Project: Heart Valve Model
Engineering Design Team members: ________________________________________ 

______________________________________________________________________

Each member of your group must complete the packet. I will collect all packets from your group and randomly select one to grade and all members of the group will receive the same grade. It is the responsibility of every member of the group to make sure their packet is complete, thorough and representative of the group’s work. This project will be graded as an assessment, which means it counts as a test.
You will use the Engineering Design Process to complete a challenge:
	Engineering Design Process

You will receive a stamp for each step you complete. You will only receive a stamp once each step is completed fully and accurately. When you complete a step, your entire design team should show me your work and receive a stamp before proceeding to the next step. Each stamp is worth 2 points.

	Step 1: Identify the Problem
	

	Step 2: Gather Information
	

	Step 3: Develop a Plan
	

	Step 4: Build and Test
	

	Step 5: Redesign
	

	Step 6: Build and Test Again
	

	Step 7: Reflect
	

	
	Total Score: _______________/14


1. Identify the Problem: In this step of the Engineering Design Process, you will identify the problem, including any criteria (requirements) and constraints (limitations).
Problem: Imagine you part of a team of biomedical engineers. Your task is to design, construct and test a model replacement heart valve. You must design a one-way valve that will allow blood to flow from the left atrium to the left ventricle. When you are creating your artificial valve, you should consider durability, effectiveness, cost, materials and time.
Criteria 1: _________________________________________________________________ 
Criteria 2: _________________________________________________________________ 

Criteria 3: _________________________________________________________________ 

Constraint 1: ______________________________________________________________
Constraint 2: ______________________________________________________________

Constraint 3: ______________________________________________________________

2. Gather Information: In this step of the Engineering Design Process, you will gather information and consider ideas. 
	Gather Information: One-Way Valve

	Create a functional diagram of a one-way valve. Label the key functions of the valve.


	Identify important characteristics of a one-way valve.
Characteristic 1: ________________________________________________________ 
Characteristic 2: ________________________________________________________ 

Characteristic 3: ________________________________________________________ 

Characteristic 4: ________________________________________________________ 




3. Develop a Plan: In this step of the Engineering Design Process, you will create a detailed, labeled sketch of your design and you will determine your budget.
	Materials

	Valve template: $5 each
	Small paper clip: $1 each

	Plastic bag: $3 each
	Large paper clip: $2 each

	Masking tape: $5 for 30 cm
	Paper: $2 per 100 cm2

	String: $2 for 30 cm
	Index card: $3 each

	Rubber bands: $1 each
	Tag board: $6 per 100 cm2


a. Sketch out a detailed, labeled diagram of the heart valve model you intend to build.

	Top View

	Side View



b. Determine the quantity and cost of all materials you will need to build your model heart valve. Remember to stay within your budget!
	Item Description
	Cost per Item
	Quantity
	Total Cost
	Balance

	Starting Budget:
	$30

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Budget Remaining:
	


4. Build and Test: In this step of the Engineering Design Process, you will build and test your solution, and evaluate its effectiveness.
a. Build your model. Collect data while you test your solution. 

	
	Volume of Blood (mL)

	
	1
	2
	3
	4
	5
	Average

	Volume of blood flow (mL)
	
	
	
	
	
	

	Volume of backflow (mL)
	
	
	
	
	
	


	Durability (# of trials survived out of 5)
	


b. Evaluate the effectiveness of your device: Explain how you know whether or not your heart valve meets all criteria. Use your data. 
Criteria 1:  100% of the blood can flow from the left atrium to the left ventricle.
An average of ____________mL out of a total possible ___________ mL of blood flowed through the valve.  Our model heart valve met / did not meet Criteria 1.   
Criteria 2:  There will be no backflow from the left ventricle to the left atrium.

An average of ________mL of blood flowed from the left ventricle to the left atrium.  Our model heart valve met / did not meet Criteria 2.
​​​​​​​​​​​​​​Criteria 3:  The model heart valve is durable.
Our model heart valve stayed intact for ______  out of 5 trials. Our model heart valve met / did not meet Criteria 3.
5. Redesign: In this step of the Engineering Design Process, you will redesign your valve to do a better job. If your valve was met all criteria the first time through, then redesign your valve so that it costs less money to build or try an alternative design.
a. Create a labeled diagram of your redesigned heart valve. Include at least 3 changes and highlight them in your diagram. Give reasons for the modifications you made.
	Top View

	Side view



	Modification Made: 
	Reasoning:

	
	

	
	

	
	


b. Determine the quantity and cost of all materials you will need for your redesign. 

	Item Description
	Cost per Item
	Quantity
	Total Cost
	Balance

	Remaining Budget after First Model:
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Budget Remaining:
	


6. Build and Test Again: In this step of the Engineering Design Process, you will build and test your redesigned solution, and evaluate its effectiveness.

a. Build your new model. Collect data to test your redesign solution. 

	
	Volume of Blood (mL)

	
	1
	2
	3
	4
	5
	Average

	Volume of blood flow (mL)
	
	
	
	
	
	

	Volume of backflow (mL)
	
	
	
	
	
	


	Durability (# of trials survived out of 5)
	


b. Evaluate the effectiveness of your device: Explain how you know whether or not your heart valve meets all criteria. Use your data. 
Criteria 1:  100% of the blood can flow from the left atrium to the left ventricle.
An average of ____________mL out of a total possible ___________ mL of blood flowed through the valve.  Our model heart valve met / did not meet Criteria 1.   
Criteria 2:  There will be no backflow from the left ventricle to the left atrium.

An average of ________mL of blood flowed from the left ventricle to the left atrium.  Our model heart valve met / did not meet Criteria 2.
​​​​​​​​​​​​​​Criteria 3:  The model heart valve is durable.
Our model heart valve stayed intact for ______ out of 5 trials. Our model heart valve met / did not meet Criteria 3.
c. TURN IN YOUR MODEL, LEFTOVER MATERIALS, AND LEFTOVER MONEY TO YOUR TEACHER.

7. Reflect: 
a. Common symptoms of a poorly functioning heart valve include tiredness, shortness of breath, and muscle fatigue. Explain how a poorly functioning heart valve could lead to the symptoms listed above:
__________________________________________________________________________ 

__________________________________________________________________________ 

__________________________________________________________________________ 

__________________________________________________________________________ 

b. Imagine that your engineering design team is continuing this project and you are trying to secure funding to continue developing your heart valve model. What would your next steps be? For example, what additional research would you do? What test might you perform? How might you let investors know about your research?
__________________________________________________________________________ 

__________________________________________________________________________ 

__________________________________________________________________________ 

__________________________________________________________________________ 

c. Reflect on how your engineering design team (your science family) functioned throughout this project. If you were in charge of hiring a design team, would you select your own team? Why or why not?
__________________________________________________________________________ 

__________________________________________________________________________ 

__________________________________________________________________________ 

__________________________________________________________________________ 

d. In this project, you imagined yourself as a biomedical engineer. What other science and/or engineering career do you think you would enjoy? Give reasons for your answer.
__________________________________________________________________________ 

__________________________________________________________________________ 

__________________________________________________________________________ 

__________________________________________________________________________ 

Teacher’s Guide:

1. Identify the Problem: 
We will teach them about the considerations listed above during the “identify the problem” stage. How is effectiveness measured: volume of blood flow, volume of back flow, durability.
We will brainstorm/write these together with the students:

Criteria: 

· Durability

· Effectiveness measure #1: Volume of blood flow in one direction

· Effectiveness measure #2: Lack of back flow through the valve (volume)
Constraints: 

· Budget

· Materials

· Time (design time, production time, teach kids to fail quickly and move on)

2. Gather Information: 

Keynote on what a valve is, on different types of valves.

Sketch in the 1-way valve from the keynote.
Characteristics of an effective one-way valve:

· Fluid flows easily in one direction

· No backflow

· Can withstand a substantial amount of force/pressure

· Durable

· No sticking/clotting, No “bridging”

6. Reflection:
· maybe do the cardiovascular system together as an example?

· perhaps jigsaw the rest of it?

Other questions to consider at some point:
a. Why are artificial valves needed? How do artificial valves compare to valves from pigs or cows?

b. Pros and cons of different materials?

Possible Extensions:

· Collect and graph class data

· Imagine you are an investor: Which of the class prototypes would you fund? (use graphed class data to support your choice)
· Market your prototype

· Test variations of the inside diameter of the valve
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