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[This document is the handout for my talk. There are also two Sketchpad files, before and after: before contains the sketches as they appeared when I began the talk, and after contains the sketches with all activities completed. Finally, there’s a commentary that briefly describes the presentation as I gave it, page by page.]

There are a number of big ideas in mathematics that form unifying themes across different branches of mathematics, including functions, transformations, proof, and data. Iteration is also such a topic, with important applications throughout the curriculum. Understanding iteration, the way in which systematically repeated simple operations can build complex structures, can shed light on many important concepts in arithmetic, algebra, geometry, fractals, calculus, and mathematical modeling.

Iteration is the process of performing some operation repeatedly. The operation may be a simple arithmetic operation of addition or multiplication, an algebraic operation such as applying a function, or a geometric operation such as performing a construction or transformation. The results of iteration include tilings and tesselations, sequences and series, derivatives and integrals, fractals and chaos—a world of wonderful mathematics.  

Because iteration often involves large numbers of operations, which would be difficult and time-consuming to carry out by hand, it’s particularly suited to the use of technology, including dynamic geometry programs such as The Geometer’s Sketchpad. In this session we’ll look at applications of this idea in various areas of the math curriculum: arithmetic, geometry, algebra and calculus.

Availability of Materials
Some of the activities in this session will be done nearly from scratch, and others use prepared sketches. Materials, including a description of the activities and the sketches themselves, will be available on the web shortly after the close of this annual meeting at 
 HYPERLINK http://www.keypress.com/sketchpad/sketchtalks.html 

http://www.keypress.com/sketchpad/sketchtalks.html
.
Numeric Iteration
At some point most math students study sequences and series: arithmetic sequences, geometric sequences, Fibonacci sequences, and arithmetic series. These topics are interesting in their own right and are useful to exploit later when we teach about functions and graphing. Using technology to build these iterations helps students to think about them at a more abstract level as they figure out how to explicitly specify the seed and the operation to be performed on the seed.

Activities: Arithmetic Sequence, Geometric Sequence, Fibonacci sequence, arithmetic series.
Algebraic Iteration
Sequences built by numeric iteration provide fertile ground for exploring graphing and for understanding the relationship between the data generated by an iteration rule and the shape of a graph of that data. The graph of a sequence becomes another lens through which students can understand the operation they’re performing to generate data. 
Activities: Graph sequences with constant first and second differences (linear and quadratic functions), a geometric sequence (exponential function) and a Fibonacci sequence. Show the equivalence, for a linear function, between the seed and the y-intercept and between the difference and the slope. Look at the ratio between successive terms of the Fibonacci sequence.
Geometric Iteration
Iteration is useful in producing many geometric figures and constructions, particularly those displaying symmetry. 

Activities: Construct a regular polygon, construct a spiral, tile the plane, show a complete graph.
Fractals and Chaos
Fractals—figures that are self-similar at different scales—have attracted lots of attention because of their beauty and because of their usefulness in simulating objects in the real world. Recursive applications of simple functions generate complex and even chaotic results. 

Activities: The Koch edge and the Sierpinski gasket are self-similar geometric constructions. The logistic function illustrates how small changes in seed value generate unpredictable results. The Mandelbrot and Julia sets generate particularly complex and beautiful shapes.

Iteration in Calculus
The finding of limits and derivatives, in which a value h or x becomes smaller and smaller, is an iterative process. Riemann sums accumulate the value of a function while an interval is iteratively divided into smaller and smaller subintervals.
Activities: Newton’s and Euler’s methods are both iterative processes. Iteration can be used to explore anti-derivatives, slope fields, and Taylor series.
Iteration in Mathematical Modeling
Many problems in physics and biology are not easily solved analytically, but solutions can be approximated numerically using iterative methods.
Activities: Possible explorations include projectile motion, two-body and three-body problems, and Latka-Volterra diagrams.

