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Activities

Instructor’s Guide to:

Mini Marshmallow Container 

This exercise can be used to introduce the Design Process. 

Teach the Steps of the Engineering Design Process and then show how this process can be applied. Tell the students to use the design process when designing their containers. 

Afterwards, have a discussion on whether it was helpful to use the design process. Did they feel that they had more of a direction in which to head when they started the project? 

It might be helpful to do “A Chair for Mr. Bear” first without the design process and then this project after the design process is taught. This will allow the students to see what steps they already did without even being taught the design process, then for them to see if the design process helped them come up and implement ideas more readily.

In the Classroom: 

Grade Level: K-6






Time: 45 min 

Building Skills: Strength 



Programming Skills: None 

Other Skills: Design Process 

Mini Marshmallow Container 
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Have you ever come home from the grocery store only to find that your eggs broke on the trip home, your candy bar got squished, or your crackers got wet? Food packaging attempts to prevent damage in the transport of your food from the manufacturing plant until it enters your mouth. 

Challenge 

Puffy White, a marshmallow company, has a problem. Their marshmallows get shipped in the same truck as books and tennis balls, and they keep getting squished. Your challenge is to build the smallest container possible that will hold 10-20 mini marshmallows and will prevent the marshmallows from being squished by a large book. 

Materials 

LEGOTM simple machine kits or other LEGOTM building pieces 

ZiplocTM bags of 10-20 mini marshmallows 

3-4 heavy books 

Skills Learned 

Design Process, Building 

Procedure 

Following a short introduction to containers, design your own container that will transport the marshmallows under the given conditions. 

Extensions

1. Build a lid for your container.

2. Build a new container that will hold a slice of pizza or pie (triangular shape).

Instructors Guide to:

A Chair for Mr. Bear

This is a great beginning exercise to introduce building and design.  You can use this exercise to introduce the design process.

Introduce the names of the LEGOTM pieces.  Show the difference between a weak and a strong structure.  Explain the different shapes: Triangle, rectangle, braced rectangle, attaching different LEGOTM pieces:  3 stacked plates = 1 beam/brick, how to make a piece stick straight up, etc.  

Introduce how forces can be taught with this exercise:

· While the Earth is pulling you and the objects around you down, many things are pushing up.  Things that push up include floors, bridges, and chairs.

· These structures must push up with a great enough force to equal the force exerted down on them.  Mr. Bear exerted a greater force on his chair than it could handle, so it broke.

A small sized bear works best, such as the size of a beanie baby.

In the Classroom:

Grade Level: K-2

Time: 45 min

Building Skills: Strength

Programming Skills: None

A Chair for Mr. Bear

In the children’s book, Mr. Bear’s Chair, Mr. Bear sat on his chair, and it broke.  Now Mr. Bear has nowhere to sit!  Can you build a chair that will support his weight?
Challenge

Build a chair that is sturdy enough to hold “Mr. Bear” so that it will not break when he sits on it.

Materials
Any LEGO™ pieces from your kits

Skills Learned


Design, Building

Lego Tips  

Overlapping beams and bricks are stronger than non-overlapping.

Three stacked plates are the same height as one beam or brick.

Extensions

1. Build Mr. Bear a cup holder and/or a foot rest for his chair.  Make sure they are sturdy enough to hold a cup and some bear feet!

2. Perform the drop test with the chair.

3. Build a bed for Mr. Bear.

Literature

A Chair for Mr. Bear by Thomas Graham

Goldilocks and the Three Bears

Sample Projects



Instructor’s Guide to:

Zuckerman’s Tractor

This exercise can be used to introduce the Design Process. 

Review the Steps of the Engineering Design Process and then show how this process can be applied. Tell the students to use the design process when designing their tractors. 

Introduce the concept of motors, wheels, and axles and the “brain” of their tractor. Explain how wires are needed to connect the brain to the motor similar to the nerves in your body.

Afterwards, have a discussion on whether it was helpful to use the design process. Did they feel that they had more of a direction in which to head when they started the project? 

In the Classroom: 

Grade Level: K-4 






Time: 90 min 

Building Skills: Strength 



Programming Skills: None 

Other Skills: Motors 

Zuckerman’s Tractor
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Not only was Charlotte’s Web the touching story of a spider and a pig, it also contained a bit of engineering. Zuckerman, the farmer, needed a tractor to carry out his farming needs. 

Challenge 

Build a sturdy Tractor that will withstand the shake test. 

Materials 

LEGOTM simple machine kits or other LEGOTM building pieces 

Motors

Skills Learned 

Design Process, Building 

Procedure 

Following a short introduction to motors, design your own tractor that will carry Zuckerman’s farming supplies. 

Extensions

Instructors Guide to:

Mini Golf Obstacle

This exercise is a good activity to allow for all ability levels and can combine strength lessons.    

Have the students use the design process to develop their ideas.  Ask questions to remind them of the constraints of the problem:  A golf ball must still be able to get to the hole, so size must be considered.  The obstacle must be able to withstand being hit with a golf ball.  Show the golf course they are designing for and the ball they will be using.

Some examples for this project are windmills, houses with doors that open and close, gates that slide back and forth.

In the Classroom:

Grade Level: 9-12

Time: 2 hrs

Building Skills: Design

Programming Skills: None

Mini Golf Obstacle
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You would never think that a miniature golf game contains so much math and engineering!  Building the courses and obstacles requires engineering skill, and playing miniature golf involves trigonometry and forces.
Challenge

Build your own obstacle for a miniature golf course.  You must have at least one moving part.  Make sure that your obstacle can withstand being hit by a golf ball.

Materials
Any LEGO™ pieces from your kits, up to 2 motors, gears

Skills Learned


Design, Building

Extensions

1. Build a putter that will hit the golf ball on your course.

2. Use trigonometry to find out how to get a hole-in-one for your golf course.

3. Have a mini-golf competition using the obstacles.  Keep track of score, and give prizes!

Additional Resources

Engineering and Science Skills

The Wheel and Axle
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The wheel and axle is a simple machine.  The axle is a rod that goes through the wheel.  This lets the wheel turn.  It is easy to move things from place to place with wheels and axles.

 

While many machines work with parts that move up and down or in and out, most depend on rotary motion.  These machines contain wheels, but not only wheels that roll on roads.  Just as important are a class of devices known as the wheel and axle, which are used to transmit force.  Some of these devices look like wheels and axles while others do not.  However, they all rotate around a fixed point to act as a rotating lever.

The center of the wheel and axle is the fulcrum of the rotating lever.  The wheel is the outer part of the lever, and the axle is the inner part near the center.  As the device rotates, the wheel moves a greater distance than the axle but turns with less force.  Effort applied to the wheel, causes the axle to turn with a greater force than the wheel.  Many machines use the wheel and axle to increase force in this way.  Turning the axle makes the wheel move at a greater speed than the axle.
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The Engineering Design Process
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1. Identify the need or problem 

2. Research the need or problem 

· Examine current state of the issue and current solutions 

· Explore other options via the internet, library, interviews, etc. 

3. Develop possible solution(s) 

· Brainstorm possible solutions 

· Draw on mathematics and science 

· Articulate the possible solutions in two and three dimensions 

· Refine the possible solutions 

4. Select the best possible solution(s) 

· Determine which solution(s) best meet(s) the original requirements 

5. Construct a prototype 

· Model the selected solution(s) in two and three dimensions 

6. Test and evaluate the solution(s) 

· Does it work? 

· Does it meet the original design constraints? 

7. Communicate the solution(s) 

· Make an engineering presentation that includes a discussion of how the solution(s) best meet(s) the needs of the initial problem, opportunity, or need 

· Discuss societal impact and tradeoffs of the solution(s) 

8. Redesign 

· Overhaul the solution(s) based on information gathered during the tests and presentation 
Troubleshooting In Brief
· Make sure there are BEGIN and END icons (Traffic lights) for each program.
·  Pick the car up and see if the wheels move.  Try to move them by hand.
· If you have gears, manually turn them and see if they mesh well.
· Make sure that the motors are connected to the proper outputs (A,B,C), not inputs (1,2,3).
· You can easily change direction of a motor by turning the wire 180 degrees.
· If you are using jumps, make sure jump and land are in proper places.

· Make sure that there are WAIT FORs and STOPs after motors.
· Most icons that have to do with inputs or outputs have default values (usually certain ports) that you might need to change.  Default values are usually port A for outputs, port 1 for inputs, and color red for containers.
· Go to Help ( show context help, then click on any icon to learn more about it.

Related Web Sites and Resources
Aside from the official ROBOLAB (www.lego.com/education/robolab) and LEGO resources (www.lego.com/robotics) there are lots of great sites created by ambitious and talented RCX users.  

ROBOLAB @ CEEO 

(www.ceeo.tufts.edu/robolabatceeo) 

This is Tufts University’s Center for Engineering Educational Outreach’s site for all things ROBOLAB including patches, beta features, activities, and other resources.

Boulette's Robotics in Luxemburg (www.convict.lu/Jeunes/RoboticsIntro.htm)
A fabulous site that features high-end robotics and ROBOLAB projects with great descriptions and the code used. 

LUGNET (Lego Users Group Network)

(www.lugnet.com)
LUGNET has fabulous LEGO resources ranging from pieces in sets to a wide array of discussion groups on robotics, education, ROBOLAB and more. 
Mindstorms RCX Sensor Input Page

(www.plazaearth.com/usr/gasperi/lego.htm)

Michael Gasperi, one of the authors of Extreme Mindstorms: An Advanced Guide to Lego Mindstorms, has a great web site on sensors and the RCX.  
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