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Exploring Equations of Circles

Via Cabri Jr and the TI Navigator

NCTM’s Principles and Standards for School Mathematics focuses on developing students’ concept-image (the total cognitive structure associated to a mathematical concept in a students’ mind) as described by David Tall and Schlomo Vinner in 1981. 

[Geometry] Instructional programs from prekindergarten through grade 12 should enable all students to--

· analyze characteristics and properties of two- and three-dimensional geometric shapes and develop mathematical arguments about geometric relationships;

· specify locations and describe spatial relationships using coordinate geometry and other representational systems;

· apply transformations and use symmetry to analyze mathematical situations;

· use visualization, spatial reasoning, and geometric modeling to solve problems.


Principles and Standards for School Mathematics
California Mathematics Content Standards for Grades Kindergarten through Twelve are embedded in behavioral objectives and easily assessable language: students will demonstrate, write, construct, and judge validity etc.

The California Standards and the California Standards Tests (CSTs) tend to focus more on concept-definition (Tall and Vinner). This is, at least in part, because definitions are easier to assess via a multiple-choice assessment than are broader understandings. At some point, if a student is to be successful (in and beyond school), concept-definition and concept-image need to merge. Dynamic geometry is a tool that can help students develop their concept-image so it does not later conflict with their concept-definition in the field of geometry.

Cabri Jr is a free, downloadable application from Texas Instruments (TI) application for TI calculators that support flash technology. Cabri Jr was developed by Jean-Marie Laborde as a way to make dynamic geometry accessible to students who may not have access to the computer-based Cabri or other dynamic geometry programs.

The TI-Navigator system uses real-time feedback to instantly assess and engage student understanding. Designed to work with TI graphing calculators, the TI-Navigator System provides wireless communication between students' TI graphing calculators and the teacher's PC. It's a great way to get students to experience the benefits of a whole new level of interactive learning. Teachers can view and display students’ calculators screens. Teachers can actually see what individual students are doing, and they can also share the screens with students, giving students more opportunities to connect their concept-image to their concept-definition.

TI-Navigator System Basic Operations

The basic components of the Navigator System:
· an access point that connects to the teacher’s computer via a USB cable

· network hubs that connect to four student calculators and communicate to the access point via a wireless card

· charging bays for the hubs

· cables which connect student calculators to the hubs

· software which allows the teacher to create and manage a wireless network

The Navigator System allows for many opportunities for instructional interventions. The Activity Center allows students to contribute real-time to a shared workspace that can be projected to the class. This may well be the part of the system that has the potential of contributing the most to students Concept-Image. When students view different perspectives of a concept, the broader their Concept-Image will be.
Cabri Jr Basic Operations
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	Open Cabri Jr by pressing the apps key. Either scroll down to Cabri Jr using the arrow keys or enter 3. When the Cabri Jr screen appears, press any button.
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	Navigation in Cabri Jr is simplified by use of function keys. The function keys are the top five buttons on the calculator that are labeled in green. F1 is the file management function. The arrow beside Help indicates further options are available.
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	F2 is the Creation function. From here, all the basic geometric objects can be constructed. A small icon appears in the upper left hand corner that indicates the active tool.
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	F3 is the Construction function. Use this tool to make many of the basic constructions done with a compass and straightedge. The icon in the upper left hand corner indicates the perpendicular tool is selected.
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	F4 is the Transformation function. Geometry of motion can be explored with this tool.
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	F5 is the Appearance function to: hide/show constructions, label, measure distances and angles, display coordinate grids and equations of lines, show calculations on the screen, and clear objects or entire screens.
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	Arrows that appear to the right of menu choices indicate further choices can be made. These options add a robust range of choices. The user scrolls over using the cursor arrow keys to highlight the desired action and then pressing ENTER.


	Developing Students’ Concept-Image of Circles with Cabri Jr 
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	Use the F2 menu to create a circle. Place the cursor where you would like the center of the circle to be, pressing ENTER will mark the circle’s center.


	[image: image10.wmf]

	As you move the cursor, you will drag the circle’s perimeter to the desired location. Press ENTER when the circle is as you desire.
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	Press CLEAR to leave the circle tool. Label the center of the circle O. To do this, use the cursor to select Alph-Num from the F5 menu. 
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	Move the cursor to the center. When the center is blinking, press ENTER. The cursor is now an i-beam, indicating you can add text. Label the center O and press enter again. The i-beam returns to its cursor status. 
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	Label the point on the circumference R. Do not use R for any further constructions. Point R and point O control the circle’s size. To use these points for further constructions may interfere with the dynamics of the circle.

	The points that are used to create or construct objects should not be used for further creations or constructions. The object created or constructed is dependent on these objects; altering them may impede further operations. This is a convenient reinforcement of dependence and independence.
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	Cabri will calculate the formula for the circle through Coord. & Eq. option in the F5 menu. Cabri has been designed to know whether coordinates or an equation is required. Press ENTER and move the cursor so the circle’s perimeter is blinking. Press ENTER to display the equation
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	A hand appears with the equation. Move the equation to a good location; it needs to seen in its entirety, but not obscure any more of the screen then necessary.
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	Display the students’ calculator screens so many different circles and equations are visible. 
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	Challenge the students to find the relationship of the numbers in the equation to the circle. Using the cursor as a hand (get out of all tools by pressing CLEAR, move to an object that blinks, and press ALPHA), what can they move? What changes in the formula?
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	Students may need a reminder that they can show axes and get coordinates of points through the F5 menu. If they have not done so already, have the students get the coordinates of points O and R

Have class show axes and refresh the student calculators so all of the students’ calculator screens are visible.

	
	Further Explorations of the Equation of a Circle
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	To save the existing work, toggle down to SAVE AS in F1.
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	Enter a file name. In this mode, the default characters are alpha. If numbers are desired in the file name, press the ALPHA key.
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	Create a new circle. For the sake of the following construction, toggle horizontally when making the second point. To aid in deepening the relationship between the equation of a circle and the distance formula, we will make a line passing through the diameter of the circle parallel to the x-axis. Create a line through the two creation points.
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	Create a line segment that goes from thee center of the circle to a point on the circle, not using the creation point. 
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	Construct a perpendicular line (F3) through the non-creation point of the circle, perpendicular to line passing through the diameter
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	Create a triangle with vertices at the center of the circle and the intersection of the perpendicular line with both the circle and the diameter
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	In F5 toggle to Hide/Show and over to Object. Select by pressing ENTER. 
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	Select both of the lines, pressing ENTER as the line blinks to hide it. The line will still exist but will not be visible. 
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	Press CLEAR to get out of the Hide tool and move the cursor to the vertex on the circle and press ALPHA. A hand will appear and the vertex can be moved around the circle.
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	Show the axes (F5). The circle can be moved by dragging the circle. 
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	Students can explore special cases by changing the size and location of the circle.
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	Select Animate in F1. When the cursor is passed over an object that can be animated, it changes an icon like the animation icon in the upper left-hand corner. Pressing ENTER will start the point and the triangle constructed with the point to rotate around the circle. 
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	Animation is a binary operation; pressing 2ND changes the Auto to Stop. Pressing ENTER will stop the animation.
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TI Connect is a free utility that makes it easy to create easy to follow directions for TI calculators. The calculator connects to the computer (Windows or Mac) via a USB cable. Screen shots are as easy to get as selecting Refresh in the TI Device Explorer. The screen shot can than be copied either through the Edit menu or with keyboard options and pasted directly into a document. 
