (for example, 2.6% in a recent study conducted 
by Kim et al., [2011] in South Korea). 

What could account for this dramatic increase in recent years? We know genetics play a role 
as a cause of autism, but this would not explain a sudden increase. As discussed in the Journey 
of Research: Causes of Autism, it is possible that there is something in the environment that is 
responsible for the upsurge. However, another important factor to consider is how we recognize 
and diagnose autism. Gernsbacher and colleagues (2005) have suggested that changes in how 
we identify autism spectrum disorders have led to improved case finding. When autism first 
appeared in the Diagnostic and Statistical Manual of Mental Disorders (DSM) in 1980, a diag-
nosis of autism included six criteria that all had to be present. However, in 1994 the updated 
DSM-IV added 16 criteria to the list, and only half of them need to be present to satisfy this 
diagnosis. The description of the criteria also was broadened. For instance, “gross deficits in 
language” became “difficulty sustaining a conversation” (Gernsbacher et al., 2005, p. 56). The 
earlier definition had described a single disorder called autism, but the newer definition now 
includes three separate but related diagnostic categories referred to as autism spectrum disor-
ders (CDC, 2009b). We also continue to develop reliable ways to diagnose autism at younger 
and younger ages. Today 18% of all diagnoses are made for children under the age of 3, and 
diagnoses made as early as 18 months are considered valid and stable (Chawarska, Lin, Paul, & 

Figure 6.4

Increased prevalence of autism spectrum disorders. The prevalence of autism spectrum disorders, 
as estimated by the Centers for Disease Control and Prevention (2012a), has continued to increase in 
recent years. 

Identified Prevalence of Autism Spectrum Disorders
ADDM Network 2000–2008

Combining Data From All Sites

Surveillance 
Year Birth Year

Number of ADDM 
Sites Reporting

Prevalence per 1,000 
Children (Range)

This is about 1 in X 
children . . .

2000 1992  6 6.7
(4.5–9.9)

1 in 150

2002 1994 14 6.6
(3.3–10.6)

1 in 150

2004 1996  8 8.0
(4.6–9.8)

1 in 125

2006 1998 11 9.0
(4.2–12.1)

1 in 110

2008 2000 14 11.13
(4.8–21.2)

1 in 88

NOTE: The ADDM Network (Autism and Developmental Disabilities Monitoring Network) consists of fourteen sites funded through the 
CDC that identify 8-year-old children in their communities with autism spectrum disorders as a way to monitor whether this number is 
increasing, decreasing, or stable. 

SOURCE: Centers for Disease Control and Prevention (2012a), http://www.cdc.gov/ncbddd/autism/data.html 
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Volkmar, 2007; Lord, Risi, DiLavore, Shulman, Thurm, & Pickles, 2006). The broader defini-
tion of ASDs, some true increase in the risk for a child developing an ASD, and an increased 
community awareness of the disorder that brings more children in for assessment probably all 
contribute to the increase.

Although any increase in the true incidence of ASDs would be a cause for concern, the identi-
fication of a greater number of children with an autism spectrum disorder is not, in and of itself, 
necessarily a bad thing. The children who are now being identified represent a group of children 
who otherwise might have been overlooked but who can benefit from early and comprehensive 
intervention. 

Under the Individuals with Disabilities Education Act (IDEA) services are provided to fami-
lies with children under the age of 3 who have special needs. Although each state decides for 
itself which agency will be responsible for providing these services, all states use specialists 
who are trained specifically to work with young children (National Institute of Mental Health 
[NIMH], 2009). Making a diagnosis involves using neurological, cognitive, and language test-
ing (NIMH, 2009). These assessments are typically done by a team of specialists, which can 
include a psychologist or psychiatrist, a neurologist, a speech therapist, and/or other profession-
als who work with children with ASDs (NIMH, 2009). Based on their evaluation, the child’s 
strengths and weaknesses can be identified, and an effective treatment plan will be designed to 
target the array of symptoms that are associated with autism, including the impaired social inter-
actions, language difficulties, and behavioral problems. Together with the family, they develop 
an Individualized Family Service Plan (IFSP) that describes the services that will be provided 
(including services to the family, not just the child), and this plan is reviewed at least once every 
6 months.

Although we typically don’t label a child as autistic until he is 3 years or older, there is a 
growing body of evidence that symptoms of autism are apparent from much younger ages 
(Kalb, 2005; NIMH, 2009b). There is good reason to identify this condition as soon as we can 
because the optimal intervention involves at least 2 years of intensive early intervention dur-
ing the preschool years (Filipek et al., 1999; NINDS, 2008). Although there is no cure, early 
intensive behavioral intervention can bring about substantial improvement in these areas for 
many autistic children (Reichow, 2012). For instance, highly structured programs that include 
intensive skill-oriented training can help a child develop social and language skills that she 
lacks (NINDS, 2008). 

Motor Development
In the following section we examine the development of motor skills. We begin with a descrip-
tion of babies’ first movements: the ref lexes. We then describe how the myelination of the 
nervous system plays a large role in determining the sequence in which motor milestones are 
achieved. Finally, we discuss other factors, such as physical activity, that influence the develop-
ment of motor skills.

Infant Reflexes
Newborns can’t move around on their own, and they don’t have much control over their limbs, 
but from the time they are born they have a set of involuntary, patterned motor responses 
called ref lexes that are controlled by the lower brain centers and that help them respond to 
some of the stimuli in the environment. These ref lexes are hardwired into the newborn’s 
nervous system, so they don’t need to be learned. Within the first few months of life, the 
higher centers of the brain develop and take over from the lower centers. As this happens, 
most of these ref lexes disappear on a predictable timetable (see Table 6.2) and are replaced by 

TRUE/FALSE #4
There has been an 
alarming increase in 
the incidence of autism 
in recent years, and 
this is good cause for 
alarm.

False. While it is true 
that there has been an 
increase in the number 
of children diagnosed 
as autistic, this 
may not be a cause 
for alarm. We have 
broadened the criteria 
used to diagnose 
autism, so we now may 
be identifying more 
children with an autism 
spectrum disorder 
who can benefit from 
intervention.

Reflexes  Patterned, 
involuntary motor 
responses that are 
controlled by the lower 
brain centers.

VIDEO LINK 6.7
Newborn reflexes
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voluntary and intentional actions. For instance, if you gently touch 
a newborn’s cheek, she will ref lexively turn in the direction of the 
touch to find a source of food. It doesn’t take very long, however, for 
even a young infant to learn the signals indicating that she is about 
to be fed. At that point, she will begin to turn in the direction of her 
caregiver as soon as she senses that it is mealtime, but this now is a 
voluntary action.

It is not as though ref lexes and voluntary behavior are two dis-
tinct types of response. There is a continuum that represents different 
mixes of reflexive and voluntary behavior that we see as motor devel-
opment proceeds (Anderson, Roth, & Campos, 2005). However, if a 
ref lex is missing or fails to disappear when it should, this can be an 
indication there is a neurological problem, and the infant should be 
assessed by a doctor.

Infants begin moving even before birth, exercising their develop-
ing muscles, and giving feedback to the motor cortex of the brain 
that helps develop voluntary movements after birth (Eliot, 1999). 
Although the fetus cannot voluntarily control its movements, it is 
possible to see prenatal ultrasound pictures of babies sucking their 
thumb. It appears that some kind of ref lexive behavior may result 
in the fetus “finding” its thumb (Becher, 2006). Interestingly, the 
preference for one thumb or the other is predictive of whether the 
child later will be right-handed or left-handed (Hepper, Wells, & 
Lynch, 2005).

Prenatal thumb sucking. Reflex activities may 
result in thumb sucking as early as 12 to 14 weeks of 
gestational age.

Newborn reflexes.

Reflex Description When this reflex disappears

Sucking reflex When something touches the roof of the baby’s mouth, her lips close, and she will 
suck reflexively.

About 2 months

Crawling reflex When the baby is placed on his tummy, his legs will make crawling motions even 
though he is not able to move forward.

About 2 months

Moro reflex (or startle reflex) When a baby loses support and feels like she is falling or hears a loud sound, she will 
flail her arms and legs outward. Most babies will cry when startled and then will pull 
their limbs back in.

About 3 months

Stepping reflex If you support the baby’s weight but let his feet touch the ground, he will lift and set 
his feet in a “walking” motion.

About 3 months

Tonic neck reflex When a baby is placed on his back and his head is turned to the side, he will stretch 
out the arm and leg in the direction he is facing and pull inward the opposite arm and 
leg, often called a “fencer’s pose.”

About 4 months

Babinski reflex When you stroke the side of a baby’s foot, her big toe points up and the other toes will 
fan out. 

About 4 months 

Rooting reflex If you gently stroke the baby’s cheek, he will turn in the direction of the touch and 
begin to suck with his mouth.

About 4 months 

Palmar grasp When you touch the baby’s palm with your index finger, she will clench your finger. About 6 months

Gag reflex This reflexive gag helps prevent choking. This reflex does not disappear. 

Blinking reflex Blinking your eye when the eye is touched or exposed suddenly to bright light. This reflex does not disappear.

Table 6.2

SOURCE: National Institutes of Health (2009).
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Development of Motor Skills
Two basic forms of motor skills are gross motor and fine motor. Gross motor skills involve the 
large muscle groups of the body (for example, the legs and arms). Fine motor skills involve small 
movements, mostly of the hands and fingers, but also of the lips and tongue. The development of 
these skills is linked with the development of the brain and the entire nervous system.

The motor cortex is the strip at the top of the brain that goes from “ear to ear” and controls 
the conscious motor movements of the body (Bower, 2004). If you were to guess, which parts 
of the body do you think take up most of the area in the motor cortex? If you guessed the legs, 
because they are large and have so much movement, you will be surprised. The majority of the 
motor cortex is used to control the mouth and the hands, which contain many more muscles 
than the legs. Look at Figure 6.5 to see how the body is represented in the brain, both for 
motor activities and for sensory input. A recent finding about the motor cortex has added to our 
understanding of how complex the function of the brain truly is. Neuroscientists in England 
found that the motor cortex is activated not just when we actually act, for example when we kick 
something, but also when we read action words, such as kick (Bower, 2004).

Myelination of Motor Neurons

The brain connects through the spinal cord to all of the neurons in the body. As we discussed 
previously, the nervous system works more efficiently when it has been coated with the fatty 

Gross motor skills   
Skills that involve the 
large muscle groups of 
the body—for example, 
the legs and arms.

Fine motor skills   
Skills that involve small 
movements, mostly of 
the hands and fingers, 
but also of the lips and 
tongue.

Figure 6.5

Homunculus. The term homunculus means “little person.” This drawing of a strange “little person” 
indicates where in the brain the different parts of the body are controlled and how much space is 
allocated to each part.

Occipital lobes

Frontal lobes

Primary motor 
cortex

Primary 
somatosensory
cortexCentral sulcus

Central sulcus

VIDEO LINK 6.8
Infant motor 
milestones

SOURCE: Reprinted with permission from Porter, R. (Ed.). (2008). The Merck Manual of Diagnosis and Therapy, 18th Edition. Whitehouse 
Station, NJ: Merck. © 2008 by Merck & Co., Inc. Available at http://www.merck.com/mmpe
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1. Head and neck: Parents of newborn infants 
must be careful to support the baby’s head, but as 
myelination proceeds downward, babies become 
able to hold up their head independently.

2. Shoulders: A newborn placed on his stomach 
will remain in that position, but as myelination 
moves down the neck, the baby will be able to 
raise his head to see the world.

3. Shoulders: As the shoulders come under control, the 
baby will reach the next milestone: rolling over (from 
stomach to back and from back to stomach).

5. Hips: When the hips and back come 
under the baby’s control, she can now 
begin to sit up, at first with support and 
then independently.

6. Thighs: With control of the legs, babies can pull 
their legs underneath them and begin to crawl. Often 
babies will initially crawl backward, in part because 
their control of their arms is greater than their control 
of their legs (Greene, 2004).

4. Arms and chest: With control of this region, 
the baby will be able to use his arms to push up 
from his stomach to survey a larger area around 
him. However, his legs are still flat to the floor.

7. Lower legs: With control traveling from the 
thighs to the lower part of the legs, babies begin 
to pull up on furniture to a standing position.

8. Feet: Control of the feet is needed to walk 
independently. At first babies walk with feet 
wide apart and hands raised to help with 
balance. As they gain more control of their 
feet and toes and better balance, their gait 
becomes more like that of an adult.

The cephalocaudal direction of myelination results in infants gaining control of their bodies in the following sequence that corresponds to the 
motor milestones that most babies go through and that parents joyfully record in their baby books.
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substance known as myelin. This is not only true for the neurons in the brain but is also true 
for the motor neurons in the body. The myelin sheath is set down in the nervous system in 
the body in two directions: from the head downward (in a cephalocaudal direction, from head 
to tail) and from the torso out to the extremities of the fingers and toes (in a proximodistal 
direction, from the center of the body out toward the extremities).

The proximodistal direction of myelination, from the central axis of the body out to the 
extremities, results in the following steps in development: 

1. Torso: Babies will roll over, using control of their chest and shoulders.

2. Arms: Control of the arms begins with the ability to swipe at objects infants see. They 
become able to use their arms to push up from the ground, which eventually develops into 
crawling.

3. Hands: When infants begin to purposefully grasp objects, they scoop objects with all their 
fingers up against their palms, in what is called the palmar grasp.

4. Fingers: As they gain control of their fingers, they can use thumb and forefinger to pick 
up things as small as Cheerios. This is called the pincer grasp. Only later can they con-
trol the rest of their fingers to be able to use a tripod grasp, using thumb, forefinger, and 
middle finger to hold a pencil.

Proximodistal development of motor skills. Look at how you hold your pen or pencil. Which fingers do you use, and how do you use 
them? Compare how your hand works to how these children are able to use their hands. Why do you think that preschoolers are often given 
“fat crayons” to use instead of pens?

Proximodistal   
Development that 
proceeds from the 
central axis of the body 
toward the extremities.
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Variability in Motor Milestones

Although brain development is necessary for motor skill development, it is not the only factor 
involved. The sequence of motor milestones happens in the same way for most babies around the 
world. This fact indicates that motor development is strongly controlled by our genes, which 
dictate the expected sequence of development. Thus, motor development can be described as 
strongly canalized, as noted in Chapter 4; that is, genes only allow for a few possibilities in 
response to the environment. However, there is some variation in the timing of motor milestones. 
For example, although most infants in the United States walk by 12 to 14 months, some walk as 
early as 9 months and some not until 18 months. Development may be uneven with some areas 
forging ahead while others are slower to develop. A pediatrician would be able to discuss with 
parents whether or not a later onset of walking is of concern for their child or whether it is just a 
normal variation in development of motor skills.

In addition to individual differences, there are cultural differences in the age at which children 
begin to walk. These differences result from child care practices that are linked to cultural prac-
tices and beliefs. For example, Super (1976) found that Kenyan parents practiced walking and sit-
ting skills with their babies, and as a result their babies reached these particular milestones sooner 
than American babies. As we described earlier, the stepping reflex typically disappears at about 3 
months of age as babies become chunkier and they cannot support their heavy bodies with their 
small legs (Thelen, Fisher, & Ridley-Johnson, 2002). In contrast, the Kenyan babies did not lose 
their reflex before they developed real walking. Other activities that they did not practice, such as 
rolling over, did not develop more quickly. Clearly, specific skills developed earlier because these 
babies practiced them, with the help of their parents. To test this hypothesis, Zelazo, Zelazo, 
Cohen, and Zelazo (1993) had Canadian parents practice walking skills or sitting skills with 
their 6-week-old babies. They found that skill development was quite specific. Those trained in 
walking were able to walk at an earlier age, while those trained in sitting performed this action 
at an earlier age. Therefore, even though genes are responsible for the general development of 
these skills, the environment can affect their fine-tuning. Although this research supports the 
idea that these motor skills can be advanced by practice, we also want you to remember that it is 
not necessary to do this. Even when a culture’s child-rearing practices do not include “practice 
walking,” all infants learn to walk.

We have seen that the development of motor skills results from input from genes, maturation, 
and the environment. However, researcher Esther Thelen, whose dynamic systems theory we 
described in Chapter 2, has shown that development of motor skills is even more complex. For 
example, newborns are unable to control the movement of their arms to reach for something. It 
was assumed that the development of eye-hand control is the necessary factor in determining 
when infants will be able to control their movements. However, Thelen and her colleagues were 
able to show that the infant’s activity level is another major factor. Infants have to control the 
speed with which they move their arm to successfully grasp a desired object, so infants who are 
more active have to learn to slow down and control their reach, while those who are less active 
have to increase the velocity of their reach to be successful (Thelen et al., 1993). Infants need to 
find the best fit between their physical style and the demands of the task. In the human dynamic 
system, many factors, including physical, cognitive, and social factors, must come together to 
determine all behaviors.

Another example of the effects of experience on the development of motor skills involves 
the Back to Sleep program instituted by the American Academy of Pediatrics. In 1992, this 
group began to recommend that infants be put to sleep on their backs to reduce the risk of 
sudden infant death syndrome (SIDS). As you learned in Chapter 5, since that time the 
incidence of SIDS has decreased by more than 50% (National Institute of Child Health 
and Human Development, 2010). However, there is some evidence that an unintended 
consequence of this policy is that infants are starting to crawl at later ages (Davis, Moon, 
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Sachs, & Ottolini, 1998). When babies sleep on their stomachs they ref lexively move their 
arms and legs, strengthening those muscles, but when they sleep on their backs they do not 
get this stimulation. As a result, pediatricians and others are now recommending that par-
ents be sure to give their infants “tummy time” every day under the watchful eye of an adult. 
On the other hand, going directly from sitting to walking does not indicate that there are 
motor problems, and infants who sleep on their backs walk at the same age as other infants 
(Davis et al., 1998).

Although research is showing the complexity of motor development, the real-world approach 
to fostering young children’s motor skills remains simple. Parents can promote normal develop-
ment of motor skills by providing a safe, “baby-proofed” space that is large enough for infants 
and toddlers to explore and by enthusiastically encouraging the development of each motor mile-
stone in its turn. Under these conditions, over the course of a normal waking day, infants will 
take more than 9,000 steps, the equivalent of the length of 29 football fields (Adolph & Berger, 
2006). 

You can learn more about the development of children’s motor skills by carrying out Active 
Learning: Checklist of Motor Skill Development with a child.

TRUE/FALSE #5
It is important that 
infants crawl before 
they walk. If they go 
directly to walking 
they are more likely 
to develop learning 
disabilities later in life.

False. Babies may or 
may not crawl in a 
typical “bear walk” 
fashion, but this has 
no implications for the 
development of their 
cognitive (or physical) 
abilities later in life.

ACTIVE 
LEARNING

Checklist of Motor Skill Development
Using books or online resources, create a checklist (as described in Chapter 3) of different behaviors 
that a child or an adolescent could perform at different ages for one aspect of motor development (for 
example, fine motor skills, gross motor skills, balance). You might work with others who are observing 
children of different ages to create the checklist so that you use it to compare the changes that occur 
with age. If you do this, you will need to find actions appropriate for children younger than the youngest 
child and older than the oldest child. Begin testing a little below your child’s age level and continue 
until the child is unable to perform several actions. Always respond positively to the child’s attempts 
and don’t let the child become frustrated by asking him to perform actions that are much too difficult 
for him. You can make this activity fun for a younger child by asking the child to play “Simon Says” with 
you. You can demonstrate motor skills ranging from standing on one foot to doing cartwheels (if you can 
do them), depending on the age of the child. Ask the child to perform them after you.

Were you surprised by any of the actions your child could or could not perform? How would you 
explain the upper limits of the child’s abilities—lack of practice, level of brain maturation, development 
of motor coordination, or other reasons? If you were able to compare your observations with those of 
other people, did you find trends of physical development across ages, and did you find individual dif-
ferences between children of the same age?

Effects of Motor Development

The timing of motor milestones interacts with other areas of infant development. In Eleanor 
Gibson’s classic work, she developed what she called the visual cliff, a Plexiglas-covered 
table that gives the illusion that one side drops off from table level to f loor level, shown in 
Figure 6.6 (Gibson & Walk, 1960). Although babies can perceive depth from an early age, they 
do not develop a fear of sudden “drop-offs” until they have started to crawl. Babies show no fear 
of the visual cliff before they start crawling, but about 4 to 6 weeks after they have learned to 
crawl they become fearful of what looks to them like a fall about to happen (Campos, Bertenthal, 
& Kermoian, 1992). The new ability to move around has other effects as well. Infants can now try 
to stay near their parents as attachment develops; they can explore more freely, which increases 
learning; and they can also get into more trouble, which means more control from parents and 
others (Campos, Kermoian, & Zumbahlen, 1992).
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The Importance of Physical Activity

In spite of the fact that Kenyans seem to win marathons more than would be expected (BBC 
News, 2005), there is no evidence that their early proficiency in walking, described above, relates 
to any greater physical skills later in life. Rather, many attribute Kenyans’ success to the result of 
ongoing practice. Elijah Maanzo (2005), a young Kenyan runner, wrote, “As young Kenyans, we 
ran five kilometres to school every morning. And as children, we saw our parents run to work. 
We ran to church, to the river, everywhere. To a Kenyan, running is part of our daily lifestyle. 
Our victories at international events are just proof of this” (para. 10).

Physical activity is important for children and teens at all ages. As schools cut back on recess 
time, it becomes even more important for families to ensure that their children are running, bik-
ing, and playing actively for their long-term health and the development of their muscles. The 
CDC (2011a) recommends that children take part in 60 minutes of exercise per day, including 
aerobic, muscle-strengthening, and bone-strengthening activities. These activities do not need 
to include intensive involvement in sports, unless a child loves sports. Walking to school, riding 
a bike, or raking leaves can all be sources of healthful exercise. The physical benefit of exercise 
continues throughout your life. Physical activity is related not only to optimal functioning of 
your muscles but also to optimal functioning of your brain (Bear et al., 2007; Hillman, Buck, 
Themanson, Pontifex, & Castelli, 2009; Society for Neuroscience, 2007a; van Gelder et al., 
2004). The message is to walk away from the TV, computer, and video games and go outside  
to play. We discuss more about physical activities in relation to play and the media in  
Chapters 12 and 14.

Figure 6.6

The visual cliff. As infants learn to crawl, they become fearful of crossing the apparent “cliff” in this 
apparatus designed by Eleanor Gibson to assess infants’ depth perception.

VIDEO LINK 
Gross motor skills
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Sensation and Perception
In the next section we describe how the development of the brain and the senses predisposes 
babies to form the all-important attachments to their caregivers. We know that having a baby 
reach the physical developmental milestones we’ve described above is a source of joy and pride for 
the parents, but babies have other capabilities that draw parents into a bond with them. Infants 
also use the information that comes to them through their senses to learn about the world in 
which they live.

When we talk about sensations, we are referring to the information from the environment 
that is picked up by our sense organs. For instance, light from the environment stimulates the 
retina of the eye, sound waves stimulate the auditory nerves in the inner ear, and chemical com-
pounds in the food we eat stimulate the taste receptors on our tongue. However, it is the brain 
that puts the sensory information that it receives together so that it can attach meaning to that 
information and interpret what is happening in the world. This is the process of perception. For 
example, light within a certain range of wavelengths is the color red and within another range of 
wavelengths is the color blue. But when the retina of your eye is stimulated with the wavelength 
for red, how do you know whether you are seeing an apple or a fire truck? Your brain takes this 
visual information for color; puts it together with other information about shape, size, and posi-
tion; and draws on previous experience to interpret this pattern of sensations as an apple.

Mirror Neurons
Newborn babies are capable of imitating adults’ simple facial expressions (Meltzoff & Moore, 
1997). If you stick out your tongue at a baby, the baby may stick her tongue out at you. Until 
recently, scientists had little idea how infants were capable of manipulating parts of their body 
they can’t even see, but in the 1990s a team of Italian researchers was studying the brains of 
macaque monkeys when they discovered what are now called mirror neurons (Winerman, 
2005). They found that the same neurons fired if the monkey put something in its own mouth, 
or if the monkey saw the researcher put something in the researcher’s mouth. Results from brain 
imaging studies indicate that for humans the same regions are activated for both experienced 
and observed motor movement and emotional expression. For newborns, this built-in system 
may activate an automatic imitative response. Just as we automatically cringe when we see a baby 

cry in response to an injection, or open our mouths as 
we feed babies, or laugh when we hear others laugh 
(which is why laugh tracks are added to television 
shows), babies also imitate some of our actions auto-
matically. This is a powerful way in which babies are 
brought into the social world. They learn from us, and 
we enjoy seeing ourselves ref lected in our babies. By 
contrast, when autistic children were shown pictures of 
faces expressing a range of emotions and were asked to 
imitate those faces, there was less activity in the brain 
regions associated with mirror neurons as compared to 
children without autism. Further, the more severe the 
child’s condition, the lower the level of neural activ-
ity (Dapretto et al., 2006). This imitative deficit may 
contribute to the social isolation that we associate with 
autism. 

You know that yawns are contagious because you 
see it happen in classrooms all the time. When you see 
someone else yawn, think about yawning, or even hear 

Sensations   
The information from 
the environment that is 
picked up by our sense 
organs.

Perception   
The process of 
interpreting and 
attaching meaning to 
sensory information.

VIDEO LINK 6.9
Sensations and 
perceptions

Mirror neurons   
Neurons that fire both 
when an individual 
acts and when the 
individual observes the 
same action performed 
by another.

Mirror neurons. Mirror neurons may give infants the ability to imitate 
simple actions that they see others do. This baby is responding to her 
mother sticking out her tongue. Try this for yourself with a young infant. 
How do you feel when the infant responds to you by doing what you 
just did?
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the word “yawn,” 40% to 60% of adults will themselves yawn. This involuntary “matching” of 
our behavior to another person’s behavior is one way that we show that we are in sync with others 
during our social interactions.

Helt, Eigsti, Snyder, and Fein (2010) examined how the tendency to mimic this behavior 
changed as a function of a child’s age, and whether this tendency differed between typically 
developing children and children with autism spectrum disorders. They found that if an experi-
menter yawned four times while reading a book to young children, 10% of 3-year-olds, 35% of 
the 4-year-olds, and 40% of the 5- and 6-year-olds would also yawn on at least one of those occa-
sions. However, children with autism spectrum disorders were significantly less likely to yawn 
under the same conditions, regardless of their age. You can see for yourself how we mirror the 
behavior of others by completing Active Learning: Contagious Yawning—Mirror Neurons 
at Work. 

ACTIVE 
LEARNING

Contagious Yawning—Mirror Neurons at Work 
Ask to read a short story to a child between the ages of 2 and 7 years. Because older children may be 
reading themselves and don’t still expect to be read to, tell the child that you want to ask them some 
questions after they hear your story. Sit across the table from the child so they can easily see what you 
are doing, and yawn 4 different times during the story, while watching to see if the child mirrors your 
behavior by yawning themselves. 

Either try this with several children of different ages, or pool your findings with others in your class 
to see if your results resemble the age-related findings of Helt and colleagues. Remember to ask a few 
simple questions about the story at the end and thank the child for listening to your story. 

Remember that in the research by Helt et al. (2010) the majority of children at all of these ages do 
NOT yawn, so do not think that there is something wrong with the child you are observing if he or she 
does not yawn when you do.

Development of the Five Senses
Vision

Although newborns are capable of focusing their eyes, their vision is much worse than normal 
adult vision. The visual acuity of young infants (or the ability to see things in sharp detail) is 
about 20/400, which means that an infant can clearly see at 20 feet what an adult with normal 
vision can see at 400 feet (Balaban & Reisenauer, 2005). They will not develop adult levels of 
visual acuity until sometime between 6 months and 3 years (Slater, Field, & Hernandez-Reif, 
2007).

However, infants can see faces, and from birth they are attracted to looking at the faces of people 
around them, especially their mother (Farroni, Menon, & Johnson, 2006). In addition, they tend to 
concentrate on areas of high contrast—that is, where darkest dark meets lightest light. At first this 
may mean that they scan the parent’s hairline, but if you think about what area on the human face has 
the highest contrast, you may agree that it is the eyes, where the white of the eye surrounds a darker 
center. At 2 months of age, infants concentrate attention on the eyes (Ramsey-Rennels & Langlois, 
2007). Think about how you would feel when holding a baby who looks you directly in the eye. Many 
parents respond with the feeling that “this baby knows me.” Haith, Bergman, and Moore (1977) have 
argued that babies are responding to social stimuli, not just high contrast, because their research 
showed that babies focused more on their mothers’ eyes when their mothers were talking than when 
they were silent. If high contrast was the only factor, the child would pay equal attention to the eyes 
whether the mother was talking or not. More recently, Farroni and her colleagues (2006) found that 
newborns look more at the face of a person who is gazing directly at them rather than looking away. 
However, regardless of whether this is a “trick of nature” or a true social response, the fact that babies 

Visual acuity   
The ability to see 
things in sharp detail.
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tend to “look you in the eye” is surely an adaptive way they attract others to interact with them. In 
fact, research has shown that mothers are more likely to continue to interact warmly with their infants 
when they are looking their mothers in the eye (Haith et al., 1977).

Hearing

Hearing becomes functional while the fetus is still in the womb, and one sound fetuses hear 
loudly is their mother’s voice. Subsequently, babies show a preference for their mother’s voice 
within the first 3 days of life (DeCasper & Fifer, 1987). They even remember specifically what 
the mother said, if she repeats it regularly. In a famous experiment mothers were assigned a 
story to read aloud twice a day to their unborn fetus during the last 6 weeks of their pregnancy 
(DeCasper & Spence, 1986). Within hours of their birth, the newborns were given a special 
pacifier. If the infants sucked on the pacifier in a certain way, they heard a recording of either 
their mother or another woman reading the assigned story, but if they sucked in a different way 
they could hear a recording of a different story. The researchers concluded that babies showed 
memory for what they had heard prenatally because they were more likely to suck the pacifier in 
the way that would produce the recording of the story they had heard prenatally.

What else do babies hear prenatally? To get a little bit of an idea, press your ear against 
another person’s stomach (choose someone you know well!). What sounds do you hear? Babies 
hear all this and more: the mother’s heartbeat and sounds of digestion, as well as talking and 
outside sounds. In fact, many babies seem to need a certain level of noise in their first few months 
after birth in order to sleep. Many parents resort to leaving a vacuum cleaner running or putting 
the baby near a running clothes dryer to provide a level of background sound. Teddy bears that 
have built-in “heart sounds” also can help soothe babies.

Smell

Babies know their mother’s smell from very early in their lives. Within the first 6 days of 
life, they will turn toward their mother’s smell more often than toward another mother’s 
scent (MacFarlane, 1975), and research has shown that babies who are being breastfed rec-
ognize their mother’s scent within the first 2 weeks of life (Cernoch & Porter, 1985). This 
may be linked to a similarity between the smell of the amniotic f luid they experienced 
before birth and the smell of the mother’s breast milk (Marlier, Schaal, & Soussignan, 
1998). Babies are even soothed by the scent of clothes that their mother has been wearing 
(Sullivan & Toubas, 1998).

Taste

Infants prefer sweet taste and react negatively to salty, sour, and bitter tastes (Rosenstein & 
Oster, 2005). Mother’s milk is sweet, so this draws the baby to the food and to the mother. This 
taste preference has been used to help infants who must undergo a painful procedure. Baby boys 
sucking a sweet pacifier while undergoing circumcision cried less than those who used an unfla-
vored pacifier (Blass & Hoffmeyer, 1991). In addition, mother’s milk, as well as amniotic f luid, 
takes on some of the f lavor of the foods the mother eats (Fifer, Monk, & Grose-Fifer, 2004). 
Therefore, babies are introduced to the tastes of their local foods even before birth, and there is 
evidence that early experience with particular tastes becomes acceptance or preference for such 
tastes later in life (Mennella, Griffin, & Beauchamp, 2004).

Touch

Touch is very soothing. In one study, babies who were held in skin-to-skin contact with their 
mothers cried less when given a slightly painful medical procedure (in this case, it was a heel 
stick to extract a small amount of blood) (Gray, Watt, & Blass, 2000). As we discussed in 
Chapter 5, Tiffany Field and her colleagues at the Touch Research Institute at the University 
of Miami have found that infant massage improves growth and effectively soothes babies of all 
ages, even premature babies (Dieter, Field, Hernandez-Reif, Emory, & Redzepi, 2003; Field 
et al., 2004). Many adults who have had a massage know how relaxing it can be. Massage with 

TRUE/FALSE #6
Infants are born with 
a preference for the 
foods common in their 
culture.

True. Because a 
mother’s amniotic 
fluid takes on some of 
the flavor of the food 
she eats while she 
is pregnant, infants 
have some experience 
with these tastes even 
before they are born.
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ACTIVE 
LEARNING

How Toys Stimulate Babies’ 
Senses
This toy can be held by any of the handles, all of which have dif-
ferent textures. When a baby shakes it, it makes a soft chiming 
sound. The cube gives off a pleasant smell. Find at least five dif-
ferent ways in which this toy provides appropriate sensory stimula-
tion for a baby.

Possible answers: 
1. High-contrast eyes on the butterfly attract the baby’s eye to develop vision.

2. Different textures develop the sense of touch.

3. The sound it makes stimulates hearing.

4. Babies are attracted to faces, so they will be drawn to the butterfly’s faces.

5. It is entirely soft and therefore safe for a baby to use.

6. Babies can hold the cube with two hands, helping with coordination.

children can be helpful in improving conditions that range from 
anxiety (Field et al., 1992) to HIV (Diego, Hernandez-Reif, Field, 
Friedman, & Shaw, 2001). The research by Field and her colleagues 
appears to show that not only can massage make you feel better, 
but it also can raise the level of your body’s ability to fight off the 
effects of disease.

Cross-Modal Transfer of Perception

So far we have described how infants perceive the world through 
their individual senses. However, the senses also have to work 
together. For example, if you closed your eyes and touched an apple, 
when you opened your eyes and someone showed you an apple and 
an orange, you would know you had just touched the apple by look-
ing at it. In other words, your perception of “apple” crosses from the 
tactile mode to the visual mode.

Infants, even from birth, show some aspects of cross-modal trans-
fer of perception, but their abilities are limited in a number of ways. 
They can visually recognize something they have only touched and 
not seen (as in the apple example above), but they cannot recognize 
by touch something they have just seen but not previously touched (Sann & Streri, 2007). These 
abilities are strengthened as infants grow older and have more experience with seeing, touching, 
hearing, smelling, and tasting many things in their world. 

Many toys designed for young children incorporate features that let them use their senses to 
explore the world. Active Learning: How Toys Stimulate Babies’ Senses lets you identify some 
of these features for yourself in a popular infant’s toy.

Taste preferences. A mother’s amniotic fluid can carry 
chemosensory molecules from food that she eats. These 
molecules, in turn, can stimulate the fetus’s smell and 
taste receptors before birth. After an infant is born, the 
infant’s food environment continues to reinforce those 
cultural tastes and smells.

Sensory Preferences and Connection to Caregivers

To review, we have seen that infants prefer to look at faces, naturally “look you in the eye,” rec-
ognize their mother’s voice, and prefer her scent and the taste of her milk. In addition, infants 
are able to naturally imitate people from their first days of life. Clearly from the minute we are 
born, we are well equipped to enter a social world, and we are prepared to form relationships with 
those who take care of us. Although true attachment will not develop until later in the first year 
of life, as we discuss in Chapter 10, infants prefer the special people who care for them, and they 
have inborn mechanisms that draw these people into relationships with them.



Part III: Building Blocks of Development200

Body Growth and Changes
Our bodies change in many ways as we grow. In this section we discuss how bodily proportions 
change from the large head and small body of the infant to adult proportions. During middle 
childhood, bones lengthen, muscles strengthen, and baby teeth are replaced with adult ones. 
Both gross and fine motor skills continue to develop. Finally, we discuss the major changes that 
happen to the body during puberty as children move into sexual maturity.

Infant Proportions
Of course all babies are beautiful, but beyond that they share some physical characteristics that 
draw us to them. When they are born, the comparative proportions of their heads and bodies are 
very different from those of older children and adults. A baby’s head is very large in comparison 
to his small, helpless-looking body. If you do the activity described in Active Learning: Head-
to-Body Proportions with a young child, you will see for yourself how short the child’s arms are 
in comparison to the size of her head.

ACTIVE 
LEARNING

Head-to-Body Proportions
Take your right hand and reach over your head to touch your left ear. No problem, right? Now ask a 
toddler or preschooler to do the same thing, helping her if necessary. How far does the child’s hand 
get over her head? Most likely the child’s arm will not reach the opposite ear because her head is much 
larger in relation to the rest of her body than the head of an adult is to his body.

As children mature, their arms and legs lengthen, and the rest of the body catches up in size to 
the head. This fact has been used in some countries as a rough test of the child’s readiness to attend 
school. In one area of Tanzania, where there were inadequate birth records to document children’s ages, 
this test was used to determine the level of children’s physical maturation and therefore their readiness 
to start school (Beasley et al., 2000).

In addition to their large head, infants also have large eyes, a small nose and mouth, and rela-
tively fat cheeks. There may be an evolutionary reason for this appearance. It makes babies appear 
cute, and we are attracted to taking care of them (Vance, 2007). This attraction is even stronger 
for women who have larger amounts of reproductive hormones in their system (Sprengelmeyer 
et al., 2009). A secret that few parents will reveal is that some aspects of baby care can be very 
unpleasant because they must deal with all kinds of bodily f luids, smells, and being up half the 
night, but as a new mother once wrote: “It’s a good thing God made babies so cute, otherwise you 
would send them right back to the hospital!” Anyone who has seen the movie E.T. (Spielberg, 
1982) knows that in spite of how frightening this “extraterrestrial” looked, with his large head, 
large eyes, and helpless-looking body, we loved him and wanted to help him get home again. In 
the same way, we protect and nurture our babies in spite of the difficulties of caring for them, 
and this is in part because of the effect that their bodily proportions have on us.

Changing Bodily Proportions
Growth during infancy and until age 2 is very rapid. The average infant doubles her birth weight by 
about 5 months of age, and triples it by her first birthday. During this same time, the infant will add 
about 10 inches or 50% to her length at birth. If the same rate of growth applied to the average 11- or 
12-year-old, it would be terrifying, but after their second birthday, growth slows. Two-year-olds are 
approximately half the height they will be in adulthood, so to get an estimate of a child’s adult height, 
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you could double the height of a 2-year-old. However, a better indicator would be to look at the height 
of family members. Assuming adequate nutrition, height is highly genetic, so it is very likely that a 
child’s eventual height will fall somewhere within the range of the height of her close relatives. 

As the long bones of the arms and legs lengthen, children begin to look more like adults and 
less like babies. Children settle down into a steady growth rate in middle childhood, adding 
on average a little over 2 inches in height each year, and gaining about 6.5 pounds (American 
Academy of Pediatrics, 1999). Although growth charts usually show growth curves as a smooth 
and continuous function, growth typically occurs in growth spurts of about 24 hours, followed 
by days or weeks of no growth (Adolph & Berger, 2006). And for many school-aged children, it 
is not a myth that they will experience growing pains. In fact between 25% and 40% of children 
between the ages of 3 and 5 and again between the ages of 8 to 12 experience sharp, throbbing 
pains in their legs, usually in the late afternoon or evening (American Academy of Pediatrics, 
2007). A gentle massage, warm bath, or gentle stretch is usually all that is needed to provide 
relief. This type of growing pain is different from what some young adolescents experience dur-
ing puberty, when bone growth is occurring so rapidly that muscles and tendons cannot keep 
pace. This type of pain in adolescence is most likely to affect the knee or heel, and the pain may 
be accompanied by some swelling. A person’s “skeletal age” can be determined by examining the 
active growth centers at the ends of growing bones known as the epiphyses (eh-PIF-i-sees) as 
shown in Figure 6.7. Bones continue to grow until sometime, usually during adolescence, when 
the soft spongy ends of the bone harden off and growth is complete.

As children approach adolescence, growth hormones work together with sex hormones (partic-
ularly estrogen for adolescent females and testosterone for adolescent males) to produce the rapid 
increase in height in both girls and boys that is known as the adolescent growth spurt. Girls, on 
average, begin their growth spurt at about 9 to 10 years of age (Porcu et al., 1994). Boys typically start 
their growth spurt about 2 years later (Krabbe, Christiansen, Rødbro, & Transbol, 1979; Malina, 
Bouchard, & Oded, 2004). At the peak of the adolescent growth spurt, a young person can add 4 
inches in height in a single year. This pubertal growth spurt ends by about age 15 for girls, following 
the onset of menarche (Porcu et al., 1994) and age 16 or 17 for boys. Active Learning: Your Growth 
in Childhood guides you in looking back at your own physical development during your childhood.

Infant facial features. Can you see how the facial features we find so endearing in infants were used by the 
makers of the movie E.T. to make us care about E.T.’s welfare?

Adolescent growth 
spurt  The period 
of rapid increase in 
height and weight 
that occurs in early 
adolescence.
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As the body grows and proportions change, the face changes as well. One factor in this change 
is the development of teeth. Babies are usually born toothless (a fact that most nursing mothers 
appreciate), but within the first year, teething occurs and baby teeth emerge. However, these baby 
teeth will not last very long. As children enter childhood, their permanent teeth begin to push up 
through the gums, loosening their baby teeth. It is a very exciting development for children when, 
at about age 6, they lose their first baby tooth. Their molars (or teeth in the back of their mouth) 
don’t normally loosen until around ages 10 to 12. Why do we lose our first teeth? Unlike bones, 
teeth do not grow. As our jaws grow, the teeth look smaller and smaller by comparison (Churchill, 
2006). Meanwhile our bodies have been developing much larger teeth under the gums that will 
push out the smaller ones. Children who have just gotten their adult-size teeth may take a while to 
“grow into their teeth,” which initially look very large in relation to the size of their faces.

Sexual Development
Physical Changes of Puberty

Some of the most dramatic physical changes that occur are seen as children enter adolescence. 
The adolescent growth spurt we just described is one outward sign of a number of changes that 
are occurring as children move through puberty. The pubertal process moves the young person 

Figure 6.7

Epiphysis of the bones. Growth centers are found at ends of bones. The ends remain soft until 
children reach their adult size, when the ends will harden and growth will stop. This image shows how 
the bone develops from cartilage (in blue) to hard bone with the soft tissue at the ends.

ACTIVE 
LEARNING

Your Growth in Childhood
Families often keep track of their children’s growth. See whether your family kept a baby book detailing 
your growth in the early years. If your parents later marked your growth on a wall, look at the rate of 
change over time. Were there some periods of more rapid growth compared to other times in your life? 
If possible, compare these changes to those of your siblings or of your friends or classmates. At what 
points were girls taller than boys? When did this change?

Puberty  The physical 
changes that occur in 
adolescence that make 
an individual capable 
of sexual reproduction.



Chapter 6: Physical Development: The Body and the Brain 203

toward sexual maturity, but it actually begins earlier than many 
people realize. At some point between the ages of 5 and 9, the 
adrenal gland increases its production of androgens in both boys 
and girls. This will later be linked to the growth of facial hair 
(in boys) and pubic and armpit hair (in both boys and girls). A 
few years later, estrogen produced by the girl’s ovaries will trig-
ger changes in the growth of her uterus, vagina, and breasts and 
will cause fat to accumulate in the distribution pattern that is 
typical of females. Estrogen is also necessary to support the girl’s 
menstrual cycles. Androgens (especially testosterone) produced 
by the boy’s testes increase muscle mass and stimulate the growth 
of facial and pubic hair (Salkind, 2005).

The entire process, which takes about 4 years, begins (and 
therefore also ends) earlier for girls than for boys. During puberty, 
primary and secondary sex characteristics develop. Primary sex 
characteristics involve changes that occur in the organs nec-
essary for reproduction—the vagina, ovaries, and uterus of the 
female, and the testes and penis of the male. For females, this 
process culminates in menarche (the first menstrual f low or 
“period”) and the beginning of ovulation. For males, it culmi-
nates in spermarche, or the ability to produce viable sperm. 
Changes that are associated with gender but do not directly 
involve the sex organs are secondary sex characteristics. Breast 
development in females, deepening of the voice in males, and 
growth of pubic and underarm hair in both genders are examples 
of secondary sex characteristics. Secondary sex characteristics are 
important outward signs to others that a child is becoming physi-
cally mature. The way that both peers and adults interact with a 
young person often is affected by these changes. As young people 
look less like children and more like adults, they tend to be treated more like adults.

As we already discussed, the long bones of the body grow rapidly during puberty. However, 
the adolescent body also adds muscle and fat. Gender differences in fat and lean body mass are 
small in infancy and childhood, when girls have only slightly more fat than boys. However, 
during the adolescent growth spurt girls accumulate a greater percentage of body fat, while boys 
accumulate a greater percentage of lean muscle mass (Forbes, 1989). By the end of adolescence, 
boys have a higher lean body mass to height ratio than girls. There is a critical level of body fat 
that is necessary for girls to maintain regular menstrual periods. That is why women who are 
anorexic, or who exercise so strenuously that their reserves of body fat drop to extremely low 
levels (for example, athletes or dancers), may have irregular periods or their periods may stop 
altogether.

The Timing of Puberty

Although the sequence of events that occur during puberty is fixed, the timing is variable. The 
age at which girls experience menarche declined in industrialized countries since the mid-1800s 
(Roche, 1979), but has not changed since 1973 in the United States, where the average age is 
about 12 years (Chumlea et al., 2003). There are many factors that contribute to the timing of 
puberty, including diet and health, body type, heredity, and ethnic background. Girls from fami-
lies with more social and economic resources reach menarche 3 months to 3 years before girls 
from disadvantaged families (Parent et al., 2003), perhaps because of better diet and better over-
all health in more well-to-do families. The fat cells in a girl’s body release a protein called leptin, 
which tells the brain that fat stores in the body are adequate to sustain puberty. As a result, girls 

Losing baby teeth. Do you remember feeling as excited 
about losing your baby teeth as this girl appears to be? 
Notice that her two bottom teeth are new ones coming in 
and are larger than the others.

Primary sex 
characteristics   
Changes that occur in 
the organs necessary 
for reproduction.

Menarche  A girl’s 
first menstrual period.

Spermarche   
The beginning of 
production of viable 
sperm.

Secondary sex 
characteristics   
Characteristics that are 
associated with gender 
but do not directly 
involve the sex organs.

VIDEO LINK 6.10
Talking to kids about 
puberty
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who are heavier than average are likely to go through puberty at a younger age than girls who are 
average in weight or thinner. Heredity also plays a role because daughters go through puberty at 
an age that is similar to that of their mothers (Ersoy, Balkan, Gunay, & Egemen, 2005). Finally, 
there are ethnic differences. In the United States, Black adolescents reach menarche on average 
at a younger age than White girls of similar age and body weight (Malina et al., 2004).

Because the physical changes of puberty have such a profound effect on how the young person 
is seen by others, undergoing these changes relatively earlier—or considerably later—than age-
mates can have a significantly different impact on development. Research on pubertal timing 
goes back to the 1950s, but there has been a consistent set of conclusions reached by research 
conducted since then. Early maturation appears to have a number of advantages for adolescent 
boys, and late maturation has a number of disadvantages. For girls, the picture isn’t quite as clear. 
Early maturation can put the girl at some risk, but maturing at the same time as or slightly later 
than peers has some advantages.

Early maturing boys tend to have positive self-images and feel good about themselves in a 
number of ways, including being more self-confident and seeing themselves as independent. 
Late-maturing boys, on the other hand, have more negative self-concepts and are more likely 
to feel inadequate and rejected (Mussen & Jones, 1957). Consequently, they may suffer from 
depression (Kaltiala-Heino, Kosunen, & Rimpela, 2003). Because boys who mature earlier are 
taller and heavier than their peers, they are likely to be the athletes in the group, and this gives 
them a lot of status in the peer group. However, early maturing boys tend to spend their time 
with older peers because their physical development is a better match with that of older adoles-
cents (Caspi, Lynam, Moffitt, & Silva, 1993; Stattin & Magnusson, 1990), and this can expose 
them to behaviors they are not yet ready to handle. For instance, they are more likely to begin 
using drugs and alcohol (Tschann et al., 1994; Westling, Andrews, Hampson, & Peterson, 2008; 
Wiesner & Ittel, 2002). These risks are even greater for adolescents growing up in disadvantaged 
neighborhoods or who have parents who are harsh or inconsistent in their discipline (Ge, Brody, 
Conger, Simons, & Murry, 2002).

Every day the media bombards us with images of attractive, sexy young women who seem to 
have anything good that life can offer, so it might seem that maturing early would be an advan-
tage for girls, but that is hardly the case. When a girl physically matures earlier than the other 
girls her age, it tends to set her apart and isolates her from them. In fact, it might even inspire a 
bit of jealousy or envy (Caspi et al., 1993). Early maturing girls tend to experience more anxiety 
in social situations because of their increased self-consciousness (Blumenthal et al., 2011). And 
because girls physically mature on average about 2 years before boys do, most boys her age are 
not interested in this girl who is becoming a woman right in front of their eyes and might even 
be a bit intimidated by her.

Similar to what we saw with early maturing boys, this social isolation from age-mates might 
drive the girl to spend time with older adolescents (Caspi et al., 1993; Stattin & Magnusson, 
1990). A physically mature but chronologically young adolescent girl might be particularly sus-
ceptible to peer pressure to drink, smoke, or be sexually active because she does not yet have 
the cognitive maturity to know if, when, and how to say no—and to stick to it (Stattin & 
Magnusson, 1990).

Girls who mature on a timetable that is similar to (or even slightly behind) that of most of 
their age-mates are the ones who have an advantage (Tobin-Richards, Boxer, McNeill-Kavrell, 
& Petersen, 1984). They fit in comfortably with the girls their own age but also with most of the 
boys. This means that they have support from a peer group that is dealing with the same issues 
and concerns that they have. And, of course, being a female who remains relatively thin fits well 
with the cultural stereotype of what an attractive young woman should look like. Consequently, 
these girls tend to have positive body images (Tobin-Richards et al., 1984).

In a small percentage of girls, the earliest events in the pubertal sequence (such as the begin-
ning of breast buds and appearance of pubic hair) have been reported as early as 6 or 7 years 

TRUE/FALSE #7
Adolescent girls who 
go through puberty 
earlier than their 
peers are happier and 
healthier than girls who 
go through puberty 
later.

False. Early maturing 
girls may feel socially 
isolated from their 
less mature peers. 
This sometimes 
pushes them toward 
relationships with 
older adolescents, 
which exposes them 
to behaviors that can 
place them at risk.
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of age (Nield, Cakan, & Kamat, 2007). This occurrence, known as precocious puberty, has 
received increasing attention (Parent et al., 2003). There are rare medical conditions, such as 
hormonal disorders or brain tumors, that can be the cause of these early changes, but other cases 
probably represent girls who are simply the earliest-maturing girls among their peers. It is clear 
that girls who experience these changes in their bodies at such a young age need extra support 
and good information to help them deal with the situation. They lack one important thing that 
helps make puberty seem like a normal change for most girls. They don’t have a group of peers 
who are going through the same experience with them.

The good news is that by the end of high school, almost all adolescents have undergone the 
physical changes of puberty, and a distinction between “early” and “late” maturers no longer 
has much meaning (Natsuaki, Biehl, & Ge, 2009). Unless the differences in timing of physical 
maturation have been responsible for other risky behaviors that become problematic in and of 
themselves (Copeland et al., 2010; van Jaarsveld, Fidler, Simon, & Wardle, 2007), adolescents 
are again on a pretty level playing field in this regard. Active Learning: Timing of Puberty 
helps you reflect on your own experiences as you went through puberty.

Precocious puberty   
A condition in which 
pubertal changes begin 
at an extraordinarily 
early age (as young as 
6 or 7 years of age).

ACTIVE 
LEARNING

Timing of Puberty
Think back to when you went through puberty. (Some of you, especially boys, may still be experienc-
ing some of these changes such as growth in height and increase in facial hair.) Do you remember 
your changes occurring before, after, or at the same time as those of your peers? When you compared 
yourself with others, were those comparisons favorable or not, and why? You might want to discuss 
your experiences with others to find out more about the range of ways in which adolescents experi-
ence puberty and variations in its timing and the possible impact of these differences on adolescent 
development.

Risks of Sexual Maturation

After adolescents go through puberty, males can produce viable sperm, and females can become 
pregnant. For most adolescents, their growing interest in the opposite sex eventually leads to 
having romantic relationships, and for some of those adolescents, it also leads to the decision to 
become sexually active. Culture has a strong influence on if or when an adolescent makes this 
transition, but in the United States, 42% to 43% of all teenagers between the ages of 15 and 19 
report that they have had sex at least once (Abma, Martinez, & Copen, 2010). However, U.S. 
teens are waiting longer to become sexually active than they have in the recent past (Guttmacher 
Institute, 2012). The most common reasons sexually inexperienced teens gave for not having had 
sex were that it was against their religion or morals, they did not want to become pregnant, and 
that they hadn’t yet found the right person.

When adolescents do become sexually active, their decision carries with it a number of poten-
tial risks. Females are at risk of becoming pregnant, and both sexes are at risk of contracting a 
sexually transmitted infection. We look at the consequences of both of these possibilities on 
adolescent development and describe ways in which adolescents can protect themselves from 
these risks.

Adolescent Pregnancies. After a substantial decline between 1991 and 2005, the adoles-
cent pregnancy rate in the United States unexpectedly increased by 5% during the next two 
years, before resuming its long-term downward trend in 2008 (National Center for Chronic 
Disease Prevention and Health Promotion, 2011) (see Figure 6.8). Despite this downward 
trend, there still were more than 409,000 infants born to U.S. teenagers in 2009 (National 

TRUE/FALSE #8
In the United States, 
90% of adolescents 
between the ages of 
15 and 19 have had 
sex at least once.

False. Although some 
adolescents think 
that “everyone is 
doing it,” only half 
of the adolescents 
between ages 15 and 
19 report that they 
have had sex at least 
once.
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Center for Chronic Disease Prevention and Health Promotion, 2011). The rates for Black 
and Hispanic teens are higher than the rates for non-Hispanic Whites (117 and 107 births 
respectively per 1000 women 15 to 19 years of age versus 43 births per 1000) (Guttmacher 
Institute, 2012). 

Almost the entire decline in pregnancies among older teens (18 and 19 years of age) can 
be attributed to an increased use of contraceptives during this time period. Among younger 
teens, about one-quarter of the decline was due to reduced levels of sexual activity, and the 
remainder was due to increased contraceptive use (Guttmacher Institute, 2012). As you can 
see from Figure 6.9, the adolescent pregnancy rate in the United States remains considerably 
higher than in other Western industrialized nations: 6 times the rate in the Netherlands, 
almost 4 times the rate in Germany, and almost 3 times the rate in France (Alford &  
Hauser, 2009). 

What accounts for this difference between countries? U.S. teens and European teens have 
similar levels of sexual activity, but European teens are more likely to use contraception 
than their U.S. counterparts and to use more effective contraceptive methods (Guttmacher 
Institute, 2012). Schalet (2007) has attributed the lower rates of adolescent pregnancy, births, 
abortions, and sexually transmitted infections among adolescents in the Netherlands to the 
fact that poverty is more widespread and more intense in the United States than it is in 
the Netherlands and the fact that adolescents in the Netherlands also have easier access 
to comprehensive sex education and reproductive health services than many adolescents in 
the United States. Schalet illustrates the difference in attitude toward adolescent sexuality 
between the two countries with this quote from a government-funded youth initiative in the 
Netherlands:

Parents, educators, and other professionals rarely tell young people to stay away from sex, or to say 
no to sex. Dutch policy is aimed at assisting young people to behave responsibly in this respect. The 
Dutch approach means spending less time and effort trying to prevent young people from becom-
ing sexually active, and more time and effort in educating and empowering young people to behave 
responsibly when they do become sexually active. (p. 4)

Figure 6.8

U.S. adolescent pregnancy, birth, and abortion rate, 1991–2009. The rate of adolescent 
pregnancies has been steadily declining in recent years, with just a slight increase in 2006 and 2007. 
The adolescent birth rate has followed that trend, as has the abortion rate.
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This approach seems to be working for Dutch teenagers. In the United States, a variety of 
approaches have been tried, including family life or sex education programs, family planning 
services, school-based clinic services, mentoring and role modeling programs, self-esteem ini-
tiatives, and opportunity development programs. Child Trends, a nonprofit and nonpartisan 
research center, examined a wide range of studies on interventions designed to lower the teen 
pregnancy rate and found that the most successful ones included sex education and HIV educa-
tion, early childhood programs that lift children’s abilities and aspirations, and programs that 
involve teens in school-based and outside activities (Manlove et al., 2002). Allen, Seitz, and 
Apfel (2007) have suggested that the only effective approach will be one that targets the “whole 
person” rather than one that tries to deal with adolescents as a “bundle of sexual urges to be 
controlled” (p. 197). They suggest that to do this we need to find ways to build competencies 
that protect the adolescent not only from sexual activity but also from a whole range of risky 
behaviors. 

Sexually Transmitted Infections and Diseases. A second serious risk that goes along with 
being sexually active is the risk of contracting a sexually transmitted infection (STI) or a sexu-
ally transmitted disease (STD). Although these terms are sometimes used interchangeably, a 
sexually transmitted infection is caused by a microorganism that is passed from one individual to 
another through intimate contact, while a sexually transmitted disease is the pathology that can 
result from such an infection (Shuford, 2008). The CDC (2011b) estimates that there are about 
19 million new sexually transmitted diseases each year, and almost half occur in young people 
between the ages of 15 and 24 (see Figure 6.10). Of course many more cases go undiagnosed and 
are never reported.

Sexually transmitted 
infection (STI)   
An infection caused by 
a microorganism that 
is transmitted by direct 
sexual contact.

Sexually transmitted 
disease (STD)   
A pathology that can 
result from a sexually 
transmitted infection. 

Figure 6.9

International comparison of teen pregnancy rate and teen birthrate. Both the adolescent 
pregnancy rate and the adolescent birthrate in the United States continue to be much higher than in 
other industrialized countries. What accounts for this large difference?
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Figure 6.10

Rates of STDs in different populations. Adolescents and young adults are at greater risk of 
contracting a number of sexually transmitted diseases than the general population, as shown by these 
figures from the Centers for Disease Control and Prevention.
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A recent analysis of a representative sample of adolescent females between the ages of 14 and 
19 found that among those who were sexually active, 37.7% tested positive for at least one of 
five common STDs with the highest prevalence for the human papillomavirus (HPV) at 29.5% 
(Forhan et al., 2009). Prevalence of all of these STDs was similar for non-Hispanic White and 
Mexican American adolescents, but was more than twice as high for Black participants. Perhaps 
it will surprise you to learn that prevalence was high even among adolescents who had only 
recently become sexually active and those who had only a single sexual partner (specifically, 26% 
among adolescents who had been sexually active for 1 year or less, and 20% among those who 
reported having only one lifetime sexual partner). 

Many STIs do not produce any symptoms that make the individual aware that he or she 
should seek medical treatment, and some may not require treatment. For instance, 90% of new 
cases of HPV infection clear without treatment within 2 years (Forhan et al., 2009; National 
Cancer Institute, 2010). However, these infections can go on to produce cancerous cells. An 
estimated 12,000 women are diagnosed with cervical cancer annually and 4,000 die from it 
(National Cancer Institute, 2010). In June 2006, the Food and Drug Administration approved 
a vaccine that can prevent the types of HPV that are most likely to lead to cervical cancer. 
However the vaccination is recommended for girls who are 11 or 12 years old, so there has 
been a debate in the United States about whether the vaccine should be required for young girls. 
Consequently voluntary vaccination rates remain low. In 2010, only 20.7% of women between 
the ages of 19 and 26 years reported receiving one or more doses of the HPV vaccine (3 vaccina-
tions are required for full protection). 

Other commonly occurring STIs include bacterial infections like chlamydia, gonorrhea, and 
syphilis. It is fortunate that each of these infections can be treated and cured, but if left untreated, 
each can lead to serious complications, including death in the case of syphilis (Guttmacher 
Institute, 2012). Although adolescents who are 14 years of age or older can obtain treatment for 
STIs without parental consent in all 50 states, they may not know where to get the care they 
need, may not be able to afford it, or may be afraid that if they get treatment, their treatment will 
not remain confidential (Forhan et al., 2009).

It is a different story with viral infections, such as HIV/AIDS, hepatitis B, and herpes, which 
are treatable but not curable (Guttmacher Institute, 2012). In 2009, young people between the 
ages of 12 and 29 years of age accounted for 39% of the new HIV infections, although they com-
prised only 21% of the U.S. population. This is the highest rate of HIV diagnoses of any age group 
(National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention, 2011). However, 
when we talk about the number of cases of AIDS among adolescents, we need to remember that 
this infection takes about 10 years to develop. That means that even if an individual is infected in 
his or her teens, the symptoms from the infection may not become evident until the young person 
is in his or her 20s, so the eventual rate of HIV may be considerably higher. Young men who have 
sex with men, especially minority young men, are at greatest risk. Other risk factors include early 
sexual initiation, having an older sex partner, being a victim of sexual abuse, or having another 
STI (National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention, 2011). Despite 
education efforts, many young people are not concerned about becoming infected with HIV. It is 
no exaggeration to continue to describe AIDS as an epidemic, despite the progress we have made 
in developing antiviral drugs that help extend the life of infected individuals.

Nutrition
The growth and development we have been describing relies to a large extent on healthy 
nutrition for infants, children, and adolescents. In this section we discuss how to get 
babies off to a healthy start and describe how to continue to provide a healthy diet for 
children. We also describe diff iculties with nutrition, from malnourishment to obesity to 
eating disorders.
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Breastfeeding
The American Academy of Pediatrics (2005) describes human breast milk as “uniquely superior 
for infant feeding” (p. 496) and recommends that babies be exclusively breastfed until 6 months 
of age, with other foods gradually added between 6 months and 1 year. Despite these recommen-
dations, in 2006 only about one third of infants in the United States were exclusively breastfed 
for 3 months. Women who are more likely to breastfeed are older, have more education, are 
married, and live in metropolitan areas (Li, Darling, Maurice, Barker, & Grummer-Strawn, 
2005). Serious questions have been raised about how well hospitals, places of work, and other 
institutions support a woman’s decision to breastfeed her infant (Gartner et al., 2005; Lindberg, 
1996; Skafida, 2012). For example, the rate of breastfeeding might be improved if workplaces 
provided private settings for mothers to pump milk for their babies or if hospitals did not give 
free samples of formula provided by the companies that produce them to new mothers when they 
leave the hospital.

Breastfeeding offers benefits to both the baby and the mother. Breast milk provides the 
baby with antibodies that come from the mother’s body and help fight off infection. In both 
developed and developing countries, breastfeeding is associated with a decreased incidence 
and/or severity of infectious diseases such as diarrhea, respiratory infections, and ear infec-
tions (Gartner et al., 2005). There is some evidence that breastfeeding promotes earlier 
development of the infant’s own immune system (Jackson & Nazar, 2006). Other benefits 
include fewer colds, fewer ear infections, lower rates of type 2 diabetes and lower rates of 
SIDS (CDC, 2007). There is even some indication that it may help prevent childhood 
and adolescent obesity, although more evidence is needed to prove this conclusively (CDC, 
2007; Dewey, 2003; von Kries et al., 1999). In some studies, breastfeeding has even been 
associated with slightly enhanced performance on tests of cognitive development and brain 
development (Gartner et al., 2005; Isaacs et al., 2010). 

For the mother, production of breast milk is related to production of the chemical oxytocin, 
which helps her uterus return to shape. Although this chemical also delays the return of fertil-
ity, women are advised not to rely exclusively on breastfeeding to prevent another pregnancy. In 
addition, lactation appears to make mothers more relaxed and less reactive to stress, possibly by 
reducing blood pressure (Light et al., 2000; Tu, Lupien, & Walker, 2005). In the long term, it 
has been found that women who breastfeed have a reduced risk of some breast and ovarian can-
cers and type 2 diabetes (Gartner et al., 2005; Ip et al., 2007).

Breastfeeding also benefits the individual family and society as a whole. It has been cal-
culated that increasing the rate of breastfeeding to the level recommended by the Surgeon 
General would save a minimum of $3.6 billion through lowered health care costs and less 
loss of wages because of caring for a sick child (Weimer, 2001). An additional benefit for 
an individual family is that it does not have to pay for formula, and society does not need to 
deal with the disposal of formula cans and bottles and the cost of transporting these prod-
ucts to market. 

There are certain rare circumstances under which breastfeeding is not recommended. You 
learned in Chapter 5 that HIV can be transmitted from an infected mother to her infant through 
breast milk, so HIV-positive mothers should not breastfeed. Most drugs that are prescribed 
by a physician are not likely to be harmful to the infant, but when a woman is undergoing 
chemotherapy or using antibiotics, antianxiety medications, or antidepressants, these sub-
stances enter the woman’s breast milk (American Academy of Pediatrics Committee on 
Drugs, 2001). For this reason, the safest course of action is not to use medications while 
breastfeeding unless they are medically necessary, and even then they should only be used 
after consultation with the woman’s doctor. Because nursing women who smoke have 
 nicotine in their breast milk, this is another good reason to give up smoking (Gartner  
et al., 2005).
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Healthy Eating
You may remember learning about the food pyramid in 
elementary or high school. Recently the U.S. Department 
of Agriculture (2012) replaced that image with a new 
logo, called “My Plate” which graphically shows us the 
proportion of fruits, vegetables, grains, protein, and dairy 
that should make up a healthy meal. As Figure 6.11 
shows, fruits and vegetables should make up half of the 
plate. The U.S.D.A. also recommends that we cut back 
on solid fats, added sugars and salt, and be sure that at 
least half of the grains we consume are whole grain. 

Children who get off to a good start with a diet that 
contains a variety of healthy foods benefit not only in 
childhood but throughout adolescence and into adult-
hood. A healthful diet is particularly necessary to sup-
port the periods of rapid growth that occur in infancy 
and again at the start of adolescence. However, for many 
families, providing a healthy diet is not an easy thing 
to do. Remember that when we talk about “diet,” we 
are not talking about “dieting.” We are interested in the 
amount, quality, and diversity of the food that a child 
or an adolescent eats, not the restriction of calories with 
the goal of losing weight.

Breastfeeding at work. Places of employment can support the 
decision of their female employees to breast feed their infants by 
providing a space that the employees can use for nursing breaks or 
to pump breast milk that can be stored and used later by their infants 
while their mothers are away from them.

Figure 6.11

Choose My Plate. The new “Choose My Plate” logo from the U.S. Department of Agriculture helps 
you see the proportions of different types of food that make up a healthy meal. 

SOURCE: U.S. Department of Agriculture, ChooseMyPlate.gov.

VIDEO LINK 6.11
Teaching children 
about food
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In addition to the foods that are included in a healthy diet, there are some foods that should 
be avoided because they pose a type of risk for young children. Unpasteurized milk or food juices 
(such as fresh juice made at home from unwashed fruits or juice bought from a roadside stand) 
can contain harmful bacteria. Honey can contain the botulinum organism, and raw eggs can 
contain salmonella. Adults need to be particularly careful about giving young children firm, 
round foods such as popcorn, whole grapes, or hot dogs because these foods are approximately 
the size of a child’s airway and can lodge in the child’s throat and cause choking (American 
Academy of Pediatrics, 2006b).

Malnourishment
When children are malnourished they do not receive the right amount or mix of nutrients neces-
sary to sustain their growth and good health. We often associate malnourishment with children 
who live in third world countries or countries being torn apart by war, but it exists to some extent 
in every country, including the United States. However, a much greater threat in the United 
States than malnutrition is undernutrition, a deficiency of calories or of one or more essential 
nutrients.

A paradoxical situation called food insecurity exists for people who do not always have 
adequate access to the amount of nutritious food needed to meet their basic needs (Franklin 
et al., 2012). For these people, hunger and obesity can exist side by side. For instance, a family 
might consume lower-cost foods that are relatively high in calories to keep family members 
from feeling hungry. Also, when food is not consistently available, adults and children may 
adopt the strategy of overeating when it is. This pattern of feast and famine can result in 
weight gain over time. It is estimated that one in seven American households experience food 
insecurity. Low-income, ethnic minority, and female-headed households are at the greatest 
risk, and adolescents may be even more vulnerable than younger children (Franklin et al., 
2012). For children who experience food insecurity, there are other negative outcomes, includ-
ing higher rates of illness, lower academic achievement, more aggression, withdrawal, and 
emotional distress (Ashiabi & O’Neal, 2008).

Obesity
Obesity among both adults and children has become a significant concern in America. Because 
overweight children are likely to become overweight adolescents who in turn become overweight 
adults, this is a serious and ongoing health concern (Malina et al., 2004). Obesity is defined as 
being 20% or more over an individual’s ideal body weight. For children, what constitutes an ideal 
weight will vary by age. A recent analysis of national statistics found that 16.9% of children and 
adolescents between 2 and 19 years of age were obese. Some good news is that this percentage 
has not increased in the last few years (Ogden, Carroll, Kit, & Flegal, 2012) so we may be mak-
ing some progress on this front. 

Being overweight has been linked to the dramatic increase in type 2 diabetes among children 
in recent years. The American Diabetes Association (n.d.) estimates that one in three children 
born in 2000 will develop diabetes in their lifetime, and this ratio climbs to one in two for 
minority children. Although the full clinical effects of childhood obesity may not become appar-
ent for years, they include elevated blood pressure, increased serum lipid levels, and even some 
cancers (Malina et al., 2004). The cost of these problems to society—in addition to the tremen-
dous personal cost to the individual—is staggering (Koplan et al., 2005). However, the social 
and emotional consequences of obesity also are very real. Obese adolescents, especially White 
and Hispanic females, are particularly vulnerable to low self-esteem and depression (Koplan 
et al., 2005).

Undernutrition   
A deficiency of calories 
or of one or more 
essential nutrients.

Food insecurity   
A situation in which 
food is often scarce or 
unavailable, causing 
people to overeat when 
they do have access 
to food.

TRUE/FALSE #9
The rate of childhood 
obesity has finally 
leveled off in the 
United States.

True. Although the rate 
is still too high, the 
percentage of children 
classified as “obese” 
has not increased in 
the last few years. 

Obesity  Being 20% 
or more over an 
individual’s ideal  
body weight.
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While we can agree that childhood obesity is a national concern, it is more difficult to decide 
how the problem should be addressed. With adolescents and adults, we usually place the respon-
sibility on the individual, but where does the responsibility lie for children? Is it with the child’s 
parents? Parents pass along their genetic vulnerability to weight gain, but they also model eat-
ing patterns and food preferences, and some parents rely on food as a reward for good behavior 
(Thompson, 2010). In 2011, a controversial opinion piece published in the Journal of the American 
Medical Association suggested that in cases of extreme, life-threatening obesity, the state could 
remove a child from his or her home and place the child in foster care (Murtagh & Ludwig, 
2011). We also know that the environment plays a substantial role, so perhaps elected officials 
have the responsibility to develop public policies that restrict access to unhealthy foods. Some 
policies that already exist include regulations that limit the types of food that schools can offer 
to their students and encourage the use of locally produced, fresh foods, legislation that requires 
calorie information on restaurant menus, or that bans the use of certain food ingredients such 
as trans fats (Kersh, Stroup, & Taylor, 2011). Childhood obesity is not a problem that can be 
reversed through any single course of action, but rather will require a multifaceted approach that 
includes a healthy diet, exercise, counseling, and the involvement of family (U.S. Preventive 
Services Task Force, 2010).

Eating Disorders
Although there are a number of eating disorders, the dramatic nature of anorexia nervosa 
and bulimia keeps them in the forefront of our attention. Anorexia nervosa is a condition in 
which individuals become obsessed with their weight and intentionally restrict their intake 
of food to a point that it may become life threatening. Anorexics lose 15% or more of their 
body weight, yet they still see themselves as grossly overweight and remain fearful of gaining 
weight. This condition takes a terrible toll on the young person’s overall health. As the level 
of body fat falls, young women either fail to begin menstruating, or their menstrual periods 
become erratic or cease altogether. There are a number of changes that can easily be seen, 
including thinning hair, brittle nails, a yellowing of the skin, and the growth of a fine downy 
hair on the face, arms, and back. However many anorexics experience more serious hidden 
changes, including gastrointestinal and cardiovascular problems, and osteoporosis. Because 
anorexia can be life threatening, hospitalization may be required, but the prognosis is not 
encouraging. Hospitalization often occurs late in the process after a great deal of physical 
damage has already been done. Although some programs have had success with helping the 
anorexic regain weight, relapses following treatment are common, and mortality from anorexia 
is higher than for other psychiatric disorders, as high as 15% in some studies (Gowers & 
Doherty, 2007).

Who is susceptible to this condition? Anorexics have been described as highly controlled 
individuals who set extremely high, and perhaps unrealistic, goals for themselves (Watkins, 
2011). Psychological factors such as depression and low body esteem also are predictive of 
later eating disorders in both boys and girls (Berger, Weitkamp, & Strauss, 2009; Gardner, 
Stark, Friedman, & Jackson, 2000). Another possibility is that a dysfunctional family 
dynamic contributes to this disorder. If parents are seen as demanding, overprotective, or 
overcontrolling, an adolescent can reassert his or her autonomy by controlling what and 
when he or she eats. Likewise, if the adolescent wants parental attention, this behavior is 
one way to get it.

Bulimia is an eating disorder that is characterized by eating binges in which enormous 
amounts of food are consumed, followed by self-induced vomiting or the excessive use of laxa-
tives to get rid of the food. Individuals suffering from bulimia differ from those suffering from 
anorexia in several ways. First, the goal of an anorexic is weight loss, but the goal of most 

Anorexia nervosa   
A condition in which 
individuals become 
obsessed with 
their weight and 
intentionally restrict 
food intake to a point 
that it may become life 
threatening.

Bulimia  An eating 
disorder characterized 
by eating binges, 
followed by purging 
(for example, self-
induced vomiting or 
the excessive use of 
laxatives) to get rid of 
the food.

VIDEO LINK 6.12
The Child Nutrition Act
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bulimics is to prevent weight gain. Second, anorexics try to have com-
plete control over their behavior, but the eating behavior of bulimics 
is impulsive and out of control, and they often feel guilt and shame 
after an episode of binging. Third, the causes of bulimia are less well 
understood than the causes of anorexia. This may be because many 
cases of bulimia go undetected because bulimics maintain their weight 
rather than losing a great deal of weight. Research involving clinical 
samples of bulimics has found that their families tend to be stressed 
and chaotic (Kent & Clopton, 1992). A combination of treatments 
appears to be what works the best for bulimics (Mitchell, Peterson, 
Myers, & Wonderlich, 2001). Interventions might involve a combina-
tion of individual and family therapy, nutrition counseling, peer sup-
port groups, and even medication, if warranted. The fact that bulimics 
often experience shame, guilt, or embarrassment about their condition 
can actually aid in their eventual recovery.

It is difficult to estimate the prevalence of eating disorders because 
much of the behavior associated with them is secret behavior, but 
the lifetime rate for anorexia nervosa is estimated at 0.9% for women 
and 0.3% for men. The lifetime rate for bulimia nervosa is 0.5% for 
women and 0.1% for men (Hudson, Hiripi, Pope, & Kessler, 2007). 
Participating in activities where weight is a continuing issue (such as 
gymnastics or dance for females and wrestling for males) can put both 
girls and boys at risk.

There are no simple explanations for what causes eating dis-
orders. Both anorexia and bulimia can begin with normal diet-
ing and concerns about weight that ref lect the emphasis placed 
on thinness in our culture. In Chapter 14, we talk more about 
the impact of exposure to the “thin ideal” in media on eating dis-
orders. Ongoing research has found some evidence for specif ic 
genes that may relate to certain types of eating disorders (Bergen 
et al., 2003). Another factor is that girls who mature earlier 
than other girls are at risk because their early physical matura-

tion is associated with being heavier than their peers (Berger et al., 2009; Tyrka, Graber, 
& Brooks-Gunn, 2000). Finally, psychological factors such as depression and low body 
esteem also are predictive of developing eating disorders in both boys and girls (Gardner 
et al., 2000).

In a review of programs designed to prevent eating disorders (rather than to treat them once 
they occur), Stice and Shaw (2004) found that the most effective programs were ones that target 
high-risk groups of adolescents rather than the general population of adolescents. They also 
found that older adolescents benefited more than younger ones, perhaps because the risk of 
developing an eating disorder increases after age 15. It may surprise you to learn that programs 
that focus on providing information to adolescents about the harmful effects of disordered eating 
were ineffective at producing a change in the adolescent’s behavior. Rather, it was programs that 
focused on changing maladaptive attitudes (such as seeing a thin body as the ideal body type 
or feeling very dissatisfied with your own body) and maladaptive behaviors (such as fasting or 
overeating) that were the most effective.

There are many other sources of risk to the health of children and adolescents, such as smok-
ing, alcohol, and drugs. We discuss these further in Chapter 15 where we discuss health, well-
being, and resilience.

The pressure to be thin. The cultural ideal of thinness 
makes an impact on even very young girls. In a 2007 
study, 40% of 9- and 10-year-olds claimed they were 
on some kind of a diet to help them lose weight 
(Agras, Bryson, Hammer, & Kraemer, 2007).

TRUE/FALSE #10
The most effective 
way to prevent 
eating disorders is 
to give adolescents 
information about 
how harmful these 
behaviors can be to the 
adolescent’s body.

False. Teaching 
adolescents about 
the harmful effects of 
eating disorders is less 
effective in preventing 
these disorders than 
changing teens’ 
attitudes about what 
their bodies should 
look like.
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Conclusion

The healthy development and functioning of the human body is central to all aspects of human 
experience. We have seen in this chapter that physical development relates to many aspects of 
emotional, social, and cognitive development. In the next chapters we look at these areas, with 
the clear understanding that all of these aspects of development are linked to what we have 
studied in this chapter: brain function, sensory development, physical changes such as those in 
puberty, and the health of the body.

 1. How are the brains of children and adolescents 
similar to and different from the brains of adults?
All brains have a similar structure. They are divided into 
two hemispheres, which are connected by the corpus callo-
sum. Each area of the brain handles some specialized func-
tions. The brain is made up of neurons. Although infants 
have billions of neurons, they have relatively few synapses 
that connect them. In early brain development, synaptogen-
esis forms connections between neurons, and myelination 
improves the efficiency of the neural impulses. Unused syn-
apses are pruned, but when an individual encounters typi-
cal experiences, experience-expectant brain development 
occurs and those synaptic connections are retained. When 
an individual encounters unique experiences, experience-
dependent brain development occurs and new synapses are 
formed. Brain development continues through adolescence, 
especially the development of the prefrontal cortex.

 2. What types of disabilities are related to brain 
development?
Cerebral palsy is a condition that involves problems with 
body movement and muscle coordination. Autism is a disor-
der that involves repetitive, compulsive behaviors and diffi-
culties with social interaction and communication. Cerebral 
palsy results from damage to some part of the brain prena-
tally, at birth, or shortly thereafter, and autism may be caused 
by different patterns of brain development (for example, fail-
ure to prune unnecessary synapses). There is no empirical 
support for the idea that vaccinations are a cause of autism. 
The increase in the incidence of autism may not only rep-
resent some increase in the number of cases, but likely also 
ref lects better identification of children with the condition. 

 3. How does early motor development proceed?
Infants are born with a set of reflexes, but ref lexes are fairly 
quickly replaced with voluntary movement as the nervous 
system matures. Children gain control over both fine motor 
skills and gross motor skills, and these skills develop fol-
lowing the cephalocaudal and proximodistal principles (mov-
ing from the head to the tail, and from the center of the body 
to the extremities).

 4. What factors influence and shape motor 
development?
Motor development is shaped by a complex interaction 
of genes, maturation, and environmental experiences. 
Parenting practices (such as letting an infant “practice walk” 
or putting an infant “back to sleep”) can inf luence how 
quickly infants develop specific motor skills. Throughout 
development, children and adolescents benefit from physi-
cal activity.

 5. How do sensation and perception differ? What are 
mirror neurons?
Infants are born with a fully functional set of sense organs. 
The information registered by the sense organs (called sen-
sations) is transmitted to the brain where it is integrated into 
a coherent picture of the external world (in the process of 
perception). Infants also may automatically imitate simple 
behaviors that they see because mirror neurons in the brain 
fire in the same way when the infant sees a behavior as when 
the infant actually performs the behavior.

 6. How do the senses develop during infancy, and 
how does this relate to the early development of 
attachment to caregivers?
Although an infant’s visual acuity is initially poor, it devel-
ops to adult levels by 6 months to 3 years after birth. Infants 
focus on their parent’s eyes, seemingly inviting interaction. 
Hearing is well developed at birth, and infants have shown a 
preference for their mothers’ voices, which they heard while 
still in the womb. The infant’s sense of smell also is highly 
developed at birth, and infants prefer sweet tastes to other 
tastes. Both smell and taste preferences are shaped by expe-
riences prenatally, so after birth infants prefer smells and 
tastes associated with their mother. Infants are sensitive to 
touch, which promotes development and well-being.

 7. How do children’s bodies change from infancy 
through adolescence?
Infants grow very rapidly in the first few years of life, and 
then the rate of growth slows substantially until the child 
enters adolescence and experiences the adolescent growth 
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spurt. When adolescents go through puberty, they become 
capable of reproducing. Girls experience menarche, and 
boys experience spermarche. Both primary sex charac-
teristics and secondary sex characteristics develop. The 
timing of puberty has an impact on an individual’s social, 
emotional, and cognitive development. Maturing early has 
some advantages for boys and disadvantages for girls, but 
both early maturing boys and early maturing girls can be at 
risk of being drawn into risky behavior if they associate with 
older peers. Children who go through pubertal changes at 
very early ages experience precocious puberty. 

 8. What risks come along with sexual maturation?
Sexually mature adolescents may become sexually active, 
and sexually active female adolescents are at risk of 
becoming pregnant. The United States already has one of 
the highest rates of adolescent pregnancies in the indus-
trialized world. In addition, unprotected sex can result 
in a sexually transmitted infections (STIs) and sexu-
ally transmitted diseases (STDs) for both males and 

females. Rates of these diseases are highest in adolescence 
and early adulthood. 

 9. What role does nutrition play in development?
Good nutrition is essential at each stage of development. 
Breastfeeding helps an infant get off to a good start and has 
benefits for the nursing mother as well, but levels of breast-
feeding in the United States are not as high as they are in 
other countries. Food preferences and eating habits are estab-
lished early in life. However, the diets of many children and 
adolescents in the United States would not be classified as 
“good.” Children in the United States are more likely to suffer 
from undernutrition than malnutrition. When an adequate 
diet is not always available, people may experience food inse-
curity and overeat when food is available. Obesity is a major 
health risk because it is associated with diabetes and other 
health problems. At the other extreme, some children and 
adolescents experience eating disorders, such as anorexia ner-
vosa or bulimia, and do not receive adequate nutrition while 
compromising their health in a number of other ways.

Go to www.sagepub.com/levine2e for additional exercises and video resources. Select Chapter 6, 
Physical Development, for chapter-specific activities. All of the Video Links listed in the margins of 
this chapter are accessible via this site.





•••  TE S T  YOUR KNOWLEDGE
Test your knowledge of child development by deciding 
whether each of the following statements is true or false, 
and then check your answers as you read the chapter.

 1. True/False: The primary difference between 
how young children and adults think about and 
understand the world is the difference in the 
amount of information they know. 

 2. True/False: If a young child drops an object from 
her high chair over and over again, she is probably 
just asserting herself and testing her parents’ 
patience. 

 3.  True/False: We describe preschoolers as 
egocentric because they are selfish. 

 4.  True/False: Infants appear to have an intuitive 
understanding of how gravity works. 

 5.  True/False: Infants who quickly grow bored when 
they are repeatedly shown a simple object often 
are the ones who have higher intelligence later in 
childhood. 

 6.  True/False: Adolescents are able to study while 
listening to a favorite TV show because by this age 
their attentional processes are so well developed 
that they can split their attention between multiple 
activities. 

 7.  True/False: Attention deficit hyperactivity disorder 
is a disorder of childhood, but fortunately children 
outgrow the symptoms with age. 

 8.  True/False: The primary cause of attention deficit 
hyperactivity disorder is poor parenting. 

 9.  True/False: Few people have clear memories of 
what happened in their lives before the age 
of 3. 

10.  True/False: Older children and adults are often 
more likely than younger children to think they 
remember something they never actually saw. 

Correct answers: (1) F, (2) F, (3) F, (4) T, (5) T, (6) F, (7) F, (8) F, (9) T, (10) T
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