Construction Kits





For the presenter





	This activity is designed to teach students something about what engineers do.  The activity is to build a bridge following a set of guidelines, then adapt or redesign the bridge to fit more difficult specifications.  The presenter chooses the exact sequence and specifications.  You should select specifications and goals for the bridges based on our guidelines, age of students, and time available. 





Preparation / Maintenance:


	Most parts within the kits are durable, but repair or replacement may be needed occasionally. The only major maintenance is restocking string, which generally becomes unusable or tangled after a few usages.  Each set should have six 36 inch long pieces of string, cut from the spool provided.


We do not anticipate problems with the other pieces.  If additional cardboard pieces are needed, cut 3 inch by 6 inch strips from a hard matteboard type material (we used “terraboard”).  Holes are hand-drilled 5/8 of an inch in from the sides at each corner.  All hole sizes are ¼”.  Popsicle sticks and binder clips are the usual sizes found in art or office supply stores.  Pipe cleaners are cut to half length.  Dowels are 1½ inches long, cut from ¼ inch diameter sticks.


	


Task Selection:  


We have included a number of possible scenarios / requirements about the bridges.  It is the job of the presenter to choose sets of stipulations for the original and revised bridges.  We have included our own recommendations on each scenario.  Also, each scenario / requirement has an instruction sheet for the students, highlighting a reason for such a requirement and displaying a sketch of the requirement.   These sketches are not meant to be a recommended design, just a clarification of the dimensions or goals in question.  Colored strings corresponding to the lengths of these dimensions are included in each kit as well.


The basic requirement is simply length, but other requirements may be added to this as a starting point (i.e. length and height, length and weight).   The second set of requirements will include whatever was chosen as the initial requirements, plus one or more of the other scenarios.  In some cases, students may only complete one task, while in others they may be able to finish several, depending on time, age and ability.





Introduction of activity and engineering:


	First, as the presenter, introduce engineering to students.  Try to describe very simply the process engineers work through and what the students will be doing in that way.  We recommend something like the following, but you have a great deal of freedom here.  This is not the main point of the activity, just a short introduction.


	Ask if the any students know an engineer and what he/she does.  Ask the students if they have any idea what engineers do, where they work, how they affect the students’ lives.  Explain that engineers design the things that we use everyday, such as computers, cars, buildings, etc.  Their main job is to solve problems.  They look at a problem, such as how to cross a river, and try to generate many ideas of how to solve the problem.  They have a number of requirements they need to satisfy.  They use these to decide which idea is best, then further test the idea in order to see if it will work.  Also explain that there is always a number of different ways to solve a problem, and the best method depends on the what the most important considerations are.  


If not already mentioned, add that bridges are one things engineers design.  Ask the students what an engineer would need to consider when building a bridge, such as size, height, cost, etc.  Then tell the students that today they will be acting as engineers and designing a bridge.  At first, this bridge will be very simple.  However, explain that engineers also often have to adapt their solutions to meet new problems.  Tell the students that their second task will be to change or rebuild their bridges to meet a more full set of  requirements.  This is designed to make the students analyze their work and look at what they learned from building the first bridge.


	


 Running the Activity:


	Divide students into groups of 3 to 4 (there are only six sets, so you may have to use larger groups).  Give each group any of the instruction sheets relevant to the initial goals.  Let the groups work for a designated amount of time, then check to see if the groups have met the initial requirements.  Give successful groups the instruction sheets for any added requirements, and unsuccessful groups more time to meet the original set of requirements.  The primary goal for the students is to meet the specifications you’ve chosen at each stage.





Conclusion / Clean-Up:  


Have the students disassemble their bridges and return the pieces to their boxes.  If they have to cut the strings, don’t worry about it.  If possible, have the students count and connect similar pieces with rubber bands.  Ask the students what types of structures, materials, and design were most successful if time permits.


�
Bridge 1:  Simple Bridge


	This is the simplest bridge, for which the students need only create a span of a certain length.  Our testing puts the best required length at fourteen inches, although you may change as seen fit.  All students should be able to fulfill this requirement, and all bridges for other scenarios should be this long.  For older students, other scenarios may be coupled with this one for designing the initial bridge.  We recommend setting two desks or a pile of books the desired length apart so that students can better envision the width of the river.





Bridge 2:  Elevated Bridge


	This is slightly more difficult, but is a simple modification of the original simple bridge.  Elevating a bridge can be tough, but we think most students should be capable of raising their bridges.  This is a good second task for younger students.





Bridge 3:  Widened Bridge


	This can be relatively easy or relatively hard depending on pieces left over.  We believe it is more likely to require complete reconstruction of the bridge than elevating a bridge.  Therefore, while most students can probably do this, it will take more time.	





Bridge 4:  Support Weight


	This is the usual task when students do bridge-building activities, and anyone can understand it.  A schoolbook is probably the upper limit on the weight bridges made from our kits can support.  For older students, this can be the goal, while it should probably decreased for students below middle school.





Bridge 5:  Extend Bridge


	This is fairly easy once an original bridge has been built, but requires rebuilding the bridge, so allow plenty of time.  This design may be elevated with intermediate supports or a just an extension of the original simple bridge.  We recommend this if the 14” length of the original bridge seems to easy for the students involved.





Bridge 6:  Increase Height


	The point to this bridge is just to move one point (or more) of the bridge even higher above the surface than the elevated bridge.  It requires much more thought on how to attach the supports at the edges, or use of angles or arches in construction.  Raising bridges has proven to be difficult with our sets, so this scenario is best for older children





Bridge 7:  Decrease Materials


	Here, the students need simply remove one or more parts used in their bridge.  This may be trivial.  To avoid this, we recommend having the bridge support a weight before removing parts, then asking the students to remove as many parts as possible until they can no longer support this weight.  This scenario is very dependent on the students original designs, and requires more arbitrary decisions on what each group needs to do from the presenter.





Bridge 8:  Suspension Bridge


	This scenario is fun but requires more outside knowledge, as well as time, from the students.  This is an excellent scenario for older and more advanced students.  The entire bridge need not be supported by suspension, but there must be a string in tension from the ends to the roadbed supporting the roadbed at the center to satisfy the suspension bridge constraint.











Hints on connections:


	The hardest part about using our sets has proven to be connecting pieces.  We expect students to think of many ways to connect parts that we have not, but here are some hints:





	Plexiglas connectors have tolerances built in to accommodate the wood blocks.  This will often leave gaps between blocks.  Use popsicle sticks or cardboard to fill these gaps.


	Wrap rubber bands around the Plexiglas connectors to hold them in place, or   simply use rubber bands to connect blocks along side one another. 	


	Binder clips are excellent for connecting popsicle sticks, cardboard, and Plexiglas parts.


	Pipe cleaners work to connect non parallel pieces, misaligned pieces, or just about anything else.


	Do not use angled connectors with blocks directed straight out, but rotate blocks so they rest against each other.


		


