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Courses below calculus need to be refocused to emphasize conceptual understanding and realistic applications via mathematical modeling rather than an overarching focus on deve​lop​ing algebraic skills that may be needed for calculus.  Without understanding the concepts, students will not be able to transfer the mathematics to new situations or to use modern technology wisely or effectively. Without a modeling approach, students do not recognize the mathematics when it arises in courses in other fields.  And, in an era when any routine operation can be performed at the push of a button, courses that make development of algebraic skills the primary objective are producing nothing more than imperfect organic clones of existing technology.  At the level below calculus, the students:

· above all else, must know what a variable is and what a function is.

· must see variables as representing the values of quantities and, in order to meet the needs of other disciplines, the letters used for variables should not be only x and y.

· must achieve a better understanding of independent and dependent variables.

· must see functions as formulas, as graphs, as tables, as verbal depictions, and as dynamic processes that describe realistic phenomena. They must understand how each of these representations gives a different perspective and they must know how to move between any one representation and another.

· must come to understand the limitations in any given function, in the sense of domain and range (but not merely by looking for points where one divides by zero).

· need to recognize certain classes of functions, especially linear, exponential, power, simple polynomials, and periodic and this recognition should include the formulas and the graphs.

· need to understand fundamental ideas about the behavior of functions – growth vs. decay, concave up vs. down and what that means in terms of the increasing or decreasing rate of growth or decay.  Ideally, if students see a set of data, they should be able to match it with appropriate candidates for functions that behave in the same manner.

· must understand the effects that the parameters in the expression for a function has on the function’s behavior;  the slope of a line is not just so many boxes over so many boxes – it depends on the scale, it tells you how fast the quantity is rising or falling.  They should understand the effects of transformations on a function – stretching and shifting.

· should see how questions that naturally arise from contexts in a predictive sense lead to equations and understand what it means to have a solution to an equation.

· should become comfortable with a variety of different kinds of tools – symbolic, graphical, and numerical – for solving equations.  Any equation involving a single variable can be solved graphically or numerically to any desired degree of accuracy; certain very simple kinds of equations can be solved exactly using symbolic methods.

· should develop the ability to interpret their solutions in contexts and should develop the judgment to recognize when answers are reasonable or not and what the limitations are for those solutions.

· should develop their ability to communicate mathematics, both orally and in writing.
Note:  The full article is scheduled to be published in the September issue of the International Journal of Computer Algebra in Mathematics Education
