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During the Second World War thousands of young men were drafted into military service.  As the branches of the service tested recruits in mathematics, they discovered that their level of mathematical knowledge was very low(far too low to satisfy the military that the country had the technical expertise to support military supremacy in the cold war years. Concerns heated up in the country over the lack of mathematics and science skills of young people. Dr. Vannevar Bush, Director of the Office of Scientific Research and Development, chaired a presidential committee that in 1945 issued a report entitled Science the Endless Frontier.  This report called for bipartisan federal support for science, including mathematics, technology and higher education. The foundation of the argument presented was that the U.S. victory in World War II had hinged on technological superiority, and that without federal support in peacetime, any future conflicts might result in defeat due to scientific deficiencies. Dr. Bush called for a renewal of scientific talent to meet national security needs. One primary recommendation of the report was the creation of a national agency to fund research in mathematics, science, and engineering. In addition, the agency was to work to increase the scientific and technical person-power of this country. In response, the National Science Foundation (NSF) was established in 1950 and has been the backbone of support for mathematics and science and for science and mathematics education ever since. 


	


During the fifties the debate in Congress about federal aid to schools continued. The recession had caused schools to be neglected. Buildings were in disrepair, new schools were needed, and resources for educating students were lacking. The arguments in Congress centered on a debate between aid to schools that would build buildings and a defense-education bill. Sputnik tipped the scale in favor of the National Defense Education Act that was passed in 1958 with an allocation of almost one billion dollars for education in the name of national defense. The NDEA had major provisions for loans to higher education students; fellowships for advanced study of mathematics and science; guidance counseling and testing to identify able students; improvement of K-12 science, mathematics, and foreign language programs; vocational programs; and research on effective uses of television and other media for educational purposes. Now there were two arsenals deployed in the aftermath of the war to strengthen the scientific capabilities of the country(the NSF and the NDEA. 








The NSF Strategy for Improving Mathematics and Science Education





In order to produce more scientists, mathematicians, and engineers, NSF recognized that there had to be sufficient numbers in the science and mathematics pipeline at all stages, including K-12 students. NSF was the federal agency with primary responsibility for this effort. From my perspective as a student who graduated from high school in the spring before Sputnik was launched, and whose graduate education was during the time of National Defense Education Act  fellowships, what happened during the 1960s as a result of NSF and other federal agenciesÕ efforts was an amazing nationwide focus on mathematics and science education. Even in the high school in a small rural town in southern Georgia in which I taught mathematics in 1961, the mathematics teachers were delighted to have a new faculty member to ask about this “new mathematics stuff” that was being talked about. Imagine my chagrin to have no idea what they were talking about in spite of my brand new bachelors degree. It seemed that my undergraduate degree was obsolete, and I chose to enter a masters degree program at the University of Georgia in the summer of 1962. After a year I was encouraged to stay on for a doctorate and offered a chance to work with a psychologist on the faculty who was studying the School Mathematics Study Group (SMSG) high school algebra material that was developed as a self-study, self-paced course. At last I had a first-hand seat to part of the curriculum development effort that was attempting to change the mathematical landscape in school mathematics in the U.S. 


	


During this decade after Sputnik, NSF undertook two major kinds of activities to accomplish its goal of pumping more well-educated young people into the scientific pipeline(improving the knowledge base of teachers of mathematics and science, and improving the curriculum materials that were used in schools for teaching mathematics and science. To improve the knowledge base of teachers NSF funded projects at institutions of higher education across the country with a level of support and intensity that exceeded anything available to teachers before or since this effort. Creative mathematics and science courses were developed. These were designed to be accessible to teachers and, at the same time to enhance greatly the mathematics and science knowledge of teachers. Many of these projects were extended intensive immersion programs that led to masters degrees in mathematics or science. The result of this effort was the development of highly qualified experienced teachers, of mathematics and science leadership for higher education institutions, and of school and state supervisory personnel. As we look from the vantage point of 40 years of history since Sputnik, the number of persons in leadership positions in mathematics and science education across the country who came out of programs such as the Academic Year Institutes and Experienced Teacher Fellowship Programs of the 50s and 60s is a testimony to the success of NSFÕs effort. The combined efforts of NSF institutes and NDEA funding for advanced studies dramatically increased the number of young people receiving advanced degrees in science and mathematics. Many of the new Ph.D.s  in mathematics took jobs in industry. 


	


The second aspect of NSF’s strategy was to fund the development of innovative 


K-12 curriculum materials in mathematics, science, and social science. The stance was that with mathematically correct and demanding materials for K-12 and massive mathematics education for teachers, schools would be able to deliver to students a mathematics program that would stimulate an increase in numbers of young people who would become mathematicians as well as an increase in the general mathematical competence of the population. This massive curriculum development effort has been talked and written about in great depth during the intervening years. The label coined for these curricula,  Ònew math,”  has gone from indicating an exciting new school program to a label of disdain applied by conservative, basic skills proponents even today. Just to give an example of the still-existing excitement about the potential of these curricula in 1965, the first fall that I was on the faculty at Michigan State University, I was asked by the Continuing Education College to offer a television course entitled ÒModern Mathematics for Puzzled Parents.Ó Many of my audience were, in fact, teachers who wanted and needed to know what was going on, but were embarrassed to admit their puzzlement.


	


Throughout the decade of the sixties enormous energy went into efforts to improve mathematics and science education. Mathematicians, scientists, social scientists, and psychologists became totally committed to the creation of outstanding materials to engage students in learning mathematics and science. The materials of projects such as School Mathematics Study Group excited mathematically talented young people about mathematics as a discipline. In the current group of mathematicians in their forties, many of them found their way to mathematics through these demanding new materials. At the same time, many young people and teachers found the new materials a bridge too far. The abstraction of the mathematics made the ideas extremely difficult for some to understand. The almost total lack of emphasis on application meant that some young learners, who need to build on their informal knowledge to make sense of mathematics, were not able to succeed with the new materials. Yet, the emphasis in the country on mathematics and science education put pressure on schools to require that young people study more mathematics in high school. The rumbling of a backlash was beginning. 


	


In the 1960s, the curriculum development efforts extended to include social science. It was this latter effort that became the linchpin in the conservative backlash that discredited the curriculum efforts and caused the education activities at the NSF to decline dramatically.








The MACOS Materials: How Success Can Go Awry 





Much of the curriculum development work in the 50s and 60s had as an underlying goal to bring the excitement of research in areas of science into the classroom, to engage students in activities that encouraged them to think like scientists. In September 1964 Jerome Bruner took a leave from Harvard to launch a project at Educational Services Incorporated (ESI) (now Educational Development Center (EDC)) to develop a Social Studies Program. These materials became the Man: A Course of Study (MACOS) curriculum. These were elementary school materials that combined pioneering fieldwork on the social behavior of baboons, with films of the Netsilik Eskimo done as a part of a Ford Foundation Project at ESI, and activities that gave children hands-on experiences in making sense of science and social science. 


	


The intellectual underpinnings of MACOS are to be found in BrunerÕs book The Process of Education which was a report of a conference at Woods Hole that was held in September 1959. The ideas of MACOS were exhilarating: that one could give children authentic experiences with real social science research and have them comprehend out of these experiences what the essence of being human is. Peter Dow, one of the MACOS team members, reports in School House Politics that as MACOS first hit the schools it was viewed with great excitement as an original and very engaging way to promote scientific literacy and to help children learn to think like social scientists. The dynamic engagement with ideas and with materials was heralded as a great achievement. The materials were distributed across the nation and acclaimed as an outstanding social studies curriculum. 


	


By the early 70s however, the mood of the country was changing. Distrust of federally funded materials was increasing. A concern that mathematics curricula were not developing basic skills, that the materials were too esoteric and not of practical use, was heating up. And the pressure on MACOS was about to begin. ÒThe first sign of impending trouble appeared in Lake City, a small market town in northern Florida (population 10,000), in the fall of 1970. Shortly after school opened in September, Reverend Don Glenn, a Baptist minister who had recently moved to Lake City visited his daughterÕs sixth-grade class at the Minnie J. Niblack Elementary School and asked her teacher for copies of the MACOS materialsÓ (Dow 1991, p.178). As Dow tells the story, the school was under a court ordered integration plan. The teachers had chosen the materials because they felt they might help ease racial tensions. However, when Reverend Glenn saw the materials he formed a study group to examine MACOS in detail. Glenn claimed that the materials advocated sex education, evolution, a Òhippie-yippee philosophy,Ó pornography, gun control, and Communism. With support of a local radio station he broadcast four hour-long programs criticizing MACOS. He read excerpts from the student and teacher materials and warned that MACOS was a threat to democracy. This set off a growing series of attacks on MACOS over several years that led to a full scale Congressional debate of MACOS in both houses in 1975. NSF launched an internal review of its Education Directorate activities including an audit of the fiscal management of the project at EDC. While the audit revealed little to complain about, the damage in a sense was done. Dow quotes the former acting assistant director for science education, Harvey Averch, ÒIt was the worst political crisis in NSF history.Ó (Dow 1991, p. 229).


	


The upshot of the MACOS controversy was a decade of little education activity at NSF. The Education Directorate was downsized to an Office with a skeleton staff and few programs. However, the outcry for a federal role in education finally overcame the conservative politics of the Reagan presidency, and in 1985 a Directorate for Science and Engineering Education was established within NSF. The initial level of funding for education efforts was not anywhere near the commitment of Congress to NSF education activities during the height of the curriculum development efforts of the 50s and 60s. However, the directorate was back in the business of supporting teacher enhancement and curriculum development in science and mathematics and has increased its activities dramatically in the past decade.





The question this session presents cuts to the heart of the matter: What have we learned from the Sputnik stimulated education activities that can help us in the current efforts to improve science and mathematics teaching and learning?








What have we learned from the Sputnik era?


	


As a person who has both experienced the ÒnewÓ math effort and who has been deeply involved in efforts over the past 30 years to improve mathematics teaching and learning, I have pondered this question many times. The following is a list of things that I think we have learned, or at least the Sputnik era has pushed us toward, and a bit of elaboration on each. 	





Teachers are key to improving mathematics education. Teacher-proof curriculum is a myth.  The curriculum projects of the 1950s and 60s seemed to send mixed messages on the role of the teacher in reform. Some projects took a very firm stand that teachers could not implement the curriculum without training from the project developers. (The University of Illinois project under the direction of Max Beberman was one of these.) Other projects concentrated on the content and took a less explicit stand on instruction. This left the teacher with two dilemmas(how do I teach this stuff, and what do I do when I do not know the mathematics I am being asked to teach? In the current NSF curriculum development projects, there has been a great deal more attention to creating materials from which teachers as well as students can learn.





The level of innovation of new curriculum materials has to be reachable by average caring teachers.  In the throes of a great excitement about creating innovative curricula, developers in the Sputnik era created materials that were, in some instances, a considerable change from then-existing programs and expectations. This created enormous problems for teachers and for schools. In today’s NSF curriculum projects, developers have faced this problem of change up-front. The projects have continued to ask the questions, ÒHow do students learn mathematics?” and, ÒWhat size step can curriculum materials take from existing practice so that a large percentage of schools will be able to reach from their current programs to the new materials?Ó As a result, the set of recent NSF projects at any grade span are arrayed along a continuum from a medium-sized stretch to a fairly large stretch from current practice. In addition, they pay a great deal of attention to what cognitive scientists have to say about student learning.





Curricula have an implicit or explicit stance on instructional practice. To be effective, curricula must give teachers help in understanding the mathematics content, suggest supportive instructional practices, and provide assessments that helps teachers make instructional decisions.  The new NSF curriculum projects have produced materials that have considerably more help for teachers than earlier projects. Many of the project developers have written materials that have the spirit of having a conversation with teachers about what has happened in trial classrooms, about the underlying mathematics, about what the mathematical potential of the activities is, and what an instructional model that would support the learning might look like. This attention to a supportive instructional model is much more explicit and is a part of the philosophies that support the new materials development.





Professional development that is curriculum materials-based has a greater chance of success in helping teachers improve their practice.  There will be some who do not agree with me on this. However, I have become convinced that professional development that is not tied to the implementation of specific materials is not as effective as those efforts that are. In the Sputnik era there was a great deal of effort aimed at increasing teachers knowledge of mathematics. As I claimed earlier, this certainly benefited mathematics education. However, teachers who took mathematics courses in the Ô60s still were faced with the daunting task of figuring out how to implement specific new curricula in their classrooms. Not knowing the philosophy and the vision of instruction that would support that curricula that was in the heads of the developers, led to some ineffective implementations of materials. In my own work, I have experimented with teacher enhancement that is tied to materials and that which is not. I am not claiming that the latter does not help teachers; my claim is that curriculum-based teacher enhancement adds value to the experience for teachers. Being able to provide teachers with a safe, supportive opportunity to try out instructional ideas from the in-service seems to help teachers examine their own beliefs about mathematics and what students should know and be able to do, as well as what it means for a student to know something. 





The infrastructure of leadership in mathematics and science education must be adequate to the job of supporting reform.  We are smarter, now, about the nature and depth of teacher enhancement that is needed to support reform. We have a better understanding of how long teachers need assistance and about how long it takes a school community to understand and encourage change. There are two levels on which one can think about teacher enhancement around the implementation of curriculum materials. At one level, there is technical support to get the curriculum in place. At another level, there is the goal of increasing teachersÕ knowledge of mathematics and science through in-service opportunities. The latter takes the curriculum as one of the tools to help teachers re-think their practice. The goal is to help a teacher become a reflective, innovative teacher who is able to and committed to adapting the curricula being used to fit his or her particular students. This goal is focused on teacher learning. The goal of technical support for getting a new curriculum in place is focused on the curriculum and not so much on the individual teacherÕs growth. In order to provide technical support to the vast number of teachers in the country, we have to engage enough teachers in the more intensive in-service opportunities to move them to the leadership stage where they can then provide technical support on a local basis.





Public support for the direction of change is critical for success. Parents have to know how to help their young children with their mathematics homework and to feel secure.  One lesson learned is that parents care deeply about education and want the best for their children. We laugh about parents demanding that their children suffer mathematics in the same way that they did. But we should be hearing the genuine desire to help their children that is underneath their words. When parents cannot understand the problems that their student is being asked to work on at home, they immediately assume that something is wrong. We have learned from the painful lessons of the past that we have to find the will and the energy to help parents understand the goals of new materials and help them to help their children. The Òwe know bestÒ stance will not work in a time in which information can be sent world wide with the push of a “send” button. We are learning to be smarter about communicating with parents, but we have a long way to go.





The way in which basic skills are attended to in innovative curricula must be clearly spelled out so that parents and administrators are satisfied that students will not be harmed. Each project must gather evidence that students are performing at an acceptable level on basic skills.  The tradition that arithmetic has a place in the curricula because of the need to develop basic skills for trade and managing oneÕs affairs is very strong. Reform is in peril when parents and administrators are not satisfied that basic skills are a part of reform curricula. The NCTM Standards documents have been greatly misinterpreted in this area. By trying to move toward balance among conceptual development, problem solving, and skill development, the documents open themselves up to the interpretation that kids do not need to learn their Òfacts.Ó The real message is that estimation and mental arithmetic are more important than ever!  In a technology environment a sense of the size of a number that is expected as a result of a computation is essential to monitor the reasonableness of results. 





Systems that are aligned--curriculum, teaching, and assessment--have a greater chance of providing success for students.  Changes in any one of these three key aspects of mathematics education reform without corresponding and supportive changes in the others surely will lead to a failure to reach the goal of a powerful mathematics education for all students. The kinds of rich situations involving mathematics and mathematical thinking that form the essence of a modern curriculum cannot be taught meaningfully in classrooms in which tools for doing mathematics, such as computers, graphics calculators, manipulatives, etc., are not available. Classroom practice must support communication, reasoning, connecting, and problem solving as an active part of what is expected of students. On the other hand, the best teaching strategies in the world cannot make students mathematically powerful if the mathematics curriculum taught is not appropriate. If the curriculum is changed and the instructional strategies are improved to support different, more powerful mathematical goals, but the assessment program is still geared to low level facts and skills, then the teachers, students, and parents receive mixed messages about what is important for students to learn. The results of such misaligned assessments are inevitably to push mathematics education back toward the shopkeeper arithmetic curriculum of the past. 





If curriculum and assessment practices are changed, yet the teachers are given no help in improving instructional strategies and in using new forms of assessment to foster student learning, then students also fail to thrive. Current research on educational change in this country suggests that students in situations where the school and community have worked consistently over several years to reform their schools and to provide long term support for teachers in changing curriculum, instruction, and assessment do better than students in misaligned situations. This suggests that change such as those envisioned in the NCTM Standards documents is possible and is powerful for students. However, tinkering with components of the system rather than working toward coordinated change is not likely to work, and may disadvantage students even further.





It takes a very long time for change to become habituated. Political rhetoric can swamp a long term commitment to a particular direction of improvement.  ÒSuccessÓ is very fragile. A very few determined persons with a platform from which to speak can undermine a great deal of effort to help teachers and students improve the teaching and learning of mathematics and science. This happened in ÒnewÓ math and is in danger of happening in the sound-bite world of today with the Ònew newÓ math! We have to take the lessons we have learned to heart and work to make clear what is to be gained from reform curricula, why it is important that we continually work to improve mathematics and science programs, and why a national vision articulated in the form of standards can guide the work. Reformers themselves must make sure that their rhetoric in support of reform is reasoned, based on what we know from best practice and research, and open to continued civil discourse in which opposing views can be aired and common ground sought.
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