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Planning the adjustments for my future catapult

Intention
To help the students understand the control of variables, so that they can use it when conceiving their catapults. 
Note: It is preferable to do activities 1 and 2 before doing this activity.

Instructional context for the teacher 

To be able to adjust their catapults efficiently, students must understand the role of each of the catapult’s components in propelling the sugar packet. During this activity, the student varies the following parameters: the force applied on the catapult’s arm, the position of the pivot point and the flexibility of the catapult’s arm. 

For this activity, the control of variables is defined as the process during which only one parameter (variable) at a time is varied, to be able to evaluate its effect on the result.
 
Note: The student doesn’t need to learn this definition; it is only to help the teacher’s understanding.

Example
A student wants to understand why the vehicle he constructed doesn’t roll straight. He or she must carry out tests, while changing only one parameter (variable) at a time. This means that while he or she is measuring the effects of one parameter, the others remain unchanged:

· He/she can only replace the wheels by different wheels.
· He/she can replace or solidify the axles only.
· Etc.

Once all of these parameters have been tested, the students should have a better idea of how the direction problem of the vehicle originated.


The challenge
Propel the sugar packet as high as possible, using the suggested material only.

Material (per team of 2)
· One 30 cm flexible ruler
· One 30 cm rigid ruler (Or a narrow 30 cm board)
· One small full water bottle (500 ml)
· One big full water bottle (1liter)
· One bulldog clip without its metal clips or an eraser (to act as a pivot point)
· One sugar packet 
· One little stir stick (about 10 cm)


The Steps 

Context 
The following game https://www.msichicago.org/play/simplemachines/ allows the students to understand the role of the pivot point, i.e. They see how moving the pivot point changes the amount of force it takes to raise a load. It is suggested to present the game at the end of the activity. 

Note: For the online game, the player must accomplish the first game (the inclined plane) before going to the second game (the lever). The teacher can play the lever game with the whole group, and ask students to observe what happens when they move the pivot point. 

This game is also a valuable resource to help students better grasp the concepts presented in this challenge. Although it is only a visual demonstration, the terms visible are presented in French. 
http://www.cite-sciences.fr/ressources-en-ligne/juniors/machines-simples/experiences-ludiques/leviers/index.html

Step 1: Experimenting without guidelines 

Place the students in pairs and keep the same teams for step 1 and step 2. Present the material, and give the students 10 minutes to carry out their tests, in which they try to propel the sugar packet as high as possible.

Allow the students to experiment without intervening. 

Be careful: 	In order not to break the ruler, the students will not test the variable concerning the height of the bottle’s fall. This height will be of 10 cm (a little stir stick) for both bottles. 

Whole group 
Begin a discussion based on their findings. What did they do to propel the sugar packet as high as possible? Challenge their answers. 
· Which bottle was the most efficient? The big one? How can you prove it?
· Which ruler is the most efficient? The rigid one? How can you prove it? 
· What is the pivot point’s most efficient position? How can you prove it?

Reach a consensus with the students as to which prototype would be the best. This prototype will be used for step 2.

Step 2: Experimenting with guidelines

Hand out the Student Handbook – Activity 3 and present the chart to the students.

Material
Material used for step 1

Activity
The teams are now testing the control of variables on the prototype selected in step 1. They change one parameter at a time and complete the chart. Allow 30 minutes for testing and complete the chart. Circulate and observe the students. Are they doing the same thing as in step 1 or did they change their way of doing things? Ask them why.

Whole group
Discuss the step 2 results. Are they similar to those from step 1? Ask the students why.
Go over the question in the chart:  According to you, what are the characteristics of the catapult that performs the best?  

Make sure the students understand that the control of variables is not only for the parameters studied previously. They will need to do this for other parameters during the design of their catapult and during the competition (Ex.: using elastic energy, varying the left-right path, inclining the catapult, moving the catapult, the force applied on the catapult’s arm, etc.). 

Invite the students to go or return to the internet site to consolidate their learning. 
https://www.msichicago.org/play/simplemachines/ or 
http://www.cite-sciences.fr/ressources-en-ligne/juniors/machines-simples/experiences-ludiques/leviers/index.html
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