
THE MATHEMATICS CURRICULUM MUST EVOLVE

In several previous articles, I’ve argued that college algebra, developmental algebra, and related courses have to evolve for a variety of reasons:

1.  The secondary curriculum has evolved over the last few decades with major changes in what is taught and how it is taught, especially an emphasis on conceptual understanding, geometrical and numerical ideas to balance to purely symbolic methods, and a heavy focus on substantial realistic applications via mathematical modeling, often in the context of group projects and the use of real-world data.  

2.  Calculus has effectively become a high school subject, with at least twice as many students taking it in secondary schools compared to the number taking it in college.  As such, we should expect virtually no students taking algebra-level courses in college will ever go on to start, let alone go beyond, calculus.  
3.  DFW rates in algebra-level courses in college are typically well above 50%, usually making them the most unsuccessful courses offered by any department.  Administrators are well aware of such numbers and likely not at all happy.  The provost at one of the largest two-year colleges in the country recently singled out college algebra as the one course that is most responsible for the school’s losing students.
4.  Most students take these courses because they are required by other disciplines or are the basis of Gen Ed requirements, especially at large university systems.  Only about 15% of students are in majors that require calculus, and usually that is business or applied calculus, not mainstream calculus.

5. Almost all the other quantitative disciplines have informed the mathematics community that their students today need a very different focus in mathematics, 
A recent opinion article [7] in the New York Times weekend magazine by political scientist Andrew Hacker raised the question Is Algebra Necessary?.  He argues that millions of students each year are taking (and failing) algebra courses in high school and college that focus on all manner of skills that are of little or no value to the students. Hacker says “There are many defenses of algebra and the virtue of learning it. Most of them sound reasonable on first hearing; many of them I once accepted. But the more I examine them, the clearer it seems that they are largely or wholly wrong — unsupported by research or evidence, or based on wishful logic. … Nor is it clear that the math we learn in the classroom has any relation to the quantitative reasoning we need on the job. John P. Smith III, an educational psychologist at Michigan State University who has studied math education, has found that ‘mathematical reasoning in workplaces differs markedly from the algorithms taught in school’. Even in jobs that rely on so-called STEM credentials — science, technology, engineering, math — considerable training occurs after hiring, including the kinds of computations that will be required. … a definitive analysis by the Georgetown Center on Education and the Workforce forecasts that in the decade ahead a mere 5 percent of entry-level workers will need to be proficient in algebra or above.”  Hacker concludes by saying “Instead of investing so much of our academic energy in a subject that blocks further attainment for much of our population, I propose that we start thinking about alternatives.”  

All of these discussions strongly suggest that most colleges are offering the wrong courses in the wrong spirit to most of their students and with what should be considered unacceptably poor results.  
The Changing Needs of Other Disciplines  
The MAA’s committee on Curriculum Renewal Across the First Two Years (CRAFTY) conducted a major project in which leading educators from 22 quantitative disciplines met in a series of curriculum workshops to discuss today’s mathematical needs of their discipline and to report to the mathematics community. The results of the first series of these Curriculum Foundations project, including the reports generated by each discipline workshop and the overall recommendations generated in a summary workshop appear in [5]. A follow-up collection of recommendations from other disciplines are in [6]. In turn, these reports formed the background for the MAA’s most recent set of recommendations on the Undergraduate Program in Mathematics [11]. 

In the past, the first mathematics course that appeared on the “radar screens” of the traditional, and the most math-intensive, quantitative disciplines (physics, chemistry, and engineering) was calculus. The introductory courses they offered were all calculus-based and so any course below calculus did not directly serve their needs. At most colleges today, these departments, especially physics and chemistry, offer non-calculus-based versions of their introductory courses to far larger audiences than those who take the calculus-based courses. As a result, what students bring from precalculus and college algebra courses – and what they don’t bring – is now a growing concern to the faculty in these other disciplines. The other quantitative disciplines represented in the Curriculum Foundations project, fields such as the life sciences, business, economics, and technology, typically require less mathematics of their students, so that courses at the college algebra and precalculus level are the primary mathematical interest of the faculty in these areas.

There was a high degree of convergence of philosophy in the recommendations from all the disciplines, including the need 

1. to emphasis conceptual understanding over rote manipulation, 

2. to emphasize realistic problem solving via mathematical modeling, 

3. for the use of data, particularly statistics, which is an important mathematical area for virtually every discipline, 

4. for the routine use of technology, though almost every other disciplines views spreadsheets such as Excel as the technology of choice.

What should be the focus of mathematics education, especially at the level below calculus? Consider the ability to

· examine a set of data and recognize a behavioral pattern in it, 

· assess how well a given functional model matches the data, 

· recognize the limitations (often due to uncertainty) in the model, 

· answer appropriate questions about the pheno​menon being studied.

In turn, this process requires 

· A deep understanding of the function concept, function notation, and the meaning of variable.

· A knowledge of different families of functions, including the ability to distinguish between the different families graphically, numerically and algebraically. 

· A knowledge of the behavior of the different families of functions depending on one or more parameters. 

· The ability to select the appropriate tool, be it pencil-and-paper, graphing calculators, spreadsheets, or CAS system, to solve the equations that arise from using the models.

· The ability to interpret the mathematical results and to communicate these ideas to others.

The Challenges for Collegiate Mathematics


If colleges continue to offer courses in the traditional spirit of developing manipulative skills, we will likely find ourselves with increasingly irrelevant courses given at increasingly lower levels to increasingly fewer students. We will see more and more requirements for mathematical prerequisites and co-requisites dropped by the other disciplines because our courses provide very little of value to those disciplines. If they have to teach the mathematics that their students need in their own courses, why should they bother to use credit hours on math courses that could be better applied to additional offerings in their own fields?  The author is aware of one project at a Midwestern university in which the engineering college dropped the requirement for three semesters of calculus and replaced them with a series of modules integrated into their engineering offerings that present the students with the core calculus ideas and techniques the engineering faculty believe important. 

The article by Hacker [7] discussed above has prompted what has been called a national debate, albeit one that seems to be taking place primarily outside of the mathematics community. The few responses from mathematicians that the author has seen essentially say that algebra is good, if not vital, for everyone.  But, it is all to easy to see academics outside of mathematics nodding their heads in agreement with Hacker’s arguments and deciding it makes sense to drop requirements for many of our lower division courses, at least those that are offered in very traditional spirits.  (Picture the reaction of the provost at the two year college mentioned previously who blames college algebra for their losing the greatest number of students!)  The author can’t imagine the impact that the dropping of requirements for our courses could have on math departments when half or more of their sections are cancelled. And, once those requirements are dropped, it is not reasonable to expect that we could ever get them back with promises that we’ll now offer alternatives that are better suited to the needs of the other disciplines.  Those departments will simply integrate whatever mathematical topics they need into their own offerings and use the extra credit hours that have become available to require more courses in their own field.  Mathematics departments will have to become far more proactive or face extremely dire consequences.     
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