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PREFACE


To The Revised Edition




The interpersonal strategies that surround the act of doing good science—hereafter referred to loosely as “scientific game playing ”—have received sporadic published attention, and many game rules have become almost axiomatic among successful practitioners of science. There is a need, however, to review periodically what we know and what we think we know about the art, and to add new insights as they become available. This new edition of Winning the Games Scientists Play is a response to that need; it has been written for science practitioners and onlookers of the new century, drawing on insights and perceptions gained from victories and defeats of the waning decades of the 20th century.


Let me make it perfectly clear at the outset that this book is not about games with rules that can be formalized mathematically. It has nothing to do with “game theory” as developed by mathematicians at Princeton and elsewhere beginning with the work of von Neumann in 1944. Its strategies cannot be analyzed quantitatively, because they are essentially subjective, and constitute in their best expression an art form rather than a formal discipline.


It seems especially important that the strategies and rules of scientific game playing be reviewed critically as we move into the next millennium, since some (but not all) of those rules have undergone varying degrees of change during the 1980s and 1990s. Those decades saw shrinkage in faculty size and in federal grants. The university climate has been less than perfect. Long lines of candidates have formed for good and even mediocre faculty positions; good Ph.D.’s languish interminably in post-doc positions; tenure has been questioned; and part-time instructors have proliferated amazingly on many campuses.


In times of stringency scientists adapt, and scientific game playing achieves new heights of precision and worth. This book is an introduction to the new era, borrowing from the relevant past, for scientists old and new who will be (as politicians and bureaucrats are fond of saying) “facing the challenge of the future.” It is an attempt to blend some serious, hard-earned, occasionally misconceived, but usually practical advice on selected topics important to a professional career, with other, less serious, and probably equally misconceived principles of interpersonal behavior in science. The goal, in other words, is to achieve a readable mix of the “how to” with the “joy of” science—the techniques with the pleasures, and the realities with the fantasies. At times it may seem difficult or downright impossible to separate fact from fiction in some of the following chapters; I suggest that in those instances the choice should be fiction, since there is little that is factual (in the sense of being amenable to conclusive demonstration or quantification) in this book. Treat it like a book of poems, some of which may have meaning and relevance to you, and some of which are merely words pinned to a line in a maze. Much of what is described herein could probably be defined as “common sense” but it seems not to be “common” in the sense of universal understanding or acceptance of the pertinent rules of scientific games presented.


Some may feel after reading this book that the real world of science is simpler and purer than that portrayed here—that there is less opportunism, fewer calculated steps, and none of the maneuvering described in this book. I think this is a naive (one of the worst epithets in science) viewpoint, but I would deny no one his or her comfort blanket. I simply want to make explanations available when the blanket is snatched away, as it almost inevitably will be, usually by a practicing player. Whether a scientist chooses to participate in games or not, he or she should be aware of their nature, if only to avoid being drawn in unwittingly or being used as a pawn in someone else’s game.


It should, however, be absolutely clear that lam in no way and at no time denigrating honest, persistent scientific effort, sustained research productivity, or brilliant insights, since these constitute the real substance of science. I am simply outlining another dimension which, if taken into account, can enhance those fundamental characteristics and make the joys of a scientific career even greater. Stated succinctly, the core of game playing is starting with a base of scientific excellence and making the most of it by following simple rides. Game players must have credibility and integrity to be successful—otherwise they will be looked upon as manipulators and “operators.”


Writing this new edition of a book on the interpersonal games that scientists play has provided me with a unique opportunity to restructure the universe to fit my own personal perceptions—and to add a few insights as well as to make a minimal attempt to correct some outmoded attitudes (my wife refers to them as “anachronistic” attitudes). Many scientists have contributed, wittingly or unwittingly, to this effort, but they will remain forever anonymous (often at their own strongly worded insistence) although they should recognize themselves somewhere in the text.


I would like to thank Perseus Books for offering me a rare occasion to reassess all those firmly held convictions presented so confidently in the first edition, and to tweak a few elements to make the present edition a good source book for a world of science and scientists that has just plunged into a new century.


I would also like to acknowledge the hospitality of the Commonwealth of Massachusetts, for providing facilities for writing and contemplation at South Pond in the Savoy Mountain State Forest, high in the northern Berkshires. Without drawing too many gratuitous parallels, South Pond is in many of its characteristics the present-day equivalent of the well-known, but now despoiled, Walden Pond (located in the eastern part of the Commonwealth) as it was more than a century ago during Henry David Thoreau’s tenancy there.


The development of this new edition has been a source of great pleasure and stimulation for me, and has led to the appearance of a few new perspectives on the interpersonal areas of science as practiced in this country and elsewhere—as well as to a comforting reaffirmation of some strongly held earlier viewpoints.




Carl J. Sindermann




Easton, Maryland
September1, 2000






















INTRODUCTION


THE IMPORTANCE OF INTERPERSONAL STRATEGIES IN SCIENCE






This book has been written for thousands of serious, dedicated scientists’—particularly the new ones, but including those at any stage of development—to ensure that they participate fully and joyously in a genuinely wonderful occupation, which, like many others, operates best within the confines of a set of rules. It has been written also for the spouses, families, and friends of scientists, so that all may understand the larger environment in which science is embedded.


“Game playing,” in science or in any occupation, can be defined as the ability and willingness not only to govern your actions by a set of rules, but to have the rules work in your favor. It is a legitimate approach to a satisfying life in science, based on the assumption that you have intelligence, energy, training, and perception—the normal basic equipment for a scientific career, Alternatively, games may be characterized as “interpersonal strategies” or “prescribed procedures for standard situations” or “codified responses to actions by others” or “competitions conducted according to rules,” but whatever the definition, games that surround the act of doing good science do exist, and can be identified and enjoyed.


It is logical to learn—even to memorize—the rules of a game if you are to be a serious participant. Beyond this you must have ability, insight, and ingenuity if you are to be a professional player. Many scientists play like amateurs or like poorly paid semipros throughout their entire careers because they do not pay adequate attention to simple game rules—or worse still, because they deny the existence of rules, or the presence of any formalized structure for interpersonal and institutional relations in science.


Most scientists follow a prescribed developmental pattern: graduate school, orals, dissertation, dissertation defense, degree, then—poof—they are professionals, but without formal courses or seminars in the very critical area of professional game playing, despite the fact that their major professors may be expert players. Such faculty members expect their students to learn by example, which the more observant ones are able to do but which others fail to do.


I should point out clearly that there are many viewpoints about the proper role of game playing in science—but there should be no denial that it does play a role. The contents of this book represent an attempt to codify a fund of observations gained as a spectator and participant on some of the great playing fields of science—cocktail parties, symposium mixers, review committee meetings, laboratory conferences, seminars, workshops, faculty committee meetings, international symposia, and many others.


Game activities are not always overt, and the rules are fre-qently imprecise or arguable; sometimes the real pleasure is in playing, even though winning is the normal objective. Creative people—scientists included—enjoy what they do best; the “highs” often come in manipulations of concepts, systems, or analyses. These same people also enjoy participating in the interpersonal games described in these chapters.


So let’s begin this book with a few premises which you may conclude are false before you reach page 50: (1) game rules exist; (2) a broad spectrum of variation also exists; and (3) denial of the existence of rules is perilous. Let’s begin too with the axiom that a scientific career is fundamentally pleasurable and satisfying, but can be infinitely more rewarding with the proper application andacceptance of game rules by all participants .


To me, a game (as exemplified in science) constitutes a series of transactions and strategies which legitimately enhances progress in the many interpersonal relations which surround the ad of doing good science.


People interactions, then, are important in doing science; relationships with peers, colleagues, supervisors, assistants, secretaries, and a host of others help determine our success or failure. We bring to the science workplace all (or at least most) of our good and bad personal characteristics; we do not metamorphose into something different or purer. We may in some instances be on good behavior, temporarily suppressing evil tendencies in the interest of getting on with research production. Usually, though, long-term close contact in the classroom, or laboratory, as in any work environment, leads to a high degree of self-exposure. Periods of stress are particularly effective in the disclosure process, sometimes revealing astounding facets of our thinking or character.


The objective of this book is to explore, with some reasonable good humor, balance, and insight, the complex subject of interpersonal relationships in science. It is an attempt to summarize the non-technical career strategies of science professionals, and to offer remote counseling for those interested in winning the games scientists play.


The volume is divided into three principal sections: Part One, “A Primer for Scientific Strategists”; Part Two, “Critical Issues for Scientific Strategists”; and Part Three, “Special Interest Areas for Scientific Strategists.” The “Primer” section, predictably, includes chapters on writing and publishing scientific papers, presenting scientific papers, attending scientific meetings, chairing scientific sessions, organizing scientific meetings, and participating in committee meetings. The “Critical Issues” section includes chapters on moving up, on, and out; getting and using power; and defining ethics in science. The “Special Interest” section includes a completely new chapter on women in science; as well as chapters on coping with bureaucracy and bureaucrats; dealing with the news media, lawyers, politicians, and the public; and scientists in industry.


In examining this substantial core of information about personal relationships of scientists, it has become apparent to me that recent decades have produced a number of changes in how science professionals interact with each other and with the world, and that these should be identified early in this discussion.


One clear example is the evolving role of women in science during the past three decades (1970-2000). It’s an emerging success story that will get greater attention in Chapter 10—still a work in progress—but movement toward equality has been substantial. Other changes in how scientists think and act have moved onstage during the decades of the 1980s and 1990s. During that period we witnessed the great expansion of consulting as a significant career option for science professionals; and we also recognized the ever-increasing need for multidisciplinary team research, with consequent demands on lead scientists to become professional managers as well. Then, during the decade of the 1990s, we have seen the explosive growth of the Internet and other forms of electronic communication in globalized technical information transfer; and many of us have even felt a need to participate in the burgeoning development of biotechnology, which is invading many areas of scientific investigation, and has truly awesome potentials.


Each of these relatively recent shifts in the rhythm of the dance has had ripple effects on the ways scientists perceive, communicate with, and relate to each other. Women are no longer considered only as technicians or excluded from high professional ranks; a number of scientists have demonstrated entrepreneurial skills that have made them rich as well as famous; science management—especially of “big science” programs—has proved to be an extreme test of organizational competence; the Internet has transformed access to technical and all other forms of information; and biotechnology with all its ramifications promises to make fundamental alterations in many of the subdisciplines of science. These changes in how science is conducted should not, however, be allowed to obscure the truism that the rules of behavior that most members of the scientific community will accept are essentially conservative, even though the practitioners are engaged in a highly dynamic and innovative enterprise.


As a brief introduction to a way of thinking about science within a personal framework rather than as a discipline or practice, we can consider each of the recent changes just mentioned—the role of women, consulting, managerial needs, Internet, and biotechnology—from the perspective of how they impact on professional behavior and on other science practitioners. To do this, even in an introductory manner, we need to look at the new ingredients that have been or will be added, how personal relationships will be modified, and how the rules of the game have been or will be changed.









1. WOMEN IN SCIENCE






Women scientists have moved to a remarkable degree toward equality with men in most aspects of their jobs—salary, position, and recognition. Pay scales of women in most scientific institutions are approximately equal to those of men, except at the highest professional levels; academic rank still does not reflect full gender parity, with women often predominating at lower levels; and professional recognition is almost gender-free, unlike some forms of institutional recognition—although even here the inequalities are diminishing. Many younger women professionals state that they have not experienced obvious and deliberate discrimination, even though some may refer to more subtle instances of differential treatment.


What then, in the midst of clear indications of progress toward equality, are the critical persistent problems associated with gender in the science workplace? Three critical issues, each with important personal and interpersonal implications, have been identified: (a) women leave science at a greater rate than men at every career stage; (b) women produce fewer publications than men; and (c) women achieve less, and are recognized and rewarded less throughout their careers, than men. These issues have been explored by sociologists, social psychologists, and feminists (as well as by administrators) for at least four decades, but explanations and solutions have been inconclusive and even controversial. Some insights have been gained, but the problems remain.








	
Women leave science at a greater rate than men. An obvious but too simplistic response to this statement is “Yes, they do, because they have the alternative of creating a family, while men, in their continuing roles as ‘breadwinners,’ feel less able to make major career changes.” Other more thoughtful responses could be that women find themselves in an unequal struggle with male scientists in terms of salary, promotion and recognition, so at some point they simply give up the game—or that some women are unwilling to make the total commitment to science that is demanded for success, so, refusing to accept mediocrity, they quit. One additional response might be that some women feel isolated and deprived of the expected collegiality of science; they often find intense competition instead of cooperation, and hostility instead of friendliness—transforming the scientific community into a cold, unwelcoming male enclave.


	
Women produce less, as measured by publications, ttmn men. Studies of scientists in different institutions and in different disciplines have shown repeatedly that women publish significantly fewer papers than men (averaging only 50 to 60 percent as many) (Cole and Zuckerman, 1984; Zuckerman, 1991). Differences in publication rates begin early in careers of women and increase with age. Furthermore, the relative numbers of women who publish at a high rate are less than those of men (adjusted for total populations of women and men in science). A plausible hypothesis for the observed differences in the rate of publication by women and men as they get older is that “women’s access to [research] resources relative to men’s diminishes with time, and possibly their commitment to research and publication wanes as they receive fewer rewards and incentives to continue” (Zuckerman, 1991). One favorable sign is that younger women are publishing more than earlier generations did, so the cumulative gender differences will undoubtedly decrease.


	
Women scientists achieve less, and are recognized and rewarded less throughout their careers, than men. Visibility and recognition in science is strongly correlated with research performance and publication, so it should not be surprising that women were described two decades ago as “on average, less visible than men; their work is perceived to be of lower quality, and they are rarely mentioned as being major contributors [to their specialties]” (Cole, 1979), This statement would be less supportable today. Insofar as prizes and. awards are concerned—and these are not trivial matters to scientists—no clear analysis of gender differentials has been published, but membership in prestigious honorary societies like the National Academies of Science and Engineering, and winners of Nobel Prizes in the sciences, do indicate a remarkable gender disparity. Only about ten-percent of the National Academy of Sciences is female. And, of the roughly 150 scientists who have won the Nobel Prize over the last twenty years, only four have been women. There is, however, one positive indicator. The differential in career attainments between younger women and men is narrowing—a trend which, if continued, will change the future statistics about recognition and rewards for women scientists.









So positive changes have characterized the recent participation of women in science, even though persistent problems exist. From the point of view of interpersonal relationships in the community of science, some important consequences of those improved conditions include the following:








	Today’s women scientists enter professional careers expecting a level playing field insofar as gender is concerned, and in most instances they are finding it to be a reality.


	Among younger scientists, a greater attitude of collegiality prevails than was true even two decades ago. Some inequalities still exist, particularly in the mentoring of women graduate students by male faculty members.


	When specific examples of differential treatment because of gender are identified and publicized, institutional remedial responses are usually positive.


	The aggregate of gender-related minor inequalities, such as differential mentoring or lack of adequate professional recognition, may reduce overall satisfaction with a career in science to a level where other job choices are made.


	Women scientists with children—always a stressful existence—are finding greater availability of day care facilities and institutional flexibility, reducing the need for a part-time professional life that retards or derails careers.


	Women are now found more frequently in the managerial and executive levels of science—as program leaders, laboratory directors, or agency officials. At these levels, expertise unrelated to a technical discipline becomes of increasing importance to advancement, when accompanied by proficiency as a scientist


	Women who are leaders of scientific groups or organizations tend to be very sensitive about gender parity within and outside their perimeter of control. The present status of women in science will be examined more completely in Chapter 10. For now, however, my general observation is that the comfort level between male and female scientists has increased as the disparities have decreased, and the trend is a favorable one.










2. THE CONSULTANT






Large and increasing numbers of the scientifically trained population are involved full-time or part-time in consulting. These are people who provide technical advice for a price. They are the synthesizers and interpreters of scientific data, as well as translators of increasingly complex technical information for an expanding population of uncomprehending potential consumers. Most of them are entrepreneurs with advanced degrees in science who have elected careers outside the traditional professional tracks of teaching and/or research. They are supported financially by an evolving information-based society that requires a larger and larger pool of people with the expertise and the temperament to act as intermediaries between those who produce knowledge and those who use it. Such is the primary role of the consultant.


A recent survey of more than one hundred science consultants (Sindermann and Sawyer, 1997) disclosed that a majority of respondents were either satisfied with or were enthusiastic about their jobs. They mentioned in particular the freedom, to function as independent professionals’—to choose their own work assignments and to decide how their time will be allocated. Some pointed out the reality that it is only in consulting that a scientist is in full control of his or her destiny—that every other job in science is subject to the whims and wishes of some kind of institutional hierarchy.


Scientists may follow several avenues to consulting as a career option. Some elect to join an existing consultancy, or to form a sole proprietorship or partnership venture soon after graduate school; others make a mid-career decision to become consultants after having achieved credibility in research specialties; and still others retire from academic or government positions and immediately begin consulting practices, using contacts developed during their earlier careers to get started. Commitment may be full-time or part-time, and among the part-timers university faculty members are the most numerous.


They exist in every research university in the country-scientists with technical specialties that make them attractive to industry as paid consultants. They meet their classes, attend committee meetings, give seminars, and mentor graduate students, but occasionally they disappear from the campus for a day, or three days, or a week, to travel to some distant industrial park for meetings with corporate officers and corporate scientists. The industry people are looking for new ideas, techniques, insights, concepts, or syntheses that may be useful in product development, and they are perfectly willing to buy relevant academic expertise—usually at bargain prices.


Most of these university-based, part-time consultants are pleased—as well they should be—with an arrangement that provides substantial income and/or stock options to augment a perennially meager academic salary. They are able to live in two professional worlds, each remarkably distinct from the other, Academia is a comfortable place of traditional values and colleagues who are also friends; industrial research labs are product-oriented, high-pressure places usually peopled with very bright, aggressive, journeyman-level scientists. Involvement in a schedule providing a mixture of the two environments can be intellectually stimulating as well as career enhancing.


Arrangements that lead to part-time consulting by university faculty members often evolve slowly. Some factors include (1) rapidly developing competence in a research specialty that has obvious or potential commercial applications (such as immunochemistry, genetic engineering, biotoxins, toxic waste inactivation, etc.); (2) publication of a series of very good research papers in that specialty in prestigious journals; (3) participation as a speaker or organizer in workshops and symposia in the specialty area; (4) publication of a review paper dealing broadly with the specialty area; (5) participation in scientific societies whose membership includes a significant number of industrial research scientists working in the specialty area; (6) correspondence with and visits to industrial research scientists; and finally (7) submission of proposals for research contracts to several companies known to have product development interests in the specialty area. Thus, a blend of competence, visibility, and communication can place an academic scientist with the right research interests in position to become an industry consultant. It should be clear that the results of basic research can be of interest to major production companies, as well as results of applied work, and often fundamental studies can be the principal contribution of academic scientists.


The consultant population is large and diverse, but it is possible to discern, a number of guiding principles;








	The conversion from “scientist” to “consulting scientist” constitutes a major career change, motivated principally by (1) a design for freedom to work as an individual, (2) a need for opportunities to utilize creative talents, (3) a search for roles that maximize qualifications and expertise, and (4) interest in financial well-being. Consultants are important in a world identified today by rapidly expanding technology. They serve as analysts and interpreters of scientific data, and act as advisors to clients who need information in understandable form.


	Consulting is a business; recognizing this fact, a science consultant must attain high levels of professionalism and expertise as a business person as well as a scientist. For the new consultant there are strategies and tactics drawn from both disciplines that promote survival first and then success. Prominent among them are adaptations to administrative and financial matters important to business success, combined with maintaining competence in a technical specialty. Of importance also is the development of a code of ethical conduct that includes both sides of the venture—scientific and commercial.


	The future of science consulting in an information-based society seems assured. The rates of technological advance and acquisition of new information will require the presence of experts to digest, assimilate, synthesize, and interpret information for populations of politicians, executives, managers and bureaucrats (as well as the general public) who will have little understanding of the science involved. Consulting, therefore, becomes a career choice that ranges alongside the traditional ones of research and/or teaching.







From the somewhat restricted viewpoint of interpersonal relationships, some of the important added elements here are:








	In becoming full-time consultants, scientists must distance themselves from research and publication, except for those activities that are necessary to fulfill contracts.


	Full-time consultants have many business demands in their workday that often result in decline in general scientific competence, except in very narrow areas of expertise important to the consultancy.


	Consultants who do participate in professional activities of their disciplines may be seen as non-contributing members, especially if they make too much use of the term “proprietary information.”


	Consultants have been accused sometimes of sacrificing scientific objectivity in interpreting data in favor of clients, even though most consultants deny this vehemently.


	Consultants who are also university faculty members often spend significant amounts of time off campus and are unavailable for student contacts.


	Networks of consulting scientists overlap those of academic scientists only partially, and access is often limited. Some academics look on consultants as parasites and deliberately exclude them.









It seems that in becoming full-time consultants, scientists are transported to a different universe closely allied to business. The transition is difficult, although the rewards may make it worthwhile.









3. THE SCIENCE MANAGER






Science today is becoming to a greater and greater extent a cooperative activity, practiced by teams of compatible professionals and support staff. The size of the unit may vary from a single project to a research center consisting of a number of laboratories. At each size and level of complexity one scientist will usually be designated as “principal investigator” or “program leader” or “manager” or “director,” That person will be responsible for the direction and focus of the research efforts, for deployment of funds, for recruiting and motivating staff, for effective communication, for productivity and the quality of the work done, and for acting as an authority figure in the discipline area of the research organization that he or she heads—a very large order.


Done well, there are few activities in science that are more satisfying, more rewarding, or more ego-enhancing than leading an effective research team. The group, usually consisting of other professionals, technicians, and aides, plus graduate students and post-doctoral fellows, can be variable in size and complexity depending on the nature of the research. The professional staff is often multidisciplinary, with representation from two or more of the major fields of science. The team may be created de novo, with a leader designated by higher authorities, or it may evolve gradually by accretion of supporting staff when a research project or laboratory receives larger and larger funding. Expansion is invariably accompanied by many forms of stress—for the principal investigator and for other professionals in the team. How these stresses are met and dealt with helps to determine the continuity and to shape the productivity of the group, so the kind of leadership that exists is of course a critical consideration.


The leader of an expanding research team must, at some uncertain staff size, begin to recognize himself or herself as a “manager/’ even though he or she may try desperately to remain actively involved in some phase of the scientific work. Problems of recruiting, purchasing, public relations, funding, and personnel occupy much of the time that is not spent in committee meetings or in travel status, gradually squeezing out of existence any time for hands-on research. This is the reality that science managers face and eventually have to accept, recognizing that other professionals on the team will do the research and publish the technical papers, and that “managing for elitism” in science is a worthwhile career goal and one with great satisfactions.


The concept of managing for elitism deserves further exploration in a book with “winning” in its title, since this is what most science managers attempt to do, with variable success. It can be a somewhat nebulous concept, though, probably best approached by discussing some of its elements:








	A basic dictum of elite science is “Do research that matters”— that addresses large, basic questions rather than narrow, mundane ones, that uses multiple approaches with current technology, and that is quantitatively impeccable.


	Another dictum is “Select the best available talent for the team.” Choose people with intelligence, energy, and training, and then provide the kind of environment that will stimulate their productivity and encourage their retention.


	Still another dictum is “Select the most effective supervisors and create a functional hierarchy of authority”—but then provide counseling and training to ensure growth in each position.


	Beyond these admittedly idealistic dicta, there are other keys to managing for elitism. One of the most important is managing for financial stability. This is a particularly acute need in scientific organizations supported by grants and contracts, and it is one that requires great skill. Sequences of large and small grant proposals, and overlapping but non-duplicative submissions must be orchestrated—together with constant searches for new funding sources. Good scientists on the team expect that the institutional funding will not fluctuate widely, so program continuity can be maintained.


	Another key to building elitism is to manage an “open organization” in which visiting scientists are welcomed, joint research with other investigators is encouraged, released time is available for specialized or refresher courses, scientific society meeting travel and paper presentations are expected, professional staff members are encouraged to teach a course in their specialty at a local university and to accept adjunct faculty appointments, and an active seminar and conference schedule is scrupulously maintained.


	Still another management practice that encourages elitism concerns the equitable determination of credit and authorship for results of completed research to which several scientists have contributed. Few subjects are more important to individual research people than use or abuse of their “intellectual property,” Clearly stated and mutually agreed upon organizational guidelines should be available for determining authorship, for assigning credit in administrative documents, and for responsibility in manuscript preparation.


	Then there is the poorly defined but very real entity called “esprit de corps,” that characterizes most elite research groups. Some of its ingredients are a sense of active participation in a worthwhile venture, respect for the competence and productivity of coworkers, a relaxed work environment, but one with high expectations, and administration by an intelligent, credible scientist/director who treads softly but firmly.









From the viewpoint of interpersonal relationships, some of the most critical elements at managerial levels of science administration are these:








	It is difficult for managers to maintain competence in the increasingly complex disciplines of science and to function as effective leaders of large organizations. This is a reality that leaders must face as the team expands.


	A corollary to the previous statement would be that the science manager must depend on professional credibility as well as on managerial skills—unlike the industrial production manager, who depends principally on competence in analyzing problems and achieving successful solutions. The science director must continue to speak and act as an authority figure in the discipline area of the research organization that he or she heads.


	Managers must be sensitive to the internal power structure of their organization—and must ensure that its boundaries are limited and that It does not conflict with designated responsibilities and authorities.


	Effective routes of communication become ever more critical as a scientific organization becomes larger and more complex. Links must be Installed and maintained that are vertical and lateral and that Include all members of the team.


	The leader of an expanding scientific organization must be politically sensitive—he or she must be able to interact successfully with politicians and the public, as well as with the heads of other scientific, regulatory, or advocacy organizations.


	The leader of an expanding scientific group must grow in administrative competence—which should be a combination of innate abilities and learned activities. Professionalism must extend to management methods as well as science, and should include formal training in areas such as management practices, psychology, and sociology.


	Science managers, for their own psychological well-being, should try to understand and accept the transience of power. Loss of power, by demotion, displacement, or forced retirement, can represent an overwhelming blow, especially for people who confuse their positions with themselves.









So the managerial scientist is very much a phenomenon of the present era of team research and large research organizations. Professionalism in managerial skills can be expected from such individuals, as a critical augmentation of scientific credibility.









4. THE INTERNET






Information transfer among scientists has already been greatly enhanced by electronic communication—e-mail and the Internet in particular. E-mail not only reduces the time involved in sending and receiving messages and data, but it also facilitates simultaneous correspondence with clusters of colleagues—a method of planning meetings, improving draft reports and manuscripts, or even refining a multi-authored paper when participants are dispersed geographically. The Internet, and its offspring, the World Wide Web, can perform truly amazing feats in fostering communication among scientists, Research findings can be reported, updated periodically, and made available in definitive form. Some of the other almost endless uses of the Internet by scientists include these:








	Awareness of new developments in any specialty area can be maintained by scanning home pages of selected colleagues, research organizations, science publishers, and scientific societies (this may include access to abstracts or summaries of papers presented at professional meetings, workshops and symposia, or, in some instances, entire but unreviewed technical papers).


	Some enthusiasts announce loudly that science is moving toward all-electronic publication—to a day when information is immediately and globally accessible to all, and when print journals will become obsolete. Such a state of affairs does not exist now. Problems in achieving it abound. A large one is the future role of traditional libraries, which might be transformed into information and archival centers. Another question concerns the survival and continued functions of reviewing and editing �—significant ingredients of current science that may fit uneasily if at all into a future characterized by instant publication vehicles such as “e-prints.”


	One very powerful arbiter of future development and use of electronic communication in science is and will continue to be cost—cost to the individual scientist, to system servers, to software producers, and to journal publishers. The cost factor seems to predominate, for example, in discussions about the future of print journals and payment for online access to the technical literature.







It should not be surprising to find that minor shreds of uncertainty exist as scientists rush to exploit the advantages of electronic communication. After all, the World Wide Web was not initiated until December, 1990, and the Internet became a reality only one year before that (after some 20 years of development as ARPANET by the U.S. Department of Defense, and as CEKNET by the European Particle Physics Laboratory [CERN] in Geneva, Switzerland) (White, 1998). E-mail and the Internet have already made significant changes in how scientists communicate and stay current with the action in their specialties, and the technology is moving fast.


Computer-assisted communication is now almost a universal component of most scientists’ working day. Information and requests for information move instantaneously on a World Wide Web whose dimensions expand daily. Participation in the benefits of this information input, transfer, and output system is accessible to all, but is subject to some suggestions and admonitions, especially those that involve interactions with peers and colleagues:








	Read any Internet offering with a liberal amount of skepticism, unless the information can be substantiated or validated. Always remember that the Internet in its present form permits almost anyone to distribute unedited information on any subject—correct or incorrect—widely and inexpensively.


	Be sure to distinguish recreational versus professional uses of the Internet, and never, never during working hours, become a bored surfer without focus,”... wandering the Web from one node to the next, glassy-eyed, weary, waiting to be entertained” (Hayes, 1994).


	Establish and maintain a personal or organizational home page on a topic of continuing interest. The status of research programs can be summarized for colleagues and updated periodically (this can be a time-consuming project, if it is done effectively, but it can be a great networking aid, and a career-enhancing one as well).


	Communicate current research activities and research findings to a very carefully selected community of specialists in a precisely defined subdiscipline of science via the World Wide Web. Use the Web for queries which may occasionally bring unexpected contacts with scientists in other countries—contacts that may be expanded into fruitful exchanges and even to joint projects.


	Be very circumspect about using the Internet in attempts to establish priority for any concept, perspective, or observation. “Intellectual property” is a valued component of any scientific career, but property rights should be established in the traditional way—publication in a peer-reviewed journal.


	Participate in discussions about all-electronic publishing, since decisions by scientific societies and commercial publishers may affect how interactions with colleagues on technical matters will occur in the future. Some issues—such as the way that publication will be financed—are still being debated, in this time of possible transition from print journals.


	Follow a “code of good practice” for e-mail use. Avoid trivia—especially if it extends beyond one sentence; and don’t “spam” (addressing one e-mail message to many recipients, whether they want to be targets or not).


	Be very judicious about allocation of time between networking on the Internet and research activities. Both can be fascinating; the Internet can be seductive, but research should have priority.









The Internet is clearly a formidable tool for communication among scientists. Still beset by problems, such as lack of any restriction on content, it is, even in its early phases, serving a vital global function.









5. BIOTECHNOLOGY






A recent (January, 1999) issue of the news magazine Time carried fifty pages of well-researched articles assembled under the umbrella title “The Biotech Century.” Focused particularly on the future of medicine in the 21st century and beyond, the series included summaries of progress in areas such as DNA mapping, gene therapy, and the role of genetics in pharmaceutical development. The central point was made early in those pages that physical scientists have had their way with the 20thcentury—atomic fission, the evolution of computers, space adventures and exploration—but there is every indication that the next century will he characterized by the almost limitless development of biotechnology. If this prophecy proves correct, the image and practice of science will change drastically, and the principal actors will be those with specialties such as informatics and pro-teomics that are only now beginning to emerge.


The first biotechnology milestone of the new century is a description of the human genome—a massive multi-institutional government-funded project now in progress, aimed at determining the biochemical code for all of the +100,000 genes, and then how each one functions, normally and abnormally, in health and disease (at present, about 4000 heritable diseases of humans have been recognized). This still-incomplete program is already being assaulted by a rush of profit-driven private ventures to patent those parts of the genome of greatest medical significance (and economic value)—even before the government-sponsored project is completed. The broad zone surrounding the understanding and manipulation of the human genome—generally identified as genetic engineering—allows us to think of conquest of cancer, growing new heart blood vessels, creating replacement organs from cultured stem cells, and retarding cellular aging changes.


The present focus for biotechnology is human medicine, in particular prenatal genetic testing for chemical indicators of certain disorders and inherited diseases; gene therapy, involving the still-experimental introduction of beneficial genes into the cells of patients; and pharmaceutical development, concentrating on target chemical receptors in body cells and the identification of modifying chemicals specific for those receptors.


Now, admittedly, this perspective on the future of industry science, focused as it is on biotechnology, might be discounted as too narrow by professionals in other specialties of science — and yet a little introspection can yield insights about the pervasiveness of this new technology. We talk here about mapping the human genome as a work in progress, but what about the much more difficult task of mapping the neurons of the human brain—leading toward creation of artificial intelligence and the replication of the human mind in a machine—a project that could engage the best minds in every scientific discipline (as was suggested in the same Time report).


We should also consider the longer-term role of genetic engineering in food production. Some limited progress has been made with gene insertions to produce plant strains resistant to low temperatures or to droughts, or strains with built-in natural pesticides, or strains that have higher yields of proteins. Attention is also being directed to plants tailored to give large yields in marginal lands. Limits are only those imposed by the human imagination, tempered, we hope, by some measure of conservatism and by continuing ethical scrutiny.


The new century promises to bring science-driven major changes in human existence—changes that are already beginning to emerge under the broad umbrella of “biotechnology.” Genetic engineering will be the core activity for advances in medicine, pharmaceuticals, and food production. Those advances will undoubtedly shift the overall emphasis of industrial research.


Many of the investigators in these new high technology ventures will live and work in a different research environment and will have characteristics different from their colleagues in more traditional specialties:








	They will speak in a unique jargon that is almost incomprehensible, even to colleagues in closely related disciplines. They will consider the patent process as an essential feature of their research, with patent applications having precedence over any public releases of research results.


	They will participate more and more in closed workshops and invitation-only conferences, carefully avoiding the large general scientific meetings.


	They will make less and less use of print journals, substituting e-prints and e-mail for information transfer to selected peers in elaborate, closely controlled networks.


	A large percentage of them will be employed by small, high-risk start-up companies, many of which will be swallowed by large, multinational industries.


	The claim of “proprietary information” will become a larger and larger inhibitor of free technical discussion (or publication) in many specialties.


	Many will be employed in medically oriented research on applications of genetic engineering to the human genome—especially in disease control. Applications of genetic engineering to food production will also be a major focus of research funded by public and industrial sources.









Biotechnology, then, is an early frontrunner for major impact on science of the early 21st century. Sensible game players with proper credentials will position themselves to participate fully.


The five areas of change in the relationships of scientists with each other and with the rest of the world that have just been discussed—women in science, consulting, managing, Internet, and biotechnology—must of course be accompanied by descriptions of the more traditional aspects of professional interactions. Those stable components, listed earlier in this introduction as chapter headings, will occupy us for the rest of the book; they constitute the foundation for the stage on which ritual scientific games are performed.


I invite you to join me onstage. Stand with me on some of the sets; tiptoe through controversial scenes; reject some advice and conclusions as sheer hogwash; accept and enjoy an interlude here and there; agree or disagree with any of my premises; and, finally, give me some of your thoughts on this fascinating topic of Winning the Games Scientists Play.
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