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STUDENT NAME: 

It’s All in Your Head
Understanding Concussions and Helmet Design 
 [image: ]
Concussions, a type of Traumatic Brain Injury, may be caused by a blow to the head or a violent shaking of the head and body. Concussions are a hot topic in sports that involve regular head impacts, such as football and soccer. Victims may also suffer concussions from car accidents, epileptic seizures, and extreme sports such as skateboarding and cycling. If an individual suffers a large number of concussions during their lifetime, long term effects including neurodegeneration, the progressive loss of structure or function of neurons, may occur. As research continues into the mechanism behind concussions and the long-term effects, there may be a way to prevent neurodegeneration in at risk individuals.
 
One of the main ways to prevent long term injury is to prevent as many high impacts as possible.  Taking ideas from military helmets engineers around the world have been designing helmets to decrease the force of an impact to decrease the chances of a concussion during sporting events.  The National Football League was one of the first organizations to make helmets a mandatory piece of equipment in their games in 1943. Since then other sports organizations, like the NHL and MLB, have also required helmets for their games.  Even some state legislatures have written laws requiring people to wear helmets when riding bicycles or horses.
 
Each helmet must be designed for the activity required during the sport and the forces that the athlete will be experiencing.  Helmets must be designed to allow the athlete to be protected, but also still see and perform well.  Many companies like Riddell, Under Armor, and VICIS design and test new helmets with new materials to see what can best protect an athlete while allowing for maximal performance.
 
As a materials engineer for Riddell, it is your job to help design a helmet that will decrease the chances of a concussion.  To do so, you will utilize slow motion cameras with a model brain to visualize what happens to the brain during an impact to cause a concussion.  You will then test a series of different materials for their ability to decrease impact force.
 
PART I - Introduction
 
1. Why are helmets worn?  What injury do they protect against?

 
2. What are concussions and how do they occur?
PART II - Understanding Concussions through the use of a Model

3. Observe the three videos, and answer the following questions:


a. How does the increase in angle affect the motion of the brain? Why?
  

b. How much more kinetic energy does the tennis ball have when it is dropped from a 90° angle compared to when it is dropped at a 45° angle?
 








c. When a collision occurs to the head, there are three areas that are impacted by the force of that collision.  What are these three parts of the head?




PART III - Materials Testing for a Helmet

4. Record the data for each trial of each material below.
 
	No helmet materials
	Time in ms (Δx)
	Average Force in N (mean)

	Trial 1
	
	 

	Trial 2
	
	 

	Trial 3
	
	 

	Average
	
	 




	Material Tested:
Microbead pillow
	Time in ms (Δx)
	Average Force in N (mean)

	Trial 1
	 
	 

	Trial 2
	 
	 

	Trial 3
	 
	 

	Average
	 
	 


 
	Material Tested: 
Acoustic Foam 
	Time in ms (Δx)
	Average Force in N (mean)

	Trial 1
	
	 

	Trial 2
	
	 

	Trial 3
	
	

	Average
	
	


 
	Material Tested:
Styrofoam
	Time in ms (Δx)
	Average Force in N (mean)

	Trial 1
	
	

	Trial 2
	
	

	Trial 3
	
	

	Average
	
	













PART IV - Conclusions
 
5. Answer the following question using the Claim, Evidence, Reasoning (CER) below.
a. Which material would work the best at reducing concussion events in a helmet?


	CLAIM
	EVIDENCE

	Use the above question to formulate a complete answer. Your answer to the question is your claim. It is like a thesis statement, or something you’re trying to prove. 



	Evidence: List 2-3 pieces of information that support your claim. Each should be specific observations or calculations taken directly from the activities in this lab.
1.
 
2.
 
3.
 
Now that we have our evidence collected.  We need to make an evidence statement.
 
From the demonstration, I know…

	REASONING

	Reasoning: This part of your answer is very important. It gives the explanation for your claim, and it explains how your evidence supports your claim.  Describe and show how your pieces of evidence support your claim. You also want to describe any connections you can make between your claim/evidence and other scientific principles you already know. Use relevant facts and general concepts from your scientific knowledge in this section to expand on your evidence and support your claim. 
 
The evidence shows…

I know that… 

Therefore, I can conclude that…
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