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Abstract:  This paper takes the view that goals, content, and pedagogy are inseparable.  We see that the role calculus took on as a "filter" was not only due to inadequate classroom materials (mostly unmotivated and pedantic) but also to student problems with mastery of prerequisite skills, lack of quality study time, and lack of appreciation for the importance of calculus in their downstream courses.  Despite vigorous reform efforts, these problems are still with us.  In this paper we suggest some ways of attacking these outstanding fundamental problems and then consider how the content and pedagogy will finally be able to successfully evolve in response.  If we remain unable to address these fundamental problems, "calculus as filter rather than pump" may still be true in the next decade as well.

Calculus content cannot be separated from pedagogy and strongly depends on what goals have been established.  These goals should be determined in corporation with instructors in the disciplines populating these courses.

Some typical goals are to:

*
Develop competent, confident, creative, problem solvers who can use calculus to model situations outside of mathematics

*
Develop the analytical skills and reasoning ability which meet "downstream" requirements for courses using calculus as a prerequisite (both in mathematics and partner disciplines)

*
Increase student independence and confidence which will help develop habits needed for their "lifelong learning".

In order to help students achieve these goals, the materials used should:

*
Be application driven (rather than axiom driven)

*
Have a logical development of ideas - including critical thinking, nature of evidence, and mathematical reasoning

*
Emphasize the ability to


i)   check reasonableness of answers,


ii)  use proper technology,


iii) generalize, transfer ideas and techniques to new situations.

Of course the requirements of the department and partner disciplines regarding the use of technology, and its availability to students, will also influence the content of the calculus courses.

While use of technology and nontraditional materials have addressed some of the problems considered as the basis of the dissatisfaction expressed at the "Calculus for a New Century" conference in 1987, very few, if any, educators today think all of those problems have disappeared.  Three problems, which still seem to be present at many institutions, are:

*
A lack of mastery of prerequisite skills for the specific course,

*
A lack of students willing to spend sufficient quality time studying calculus,

*
A lack of awareness as to the level of calculus proficiency needed in subsequent mathematics, science, or engineering courses.

To counter this student centered problem, along with the challenge of how to best use the increasing availability of access to the World Wide Web is the current task of calculus committees.  Four ways of addressing the lack of prerequisite skills for first semester calculus are to:

1.  Increase the number of meeting times,

2.  Teach a combined precalculus/calculus course,

3.  Administer a "Readiness" exam where failure to pass disbars the student from the course until they have mastered the prerequisite material.

4.  Provide a 2 unit review of algebra/trigonometry class to which students can drop after doing poorly in Calc I for the first four weeks.

5.  Find ways of forcing students to review this material outside of class.  Here software programs or material on the web may ease instructor responsibility for this.

The lack of prerequisite skills is not just limited to first semester calculus.  A major problem for some students is that they do not take Calc I, Calc II, and Calc III at the same institution, or if they do, do not take them in consecutive terms. The half-life of much of what students learn in calculus is thought to be on the order of months, not years.  Having Gateway Exams for all Calculus courses is one way of addressing that problem.  (Several faculty at the University of Arizona have used such exams – based on the "Are You Ready? Software" [10] - and obtained substantially lower failure rates.  A few of the students who did poorly on this exam dropped back to the prerequisite course, but the majority of them became serious, studied, worked on regaining lost skills, and were successful in the course.)  Several schools already have such exams in place.  The University of Nebraska's web site [18] is one place to check.  Another remedy is to hold extra review sessions over prerequisite material, or have study sessions run by undergraduate or graduate students.  The current round of VIGRE grants provides money for Undergraduate Teaching Assistants.  One way to use these undergraduates is to have them lead these problem, review, or discussion sessions, thereby freeing up more time in class to discuss concepts or in-depth applications.  They can also be used to facilitate group work within the classroom or with assignments designed to be completed in a computer laboratory.

If students realized the extent to which they would use their calculus knowledge in subsequent courses they would spend more time studying calculus.  Here is where a good textbook can help, if it includes challenging exercises from partner disciplines.  Including major projects in the homework such as those found in [1], [5], and [8] is what many institutions have done to address this problem.  In the future, we may have some help here from our partner disciplines.  Many engineering faculties are stressing that because of the rapid changes in their field, their students need to learn "how to learn".  The usual title of such endeavors is to "learn to become a lifelong learner".

We also need to teach our calculus students "how to learn".  Having a major focus in calculus on understanding concepts is in keeping with this goal.

If the above issues are not addressed, the observation that "Calculus is a filter, not a pump" may still be valid ten years from now.  If these issues are addressed, we may see the following happen.

1.  We will spend less time in the classroom on routine exercises and more time on developing concepts and ideas. Tutorials on standard material will be available from the web to help facilitate this (see the web site of Harvey Mudd College [19] for examples).  With an increase in the use of visualization made possible by technology (including the web) we can enhance students mathematical maturity so they will not consider calculus to be a collection of ``black box'' operations. Rigorous thinking [11] will become more important, but this is not to be construed as having students regurgitate standard proofs.  Instead we will use simulations or graphical and numerical examples to show the need for theory, and then use a logical development to show why the needed result is true.  This may or may not lead to a ``rigorous proof'' but the students should be convinced of the result.  (As an aside, it appears that using technology to enhance conceptual understanding is one measurable improvement this decade [7].)

2.  Increasing use of Computer Algebra Systems (CAS) will continue to keep the time spent on techniques of integration to the current levels of most reform textbooks.  However, the need for basic substitution, integration by parts, and partial fractions will continue, because they are needed for the current way many courses in mathematics, science, and engineering are being taught.  They will always be useful in theoretical developments in these later courses as well.  We will also need to construct examples, which encourage careful reasoning, with or without CAS.  The appendix contains such an example, which students find interesting, that incorporates use of the chain rule with either the first or second derivative test for maxima and minima.

3.  The value of knowing the accuracy of numerical techniques of integration will also continue to be emphasized.  Taylor polynomials will have added importance, but other than the ratio test and comparison test, little will be needed at this level in the area of convergence of infinite series.

4.  More material from sources other than the textbook will be used.  I went through the past four years of Primus and include in my list of references many of the novel ways of introducing theoretical and practical matters to calculus students.  There are also some projects here, as well as the extensive source of projects mentioned earlier.  Modeling and applications will be crucial to helping achieve the goals mentioned in the first paragraph.  The web will be a place for motivational examples and simulations, with "just in time" links to appropriate background material, techniques or theory.  This is the exciting new frontier in education, and is the topic of other articles in this volume.

In conclusion I note that more and more students take calculus in high school, and often enter our calculus courses with better backgrounds than our continuing students.  Here we have an opportunity to utilize their background by offering special courses.  For example, for those entering students who score a 4 or 5 on the AB exam, we have, for the past four years, offered a two-semester course, which starts with simple differential equations and proceeds to the stability of autonomous systems before tackling improper integrals and other topics from Calc II.  After covering all of Calc II (motivating Taylor polynomials and infinite series by examining differential equations which do not have "nice" solutions), the course concludes with more topics from differential equations.  We feel the success of this course is due to the order of topics, which has the advantage of having students start the semester with new, interesting, and challenging material, instead of re-hashing integration techniques and applications at the beginning of the standard Calc II course.  For those students who score a 4 or 5 on the BC exam, maybe we could have a combined Vector Calculus/Linear Algebra course like we had about thirty years ago.  We tried this, but it was not a success because of the lack of a textbook that students were motivated to read.  A book is needed which follows the lead of some of the current reform texts in calculus and linear algebra.

Appendix –An Exercise for Calculus I:
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APPENDIX - AN EXERCISE FOR CALCULUS 1

The graph of f(z) vs. z is shown below for —3 < z < 4. Please fully explain
the reasons for your answer to the following.
1. Consider the graph of g(z) = [f(z)]* — 1 for -3 < z < 4.

a) Find all the critical points of g(z)

b) Label each critical point as a relative maximum, relative mini-
mum, or neither.

¢) Find the global maximum and global minimum for g(z).

2. Consider the graph of h(z) = f(z? — 1) for -2 < z < 2.2.
a), b), and c) as in 1 with h(z) replacing g(z).

3. Consider the graph of u(z) = cos(f(z)) for -3 <z < 4.
a), b), and c) as in 1 with u(z) replacing g(z).

4. Consider the graph of v(z) = f(cos(z)) for -3 < z < 4.

a), b), and c) as in 1 with v(z) replacing g(z).







