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What is Cognitive Neuroscience? 
 

By Martha Kaufeldt – April 2007 
 
 
Although it appears as a three-pound fatty lump, the human brain is the most complex living structure 
known in the universe. The wrinkled, spongy, soft tissue is more complicated than any computer.  This 
single organ controls all body activities from heart rates, emotions, movement, and learning.  Our brains 
are what make us uniquely human. 
 
Early humans probably didn’t have much time to study about their brains or wonder how and why they 
were able to think about things. They were too busy trying to survive. A few Egyptians, Greeks and 
Romans made some guesses about why we have a brain, but it wasn’t until the early 1700’s that some 
scientists started to study what the brain could actually do.  The microscope had been invented in 1674 
by Anton van Leeuenhoek. Now doctors and scientists were able to look at the human body in a new 
way. 
 
The field of neurobiology began to develop in the early 1800’s. At that 
time, it was called phrenology.  Franz Gall, a medical doctor, declared 
that he believed that the brain had 35 major areas. If one used certain 
areas more often they would grow larger.  This would cause a bump to 
form on the skull.  Phrenologists believed they could feel the surface of 
your scalp and determine what your personality was like.  
 
In the mid 1800’s, scientists started noticing what happened when 
patients had seizures and they started observing what people were able 
to do after they had suffered a brain injury.  Neurologists started 
mapping what areas of the brain seemed to be responsible for certain 
things such as speech, movement, vision and memory. 
 
In 1906, two brilliant neuroanatomists, Santiago Ramon y Cajal from 
Spain and Camillo Golgi from Italy received the Nobel Prize. They had 
developed a way to isolate and observe a single neuron, the complex 
brain cell that communicates with other neurons through electrical and 
chemical messages. The field of neuroscience was born. The study of 
the nervous system, the function of the brain and how it influences and 
controls one’s mind and behavior continue to grow and expand as new 
technology allows us to view the inner workings of the brain and its 
complex network of neurons. 
 
While the medical profession was pioneering how the brain worked, psychologists were beginning to 
study the human mind. In early times, it was philosophers who tried to explain where knowledge came 
from.  In Greece, Plato and Aristotle wrote about the mind.  In 1640, a famous philosopher, 
mathematician and scientist named Rene Descartes wrote about thinking and knowledge.  His famous 
quote is, “I think, therefore I am.”  
 
In the 1880’s, a scientist named Hermann Ebinghauss, worked with other psychologists and created a 
laboratory where scientific experiments could be conducted on patients who had hysteria and depression. 
They also began experiments about perception, consciousness, and reaction time.  By 1900, Sigmund 
Freud from Austria had developed methods of hypnosis and dream interpretation.  His new approach was 
called psychoanalysis.  
 
In the 1950’s many areas of psychology developed. Doctors and psychologists studied whether or not 
people learned things gradually, or all at once, and wondered if there was a developmental timetable for 
learning.  Others wanted to know if you could learn faster if you were rewarded for right answers or if you 
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were punished for wrong answers. The field of psychotherapy and counseling emerged.  If someone 
was struggling with their negative thoughts, destructive behaviors, addictions, etc. you could go to a 
counselor or therapist to help you understand why you were experiencing those patterns of thinking. 
 
 
Cognitive Psychology is the field of science that studies 
 

§ how we take in information through our senses,  
§ how we can comprehend what we are experiencing,  
§ how we can relate the new information to our memories of past experiences, and 
§ how we can choose appropriate responses in different situations. 

 
With the development of computers, scientists and psychologists were able to study the human brain 
more easily. In 1976, a Positron Emission Tomography (PET) scan was developed.  Now scientists could 
look at the human brain in detail. Eventually other technology was invented: CT scans and Magnetic 
Resonance Imaging (MRI) allow doctors and scientists to view the parts of the brain while it is functioning. 
 
The field of Cognitive Neuroscience emerged in the late 1970’s and was described by David Marr at 
MIT in 1992.  It is believed that by studying the parts, and function of the brain, we will be able to 
understand how learning takes place, how emotions are formed, how we learn language, and ultimately, 
we will be able to understand consciousness. 
 

Cognitive Neuroscience is the branch of 
neuroscience that studies the biological 
foundations of mental phenomena.  
 
Cognitive neuroscience is a discipline the crosses over between cognitive psychology, the “mind,” and 
biology and neuroscience, the “brain.” Advances in brain-imaging technology are the driving forces for 
modern-day cognitive neuroscience. 
 
The enduring question in cognitive neuroscience is: how can physical matter (the brain) be able to 
produce mental experiences (mind and thoughts
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Use Differentiated Instructional Strategies: 
Tiered, Layered, Jigsaw 
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10 BRAIN BASICS STUDENTS NEED TO KNOW:  

1. The brain is always actively processing, and consciously or 
unconsciously determines everything we do. 

2. The brain ultimately creates and influences our thoughts and feelings. 

3. The brain’s interpretation of the environment triggers our reactions and 
behaviors. 

4. Although humans are born with nearly all of the neurons they will have ever 
have, dendritic branches can grow and make connections throughout one’s 
whole life. The brain can be prompted to grow more dense by being 
exposed to a multi-sensory enriched environment. 

5. The brain is a pattern-seeking device. It creates systems and categories for 
storing new information. When exposed to a new experience or 
information, it links and compares new data with what it already has on file. 

6. The brain controls our attention by seeking out potential danger, attending 
to novelty, and searching for meaningful relevance. 

7. When the brain is exposed to perceived threat or an overabundance of 
stress, its capabilities can be minimized as it goes into a “reflex-survival-
response.” 

8. By actively processing, reflecting and through repetition, the connections 
among neural networks of dendrite synapses can be strengthened and 
enhance long-term memory and recall. 

9. The health of the brain can be maximized by good nutrition, exercise and a 
healthy environment, –both physically and emotionally. 

10. The brain is fragile and can be easily damaged from outside trauma or 
substances introduced internally.  
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Neuroplasticity: Learning Physically Changes the Brain
edutopia.org/neuroscience-brain-based-learning-neuroplasticity

"There are a few broad principles that we can state
come out of neuroscience," says Kurt Fischer,
education professor and director of the Mind, Brain,
and Education Program at Harvard University.
Number one? "The brain is remarkably plastic,"
Fischer explains. "Even in middle or old age, it's still
adapting very actively to its environment."

Translation: All those little brains in your classroom
are physically growing and changing every time they
learn something. And there are ways to keep that
happening.

Despite the fact that the concept of neuroplasticity is
broad, vague, and hardly new (the theory was born in
the mid-1800s and was heavily researched
throughout the 1990s), it is one of the most reliable
and fundamental discoveries about the brain that we have to date. Intelligence is not fixed,
it turns out, nor planted firmly in our brains from birth. Rather, it's forming and developing
throughout our lives.

Your Brain on Learning

According to neurologist and educator Judy Willis (and suggested by a research-rich chapter
in the second edition of Developmental Psychopathology, among many other publications),
neuroplasticity is defined as the selective organizing of connections between neurons in our
brains.

This means that when people repeatedly practice an activity or access a memory, their
neural networks -- groups of neurons that fire together, creating electrochemical pathways -
- shape themselves according to that activity or memory. When people stop practicing new
things, the brain will eventually eliminate, or "prune," the connecting cells that formed the
pathways. Like in a system of freeways connecting various cities, the more cars going to
certain destination, the wider the road that carries them needs to be. The fewer cars
traveling that way, however, the fewer lanes are needed.
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Neuroscientists have been chorusing "cells that fire together, wire together" since the late
1990s, meaning that if you perform a task or recall some information that causes different
neurons to fire in concert, it strengthens the connections between those cells. Over time,
these connections become thick, hardy road maps that link various parts of the brain -- and
stimulating one neuron in the sequence is more likely to trigger the next one to fire. Thus,
says Willis, "Practice makes permanent. The more times the network is stimulated, the
stronger and more efficient it becomes."

Changing Brains in the Classroom

It turns out that if you tell students about this, it can have an effect on their brains too.
Researchers Lisa Blackwell of Columbia University, along with Kali Trzesniewski and Carol
Dweck of Stanford University, published a study in the journal Child Development in 2007
that found that both morale and grade points took a leap when students understood the
idea that intelligence is malleable. Not only did those students who already believed this do
better in school, but when researchers actively taught the idea to a group of students, they
performed significantly better than their peers in a control group.

Willis also found this to be true in her middle school classroom. Her students were more
motivated to study, she says, when they knew that they were all fully physically capable of
building knowledge and changing their brains.

Here are a few tips for making your classroom friendly to malleable brains:

Practice, practice, practice. Repeating an activity, retrieving a memory, and
reviewing material in a variety of ways helps build thicker, stronger, more hard-wired
connections in the brain.
Put information in context. Recognizing that learning is, essentially, the formation of
new or stronger neural connections, it makes sense to prioritize activities that help
students tap into already-existing pathways (for instance, by integrating academic
subjects or creating class projects relevant to their lives). In other words, nix the rote
memorization. "Whenever new material is presented in such a way that students see
relationships" between concepts, writes Willis, "they generate greater brain cell activity
and achieve more successful long-term memory storage and retrieval."
Let students know that this is how the brain works. Breaking through those
neuro-mythological barriers that paint intelligence as predetermined may ease
students' minds and encourage them to use their brains. Willis notes, "Especially for
students who believe they are 'not smart,' the realization that they can literally change
their brains through study and review is empowering."
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GOTCHA BRAINS? 

 
 

“Neurobics”  
 
“Neurobics” is a term used in a book by Dr. Lawrence Katz:  

Keep Your Brain Alive! 
NEUROBIC activities are based on neuroscience research and are designed 
to help you maintain a continuing level of mental fitness, strength and fitness 
as you age. Younger people’s brains will benefit as well by doing the 
“exercises.” These simple activities help stimulate the production of 
nutrients that grow brain cells to keep the brain younger and stronger. 
NEUROBICS uses the five senses in unexpected ways and shakes up 
everyday routines. The ideal brain exercises involve activating many 
different brain areas in novel ways to increase the range of mental 
motion. 
 
What makes an exercise a NEUROBIC? 
• Involve one or more of your senses in a novel context. 
• Engage your attention. 
• Break a routine activity in an unexpected, nontrivial way.    

 (Novelty for its own sake, isn’t necessarily NEUROBIC…) 
 

EXAMPLES OF NEUROBICS: 
 

1) Brush your teeth with your non-dominant hand. (Do any routine activity this way: 
putting on make-up, eating, TV remote…) 

2) Brainstorming is a great NEUROBIC activity: List any thing that comes to mind 
when you think of “Australia.” 

3) When food is served, keep your eyes closed for awhile! Explore your plate with 
your other senses to “see” what you have. 

4) Write your name with your non-dominant hand. 
5) At night, explore your house with the lights out – be careful! 
6) See if you can share a meal with your family – in SILENCE! 
7) Take a “brain break” at work… take a brisk 15 minute walk. 
8) Collect a cup of different coins. See if you can identify each one with your eyes 

closed. 
9) Finger-Thumb switch: On one hand, hold up your index finger. On the other 

hand, hold up your thumb. Simultaneously switch as fast as you can, so that 
whatever hand held up an index finger now holds up a thumb and vice versa. 

10) Introduce a new aroma to your work area. Vanilla and lavender are brain 
stimulants.  

 
ADDITIONAL RESOURCE: Classroom Activators: 64 Novel Ways to Energize 
Learners. By Jerry Evanski, EdD.,  The Brain Store, ©2004. (available through Corwin 
Press) 
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