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Goals:
• To use Augmented Reality  to help students learn about the mathematics behind rotational motion through haptic 

and proprioceptive learning.

• To internalize the notions of Yaw (around z-axis), Pitch (around y-axis) and Roll (around x-axis) when describing 
rotations.

Method:
• A student holds a model airplane in front of the computer camera. A virtual image appears on the screen. As the 

student rotates the airplane, the virtual one rotates and the matrix of the rotation appears on the screen.

• To make the learning more fun, the lesson is presented in the form of an Asteriods Game. On the screen, behind 
the airplane there are asteroids. When the airplane is properly oriented, the asteroid blows up. Students score for 
hitting an asteroid. There are successive levels requiring more understanding of the rotations.

Levels:
• Yaw: Asteroids are on a horizontal line. Students rotate about the z axis which points up.

• Pitch: Asteroids are on a vertical line. Students rotate about the y axis which is through a wing.

• Roll: Asteroids have an equatorial line. Students rotate about the x axis which is through the nose to align the 
wings with the equatorial line.

• Combined: Students match yaw and pitch or yaw, pitch and roll.

• Duds: Only 1 of 3 asteroids is real. Students look in the matrices to find the angles of the real target.

• Hidden: The asteroid is invisible. Students look in the matrices to find the angles of the target.
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