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It has been said that almost every American over the age 40 can tell you where she was and what she was doing on November 1963 when Walter Cronkite announced to the nation that President Kennedy had died.  I can equally well remember when my fourth grade teacher interrupted our long division drills to say, with great wariness in her voice, that the Russians had successfully launched a satellite.  Even its name, Sputnik, was foreign and threatening.  Although we were not really sure what the announcement meant, I remember the whole class looking out the window on that beautiful fall day in northern Ohio, as we strained to hear the imagined reverberations of their rockets.  We were taught to crouch beneath our desks and to cover our heads with both arms, trembling and praying for divine intervention, to save us from the godless Communists, to protect us from the inevitable nuclear fallout that would accompany the Russian rockets.  We would use the same measures to deal with Sputnik that we had already learned to use for an impending tornado, being prepared for either to fall from the sky at any moment.





Later, when the meaning of that announcement became clearer,  I remember the national fear and dismay, the shock at being left behind; of the United States, the leader of the Western World, being surpassed technically by our sworn enemy only a little more than a decade after our very public demonstration of clear superiority in all things nuclear.  Suddenly, our language changed.  In the new vernacular, "rocket scientist" became the optimal intellectual attainment.   





Overnight, it became equally clear that the nation's schools would have to change immediately, that her best and brightest at all levels would be given the background to become scientists, or engineers, or mathematicians, if they so chose.  This expectation almost reached the level of a national frenzy, and if one was bright (and white and male), one felt an obligation to consider seriously whether one might pursue such a career. 





In order to achieve these goals, support for science education flourished at all levels.  New curricula were developed in the schools, and the new math stumped an entire generation of parents.  Students learned sequentially more difficult material and took up the challenge faced by the nation.  Students responded Ð so many young people chose to study physics in those years that if the growth rate in graduate degrees granted from 1960 to 1970 had been sustained, by the year 2000 every American would be a Ph.D.-level physicist .





The federal government, for its part, reaffirmed its  explicit compact with Universities to support fundamental research that would lead to new understanding of all of nature.  In return, University faculties would enliven their teaching and stimulate their exceptional students to respond to the nation's need.  Finding financial support for scientific research at Universities and at the expanding national laboratories was easy, and post-secondary curricula were styled to winnow the increasing influx of students who chose to pursue a college education, so that the most brilliant and most dedicated young people would be identified.  They would then carry the banner of US science to the forefront of important discovery.  





This improved access to science and math, and the high expectations that accompanied it, brought about a flowering of things scientific and technological, so that a decade later even movie scripts would recommend that an aggressive young man on the move should know technology.  "Plastics," you may remember, was the one word that Hollywood alleged would unlock untold fortunes by the end of the 60s, even if it did involve a rather cynical selling out to corporate culture.  





Even so, many people in this room probably chose to become scientists or engineers because of that favorable environment.  With that kind support, both emotional and financial, it slowly became apparent that even women and minorities might find a real place in the scientific community.





The successful launch of a US satellite, Explorer 1, in February 1958, did little to dispel this anxiety, but it did allow the nation to breathe a partial sigh of relief: the Americans were coming back.  Young girls and boys began to keep scrapbooks populated not only by movie stars, but by astronauts.  And when a US astronaut walked on the moon in 1969, we all reveled in the achievement.  That problem having been solved, a relaxed nation began to turn to other concerns, to lose its focus on producing a "scientific priesthood" and a scientifically competent citizenry.  At about the same time, the increasingly vocal Vietnam war protests were also bringing about  a transformation of post-secondary education.  These protesters disdained the deferred gratification that comes with in-depth study of difficult subjects; they attacked the notion of required, core courses; and they  encouraged a flowering of electives that were sometimes light in content.  Standards began to slip, and grades to inflate.  As educators and as students, we became fat and lazy.  The scrapbooks of pre-teens once again began to fill with sports heroes, movie stars, and rock groups with unimaginable names.





Soon thereafter, the information revolution began.  Inundated with access to so many facts, people began to realize that it was unequivocally impossible for anyone to master all fields, so why try?  Leave science to the experts, to the nerds who unfathomably found it interesting.  (Who was the last person to have know all that was then known: Newton, Galileo, Milton, Jefferson...?)  Given this apparent reality, it became acceptable, by the late-70s, for brokers and bankers to proudly proclaim their ignorance of the most elementary scientific concepts.  And if that was permissible among these "Masters of the Universe," the rulers of Wall Street, why should it be different for their sons or daughters? 





Much has been made of the sampling of Harvard graduates a few years ago who were unable to describe the scientific basis for the seasons, most of them saying that the earth moved further in its orbit from the sun in the winter than in the summer.  And year after year, we listen as our academic colleagues complain bitterly about the poor preparation that even highly ranked incoming students bring to their freshman experiences.  But let me recommend an experiment:  ask your college-educated neighbor the same question about the seasons.  If your neighbors are like mine, at least half of them will not only answer incorrectly in the same way as did those respondents at the Harvard commencement, but they will also challenge the question as being unfair and inappropriate. After all, why should a general practitioner, for example, be expected to know, or to care, about such things?





As scientists, mathematicians, and engineers, many of us are completely astonished by our students inability to understand scale.  One of my colleagues asked his freshman students this fall to estimate the diameter of the earth.  From a class of several hundred, he got two responses: 100 miles and 1.41 million miles.  The first student had just arrived in Austin from Waco, a distance of about 100 miles, and perhaps the distance from home to college did represent the ends of the earth to him.  But the second one?  How can one be so wrong with such precision?  How bewildering living every day within nature must be to such students?





Equally, we are amazed that so many of our non-scientist friends are willing to pass up the excitement that comes with understanding the principles of science and with appreciating the basis of new technologies.  How can the citizens of a scientifically illiterate nation choose leaders who can wisely evaluate the technologies that will lead to the next century's prosperity?  It is impossible today to read a newspaper intelligently without understanding the fundamentals of energy, environment, health, defense, and risk-assessment.  Yet "science for the experts" has become a socially acceptable excuse for ignorance! 





As a nation, we seem to have lost our curiosity about nature, and with it our ability to hypothesize and to use data as the basis for every day decisions.  Why did we allow our national appreciation of the scientific method to slip away?  When did scientific knowledge become a product for the few, not a process for the many?  How could we have allowed our schools to reserve real science for the few, to ignore the fact that science training is good, even mandatory, for a variety of societal roles?    	





What changed?  Do we really need to live under the threat of an enslaving enemy or nuclear holocaust for the American people to be willing to nurture science, mathematics, and engineering and to make the effort to learn its principles?   





Fast-forward, if you will, from the heady days of US science and science education in the 60s to the mid-80s.  Although the number of women and minorities then working within science was much greater than in the 60s (with its all white male mission control rooms), there are still far too few to use effectively the talents of that important segment of our population.  We have not achieved the sense of free participation among these groups, despite the outstanding individual achievements of women, Hispanics, and African-Americans.





Listen to President Bush as he challenged the nation to ensure that American children will be ranked number one in the world in science and mathematics by the year 2000.  The very fact that this goal had to be set is in itself significant.  How did we lose the apparent mastery and motivation we once had?  And how can we possibly achieve this daunting objective ?





This spring, for the first time in many years, there was a clear indication that we may be moving in the right direction.  American 4th graders were  ranked among the best in the world, although their brothers and sisters in the 8th grade were far from this level.  We need to understand what made the difference for our fourth graders, and why our eighth graders are not performing comparably.  We need to grasp how the scientific community can provide leadership to sustain this improved performance throughout later school years and throughout these students' lives.  We need to generalize this lesson in order to make science more accessible to our fellow citizens.  We need to convince parents that effort, not genetics, leads to success in studying science and mathematics. How can we motivate our young people, particularly those from underrepresented groups, to work hard now in expectation of a rewarding high tech future?  How can we convince minorities, who today constitute 86% of the Dallas school population and are projected to constitute 80% of the whole K-12 population of Texas by 2010, that careers in science and technology are accessible to them and that an advanced degree in science, mathematics, or engineering is one of the surest engines to vertical mobility?





If the United States is to continue its world leadership in a technologically complex economy, we must find new ways of preparing all of our citizens for that world.  We must work together throughout the educational network, from kindergarten not just to grade 12, but to grade 20.  Colleges and Universities are the teachers of teachers, and the faculty of these institutions are the responsible guardians of a trust that enables continual educational improvement and lifetime learning for teachers and students.  In accepting this responsibility, post-secondary faculties will need to develop, and embrace, the best of the emerging educational technologies.  We will recognize that our current students learn completely differently than we did.  We will accept the fact that our students process information non-linearly, and that their most rewarding learning experiences are likely to involve real-world experiences encountered within teams of problem solvers. We cannot responsibly complain about the knowledge and skills of our incoming students if we, as University faculty, are not willing to change and to lead in developing the structures that promote reform.  educational reform needed in K-12 must be accompanied, or even better preceded by, educational reform in post-secondary teaching.





But accepting this leadership role is very difficult for Colleges and Universities, in part because of the stresses under which these institutions are increasingly operating. Jim Duderstadt, President Emeritus of the University of Michigan, recently published an article that lists seven changes that have stressed higher education.1  I believe these same differences also present themselves as obstacles to educational reform of teaching of post-secondary science, mathematics, and engineering.  Paraphrased, they include: 





¥	a political / economic crisis that calls for a balanced budget, as the discretionary portion of the federal budget shrinks;


¥	increased cost-shifting in which each supporting sector wants more in return than it is willing to invest;


¥	a shift from "guns to butter" as an economic goal with the end of the cold war;


¥	a potential unraveling of the intellectual partnership between the University and the federal government;


¥	a shift in public attitude away from the University's accepted role in the creation of knowledge;


¥	the rise of special interest politics in which legislators sometimes seek to define campus intellectual goals and procedures; and


¥	the deteriorating ability of post-secondary campuses to find, or accept, innovative leadership.





Succinctly, Duderstadt would argue, post-secondary institutions now face a financial crisis, a lack of public confidence, and a vacuum of leadership.  What a great time to be at a college or university!





Accepting this analysis is correct, the only practical solution available to those who wish to support excellence in teaching of science, mathematics, engineering, and technology, especially in the first two years, is to broaden the scope of effort and the range of financial support for innovative education.  We must work within our campuses to develop a new business model based on partnerships among all segments of our communities, while actively supporting those who lead this effort.  We must regard these new partners with respect, and must earn the confidence of the public, as we work with our campus leadership teams to ensure excellence in all programs that we can influence.  We must not allow the structures of the last fifty years to choke the evolution of new methods of learning. 





What specific actions can we undertake to improve science education for all students on our own campuses?  My own views reflect those of the participants in a Convocation called "From Analysis to Action,"  held in this building in the spring of 1995.2  That group included practicing scientists and classroom teachers, people who worried about both content and teaching methods.  First, that group argued for an explicit acceptance of student-centered learning of science and mathematics for all, not just for the next generation of scientists and engineers.  It must be truly inclusive of all demographic groups.  They acknowledged the need for active learning experiences about nature if the non-scientist is to contribute intelligently to national technology decision-making. They noted the limitless opportunities accompanying the revolution in information technology, and the need to better understand the learning process.  They recognized that improved science literacy can only be achieved through strong support and collaborations between the schools and post-secondary institutions. They promulgated the adoption of national K-12 standards for science, engineering, and mathematics education in all elementary and secondary schools, and emphasized the importance of science as a way of knowing, not just for practicing scientists, but for all Americans.  They affirmed the importance of outcomes assessment, including the adoption of standards for graduation and for the workplace.  They suggested that evaluation and rewards of faculty be associated with effective learning, rather than simply with popularity among students.  They focused on the development of an undergraduate curriculum based on inquiry, and acknowledged the need for continual life-long learning for a generation likely to change careers several times during their working years.  Recognizing that it is unreasonable to expect K-12 teachers to teach inquiry-based learning if they have never themselves experience inquiry, they called for a true and active integration of teaching and research in our nation's colleges and universities, and for much stronger linkages between traditional disciplinary studies and those conducted by our education schools.  They attested to the need to provide intellectual synergy by providing courses formulated by teams working across traditional disciplinary boundaries.





Not so coincidentally, these are the same themes recently described in a White House report on the use of technology in K-12 education.3  And they underlie many of the specific suggestions discussed in a practical handbook recently published by the National Research Council's Committee on Undergraduate Science Education.4  Anyone serious about implementing science education reform should own a copy of that handbook, and should seriously plot how to surreptitiously implant its ideas into the thinking of some of our more recalcitrant colleagues.





Although the question of national standardized achievement testing has become increasingly partisan, the need for mastering the basics of reading, communication, and mathematics is undebatable.  Whether performance standards are defined at the national, state, or local levels, they are absolutely essential.  And we must maintain the interest of a large fraction of our students in science, mathematics, and technology if our nation is to have access to a sufficiently competent workforce to meet the demands of a rapidly evolving industry based on technological knowledge.   





As concerned individuals within the post-secondary community of scholars, we should also insist that progress toward these objectives becomes a routine part of our evaluation of our undergraduate programs.  We should insist on active assessment of teaching as a core operating principle of our schools, whether K-12 or post-secondary.  We should speak forcefully in our own departments about the need for curriculum reform and for interdisciplinarity, particularly in courses targeted at students who are in their first or second year of college work and who are not likely to pursue a career in science, mathematics, or engineering.





I leave you with a challenge that may be, in fact, as daunting as the Sputnik launch was those forty years ago: consider making a commitment to push for one, just one, such reform within your own institution, and pledge to push on until that change is implemented by at least one of your colleagues.  Over two centuries ago, Edmund Burke reminded his contrymen  that "the best way for evil to triumph is for good men" Ð and women, I might add Ð "to do nothing."  Please join me in convincing our fellow citizens, and our academic colleagues, of the wisdom of that admonition and of the importance of this effort.
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