What do I hope to accomplish by using the calculator?

Is there an educational advantage to using the calculator?

Can this be done more easily by hand?

Should the activity be student centered or teacher led?

Is this the right technology for the goal to be achieved?

Appropriate Uses of the Graphing Calculator in Calculus

Over the years I have found many interesting ways to use the graphing calculator in Calculus class. One thing I have always tried to keep in mind, whenever using the calculator, is that it is a TOOL for learning. A tool should be used appropriately. It is not meant to be a black box to provide answers quickly without the student truly understanding the process and concepts behind the process.

In Calculus we try to examine things in a variety of ways: Graphical, Numerical, Analytical and Written. Even though we will make reference to these and see them displayed today, the focus will be on four uses of the calculator as a tool: exploration (discovery), verification, clarification (enhancement), and solving problems beyond our analytical skills. At times the calculator is serving several of these uses simultaneously.
I.
A Better Understanding of Limits

We do an activity called “Can You Top This.” It’s meant to drive home a point to help students understand the concept of a limit.
Consider: 
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· Have students explore the graph of the expression and predict a limit.

· Once they have declared a limit, challenge them to find a domain around x = 2 which creates y-values within 0.1 units of the limit.

· When they find it, raise the bar, and challenge them to get y-values within 0.01.

· We are leading them into an understanding of the roles of  and  in the definition of a limit.

Consider: 
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Try the same activity with this limit and students will quickly learn about limits at jump discontinuities. It is also a way to discuss one sided limits.

Also examine this one numerically using a table of values.

II.
The Chain Rule Factor


One of the ways students can verify results is by graphing their calculated result and a result produced by the calculator in the same window. I prefer to have students graph the ratio of the two results. As you will see, this alternate method provides some very useful feedback.
Consider:
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Student prediction: 
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Consider:
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Student prediction: 
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Consider:
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Student prediction: 
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The use of the ratio provides two advantages. First, it removes concerns about window setting. If the student answer is correct, the ratio graphed is y = 1. We almost always use a decimal window. Second, it allows the student to graphically see any missing (or extra) factors in their solution. The most common omission, of course, is a chain rule attachment.

With some well chosen examples, this method can even be used to help students “discover” the chain rule.

III.
Antiderivatives Revealed
This is an enjoyable and relatively easy class activity which serves two purposes. It gets students really thinking about an integral as a function of its limits, and it provides a peak at the first step to evaluating a definite integral.

Use fnInt to have the class evaluate the definite integral 
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 with many different upper limits. 
· Assign each student an upper limit from -2 to 2 and have them use fnInt to evaluate their integral.
· In List 1, place the upper limits.

· In List 2, record each student’s result.

· Plot the data over the graph of 
[image: image14.wmf]2

x

y

=

 and find a function to fit the STAT PLOT.
The connections are amazing!
Extension:
Change the lower limit from 0 to 1.
IV.
The Integral as an Accumulator
The accumulation of area under a curve is a challenging concept for students to grasp. This example is packed with connections as the calculator is used as a tool to visualize the accumulation of area, stimulate class discussion, and provide a foreshadowing of the rate of change of an integral.

Consider: 
[image: image15.wmf]2

4

x

x

y

-

=


· On the domain [0, 4], draw the graph of 
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 on the board.

· Inscribe a few rectangles for the students starting at x = 0.

· Have them attempt to draw a sketch of accumulated area as one moves from x = 0 to x = 4.

· In simultaneous mode, plot the function and its definite integral on the calculator.
· Pause the graph occasionally for discussion.
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Talk about the characteristics of the area function as it relates to the given function. Why does it rise faster at certain times and slower at others? When does it seem to be rising the fastest? What would cause the area graph to fall?
Now widen the domain and look at the two graphs on the domain [0, 5]. This introduces “negative” area into the problem.
**Examine the rate of change of the area function as it relates to the given function.**
V.
The Fundamental Theorem Comes Alive!
Consider: 
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By nesting functions you can actually graph this derivative and explore variations. One thing that speeds up the graphing is setting Xres = 4 or higher. The first function chosen as an integrand is simple enough that students can actually check by integrating, then differentiating the result. You may decide that choosing a function the students cannot integrate and check is better to start. This might cause them to ponder the result more than they would if they could do the problem by hand. As you lead them into deeper understanding, give them integrals which have a composite function as an upper limit.
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