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Toothpick Construction Time!
By George Medland
georgemedland@gmail.com
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Educational Goals: Provide a hands-on, construction oriented class project that encourages creativity and gives students practical experience with consumer issues. 
Description: Students will be designing and creating bridges using toothpicks and marshmallows. Emphasis should be placed on the creation of sturdy structures while considering environmental conscious building practices with efficient use of resources.
Time: 120 - 180 minutes, 2 - 3 class meeting(s).
Materials Needed
· Toothpicks
· Miniature Marshmallows
· Clean-wipes/Hand-Sanitizer + Paper Towels
· Weights
· Many small weights that can be added onto a scale in increments. A few rolls of coins will suffice.
· Tickets/Mock-Currency
· Prizes (optional)
Directions
BEFORE CLASS
Practice building yourself before teaching this class to ensure that you can help students with their questions. Carry plenty of toothpicks and marshmallows. Be aware that there may be drastically different results between students in the class (some will build bridges that barely stand on their own. Others will be able to construct bridges able to withstand several rolls of quarters or pennies).
Preparing Ice-Breakers is recommended if the class has not socialized amongst themselves very much thus far. This lesson plan involves students being very hands-on and if the class is too large, students may need to group-up. Ensuring that they will all work together happily is important.

DURING CLASS
There are two approaches based on the lesson you'd prefer to teach. One involves careful use of resources above all else, the other is a more competitive lesson plan that adds additional training in new areas, including money management.

a. The "Limited Resources" Approach.

i. This lesson is recommended for younger students and/or smaller class setting. It allows you to be more hands-on with individual students or groups of students as they construct.

ii. You will need to pick a weight. Instruct the students that they will be designing a bridge that must be able to withstand this minimum weight. I've found that approximately half a pound is an effective choice (this is roughly one roll of quarters). This number can be altered according to various factors. You may find the marshmallows and toothpicks you have purchased are stronger/weaker, or that the age of the students in the class proves that .5 lbs is too much or too little. In my experience, the weight limit is very attainable, but be ready to manipulate this variable to ensure all students are content. 

iii. Have the students design a bridge that crosses a theoretical river of 6" - 10" wide. Older students will typically be able to build bridges that are longer while still able to withstand the minimum weight. It may be advisable to select a river width that is equivalent to the grade of the students designing the bridge (7th graders must build a bridge that crosses a 7-inch river, etc.)

iv. Give each student or group 10 tickets. Tell the students that they are allowed ~60 toothpicks and ~20 marshmallows. When they run out they must come to you for more. Give them another batch of 60 toothpicks and 20 marshmallows for each ticket they present you. The team that wins will be the team that can build a bridge able to withstand the minimum limit selected using the fewest tickets.

b. The "Fixed Budget" Approach

i. This lesson is recommended for larger classes or older students as it is more competitive, and aims to teach a variety of life skills such as "check writing" and budgeting.

ii. The design process here is almost identical to the prior approach, however this time there is no minimum limit. Instead, when class is over, all bridges will be subjected to a weight-test. Weights will be placed on top of the bridge and will progressively increase until the bridge collapses. Whichever bridge withstands the greatest weight before collapsing is the winner.

iii. To teach older students the importance of money-management, you may choose, in lieu of using tickets to purchase toothpicks and marshmallows in bunches, to instead have them write fake-checks on pieces of paper to purchase the goods they need separately. Have marshmallows cost slightly less, and have the toothpicks cost slightly more. Students will come to you (or a designated treasurer) to purchase an amount of goods that their group has decided is appropriate. The assumption here is that the students will learn to design their bridge on a fixed budget.

1. Give the students "$1,000" per group. Have each toothpick cost $2, and each marshmallow cost $1. Students will have to budget wisely to design a bridge that can withstand a high amount of weight without going over budget or running out of materials, or having too many in excess (as you may find that students purchase too many marshmallows). Advise them to purchase these goods in increments rather than all at once to ensure that they don't run into problems down the road.

iv. Teach the students how to write checks before the project begins. Illustrate on the board what they must write and where, and be sure that they are aware of all the facets of money management as it pertains to the project. (No over-drafting, keeping track of their money, not writing phony checks. etc.) This will be a new skill to many students, so be sure to introduce it well.

v. Towards the end of the final session, have a "weigh-in ceremony" where you have all the students watch as you measure the capacity of the bridges. Once the "ceremony" is over, have the students clean-up their areas.

Additional Resources
Topics to Discuss

· Simple, effective construction strategies. Refer to the “Structural Shapes and Forces” manuals for teaching aid on the different structural shapes, the forces which act on them, and the different types of bridges they can build.
· Budgeting of resources
· Green Building practices
· Situations where renewable resources may be substitutes for traditional resources.
· Reduced overhead does not necessarily equate to reduced quality of products
· Facts pertaining to construction industry. 
Mentor Notes
It is advisable that instructors buy the necessary materials beforehand and run through this session themselves several times to ensure that they are aware of the challenges they are asking of their students.
Marshmallows can get very sticky, have the students clean their hands and advise against licking their fingers as it will make matters worse and encourages the spreading of bacteria and illness.
Ensure that you have a storage space to put existing structures between class sessions. Marshmallows will lose structural integrity over the course of a week so make sure students are designing walls and beams in structurally sound ways, otherwise their projects may not survive. Store the structures in a stable and dry location. 

Other considerations may be needed according to the materials. For example, stale marshmallows are typically less absorbent to pressure and harder to stick together with toothpicks, while the multi-colored marshmallows are typically softer and thus, are less stable. Flat-Edged toothpicks that are not symmetrical are also less resilient to pressure, and are not recommended. It is advised that you use an unopened bag of marshmallows, and toothpicks of the "round" variety, which have an apex on both sides. 

All instructors are encouraged to select a structure type for this project that best suits their class size and instructional preference. Though all the Toothpick Construction Time lesson plans are conceptually the same, the goals of each module are quite different. Students will not likely be bored should the instructor choose to perform more than one of the modules.
