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Learn about how
bioengineers design and
build body parts
replacements!
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Lesson Overview:


In the next couple of years the majority of high demand jobs are going to be in the different fields of engineering.  Therefore, there is a high necessity to outreach K-12 students and teach them about what an engineer does and introduce to them the different fields of engineering. Biomedical engineering or bioengineering is a rapidly growing field of engineering. Bioengineers design devices or processes to solve health related problem. During this lesson, the students will learn and apply the engineering design cycle to solve the problem of a knee injury by designing a knee replacement.

Background Information:

· Subject areas: Science, technology and engineering design

· Required time: 3 class periods (40 minutes for each class period)

· Grade level: 6th grade, but can be adjusted to all middle school grades

· Key words: engineering, engineering design cycle, biomedical engineering (bioengineering), tissue engineering, knee parts, material, prototype, tradeoffs, strength, flexibility, and innovation.

Learning Objectives & Assessment:

	The students will be able to:
	Assessment for this objective:

	1. Define engineering 
	Write the definition in their own words 

	2. Describe the engineering design cycle
	Label the steps of the process that were accomplished

	3. Define biomedical engineering
	Write the definition in their own words 

	4. Locate and name the parts of a knee 
	Label each part of a knee schematic in the handout

	5. List the requirements of a knee ligament 
	Write each one in the handout

	6. Explain what the term strength and why ligaments need to be strong 
	Write the definition and discuss the reasons in their own words

	7. Explain what the term flexibility and why ligaments need to be flexible 
	Write the definition and discuss the reasons in their own words

	8. Generate an innovative design
	Compared the example prototype to measure their innovation.

	9. Design a knee replacement
	Draw their design using provided materials, and considering the requirements the students will  

	10. Justify their design 
	Write and explain the pros of their design

	11. Define prototype
	Write the definition in their own words 

	12. Define trade-off
	Write the definition in their own words 

	13. Build a prototype 
	Build an innovative prototype base on their design 

	14. Test the strength and flexibility of a prototype.
	Strength will be test by hanging weights off of the prototype. 

Flexibility will be test measuring how far the prototype stretches when they hang a weight on it.

	15. Evaluate strength and flexibility of a prototype.
	Discuss the group prototypes using a comparative table.

	16. Create ideas to re-design 
	Write and discuss their ideas base on the requirements

	17. Communicate the results 
	Discuss their results to everybody in the class


Alignment to NRC Framework:
Related Next Generation of Science Standards: (National Research Council) 
Dimension 1: Scientific and engineering practices

Distinguished practices:

#1: Asking questions and defining problems
#2: Developing and using models
#5: Using mathematics 

#6: Constructing explanations and designing solutions
#8: Obtaining, evaluating and communicating information
Dimension 2: Crosscutting concepts

Identified crosscutting concepts:

#4: Systems and system models
#6: Structure and function
Dimension 3: Disciplinary core ideas-physical sciences
Core and component ideas:

PS2: Motion and stability: forces and interactions

ETS1.A: Defining and delimitating and engineering problem

ETS1.B: Developing possible solution

ETS1.C: Optimizing the design solution
Related Educational Goals and Standards: (State of Illinois)
Goal 11: Understand the processes of scientific inquiry and technological design to investigate questions, conduct experiments, and solve problems. 

Standards: 

11.A.3c:
Collect and record data accurately using consistent measuring, recording techniques and media.
11.A.3e:
Explain the existence of unexpected results in a data set.

11.B.3a:
Indentify an actual design problem and establish criteria for determining the success of a solution.

11.B.3b:
Sketch, propose and compare design solution to the problem considering available materials, tools, cost effectiveness and safety.

11.B.3c:
Select the most appropriate design and build a prototype or simulation.
11.B.3d:
Test the prototype using available materials, instruments and technology and record the data.
11.B.3e:
Evaluate the test results based on established criteria, note sources of error and recommend improvements.
11.B.3f:
Using available technology, report the relative success of the design based on the test results and criteria.

Goal 13: Understand the relationships among science, technology, and society in historical and contemporary contexts. 

Standards: 

13.B.3a: Identify and explain ways that scientific knowledge and economics drive technological development.

13.B.3c:
Describe how occupations sue scientific and technological knowledge and skills. 
Vocabulary:

· Engineering: is the application of science to design (re-design) and build solutions to economic and social problems.
· Engineering design cycle: engineers use the Engineering Design Cycle to successfully find a solution for a problem. The process has goals and requirements, which are important to guide an efficient solution for the problem. The Engineering Design Cycle is dynamic and usually is not successful in the first attempt.

· Biomedical engineering (bioengineering): the development of devices and processes that aid humans with regard to medicine. 

· Tissue engineering (this word won’t be introduced to the students): is a discipline from bioengineering that integrate the principles and methods of engineering with fundamentals of life science in order to develop a biological device that will substitute, restore, maintain or improve tissue or/and organ function. 

· Knee parts: only mention the ligaments, muscles, and bones

· Material (this word won’t be introduced to the students): is anything made of matter.

· Prototype: is an early, low cost, and simple model to test a design.

· Trade-off: is an activity that involves losing one quality of something in return of another quality.

· Strength: is the ability to withstand an applied stress without failure.

· Flexibility: is the absolute range of movement in a joint, and the length in muscles that cross the joint.

· Innovation: is the development of something new that meets old and new requirements.

Materials:

Materials considerations:

a. Strong materials: the materials in this category need to be able to hold at least 5 pounds without breaking or excessively bending.

b. Flexible materials: the materials in this category need to be able to bend almost completely without breaking.
c. Connecting materials: the materials in this category need to be able to joint strong and flexible materials.
Recommended materials list:

	Strong materials
	Flexible materials
	Connecting materials

	Wood strip
	3” to 4” Soft plastic tube
	Plastic tube connectors

	Stiff plastic rood
	Plastic net
	Foam pieces

	Long and skinny candles
	Soft plastic strip
	Rubber bands

	
	Plastic spiral
	Duct and masking tapes 

	
	Plastic sticks
	


Other materials: scissors, weights (2 (Box #1) and 4 pounds (Box #2); one of each per group), rulers (one per group), and small hangers (2 per group). 

*The amount of materials will depend on the student’s designs and how many groups you put together.
Lesson plan:
Part #1: The class will be guided with questions and open discussions the whole period. In the first day of class, the students will recognize that they will be solving the problem of a knee injury. Working in groups of 3, they will accomplish lesson objectives 1 to 9. The knee injury problem will be used to introduce engineering and the design cycle. Then the requirements will be discussed and defined. Finally, they will start designing a knee replacement. 


You should previously build at least two prototypes with the material to show to the students. Two or more prototypes will allow the students to have different ideas for their own design.

Engage (8 min) ***Make sure everybody is participating***
	Time
	Talk guidelines and questions 
	Activity 

	1 min
	· Introduce yourself (only if a guest is in the classroom)
	· Make sure everybody has an individual handout and a pencil

	2 min
	For today’s objectives, you will be able to: 

· Define (bio)engineering and describe the design cycle, 

· Locate the parts of a knee (slide #10)

· Describe and define the requirements for the design

· Design a knee replacement 
	· Write the general objectives for the day on the whiteboard (or smart board).

	1 min
	· Have you ever felt pain in your knee? 

· What happens when someone feel pain in their knee? 

· Do they go to see the doctor?
	· Show images of people (famous people) and kids having pain in their knee in different scenarios.

	2 min
	· Sometimes the knee doesn’t work anymore. 

· What happens when the knee doesn’t work anymore? 

· Do they need a replacement? 

· Who are the people that make replacements?
	· Show the image of a person (you can find these in the websites belowthat is getting his/her knee revised by a doctor.

· Show the image of a real knee replacement.

	2 min
	· Did you know engineers are the professionals that design and build body replacements?

· There is a special field of engineering that builds biological things; they are bioengineers
	· Show the image of an engineer (slide #7) working on a knee or body replacement. 

· Present the engineering and bioengineering definitions.

· Make sure everybody writes down the definitions in their own words.


Explore (3 min) *Replacement requirements*
	Time
	Talk guidelines and questions 
	Activity 

	2 min
	· If you need to design a knee replacement, what do you think the requirements will be?
	· Start walking around the room showing how we walk, and the general actions a knee does when you walk. 

· Write on the whiteboard the requirements the students tell you are important.

	1 min
	· What other parts of your body are similar to the knee? 

· What actions do those parts perform?
	· Tell the students to stand up and move those parts that are similar to the knee.

	1 min
	· The main requirements for a knee are strength and flexibility.
	· Show or write only the words strength and flexibility.


Explain (10 min)

	Time
	Talk guidelines and questions 
	Activity 

	2 min
	· What is strength?

· Define the word strength 
	· Show the definition of strength and make sure they write it down in their own words

	2 min
	· What is flexibility?

· Define the word flexibility 
	· Show the definition of flexibility and make sure they write it down in their own words

	2 min
	· Describe the parts of the knee and the function of each part. 

· Can you give me an example of how these parts work together?
	· Show the image of a knee with the parts clearly labeled.

· Make sure the students label the parts of a knee in the handout.

	2 min
	· How does an engineer use those requirements to make a knee replacement?

· They use the engineering design cycle

· You already completed step 1 and 2 of the engineering design cycle.
	· Show the engineering design cycle.

· Let them know that they already defined the problem, and the requirements.

	2 min
	· Do you know engineers are innovative?

· Define the term innovative 
	· Show the definition of innovative and make sure they write it down in their own words


Elaborate (15 min) ***Divide the students in groups***  *Design of the replacement*
	Time
	Talk guidelines and questions 
	Activity 

	1 min
	· You are going to work as engineers, in groups.
	· Divide the students in groups of 3

· Make sure they have a group handout

	2 min
	· Briefly describe each material 

· Describe how they are strong, flexible or connection materials
	· Show the images of the materials

· Pass samples of the materials around, for students to touch them

	1 min
	· We also build a replacement using these materials.
	·  Show the design of your prototypes and pass it around

	12 min
	· Now you can design a replacement

· You only have 12 minutes to finish your design.
	· Show a timer to the students

· Walk around and guide their designs

· Let the students know the time every 2 minutes, so they finish on time.


Evaluate (3 min)
	Time
	Talk guidelines and questions 
	Activity 

	2 min
	We have accomplished all of today’s objectives:

· Define (bio)engineering and describe the design cycle 

· Locate the parts of a knee

· Describe the requirements for the prototype

· Design a knee replacement prototype
	· Go back to where you wrote the objectives and write a check mark on them to show they were accomplished.

	1 min
	· Also we have finalized the first three steps of the design cycle

· Next week we will continue with step four: building the prototype.
	· Show the image of the design cycle and write a check mark on those steps that were finalized during this period of class.

· Write in the whiteboard “you are an engineer”.


Part #2:The class will be guided with questions and open discussions all the time. In the second day of class the material from the first period of class will be reviewed. Then, the students will justify their design and be able to define the word prototype and trade-off; and they will build a prototype. Working in groups of 3, they will accomplish objectives 10 to 13.  

Engage (5 min) ***Make sure everybody is attending***
	Time
	Talk guidelines and questions 
	Activity 

	3 min
	· What is bioengineering?

· What is our problem?

· What are the parts of a knee?

· What does each part of the knee do?

· What are our requirements?

· What is strength?

· What is flexibility?

· What is innovation?
	· Show the image of the design cycle with a check mark on those steps that were accomplished during the last period of class.

	2 min
	For today’s objectives, you will be able to: 

· Justify your design

· Define prototype

· Define trade-off

· Build a prototype
	· Write the general objectives for the day on the whiteboard.


Explore (9 min) *Justify the design*
	Time
	Talk guidelines and questions 
	Activity 

	3 min
	· What makes your design strong?

· What makes your design flexible?

· What makes your design innovative?
	· You will give 2 minutes to the students to discuss their design in the group and answer reach question in the handout about their design.

	6 min
	· Now, one member of your group will share the answers of the questions to all the students.
	· One student will stand up and tell everybody the answers in order to justify their design.

· You can allow some time for comments


Explain (4 min)

	Time
	Talk guidelines and questions 
	Activity 

	2 min
	· You are going to build a prototype using your design.

· What is a prototype?

· Define the word prototype 
	· Show the definition of prototype and make sure they write it down in their own words

	2 min
	· While you build your prototype keep in mind the word trade-off.

· What is trade-off?

· Define the term trade-off
	· Show the definition of trade-off and make sure they write it down in their own words


Elaborate (18 min) *Build prototype*
	Time
	Talk guidelines and questions 
	Activity 

	2 min
	· Now, one student from each group come to the front and pick up the materials you need to create your prototype.
	· Do not allow more than one student per group to come to the front.

	16 min
	· Now that you have the materials for your design, you can start building your prototype.

· Remember all the requirements while you are building the prototype.

· You only have 12 minutes to finish your design.
	· Show a timer to the students

· Let the students know the time every 2 minutes, so they finish on time.


Evaluate (3 min)
	Time
	Talk guidelines and questions 
	Activity 

	2 min
	We have accomplished all of today’s objectives:

· Justify your design

· Define prototype

· Define trade-off

· Build a prototype
	· Go back to where you wrote the objective and write a check mark to show they were accomplished.

	1 min
	· Also we have finalized the first four steps of the design cycle

· Next week we will continue with step five and six: test, evaluate and present your prototype.
	· Show the image of the design cycle and write a check mark on those steps that were finalized during this period of class.


Part #3: The class will be guided with questions and open discussions all the time. The class will have built their group designs either by the end of day 2 or as a homework assignment in the week between day 2 and day 3. During this lesson they will complete objectives 14 to 17. Two different testing procedures will be used: one to test strength and one for flexibility. They will perform these tests as groups and then as a class we will discuss their findings. 
Engage (5 min)

	Time
	Talk guidelines and questions 
	Activity 

	2 min
	· What is strength?

· What is flexibility?

· What is a prototype?

· What is trade-off?
	· Show the image of the design cycle with a check mark on those steps that were finalized during the last period of class.

	2 min
	For today’s objectives, you will be able to: 

· Test and evaluate strength and flexibility of your prototype

· Communicate your results

· Create ideas to re-design your prototype
	· Write the general objectives of the days in the whiteboard.

	1 min
	· Now that we have constructed our prototypes based on our initial design, it’s time to see if they fulfill the requirements.
	· Make sure everybody has finished their prototypes. 


Explore (4 min) *Testing ideas*

	Time
	Talk guidelines and questions 
	Activity 

	2 min
	· How should we test your prototype for strength?
	· Have a short class discussion on this topic

	2 min
	· How should we test your prototype for flexibility?
	· Have a short class discussion on this topic


Explain (6 min) *Demonstrating testing procedure*

	Time
	Talk guidelines and questions 
	Activity 

	3 min
	· We will be testing flexibility by measuring how far the prototype stretches when we hang a weight on it.

· You have to write down the initial end-to-end length and the final end-to-end length in the handout.
	· Use previously constructed example prototype to show them how the prototype will be tested: (slide #32 and #33)
a. Metal hooks are first attached to the ‘bone’ element using duct tape

b. Before loading weight, the end-to-end prototype length is measured in cm and recorded

c. One person loads the prototype with Box #1, and another person measures in cm the stretched end-to-end length and writes it down

d. The difference between the stretched end-to-end length and the un-stretched end-to-end length is the amount of elongation that the prototype experienced.  

· Write the equation on the whiteboard for flexibility (flexibility = final end-to-end length – initial end-to-end length).

	3 min
	· We will be testing strength by hanging weights off of your prototype

· Write down the number of the box your prototype held without breaking.
	· Box #1 is hung onto the hooks

· If the prototype does not break box #2 is hung onto hooks. 

· Box 2 has twice the weight of box #1.


Elaborate: (21 min) *Testing and evaluating*

	5 min
	· You will now test your prototype for flexibility using the method we just showed you

· If you have any questions please raise your hand


	· Hand out the weights, hooks, tape and ruler

· Each group will start testing their prototype for flexibility

· Walk around and guide/assist any groups if they need help with the testing

	5 min
	· You will now test your prototype for strength based on the method we just showed you

· If you have any questions please raise your hand
	· Walk around and guide/assist any groups if they need help with the testing

	3 min
	· Now that we have test for flexibility and strength, we need to interpret our results

· One student from each group will write on the whiteboard table the prototype flexibility and strength.
	· You will make a table of three columns: group number, flexibility and strength.

· One student from each group will write the score for each requirement.

	2 min
	· Which prototype is the most efficient?

· What is that (those) prototype(s) more efficient?

· What make them better?


	· Engage students in discussion that is essentially about trade-offs. 

· It’s good to make a very strong prototype, but at some point it’s a waste of material and money to keep adding strength if the maximum weight (i.e. Box #2) can be carried with a simpler, less expensive design.

	2 min
	· It is too much flexibility a good or bad thing?
	· Engage students in a discussion that will help them to understand the concept of flexibility and strength to a greater extent.

· The prototype should be flexible enough to bend and stretch in different directions, but not so flexible that is become unstable.

· Use analogy of walking: our legs are flexible enough that we can jump and dance, but if they were too flexible, we couldn’t walk straight since they would not be stable.

	2 min
	· If you were to re-design your prototype;

· What would you change in your design to make it stronger? 

· What would you change in your design to use less material but still keep it at the highest strength level?
	· Show the engineering design cycle and introduce the last step of re-design

· Guide discussion with questions to have them think of different ways of achieving a better design

· Make sure they write down their ideas and explanations.

	2 min
	· What would you change in your design to make more or less flexible? 

· What would you change in your design to use less materials but still keep it at the optimum flexibility level
	· Guide discussion with questions to have them think of different ways of achieving a better design

· Make sure they write down their ideas and explanations.


Evaluate: (3 min)

	2 min
	We have accomplish all the today’s objectives:

· Test and evaluate strength and flexibility of your prototype

· Communicate your results

· Create ideas to re-design your prototype
	· Show the image of the design cycle with a check mark on those steps that were finalized during the last period of class.

	1 min
	· It was super exciting to teach you something new

· You have accomplished a full engineering job.

· Remember to always consider a career in engineering when you grow up.
	· Give something to the students that will make them remember the activity for the rest of the day (candies, certificates, etc).


Additional Information and Links:
Additional information about bioengineering:

http://en.wikipedia.org/wiki/Biological_engineering
http://en.wikipedia.org/wiki/Biomedical_engineering
http://bmes.org/
http://www.bls.gov/ooh/architecture-and-engineering/biomedical-engineers.htm
Additional information about knee replacements:

http://getaroundknee.com/knee-replacement
http://getaroundknee.com/knee-pain-causes
http://www.nlm.nih.gov/medlineplus/kneereplacement.html
http://orthoinfo.aaos.org/topic.cfm?topic=a00389
http://www.mayoclinic.com/health/knee-replacement/MY00091
Next Generation of Science Standards

http://www.nextgenscience.org/
Description:


Students will design, build, test and evaluate a knee replacement to learn the engineering process.





Prerequisites:


Be able to indentify parts of the body: legs, knees, arms, elbows and fingers


Be able to have basic knowledge of joint and muscle functioning


Be able to solve arithmetic equations (add and subtraction)


Be able to draw basic geometrical figures and connect them





Instruction Time:


3 class periods (40 minutes for each class period)





Audience:


6th grade, but can be adjusted to all middle school grades





Lesson Objective:


The students will learn and apply the engineering design cycle to solve the problem of a knee injury by designing a knee replacement.











Design of a Knee Replacement


Developed by Irisbel Guzman and Vishal Bakshi














