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The human brain is a marvelous thing, controlling our every thought, feeling and action. One of the central guiding principles of brain organization is the division of labor between different brain areas. Today we will explore a wide variety of brain areas and the functions they serve through activities that could be performed and/or demonstrated in a classroom.
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1. Just like a brain

2. Build a brain

3. 2 point touch experiment

4. Brain coloring

5. Sheep brain dissection

Additional Resources 

· The Society for Neuroscience has put together a list of web resources for teachers including lesson plans, activities, images, and more. 

http://web.sfn.org/ 

click on “Public Resources” then “Students & Teachers”

· The Dana Foundation is a non-profit organization for neuroscience education. Their website boasts many lesson plans, resources and a special area for kids.

http://www.dana.org/
· Neuroscience for Kids offers an extensive collection of lessons for teachers on the brain.


http://faculty.washington.edu/chudler/neurok.html
· PBS produced a superb series called the “Secret Life of the Brain” which is complemented by a great website with supplementary materials and video clips.

http://www.pbs.org/wnet/brain/
· The Exploratorium is a fantastic resource for fun neuroscience activities. Look online or pick up a copy of Human Body Explorations or The Brain Explorer. Both have excellent puzzles and neuroscience activities that work well with kids.

http://www.exploratorium.edu/explore/handson.html
1. Just like a brain
What is a brain? What does it do? To start a unit on the brain, it’s important to gauge what students already know. We begin our exploration by setting out an array of objects and asking students to describe how the model is like a brain and how the model is not like a brain. 

Materials:

An assortment of objects (lightbulb, calculator, battery, toy, broccoli, orange, etc.)

Handout #1 “Just like a brain”

To do:

1. Pass out one object to each group of students. 

2. Ask each group to discuss how their object is like a brain and how it is not like a brain and then write down their observations on the worksheet.

3. Allow each group time to report their observations and record functions the brain performs on the board or overhead.

4. Ask for suggestions for brain functions that are not already listed.

5. Help the students group the different functions into categories. For example:


Sensation 


Movement


Thinking and analyzing (decision making, calculating, etc.)


Emotions


Memory


Basic body functions (breathing, heat-beat, digestion, etc.)

Discussion questions:

· What does a real brain look like? Feel like?

Real brains are slightly pink because of the many blood vessels and capillaries that pass through it. The surface is wrinkled with hills called gyri (gyrus singular) and valleys called sulci (sulcus singular) – more on this later. They feel very soft and most, like very soft tofu. 

· What does your brain not do?

Brains do so much that it is difficult to find bodily functions your brain does not play a role in. Your brain does not support the body and help hold its shape as the skeletal system does. Your brain does not determine physical features and traits like eye color, height, etc. But the brain plays a role in virtually every other bodily function from breathing to recognizing a person’s face.

· Would you be able to survive without a brain? Without part of your brain?

Your could not survive without a brain. In fact, brain death is the legal criteria for death in America. However, you can survive without as much as half of your brain. Infants with incurable epilepsy (400 or more seizures per month on average and resistant to epilepsy medications) sometimes undergo a surgery where half of their brain is removed. Because the brain is so adaptable in young children, they can grow up to lead relatively normal lives. 

2. Build a brain

Your brain is made up of 4 main parts. These 4 parts can be modeled with newspaper and your fist. This demonstration introduces students to the idea that different brain functions are coordinated in different places in the brain. In general, as you go up from the spinal cord towards the top of the brain, the functions become more and more complex.


Materials:


3 sheets of newspaper


your fist


clear plastic bag (optional)

To do:

1. Hold up your fist. Your upper arm represents the brainstem and your fist represents the limbic system. 

Brainstem - This area controls the most basic bodily functions such as breathing, regulating your heart rate, and digestion. Often it is referred to as the “reptilian brain”.

Limbic System – This area regulates emotion, memory and motivation. 

2. Lay out 2 sheets of newspaper, crumple them around your fist. These represent your cortex. 

Cortex – The cortex is where most of the “high-level” functions of the brain happen. This is the region where sensation, behavior, thinking, and decision-making happen. The cortex is made of a thin layer of cells about 2 mm thick that are highly interconnected. If laid out flat, the cortex would cover 1.5 square meters. In order to fit it all in your skull, the surface is wrinkled and convoluted, giving the brain its characteristic look. There is a left and a right hemisphere (or side) that are not that different from one another, contrary to popular belief
.

3. Tightly crumple the last sheet of newspaper and tuck it under your pinkie. This represents the cerebellum. 

Cerebellum – The cerebellum is where movements are coordinated to make a smooth, flowing, coordinated behavior – like playing soccer, dancing or executing a basketball shot. 
3. Two-Point Touch Experiment 

This activity illustrates the key point in brain organization that a larger area of the brain is dedicated to the functions that are more important to the organism. For example, vision is the most important of our 5 senses while smell is one of the least important. Over 30% of the cortex processes visual information while less than 2% processes smell information.

Materials (for each group of students – best with pairs):
1 blindfold

1 ruler

5 index cards

10 paper clips

tape

Handout #2 “Two Point Touch Experiment”

To do:

1. Make 5 testing devices

a) Fold an index card in half

b) Bend open the outer arm of 2 paper clips 

c) Clip the 2 paper clips onto the folded index card

d) Position the 2 points so that they are 40 mm apart (4 cm) and that the tips are even (one does not hang down further than the other)

e) Tape them in place

f) Label the card “40 mm”

g) Make 4 more test cards with these spacings: 20 mm, 10 mm, 5 mm, 1 mm

2. Of the 5 body parts on the data sheet, rank them by how sensitive you think each body part is to touch. Record your hypotheses.

3. Before you begin, discuss the procedure and what kind of results might be expected for the most sensitive part of the body and for the least sensitive part of the body. (All body parts should feel just 1 point with the 1 mm card. The most sensitive body parts might be able to feel 2 points 3 mm apart. The least sensitive parts might still feel only 1 point even when they are 40 mm apart.)

4. Select one partner to be the experimenter and one to be the subject.

5. Blindfold the subject.

6. Gently touch the subject with one of the 5 cards on his/her palm – results will be more accurate if the subject does not know which card will be used. If 2 points are felt, mark a “+” on your data sheet for that spacing. If only 1 point is felt, mark a “-“.

7. Repeat step 5 with each of the remaining 4 index cards.

8. Repeat steps 5 and 6 on each of the remaining 4 body parts.

9. Switch roles and repeat the experiment.

10. Go over the data together as a class

Discussion questions:

· What part of the body seemed to be the most sensitive? The least sensitive? What would you predict with other body parts we did not test?

Your fingertips (and sexual organs) are the most sensitive parts of the body. Here are some data (rounded) from a two point touch experiment (published in The Skin Senses, edited by D. R. Kenshalo, Springfield, IL, 1968) 

Site


Threshold

Fingers 

2-3 mm 

Upper Lip
5 mm 

Cheek 

6 mm 

Nose 

7 mm 

Palm 

10 mm 

Forehead 
15 mm 

Foot 

20 mm 

Belly 

30 mm 

Forearm 

35 mm 

Upper arm 
39 mm 

Back 

39 mm 

Shoulder 
41 mm 

Thigh 

42 mm 

Calf

45 mm

· Why do you think your fingertips are so sensitive but the back of your leg is not?

Your body has evolved to have touch receptors clustered in those places where you commonly touch things (your fingertips, hands, lips and tongue) or places where you want to be protected (your face – so things don’t fly into your eyes). It is much less important to have touch receptors in body parts you don’t use to feel the world with. 

· Your brain receives information about touch from all over your body. How much brain area do you think is dedicated to receiving information from your finger? From the back of your leg?

The part of the brain called the somatosensory cortex receives touch information from your body (see figure on first page). This brain region covers the area a headband might, starting at the top of your head and curving down towards your ears. Since highly sensitive areas have more touch receptors, those parts of the brain that receive this information take up proportionally more space on the cortex. Artists often portray this as a “homunculus” – a little man with huge lips and hands whose body parts are sized to mirror the sensitivity of those areas as well as the space in the brain that is dedicated to those areas.

4. Brain Coloring

In preparation for the brain dissection, let’s familiarize ourselves with where other functions of the brain are located. 

Materials:

Handout #3 “Brain coloring”

Colored pencils

Overhead transparency with “Brain coloring” pictures 

Colored overhead markers

Overhead projector

To do:

Have students follow along with you as you color in the parts of the brain and their functions. The copy you create today can be your master color code. If you want to go further or if you want coloring diagrams for the human brain (rather than the sheep brain), check out The Human Brain Coloring Book by Marian C. Diamond, Arnold B. Scheibel. The book was developed by world-famous neurosurgeouns for medical students and psychology students. 

5. Sheep Brain Dissection

Sheep brains are readily available from science supply companies and are an exciting way to explore brain anatomy. There is truly no substitute for a real brain in the hands of kids. If a dissection is too advanced for your students, order just 1 or 2 brains and give students the opportunity to touch and hold the brain before and after you demonstrate the dissection. Most science supply companies no longer ship their specimens in formalin and use a series of water baths to remove 99.7% of the formalin before shipping.

Materials (for each group):

1 sheep brain 


$5.50 each Nasco product # LS01152M http://www.nascofa.com/prod/Home 


$7.15 each Carolina Biological product # 22-8703 http://www.carolina.com/

1 pair tweezers

1 scalpel knife

1 probe

1 plate

1 set pins (optional)

To do:

Rather than provide a detailed dissection guide, please look at these resources who do a far better job than I ever could:

· The Exploratorium website has a simple virtual sheep brain dissection with excellent graphics.

http://www.exploratorium.edu/memory/braindissection/
· For a more detailed sheep brain dissection guide (if you are ready to lead or demonstrate a dissection), the University of Scanton created an extraordinary, step-by-step guide.

http://academic.uofs.edu/department/psych/sheep/
Just Like a Brain

How is your model like a brain?

How is your model not like a brain?

Two-point Touch Experiment

Experimenter: ___________________________

Subject: ________________________________

	Body part
	Hypothesis

Write a “1” by the part you think is most sensitive, a “2” by the part you think is next most sensitive, and so on.
	Data

Write a “+” if 2 points are felt.

Write a “-“ if 1 point is felt.

	
	
	1 mm
	5 mm
	10 mm
	20 mm
	40 mm

	Palm
	
	
	
	
	
	

	Fingertip
	
	
	
	
	
	

	Back of leg
	
	
	
	
	
	

	Forehead
	
	
	
	
	
	

	Cheek
	
	
	
	
	
	


Experimenter: ___________________________

Subject: ________________________________

	Body part
	Hypothesis

Write a “1” by the part you think is most sensitive, a “2” by the part you think is next most sensitive, and so on.
	Data

Write a “+” if 2 points are felt.

Write a “-“ if 1 point is felt.

	
	
	1 mm
	5 mm
	10 mm
	20 mm
	40 mm
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	Fingertip
	
	
	
	
	
	

	Back of leg
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The Somatosensory cortex – From Penfield & Rasmussen (1990) The cerebral Cortex of Man





Homunculus from Discover Magazine (June 1993)








� In the 1960’s Roger Sperry studied patients whose connections between their right and left brains had been cut. Sperry found that the 2 sides of the brain functioned similarly for most tasks. However, at times, one hemisphere outperformed the other. For instance, in most, but not all of Sperry’s patients, the left brain was better at spoken language while the right brain was better at spatial visualization. Educators and the general public were quick to jump on the bandwagon suggesting ways to apply the theory to classrooms and businesses, vastly expanding Sperry’s work with little to no scientific backing. 





