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Xernom Apedoe, Michelle Ellefson, Matt Mehalik, Birdy Reynolds, Chris Schunn

Draft Version - August 2008
UNIT DESCIPTION
The students will start by determining what their needs are for ‘Designing an Artificial Limb’ and what that prototype requires.  Within this ‘Artificial Limb’ system there are three subsystems that the students will decompose.  The students will proceed through three subsystems: Transmission, Structure and Control. 

Students will encounter the Immersion Unit Learning Cycle which guides the improvement of their prototype and the learning of key concepts in mechanics and simple machines.   

Students begin with the Structure subsystem, where they will learn about the strength of materials and action-reaction (Newton’s 3rd law). The Transmission subsystem then provides opportunities to learn about work, energy and simple machines. Students will complete the first cycle through the subsystems in the Control subsystem with a focus on friction and conservation of energy. 

Students will cycle again through the entire prototype cycle, refining their prototype with the help of recently gained knowledge about simple machines and mechanical advantage. Improved prototype designs enable students to connect features of their designs with the concepts of power, kinematics and Newton’s 2nd law.  

Through both cycles of this storyline, students will be presented with many opportunities to share and be evaluated on their progress.  At the conclusion of the unit there will be a final design presentation and the students will write an instruction manual for their Artificial Limb. 
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	Lesson Time Line: Planning the Design: Defining Needs and Systems  (Modules 1 & 2) 8 periods

	BIG IDEA: Engineers develop technological solutions to meet needs.

	Lesson
	Learning Cycle
	Goals
	Key Concepts
	Student Activities

	1
	Create Design
	· Students develop an awareness that design can be used to solve everyday problems
	· Needs/ Problem identification

· Functional decomposition

· Iterative Design

· Sketches and Representations


	· Read “Sweeping Up The Market”

· Team Discussion complete “Sweeping Up the Market” Questions

· Class Discussion: Identify key components of design and cycle

	2
	Create Design
	· Students develop an awareness of disabilities and resulting  Quality of Life Issues
	· QoLT
	· QoLT movie clips activity

	3
	Create Design
	· Students develop an understanding of the needs of disabled persons and how technology might meet Quality of Life needs.
	· QoLT
	· QoLT immersion activity

	4
	Create Design
	· Teams brainstorm their need for a mechanical limb system

· Teams determine the type of mechanical limb system they want to create to meet their need

· Teams create a sketch of their ideal system design
	· Needs are problems that require a technological solution

· Some requirements are necessary and others are not necessary
	· Read “Planning your Design”

· Brainstorm Needs (Tasks)

· Select Need

· Define Requirements

	5
	Create Design
	· Students determine the similarities and differences between various mechanical limb systems

· Students will define the common features of essential parts as subsystems
	· Complex systems are made up of simple subsystems.


	· Read “Now That You’ve Thought About It…”

· Team Discussion: Uses and Needs of Mechanical Limbs

· Divide components by function

· Name subsystems

	6
	Create Design
	· Students will learn about systems and how they work

· Students will define the requirements of each subsystems

· Generate alternative solutions
	· Systems can be decomposed into their essential parts called subsystems

· Each subsystem has one function


	· Read System Decomposition

· Define inputs and outputs for subsystems

· Explore Some possible materials

· Sketch many possible solutions



	7
	Create Design
	· Select a design to build
	· Decisions are made by weighing performance and requirements
	· Decision Matrix

· Sketch revised design

	8
	Create Design
	· Students receive and provide appropriate and constructive critiques about their design ideas

· Students should synthesize needs, subsystems, functions, and requirements in their design
	· Scientist and engineers share their ideas to get feedback

· Needs, subsystems, functions, and requirements are the foundations for good designs

· Planning is a critical component for good designs
	· Present Design Ideas

· Homework: Reflection I


	Lesson Time Line: Structure System I: 

Equilibrium (Module 3) 4 periods

	BIG IDEA: Balanced forces result in equilibrium

	Lesson
	Learning Cycle
	Goals
	Key Concepts
	Student Activities

	1
	Create Design
	· Build 1st prototype

· Discover and resolve initially overlooked construction details
	· Translate pictorial representations to real objects 
	· Construct first prototype (constrained to one joint)

	1
	Evaluate Outcomes
	· Students evaluate the structural integrity of their prototype

· Students connect their test results outcome to physics ideas.
	· Failure analysis

· Pictorial representation of force

· Newton’s 3rd Law


	· Test prototype function

· Draw force diagrams

· Group discussion of structure and stability outcomes of test results. 

· Discuss previous vocabulary (F, Work) and N3-action reaction

	2
	Generate Reasons
	· Students will articulate possible links of static equilibrium to their prototypes
	· Equilibrium

· Newton’s 1st law

· Newton’s 3rd law


	· Class discussion of failure modes stability assessments

· Develop ideas of improvements to test.

	3
	Test Ideas
	· Students will test static equilibrium principles.
	· Balanced forces

· Newton’s 3rd law
	· Implement improved ideas.

	3
	Analyze Results
	· Evaluate static equilibrium test results
	· Newton’s 3rd law

· Static equilibrium
	· Class discussion of success and failure. 

· Suggestions for improvement

	4
	Generalize Results
	· Improve design
	· Newton’s 3rd Law

· Equilibrium
	· Using N3 and equilibrium concepts redraw force diagrams.

· Generate list of guiding principles to improve structural integrity

	4
	Connect to Big Ideas
	· Apply equilibrium concepts to real world situation. 
	· Equilibrium
	· List and choose ideas to modify prototype. 

· Leaning tower of Pisa evaluation.


	Lesson Time Line: Transmission System I 

Simple Machines (Module 4) 8 Periods

	BIG IDEA: Energy is conserved in closed systems.

	1

2
	Create Design
	· Characterize levers by features and function
	· Levers transmit energy between input and output points

· Levers the output/input ratios of   force and distance for a lever are related.
	· Modify & Test Prototype.

	3
	Evaluate Outcomes
	· Students will recognize that the energy inputs and energy outputs of an ideal lever are equal quantities 

· Students will analyze the outcomes of their lever trials in terms of their force and distance requirements

· Students will connect their outcomes to the idea that levers 
	· W=Fd

· Win=Wout

· Mechanical The output/input ratios of force and distance for a lever are inversely related

· The products Fidi and Fodo  are equal for a particular lever. 
	· Team Discussion Lever Trials

· Class Discussion



	4
	Generate Reasons
	· Students will link their outcomes to energy concepts

· Students will brainstorm ideas to test their concepts with other classes of simple machines
	· Conservation of Energy
	· Class discussion, plan how to test ideas Read simple machines.

· Identify instances of levers in their design.

· Identify input and output force and distance requirements for each lever in their design.

	5
	Test Ideas
	· Students will test how their ideas might apply to other classes of simple machines
	· Energy is conserved in all classes of ideal simple machines
	· Lever Trials, 

	6
	Analyze Results
	· Students will tabulate/ plot their data and interpret their results 
	· W=Fd

· Win=Wout

· Mechanical Advantage
	· Analyze results

· Prepare for Presentations

	7
	Generalize Results
	· Students will draw conclusions about the data 
	· Energy is conserved in all classes of ideal simple machines
	· Pulley plane and wheel and axle trials

·  Teams will present other simple machine data

· Students draw conclusions about the data

	8
	Connect to Big Ideas
	· Students will see how all simple machines meet needs by employing to concept of Win=Wout to meet technological needs.

· Students will begin to think about how they can use simple machine concepts to improve their design
	· Energy is conserved in all classes of ideal simple machines
· Algebra
	· Simple machine conservation of energy deployment problems

· Read Now that you’ve though about it

· Revise design sketch to incorporate construction details meet requirements

· Reflection II


	Lesson Time Line: Control System I

Mechanical Advantage -Efficiency- Friction  (Module 5) 5 Lessons

	BIG IDEA: Non-conserved forces dissipate energy

	Lesson
	Learning Cycle
	Goals
	Key Concepts
	Student Activities

	1
	Create Design
	· Students will consider the role of friction.
	· Friction

· Mechanical Advantage
	· Identify benefits/drawbacks (friction, mechanical advantage) in their design.

· Propose and implement design changes to by increase/decrease friction, mechanical advantage.

· Test design to evaluate improvement

	2
	Evaluate Outcomes
	· Student will propose solutions to a problem involving friction
	· Friction

· Mechanical Advantage


	· Present design modifications and results to class

	2
	Generate Reasons
	· Students will design experiments to explore friction
	· Friction

· Mechanical Advantage


	· Class discussion of factors that may influence friction, mechanical advantage.

· Design experiment to test factors that influence friction, mechanical advantage.

	3
	Test Ideas
	· Students will perform laboratory investigations of friction
	· Friction

· Mechanical Advantage
	· Perform tests

	4
	Analyze Results
	· Students will conclude the role of coefficient of friction.
	· Friction

· Mechanical Advantage
	· Present test data to class.

	4
	Generalize Results
	· Students will formulate a set of rules for understanding friction.

· Students will account for friction as a non-conserved energy form.
	· Non-conserved forces, conservation of energy

· Efficiency
	· Class activity write rules of friction, mechanical advantage

· Group activity- write energy balance for limb. Find non-conserved forces.

· Calculate efficiency of prototype from energy balance

· Friction, energy practice problems

	5
	Connect to Big Ideas
	· Students will apply friction and conservation of energy to modify a system.
	· Conservation of energy

· Friction
	· Modify prototype to increase/decrease friction, mechanical advantage as desired.


	Lesson Time Line: Structure 2- Build 2nd Prototype (Module 6) 5 Periods

	BIG IDEA Balanced forces result in equilibrium

	Lesson
	Learning Cycle
	Goals
	Key Concepts
	Student Activities

	1
	Create Design
	· Build improved prototype using knowledge from 1st cycle and expanded materials set.

· Test prototype for structural stability and safe operation.
	· Simple Machines

· Conservation of Energy

· Friction
	· Build prototype, multiple joints



	2
	Evaluate Outcomes
	· Represent forces in non-equilibrium situations.
	· Failure analysis

· Center of Gravity


	· Test prototype operation

· Draw force diagrams

· Group discussion, test results

· Group discussion stability failures. 



	3
	Generate Reasons
	· Design experiments to test for failure in accelerated motion.
	· Newton’s 3rd Law


	· Class discussion failure modes

· Develop ideas of tests to improve stability, function.



	4
	Test Ideas
	· Generate data for safe operating range of limb.
	· Newton’s 3rd law
	· Test limb stability ideas.

	4
	Analyze Results
	· Connect the ideas of acceleration and force through Newton’s 2nd law
	· Newton’s 3rd law
	· Group discussion stability tests.

· Class discussion stability tests.

	5
	Generalize Results
	· Define operational limits from test results.
	· Newtons3rd Law
	· Apply stability results to center of mass.

	5
	Connect to Big Ideas
	· Apply Newton’s 2nd law to unfamiliar situations
	· Newton’s 3rd law


	· Modify prototype to improve stability.  


	Lesson Time Line: Transmission II 

Forces in Multiple Dimensions (Module 7) 5 Periods

	BIG IDEA: Vector Decomposition

	Lesson
	Learning Cycle
	Goals
	Key Concepts
	Student Activities

	1
	Create Design
	· Improve Prototype to meet requirements


	· Simple Machines
	· Modify prototype with suggestions from previous modules.



	2
	Evaluate Outcomes
	· Determine prototype strengths/ weaknesses.
	· Work

· Displacement

· Measurements
	· Test prototype for function.

· Evaluate deficiencies in prototype function. Compare mechanical advantage, forces, etc….

· Draw force diagrams



	2
	Generate Reasons
	· Understand forces are vector quantities.

· Develop ideas to test vector nature of forces.
	· Energy Balance

· Vectors

· Friction, Work


	· Present prototype test results to class.

· Class discussion on improved simple machine design.

· Role of angles

	3
	Test Ideas
	· Test directional nature of forces. 
	· Mechanical measurements

· Geometry
	· Test angled forces on lever apparatus

	4
	Analyze Results
	· Conclude that angles make a difference.
	· Vector nature of forces
	· Group Discussion test results and role of angles.

	5
	Generalize Results
	· Apply vector knowledge to improved design.
	· Trigonometry

· Forces
	· Draw new force diagrams (2-D)

· Plan and implement final prototype modifications to incorporate proper angles in forces



	5
	Connect to Big Ideas
	· Extend vector knowledge to unfamiliar situations.
	· Vectors

· Forces

· Trigonometry


	· Vectors and triangles problems




	Lesson Time Line: Control II (Module 8) 5 Periods

	BIG IDEA: Energy is conserved

	Lesson
	Learning Cycle
	Goals
	Key Concepts
	Student Activities

	1
	Create Design
	· Define the rate that a machine does work as an important design parameter


	· Work

· Power

· Rate
	· “Time to complete” task of daily life analysis activity

· Test time to complete task with prototype

· Read “Power” and compute rate of work in vs. rate of work out.



	2
	Evaluate Outcomes
	· Relate Power to actual tasks of daily living
	· Work

· Power

· Rate

· Newton 2nd Law
	· Test Power required for tasks by natural human limbs.

·  Draw force diagrams

· Group discussion required power vs. actual power.

· Shopping bag failure demo

·  Group discussion stability failures and why acceleration increases risk of damage



	2
	Generate Reasons
	· Understand non-conserved work (friction) as a source of power loss.

· Develop ideas to reduce power loss
	· Energy Balance

· Energy Conservation and Losses

· Friction, Work

· Newton’s 2nd law


	· Class discussion on actual human power, power losses and possible improvements to prototype

·  Class discussion acceleration, failure modes

· Develop ideas of tests to set acceleration limits.



	3
	Test Ideas
	· Choose from alternative solutions 
	· Decision Strategies

· Newton’s 2nd Law
	· Test to determine acceleration limits.

· Decision Matrix

· Modify Prototype

· Test Prototypes

	4
	Analyze Results
	· Evaluate improved performance.
	· Evaluation of performance against goals
	· Group Discussion modifications and test results

	5
	Generalize Results
	· Build final polished prototype
	· Product design is an iterative process
	· Set acceleration limits for limb and propose means to limit acceleration.

· Plan and implement final prototype modifications.

	5
	Connect to Big Ideas
	· Final test data for product performance
	· Energy is conserved
	· Test Final Prototype

· Record and write final test data report

· Write energy balance for prototype




	Lesson Time Line: Present The Design (Module 9) 3 Periods

	BIG IDEA: Science is a community process

	Lesson
	Learning Cycle
	Goals
	Key Concepts
	Student Activities

	1
	Create Design
	· Students will prepare final 

· Students will prepare final prototype sketches
	· Review all previous concepts
	· Construct final model

· Draw final sketches

	2
	N/A
	· Students will prepare an instructional booklet and poster for their product
	· Review all previous concepts
	· Plan and produce instructional booklet

	3
	N/A
	· 
	· 
	· Gallery walk poster session


Planning the Design. Lesson 1: Introduction
Overview 

Lesson Time: 1 day

Lesson Goal(s) 

Students develop an awareness that design can be used to solve everyday problems.

Student Activities 

Read Sweeping Up the Market [5 min.] 

Team Discussion: Complete Sweeping Up the Market Ques- tions [10 min.] 

Class Discussion: Identify key components of design [15 min.] 

Materials 

 Sweeping Up the Market) 

Learning Cycle 
Key Concept(s) 

Needs/ Problem Identification 

Functional Decomposition 

Iterative Design 

Sketches and representations 

Implementing This Lesson
This is the first lesson in the unit and it will serve as the introduction to the context that students will be working in over the next several weeks.  In this lesson, it is important for students to begin thinking about the ideas associated with engineering design – particularly the notions of Needs; Functional Decomposition; Iterative Design; and Sketches. During the class discussion you can also talk with students about how engineering design is a process that happens in the real world, and that everyday 
products can be redesigned and improved to meet a need. 

Today students will read the Sweeping Up the Market article and within their teams and engage in a discussion about the ideas presented in the article  Using the article as a framework, students will have a class dis-cussion about the Learning Cycle. 

The important terms and concepts in this lesson are: 

Needs refer to problems that require a solution.

Alternative Designs are used to think about different ways to solve a problem. 

Functional Decomposition is the process of breaking down a design into its components and functions.  This process helps clarify the goals for the design. 

Iterative Design is important for optimizing and improving a design. Sketches are important to engineering design because they provide a concrete representation of a design idea that can be easily modified and critiqued. 

Thinking Ahead 

In what ways does the task build on students’ previous knowledge? 

This task builds on students prior knowledge and conceptions about how products are designed.  Students have the opportunity to discuss their preconceptions about engineering design is and how products are created.  What other ideas or knowledge do you think your students 
will bring to this task? 

Introducing the Task(s) 

How will you introduce students to the activity so that the demands of the task are not reduced? That the goals and expectations are clear?  That the students are likely to engage important scientific ideas or practices? 

Do not present students with the terms listed in the Key Concepts ahead of time. Rather, encourage students to identify what they consider to be important factors for the successful design of the Dyson Vacuum. Once students have discussed and brainstormed, you can then help them la- bel their ideas (e.g., Functional Decomposition).  What might you expect to hear that lets you know students understand? 

Supporting Student Engagement 

Think- Pair- Share is an instructional strategy you can use to maintain a high level of student engagement in the task.  In the Think-Pair-Share strategy, first students think on their own about what the article means to them, next they share their thoughts with their team members, finally as a team they would share their thoughts with the class. This strategy increases the sharing of student ideas and perspectives.  As an instructor it is important to encourage all student ideas to be heard to help construct knowledge at a class level rather than just at an individual level. What are other strategies you can use to ensure that students remain engaged and focused on the task? 
Asking Assessing/Advancing Questions

As students work in their groups or participate in the class discussion, it is important that you facilitate and focus their thinking. What kinds of questions do you think you can ask to focus their thinking? 

Below are some questions that may be appropriate: 

What was Dyson’s goal? 

How did Dyson go about problem solving? 

How did Dyson use science to help him improve his design? 

How did generating reasons for the problem that he was experiencing help Dyson to test his ideas? 

How are design and science related? 

Facilitating Discussion 

How will you orchestrate the class discussion so that you accomplish your learning goals? 

You should begin this discussion with students sharing their thoughts about the article, and using this as a basis for shaping the rest of the discussion.  You may want to use questions such as the example ones provided above, to guide the discussion.  The goal of this lesson is to help students recognize that design is a way to solve a real-life problem. 

Looking Ahead 

What will you do in the next lesson that will build on this lesson? 

Tomorrow students will explore the various needs of disabled people that may be met with innovative designs.

Journal Space
When you complete your journal entry, consider the following questions:

What were the student’s reactions to the lesson?

What could you do next time to make this lesson more successful?

Is there any additional information that would have been useful?

What are your general comments?

Planning the Design. Lesson 2: Needs Awareness (VIDEO)
Overview 

Lesson Time: 1 day

Lesson Goal(s) 

Students develop an awareness of the needs of disabled people.

Student Activities 

Materials 

Key Concept(s) 

Implementing This Lesson
. 

Thinking Ahead 

In what ways does the task build on students’ previous knowledge? 

What other ideas or knowledge do you think your students 
will bring to this task? 

Introducing the Task(s) 

How will you introduce students to the activity so that the demands of the task are not reduced? That the goals and expectations are clear?  That the students are likely to engage important scientific ideas or practices? 

What might you expect to hear that lets you know students understand? 

Supporting Student Engagement 

What are other strategies you can use to ensure that students remain engaged and focused on the task? 
Asking Assessing/Advancing Questions

As students work in their groups or participate in the class discussion, it is important that you facilitate and focus their thinking. What kinds of questions do you think you can ask to focus their thinking? 

Below are some questions that may be appropriate: 

Facilitating Discussion 

How will you orchestrate the class discussion so that you accomplish your learning goals? 

Looking Ahead 

What will you do in the next lesson that will build on this lesson? 

Journal Space
When you complete your journal entry, consider the following questions:

What were the student’s reactions to the lesson?

What could you do next time to make this lesson more successful?

Is there any additional information that would have been useful?

What are your general comments?

Planning the Design. Lesson 3: Needs Awareness (Immersion Activity)
Overview 

Lesson Time: 1 day

Lesson Goal(s) 

Students develop an awareness of the needs of disabled people.

Student Activities 

Materials 

Key Concept(s) 

Implementing This Lesson
. 

Thinking Ahead 

In what ways does the task build on students’ previous knowledge? 

What other ideas or knowledge do you think your students 
will bring to this task? 

Introducing the Task(s) 

How will you introduce students to the activity so that the demands of the task are not reduced? That the goals and expectations are clear?  That the students are likely to engage important scientific ideas or practices? 

What might you expect to hear that lets you know students understand? 

Supporting Student Engagement 

What are other strategies you can use to ensure that students remain engaged and focused on the task? 
Asking Assessing/Advancing Questions

As students work in their groups or participate in the class discussion, it is important that you facilitate and focus their thinking. What kinds of questions do you think you can ask to focus their thinking? 

Below are some questions that may be appropriate: 

Facilitating Discussion 

How will you orchestrate the class discussion so that you accomplish your learning goals? 

Looking Ahead 

What will you do in the next lesson that will build on this lesson? 

Journal Space
When you complete your journal entry, consider the following questions:

What were the student’s reactions to the lesson?

What could you do next time to make this lesson more successful?

Is there any additional information that would have been useful?

What are your general comments?

Planning the Design. Lesson 4: Needs and New Ideas
Overview 

Lesson Time: 1 day

Lesson Goal(s) 

Teams brainstorm needs for an artificial limb.

Teams determine the quality of life task their artificial limb will perform.

Teams determine requirements the limb will need to satisfy.

Student Activities 

Read Planning Your Design (2 min)

Brainstorm needs and new ideas (20 min)

Read Now That You’ve Though About It… (2 min)

Brainstorm Requirements (10 minutes)
Materials 

Planning Your Design

Planning Needs and New Ideas

Now That You’ve Though About It…

Requirements

Key Concept(s) 

Needs are problems that require a technological solution.

Some requirements are necessary and others are not necessary.
Implementing This Lesson
This lesson is designed to allow students to brainstorm ideas about mechanical limb systems. They would like to create. In teams, students should determine the need they are trying to meet and come to a consensus about the type of system they want to create.  In addition team will generate a list of requirements for their limb to meet. 
. 

Thinking Ahead 

In what ways does the task build on students’ previous knowledge? 

This task encourages students to connect their knowledge of what their own limbs do for them to what they may need an artificial limb to do if they became impaired. The purpose of this task is for students to brainstorm a number of unique ideas. Please note that students may think that a need refers to what a design might require to work rather than a problem a design could solve. 

Students also will use their knowledge of what their limbs accomplish in tasks of daily living to generate a list of requirements for their limb. Students might talk about lifting a certain weight or moving an object a certain distance. What other ideas or knowledge do you think your students will bring to this task? 

Introducing the Task(s) 

How will you introduce students to the activity so that the demands of the task are not reduced? That the goals and expectations are clear?  That the students are likely to engage important scientific ideas or practices? 

This lesson is crucial to the success of the unit. The students should be given ample time to explore their ideas and come to a team consensus about a need they wish to meet. Because ownership of the design is extremely important, you want to ensure students consider all task options carefully.  

What might you expect to hear that lets you know students understand? 

Supporting Student Engagement 

To ensure students remain engaged with the task, you can use a Think-Share strategy. That is, students can complete the activity individually first and then discuss their solutions within their design teams. This strategy will ensure each student comes to the team discussion, only after thinking on their own. Thinking on their own first increases student participation in the larger group. What are other strategies you can use to ensure that students remain engaged and focused on the task? 
Asking Assessing/Advancing Questions

As students work in their groups or participate in the class discussion, it is important that you facilitate and focus their thinking. What kinds of questions do you think you can ask to focus their thinking? 

Below are some questions that may be appropriate: 

· What is your need for a mechanical limb?
· What problem are you really trying to solve?
· How might somebody use this limb to improve his/her quality of life?
· What does the limb do?
· How much?
· How far?
· What will the limb user need to do?
· Where does the limb need to fit?
Facilitating Discussion 

How will you orchestrate the class discussion so that you accomplish your learning goals? 

Looking Ahead 

What will you do in the next lesson that will build on this lesson? 

In the next lesson students will refine their ides about what limbs do and start to think about the essential parts of a limb.

Extending the Task(s)

What extensions to the task will you pose that will help students look for patterns, make connections, of form a generalization?

If you would like your students to do more formal research (e.g. library or Internet research) about mehanical limb systems this may be an appropriate time to do so.

Journal Space
When you complete your journal entry, consider the following questions:

What were the student’s reactions to the lesson?

What could you do next time to make this lesson more successful?

Is there any additional information that would have been useful?

What are your general comments?

Planning the Design. Lesson 5: System Parts/ Part Functions

Overview 

Lesson Time: 1 day

Lesson Goal(s) 

Students develop awareness that parts in a system each have a function. Students also see that in different limb systems same essential functions are necessary.

Student Activities 

Individual brainstorm : Systems and Parts (10 minutes)

Team activity: Sorting Parts (10 minutes)

Read Now that you’ve thought about it…. (2 minutes)
Class Discussion Subsystem Names and Functions (5 minutes) 

Materials 

Systems and Parts

Sorting Parts

Now That You’ve Though About It…

Limb Subsystems

Key Concept(s) 

Complex systems are made up of simple subsystems.

Implementing This Lesson
Thinking Ahead 

In what ways does the task build on students’ previous knowledge? 

What other ideas or knowledge do you think your students 
will bring to this task? 

Introducing the Task(s) 

How will you introduce students to the activity so that the demands of the task are not reduced? That the goals and expectations are clear?  That the students are likely to engage important scientific ideas or practices? 

What might you expect to hear that lets you know students understand? 

Supporting Student Engagement 

What are other strategies you can use to ensure that students remain engaged and focused on the task? 
Asking Assessing/Advancing Questions

As students work in their groups or participate in the class discussion, it is important that you facilitate and focus their thinking. What kinds of questions do you think you can ask to focus their thinking? 

Below are some questions that may be appropriate: 

Facilitating Discussion 

How will you orchestrate the class discussion so that you accomplish your learning goals? 

Looking Ahead 

What will you do in the next lesson that will build on this lesson? 

Journal Space
When you complete your journal entry, consider the following questions:

What were the student’s reactions to the lesson?

What could you do next time to make this lesson more successful?

Is there any additional information that would have been useful?

What are your general comments?

Planning the Design. Lesson 6: Systems to Designs

Overview 

Lesson Time: 1 day

Lesson Goal(s) 

Select a design to build.
Student Activities 

Read: System Diagrams (5 minutes)

Team activity: Subsystems: Inputs/Outputs (10 minutes)

Read: Generating Alternative Solutions (2 minutes)
Individual Material Exploration and Design Sketches (30 minutes)

Materials 

System Diagrams

Subsystems: Inputs/Outputs

Generating Alternative Solutions

1 of each for every table of students:


Nylon Cord


Spring


Hinge


Tape


Nut 


Bolt 


Washers


Length of PVC Pipe


Pipe Elbow


Eyehook

Key Concept(s) 

Complex systems can be decomposed into simple subsystems.

Alternative solutions may exist to solve a single problem.
Implementing This Lesson
Thinking Ahead 

In what ways does the task build on students’ previous knowledge? 

What other ideas or knowledge do you think your students 
will bring to this task? 

Introducing the Task(s) 

How will you introduce students to the activity so that the demands of the task are not reduced? That the goals and expectations are clear?  That the students are likely to engage important scientific ideas or practices? 

What might you expect to hear that lets you know students understand? 

Supporting Student Engagement 

What are other strategies you can use to ensure that students remain engaged and focused on the task? 
Asking Assessing/Advancing Questions

As students work in their groups or participate in the class discussion, it is important that you facilitate and focus their thinking. What kinds of questions do you think you can ask to focus their thinking? 

Below are some questions that may be appropriate: 

Facilitating Discussion 

How will you orchestrate the class discussion so that you accomplish your learning goals? 

Looking Ahead 

What will you do in the next lesson that will build on this lesson? 

Journal Space
When you complete your journal entry, consider the following questions:

What were the student’s reactions to the lesson?

What could you do next time to make this lesson more successful?

Is there any additional information that would have been useful?

What are your general comments?

Planning the Design. Lesson 7: Decision Matrices

Overview 

Lesson Time: 1 day

Lesson Goal(s) 

Select a design to build and generate a detailed sketch.

Students should synthesize needs, subsystems, functions and requirements in their design.
Student Activities 

Read: Decision Matrices (3 minutes)

Team activity: Limb Decision Matrix (15 minutes)

Team Activity: Detailed Sketch (20 minutes)

Materials 

System Diagrams

Subsystems: Inputs/Outputs

Generating Alternative Solutions

1 of each for every table of students:


Nylon Cord


Spring


Hinge


Tape


Nut 


Bolt 


Washers


Length of PVC Pipe


Pipe Elbow


Eyehook

Key Concept(s) 

Decisions are made by weighing alternative solutions and performance requirements.

Implementing This Lesson
Thinking Ahead 

In what ways does the task build on students’ previous knowledge? 

What other ideas or knowledge do you think your students 
will bring to this task? 

Introducing the Task(s) 

How will you introduce students to the activity so that the demands of the task are not reduced? That the goals and expectations are clear?  That the students are likely to engage important scientific ideas or practices? 

What might you expect to hear that lets you know students understand? 

Supporting Student Engagement 

What are other strategies you can use to ensure that students remain engaged and focused on the task? 
Asking Assessing/Advancing Questions

As students work in their groups or participate in the class discussion, it is important that you facilitate and focus their thinking. What kinds of questions do you think you can ask to focus their thinking? 

Below are some questions that may be appropriate: 

Facilitating Discussion 

How will you orchestrate the class discussion so that you accomplish your learning goals? 

Looking Ahead 

What will you do in the next lesson that will build on this lesson? 

Journal Space
When you complete your journal entry, consider the following questions:

What were the student’s reactions to the lesson?

What could you do next time to make this lesson more successful?

Is there any additional information that would have been useful?

What are your general comments?

Planning the Design. Lesson 8: 

Overview 

Lesson Time: 1 period

Lesson Goal(s) 

Students present design ideas and receive constructive peer feedback.

Student Activities 

Students present need, design function, deign requirements and design sketch to class. (30 minutes)
Materials 

Presentation media (overheads, whiteboards, etc.)

Reflection I
Key Concept(s) 

Scientists and engineers share their ideas to get feedback.

Need, subsystems, functions and requirements are the foundations for good design.

Planning is a critical component for good designs.
Implementing This Lesson
The purpose of this lesson is for students to receive feedback about their initial designs and to give constructive critiques of other teams designs. Giving critiques and incorporating feedback is an important part of the design process, and is essential for improving their design. Students should present their design sketches, explain how their design has evolved as they have learned how engineers plan designs, and students should describe their must-have and nice –to-have requirements. 

By the end of the lesson, all students should know that one must have requirement for their system is to withstand and transmit force. This can be stated as a requirement to lift or move, or support a load given a specifed input load.

The 2nnd must-have requirement that all groups should be able to state is that their limb must move a certain distance at the output based on a certain input distance. Specifying these requirements now will make it easier for students to successfully meet their requirements later.

Thinking Ahead 

In what ways does the task build on students’ previous knowledge? 

This lesson is the culmination of the previous 7 lessons, allowing students to articulate all that the have learned about needs, subsystems, functions, and requirements. What other ideas or knowledge do you think your students will bring to this task? 

Introducing the Task(s) 

How will you introduce students to the activity so that the demands of the task are not reduced? That the goals and expectations are clear?  That the students are likely to engage important scientific ideas or practices? 

Briefly talk with students about why scientist and engineers present their ideas to each other. Scientists and engineers use presentations to communicate their ideas and receive appropriate and constructive critiques about their designs. 

Students play an important role in developing each others designs by providing appropriate and constructive critique. The goal of these critique is to support the improvement of student designs rather than merely commenting about aesthetic features. Students should identify ways to improve weaknesses in others’ designs, including weaknesses the presenting team has not identified.   
What might you expect to hear that lets you know students understand? 

Supporting Student Engagement 

Students should actively participate in the presentations, providing feedback and constructive criticism to other teams, as well as being an active contributor to their owns team presentation. During the presentations teams should record th critiques given to them by other students in a different colored marker. After the presentation teams should incorporate the critiques to improve their design.

You may want to consider assigning roles for the presentations to ensure all students are engaged. In addition you may want to consider assessing students performance based not only on their own presentations but also on the quality of feedback they provide to other teams.
What are other strategies you can use to ensure that students remain engaged and focused on the task? 
Asking Assessing/Advancing Questions

As students work in their groups or participate in the class discussion, it is important that you facilitate and focus their thinking. Use the presentations to formally ask teams questions that you may have asked informally during group work. In addition, encourage students to think about how they will meet their requirements. What kinds of questions do you think you can ask to focus their thinking? 

Below are some questions that may be appropriate: 

· What do you want your design to do?
· How does each subsystem work?
· What would an ideal outcome of your design look like?
· How would the ideal design work?
· What is your need for a mechanical limb system?
· What problem are you really trying to solve?
· What are some key steps to get you from where you are now to where you want to be with your design?
· What changes can you make to your design based on feedback you received from classmates?
Facilitating Discussion 

How will you orchestrate the class discussion so that you accomplish your learning goals? 

You may find that the discussion will be more productive if you order the presentations strategically, so that students can build on each other’s ideas and designs.  One strategy might be to use presentation(s) that have obvious strengths and/or weaknesses first because they encourage students to voice both appropriate and constructive critiques.  For example, a strength could be a clear requirement that meets a goal; a weakness could be no requirement for the input or output forces.  Later presentations could build on the discussions and critiques from earlier presentations. 
Looking Ahead 

What will you do in the next lesson that will build on this lesson? In the next lesson, students will start to create their design by building a one joint prototype.  Students will use 
their requirements to guide their progress.  

Journal Space
When you complete your journal entry, consider the following questions:

What were the student’s reactions to the lesson?

What could you do next time to make this lesson more successful?

Is there any additional information that would have been useful?

What are your general comments?

Structure I. Lesson 1: Building a Prototype

Overview 

Lesson Time: 1 day

Lesson Goal(s) 

Student Activities 

Materials 

Key Concept(s) 

Implementing This Lesson
Thinking Ahead 

In what ways does the task build on students’ previous knowledge? 

What other ideas or knowledge do you think your students 
will bring to this task? 

Introducing the Task(s) 

How will you introduce students to the activity so that the demands of the task are not reduced? That the goals and expectations are clear?  That the students are likely to engage important scientific ideas or practices? 

What might you expect to hear that lets you know students understand? 

Supporting Student Engagement 

What are other strategies you can use to ensure that students remain engaged and focused on the task? 
Asking Assessing/Advancing Questions

As students work in their groups or participate in the class discussion, it is important that you facilitate and focus their thinking. What kinds of questions do you think you can ask to focus their thinking? 

Below are some questions that may be appropriate: 

Facilitating Discussion 

How will you orchestrate the class discussion so that you accomplish your learning goals? 

Looking Ahead 

What will you do in the next lesson that will build on this lesson? 

Journal Space
When you complete your journal entry, consider the following questions:

What were the student’s reactions to the lesson?

What could you do next time to make this lesson more successful?

Is there any additional information that would have been useful?

What are your general comments?
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