Learning Goals

· Develop the rate of change function for quadratic function by beginning with step functions and systematically decreasing the interval size.

· Given a quadratic function, use the associated rate of change function to determine the coordinates of the vertex of the quadratic. 

· Develop the general form of the rate of change function.

· Determine if the vertex of a quadratic function is a maximum or a minimum and explain why it is a maximum or a minimum using the language of rate of change.

Background

The understanding of a function definition as having a corresponding graph is capitalized on as students explore the rate of change function. Building from prior activity where students explored intervals of a graph, step functions are used to leverage an understanding of the rate of change function.
Flow of Lesson
Begin with the rate of change function for a quadratic.  Use the rate of change function to emphasize what happens at each interval.  By introducing the rate of change function as a step function, students are able to build hypotheses about the behavior of the function in the intervals.  By continually and systematically decreasing the interval size, students are able to generalize.  Introducing the graphing calculator program, students get a visual of this by using the program to change interval sizes and produce the resulting graph.  The next step is then to examine the rate of change function to see if it makes sense given the graph of the original function.  From this point, students are able to determine the function definition for the linear rate of change function given the graph of its corresponding quadratic function.  The formal generalization then follows.

Use student ideas to guide the lesson, but work to ensure that the following big ideas emerge:

· How does changing the interval size in the step function lead to the rate of change function?

· What is known from the zero of the graph of the rate of change function?

· What is the relationship between the intervals where the rate of change function is negative and positive and the associated graph of the quadratic function?

· What is the relationship between the intervals where the graph of the quadratic function is increasing and decreasing and where the associated rate of change equation is positive and negative?

Anticipated Student Problems
Students may not be able to relate the step function to the rate of change function.

Students may be able to perform the necessary procedures while not understanding the mathematical relationships.  Further, they may not be able to relate the equations to their graphs and the graphs to each other (e.g. quadratic to rate of change and vice versa). 

Students often will find the x-coordinate of the vertex but not understand which equation yields the corresponding y-value. It is important for students to be able to explain the process for determining the vertex.

Sometimes students determine that a vertex is a maximum or minimum based solely on the sign of the y-value. For example, they may think that if the vertex has a negative y-value, the vertex must be a minimum. If so, it will be important to have students use the idea of rate of change to describe the behavior of the quadratic function so as to determine if the vertex is a maximum or a minimum.

