
Materials
· Nerf balls (approximately 1 per 2 students)
· Computer with Internet Connection
· Globes (1 per 4 students)
· Paper model of a polar air mass (1 per 4 students)

Safety Considerations

Due to nature of the materials involved and activities, minimal safety considerations are necessary.  However, it is recommended that the evidential/experiential component of the lesson is performed either outside or in a gym to allow freedom of movement.
Curriculum
S2-4-03:  Explain effects of heat transfer within the atmosphere and hydrosphere on the development and movement of wind and ocean currents.  Include: Coriolis Effect/convection, prevailing westerlies, jet streams, El Nino.

Alternate Conceptions

In Rosalind Driver’s book, she considers the preconceptions students have regarding air and air movement.  Prior to arriving in a high school science class, students often see air as “something which exists but cannot be seen or touched, something which circulates” (1994, p.106).  Among students, there can be significant disagreement about whether air exists when it is not moving.

Laura Henriques also notes the difficulty that students have conceptualizing about the atmosphere due it its invisibility.  She notes that students tend to speak abstractly about gases as opposed to using concrete explanations, and postulates that this discussion increases misconceptions among students (2004, p.204).  One other conception of note in this article is “the belief that surface winds flow from high to low pressure is strictly true, but only at the surface… Surface winds do flow from high to low pressure, but high altitude winds and vertical air flows (air currents) violate this idea.  In those situations, rotation effects exert a force balancing the pressure differential” (2004, p.205).  This rotation is Coriolis Effect; therefore, during instruction, students should consider Coriolis Effect in conjunction with the movement of high and low pressure weather systems.  In the planned lesson, this conception is considering during the second psychological phase.

A common misconception among students and the general public is that the direction of rotation in sinks or toilets is due to the Coriolis Effect.  Sinks in the northern hemisphere drain counter-clockwise, while sinks in the southern hemisphere drain clockwise.  In reality, the effect of the Coriolis Effect is too small to overcome the initial motion of the water, the shape of the sink in question, the direction in which water enters the sink and many other factors (Fraser, 2000).  This misconception is addressed in the second psychological phase.
Interplay between Logical, Evidential, and Psychological Levels

Our lesson begins at the evidential level through experience with stationary and moving frames of reference. Students will play catch with a partner.  In the beginning, both members remain stationary.  From here, we would ask that the student catching the ball runs away from their partner, while the throwing student remains stationary. The throwing student should not allow for the fact that their partner will be in motion. In doing this, we want students to notice that the ball will not have gone to their partner. We would then ask that the students repeat the procedure allowing for the fact the catching partner is moving. This time, the partner should be able to catch the ball.  To finish, the pair of students should play catch with both partners moving.  This experience should have students consider the repercussions of a moving frame of reference.

After having this experience, we will begin a transition to the psychological level.  We will ask students questions, as outlined in our lesson plan, to start them thinking about their experience. We will also have the students think about additional past experiences with circular motion.  If there is a merry-go-round available, students will sit on the merry-go-round and roll the ball to others while spinning around. If the merry-go-round is not available, we will use the you-tube video to illustrate this point.   The aim of the psychological phase is to bridge the gap between the evidential and theoretical levels.  Through the concepts highlighted in the evidential phase, we are helping students to consider frames of reference with circular motion and how this explains Coriolis Effect.

Now that students have started thinking about this, we will formally introduce the Coriolis Effect, moving to the theoretical level.  We will follow this with a return to the psychological level to help students make sense of the theoretical explanation we have given.  


At the psychological level, we will show clips of the paths that airplanes follow when flying.  We would also move on to looking at the winds and how weather is influenced by the Coriolis Effect.  In looking at the weather, we would have the class split up into groups.  With globes, we would have them complete an activity in which one group member is slowly spinning the earth (counter-clockwise if observed looking down on the north pole), while another group member is slowly moving a piece of construction paper, representing a polar air mass, towards an area of low pressure.  The observing members of the group will be able to see that the path of motion, if looking down from the North Pole, curves to the right as opposed to moving in a straight line due to the spin of the Earth. Group members will switch roles so everyone will have a chance to observe and participate from the different points of view.  Modeling the Coriolis Effect with the globes will allow students to visualize the effect.  Students will be able to manipulate the model to understand, at a psychological level, the physical causes of the Coriolis Effect.

We would take the opportunity before the end of class to discuss the misconception that the direction of the water swirling in the toilet bowl is caused by the Coriolis Effect. We would then finish our lesson with an exit slip question. This question could be done using the globe as an aid and would check for student understanding of the concept. The question as stated on the lesson plan is: Suppose there is a flight from Toronto to Santiago, Chile. Which direction would this flight appear to be curving:
a) If looking from Toronto?

b) If looking from Santiago?

This question bridges understanding between the theoretical and psychological levels.  The students will be forced to consider the theory in conjunction with their psychological interpretation developed earlier when moving the air masses on the globe.
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	Planning Sheet for Single Science Lesson
	Lesson Title:  Coriolis Effect
	Cluster:4: Weather Dynamics                      S.L.O: S2-4-03
Grade: Senior 2


	
	Teaching – Learning Sequence            
	 Materials Required

	A. Cluster 0: Scientific Inquiry
Initiating, Researching & Planning
S2-0-3a State a testable hypothesis or prediction based on background data or observed events.
Implementing; Observing, Measuring &

Recording

S2-0-4e Work cooperatively with group members to carry out a plan and troubleshoot problems as they arise

Concluding & Applying

S2-0-7e Reflect on prior knowledge and experiences to develop new understanding.

B. STSE Issues/ Design Process/ Decision Making
not applicable
C. Essential Science Knowledge    Summary

In this lesson students will be taught that

S2-4-03:
Explain effects of heat transfer within the atmosphere and hydrosphere on the development and movement of wind and ocean currents.  Include: Coriolis effect/convection, prevailing westerlies, jet streams, El Nino.

Will you assess? If so, what? How?

Psychological level:  Exit Slip

Suppose there is a flight from Toronto to Santiago, Chile.  Which direction would this flight appear to be curving:

a) From Toronto?

b) From Santiago?
	Evidential:
Part A – Adjusting to moving frames of references

Divide the students into pairs and give each pair a nerf ball.  Ask students to perform the following tasks: a) Throw the ball back and forth with both students stationary; b) Throw the ball to a moving partner; c)While moving, throw the ball back and forth

Psychological

Questions: What did you need to do when playing catch when:

a) Neither partner was moving?

b) The catcher was moving?

c) Both partners were moving?

Adjusting to frames of reference in circular motion

Have a pair of students volunteer to play catch on a spinning stage (i.e. Merry-go-round, tire swing, etc.)

Where not available, watch the you-tube video: http://www.youtube.com/watch?v=_36MiCUS1ro&feature=related
Merry-Go-Round you-tube video: http://www.youtube.com/watch?v=mcPs_OdQOYU&feature=related
Theoretical

Earth rotates around an axis.  Because we are relatively fixed to the surface and because the earth is large, we don’t usually notice the rotation.  However, the atmosphere, the oceans, and objects in flight are not fixed to the Earth’s surface.  The Coriolis Effect results from us viewing weather patterns, the oceans and flight from a moving frame of reference.  From our point of reference, these objects appear to travel in a curved path, even though from their point of reference, the objects appear to travel in a straight line.  In the northern hemisphere, the curve is to the right, while the southern hemisphere, the curve is to the left.

Psychological

Flight:  Planes are not fixed with the rotation of Earth while flying:

http://www.classzone.com/books/earth_science/terc/content/visualizations/es1904/es1904page01.cfm?chapter_no=19
Movement of Weather Patterns

Provide globes to students in groups of 3 or 4 and labelled construction paper weather systems.  One student should rotate the globe slowly, while another moves a Polar air mass from its point of origin toward an area of lower pressure.  The remaining students should sketch the path taken and compare its consistency with our weather patterns.  Students should rotate positions to allow all students to observe the path.

Toilet bowls: Is the direction of the water spin in a toilet bowl due to the Coriolis Effect?  Why or why not?  Discuss in small groups

  - Water is moving straight into the bowl, contacts the bowl and redirects.  Direction of spin has more to do with entry point in the bowl than Coriolis Effect.  Also remember that both the water and the bowl are rotating with the Earth.        
	Consider performing this lesson outside or in a  gym for space considerations 
Nerf balls

Computer with Internet Connection

Globes (1 per 4 students)

Paper model of a polar air mass ( 1 per 4 students)

Safety Considerations:

None


Questions to consider in your planning / delivery:

1. Does the lesson start through engagement?

2. Am I using this phase as an opportunity to find out where students are ‘at’ in their thinking?

3. Is there an emphasis on first-hand experiences – an evidential phase?

4. Am I helping students to make sense of these experiences – a psychological phase?

5. Is their a theoretical phase where the essential science knowledge is articulated and consolidated?

6. What specific skill and knowledge development am I emphasizing?

7. Is there evidence of clear instructions and purposeful questions in my teaching sequence?

Reflection:

Was there a smooth transition between the three levels of understanding?

Were the preconceptions of students consistent with the research?

Were students actively engaged?


Cydney Bryce & Amy Tycoles

