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When I first started teaching mathematics (a long time ago) my idea of the job was that you told the students stuff, and if they were smart enough and did their homework, then they knew it. Most mathematics faculty thought this—if things didn’t work out, then the students should have worked harder, learned more, been taught better in high school. Someone else was to blame, not us. We were doing what we were supposed to be doing. 

But now ever-increasing numbers of us see there’s much more to it, and assigning blame is a side show. More students need to learn more mathematics, and we have to figure out how to make that happen, regardless of the reasons for the present situation.

The mathematics community is on the case. The national mathematics meetings now have many more talks on the teaching of mathematics at the college level than ever before, and there is increasing attention to K-12. As you probably know, U.S. students perform poorly on standardized mathematics tests compared to those in other industrialized countries. Also, there are not enough young people coming up in mathematics to replace the mathematicians retiring. The country needs mathematicians and a mathematically competent citizenry to keep up its standing in the world. Powers that be know this, and wheels are in motion.

The course called college algebra, of which our Math 161 is one variant, is a current focus of attention. This course has one of the highest enrollments of any mathematics course nationally—to cite one recent statistic, about 384,000 students took it in the Fall 2000 semester.  Students usually take it as freshmen or sophomores, and it can turn them toward or away from mathematics and the majors and careers that require it.  The average pass rate nationally is, like ours, about 50%.

During Fall 2007 In-Service we learned these statistics and much more from an expert: Norma Agras, former chair of the Mathematics Department at a campus of Miami Dade College. She has served on national committees dealing with college algebra as well as spearheading work in Florida. Norma has been a catalyst for significant improvement at her own institution, providing an atmosphere in which faculty were supported as they tried pedagogy and materials they felt would work with the students, opening forums for faculty to express opinion in an atmosphere of mutual respect, and serving as a conduit for information on goals and methods put forward by state and national organizations that address undergraduate mathematics courses of the first two years. Her campus instituted a "contemporary" college algebra, which had a success rate of about 70%.

Norma reported the results of a series of workshops with leading educators from 17 quantitative disciplines to inform the mathematics community of the current mathematical needs of each discipline, which include conceptual understanding of basic mathematical principles, problem-solving, applications, use of technology, and developing communication skills by having students work in teams and presenting reports, as well as the standard skills.

She presented the recommendations of the Mathematical Association of America (MAA) committee for general education and introductory courses (or at least, these are in her Power Point  slides—she didn’t get to all of them in her session, because there was so much discussion). These include engaging students in a meaningful and positive intellectual experience; increasing quantitative and logical reasoning abilities needed for informed citizenship and in the workplace; strengthening quantitative and mathematical abilities that will be useful to students in other disciplines; improving every student’s ability to communicate quantitative ideas orally and in writing; and encouraging students to take at least one additional course in the mathematical sciences. 

A common reaction to such recommendations is: pie in the sky—how are we supposed to do all that? (This is not to say that none of this ever happens in the course as traditionally taught, but there is, to say the least, room for improvement.) In fact serious efforts have been made at Community College of Philadelphia to do some of these things, and these efforts have had some success. We don’t have a central clearing house for everything instructors do (unfortunately—we should perhaps create one) and probably many good practices are not widely known, but I do remember that when I arrived at Community College of Philadelphia in the seventies a major effort was underway to engage students in a meaningful and positive intellectual experience and increase logical reasoning abilities by means of a course then called Math 100. That course didn’t address quantitative abilities, and the amount of student communication depended on the instructor, but properly taught it did provide a meaningful intellectual experience. (I remember a student who had recently taken the course telling me that it didn’t have practical value, but it did enable her to figure out whodunit on her favorite TV mystery program. It seemed to me she was saying it taught her to reason deductively, a skill she didn’t value.)

More recently, in the 90s, we at Community College of Philadelphia had a grant project involving Math 161, and the success rate was about 63% compared to 46% for other sections in the same semesters, with students advancing to and succeeding in the next course at close to the same rate as other students. The grant provided for an additional hour a week of class time, smaller classes, peer tutors in the classroom, computers in the classroom, and graphing calculators. We used active and collaborative learning, some involving hands-on applications.

 The Florida efforts, ours, and others like them try to motivate students. There have been a number of experiments, some successes and some lessons learned. Some departments have provided students with ingenious projects that did indeed motivate them, but then it turned out the skills they learned in process were too spotty and they had trouble later. Also, there is, as you can imagine, a great deal of disagreement about what to do. In Florida there is one campus that is carrying forward the efforts in which Norma was so active, but at others there has been acrimony about whether and how to change the traditional course.

Norma urged us to consider process for change. She encouraged us to start from scratch: instead of trying to tweak courses, try to envision what a course should be as if there were no course yet. (And then hope you can package it under an existing course description to avoid red tape, I would add.)

 I sometimes think that in the improvement of college mathematics we are about where cancer research was in the early 1960s; viz., near the beginning. There are many things we do not know or understand about the people we try to teach, and about the way adults learn. We gain wisdom as we go along, and we in mathematics are coming to realize, as some have done before us, the value of sharing insights about both the little things and the large in our work, and discussing why and how we do what we do, and whether we might do some things differently or do some different things. But we have a long way to go.

In other countries, and some places in this country, mathematics is taught in school in such a way that things make sense as you go along. I once heard Uri Treisman, who made a big difference in the success rate of African-American students in calculus at UC Berkeley, say that the students who came to Berkeley from classes taught by Jaime Esclante (the man on whose teaching the movie Stand and Deliver was based) expected and demanded reasons for everything that was done in math class. All students should feel this entitlement. It's not happening much here, or elsewhere  in this country. Sometimes students ask "why?" or "what if?" and that always makes me happy when it happens in my class. But it is not characteristic of the students in math classes (or other classes, I am guessing). Most of them are trying to get by with a minimum of pain by memorizing routines. We can do better.

I found myself once in an audience that was asked by the speaker to memorize a little poem, which we all did. Then he asked us to memorize a little prose sample, which was not quite so easy. Then he asked us to memorize a string the same length of nonsense syllables, at which we had very poor success. His point was that when what we tell students doesn't make sense to them, they have trouble remembering it. This happens all the time—students who have just taken one math course arrive in the next with very little residue in memory. We try to explain things so they make sense, but often with little success, because we are building on a sandy foundation, we do not get enough feedback about how our words are being received, and we don’t have enough time to un-do past damage. This is where group work and student presentations and more time are very helpful. Gail Chaskes of the Math Lab sometimes asks students to repeat back to her an explanation she has just given, and she often gets back something very different. Worse, perhaps, I recently asked a class to tell me an explanation I gave the class before and gotten blank looks all around. Most students are not in the habit of giving explanations, and, I sometimes think, of listening to them seriously. They’re waiting for a  routine they will be asked to reproduce on a test.

I’m reminded of a friend of mine who has a three-year-old grandson.  Once recently she was explaining to him why they were going to do some particular thing, and the boy's father told her that there was no point in her explaining that to him because he was too young to understand the reason she was giving. Her response was that she was teaching him that we have reasons for the things we do.

This really struck me. I think we are teaching people many of whom don’t expect reasons for the things we do, in mathematics or any other subject. If they had been taught proofs in geometry that might have helped, but few of them were—it seems it’s not done these days. Mathematics above all other subjects should be teaching logical thinking, and we seem to have many students who just aren’t prepared for it. In fact, most are clearly expecting to be taught routines to copy, and nothing else. Some routines they need, yes, but nowadays machines do much of it, and the need is for conceptual thinking and problem solving. These require logic. We are not starting at ground level; we are starting in a sub-basement. I have heard that around 1900 the powers that be gathered to decide the goal of public school education in America and decided it should be to produce good assembly-line workers. I haven’t done any digging to verify this, but it certainly would explain what I hear in the classroom. The students deserve better. My experience is that they like it when things make sense to them. And there aren’t that many assembly-line jobs in this country any more anyway. 

I have students work in groups on problems in class, and, as another instructor who does the same thing puts it, I eavesdrop. I had tried one semester giving students challenging problems for homework, but they didn’t do them. They need to be with other students and the instructor, for stimulation and guidance. Homework is mostly for drill and reinforcement. This semester my Math 161 class works in groups on problems at the end of nearly every class, and as of mid-semester there has been only one time when they did this that anyone even noticed when class was over, they were so engrossed. (That doesn’t happen when I talk the whole time.) I’d like to have more time, as Norma recommended, and more technology. 

And I would like to see the course more coherent, so that students see more clearly what mathematics is. I remember an undergraduate chair at a large state university once saying that at his place, by the time students found out that mathematics was more than just a collection of skills they were so far down the line that to change to a math major, as they might have liked to do (from engineering, usually) they would have lost a year. 

We in mathematics have a lot of work to do—very, very useful and very, very interesting work. And we at Community College of Philadelphia are under way with it.
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