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   Mathematics education is therefore structured in the 

              interests of a social elite. To the majority of children, 

              mathematics looks rather useless. Maths anxiety is 

              widespread; especially for sons and daughters of peasants and 

              laborers, mathematics enjoys little popularity. Mathematics 

              education serves the selection of elites: "Mathematics is 

              universally recognized as the most effective educational 

              filter" as EL Tom underlines. Ubiratan D'Ambrosio, president 

              of the Interamerican Committee on Mathematics Education, 

              agrees: "...mathematics has been used as a barrier to social 

              access, reinforcing the power structure which prevails in the 

              societies (of the Third World). No other subject in school 

              serves so well this purpose of reinforcement of power 

              structure as does mathematics. And the main tool for this 

              negative aspect of mathematics education is evaluation."

              
   

- Paulus Gerdes, On culture, geometrical

              
   

  thinking, and mathematics education.
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              It's been true that mathematics in the United States has been 

              used as a filter. It's still thought that if everyone passes 

              algebra, there's something wrong with the teacher.

              
   

- Dr. John Atkinson, Mathematics Professor

              
   

  Missouri Western University

              
   

  April 27, 1991

Allow me to begin with a sincere disclaimer. The problem that I will discuss here is unrelated to any situation that I'm aware of at my institution or anywhere else in my state. My views are the direct outcomes of my experiences and contacts 

throughout the USA.

The issue presented here is the regulation of mathematics literacy by limiting the number of people who succeed in learning mathematics. A case will be made here for the idea that such regulation exists in the United States, and that this numerical regulation is supported by arguments which merely sound logical and just, but which are in fact neither sound nor just. The implications of numerical regulation, and the means by which regulation is or might be attempted, will be listed. Those principles and people who generally oppose numerical regulation of mathematics literacy (NRML) will be mentioned, with arguments favoring criteria regulation of mathematics literacy (CRML) as an alternative. 

Definition and Perspective

Numerical regulation of mathematics literacy will be defined here as the effort to control the number of people who are declared successful in learning mathematics, regardless of how much or little is learned by those so certified or by those left behind. 

Numerical regulation differs from criteria regulation, whereby quality academic criteria is established to determine success. Per criteria regulation, teachers use all fair and reasonable means at their disposal to encourage and facilitate learning, and all who succeed in meeting that criteria are declared successful 

accordingly, regardless of how many succeed. 

Existence Postulate for NRML (NMRL > O)

The existence of numerical regulation has not been hard to establish at a conference of mathematics professors who work in the United States. Mathematics educators and teachers, however,  often react with suspicion. NCTM Director Larry Luck (1986) once described criticizing educators (such as I am) as "people who find a devil behind every curtain." My response to his comment is that in this instance, some so-called "devils" or advocates of numerical regulation have clearly stated their view and proudly showed me their curtains. Here are some examples.

The first time I heard the NRML view was in a professor's office in graduate school. Whenever we got to some especially hush-hush topic in our one-on-one conversations, this professor would close his office door and preface his remarks by saying, "Now, if you quote me on this, I'll deny it." In this particular instance he continued this way: "Stan, there are a number of jobs in our society which no one really wants to do, and it helps us to find capable people to do these jobs if we can persuade them that they are incapable of doing anything else." 
My reaction to this statement was strong and negative, but controlled enough that I was able to respond this way: "OK, now, what you're saying is that our disagreements are not with respect to what works in mathematics education; our differences boil down to greed vs. generosity, haves vs. have-nots, elitism vs. populism." He replied, "That's exactly what I'm saying."  

Another grad-school professor would simply glare at me whenever I began to sound populistic and would say, "I see you haven't been initiated yet." A more dramatic testimony concerning professional  regulation came from an individual who is widely regarded as one of the best and most knowledgeable speakers that our mathematics education profession will ever have. I put the question to him this way: "Is the National Council of Teachers of Mathematics more interested in unlimited mathematics literacy, or is it more interested in regulation of mathematics literacy?" The answer was immediate and a bit paternal: "Stan, everyone regulates." 

I hasten to add here that I do not regulate and I am a Life Member of NCTM. And I also defend that person who said "Everyone regulates", as another NCTM member with definite populistic inclinations. Furthermore, NCTM past-president John Dossey (1987) has been stumping the country telling us that in Japan the response given to a mathematically-slow student is, "Anyone can learn mathematics; you get busy and learn it." Dossey says that we need to get rid of the mystique about mathematics being only for the genetically-blessed and adopt the Japanese attitude; so not even everyone in the NCTM leadership is dedicated to regulation.

A former department chair and pre-calculus instructor at a big high school in Colorado Springs recently asked the new chair/pre-calculus instructor, "How many kids have had to drop your pre-calculus course so far?" The new man replied, "Well, thankfully, none, so far." The veteran man responded, "Then you're not doing your job." The NRML message was clear, for the first teacher did not ask how much course material had been covered; he cared not a bit about the rate of learning mathematics. He cared only about how many kids had been discouraged.

In all, 26 individuals have made similar comments to me about the NMRL issue in the past thirty years, and thus I postulate for its existence. I argue further (in agreement with another Missouri professor) that whenever the Normal Curve is used to assign grades to a population of students, numerical regulation, not criteria regulation, occurs. For an entire class could be ignorant, yet the best would get A's per use of the Normal Curve. On the other hand, the entire class could be superb, but the worst would get F's per use of the Normal Curve. 

I add for clarity that NRML goes beyond the routine and needed turning away of those who are unready or unwilling to work. What I am postulating and opposing is discouragement of the ready and willing.

Also: my list of 26 expressions of support for numerical regulation does not include mere advocacy of the myth that only the blessed can learn math (and want to). A recent publication of the University of Chicago School Mathematics Project referred to this as "A Dangerous Myth" and stated the myth this way: "Either you have it in math or you don't, and the job of the teacher (or 

school) is to find out who has it." (Usiskin, 1990) A popular poster suggests the same thing (when displayed in a mathematics office) in these words: "Never try to teach a pig to sing. It wastes your time, and it annoys the pig." 

Rationale for NRML

Arguments in favor of numerical regulation have been offered by most advocates. The bandwagon argument was, again, "Everyone's regulating these days." The money-for-research argument was expressed well by a Missouri professor, who said that if a police department did its job too well, there'd be no public tax support for the police since there'd be no crime. The argument for quality of mathematics is this: let the cream rise to the top -- in other words, the quality of mathematics is maintained or enhanced by the elimination of competition. A corollary is the class size argument: we do a better job with fewer students.

The socialization-of-the-child argument, a la John Dewey, states that the transmission of too much factual information to too many people gives us an unmanagable population of people with attitudes rendered competitive by such fact learning. The job protection argument has been expressed a number of times to me in these terms: "Stan, what kind of job would you and I have if everyone 

was as good in math as you and me?" 

Finally, one's reputation among colleagues is often defined in terms of the number of A's one does not give. At the University of Texas in the early 1980's, teachers were given a semi-formal S.O.B. rating in the department (Daniel, 1980), whereby high standards of teaching were defined by the number of mathematics students who were discouraged by way of low grades. 

Weaknesses in the Pro-NRML Rationale

The consequences of NRML, it is argued, will include more money, status, and security for professions involving mathematics, and help the growth of new ideas, and enhance the reputation of professors, and help produce a manageable society, and put us on the regulatory haves-vs.-have-nots bandwagon beside the rest of our culture. I argue that some of the positive benefits would be ours anyway even if we changed to CRML -- such as money, status, security, and growth of new ideas. If mathematics becomes more accessible, the demand for our services will be at least as strong as it is today. The report on the State University of New York at Potsdam in the March 1987 MAA Monthly gives strong support to most of these statements.

I object to any assumptions about class size. I tell my overloaded classes, "We're overloaded, so pay attention. We have no time for daydreamers, absenteeism, unfinished assignments, sleepiness, or shyness about raising the hand when I confuse you." The homework is consistently excellent, consequently, and there are even higher percentages of A's, even with tougher criteria than the last semester's.

I resist the notion of an artificially managed society, John Dewey style, as impossible anyway. But such a goal is also contrary to ideals that I was taught to love and still adhere to, namely, freedom of choice, honesty, industry, and fair play. I hasten to point out other consequences, namely, the fact that other countries such as Japan encourage widespread achievement and competition in mathematics, which adds to the self-image of their people in general and the work force in particular. 

Such national strength in mathematics literacy contributes to the strength of national ecomony, and our weakness in turn is in part why the majority of the Ph.D.'s awarded each year in mathematics go to citizens of other countries, and why the majority of patents awarded by the U.S. Patent Office go to citizens and corporations of other countries (Dossey, 1987).

Rationale Against NRML

At both our elementary and secondary levels, our curriculum is severely watered-down and student practice routines are unproductively designed. These situations lead to students not remembering much of anything studied in most math classes, making students feel inadequate and confused and making school seem pointless. Because of inadequate mathematics programs, most students in our country are left out of science classes and much more as well, and are victims of general academic emasculation and disenfranchisement. 

These left-outs more easily become dropouts, and are more prone to drug abuse, sexual irresponsibility, disrespect for themselves and their chances, and disenchantment with their political and social system. They grasp for anything that will help them prove that they are important, which may include stealing someone's car stereo just to impress friends. They are in effect slaves in a free-market economic system, imprisoned by ignorance and the negative attitudes imposed upon them. They are vulnerable to temptations from merchants of easy money, in crime routines, welfare politics, and so on. 

Seeds of NRML

How is it that mathematics teachers regulate achievement? At the primary and elementary levels, teachers substitute fun group activities for the more obnoxious individual effort needed to learn basic necessities. At the junior high and high school levels in the USA, students are rushed from several years of business- 

as-usual arithmetic into a course in algebra full of new information (Flanders, 1987), then yo-yo-ed into a course in geometry to which they will never return. 

Such fragmented curriculum is unique to the United States, by the way; everyone else introduces algebra earlier, more gradually, and, yes, more successfully. Our secondary teachers tend to imitate professors by lecturing in greater detail than students can absorb, wasting class time that would be better used for individual help and review routines. Many of us who decided to become secondary teachers made that decision because we enjoyed being the smartest person in the class when we were in high school, and want to continue in that vein. Our efforts to make ourselves awesome make us shy of methods which might spoil our show. 

The politics of metropolitan school systems also perpetuate regulation, for precisely the reasons presented in the argument for funding the police. Big-city superintendents are not given peer-approval by the amount of academic progress made by their students, but instead by how much more money they can get for 

their budgets from the various legislative groups. And money is of course easier to demand if there is illiteracy. Suburban districts survive by pretending that their school systems are worth the extra cost of real estate, and it is hard for such districts to accept a populistic attitude about anything. 

Similarly, professional organizations such as NCTM enjoy more attention in the press and attract larger memberships when there are literacy problems. All of which puts pressure on so-called professionals to contribute lip-service only to mathematics literacy improvement efforts, for the elementary and secondary 

schools in the United States.

In higher education, numerical regulators are those mathematics professors who are notoriously tough only before the drop deadline. They treat questions rudely and talk to the chalkboard during class, staring off into space when a student darkens the office door. The day after the drop deadline, Mr. or Ms. Popularity emerges where Count Dracula once drew blood. Such professors are often given the responsibility of teaching the first two years of study, such as the calculus classes. Norwood (1987) touched on other characteristics of mathematics professors which tend to discourage student achievement.

Other university departments, usually the schools of business or engineering, attempt their own regulation by piggy-backing on the mathematics department. These schools increasingly require higher mathematics for upper-division admission, not because the mathematics is needed so much as because such policies decrease the numbers of students who succeed.     

Finally, professors of education are easily seduced by philosophies of education, or of life, which make education sound difficult and artistic. The thoughts of Rousseau and Piaget are the prime examples here. These philosphies tend to emphasize the problems of individual differences and ignore the usefulness of common similarities. Teachers thus trained try to focus on instructional strategies which will supposedly be instantly understood and remembered by any mathematics student with potential. Common sense about the need for review and for strong content is effectively diminished in most future teachers, regardless of grade level of service, by colleges of education. 

The Seeds of CRML

Opposition to NRML seems to be rooted in ethical principles, as I have indicated, such as fairness and decency toward one's fellow travelers. For what it's worth, I still treasure the notion that whatever someone does on behalf of the helpless is done on behalf of the Divine, and that one modern-day equivalent of feeding the hungry, visiting the sick or imprisoned, clothing the naked, or taking the stranger in, is good teaching. I do believe that all of us should have equally good chances to make our own way, that life, liberty, and the pursuit of happiness are still inalienable rights, and that democracy is only possible when citizens are educated, self-confident, and prone to rebellion if their leaders try to be more equal than their constitutents. 

Again, for what it's worth, I personally have some self-respect here. We in mathematics and mathematics education have no business being stooges for those social managers who want a submissive laboring class of citizens, or a class of criminals, or a class of illiterates, or welfare voters or lottery players, just to exploit for personal gain.  

Who else besides yours truly favors CRML? John Saxon certainly does, and Frank Wang, Stephen Hake, and Nancy Larson, with whom Saxon has coauthored textbooks. These textbooks, and those by UCSMP and McDougall-Littell, do not force students to understand ideas in one day or else, but instead let students sleep on topics and continue practice on a wide variety of ideas each day. The topical demands of their books are indeed higher than that of standard books, but because of the format the number of students 

who succeed is larger, not smaller. 

USCMP's Zalman Usiskin recently expressed the issue this way in a remarkable address (1990) entitled, "If everybody counts, why do so few survive?":

              Last year I spoke about the myths that one must dispel 

              if one is to make the kinds of changes we need to make. 

              One of those myths is fundamental to the problem of 

              survival. The myth is: Either you have it in math or you 

              don't, the the job of the teacher (or school) is to find 

              out who has it. 

              ....

              I do not believe [teachers] are the real problem. The 

              real problem is...systemic. Even as we assert that 

              everyone can learn mathematics, certain common practices 

              serve to undermine that belief.


Usiskin cites "wipe-out courses", belief in difficulty over content as a measure of course quality, and relative standards such as excessive A's or B's among his list of faulty common practices (1990). 

Jamie Escalante has almost single-handedly de-regulated mathematics learning for Hispanic students in East Los Angeles without budging an inch on criteria. And there are others, including Marva Collins and Carolyn Talton. 

I agree with John Dossey on our need for Japanese expectations, of course. High expectations of all are vital to the criteria approach to regulation. I did not get into mathematics education to regulate but to liberate. I know that by virtue of my mathematics training I have more personal freedom than most anyone 

without such education. I want to pass such freedom on to as many of America's children as I can. And I want to see it done fast, before foreign investors take over too many more US corporations.

The consequences of efforts to regulate mathematics education include good news and bad news. For those who advocate NRML, the good news is that seven of the eight most desirable professions in the United States heavily involve mathematics training beyond calculus. For all of us, independent of our various positions regarding regulation, the bad news is that the cost to American industry in providing basic, remedial arithmetic and reading education to capable-but-ignorant job trainees was $250 million per year, and rising, in 1988. That cost is eventually passed on to consumers, making American goods and services more expensive and less competitive here and abroad. The loss to American productivity because of employee illiteracy was $225 billion per year, and rising, in 1988 (Dykeman, 1988).

How long can we stand this before our nation goes bankrupt? I for one would rather not find out. And anyone who shares any of my affections for the opportunities of the United States should share in this call, now. I call specifically for an end to NRML policies and attitudes by NCTM and MAA members and leaders, especially those that imply a limit on the number of students who take algebra in eighth grade (NCTM, 1986) or are introduced to calculus in high school (MAA-NCTM, 1987). I argue instead that we should have good criteria for students who take these courses, but never a lid on the number of such students. I also call on my fellow professionals to advocate methods which clearly work -- ongoing review, cumulative exams, and the consequent opportunity of accelerated and broadened curriculum. 

Implementing CRML

Classsroom practices which support CRML have been mentioned, and I will review some ideas here, beginning with review problems in each assignment and on each quiz and exam. This is a higher expectation, requiring students to review and remember. But  students are better able to see the big picture of what we are teaching if we thus connect the topics and chapters. Student appreciation and motivation also improve, along with learning success. Subsequent teaching is easier, and more course content can be added, making the quality of mathematics stronger than ever. Because basics are mastered better, demands for creative efforts are more likely to produce results. 

Above all, proponents of CRML do not discourage students by announcing that there will be no A's given in the course. A criteria-regulator tells students in plain language what it is they will need to be able to demonstrate to earn an A. Such criteria might be much tougher than a numerical regulator's hidden agenda. Criteria regulators may give more A's than their numerical-regulator colleagues and might be accused by the S.O.B. raters of being an easy teacher. Only comparison testing of student achievement gains would really tell the truth here.

Mathematics majors tend to be students who took full advantage of the college-prep opportunities in high school, working hard on difficult material. They come to higher education with valuable technical potential and enlist for the toughest, most precise and rigorous discipline. For their extraordinary efforts, those math 

majors who survive NRML get 3.2 grade averages, because of the widespread popularity of the NRML line of thinking. 

Meanwhile, elementary education majors enter with less technical preparation (generally); they may work as hard, but, being told exactly what to do to get an "A", they dominate the lists of honors students when they graduate. The response of many mathematics professors to this point is, "Well, I went through hell to get my degree. Why shouldn't my students?" Such is not logic, and might indicate that our hell didn't do us that much good with respect to common sense.

I argue for populism, economy, and humanity here. I find nothing worthwhile in the arguments for NRML, unless it be that numerical regulators have fewer final exams to grade. Mathematicians ought to aspire to higher roads than that one anyway, but let's take a close look at selfishness. If we are truly selfish, we will also consider what happens when only other countries use the methods I'm advocating and these nations subsequently buy or bury our country. Of course, one might argue that these other countries have different cultures, but I've seen enough of the stateside success of what I'm upholding, with no changes in culture, to feel confident that culture is no issue. It's time to move forward for whatever reason into a criteria- based upholding of mathematics development and learning.    

The NCTM Standards proposals deserve mention in this article, to attempt to fit the foregoing discussion with the most current recommendations of the most visible mathematics teachers' organization. As with other suggestions made by NCTM and the MAA in the 1923 Report and the Agenda for Action, the Standards document calls for de-emphasis of things such as expository teaching, practice, memorization, worksheets, early exposure to number essentials, measurement relationships, algorithms, vocabulary, and manipulative skills (NCTM, 1989) essential to anyone who wants a chance at professions such as engineering. 

Such calls are unnecessary at best and numerical-regulatory at worst. I have no objections to anyone's suggestions to include new ideas, for we have plenty of room in our present-day school curriculum for new and accelerated ideas. But I feel that the recommendations to postpone or de-emphasize should be eliminated until ignorance of a particular topic can be shown to be more beneficial than education. And I hold that the recommendations to include calculators in all phases of elementary instruction and testing are potentially the most powerful suggestions anyone ever made for radically limiting the number of people who attain mathematics literacy. 

In conclusion, I will re-emphasize my first disclaimer here and add one more. The problems that I have discussed here are unrelated to any situation that I'm aware of at my institution or anywhere else in Missouri in particular. My views are the direct outcomes of my experiences and contacts throughout the USA. 
Furthermore, I agree heartily that the problems of mathematics illiteracy in the United States are much more complex than this one issue; if every mathematics teacher and professor suddenly became a criteria-regulator overnight, we would still have a multitude of other things to deal with (specific classroom practices, for the most part) before we would have any visible progress on the larger problem of mathematics literacy in the USA. 
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“The benefits of education -- generally diffused -- are essential to the preservation of a free government.”

· attributed to Sam Houston, shown on the  northwest corner of the outer wall of Wichita Falls High School, Wichita Falls, TX.

