Annelise Pedersen                           
         


Science:
Discrepant Event

Title:  Wheel of Illusion 

Materials:

· Spinning top
· To make one, you require:

· Toothpicks

· Cardboard or CD-ROMs

· Scissors

· Glue

· Black and white printouts or black markers

Safety Considerations:

This discrepant event is a relatively safe spinning top. It is constructed with a toothpick in the middle, which has two pointy tips that students should be careful with when handling and spinning.  If students are constructing these tops from scratch, they will be using scissors to cut out the cardboard, which is also a safety consideration.  Nevertheless, by middle years, students should very easily be able to handle pointy toothpicks and the use of scissors, however using these devices safely is something learners should be reminded of.
Outcomes:

This “event” is appropriate for Grade 8, Cluster 2: Optics.  

The SLO’s this experiment pertain to include:

8-2-04
Explain how colours are produced, and identify application of this theory.

8-2-05:
Explain how the human eye detects colour, and how the ability to perceive colour may vary from person to person.
8-0-7c:
Identify a new prediction/hypothesis based on investigation results.
The GLO’s this experiment pertain to include:

· A1, A2, B1, E1
Commentary:

I will begin the lesson by showing the class the spinning top with the black and white pattern on it. I will ask the class what they see, which of course is a black and white pattern. I will also ask them what they would expect to see after they spin the top.  I am expecting answers such as “we’ll see various patterns,” such as a bull’s-eye, “we’ll see all white”, or “we’ll see all black”. When the experiment begins, I will ask that one person spins the top while the other 3 watch for the effect, and take turns to repeat the “event”.  I will also explain that this “toy’ works best when it is spun slowly rather than quickly. I will then pass out the spinning tops to each table, and ask them to spin the top.  After I see that each table has started the process, I will ask them what they see.  At this point, each table should say that they see colour when they spin there black and white tops.  I will ask them how many different colours they see, which could include red green, yellow and sometimes purple. I will also ask students to notice the order the colours are in. Then, reverse the direction of rotation and compare the order of colours again, and note any difference in the order of the rings. 
This should create disequilibrium with the students, as it is not apparent why colour appears from this black and white pattern.  After we have finished observing the tops, I will ask if there are any hypotheses as to why colour appears where there is none. I expect that students will respond with answers that pertain to cones and rods, or other parts of the eye. After I take a few responses or hypotheses, I will bring the group back to cognitive equilibrium by providing the various theories pertaining to this phenomenon. 
I will explain that in 1894, toymaker Mr. C.E. Benham discovered that a spinning disk with a particular pattern of black and white marks could cause people to see colours. You see colour because the different colour receptors in your eyes respond at different rates. The retina of the eye is composed of two types of receptors sensitive to light: cones and rods. Cones are important for colour vision and for seeing in bright light.  There are three types of cones, each of which is most sensitive to a particular wavelength of light. Rods are important for seeing in low light. It is possible that the colours seen in spinning Benham disks are the result of changes that occur in the retina and other parts of the visual system. For example, the spinning disks may activate neighboring areas of the retina differently. So, the black and white areas of the disk stimulate different parts of the retina. This alternating response may cause some type of interaction within the nervous system that generates colours. 
Another theory is that different types of cones take a different amount of time to respond and that they stay activated for different amounts of time. One is most sensitive to red light, one to green light, and one to blue light. Each type of cone has a different latency time, the time it takes to respond to a colour, and a different persistence of response time, the time it keeps responding after the stimulus has been removed. Blue cones, for example, are the slowest to respond, and keep responding the longest. Therefore, when you spin the disk, the different types of cones take different times to respond and stay on for different times. This imbalance in information going to the brain results in colours.  Neither of these theories explains the colours of Benham's disk completely and the reason behind the illusion remains unsolved.
Questions:

1. What do you see when you spin the black and white top?

2. How is it possible to see colours from a black and white pattern?

3. What do you predict might happen if you viewed the top under different lighting conditions, such as fluorescent or incandescent light?

4. If you spin the top in the opposite direction, the order of the colour rings is also reversed.  Why might this occur? How can you test your hypothesis?

5. What might happen if you changed the black and white pattern? Would you still see colour?

6. The reason we see colour when we spin Benham’s top remains unsolved.  There are several theories that explain why the effect occurs.  Which is the most plausible? and why? 

The origins of this event go back to 1894, when toymaker Mr. C.E. Benham discovered that a spinning disk with a particular pattern of black and white marks could cause people to see colours. I found this “event” at http://en.wikipedia.org/wiki/Benham's_top
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