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Today’s Goals
To better understand how the
brain works and to explore the
implications of the research for:
• You personally – your own learning.
• Your students – how they learn, what you can do to
increase their understanding of what is being taught
and their ability to use it in the world outside of
school.
• Your teaching – how you structure your classroom
and instructional activities.

How the Brain Works

What are some of the common neuro-myths
concerning the brain?

We’ve learned more about the brain and how
it functions in the past three decades than
in all of recorded history. Pat Wolfe (2010)

Brain Imaging Techniques:
PET Scan (Positron Emission Tomography)

Brain Imaging Techniques:
fMRI (Functional Magnetic Resonance Imaging)

Neuro-anatomy for Novices
Examining the brain on two levels:
1.

Cellular

2.

Structural

If the brain were so simple we could understand
it, we would be so simple we couldn’t.
- B F Watson

The Cellular Level
The Central Nervous System is
composed of two types of cells:
Neurons
Glial Cells

Neurons
An adult brain has
approximately
100 billion neurons.
Neurons are different than other cells in
the body.
1. They do not regenerate quickly or on
a programmed basis.
2. They can communicate with each
other!

The 100 billion neurons communicate with one
another at junctures called synapses.

Neurotransmitters - Brain Chemistry!

Serotonin

Dopamine

Epinephrine

Acetylcholine

Histamine

Melatonin

Oxytocin

Endorphins

Learning & Memory
• Learning is the act of making
(and strengthening) connections
between thousand of neurons
forming neural networks or maps.
• Memory is the ability to reconstruct or
reactivate the previously-made connections.
Neurons that fire together, wire together!

Neurogenesis
(Growth of
Neurons)

• During the 9 months of fetal development, neurons
grow at the rate of 250,000 per minute.
• At birth the brain has approximately 100 billion
neurons and weighs about 1 pound. By one year it
has doubled and by age 5 or 6 it is 90% of its adult
size and weight

Synaptogenesis and Pruning
• Between the second month in utero and the age of
two, each neuron in the cortex forms an average of
1.8 synapses per second. At this point the brain
begins to prune away large numbers of connections.
• Which connections remain, and which are pruned,
depends on whether or not they are used.

Experience literally
changes the brain!

Neuroplasticity and Pruning
• When children are born, they can hear the sounds of
6,000 languages. However, very early the neural
connections representing the sounds that have been
reinforced remain and the others wither away.
• What do you think would
happen in the brain of a
person born blind?

• Plasticity is a feature of the brain throughout an
individual’s lifetime, however, young brains are much
more plastic than adult brains.

The Lobes of the Brain

Each lobe is covered with neo-cortex

More about the frontal cortex….
The frontal cortex is the last
area of the brain to fully develop.
We used to think a teen-age brain was fully developed,
but did not have all the mileage that an adult brain
has. Now we know this is wrong.
Teens don’t have a fully functioning frontal lobe.
This is why teen-agers show increased risk taking
behavior, seem to lack direction or the ability to set
goals. Thisi is why they have difficulty with
organization and planning or understanding
consequences.

Behavioral and Cognitive Functions
of the Frontal Cortex
Controlling impulses
Inhibiting inappropriate behavior
Initiating appropriate behavior
Stopping an activity upon completion
Shifting / adjusting behavior when situations change
Providing a temporary mental workspace for working
memory
Organizing things
Forming strategies and planning behavior
Setting priorities among tasks and goals
Making decisions
Empathy
Sensitivity to feedback (reward and punishment)
Insight

Left and Right Hemispheres

Both hemispheres are connected by the corpus callosum

The Motor
Cortex

Other Brain Structures
Cerebellum
Thalamus
Hypothalamus
Amygdala
Hippocampus

Attention
There is no way that the brain can pay conscious attention
to all the sensory data that are constantly bombarding the
body, so it filters out information that is not relevant.
We go through life seeing countless objects to which we do
not pay attention. Therefore, the images are not stored.
It is estimated that approximately 99% of all information
entering through the senses is immediately dropped.

Factors that Influence Attention
There are many factors that influence attention,
however the two over which the teacher has the most
control are:
Meaning – Whether or not the
student can make sense of the
information
Emotion – Whether or not the I
nformation has an emotional
“hook.”

Meaning
Our species has not evolved
by taking in meaningless
information!

Every encounter with new
information requires the
brain to find an existing
network of neurons in
which this particular
information fits.

What do You See?

What do You See?

What do You See?

The Montillation of Traxoline
It is very important that you learn
about traxoline. Traxoline is a new
form of zionter. It is montilled in
Ceristanna. The Ceristannians
gristeriate large amounts of fevon and
then bracter it to quasel traxoline.
Traxoline may well be one of our most
lukized snezlaus in the future because
of our zionter lescelidge.
Attributed to Judy Lanier

Making Information Meaningful…
• If we want to make information meaningful we have
two choices.
• Find the experience they’ve already had and hook
the new information to it. (Hook information to an
existing network of neurons.)
• Create the experience with them. (Create a new
network of neurons.)

Understanding Emotion
Emotional arousal occurs when a small set
of structures in the unconscious part of
the brain determines that a stimulus is
important.
The arousal sets off a
chain of chemical
changes in the body and
the brain that have a
strong impact on attention
and memory.
Adults use their frontal lobes to read facial gestures.
Teens use their amygdala to read facial gestures.

Emotion Causes
Chemical Reactions in
the Body
Noradrenalin, adrenalin and cortisol are released
resulting in:
•activation of the gut, heart, blood vessels, lungs, skin,
sweat and salivary glands, and mobilization
•of skeletal muscles.
•suspension of digestion and the immune system.

Emotion’s Negative Role
Emotion is a double-edged sword. At times it
can impede learning.
Surviving is not just something to do in the presence of
a wild beast. Social and learning situations are often
survival encounters.
The amygdala has more influence on the cortex than
the cortex has on the amygdala.
When the brain perceives a
situation to be threatening,
the stress (fight-or-flight)
response is activated.

Keeping Classrooms Safe
Under the conditions of the flight
or flight response, emotion is dominant
over cognition. The rational/thinking
part of the brain is less efficient
and learning is often impeded.
The classroom must be not only physically safe, it
must be psychologically safe as well.
What are some of the things you can do to make
the learning environment psychologically safe?

Emotion’s Positive Role
While emotion sometimes impedes
learning, it can also play an important role
in the enhancement of learning
Adrenalin not only activates the stress response, it also
stamps with extra vividness the memory for that event.

Anything you do which engages
students’ emotional/motivational
interest will naturally engage the
adrenalin system and result in
stronger memories.

Working Memory

Effective Rehearsal
• The more elaboratively information is rehearsed at the moment
of learning, the stronger the memory.
• The more modalities used to rehearse,
• the more paths you have for retrieval.
• The more real-world examples given,
• the more likely the concept will be understood
• and remembered.
• The more information is linked to previous learning, the stronger
the memory.
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Consolidation
•

Definition – The process of stabilizing a memory trace over time,
moving it from working memory to long-term memory.

•

New information is not “fixed” the moment it is processed. It takes time
to become “gelled” or consolidated.

•

Consolidation is enhanced by spaced intervals of appropriate
elaborative rehearsal.

•

Learning occurs best when new information is incorporated gradually
into memory store rather than being jammed in all at one time!

Better learning will come not
so much from finding better
ways for the teacher to
instruct…
but
From giving the learner better
opportunities to
construct.
Adapted from Seymour Papert, 1990

Remember....

No matter how well planned, how
interesting, stimulating, colorful or
relevant the lesson, if the teacher does
all the interacting with the material, the
teacher’s—not the student’s—brain will
grow
new connections.

Two Types of Long-term Memory
1. Procedural Memory
(Best rehearsed by repetition)
Processes that have been practiced or
repeated to the extent that they have
become automatic.
Driving a car, writing,
reading, typing, throwing
a pass in football, walking,
playing the piano, etc.

Two Types of Long-term Memory
(continued)

2. Declarative Memory
(Best rehearsed with elaboration.)
Semantic
Our general knowledge:
Language, people,
places, faces,
concepts, facts.
(Independent of
context, acquired by
learning.

Episodic
Our life experiences:
Specific events and
emotions connected
with these events.
(Reconstructed over
time, recall not
necessarily accurate.)

Two Types of Rehearsal
• Rote Rehearsal - deliberate,
continuous repetition of material in the
same form in which it originally entered
working memory.
• Elaborative Rehearsal – elaborating
or integrating information, giving it
some kind of “hook” to increase
retention, creating chunks of
reminders.

10 Strategies That Match How the
Brain Learns Best
•
•
•
•
•
•
•
•
•
•

1. Reciprocal Teaching – A/B Teams
2. Storytelling
3. Metaphor, Analogy and Simile
4. Simulations and Role Play
5. Reflect and Write, Reflection Journals
6. Rhyme, Rhythm and Rap
7. Visuals and Graphics
8. Projects and Problem-based Learning
9. Mnemonics
10. Hands On Activities

The Role of Sleep in Learning
• Recent research points to sleep as an important player in
consolidation.
• During sleep, the brain’s two memory structures (hippocampus
and neocortex) communicate with each other to increase the
probability that information is strengthened and retained.
• How much sleep is needed?
– Ages 5 to 10, about 12 hours
– Adolescents, 9 ½
– Adults, 7 ½ to 8

In Summary…

• Provide as much experiential learning as possible.
• Build on prior knowledge.
•

Use many examples of how the learning can be applied
in the real world.

•

Process information in depth in the initial stages.

• Revisit and reinforce learnings periodically to increase
consolidation.
• Emphasize concepts over individual facts.

The better we understand the brain,
the better we’ll be able to educate it.

