


[image: 001]





[image: 001]





To Sonia and Lydia,
 Sonya and Tanya




Preface

The initial idea for a book like this arose from Leslie Stevenson designing and teaching a small course-unit entitled “Uses and Misuses of Science” for students in the Faculty of Science in the University of St. Andrews in Scotland. A term’s research leave in 1990 (thanks to the University of St. Andrews) enabled him to write a first draft of this book. This time was spent in Macquarrie University in Sydney, Australia, and thanks are due for hospitality and intellectual feedback there. However, with only part of his teaching and research time available for this project, L. S. found it difficult to bring it to completion single-handedly.

Meanwhile, Henry Byerly had for some years been teaching a course entitled “Science, Technology, and Values,” as well as other courses in the history and philosophy of science, at the University of Arizona at Tucson. Spencer Carr of Westview Press put us in touch with each other, and we quickly found sufficient commonality of approach and complementarity of expertise for a jointly authored project to be attractive. We met for an intensive and stimulating two weeks’ collaborative work in St. Andrews in 1993 and again in the somewhat warmer surroundings of Tucson in 1994 (aided by research and travel grants from the School of Philosophical and Anthropological Studies at St. Andrews).

Our collaboration has extended over every section of the book. L. S. drafted about two-thirds of the case studies and philosophical discussion; H. B. added more case studies and historical material. But every sentence has been gone over by both of us (and has been put through several computer systems in the process!). We have thus achieved together something that neither of us would have done alone.

Science shows many faces—it is the work of a great variety of heroic individuals and evolving scientific communities. Science and its works evoke hopes and fears, boundless admiration and deep loathing. In Science in a Free Society (1978), Paul Feyerabend asked sardonically, “What’s so great about science?” (73) His challenge was to vindicate the supposed special authority of scientific method, an authority that makes its pronouncements more worthy of rational belief than those of other “traditions” such as religions, folklore, and cultural beliefs of any kind. He claimed that no good answer can be found. We are less pessimistic about  that (see sections 1.1 and 3.1 of this book), but we do not attempt to settle all the philosophical issues raised by Feyerabend’s question. We concentrate instead on the practical side: whether, all things considered, science (both pure and as applied to technology) has been, and will continue to be, a Good Thing for humankind. To that question we offer a fairly positive answer, with qualifications. To echo the request that Oliver Cromwell made of the artist commissioned to paint his portrait, we try to depict science, its practitioners, and its applications as they are, warts and all. But despite the warts, we suggest that there is something “great” about the whole enterprise of science, which has transformed so many of our beliefs and so much of our lives since the seventeenth century.

Although we cannot settle all the philosophical issues that have been raised about science, we do pose the questions and provide some perspective by examining case histories in which the questions arise. We have adopted the policy of making the important issues about science, technology, and human values concrete and vivid by presenting a variety of particular scientists in their historical, social, financial, and political contexts. Support for this concentration on case studies rather than general theorizing can be found from no less a theoretician than the great eighteenth-century philopher Immanuel Kant. In the “Methodology” section of his Critique of Practical Reason (1956) he wrote:
Those who otherwise find everything which is subtle and minute in theoretical questions dry and vexing [Kant was talking of theory in moral philosophy] soon take part when it is a question of the moral import of a good or bad act that is recounted. . . . I do not know why the educators of youth have not long since made use of this propensity of reason to enter with pleasure upon the most subtle examination of practical questions put to them, and why, after laying the foundation in a purely moral catechism, they have not searched through biographies of ancient and modern times with the purpose of having examples at hand of the duties they lay down, so that, by comparing similar reactions under various curcumstances, they could begin to exercise the moral judgement of their pupils in marking the greater or less moral significance of the actions. (153-154)





We have both, for better or for worse, been “educators of youth” for much of our time. As the reader will see, we have indeed been “searching through biographies of ancient and modern times” for vivid examples of the dilemmas, moral and otherwise, that face scientists. Though we have hardly attempted to “lay the foundation in a purely moral catechism” (perhaps we thereby risk Kant’s disapproval!), we do have an educative and moral purpose in mind—to stimulate students and other  readers to consider critically the value questions that arise in the practice and application of science.

We are philosophers, not historians, and certainly not scientists. But the beginning student can, we hope, learn from this book a certain amount of basic science, history, and politics and make some acquaintance with philosophical issues as they relate to science. Our aim has been to cover as broadly as possible an enormous amount of scientific and historical material at an introductory level; thus, we were faced with difficult choices about what to include and exclude. We have had for the most part to rely on secondary sources, such as nontechnical summaries of scientific theories and their applications, histories of science, and biographies of individual scientists. Some material from Leslie Stevenson’s paper “Is Scientific Research Value-Neutral?” in Inquiry 32 (1989) has been recycled into Chapter 10.

We are grateful to two reviewers of an earlier version of the manuscript submitted to Westview Press and especially to Spencer Carr, who (unusually for an editor these days) found time to read through the whole manuscript himself. These three gave us very extensive and helpful comments, of which we have tried to make good use. Thanks are also due to Julian Crowe in St. Andrews and Rob Cummins and Ann Hickman in Tucson for help with translating one word-processing system to another.

 




Leslie Stevenson 
Henry Byerly







Preface to the Second Edition

In response to requests from reviewers, substantial material has been added, for which the second author is primarily responsible. All the case studies of the first edition have been retained. Some sections have been updated, especially in Chapter 10, “Scientists and Public Policy.” The case of David Baltimore required extensive revision in the light of subsequent inquiry into the affair. We have added a chapter on psychology, with case studies of Freud and Skinner. In that chapter, we pose some of the difficult questions of the special nature of the social sciences, which to some appear more like philosophy or art than real science. The previous Chapter 4, “Intellectual Curiosity and Experiment,” has been split into two chapters, with the addition of cases. We have emphasized more the closer ties today between science and technology and how contemporary science with its large research groups funded by government and large corporations differs from classic science. The “great man” image fits classic science fairly well, but recent science is more complex in structure and functioning. It is more difficult today to single out a few leaders in science or to assess the diverse motivations in scientific research in its intricate relationships to society. We added a section on scientific research to counter Acquired Immune Deficiency Syndrome (AIDS) and extended the discussion of the Human Genome Project. The last chapter, “Science and Values,” has been rewritten to reflect the interaction of political, economic, and ethical concerns in scientific research.

With the accelerating growth and dissemination of information in the world today, we believe it is increasingly important to view in broad perspective what drives science. We cannot, of course, aspire to completeness on so vast and complex a subject as the development and practice of science. We have focused on the diverse motivations of scientists in case studies to illustrate the way science has developed, some of its threats and promises, and controversies over the place of scientific knowledge and practice in contemporary society.

 




L. S. 
H. B.







Introduction

Almost everyone agrees that the development of scientific knowledge has made enormous progress—from understanding the birth of stars and the structure of atoms to explaining the evolution of life on earth and unraveling the biochemistry of the genetic code. But have science and technology improved the human condition, apart from adding to our knowledge? Most people would still probably answer yes, though doubts about whether the overall benefits outweigh the costs seem to have increased in recent years. Surely we now have more wealth and better health than we did 300 years ago—in the developed countries of the West, at least. Some of the applications of science read like a fantastic success story. Consider the “miracles” of modern medicine—antibi—otics, the eradication of smallpox, the steady decline of infant mortality, and the lengthening of the average life span; consider also the technologies we now take for granted, from radio and television to CDs, from steam engines to jet planes and rockets that have gone to the moon.

But doubts about the much-vaunted benefits of science and technology have also grown over the years, especially in this century. We have been made all too vividly aware of the enormous destructive power that scientific discoveries have put into military hands—from dynamite and poison gas to missiles loaded with hydrogen bombs sufficient to destroy human civilization many times over, perhaps even to extinguish most life on earth. The more insidious threats from the side effects of science-based industry cause widespread concern: pollution of the environment, radioactive by-products that will remain dangerous for millennia, destruction of the ozone layer, and global warming. Besides the dangers to life and health, worries abound about more subtle ethical problems lurking in the power of scientific knowledge and technology to control people and in the new and difficult choices genetic engineering gives us about human life and reproduction. As the twentieth century draws toward its close, some pessimistic voices can be heard wondering whether the scientific enterprise may be doing more harm than good, all things considered.

The modern era has been called the age of scientific progress and also the age of anxiety. The accelerating expansion of science and technology has provided major sources for progress and hope as well as for worry  and dismay. What are the overall results of the revolutions in science over the past several centuries? Science and technology have brought opportunities and threats, benefits and costs. Can we expect continued progress? Are there limits to what science can discover and control in nature? Who and what determine how science is used? Does science merit the awed respect and admiration that it so often receives? Does it deserve the fear and anxiety that it sometimes provokes? In asking these questions and trying to offer some provisional answers to them, we hope to appeal to that native curiosity, present to some degree in all of us, that has inspired scientists in the past: the curiosity to understand, to see connections, and to explain. First, we offer some historical perspectives on the development of science and its role in society (Chapters 1—3). Then we examine a variety of fascinating and instructive episodes in the history of science (Chapters 4—11). We have selected from biographies of scientists and recent scientific journalism vivid examples of the variety of motives and influences involved in scientific research and of the problems and dilemmas raised by scientific discoveries and their applications. We conclude the book with a more philosophical discussion of the relationship of science and values (Chapter 12).

We hope to shed light on the nature and implications of the scientific enterprise and to provide some understanding of what science has been in the past, is at present, and might become in the future. We thus hope to meet criticisms such as those Paul Davies has made of the way science is often taught: “Personalities rarely enter. . . . Science is presented as a body of accepted fact, missing out on the anguish, the feuding, the doubt, the exhilaration, and the eccentricity” (1993, 68). Our hope is that students (who sometimes find science boring) will respond to the excitement and the mystery, the competition and the cooperation, the adventure and the frustrations that are actually involved in the pursuit of science.

Our aim throughout this book is to stimulate all our readers—but especially those students of science who will be among the scientists, technologists, or administrators of the future—to think carefully and critically for themselves about the many momentous issues arising from the practice of science.


L. S. 
H. B.







1

How Science as We Know It Has Developed

The term science is often used in a broad and rather vague sense. To bolster the credibility of claims for a product, advertisements speak of what “science” has shown or what “scientists” say. These words, along with the adjective scientific, are now generally used as honorific terms that express intellectual authority and indicate some especially trustworthy way of justifying beliefs. These days we are all expected to accept this, even if we know little or nothing about the theory and practice of science. Occasionally, and perhaps increasingly, voices are heard suggesting that all is not well with orthodox science, that it either ignores or is less than perfectly objective in regards to important and interesting phenomena such as ESP and alternative medicine and that it is subservient to the interests of big business in studying, for example, environmental pollution. And for a long time, some have held the plausible view that science cannot by its nature deal with certain vital human concerns (for example, personal relationships, moral values, and religious faith). But for the most part, scientists, scientific theories, and scientific method retain a special authority in our culture.

Much has been written about the epistemology of science, examining and sometimes questioning the nature of its special intellectual authority (see certain radical philosophers and sociologists of science, such as Feyerabend [1978], Bloor [1976], and Woolgar [1988]). Rather more often, philosophers of science have defended its privileged status of credibility (for example, Popper [1963], Hempel [1966], and Newton-Smith [1981]), even if they admit that articulating the distinctive characteristics of scientific method in an exact but general philosophical account is a difficult task. This book will not attempt to tread this well-trodden ground once more, but we cannot avoid saying something at the outset about what we take science to be, before we go on to explore how it has been pursued and applied by various scientists in different social contexts.




1.1 What Is Science? 

What is the aim of science? One short answer is “truth.” But what kind of truths do scientists seek, and how and why do they seek them? To get  clearer on what science is, let us start with what it is not. Science is not simply technology; it does not consist in the invention of devices, such as those that the twentieth century has brought us: radios, TVs, VCRs, computers, airplanes, antibiotics, lasers, CAT scans, and nuclear weapons. Technology (from technē, “craft”) originally meant systematic knowledge of a craft such as glassblowing or pottery; it is the application of knowledge for practical purposes, to make things and achieve humanly useful results. High tech applies scientific knowledge and plays an increasing role in doing scientific research. But in a broad sense, technology includes the use of fire and stone axes and thus antedates science. Unlike science, moreover, technology is common in some form to every human culture that has ever existed. Only since the late nineteenth century has technology become closely tied to science. Nowadays they are so closely associated that people often speak of science-and-technology in one breath.

The traditional concern of science is “knowing that,” the knowledge of truths, as opposed to “knowing how,” the knowledge of techniques. Admittedly, these two kinds of knowing have become more closely interconnected, particularly in recent times. In early science, technological needs, especially for weapons of war, spurred scientific inquiry. Today, theoretical knowledge is a necessary basis for many technologies. Technology needs science and science needs technology. Research scientists require experimental know-how and today often use elaborate and expensive technologies to test their theories. Nevertheless, we can still distinguish the goal of “pure” science—which aims to understand some aspect of the world—from that of “applied” science—which is used to change the world in some humanly beneficial way. Of course, some scientists may pursue research of both kinds at different times or may even have both aims in mind in a single project (as we shall see later).

What sort of truths, then, does pure science seek? Science is not merely the collection of observations or data; it is the development and testing of hypotheses, theories, and models that interpret and explain the data. As we have come to recognize it today, science is primarily the attempt to understand the workings of nature by means of general theories. Scientific theories usually involve hypotheses about unobserved entities or processes that may be in principle imperceptible because they are too large, too small, or simply not the sort of things that human sense organs can detect (distant galaxies, the Big Bang origin of the universe, molecules, atoms and subatomic particles, magnetic fields, genes, the evolution of species, and so on). Theories about such things aim to explain what we can observe more directly, and they must be confirmed or disconfirmed according to their success in doing so.

Historically, these features can first be clearly recognized in seventeenth-century physics, Isaac Newton’s theory of mechanics being the paradigm case. The term modern science is often used to refer to science since that time. And it must be emphasized that science is a dynamic process: Theories can always be rejected, modified, or extended. A static collection of theories would be dead science. So, in trying to understand the “game of science,” we should focus not so much on particular results—the theories that scientists accept at any given time—but on the way the game is played, the rules that govern it, what the goals are, and what consequences can be expected. We shall examine the scientific approach to questions as a critical attitude toward testing propositions and acquiring knowledge, rather than thinking of science as a collection of facts or established beliefs.

The scientific attitude is one that almost everyone takes at some time—perhaps especially during childhood when we persistently ask “why?” and “how?” But as a steadfast, persevering approach to problems, the critical scientific approach is not common—in fact, it even appears to be not entirely natural as a matter of human psychology. American philosopher Charles Peirce (1839—1914) argued that doubt is central to the scientific mind-set, whereas most people usually try to avoid doubt because it is unsettling, even painful. In “The Fixation of Belief” (1877), he wrote that people have tended to follow “the way of tenacity” (sticking to previously formed beliefs) or “the way of authority” (letting the burden of fixing beliefs fall on someone else). The revolt against doctrines dictated by religious, political, and classical academic authorities was an important component in the rise of modern science.

English philosopher Bertrand Russell (1872—1970) emphasized in his many works on science that it is not what a scientist believes that distinguishes him but why he believes it. Scientific claims are based (somehow) on evidence as opposed to authority. This critical attitude of science is encapsulated by Karl Popper’s phrase “conjectures and refutations.” Scientists make hypotheses, which then must meet stringent criticism in the form of observational or experimental testing. Logically, the generality of scientific theories, their goal of stating universal laws, makes them in principle open to falsification by even a single counterinstance. (In practice, disconfirmation of theories is a complex affair.) Likewise, scientific claims must meet standards of quantitative precision that make them readily testable and hence falsifiable. Predicting that an earthquake of a specific magnitude will strike Los Angeles on January 1, 2005, is a stronger test than predicting that an earthquake will strike somewhere in California in the next decade. And since it is not clear what could possibly falsify a fortune-teller’s vague prediction that  next week is a good one for making decisions, such a claim has no scientific status.

A claim does not become scientific simply by virtue of being true. Even if some of the purported astrological correlations between certain positions of the planets and characteristics of persons born under them were to hold up under investigation, astrology would not thereby become science if its central theoretical claims of causal influence between heavenly and human phenomena were not also subjected to critical scrutiny. A mere summary of observed data, however accurate, is not a scientific theory. Conversely, there are many scientific theories of the past, some of which we may still respect as well justified by the evidence available in their time, that we do not now accept. Of course, if we now think a claim is false, we can no longer describe it as knowledge. But the way in which the original hypothesis was formulated and tested might remain an example of good scientific practice (as might be claimed for Ptolemaic astronomy—see Chapter 4—or the phlogiston theory of combustion—see 5.3).

A special kind of thought process is required to conceive of the very idea of a controlled experiment, which is so basic to scientific research. The following anecdote illustrates this:
It was a good answer that was made by one who when they showed him hanging in a temple a picture of those who had paid their vows as having escaped shipwreck, and would have him say whether he did not now acknowledge the power of the gods,—“Aye,” asked he again, “But where are they painted that were drowned after their vows?” And such is the way of all superstition, whether in astrology, dreams, omens, divine judgments, or the like. (Bacon 1870, vol. 4, 56)





The point is, of course, that a number of successes following a certain course of action does not prove anything unless it is compared with the number of failures. If a certain therapy has apparently worked for many people, we are easily impressed and tend to forget to ask how many people recover from such conditions without any treatment at all or with other sorts of therapy—or indeed, how many people have been made worse by the method in question. Looking at the “control” group seems less natural, and this step is easily neglected. Psychologists have devised subtle tests to show the human tendency to recognize confirmations rather than disconfirmations of hypotheses. Such bias is retained even by trained scientists when they react intuitively, without reflection, and they have to guard against it. This is especially important when the observers themselves may have strong hopes of finding positive results, for example, in investigating extrasensory perception or the  claimed success rate of medical treatments (whether “scientific” or “alternative”). This is the rationale for the careful testing of proposed new drugs.

Adherents of doctrines that are suspect sometimes use the label “scientific” in an attempt to appear more credible—for example, scientific creationism or scientific astrology. It is vital to understand how to distinguish science from pseudoscience. Physicist Paul Davies, when asked why he found it “comparatively easy to believe in evaporating black holes and invisible cosmic matter, but not in straightforward things like ghosts and flying saucers that ordinary people see all the time,” offered two basic criteria: (1) Scientists, unlike cranks, try to relate their work to existing science, and (2) if a theory differs from accepted views, scientists try to deduce novel predictions by which their hypotheses can be observationally tested (1993, 68). Orthodox science is not infallible, and it can never be complete, but any additions or subtractions must ultimately be justified by observation.

Scientists really want to know and to know really. Admittedly, they can’t operate without presuppositions, theoretical ideas, and even intuitions. They shape and reshape the questions. But they must have a willingness ultimately to “let nature decide” the answers to their questions. The scientist proposes, but nature disposes. How in detail this works—the logic, methodology, and epistemology of it all—turns out to be very complex and remains controversial, as recent work in the philosophy of science abundantly illustrates. (See Suggestions for Further Reading at the end of this chapter.)




1.2 The Rise of Modern Science 

The emergence of modern science appears as something of a miracle when we consider the complex of factors that seem to have been required for it to get started. Unlike technology, science has not been present at every stage of human history or in every cultural tradition. Chinese civilization, for example, has had a rich history in many areas of endeavor. Chinese technology was in some respects more highly developed than that of Europe until the sixteenth century, and it provided some of the keys to European dominance of the rest of the world since then: gunpowder, the magnetic compass, and paper for printing. But science never really developed in China until it was introduced from Western Europe. In a famous letter in which he responded to the question of why science developed in the West and not in China, Albert Einstein remarked: “It is not surprising that science did not arise in other civilizations; it is surprising that it ever arose at all” (quoted in Price 1962, 15).

The beginnings of the scientific tradition can be traced back to ancient Greek philosophers of nature starting with Thales (ca. 600 B.C.). But it is fair to say that science first flourished only with the rise of the new physics in Western Europe in the seventeenth century, beginning with Galileo Galilei and Johannes Kepler and coming into full flower with Newtonian mechanics. This emergence of the scientific tradition is a major component of the modern age, in the historian’s sense of the term modern. To get some insight into the nature of science and its relation to culture, let us consider some of the historical features of the epoch leading up to the rise of modern science in the seventeenth century. Even a brief sketch of the major causes that have been suggested for the emergence of science shows the complexity of this development. The historical influences are so interwoven that it is difficult to assign priority. Debate continues among historians on whether advances in technology stimulated development of scientific theory or whether it was science that first sparked the invention of new technology; in fact, a complex interplay seems to have existed between science and technology in both directions. We can list the following six major factors, without trying to point to any one of them as “the basic cause” of the rise of modern science.

 



1. The resurgence of Greek culture. The fall of Constantinople (now known as Istanbul) to the Turks in 1453 is often cited as a turning point of the Renaissance. A flood of refugee scholars into Italy brought to Europe many works of philosophy, mathematics, and astronomy that had been written by the ancient Greeks nearly two millennia earlier. Knowledge of Euclid, Archimedes, and hitherto unknown works of Aristotle and Plato stimulated a rebirth of “natural philosophy” (as scientific inquiry was then called). Arabic scholars, especially those working on the border of the Christian and Moslem worlds in Spain, were also a vital source for the recovery of the works of the ancient world by the West.

 



2. The invention of the printing press. Johannes Gutenberg’s Latin edition of the Bible appeared in 1455. Printing spread rapidly in the late fifteenth century, making possible the communication required for rapid progress in science. The printer was a prototype of the early capitalist; printing was one of the first examples of mass production, and an effective print shop required considerable capital expenditure. A necessary condition for the early technology of printing was a phonetic alphabet, which may help explain why science did not develop first in China. Cultural critic Marshall McLuhan (1962) even suggested that a phonetic alphabet was the ultimate source of “mechanistic” science.

 



3. The rise of capitalism. One connection of science with capitalism was the development of mathematics to serve the needs of commerce, such as the calculation needed in accounting. The arithmetical notation we use today—fractions, decimals, and the equal sign—were introduced in the sixteenth century. Capitalist enterprise gave rise to a new middle class, which included most of those who were receptive to the new scientific developments—tradesmen, lawyers, and doctors. By contributing to the secularization of society, with a focus on success in this world rather than salvation in the next, capitalism encouraged attempts to understand and control the natural environment.

 



4. The discovery of the Americas. An increase in world trade, especially after the voyages to the New World begun by Christopher Columbus in 1492, stimulated inquiry by the discovery of new plants, animals, and cultures. European foreign trade tripled in the seventeenth century, and the increase in oceanic navigation gave rise to the need for more accurate clocks and astronomical calculations.

 



5. Monotheism. The concept of one Creator of the universe (an idea common to Judaism, Christianity, and Islam) might be thought to support the scientific project of using human reason to inquire into the divine design of nature. But this support had to wait for the right historical conditions. Scientific inquiry does not appear to have been encouraged in Judaism or in pre-Reformation Christianity. To some religious casts of mind, it was presumptuous, even idolatrous, to use human reason to seek knowledge of God and his works. Rather, as previously noted, it was Islamic scholarship that maintained and extended the ancient Greek tradition, thus giving the initial impetus to the early development of science, mathematics, and medicine. Some of the great names were Avicenna (980—1037) and Averrhoës (1126—1198). Our mathematical terms algebra and algorithm come from Arabic. The early Islamic religious tradition had a commitment to knowledge transmitted through written language, which inspired renewed scholarship in the West in the late Middle Ages.

 



6. The Reformation. The Protestant break from Roman Catholicism in the sixteenth century ended the latter’s monolithic authority and encouraged individual inquiry. There was then a turn from “revealed” theology, mediated by the church, to “natural” theology, which praised the glory of God by seeking evidences of the Creator’s design in nature. The Reformation also indirectly contributed to the development of modern science by supporting the formation of nation states, which fostered secularization. And the Protestant ethic has been associated with both  the emergence of capitalism and the cultivation of natural science (Merton 1949).

Other contributing elements might be cited. One important technological advance was the telescope, invented around 1600 in Holland. Galileo heard of this new tool and built one for himself. This allowed him to “bring the heavens down to earth,” as historian and scientist J. D. Bernal (1965, 292) put it: “In the first few nights of observation of the heavens [with his telescope] Galileo saw enough to shatter the whole of the Aristotelian picture”—craters on the moon; sunspots; phases of Venus; and as a visible model of the heliocentric Copernican system, the orbiting of the moons of Jupiter. Galileo’s bringing the heavens down to earth by observations using his telescope was actually not so simple a matter. As Stephen Jay Gould has emphasized in his fascinating studies “This View of Life” in Natural History, scientific description includes interpretation in addition to sensory reporting. Galileo mistakenly saw Saturn as a triple star. He had observed Saturn “with good eyes and the best telescope of his day, but through a mind harboring no category for rings around a celestial sphere” (1998, 73).

Science was not at first sharply distinguished from what we would now call pseudoscience, and the same individual could be active in both. Kepler (see Chapter 4) was employed as an official astrologer, although his astrological activity was separated from his work in physics and astronomy. Likewise, Newton (see Chapter 4) spent much of his time studying alchemy, which had as a major goal transmuting base elements into gold. He has been called the last of the great magicians, those who try to master occult powers. He wrote millions of words on his religious and metaphysical speculations, but virtually all his published works explored physics as we now recognize it.

Nor was science yet clearly distinct from philosophy. René Descartes (1596—1650) was one contributor to the scientific revolution who is equally famous as a father of modern philosophy. He saw his system as a tree with metaphysics as its trunk and the sciences as its branches. Newton’s great Principia contains methodological discussions that were vital to his whole project of explaining nature by mathematical principles but that would today be classified as philosophy of science rather than as part of physics.

In those early days of science, research was pursued by those who had the interest, the leisure, and the means to do it. There were hardly any professional positions available. Newton was fortunate to be elected in his twenties to a lifetime professorship in mathematics (and a well-paid college fellowship) at Cambridge University in England. But his predecessor Galileo had to scheme to find favor with regional governments  and aristocratic private patrons in early seventeenth-century Italy—with catastrophic results that we shall examine in 8.1. Underscoring the limited career opportunities in science at the time is the fact that the term scientist had not yet come into use—natural philosopher was the nearest equivalent.

As we shall see in 2.1, Francis Bacon was a prophet of both scientific research and its application to human benefit who tried unsuccessfully to persuade the powers-that-were to institutionalize his vision. But after his death, his idea of a college of experimental philosophy inspired a group of English intellectuals to form the “Invisible College.” Mathematician John Wallis (1616—1703) described this “college” as meetings of “diverse worthy persons, inquisitive into natural philosophy and other parts of human learning, and particularly of what has been called the New Philosophy or Experimental Philosophy” (Hall 1962, 193). This group developed into the famous Royal Society. In 1662, King Charles II gave a charter to the Royal Society of London for Improving Natural Knowledge, and it became the first of the scientific societies or academies that sprang up in Europe in the late seventeenth century (the French Academie soon followed). The Royal Society encouraged scientific investigation in diverse areas ranging from husbandry and botany to chemistry and astronomy and fought the evils of superstition, such as the persecution of supposed witches.

The needs of navigation were important in encouraging further developments of the New Science. The first nationally financed scientific institution, the Observatoire Royal at Paris, was established for this purpose in 1672, and three years later the Royal Observatory at Greenwich was completed. A central problem was the determination of longitude. By comparing local solar time with the time on a clock that had been set at Greenwich mean time at a known longitude, local longitude could be calculated. Before the advent of radio communication, however, there were only two methods for determining Greenwich mean time: to have at hand an accurate clock or to observe certain regular movements of the heavenly bodies as a substitute, in effect a clock in the sky (for example, the movements of the moon—or as Galileo proposed, the satellites of Jupiter). Many investigations of the early Royal Society were concerned with determining longitude. The problem was actually solved technologically rather than scientifically by the invention in the eighteenth century of the chronometer, a device that kept accurate time at sea in all conditions.

With the important exception of navigation, most scientific research in its early flowering in the seventeenth century was not directly aimed at being useful. Intellectual curiosity, rather than benefit to humanity,  profit, or power, was the main motivating factor. By 1700, experimenting and gathering facts for the advancement of knowledge was quite the fashion among intellectuals in England.




1.3 The Professionalization of Science 

Newton obviously counts as a scientist in anyone’s book, but in 1687 his new science of mechanics was published in Mathematical Principles of Natural Philosophy (translated from the Latin title). The English word science derives from the Latin word scientia, which simply means “knowledge.” Today, the notion of science is more restrictive; it does not cover historical knowledge, for example, and pure mathematics is often not counted as a science proper because it does not deal directly with the material world. As we shall see in Chapter 12, it is a matter of heated philosophical debate whether all genuine human knowledge amounts to some kind of science or whether there are kinds of knowledge not accessible by scientific methods.

The first recorded use of the term scientist was by British philosopher-scientist William Whewell (1794—1866), after what we now call science had been flourishing for some two hundred years. Whewell suggested referring to practitioners of science as scientists, on the analogy of art and artists, at a meeting of the British Association for the Advancement of Science in 1833. The very concept of a scientist has evolved historically and may still be changing in our own time. At the beginnings of modern science in England, we could have looked at a list of the fellows of the Royal Society to see who then counted as prominent natural philosophers. However, during the seventeenth and eighteenth centuries, the scientific academies enlisted many who were not active practitioners of science. Early members of the Royal Society had a remarkable diversity of social and educational background—they were bishops, architects, poets, and gentry—but given the class divisions of that period, it was difficult for people to make their mark in science, however able they might have been, without patronage.

Only in the nineteenth century did science begin to emerge as a standardly recognized profession, primarily in the universities. Even there, the sciences had at first to struggle for acceptance as academic subjects alongside the traditional liberal arts that had been taught since medieval times, but following the lead of the reorganized universities in Germany, this trickle of change became an avalanche. One indication of this professionalization of science is that the criteria for membership of the Royal Society were revised around 1850 so that only people with recognized scientific stature would be admitted.

Thus, by the late nineteenth century, many of those recognized as scientists had professional positions as such—in universities or as officials of national scientific academies or museums. But there were still “gentleman” scientists—and they were, of course, virtually all men—who were not paid for doing their work, who were amateurs in the sense that they did it for love rather than money, although their contributions may have been highly professional in the sense of being very competent. Charles Darwin is a prime example; he had sufficient private means to live as a country gentleman, but he devoted himself full-time to his research, keeping in constant touch with other leading researchers in biology and geology (see 8.1).

Because of the burgeoning technicality of the various sciences and the constant development of knowledge in them, it became increasingly difficult for someone without full-time training and employment in science to achieve scientific results and get them recognized. Today, it is a virtual necessity to have a Ph.D. and a paid position in some scientific discipline to be a recognized scientist. Because of the massive accumulation of knowledge, students must now spend many years absorbing what they need to know about what has already been achieved in any given branch of science. (In his highly influential work The Structure of Scientific Revolutions, Thomas Kuhn [1962] rightly rejects simplistic accumulative models of the development of science—but the quantity of scientific knowledge has certainly increased, however devious the process of theory revision.)

Few people without a Ph.D. try to get their work published in recognized scientific journals, and fewer still succeed. The case of Albert Einstein, a then-unknown employee of the Swiss Patent Office who startled the world of physics in 1905 by having three papers accepted by Annalen der Physik, was exceptional even then and would be far more unlikely now. It is more difficult today even for brilliant students to advance as quickly to leading positions in science as was once common; many of the great scientists of the past, such as Kepler, Newton, James Clerk Maxwell, William Thomson (Lord Kelvin), and Josiah Gibbs, became full professors by the age of twenty-six.

A large range of contributions to knowledge may entitle someone to be considered a scientist. Biographical dictionaries of scientists sometimes include inventors, especially eminent ones like Thomas Edison. Very few, however, include Hollywood actress Heddy Lamarr, though she contributed to the technology of “frequency-hopping” radio, intended for use on allied submarines in World War II and now used in cell phone communication. Some dictionaries omit social scientists, though Freud is usually included, even though the question remains whether he  was really a scientist at all (see 11.2). Curiously, Karl Marx, whose ideas on economics have had such momentous influence for better and for worse, is rarely listed among scientists, though economics is generally considered to be a science today. Identifying the recognized scientists in a given discipline could be roughly accomplished by looking through that discipline’s journals, although this method has become increasingly problematic as journals proliferate and the lists of contributors in large research projects lengthen. Among the latter, a relatively small core of individuals do the genuinely innovative work. According to one rough estimate, 10 percent of those working in a field contribute more than half the scientific publications, and probably only a small proportion of the publications represents significant new achievements.




1.4 The Industrialization of Science 

The new era of “industrialized science” can be traced back at least to the emergence of the science-based chemical industry in Germany in the late nineteenth and early twentieth centuries. This process, in which Fritz Haber was a typical figure (see 7.2), was hastened by the establishment of the Kaiser Wilhelm Gesellschaft for scientific research, which was funded by German banks and business concerns. This organization was also harnessed to the German effort in World War I. In the United States, the industrialization of science was marked by the national effort on a huge economic scale to produce the first atomic bomb in time for use in World War II (see 10.1). And this trend has become ever more obvious since then in many areas of science.

Much scientific research nowadays involves high technology—electron microscopes, ultracentrifuges, particle accelerators and colliders, telescopes mounted on satellites, and the like—which makes scientific progress in any area heavily dependent on the proper functioning of the relevant technology, and hence on specialist technicians as well. All this costs a lot of money, much more than the average university can find, so funding must now often be sought at the national or even international level. But governments and industries do not hand out big money to fund “Big Science” without expecting something in return, whether in the form of profit, medical benefit, national security, or whatever. Science funding thus becomes a matter of national policy. Of necessity, this sort of science is subject to industrialization either quite literally, in that the research project is undertaken by private corporations for their own ends, or more metaphorically, in that even if publicly funded, it has to be organized and planned on an industrial scale, with large teams of people working with specialized apparatus.

So even in “pure” areas of science, results are often a product of large research teams, with each member contributing a piece to solving the puzzle. Scientific papers are now typically published in the name of many individuals, including all those in the research team who have helped achieve the result. The work of particular individuals still occasionally stands out, as in the case of some Nobel Prize winners, but the interdependence of many contemporary contributions contrasts with the research process of earlier times. By its nature, scientific knowledge is dependent on previous discoveries that can in turn be traced back to the work of the early heroes of science. The increasingly rapid and complex growth of scientific and technological activity has resulted in an enterprise that today exhibits a very complex web of intellectual, technical, economic, and political relationships. We shall be examining case studies to illustrate this in Chapters 4 through 11.
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Images of Science

Many different views have been taken, and still are taken, of the scientific enterprise—its costs and benefits, its relations to the rest of human society and culture, and its overall value to humanity. In this chapter we will survey some of the most influential images of science. Critical evaluation of these various views is, for the most part, reserved until the final chapter.




2.1 The Baconian Vision: Science as Bountiful 

People of the ancient world had little expectation of progress as we think of it. They tended to look backward to the so-called Golden Age and preferred cyclic views of history. There was even a tradition, championed by Plato, of viewing change as degeneration. The only hint of belief in progress came from thinkers such as Archimedes, who envisioned successors adding to the knowledge that he had attained. The Judeo-Christian tradition also tended to expect corruption rather than improvement, given its doctrine of Adam’s Fall from a primal Paradise. For Christianity, there could be only one true kind of progress—toward salvation; God, not human endeavor, was believed to shape the course of history. But the modern age (which began in the seventeenth century) is marked by a belief in human progress. In the nineteenth century, faith in science reached a high point, as expressed in the declaration of English mathematician and writer on science W. K. Clifford that “scientific thought is not an accompaniment of human progress, but human progress itself” (1888).

Francis Bacon (1561—1621) was one of the first and most influential thinkers to proclaim this faith in progress through the application of the new science, the new approach to knowledge of nature. He was a lawyer and statesman who rose to the position of lord chancellor of England under King James I, but he was discharged in disgrace at the age of sixty after being convicted of taking bribes. Bacon was not much of a scientist himself, though he is said to have died serving experimental science after  coming down with bronchitis caused by stuffing snow in a chicken to test its preservative power! And his precepts for scientific method were not adopted even by those he helped inspire, such as Newton. Bacon underappreciated the role of mathematics in science, which perhaps accounts for his rejecting the astronomical theories of Nicolaus Copernicus and Kepler. Yet despite this, he can be seen as the herald of the modern age’s scientific spirit. He himself said, “I rang the bell which brought the wits together” (quoted in Edwards 1967, 239).

Bacon called his plan for a new science the “great instauration,” that is, the renewal of knowledge that would restore the human race to mastery over nature. But what he proposed was something quite new: “a total reconstruction of the sciences, arts, and all human knowledge raised upon the proper foundation” (1870, vol. 4, 8). Traditional philosophy alone would not serve this purpose, he argued, because “all the disputations of the learned never brought to light one effect of nature before unknown” (vol. 1, 123). (Descartes, his French contemporary who developed a much more mathematical program for scientific method but with rather less emphasis on practical applications, made a similar complaint: “There is not a single matter within [philosophy’s] sphere which is not still in dispute” [1955, 86].)

The mechanical arts, by contrast, had made continual (though slow) progress through trial and error. In the Middle Ages, a number of creative advances in technology led to such innovations as improved plows, windmills, spinning wheels, and mechanical clocks (first invented in China). What was needed, Bacon saw, was to join “head and hand,” to relate the systematic thought and speculative theory of the scholars to the observation and experience of the artisans and thus achieve a balance between “light” and “fruit.” “The unassisted hand and the understanding left to itself possess but little power,” he affirmed, yet “knowledge and human power are synonymous” (1870, vol. 4, 47).

According to Bacon, science can and should “transform the condition of human life by gaining and applying knowledge of nature” that would grant us “new discoveries and powers” (vol. 4, 79). Whoever could “succeed in kindling a light in nature” and thereby “illuminate all the border regions on the circle of our present knowledge” would be “the propagator of man’s empire over the universe, the champion of liberty, the conqueror and subduer of necessities” (quoted in Farrington 1969, 40). He wrote of his hope for the future in a story about travelers who discover a utopian community on the mythical island of New Atlantis. They are taken to visit the House of Salomon, which is in effect a well-organized scientific research center, whose purpose is described in the following oft-quoted passage, typical of Bacon’s eloquence and ambition: “The end of our foundation is the knowledge of causes, and secret motions of  things; and the enlarging of the bounds of human empire to the effecting of all things possible” (1870, vol. 3, 156). This vividly expresses the theme of the Baconian vision of scientific progress: Knowledge is power—it gives people the ability to produce all manner of good things for the common benefit. One can’t say he didn’t aim high!

Bacon’s optimism contrasts sharply with the gloomy views of humankind and nature that were common at the time. The poet John Donne (a contemporary of Bacon) expressed the traditional Christian view that the world and its inhabitants had been decaying since the Fall, awaiting the final judgment day. But Bacon hoped to reverse the direction of history since the Fall and to encourage us to work for paradise on earth. He heralded a new attitude toward history, an attitude that held the book of Ecclesiastes in the Old Testament to be quite wrong—there shall indeed be new things under the sun. The idea of scientific knowledge as liberating the human spirit gave a new twist to the biblical promise: “You shall know the truth, and the truth will set you free” (John 8:32 NAS). Like the explorers of distant shores, the scientist was an adventurer in a quest to conquer new frontiers of knowledge. The frontispiece of Bacon’s Novum Organum (1620)—“the new instrument of scientific method”—represented this spirit of adventure. It shows the Straits of Gibraltar with the motto plus ultra (there is more beyond), replacing the pre-Columbian conception non plus ultra (there is nothing beyond).

As a spokesman for the emerging scientific view, Bacon was remarkably effective. His eloquent rhetoric, often quoted to this day, had a powerful influence on the generations that followed. He saw a new world coming into being. Indeed, it is striking just how much of his vision has since come to pass. But in addition to all this optimistic eloquence, which so many apostles of scientific progress have loved to quote, there is a darker side to Bacon’s language that feminists and ecologists have recently brought to our notice (see especially Merchant 1980, ch. 7). Bacon represented science and technology as the interrogation and exploitation of nature (represented as female), and his language was often remarkably violent and sexual, going so far as to compare nature under scientific “inquisition” to a suspect interrogated under torture: “For like as a man’s disposition is never well known or proved till he be crossed . . . so nature exhibits herself more clearly under the trials and vexations of art [that is, mechanical devices] than when left to herself” (298). (Bacon was writing at a time when his sovereign, James I, whom he hoped to influence, was encouraging greater severity in the trials of witches.) His favorite theme of human dominion over nature was often given sexually suggestive expression, as in this example: “By art and the hand of man . . . nature can be forced out of her natural state and squeezed and  molded” (29). Sometimes, however, he made a more peaceful, domestic application of his favorite metaphor of scientific masculinity: “What I purpose is to unite you with things themselves in a chaste, holy, and legal wedlock; and from this association you will secure an increase beyond all the hopes and prayers of ordinary marriages, to wit, a blessed race of Heroes or Supermen who will overcome the immeasurable helplessness and poverty of the human race” (quoted in Farrington 1966, 72). But it has to be admitted that Bacon’s more violent language does all too clearly prefigure the “rape of nature”—the ecological devastation that has become obvious in this century (see 10.3).

For all his faults, Bacon foresaw that great benefits could be gained from systematic scientific research and the application of scientific knowledge in the exploitation of natural resources. He gave early expression to the hope that if only human circumstances could be controlled, humanity itself could be perfected. In the eighteenth century, often called the Age of Enlightenment, the Baconian vision dominated Western thought. French economist Anne-Robert-Jacques Turgot (1727—1781) proclaimed that all humanity “marches always, though slowly, towards greater perfection” (quoted in Wiener 1973, 639). The spirit of the new science was prominent among the leaders of the American Revolution. Thomas Jefferson (1743—1846), a man of many talents—author of the Declaration of Independence and an inventor who was knowledgeable of the science of his time—had portraits of the individuals he held to be “unquestionably the three greatest men the world had ever produced”: Bacon, Newton, and John Locke, who were for Jefferson, respectively, the chief apostles of reason, science, and liberty (Wernick 1993, 82). Benjamin Franklin (1706—1790), whose research in electricity earned him a prominent place in the science of his time, expressed his faith in scientific progress in a letter to English chemist Joseph Priestley in 1780:
The rapid progress true science now makes occasions my regretting sometimes that I was born too soon. It is impossible to imagine the height to which may be carried, in a thousand years, the power of man over matter . . . all diseases may by sure means be prevented or cured, not excepting even that of old age. . . . O that moral science were in as fair a way of improvement, that men would cease to be wolves to one another, and that human beings would at length learn what they improperly call humanity.





Bacon’s optimistic vision lives on today in statements like “The great progress of our civilization is directly related to the centrality of science in our culture” and in the learned judgment of the historian of science George Sarton, who made an even stronger claim: “Scientific activity is  the only one which is obviously and undoubtedly cumulative and progressive” (1962, 10). In 1969, inventor, writer, and lecturer R. Buckminster Fuller (1895—1983) rhapsodized in a Baconian vein on the great prospects that science still offers for the future: “Humanity’s mastery of vast, inanimate, inexhaustible energy sources and the accelerated doing more with less of sea, air, and space technology has proven Malthus [see 2.2] to be wrong. Comprehensive physical and economic success for humanity may now be accomplished in one-fourth of a century” (1969, 340).

In some respects, twentieth-century science as practiced in today’s universities and government and industrial laboratories fulfills Bacon’s vision much better than the science that began to flourish shortly after his death. But the utopia that he hoped for, in which nature would be harnessed for the benefit of all humanity, has not so clearly come to pass.




2.2 Frankensteinian Nightmares: Science as Demonic 

Not everyone believes that science will be our salvation or even that it is a force for human benefit overall. Whether justified or not, a widespread loss of faith in progress through science and technology has occurred in recent years. If this is the scientific age, what are its fruits? Is there really less misery today, all in all? Surveying the human condition in the twentieth century, we find much to shatter any dreams of utopian progress. On a large scale, there have been two global wars. World War I shook the complacent belief of the late nineteenth century that lasting peace, prosperity, and scientific progress were in reach. And then under Nazism during World War II, Germany, one of the leading nations in science, degenerated into vulgar militarism and the horrors of the concentration camps. Meanwhile in the Soviet Union, followers of the supposedly “scientific” theory of Marxism starved and enslaved millions of their fellow citizens.

At the height of the Cold War, with the nuclear arms race between the United States and the Soviet Union, there were real fears that civilization—and perhaps the human race itself—might be wiped out. Forget about a bright new future, people thought—there might be no future at all! With the breakup of the Soviet Union, the threat of nuclear war has now shifted to more localized conflicts, but the potential of nuclear and chemical and biological weapons proliferating around the world still casts a pall over the future. It is sobering to consider this question: If the construction of hydrogen bombs should ever result in the destruction of civilization or of all human life, would the whole development of modern  science have been worthwhile? American historian Henry Adams, writing in 1862, was remarkably prescient in foreseeing the potential disaster: “Man has mounted science, and is now run away with. I firmly believe that before many centuries more, science will be the master of man. . . . Some day science may have the existence of mankind in its power, and the human race commit suicide by blowing up the world” (quoted in Marx 1964, 350).

Even if the threat of nuclear holocaust has receded (for the time being), there remain problems enough: poverty and starvation in many parts of the world and the senseless violence, individual and collective, with which we are daily bombarded on TV news. A widespread pessimism exists that in its very success in spurring growth—of production, resource consumption, and population—science has also sown the seeds of disaster. Obviously, at some point there must be an end to growth. English economist Thomas Malthus (1766—1834) argued that nature limits the potentially geometrical growth of populations through starvation, since the food supply can only grow arithmetically (linearly). He was right about the potential growth of human population; in fact, since his day it has grown vastly more than he believed possible—and it has grown most quickly in the poorest regions. But he reckoned without the application of technology to agriculture, which has (so far) helped increase the food supply to keep approximate pace with population growth. But the basic conclusion is unavoidable: Exponential growth of population must eventually cease, by one means or another.

Foreboding about the consequences of seeking knowledge of nature’s secrets appears in various ancient myths. The Greek legend of Prometheus (“Forethinker”) tells of a Titan who steals fire, the divine spark from heaven, bringing it down to earth for the benefit of humans. This angers Zeus, father of the gods, who decides to punish the human race by sending down evils in the guise of a woman. He has a maiden fashioned out of clay: Pandora (“All gifts”). She is sent to Prometheus’s brother, Epimetheus (“Afterthinker”), who rashly accepts Pandora against Prometheus’s warning. Pandora removes the cover of a jar containing a host of evils, letting all of them loose on the world—excepting only Hope. It is not clear whether hope also was considered an evil—it might have been taken to be ultimately deceptive in a fatalistic view of the world. For acting against his wishes, Zeus punishes Prometheus by binding him to a mountain where every day an eagle tears at his liver, which renews itself by night for further torture.

There are many themes to this legend. Prometheus is often taken as a symbolic hero of both the arts and the sciences, the one who brought humanity out of its state of primitive ignorance. He represents the spirit of freedom and knowledge opposing tyranny—but with the threat that  those who presume to partake of divine knowledge (who “play God”) will be punished by the dangerous consequences of new technologies. For obvious reasons, then, this story continues to strike a chord in us, as typified by this statement: “Never before have the Prometheans [modern scientists] been so daring. Never before have the Epimetheans been so rash and never has Pandora’s jar been so crammed with menace” (de Ropp 1972, ii). Crudely, the moral of the story might be read as “Don’t play with fire!”

The account of the Fall in the Bible has also been read as a warning that forbidden knowledge is dangerous. God had warned Adam that “of the tree of the knowledge of good and evil you shall not eat, for in the day that you eat of it you shall die” (Genesis 2:17 RSV). Eve, however, was tempted by the serpent, who said, “You will not die. For God knows that when you eat of it your eyes will be opened, and you will be like God, knowing good and evil” (3:4—5). So Eve ate the forbidden fruit and gave some to Adam. For their disobedience, God proclaimed, “Cursed is the ground because of you. . . . In the sweat of your brow you shall eat bread till you return to the ground, for out of it you were taken; you are dust, and to dust you shall return” (3:17—19). Man and woman, having gained knowledge but lost their innocence, were ejected from the paradise of the Garden of Eden.

The famous Gothic horror story Frankenstein, or the Modern Prometheus by Mary Wollstonecraft Shelley (1797—1851) is a classic articulation of fear about where scientific ingenuity—not just misapplications of scientific knowledge, but the process of scientific research itself—might lead us. Written in 1816 as a contribution to a ghost story competition among the Shelleys and Lord Byron, the book has been popularized in several film versions. Shelley presented an image of the scientist as determined to gain hidden and potentially dangerous knowledge. Victor Frankenstein is so obsessed with his research project that he is prepared to risk his own safety and even that of his whole society to test to the utmost his ability to understand and control nature. He remarks at the outset of his study of the nature of life: “So much has been done . . . more, far more, will I achieve: treading in the steps already marked, I will pioneer a new way, explore unknown powers, and unfold to the world the deepest mysteries of creation” (Shelley 1994, 40).

Victor Frankenstein is “delighted in investigating the causes of natural phenomena” (27). Driven by curiosity “to learn the hidden laws of nature,” he views the world as “a secret which [he] desired to divine” (27). He studies alchemy, seeking the philosopher’s stone (which was supposed to have a magic power to transmute base metals into gold.) Failing in this research, he turns to the science of Newton. Echoing Bacon, Frankenstein sees in science the power to “penetrate into the recesses of  nature, and show how she works in her hiding places” (40). For two years he labors to construct a gigantic living man, getting his materials by nighttime visits to graveyards. Though he finds this occupation loathsome, Frankenstein says of himself:
With unrelaxed and breathless eagerness, I pursued nature to her hiding places. . . . a resistless, and almost frantic, impulse urged me forward; I seemed to have lost all soul or sensation but for this one pursuit. . . . I wished, as it were, to procrastinate all that related to my feelings of affection until the great object, which swallowed up every habit of my nature, should be completed. (48-49)





When he has at last “discovered the causes of generation and life” and made himself “capable of bestowing animation upon lifeless matter” (45—46), Frankenstein creates a living creature that has human feelings and reason but is grotesque in appearance, having been assembled out of incongruous parts. Horrified by the monster he has made, Frankenstein flees from it. The monster, unloved and resentful, gets out of control and ends up murdering the people most dear to his creator. When Frankenstein threatens to kill it, the creature responds, “I was benevolent and good; misery had made me a fiend. Make me happy, and I shall again be virtuous” (101). Frankenstein then decides to take responsibility for caring for his creation and thinks of creating a wife for him, but just before breathing life into the female creature, he is struck with the fear that he might start a race of monsters capable of destroying humankind. He tells the monster, “Never will I create another like yourself, equal in deformity and wickedness.” The monster replies: “Slave, I before reasoned with you, but you have proved yourself unworthy of my condescension. Remember that I have power; you believe yourself miserable, but I can make you so wretched that the light of day will be hateful to you. You are my creator, but I am your master;—obey!” (178—179). After all these frightful events, on his deathbed Frankenstein is still torn two ways, and he says: “Seek happiness in tranquillity and avoid ambition, even if it be only the apparently innocent one of distinguishing yourself in science and discoveries. Yet why do I say this? I have myself been blasted in these hopes, yet another may succeed” (236).

Nowadays, many people find such mythic and romantic forebodings amply justified by events in the present century. When we think of the enormous amounts of scientific expertise and resources that have been devoted to perfecting nuclear bombs, the continuing research into chemical and biological weapons, and the possibilities for genetic engineering to produce new kinds of plants and animals and perhaps to manipulate human genes, then the Frankensteinian image of obsessive and  dangerous scientific research may seem more appropriate than that of white-coated purity and beneficence.

Some have argued that behind much of the so-called progress of science and technology there lurks a distinctively masculine, aggressive urge to dominate, penetrate, and make use of the innermost secrets of passive, feminine nature. (We noted such a tendency in Bacon’s language in the previous section.) Brian Easlea has interpreted the production of the atomic and hydrogen bombs in terms of such macho impulses: “The principal driving force of the nuclear arms race is not the brute fact of scarce material resources, important though it is, but masculine motivation—in essence, the compulsive desire to lord it over other people and non-human nature, and then manfully to confront a dangerous world” (1983, 165). Easlea finds Mary Shelley’s story of Frankenstein full of insights on the obsession with technical mastery that he thinks is typical of so much contemporary scientific and technological activity. The danger is that such an impersonal orientation can involve a repression of ordinary human affections and concerns, which tends to result in disaster.

For somewhat similar reasons, American environmental activist Jeremy Rifkin has argued that our two most powerful technologies—nuclear weapons and genetic engineering—should not be used any further. He finds them objectionable in principle because they encourage our tendencies to control and manipulate human beings in the name of “security” or “efficiency” or even “health,” while fundamentally going against our humanity (recall Benjamin Franklin’s comment in 2.1 on what people “improperly call humanity”):
Setting our minds free from the old way of thinking about technology will not be easy. It will require an acknowledgement on our part that some technologies ought not to be used under any circumstances, because what they do threatens either the sacred quality of life or the survivability of life. Certain technologies are so inherently powerful that, in the mere act of using them, we do damage to ourselves and our environment. (1985, 93)





There is no admissible place in Rifkin’s view for nuclear weapons or genetic engineering in a world that defines itself as a single family, living in a single community, inhabiting a common ecosystem, and enclosed in a single globe.

Rifkin is deeply pessimistic in seeing no good use for certain technologies. Moreover, he is worried not just about certain applications of science but about the way that science itself is practiced. Nevertheless, he has expressed the hope that we can change our attitude toward science and its uses. He believes that it is possible for us to think in a radically different  way, no longer seeking knowledge to obtain power by manipulating our environment in the Baconian tradition but rather by empathizing with it. He seems to have in mind sciences like ethology and ecology, which study the working of whole environmental systems in nature, rather than taking life and matter apart to discover what makes their tiny constituents tick (see 10.3). He has also recommended the adoption of technologies like wind and water power that make use of natural events without radically disturbing them (but such projects would have to be kept small in scale to satisfy this condition). Rifkin has been very successful in using the courts to block research and production in biotechnology, which has caused Time magazine to label him as “the nation’s foremost opponent of environmental neglect and genetic engineering” as well as “the most hated man in science” (Thompson 1989,102). He represents one of the loudest contemporary voices of scientific pessimism. After the announcement of the cloning of the lamb “Dolly” in Scotland in 1996, Rifkin called for a ban on human cloning. “It’s a horrendous crime to make a Xerox of someone. You’re putting a human into a genetic straitjacket. For the first time, we’ve taken the principles of industrial design—quality control, predictability—and applied them to a human being” (Kluger 1997, 70). Note that his outburst, an expression of genetic determinism, would seem to make identical twins a natural crime.

Whatever the reasons for suspicious attitudes toward human motives in science—whether interpreted as overaggressive masculinity, overweening pride, or lust for fame or power or money—mistrust certainly abounds these days. Recalling the biblical story of the garden of Eden, some people may wonder if there are truths that it is better for us not to know. Clearly, we cannot now rest content with naive Baconian optimism; we must find ways of wrestling with the dark possibilities of science and technology.




2.3 Science as Undercutting Basic Human Values 
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