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Each year, over 1,000,000 students [7] take College Algebra and related courses. Most of these courses were originally designed to prepare students for calculus, and most are still offered in that spirit to move as many students as possible up the “pipeline” to become math majors or to serve the traditional needs of the physical sciences. 
But, STEM majors are only a small fraction of the students we face.  In 2007, about 728,000 Associates degrees were awarded, 827 (under one-tenth of 1% of the total) in mathematics and 3404 (less than half of 1%) in the physical sciences and science technologies [8].  Similarly, about 1,524,000 Bachelor’s degrees were awarded,  14,954 in mathematics and statistics (under 1% of the total) and 21,073 (less than one-and-a half percent) in the physical sciences.  
Furthermore, most STEM programs expect that in-coming students are ready for mainstream calculus.  However, very significant changes have taken place in calculus enrollment.  Today, many more students take calculus in high school than in college [7, 2] and calculus is well on its way to becoming a developmental course.

Why then do students take College Algebra? How many are successful?  What happens to those who pass?  Herriott and Dunbar [6] found that only about 10-15% of the students taking College Algebra at about 15 universities are in majors that require calculus (usually applied calculus). Waller [9] reports that only 2-3% of more than 1000 students who start College Algebra at the University of Houston – Downtown each fall ever go on to start Calculus I over the following 3-year period. Herriott and Dunbar [6] also report that only about 10% of the students at the University of Nebraska who successfully completed College Algebra over the past 20 years ever started Calculus I during the following four year period; almost none started Calculus III.   Results at several two-year colleges are somewhat better.  Both MacGowen and Agras report that perhaps 15% of the students who successfully complete College Algebra have subsequently started Calculus I at both William Harper Rainey College and at Miami-Dade College, respectively.  This higher percentage can probably be attributed to the fact that the two-year students are older and more mature, and take their courses more seriously.  Also, at two-year colleges, College Algebra tends to be taught by full-time and experienced part-time faculty compared to universities, where they are usually taught by TAs.  Moreover, DFW rates on the order of 50%-75% appear to be the norm, nationwide.  

It is increasingly evident that virtually none of the students we see in College Algebra will ever become STEM majors.  We are guilty of providing the overwhelming majority of our students with  mathematical experiences that are not useful to them.  
What the Other Disciplines Need
There are two key questions that need to be addressed:  
1. Why do all these students take college algebra?  

2. What do these students really need from college algebra?   

  Many students are funneled into these courses using placement exams based on the traditional mathematics sequence.  Many advisors tell students to take these courses because they also think of the traditional sequence.  Many more take these courses to fulfill Gen Ed requirements, particularly at public universities.  However, most students take these courses as prerequisites/co-requisites for introductory courses in other fields or as requirements for majors in those fields. This is especially true of almost all non-major courses in the laboratory sciences and in business and economics.  It is also true for many majors in the softer sciences, including many biology, earth and space sciences, and even some chemistry programs.  
But, what do these disciplines really need their students to learn in introductory mathematics?  To find out, the MAA’s committee on Curriculum Renewal Across the First Two Years (CRAFTY) conducted its Curriculum Foundations project.  Leading educators from 25 fields participated in discipline-workshops where they discussed the current mathematical needs of their field and developed recommendations to the mathematics community.  The recommendations from the first round of 17 Curriculum Foundations workshops are in [4];  the remainder will appear soon.
     There is an amazing degree of convergence in the mathematical needs of students in almost every one of the quantitative discipline, namely:

· Conceptual understanding is far more important than rote manipulation.
·  Realistic applications and mathematical modeling that reflect the way mathematics is used in other disciplines and on the job
·  Fitting functions to data

·  Statistical reasoning

· The ability to use technology routinely and wisely.

These recommendations have some extremely important and significant implications for mathematics education, particularly at the College Algebra level.  We will look into some of them in more detail in a follow-up article in the next Newsletter.
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In the last issue, the author discussed some background on the status of College Algebra – the fact that over 1,000,000 students take these courses each year, that they have abysmally low success rates, why students take them (to fulfill requirements from other disciplines), and how it is the wrong course for the overwhelming majority of the students.  

Since the main reason students take the course is to satisfy requirements of other disciplines, it is important to know what those disciplines want their students to get from mathematics.  To find out, the MAA’s committee on Curriculum Renewal Across the First Two Years (CRAFTY) conducted its Curriculum Foundations project.  Leading educators from 25 fields participated in discipline-workshops where they discussed the current mathematical needs of their field and developed recommendations to the mathematics community.  The recommendations from the first round of 17 Curriculum Foundations workshops are in [1];  the remainder will appear soon.

Consider the following comments made by the biologists, whose students account for the largest number of students from the laboratory sciences in our courses. 

· The collection and analysis of data that is central to biology inevitably leads to the use of mathematics.

· Mathematics provides a language for the development and expression of biological concepts and theories.  It allows biologists to summarize data, to describe it in logical terms, to draw inferences, and to make predictions.

· Statistics, modeling and graphical representation should take priority over calculus.

· The teaching of mathematics and statistics should use motivating examples that draw on problems or data taken from biology.

The most important quantitative skills needed for biology are:

· The meaning and use of variables, parameters, functions, and relations.

· To formulate linear, exponential, and logarithmic functions from data or from general principles.

· To understand the periodic nature of the sine and cosine functions.

· The graphical representation of data in a variety of formats – histograms, scatterplots,  log-log graphs (for power functions), and semi-log graphs (for exponential and log functions).

· Some calculus for calculating areas and average values, rates of change, optimization, and gradients for understanding contour maps.

· Statistics – descriptive statistics, regression analysis, multivariate analysis, probability distributions, simulations, significance and error analysis.

Finally, the biologists make some interesting observations regarding the relationships between mathematics and biology, including
· The sciences are increasingly seeing students who are quantitatively ill-prepared.

· The current mathematics curriculum for biology majors does not provide biology students with appropriate quantitative skills. 

·  The biologists suggest the creation of mathematics courses designed specifically for biology majors.

·  This would serve as a catalyst for needed changes in the undergraduate biology curriculum.

·  Biology as a discipline must also have to provide opportunities for the biology faculty to increase their own facility with mathematics.

Next consider the physicists, who one might expect to demand the most mathematics of their students. Their main points 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.

     Finally, consider the major points from business faculty:  

· 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.

· Courses should emphasize statistical thinking to reflect the uncertainties and risks associated with business decisions.

When one discusses these issues in depth with faculty from the lab sciences to see precisely what they mean, some fascinating perspectives become evident. In biology, and to a somewhat lesser 
extent in chemistry and introductory physics (especially in large offerings such as earth and space science), extremely little mathematics arises in the classroom.  Mathematics arises almost exclusively in the laboratory, when the students have to interpret and analyze their experimental data, and then their weak mathematical skills become blatantly obvious.
The students cannot read and interpret graphs, let alone construct a graph of their data.  They don’t:  understand the difference between independent and dependent variables; comprehend issues of scale for the axes; see issues related to the practical meaning of the domain and range.  They can’t draw a line to capture the trend in data, presuming the points follow a roughly linear pattern.  They have even more trouble trying to estimate the equation of that line, particularly because the variables used are almost never x and y.  And, because the variables are not x and y, all the practice they’ve had finding equations of lines in math classes seemingly doesn’t apply.  Further, the students have trouble interpreting the practical significance of the slope or the intercept of the line, because their mathematical training typically focused on doing calculations, not thinking about what the results mean.  They also have trouble calculating the mean, median, and standard deviation, let alone understanding how to interpret them. 
Virtually the same issues arise in business and other social sciences when the students likewise have to work with real-world data, although not laboratory data.  Thus, one can almost view the social sciences as a somewhat different kind of laboratory science.  


The recommendations to provide the mathematical understanding and skills needed for data-driven disciplines represent a significant challenge to the mathematics community.  Most of our courses don’t meet their students’ needs, particular at a time when those fields are becoming increasingly quantitative.  The partner faculty are increasingly frustrated with devoting ever more class-time teaching students the required mathematics.  Simultaneously, their fields face the challenge of including more new material to reflect changes taking place.  Consequently, we should anticipate scenarios where other departments will drop mathematical prerequisite/co-requisites if we don’t offer the kind of mathematical experiences their students require; the time and credits saved can easily be off-set by additional courses within the discipline, especially if they already have to teach the needed mathematics.
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