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Foreword

Forty years ago, on October 4, 1957, the Soviet Union launched the first artificial earth satellite, Sputnik I, and American science, mathematics, engineering, and education were changed forever.  Spurred by military and political competition with the Soviets, we began rapid escalation of our investment in scientific research and development and in the educational infrastructure needed to provide brain power for those efforts.

The investment in both science and education paid admirable dividends.  We soon matched and then outstripped Soviet accomplishments in space and became world leaders in all major aspects of scientific research.  We revitalized school and university science and mathematics programs and produced outstanding students headed toward careers in science, mathematics, and engineering.

As Cold War security threats diminished over the past 15 years, they were replaced by new concerns about world-wide economic competition.  The challenges of new high-tech industrial and business competition increased demands for scientific literacy and technical skills in broader segments of our population.  Public schools and universities have been asked to enhance science and education, but success has not been as easy to achieve.

The Problem

Although schools have increased enrollments in academic science and mathematics courses for all students, reports of national and international assessments indicate disappointing progress of American students.  The number of students continuing past high school into undergraduate study has increased dramatically over the past several decades, but many of those students face extensive remedial work in mathematics before they can begin work toward degrees.  An emerging body of research on undergraduate science and mathematics education shows that even students who are apparently successful in collegiate science and mathematics courses have disturbing gaps and misconceptions in their understanding of those subjects.  The recent National Science Foundation review of undergraduate education concluded that

America has produced a significant share of the world’s great scientists while most of its population is virtually illiterate in science… Undergraduate science, mathematics, engineering, and technology education in America is typically still too much a filter that produces a few highly-qualified graduates while leaving most of its students “homeless in the universe.”

(Advisory to the Committee to the National Science Foundation, 1996, pp. 3-4)

The challenges and shortcomings of contemporary science and mathematics education have led to dozens of major conferences and policy advisory reports that outline directions for reform at the school level (National Council of Teachers of Mathematics, 1989, 1991, 1995; American Association for Advancement of Science, 1995; National Research Council, 1995) and at the undergraduate level as well (Mathematical Sciences Education Board, 1991; Advisory Committee to the National Science Foundation, 1996).  As a result, significant experiments with new curricula and teaching in K-16 science and mathematics are using calculators and computers to explore new approaches in traditional science and mathematics courses and to create new interdisciplinary configurations of knowledge.  These experiments are drawing on insights from research on human learning to design new models for teaching, and are testing new ways of accurately assessing student skills and understanding.

The Response

Every major proposal to improve mathematics and science education describes teachers as the critical agent in the change process.  Thus, changing the content or pedagogy of courses in elementary, middle, secondary, or undergraduate mathematics and science education requires increasing the knowledge and classroom skills of teachers.  In recognition of this fact, the NSF initiated a program in 1992 to support Collaboratives for Excellence in Teacher Preparation (CETP) that would significantly change teacher preparation programs within a state or region and serve as national models of comprehensive change.  The basic premise of the CETP program was that

The content and presentation of science, mathematics, engineering, and technology that prospective teachers learn as part of their undergraduate and pre-certification experience will determine the quality of their own teaching efforts; their interest in integrating science, mathematics and technology in their classroom activities; and their ability to adopt and adapt creative effective teaching methods validated by recent research on teaching and learning.

(Straley, 1996, p. vii)

In response to the NSF request for proposals, the teaching and research institutions of the University System of Maryland joined with Baltimore City Community College, Morgan State University, and three major Maryland public school systems to form such a teacher preparation collaborative.  Our Collaborative’s plan to design, develop, implement, and evaluate a new kind of teacher preparation program for teachers of mathematics and science in the middle grades was funded in the first round of NSF-CETP proposals.

Over a five-year period of funded work, the Maryland Collaborative for Teacher Preparation (MCTP) engaged more than 120 school and university faculty in professional development activities that led to the creation and implementation of 89 new or modified university science, mathematics, and teaching methods courses.  When we first developed those courses, our first aim was to help prospective teachers develop a confident understanding of the fundamental concepts, principles, and reasoning processes at the heart of science and mathematics, especially those that underlie the school curriculum.  Thus, we engaged in extensive cross-disciplinary discussions to articulate our views about the fundamental ideas of mathematics and science and the connections across traditional disciplinary lines.

The dominant lecture mode of undergraduate instruction conveys neither an accurate image of the way science and mathematics are created nor of the ways that the subjects are most effectively taught and learned.  Therefore, our second aim in developing and revising science and mathematics courses was to create learning environments in which students could actively investigate problems that help them construct personal understanding of key ideas.

While there is remarkable commonality in diagnoses of the problems and prescriptions for improvement in school and undergraduate mathematics and science education, implementation of the reform proposals is far from a routine task.  It is very hard to identify a set of scientific and mathematical principles that provide a necessary and sufficient foundation for teaching; it is even more difficult to create engaging instructional activities that bring about understanding of those principles.  In the face of those challenges, participants in the MCTP experienced some early failures and some subsequent remarkable successes.  This publication reports these experiences, which we hope will encourage and inform others who are interested in improving undergraduate science and mathematics, especially for prospective teachers.

Credits

The accomplishments of the MCTP project resulted from contributions by science, mathematics, and education faculty and key administrators in schools and universities across Maryland (see Appendix III).  Our National Visiting Committee (see Appendix III) has provided us with timely and insightful advice on goals and specific activities at all stages of the project.  Financial support from the National Science Foundation and the University System of Maryland has allowed us to explore a variety of intriguing new ideas in teacher preparations.

Since the beginning of our work in 1993, the MCTP project has been guided by the energetic and insightful leadership of our executive director, Susan Boyer.  She understands science and mathematics education and teacher education, and is respected by educators throughout the state of Maryland.  The successes reported in this volume are a credit to her ability to translate the ideas of our initial proposal and subsequent operational plans into first-class activities that engaged and transformed everyone involved in the Collaborative.

The papers in this volume were contributed by MCTP faculty from a variety of disciplines.  Selection of papers was guided by a an editorial committee including Rebecca Burg, Joseph Hoffman, Joan Langdon, and Gilbert Ogonji.  Coordinating and editing these contributions has been no small task.  As managing editor, Maureen Gardner has done a remarkable job not only in helping the authors tell their interesting stories in engaging ways, but also in overseeing all phases of publication development.  Donna Ayres’ exceptional skills in editorial assistance, copy editing, and production management were vital both to the quality of the document and to its completion on deadline.  In addition, other MCTP staff members—Karen Langford, Carolyn Parker, and Amy Roth-McDuffie—deserve acknowledgement for their technical and editorial support of the production effort.

As principal investigators for the project, we have been challenged by the task of creating a productive collaborative from institutions, disciplines, and individuals with a history of competition rather than cooperation.  Nevertheless, the experience has been consistently stimulating and rewarding.  In this publication, you will find both the spirit and the substance of the work of the Maryland Collaborative.  We hope the stories within will give both stimulus and direction to innovative efforts of your own.

MCTP Principal Investigators

James Fey

Genevieve Knight

John W. Layman

Thomas O’Haver

Jack Taylor
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