Sink or Swim – Contest Problem Solving for Grade-7 Science to Grade-12 Calculus

Key Learning Goal: Group discussions need to effectively consider all design, construction and mathematical choices to be sure that the best choices are made. This means all members need to be active in generating lots of ideas, explaining clearly, listening carefully and criticising ideas. 
Contest: You will create a rectangular barge from a rectangular piece of laminated cardboard and predict the maximum number of 10-g masses that it can float. You are allowed to use as many staples as you wish but nothing else. You may cut, but be sure that everyone in the group agrees to this before any cutting is done because it can’t be undone!
a) On the rectangle below left, indicate where you will cut with a solid line ____ and where you will fold with a dashed line - - - - . Label the dimensions of the boat on the diagram. 

Students who like to be active before thinking will make barges that do poorly. No cuts should be made because they will leak. There is a height that gives a best volume – but most will just choose some random height and proceed. The height has to be the same all the way around. 


1) You are given a piece of Bristol board that measures 10.3 cm by 16.7 cm.

a) Find the volume if the height of the sides are 1.0 cm.  122 cm3
b) Find the volume if the height of the sides are 2.9 cm. 142 cm3
c) Find the volume if the height of the sides are 5.3 cm. This is an impossible volume. 
d) Find a better volume. Just one, not necessarily the best.
e) Find the best volume. Explain how you did this. 160 cm3 using h = 2.0 cm or 2.1 cm
· Most students will use guess and check. The group should divide the work and then all check the final answer. They should not bother calculating ridiculous numbers but start with reasonable dimensions. Their answer should not be calculated more accurately than to the nearest millimetre because they can’t measure and cut any more precisely than this. 
· Teach students how to do this with Excel. 
· Grade 11 students could consider graphical analysis and calculus students should recognize that this is a max-min problem where V = (length -2h)* (width -2h)*h - a cubic function. Take the derivative with respect to h and set this to zero.  
Multiple Choice Questions
1) A cup can float with more mass in it if you put the cup in

A) soapy water

B)) alcohol

C) salt water

D) oil

Explain: C) this fluid has the highest density and can support more mass/volume.
2) In the rectangular barge contests you should 

A) cut the material and use few staples

B) not cut the material and use few staples
C) cut the material and use many staples

D) not cut the material and use many staples
Explain: B) If you cut the material it will leak and lose strength. Only 4 staples are needed.
3) A barge might hold more mass than the calculated value from the volume of a box because of

A) surface tension, extra volume at corners

B) buoyancy, extra volume at corners
C) buoyancy, surface tension



D) all three
Explain: A) The calculated value is from buoyancy. The extra mass is estimated from the other two.
4) A barge might hold less than the calculated value if it

A) has unbalanced masses, is dropped 

B) is asymmetric, is dropped
C) is asymmetric, has unbalanced masses 

D)  all three

Explain: C) The calculated value is an ideal and is only true if everything else is correct.
Extended Response Questions

5) Boats often display signs limiting the number of passengers or amount of cargo they can carry. This amount is much less than the amount it can carry. Why? You want to provide extra volume for a safety margin in case of uneven loading, waves and people ignoring the rules.
6) The contests have lots of restrictions and don’t let you choose your own partners. You had to calculate rather than experiment Explain how these requirements simulate a real engineering project. It is important for students to consider what real life is like. Cost, availability, time restrictions, safety, environmental concerns will limit your options. You rarely get to choose who you work with. 
7) In group work, there are many different roles that people can assume. Which of the following describe your role best? Support your answer with examples from the barge contest.
Returning students (especially business students) say that the most important benefit from the engineering design course – is the development of group work skills. This needs to be made explicit. Students should reflect on their work and learn terminology to help them understand it.




b) In the space above right, sketch a top view of what the boat will look like. Indicate what you will do with the extra material in the corners and where you will staple. The scale of the second diagram should be the same as the first. The extra material in the corners can be folded into the short ends but it will provide more strength if folded into the long ends. This choice should be clearly shown in the diagram on the top right. A really good student might realize that the corners should be folded out to provide extra volume.


c) Calculate the volume of the boat.


Many groups will calculate the wrong volume because they will forget to subtract twice the height from the length and the width. 


d) How many masses will you place in the barge? Explain. N = d V/10. This needs to be rounded down except if they realize that surface tension will add a little bit more support.


e) What was the maximum number of masses? What could you have done better?


Math: Find the best height to the nearest mm. 


Design: Do not cut!!! Fold corners to provide extra volume at the corners, make ‘bunny ears’. 


Construction: Staple right on the fold, near the top for maximum volume. Make folds crisp for maximum volume, Measure carefully so that heights are constant, right angles are 90o.


Loading: Spread masses along the bottom symmetrically for 80% of the mass. Lower the boat with hands under the base. Add final masses very carefully, watching for balance





Note: The contest can be run several times and the boats will get better each time as they figure out these elements.








d) Describe how you will place the barge and the masses in the water.











