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Background on subsequent activities

In the four-month period following the Rethinking the Preparation for Calculus conference in October 2001, there were three other special invited conferences regarding the undergraduate mathematics curriculum. 

1. CRAFTY’s Curriculum Foundations Summary Workshop (November 2001), organized by Bill Barker and Susan Ganter and supported by the NSF and the Calculus Consortium for Higher Education [1]. CRAFTY (the MAA committee on Curriculum Renewal Across the First Two Years) had previously organized a series of 11 workshops in which leading educators from 17 different quantitative disciplines came together to discuss and inform the mathematics community of the mathematical needs of their students today.  The summary workshop was held to unify the suggestions from the individual workshops. 

2. The Forum on Quantitative Literacy (December 2001), organized by Bernard Madison, sponsored by the Woodrow Wilson Foundation and funded by the Pew Charitable Trusts [2].

3. Reforming College Algebra (February 2002), organized by Don Small on behalf of the MAA Task Force on the First College Level Mathematics Course and sup​ported by the Consortium of Historically Black Colleges and Universities  [3].


Each of these conferences focused on the mathematical needs of students in courses below calculus.  Although the CRAFTY Curriculum Foundations Workshop did not look at these courses specifically, the recommendations from most of the quantitative disciplines were directed at courses such as college algebra and precalculus because these are the courses that provide the mathematical foundation for students in most other disciplines.  

It soon became clear that there was a need to bring together the principals from each of the four conferences to see to what extent there was a common philosophy among the four groups.  The goal was to see if it was possible to channel the momentum from the four groups into a unified, national initiative that would refocus this portion of the curriculum that affects several million students each year.  With support from the NSF and the Calculus Consortium for Higher Education, a working meeting was held at the MAA headquarters in April 2002.  The intent of this meeting was to:

1.  identify the common elements from among the four groups;

2.  carefully delineate the differences between them;

3.  prepare a formal report to the MAA Committee on the Undergraduate Program in Mathematics (CUPM) on the group’s thinking about the courses below calculus.  (CUPM is currently in the process of preparing its latest set of recommendations on the mathematics curriculum.  The working group on this initiative had been invited to provide guidance for CUPM’s writing team on this part of the mathematics curriculum.) 

4.  prepare a comparable document informing the writing team that is about to revise the AMATYC Crossroads Standards; and

5.  plan toward a national summit conference similar to the Calculus for a New Century conference that launched the effort to revitalize the teaching of calculus some 15 years ago.

A second working meeting of the group was held at the 2002 MathFest.


Either in attendance at the working meeting or participating in the discussions prior to and following the meeting were principals from each of the four conferences.  There were also official representatives of various MAA committees, including the Task Force on the First College Level Mathematics Course, CUPM, CRAFTY, the Committee on Quantitative Literacy (CQL), the Committee on Two Year Colleges (CTYC), and the Committee on Articulation and Placement (CAP).  In addition, the presidents of AMATYC and NCTM, the head of the writing team for the revisions of the AMATYC Crossroads Standards, and the director of the Mathematical Sciences Education Board (MSEB) were also involved.  In total about 30 individuals are presently involved in the working group (now known as the ad hoc MAA-AMATYC-NCTM Joint Committee to Refocus “College Algebra” Courses) for this initiative.

The common elements

At the April meeting, the participants focused entirely on the courses below calculus, most notably college algebra and precalculus and the relationship between these courses and quantitative literacy.  They intentionally did not address remedial level algebra courses, leaving them explicitly for the AMATYC writing team, nor did they discuss any of the other mathematics courses at this level, such as statistics, finite mathematics, and survey of mathematics.  A brief outline of these discussions is presented here; the complete report produced for CUPM is available from the author.


There was an amazing degree of convergence of thought and philosophy regarding all of these courses.  This can be seen in the articles [1 – 3] describing each of the other three conferences as well as the other articles in this volume on the Rethinking the Preparation for Calculus conference.  Perhaps the most impressive aspect is the fact that the identical themes and recommendations came from almost all of the quantitative disciplines represented in the Curriculum Foundations workshops [5]; moreover, most of those individuals were not at all aware of the efforts to revitalize calculus in the mathematics community.

For instance, the main points made by the physicists in their original report to CUPM were:

“Conceptual understanding of basic mathematical principles is very important for success in introductory physics.  It is more important than esoteric computational skill.  However, basic computational skill is crucial.”  “Development of problem solving skills is a critical aspect of a mathematics education.”  “Courses should cover fewer topics and place increased emphasis on increasing the confidence and competence that students have with the most fundamental topics.”  “The learning of physics depends less directly than one might think on previous learning in mathematics.  We just want students who can think.  The ability to actively think is the most important thing students need to get from mathematics education.”  “Students need conceptual understanding first, and some comfort in using basic skills; then a deeper approach and more sophisticated skills become meaningful.  Computational skill without theoretical understanding is shallow.”

The engineers emphasized:

“One basic function of undergraduate electrical engineering education is to provide students with the conceptual skills to formulate, develop, solve, evaluate and validate physical systems.  Mathematics is indispensable in this regard.  The mathematics required to enable students to achieve these skills should emphasize concepts and problem solving skills more than emphasizing the repetitive mechanics of solving routine problems.  Students must learn the basic mechanics of mathematics, but care must be taken that these mechanics do not become the focus of any mathematics course.  We wish our students to understand various problem-solving techniques and to know appropriate techniques to apply given a wide assortment of problems.” 

The business faculty recommended that:

“Mathematics is an integral component of the business school curriculum.  Mathematics Departments can help by stressing conceptual understanding of quantitative reasoning and enhancing critical thinking skills.  Business students must be able not only to apply appropriate abstract models to specific problems but also to become familiar and comfortable with the language of and the application of mathematical reasoning.  Business students need to understand that many quantitative problems are more likely to deal with ambiguities than with certainty. In the spirit that less is more, coverage is less critical than comprehension and application.”   “Courses should stress problem solving, with the incumbent recognition of ambiguities.”  “Courses should stress conceptual understanding (motivating the math with the ‘whys’ – not just the ‘hows’).” “Courses should stress critical thinking.”

Very similar sentiments were voiced by the representatives from business, industry, and government at the QL Forum regarding the mathematical preparation of students for today’s increasingly quantitative workplace.  These views are enunciated very forcefully in articles in the volume, Quantitative Literacy: Why Numeracy Matters for Schools and Colleges, edited by Lynn Steen and Bernard Madison [6].


In summary, there was total agreement among the ad hoc committee that college algebra and precalculus courses, as presently constituted with a primary emphasis on the development of algebraic skills, are not working for a variety of reasons, including:

1. At most schools, these courses have unacceptably high DFW rates. 

2. These courses do not motivate large numbers of students to go on to further mathematics courses.

3. These courses do not adequately prepare most of the relatively few students who do go on to subsequent mathematics courses.

4. These courses do not serve the present-day mathematical needs of most other quantitative disciplines, where a deep level of conceptual under​standing of the mathematics is deemed more valuable than a very high level of facility in manipulating symbols.

5. These courses do not provide the students with the type of intellectual skills and understanding that are needed in the workplace or that would enable them to be effective citizens.

Yet, according to the data such as the most recent CBMS study [4], some two million students take these courses each year.  The overwhelming majority of them take these courses only to fulfil some general education requirements that are imposed (and often prescribed in extreme detail) by people and groups outside the mathematics department. The ad hoc committee believes that:

· These courses should have a solid algebraic spine, but that algebraic techniques should not be the focus of the courses. 

· These courses should have a strong emphasis on conceptual understanding and be deep intellectual experiences for the students.

· It is at least as important to prepare students conceptually for succeeding mathematics courses as it is to prepare them algebraically.

· These courses should focus heavily on mathematical modeling and realistic problem solving, and that interpretation of results should be a vital component of any applied problem.

· Data analysis should be an integral part of all of these courses and should be used to connect the mathematics to its use in most other quantitative disciplines.

· Technology has an important and meaningful role to play in both the teaching and learning of mathematics. 

· The development of writing and communication skills should be an important and significant aspect of these courses.

· The quantitative literacy theme should permeate all of these courses.

Developing a national initiative

The meeting in Washington also addressed some longer-term strategies to bring about a climate in which change in the courses below calculus could take place. The ad hoc committee developed a three-year plan culminating in a national summit conference to be convened by the National Academy of Sciences.  This conference would launch a movement to rethink and refocus these courses that would be analogous to the effect of the Calculus for a New Century conference in launching the effort to revitalize calculus.  To accomplish this, we hope to influence either NSF or the Department of Education or both to develop a funding program that is at least as large as the NSF’s calculus initiative.  Such an initiative, which hopefully would be announced soon after the national summit conference, would spur the development and implementation of new approaches to these courses, as well as adaptation of previously developed.    


However, there are some significant differences between the initiative being organized to rethink the courses below calculus and the efforts to revitalize calculus during the 1990s.  First, and perhaps most importantly, the changes proposed for calculus did not significantly change the content of the course – they did introduce some new topics, such as differential equations via slope fields; they changed the focus in the course to achieve a better balance between graphical, numerical, and symbolic approaches; and they introduced the use of technology to support both the teaching and learning of mathematics.  But a “reform” calculus course was clearly recognizable as a calculus course by anyone in the mathematics community.  


Some of the proposed changes to the courses below calculus go substantially further in terms of changing the very nature of the courses. Perhaps the greatest challenge to be faced is changing some very deep-rooted beliefs, both within and without the mathematics community. People who think of college algebra as consisting primarily of a collection of algebraic techniques to be practiced and mastered may not recognize some of the alternative courses as being algebra courses. NCTM has been working for years at the school level to broaden the definition of algebra to encompass all types of algebraic reasoning and algebraic representations as well as just symbolic operations.  The same kind of effort will be needed at the college and university level.  


A second deep-rooted belief held by many in the mathematics community is that college algebra and precalculus courses exist primarily to prepare students for calculus and, more indirectly, to produce the next generations of mathematicians.  Underlying this outlook is the strong belief among many mathematicians that it is necessary for all students to replicate as much as possible of their own mathematical training.  But when significant changes are made to the courses below calculus, that replication may no longer occur. The data show that the reality is quite different from this perception, given that so few students taking these courses ever go on to take what traditionally was considered freshman mathematics.   But changing the attitudes will represent a true change in the culture of mathematics education for many.  One way to do this is to identify some successful models by which students can move toward and into higher mathematics without having a strong algebraic theme in the preparatory courses.  Certainly, relatively few professional mathematicians ever use the full array of algebraic techniques they learned outside the mathematics classroom. 


Another major difference between the calculus revitalization movement and the proposed initiative to refocus the courses below calculus is that the former was basically an academic effort – the key was to convince other mathematicians and some people in allied disciplines of the need to change some aspects of calculus.  However, the proposed initiative necessarily extends well beyond the academic arena.  In some states, general education requirements, including the specific course content and allowable textbooks, are specified by state education departments and even state legislatures.  In many university systems, the courses are specified by academic senates or other external bodies.  At many institutions, particularly two-year colleges, transfer and articulation agreements limit the changes that can be made in courses.  There are many individuals, who are subjected to such external requirements, who express tremendous frustration at not being able to change the courses they give to better serve the needs of their students.  One major challenge we face is to convince these external bodies to change some of the requirements that they have laid down.


Still another difference between the calculus revitalization efforts and a movement to refocus the courses below calculus is that the former basically started at ground zero.  The initial stages of the calculus movement involved the development and testing of new materials that implemented the ideas being discussed.  As one unanti​cipated outgrowth of the effort at revitalizing calculus, various individuals have already developed a variety of alternatives to the traditional courses below calculus; descriptions of many of those projects and the materials they have developed are included in this volume.


To develop a national initiative to refocus the courses below calculus, the following activities, which fall into several distinct categories, have been planned.

A.  Developing an organizational structure

Any initiative to refocus these courses must be a collaborative effort among the MAA, AMATYC, and NCTM, since each has a significant interest in these courses.  However, a collaboration of this scale and complexity is unprecedented.  Thus, it is necessary to develop an appropriate structure that will satisfy the needs of the three organizations as well as to identify the special roles that each organization will play. One suggestion that has been made is for the three society presidents to appoint a joint presidential commission to assume responsibility for the initiative.  Within MAA, the overall responsibility for the initiative has been given to CRAFTY.  Once a functioning organizational structure is in place, it will provide the working group with an official mandate from the three societies that will enable the group to approach various groups (governmental and others) outside of the mathematics community that need to be persuaded to encourage a new focus for these courses.  The official mandate will also help in obtaining the large scale funding needed for this initiative through the organizations rather than through an ad hoc group.  


As part of the organizational issues, we also have to take the following steps.

· The 40 member ad hoc group already involves the official participation of a large number of MAA committees, including the Task Force on the First College Level Mathematics Course, CUPM, CRAFTY, CTYC, CQL, and CAP.  We need to forge links to other MAA committees, such as the Committee on Service Courses, the Committee on Professional Development, the Committee on the Mathematics Education of Teachers (COMET), the Committee on Sections, the Committee on Mathematics Across the Disciplines, and the Committee on Industrial and Government Mathematicians.  We also need to forge links to comparable committees in AMATYC and NCTM.  

· Increase the links with the writing team for the revised AMATYC Crossroads Standards.

· Develop greater connections with MSEB that go beyond the present involvement of its director, Carole LaCampagne, in the ad hoc committee.

· Develop a network of people who are interested in this initiative.  One special emphasis will be to involve the Project NEXT fellows, as well as the participants in the incipient joint AMATYC/MAA NEXT project for two-year college faculty.  Many of the Project NEXTers have been teaching as long as 10 years now and are moving to a stage in their careers where they may welcome the opportunity and challenge to becoming involved in a national initiative. 
· Develop a regional structure to coordinate efforts at the local affiliate level. 
B.  Collecting data

Perhaps the most important activity needed to launch a national initiative is to conduct a reasonably large-scale data collection project to collect and analyze information on the student population that is actually taking these courses.  Such a project should determine:

1. Who are the students who take these courses and why do they take the courses?  What are their majors? What requirements do the courses fulfil? 

2. Where do the students come from?  Do they come from the prerequisite courses given at the same institution, from prerequisite courses at a feeder college, or from high school?   How many are actually repeating the course?

3. How do the students do in these courses? 

4. What subsequent math courses do these students take and how do they do in the follow-up courses?

5. How do the students do in subsequent courses in other quantitative disciplines?  

Such data have been collected at several institutions.  For instance, Steve Dunbar has been conducting such a study at the University of Nebraska for more than 12 years, tracking each of the approximately 120,000 students who have taken mathematics.  He has found that, of the students who successfully complete their college algebra course, only about 10% ever go on to start Calculus I; less than 1% go on to start Calculus II; and virtually none has started Calculus III.  Mercedes McGowen has found very similar results at William Rainey Harper College, a large two-year institution.  Yet, the underlying philosophy on most campuses is that college algebra courses are intended to prepare students for mainstream calculus. 

If appropriate funding can be obtained, we would like to provide small grants to many schools to assist them in obtaining the appropriate data and preparing reports and possible articles.


In addition, it would be very helpful to conduct a separate data collection project to determine just what mathematical ideas and techniques are needed in other disciplines and in the workplace.  We need to know precisely what the consumers of our students really need and want.  Much of that information regarding the needs of the other disciplines has begun to emerge from the Curriculum Foundations project; some of the comparable information on the needs of today’s business and industry was reported on at the Forum on Quantitative Literacy. 
C.  Identifying and publicizing model projects and programs
Unlike the calculus reform initiative, as mentioned before, a wide variety of projects have already developed effective and innovative materials that bring a new vision to the courses below calculus, including precalculus, college algebra, quantitative reasoning, and developmental algebra.  Many are described elsewhere in this volume.  Each project has its own unique vision, but each vision is clearly in the spirit of what the ad hoc committee believes is appropriate for the students who take these courses.  These projects are also consistent with the visions that underlie both the AMATYC Crossroads Standards and the NCTM Standards for courses at these levels. Each project has the flexibility to be easily adapted to many different settings and to the needs of many different groups of students and related disciplines.  What is needed is a cohesive plan to identify and publicize model projects that have adapted and implemented these projects.  In particular, we need to:

· Identify a variety of institutions that have refocused their college algebra and related courses to reflect the kinds of changes that need to be brought about.  These institutions would serve as model programs to prove the existence of successful efforts and to provide specific information on student performance in such courses and in succeeding courses in mathematics and other fields.

· Stimulate the adaptation and implementation of existing projects at new sites.

· Stimulate the expansion of model programs at institutions that have already implemented new versions of courses in one or more courses.

· Stimulate the development and implementation of several new model projects through a series of grants that could be awarded as part of the funding for planning and development phases of this initiative, as discussed below.

· Track student performance and attitudes throughout these model projects and programs over a several year period to develop some specific data to help in on-going efforts to develop the national initiative.

· Encourage individuals at each model institution to write articles describing their experiences and results, to give presentations on their efforts, to give workshops, and to disseminate any curricular materials they may have developed to help in their implementation efforts.

D.  Influencing the mathematics community
Perhaps the greatest obstacle to widespread change in the courses below calculus is the attitude that the majority of the mathematics community holds toward these courses – that they exist to prepare students for mainstream calculus.  What is therefore needed is a comprehensive effort designed to influence members of the community to convince them to try new versions of the courses themselves or to allow and encourage other members of their departments to do so.  These efforts should include:
· Organize panel sessions at national meetings of MAA, AMATYC, NCTM, and ICTCM. 

· Organize contributed paper sessions and poster sessions at national meetings to provide the opportunity for individuals to report on the results of their innovative efforts.

· Produce volumes in the MAA Notes series and similar series.  Some recent and forthcoming volumes that address these issues are: 

1. The current volume of the proceedings of the Rethinking the Preparation for Calculus conference edited by Nancy Baxter Hastings, 

2. The final results of the Curriculum Foundations project being edited by Susan Ganter and Bill Barker, 

3. A series of volumes coming out of the Forum on Quantitative Literacy being edited by Lynn Steen and Bernard Madison, 

4. The CUPM curriculum recommendations. 

Some subsequent volumes that we would like to see produced include:

1. An MAA Notes volume consisting of reports from, or on, each of the model projects and programs mentioned earlier.

2. An MAA Notes volume of papers that would lay the groundwork for the national summit conference.

3. An MAA Notes volume containing the proceedings of the national summit conference.

· Articles and reports in a variety of journals.  For instance, the editor of The AMATYC Review is working on a special issue on changes in college algebra.

· Panels at regional meetings of MAA sections, AMATYC affiliates, and NCTM affiliates.

· Develop strategies for faculty development for the part time faculty who teach these courses at most two- and four-year institutions.

· Develop strategies for faculty development for the TAs who teach these courses at most universities.

E.  Forging connections
To be successful, this initiative must reach out beyond the mathematics community for support and assistance.  In particular, we see the need to:

· Develop links to other disciplines to gain their support for the initiative.  This has already begun through the Curriculum Foundations workshops and the Forum on Quantitative Literacy.  The external support, most likely from the social and life sciences, will likely be as critical to this initiative as the support of the engineering disciplines was to the calculus effort.

· Develop links to business/industry/government to seek their support from the point of view of preparing students for today’s workplace and for effective citizenship; this will also likely be critical in building a case for change.

· Develop links to other potentially concerned groups, such as AMS, ASA, SIAM, MER (Mathematicians and Education Reform), and the Consortium of Historically Black Colleges and Universities.

F.  Planned outcomes
The scope and complexity of the challenges of refocusing the courses below calculus are immense.  There are many different aspects that need to be addressed that go well beyond convincing the mathematics community to rethink these courses.  Some of these challenges include the need to: 

· Develop links to the testing industry to stimulate the development of a new generation of placement and related tests that better reflect the content of NCTM Standards-based curricula in the high schools and refocused versions of college mathematics offerings. 

· Develop plans to rethink the mathematical training of prospective teachers, who are often required to take college algebra as their final mathematics experience.  Such efforts need to be made in conjunction with COMET, NCTM, and AMATYC.

· Develop materials that could be used to influence college and university administrators to encourage and support implementation of projects that refocus the emphasis on college algebra and precalculus courses.  This would include some official statements from the professional organizations, a position statement on the need to change the courses, and supporting evidence about the success and benefits of some of the model projects.

· Develop a generic PowerPoint presentation that could be used, or adapted, by many people who will be giving talks and presentations on the goals of the initiative.

· Influence state agencies that are responsible for statewide or university system-wide mandates about which courses students must take or what the content of such courses must be.

· Affect transfer and articulation agreements between individual schools and across university-wide systems.

· Develop a series of faculty development workshops to prepare faculty to teach these new versions of the courses.  These workshops would be held in conjunction with national and regional meetings of MAA, AMATYC, and NCTM.  They could also be offered directly to departments and collections of faculty from neighboring schools to assist them in completely changing their programs.  The latter could be an expansion of AMATYC’s program of travelling workshops on technology and implementation of the Crossroads Standards, of the MAA’s PREP program offered by the Committee on Teacher Preparation, and of a series of comparable workshops currently being offered by the MER network.
· Influence the publishing industry to publish and nurture innovative textbooks instead of the publish-and-allow-to-perish policy that occurred with most of the innovative calculus texts that emerged.

· Create a website for the exchange of information and ideas regarding the initiative.

· Gain the attention of the National Academy of Sciences, so that they will host the proposed national summit conference.  This would likely develop through the MSEB and the presidents of the three organizations.

· Influence either the NSF or the Department of Education to develop a large scale funding initiative to fund the development and implementation of new approaches to the courses below calculus.  The influence will be based on the data being collected, the model programs and projects, calls for change from within the mathematics community in general and the three professional organizations in particular, calls for change from the other disciplines, and calls for change from business, industry, and government. 

Clearly, all of these activities will require the investment of much time, effort, and considerable money.  One of the first efforts by our group will be to seek a large grant to fund the planning and development activities up through the national summit conference in three years. 
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