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October 4, 1957 was a Friday.  On the evening news, we learned that the Soviet Union had put a satellite into earth orbit, thus beating the United States and scoring a huge propaganda victory.  All weekend, people talked about what was happening and what it might mean.  Fingers were pointed and excuses made.  There hadn’t really been a race.  Everyone knew that the U.S. was about to send up its own satellite, but we were waiting to do it right.  If we hadn’t separated our scientific effort to build a satellite from our military effort to develop new weapons, we could have been first.  Anyway, the Soviets must be lying; they didn’t have the capability to put such a heavy object into orbit.  But no one could avoid the conclusion that Sputnik’s ascent had brought with it profound political, military, and scientific implications for Americans.


The educational implications of Sputnik were slower to surface.  The big news of the day in education was the continuing battle between President Eisenhower and Governor Faubus over the integration of Central High School in Little Rock.  Only a few commentators that weekend observed that Sputnik was the product of a society that could not only command how its technical resources were to be used but also provide the educational conditions for developing those resources.  Over the ensuing months, as policy makers stopped blaming other policy makers, they began to argue that our apparent lag in science and mathematics was, in part, the product of an outdated school curriculum in those subjects.  Greatly increased amounts of government money quickly became available to reform school mathematics and science, and a new era began.


When Sputnik went up, I was a first-year teacher.  I was completing my fourth week of teaching seventh-grade science and ninth-grade algebra at a junior high school in Berkeley, California.  In my algebra class, I was giving a test covering the chapter on equations and their uses in Virgil Mallory’s 1950 First Algebra.  Equations were said to be statements about the equality of two expressions and apparently required the presence of what was called a literal number, which was also called an unknown when it was used by itself in an equation.  Near the end of the course, furthermore, literal numbers would be termed variables, as distinct from constants, because their values changed.  This confusion of language and ideas was widely accepted as a natural part of introductory algebra.  The new math reforms would attempt, among other things, to change all that.


Most of the new math reformers believed that the school mathematics program had become so entangled in senseless jargon and was so out of step with mathematics as then taught in the university that it needed a complete overhaul.  The language of sets, relations, and functions would provide not only a more coherent discourse in the mathematics classroom but also a more meaningful structure for learning.  Students would be drawn to mathematics by seeing how it fit together and, in particular, how the great ideas of modern mathematics brought order into the chaotic curriculum of literal numbers that were not really numbers at all, a notation for angles that did not distinguish between an angle and its measure, and operations on numbers that included turning them over, bringing them down, canceling them, and moving their decimal points around.


Having just completed a teacher education program at the University of California at Berkeley, I was vaguely aware of some of the changes already underway in secondary mathematics.  Max Beberman was leading a secondary mathematics curriculum project at the University of Illinois, and the Commission on Mathematics of the College Entrance Examination Board was developing a statement on how college preparatory mathematics needed to be reformed.  But I was not prepared for the flood of activity that was to come.


At Stanford University the following summer, I attended an institute for mathematics teachers sponsored by the General Electric Corporation that was a forerunner of the summer and academic year institutes for mathematics and science teachers that were about to be funded at a much higher level by the National Science Foundation.  At the institute, I had a class from Morris Kline, who was to become the single most prominent critic of the new math reforms and who was already collecting applications of mathematics that might be used in the secondary curriculum to counter the direction the new math was taking.  Several years afterward, I went back to Stanford full time and participated in an NSF-sponsored academic year institute featuring courses by George Polya, also a critic of the new math reforms.  I would later assist Polya in subsequent institutes and courses.  When Ed Begle and the School Mathematics Study Group (SMSG)—the largest and best known of the new math projects in the U.S.—moved from Yale to Stanford in 1961, I had the opportunity to see some of the reform effort up close.  Begle became my major professor for doctoral studies, and Polya was on my dissertation committee.  Consequently, I was able to work with two eminent scholars who, while respecting each other’s views, could not have had more divergent ideas as to what changes were needed in school mathematics.


In the current climate of cynicism about education, it may be impossible for people who did not live through the heady times of the new math to appreciate how confident the reformers were that fundamental changes could be made in U.S. mathematics education, given the will and the resources.  There was no shortage of enthusiasm, ideas, or money.  Many educators felt that at last school mathematics was headed for a genuine reconstruction and revitalization.


Today, my students look back at the new math era as ancient history and cannot imagine what the fuss was about.  It is impossible in this brief paper to draw up a balance sheet on what something as multidimensional and diffuse as the new math did or did not accomplish, but there are some implications to be drawn from that time.  In the comments below, I offer five lessons from the new math era that may be useful for anyone looking toward future reform efforts.  These lessons are not all that I learned from my experiences during the era, but they capture much of what has seemed important to remember in the years since then.





Lesson One: All educational reform is local.


When Tip O’Neill, the late Speaker of the House of Representatives, lost his first election to the Cambridge City Council, he learned not to take the voters in his neighborhood for granted.  His father took him aside and told him, “All politics is local.  Don’t forget it.”  For O’Neill, the first rule of the political game became to pay attention to your own backyard and take care of your people.


A hard lesson taught by the new math was that educational reform, too, is local.  Bold visions, innovative materials, and opportunities for teachers who want to revamp their practice all have their place in stimulating reform, but they are not sufficient.  If education is to change, it has to happen in the classroom.  Teachers and students alike need to both understand and accept the proposed changes, or they will not occur.  Although some of the new math projects did work closely and extensively with schools that were attempting to implement reform ideas, most greatly underestimated the need to reach teachers, parents, and students with their proposals and to ensure that teachers in particular were comfortable with them.  After working with secondary mathematics teachers, who for the most part agreed with the proposed reforms and could cope with them, several projects ran aground when they turned to the elementary school curriculum and encountered a much larger cadre of teachers, few of whom could see what was being asked of them.  Many of these teachers did not feel comfortable teaching a different mathematics.  The reformers underestimated the magnitude of the task and failed to make sustained, productive contact with the people “in the trenches” who were the only ones that could translate the reform ideas into practical action.


Educational reform is local in another sense, too.  During the new math era, a number of well-intentioned efforts were made to transplant reforms from one country to another.  In particular, teams of authors from Western countries attempted to provide curriculum materials to countries in Africa, Latin America, and the Middle East rather than assisting them to develop their own curricula.  Lacking an understanding of both the educational system and the social ethos of the schools in those countries, the authors produced materials that were largely unsuited for the circumstances in which they came to be used.  Importing reforms into the U.S. proved equally unsuccessful.  Approaches such as open classrooms, work cards, and teacher centers failed to take root in U.S. soil.


The recent video study component of the Third International Mathematics and Science Study has made the point tellingly.  No one can look at the tapes of teachers in the U.S., Germany, and Japan teaching eighth-grade mathematics without coming away impressed by how strongly the lessons in each country are conditioned by the social and cultural context in which they are given.  Teachers and students in each classroom seem to have agreed-upon expectations as to their roles that guide what they do and how they work together.  Changing the ethos of the mathematics classrooms in a country clearly requires concerted effort of a sort rarely attempted during the new math era or since.





Lesson Two: Mathematical thinking is not bookable.


“Bookable” is a term used by publishers to describe the capability of a concept or mental process to be captured in print in a form that teachers will accept and can use.  Many of the new math projects concentrated on bringing about reform primarily through the production of innovative materials.  In particular, by providing sample textbooks for mathematics courses, the SMSG attempted to influence the commercial textbook publishing process, which would presumably then change how mathematics was taught.  The SMSG author teams, by providing fewer problems for students to work, expected that those problems would be treated by teachers in greater depth and detail.  The problem-solving process, however, proved not to be bookable.  Books are not good at handling tentative hypotheses, erroneous formulations, blind alleys, or partial solutions.  Teachers misunderstood what they were to do and called for more problems instead.


Max Beberman, in the new math materials he designed for the University of Illinois Committee on School Mathematics, attempted to incorporate into many lessons what he called guided discovery.  Students would be led to see patterns in mathematical expressions and thus to arrive at generalizations that would not need to be made explicit in the materials (until a later lesson).  The materials apparently worked well when restricted to teachers who had been trained in their use.  When they were later published in the form of commercial textbooks, however, the guided discovery feature was greatly attenuated in order to capture a larger market.


Several recent curriculum projects have run into the same phenomenon.  When efforts are made to encourage students to think about mathematical ideas rather than having them enshrined in a text, teachers who are not familiar with how those ideas might be handled criticize the books as incomplete and unsatisfactory.  Textbooks are expected to contain authoritative rules, definitions, theorems, and solutions.  Consequently, asking students to think about and formulate their own versions of these things rather than providing them ready-made can make a textbook unusable for many teachers.





Lesson Three: Teachers’ knowledge is more easily changed than their teaching.


The new math era is often criticized as a time when teachers were neglected and only the production of curriculum materials counted.  Forgotten are the many institutes and courses that were provided to help teachers acquire the mathematical knowledge that the new materials demanded.  For the most part, however, the courses were essentially college mathematics courses retooled for teachers.  They provided new content knowledge but did not address the pedagogical problems of teaching that new content.  Moreover, almost no attempt was made to deal with the conditions under which teachers work that inhibit their ability to change their teaching.


A wise colleague, a mathematics teacher in Athens, once said, “I know how to be a better teacher than I am.”  That profound statement is true, I think, for many of us—teachers who have learned the mathematics and have thought about the techniques we might use in teaching it but who have been unable to put that new teaching into practice day in and day out.  A recent study my colleagues and I at Georgia conducted of an innovative precalculus course showed how risky and troublesome it can be for teachers to make substantial changes in their practice.  They do not do it without having strong incentives and substantial support from their colleagues.  The new math projects, for the most part, failed to address the conditions under which teachers work.


Curriculum reform efforts in the new math era tended to concentrate on out-of-class product rather than in-class process.  It is interesting, for example, that most efforts supported by the National Science Foundation, essential as they have been in promoting reform in school mathematics, have dealt with what are termed materials development and teacher enhancement.  The focus has been on materials and on teachers rather than on what is taught and how it is taught.  That focus, I am afraid, characterizes many of today’s reform proposals as well.





Lesson Four: You can compare apples and oranges, but not on what counts.


In my work for the SMSG, I assisted with the National Longitudinal Study of Mathematical Abilities, a five-year project to assess the effects of new math curriculum programs.  I learned many lessons from that experience, but one of the most important was that when curricula have different goals, they can be compared either on the goals they share in common, in which case important things are not measured, or on the entire set of goals, in which case each curriculum is at a disadvantage on the goals it did not attempt.  If a new curriculum teaches different mathematics from that of the old curriculum, students who were not taught that mathematics cannot be expected to know it.  It is discouraging and unfair to such students to attempt to go deeply into their understanding of something they have not been taught.  Legitimate comparisons can only be made on common goals, which necessarily fail to capture much of what makes each curriculum unique.


That lesson seems simple enough, but it has not been learned by many who would use the results of a single mathematics test to compare the performance of students in different mathematics programs across different states or countries.  The tests used for such comparisons are never optimally attuned to the goals of each program; they cannot be.  Nor do they represent consensus judgments of what all students need to know and be able to do.  Instead, they are essentially political compromises that reflect what administrative bodies are willing to fund as minimal indicators of student knowledge.  If we want to know what mathematics our students are learning from the programs they are in, we need to use instruments that are sensitive to all facets of those programs.





Lesson Five: “Mathematics education is much more complicated than you expected, even though you expected it to be more complicated than you expected.”


This quotation comes from Ed Begle, who formulated it in relation to what he had learned about research and evaluation in mathematics education during the 1960s.  I have adopted it as a kind of meta-lesson that not only covers the others I have offered but also doubles back on itself.  It reminds us not to be too easily tempted by nice words about lessons to be learned from our experience.


The new math reforms, like all educational reforms I know about, accomplished neither what their supporters wanted nor their detractors feared.  Instead, their major contribution, apart from preparing the ground in which current reform efforts have been planted, was to develop the field of mathematics education in schools and universities.  The strength of mathematics education in the U.S. today is due in no small part to the recruitment into the community during the new math era of some of the most talented people of that generation.


Educational reform is often construed as a technical problem.  The curriculum project, which came into being during the new math era and which remains one of its enduring contributions to the curriculum field, was modeled consciously or unconsciously on the scientific and military projects of World War II and its aftermath that set out to harness the atom, cure disease, or put a satellite into space.  A nation that can put a man on the moon ought to be able to reform its educational system—so goes the standard claim.  But changing how and what mathematics is taught to our children is not a technical problem.  It is a human problem that demands an understanding and appreciation of how people work together in classrooms to learn and teach and do mathematics.  What brings them there?  What is important to them?  How can they be helped to do their work better?  What does society want them to do with mathematics, what do they want to do, and how can these be reconciled?  Why should they change what they are doing?  These are the sorts of tough questions that were overlooked during the new math era but that anyone who would reform education must somehow address.
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