
USER FRIENDLY:  The Educational Implications of Brain Development

You may have heard it said that the brain is like a muscle that benefits from exercise.  Though the brain is
not a muscle, it does benefit from use.  In fact, the brain grows not merely through the passing of time, but rather
as a direct result of its experiences.  From an educator’s point of view, understanding the development of the brain
has become essential.  More and more we recognize that learning itself changes and improves the way the
brain functions. Today this knowledge is being applied to improving the effectiveness of teaching.  In recent
years, increasing cooperation between scientists and teachers has begun to bridge the gap between cognitive
research and educational application.  Advances in noninvasive imaging technologies are now enabling neurosci-
entists to confirm long-standing theories of developmental psychology.  This new knowledge provides answers on
a physical level as to how behavior and learning relate to the development of the brain.  The following introduc-
tion to the stages of brain development moves beyond explanation and extrapolates information relevant for
improving strategies of learning.

Brain development begins during the early portion of the embryonic period.  Neural ectoderm is present by
about seventeen days after fertilization and gives rise to the entire nervous system.  By day twenty-two, a neural
ectoderm derivative called the neural tube develops.1,2 The neural tube is the structure from which the brain and
spinal cord are derived.  Between three and four weeks after fertilization, the brain divides into three distinct vesi-
cles named the forebrain, midbrain, and hindbrain.3,4 Brain development begins so early and proceeds so rapid-
ly that the embryo’s head represents fully one-third of the total embryo length at four weeks.5 By five weeks after
fertilization, the brain has grown in size and divides into five secondary vesicles.6 The cerebral cortex, the site of
all higher brain function, appears by six weeks7 and begins a period of rapid growth. The earliest reported brain
wave activity was measured using  an electroencephalogram (or EEG) in an embryo approximately six weeks,
two days following fertilization.8,9,10,11,12 At about eight weeks after fertilization, nerve cells within the brain
called neurons begin a period of rapid multiplication which most researchers believe ends at eighteen weeks.13

(Some  report neuron multiplication continues until thirty-two weeks after fertilization.14)  Evidence from controlled
studies of newborns suggests complex brain functions such as learning and memory formation occur before
birth.15,16,17 These newborns exhibit preferences for certain music, voices and taste based on prenatal experi-
ence.

After birth, the physical structure of the brain continues to develop in part as a function of a child’s interac-
tions with his or her greatly expanded surroundings.  “This interactive process renders moot such questions as how
much depends on genes and how much on environment.”18 At the cellular level, neurons in the brain develop
and continue to change in response to the interplay between internal chemistry and external experience.  Each
neuron is composed of a cell body with dendrites and an axon.  The dendrites receive information from neurons
or sensory organs, and the axon transmits the integrated information to either another neuron or a muscle.  Where
the dendritic spine of one neuron meets the terminal of an axon from another neuron, they form a synapse.  In
measuring the development of the brain, neurologists pay close attention to methods of synapse formation, or
synaptogenesis.19 At full-term birth, the brain has “only a relatively small proportion of the trillions of synapses it
will eventually have.”20 The number of synapses help indicate the maturity and complexity of the brain.
Interestingly, the newborn brain is about one-third the size21 and one-quarter the weight22 of the adult brain.23

Subsequent growth largely results from an increase in blood vessels, support cells, and lipids rather than further
neurons.   

Development of the brain in the months following birth is marked by synapse overproduction and selection.
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During this stage, the brain produces an excess of synapses.  For example, in the visual cortex, the part of the
brain responsible for vision, synapse density due to overproduction is greater in a six-month old child than in an
adult.  Experience now becomes critical in the selection and elimination of synapses.  Frequently used synapses
are retained while rarely used synapses degenerate.  Only as the developing brain interacts with its visual sur-
roundings does the visual cortex undergo synapse selection, reaching maturity around age two or three years.
The rate of synapse overproduction and selection differs both in various regions of the brain as well as from neu-
ron to neuron.  Overall synapse density of the brain peaks around age five or six while the ongoing selection of
synapses continues until early adolescence.  Once synapse selection is complete, “what remains is a refined final
form that constitutes the sensory and perhaps the cognitive bases for the later phases of development.”24 Although
the brain will not repeat the overproduction of synapses seen after birth, it continues to produce synapses through-
out life.

Further development of the brain occurs in an ongoing process, called synapse addition and modification
which affects both the structure and the function of the brain.  The brain’s ability to continually adjust its physical
structure and function in response to internal and external changes is called brain plasticity.  This plasticity allows
people “to benefit from experience and to live a relatively long life with a brain that is largely unable to replace
lost neurons.”25 Therefore, instead of creating new neurons in response to new experiences the brain modifies
existing synapses and adds new ones. Because they form the foundation for learning and memory, synapse addi-
tion and modification play a vital role in optimizing brain function. 

The modification of the brain through learning can take place by means of specific instruction or enriching
experiences.  Both of these change the brain, but in different ways.  Evidence demonstrates that different types of
learning restructure the brain differently and “can affect differentially the molecular and structural profile of neurons
within the brain.”26 Instruction in specific tasks causes selective brain growth.  For example “the training of ani-
mals to do specific behavioral tasks provides a model of selective dendritic growth.”27 Often, such selective
growth is particular to the region of the brain associated with the given task. While specific instruction can stimu-
late one sector of the brain resulting in compartmentalized growth, enriching experiences stimulate widespread
growth.

An enriching experience simply involves being in a stimulating environment.  Professor Hebb at McGill
University demonstrated the effects of enrichment when he brought home several laboratory rats.  In contrast with
control rats, these rats were provided with the enriching experience of running free in his home.  His wife added
further stimulus by chasing the rats out of her kitchen with a broom.  When later compared with control laboratory
rats, Professor Hebb’s enriched home rats demonstrated far superior maze skills.  His studies help show that enrich-
ing experience causes “increased density on the dendrites, increased dendritic length, and increased synapse
size…thus, the enriched experience has built a brain with more synapses – in effect, a better brain.”28

Interestingly, this general experience increases overall brain weight: growth is not localized in any particular
region of the brain.  The unpredictable and varied nature of such enrichment brings about strengthening in multiple
areas of the brain.

Through better understanding how different types of learning affect brain development, we can improve
teaching techniques.  We know that specific instructions or tasks alter isolated areas in the brain.  Therefore, per-
forming multiple tasks utilizing different areas of the brain at once may enhance overall learning.  Language incor-
porates the separate abilities to speak, write, and hear: thought to be located in different regions of the brain.
Therefore, “if these closely related skills have somewhat independent brain representation, then coordinated prac-
tice of skills may be a better way to encourage learners to move seamlessly among speaking, writing, and listen-
ing.”29 As we learned from Professor Hebb’s rats, enriching experiences stimulate brain development.  The class-
room itself should therefore provide an enriching experience.  Since environment can stimulate the brain, the
classroom aids development even as lessons taught within the classroom increase knowledge. No longer merely
a back drop for learning, classrooms providing an enriching experience become a vital part of the learning
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process.
Memory is another form of learning that impacts brain development.  By understanding how memory

changes the brain, we can further improve education.  Research indicates storing and retrieving information contin-
ually changes brain structure.  Through synaptic changes, short term memories are rapidly stored in the hippocam-
pus.  Long term memories form when synaptic changes in the hippocampus are repeatedly transferred to and
slowly ordered in the neocortex.30 This structural observation indicates the importance of repetition in increasing
memory and improving learning.  The benefit of organizing and structuring information when presenting it for
memorization is also clear.  “When a series of events are presented in a random sequence, people reorder them
into sequences that make sense when they try to recall them.”31 Therefore teachers who present information in a
logical order better enable their students to memorize the material.  We also know the hippocampus is the area of
the brain where facts are stored while the neostriatum, part of the neocortex, stores long term memory for skills.32

This research reveals the importance of gathering skills rather than simply memorizing facts, and the importance of
specifically instructing students in a way that promotes the acquisition of new skills.

Though neurological research does not provide a single most effective way to educate a child, current
research on the developing brain has proposed many strategies for improving education.  Throughout develop-
ment, it seems “children’s brains may be more ready to learn different things at different times.”33 This is suggest-
ed by the fact that the brain uses certain external information at specific times during development to internally
organize the brain.  Though research moves forward, we already know the human brain continues to develop in
varying degrees throughout life.  In fact, research shows stimulating brain development prolongs a person’s life.
A study of a group of nuns in Minnesota found that those “who earn college degrees, who teach, and who are
constantly challenging their minds live longer.”34 Obviously the human brain thrives on stimulation.  The good
news for teachers is that the more we use them, the better they perform. 
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