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Gestures for Mineralogy: Symmetry about a plane and a line

Carol Ormand, Barb Dutrow, and Kinnari Atit
Introduction and Purpose:

Gesturing – using your hands to convey information – has been shown to assist in learning and problem solving1. Using your hands to help think through geologic concepts will facilitate your understanding of the material and help you to solve problems in this and future geology courses.

In this exercise, we will introduce you to some of the types of gesture that professional mineralogists commonly use. Think of these gestures as linguistic “shortcuts.” Gesture helps your brain “offload” difficult concepts, making it easier for you to solve spatial problems and to answer questions involving spatial thinking.

Self-assessment:
At the conclusion of this exercise, you should be comfortable using gesture to convey information about

· Planes of symmetry

· Axes of rotation

For each exercise, one person gestures while the other person watches. The person watching analyzes the gesture for the information conveyed. Then you trade roles and repeat each exercise.
Exercise 1: Mirror planes (planes of symmetry) 
Each pair of students gets half of an eraser, 7 cans or spheres (ping pong balls, tennis balls, Stryofoam balls), and a small mirror. 

Part 1:  
a. Hold up a your mirror so that it is oriented vertically and reflects your right hand. As in any mirror image, your right hand will look like a left hand in the mirror.  This is the concept of a mirror plane in a mineral.  
b. Hold up your two hands facing each other and have your partner use their flat, open hand, or some other planar object (a piece of paper or a book) to gesture the mirror plane. 
Part 2:  Now look at your eraser.  It has been cut in half through its center.  When reflected, each half makes the entire image. DO NOT USE THE ACTUAL MIRROR (yet)!  

i. Using only your hands to gesture, gesture the locations of two mirror planes, either of which would recreate the uncut shape. Meaning, if you held up a mirror in the location of the mirror plane, you’d see the shape of the complete eraser.
ii. Gesture the crystal shape of the missing half of the eraser.
Using the actual mirror, show yourself that the original shape can be made whole from one-half of the crystal by placing a mirror on its mirror plane.
_____________________________________________________________________________
1. Goldin-Meadow, Susan (2011). Learning Through Gesture. Wiley Interdisciplinary Reviews: Cognitive Science, v. 2, n. 6, pp. 595–607.

Part 3:  Put two cans (or balls) next to each other and to the mirror. What do the cans plus their reflection look like? 

Now add a third can adjacent to the first two and to the mirror. Record how the cans plus their reflection appear.
Build a 6-pack of cans. You already know where one mirror plane is for this unit. Locate the other two mirror planes. Gesture where those mirror planes are located. 

Build a 4-pack of cans. How many mirror planes can you and your partner find? Gesture all of their locations. (Hint: there are more than three.)

Discuss with your partner how gesture facilitates communication of symmetry.

Exercise 2: Rotations and rotational symmetry

Each pair of students has an old-fashioned 6-sided pencil and some dice of various shapes.

Part 1: Using the pencil, choose a starting point. Rotate the pencil until it looks the same. Note the angle (or degrees) of rotation. Repeat the rotation until you’re back to the starting point. Have your partner count how many times you rotated the pencil to return to the beginning. How many degrees did you rotate each time? (A full rotation is 360 degrees.)

· Use one finger to indicate the location of the axis of rotation, above the pencil. 

· Use one hand to gesture how many degrees you rotated the pencil each time. (That is, rotate your hand the same amount.)

· Make sure your partner concurs with both gestures: do they convey the correct information?
Part 2: Now trade roles and look at the 6-sided die. Select a starting point. Rotate the die until it looks the same (ignoring the letters or dots on each side, only looking at the planar shapes). Repeat the rotation until you’re back to the starting point. Have your partner count how many times you rotated it. How many degrees did you rotate it each time? (A full rotation is 360 degrees.) 

· Use one finger to indicate the location of the axis of rotation is, above the 6-sided die. 

· Use one hand to gesture how many degrees you rotated the 6-sided die each time. 

· Make sure your partner concurs with both gestures: do they convey the correct information?

Have your partner choose a different type of rotational axis for the 6-sided die and repeat the above exercise. 

For each axis of rotation, mark it (with something erasable like chalk) so that you do not repeat the same axis. Continue to trade places with your partner and find additional rotational axes until you have found all rotational axes. Hint: look for axes of rotation in the corners, middles of edges, and middles of faces of the die. (They can be different numbers, e.g. 2, 3, 4).

Part 3: Trade roles with your partner again, and look at a different die (one that is not a cube). Count the number of sides. Choose a starting point. Rotate the die until it looks the same. Keep doing that until you’re back to the starting point. Have your partner count how many times you rotated it. How many degrees did you rotate it each time? (A full rotation is 360 degrees.)

· Use one finger to indicate where the axis of rotation is. 

· Use one hand to gesture how many degrees you rotated it each time. 

· Make sure your partner concurs with both gestures: do they convey the correct information?

Have your partner choose a different type of rotational axis for the die and repeat the above exercise. Continue to trade and find additional rotational axes until you are sure that you have identified all of the axes. Hint: look for axes of rotation in the corners, middles of edges, and middles of faces of the die. For example, where three edges meet is a good place to find a 3-fold rotation axis.

Part 4: Repeat the above exercise one more time with one more die of a different shape, including taking turns until you and your partner have found all of the types of rotational axes you can. 

Based on your previous work, you should have discovered 2-, 3-, 4-, and 6-rotation axes. Every die has a 1-rotation so we do not count that.

Exercise 3: Mineral symmetry

Choose a wooden block model of a well-formed crystal. Gesture all of its symmetry planes and lines by finding its mirror symmetry planes and rotational symmetry axes. Trade roles and have your partner do the same. 

