
Strand: Nature of Science

                      Standard 10: Students shall demonstrate an understanding that science is a way of knowing.

	NS.10.B.1

Explain why science is limited to natural explanations of how the world works

THE NATURE OF SCIENCE

Over the course of human history, people have developed many interconnected and validated ideas about the physical, biological, psychological, and social worlds. Those ideas have enabled successive generations to achieve an increasingly comprehensive and reliable understanding of the human species and its environment. The means used to develop these ideas are particular ways of observing, thinking, experimenting, and validating. These ways represent a fundamental aspect of the nature of science and reflect how science tends to differ from other modes of knowing.
It is the union of science, mathematics, and technology that forms the scientific endeavor and that makes it so successful. Although each of these human enterprises has a character and history of its own, each is dependent on and reinforces the others. Accordingly, the first three chapters of recommendations draw portraits of science, mathematics, and technology that emphasize their roles in the scientific endeavor and reveal some of the similarities and connections among them.
This chapter lays out recommendations for what knowledge of the way science works is requisite for scientific literacy. The chapter focuses on three principal subjects: the scientific world view, scientific methods of inquiry, and the nature of the scientific enterprise. Chapters 2 and 3 consider ways in which mathematics and technology differ from science in general. Chapters 4 through 9 present views of the world as depicted by current science; Chapter 10, Historical Perspectives, covers key episodes in the development of science; and Chapter 11, Common Themes, pulls together ideas that cut across all these views of the world. 

 

THE SCIENTIFIC WORLD VIEW
Scientists share certain basic beliefs and attitudes about what they do and how they view their work. These have to do with the nature of the world and what can be learned about it.

The World Is Understandable

Science presumes that the things and events in the universe occur in consistent patterns that are comprehensible through careful, systematic study. Scientists believe that through the use of the intellect, and with the aid of instruments that extend the senses, people can discover patterns in all of nature.

Science also assumes that the universe is, as its name implies, a vast single system in which the basic rules are everywhere the same. Knowledge gained from studying one part of the universe is applicable to other parts. For instance, the same principles of motion and gravitation that explain the motion of falling objects on the surface of the earth also explain the motion of the moon and the planets. With some modifications over the years, the same principles of motion have applied to other forces—and to the motion of everything, from the smallest nuclear particles to the most massive stars, from sailboats to space vehicles, from bullets to light rays.

Scientific Ideas Are Subject To Change

Science is a process for producing knowledge. The process depends both on making careful observations of phenomena and on inventing theories for making sense out of those observations. Change in knowledge is inevitable because new observations may challenge prevailing theories. No matter how well one theory explains a set of observations, it is possible that another theory may fit just as well or better, or may fit a still wider range of observations. In science, the testing and improving and occasional discarding of theories, whether new or old, go on all the time. Scientists assume that even if there is no way to secure complete and absolute truth, increasingly accurate approximations can be made to account for the world and how it works.

Scientific Knowledge Is Durable

Although scientists reject the notion of attaining absolute truth and accept some uncertainty as part of nature, most scientific knowledge is durable. The modification of ideas, rather than their outright rejection, is the norm in science, as powerful constructs tend to survive and grow more precise and to become widely accepted. For example, in formulating the theory of relativity, Albert Einstein did not discard the Newtonian laws of motion but rather showed them to be only an approximation of limited application within a more general concept. (The National Aeronautics and Space Administration uses Newtonian mechanics, for instance, in calculating satellite trajectories.) Moreover, the growing ability of scientists to make accurate predictions about natural phenomena provides convincing evidence that we really are gaining in our understanding of how the world works. Continuity and stability are as characteristic of science as change is, and confidence is as prevalent as tentativeness.

Science Cannot Provide Complete Answers to All Questions

There are many matters that cannot usefully be examined in a scientific way. There are, for instance, beliefs that—by their very nature—cannot be proved or disproved (such as the existence of supernatural powers and beings, or the true purposes of life). In other cases, a scientific approach that may be valid is likely to be rejected as irrelevant by people who hold to certain beliefs (such as in miracles, fortune-telling, astrology, and superstition). Nor do scientists have the means to settle issues concerning good and evil, although they can sometimes contribute to the discussion of such issues by identifying the likely consequences of particular actions, which may be helpful in weighing alternatives. 

 

SCIENTIFIC INQUIRY
Fundamentally, the various scientific disciplines are alike in their reliance on evidence, the use of hypothesis and theories, the kinds of logic used, and much more. Nevertheless, scientists differ greatly from one another in what phenomena they investigate and in how they go about their work; in the reliance they place on historical data or on experimental findings and on qualitative or quantitative methods; in their recourse to fundamental principles; and in how much they draw on the findings of other sciences. Still, the exchange of techniques, information, and concepts goes on all the time among scientists, and there are common understandings among them about what constitutes an investigation that is scientifically valid.

Scientific inquiry is not easily described apart from the context of particular investigations. There simply is no fixed set of steps that scientists always follow, no one path that leads them unerringly to scientific knowledge. There are, however, certain features of science that give it a distinctive character as a mode of inquiry. Although those features are especially characteristic of the work of professional scientists, everyone can exercise them in thinking scientifically about many matters of interest in everyday life.

Science Demands Evidence

Sooner or later, the validity of scientific claims is settled by referring to observations of phenomena. Hence, scientists concentrate on getting accurate data. Such evidence is obtained by observations and measurements taken in situations that range from natural settings (such as a forest) to completely contrived ones (such as the laboratory). To make their observations, scientists use their own senses, instruments (such as microscopes) that enhance those senses, and instruments that tap characteristics quite different from what humans can sense (such as magnetic fields). Scientists observe passively (earthquakes, bird migrations), make collections (rocks, shells), and actively probe the world (as by boring into the earth's crust or administering experimental medicines).

In some circumstances, scientists can control conditions deliberately and precisely to obtain their evidence. They may, for example, control the temperature, change the concentration of chemicals, or choose which organisms mate with which others. By varying just one condition at a time, they can hope to identify its exclusive effects on what happens, uncomplicated by changes in other conditions. Often, however, control of conditions may be impractical (as in studying stars), or unethical (as in studying people), or likely to distort the natural phenomena (as in studying wild animals in captivity). In such cases, observations have to be made over a sufficiently wide range of naturally occurring conditions to infer what the influence of various factors might be. Because of this reliance on evidence, great value is placed on the development of better instruments and techniques of observation, and the findings of any one investigator or group are usually checked by others.

Science Is a Blend of Logic and Imagination

Although all sorts of imagination and thought may be used in coming up with hypotheses and theories, sooner or later scientific arguments must conform to the principles of logical reasoning—that is, to testing the validity of arguments by applying certain criteria of inference, demonstration, and common sense. Scientists may often disagree about the value of a particular piece of evidence, or about the appropriateness of particular assumptions that are made—and therefore disagree about what conclusions are justified. But they tend to agree about the principles of logical reasoning that connect evidence and assumptions with conclusions.

Scientists do not work only with data and well-developed theories. Often, they have only tentative hypotheses about the way things may be. Such hypotheses are widely used in science for choosing what data to pay attention to and what additional data to seek, and for guiding the interpretation of data. In fact, the process of formulating and testing hypotheses is one of the core activities of scientists. To be useful, a hypothesis should suggest what evidence would support it and what evidence would refute it. A hypothesis that cannot in principle be put to the test of evidence may be interesting, but it is not likely to be scientifically useful.

The use of logic and the close examination of evidence are necessary but not usually sufficient for the advancement of science. Scientific concepts do not emerge automatically from data or from any amount of analysis alone. Inventing hypotheses or theories to imagine how the world works and then figuring out how they can be put to the test of reality is as creative as writing poetry, composing music, or designing skyscrapers. Sometimes discoveries in science are made unexpectedly, even by accident. But knowledge and creative insight are usually required to recognize the meaning of the unexpected. Aspects of data that have been ignored by one scientist may lead to new discoveries by another.

Science Explains and Predicts

Scientists strive to make sense of observations of phenomena by constructing explanations for them that use, or are consistent with, currently accepted scientific principles. Such explanations—theories—may be either sweeping or restricted, but they must be logically sound and incorporate a significant body of scientifically valid observations. The credibility of scientific theories often comes from their ability to show relationships among phenomena that previously seemed unrelated. The theory of moving continents, for example, has grown in credibility as it has shown relationships among such diverse phenomena as earthquakes, volcanoes, the match between types of fossils on different continents, the shapes of continents, and the contours of the ocean floors.

The essence of science is validation by observation. But it is not enough for scientific theories to fit only the observations that are already known. Theories should also fit additional observations that were not used in formulating the theories in the first place; that is, theories should have predictive power. Demonstrating the predictive power of a theory does not necessarily require the prediction of events in the future. The predictions may be about evidence from the past that has not yet been found or studied. A theory about the origins of human beings, for example, can be tested by new discoveries of human-like fossil remains. This approach is clearly necessary for reconstructing the events in the history of the earth or of the life forms on it. It is also necessary for the study of processes that usually occur very slowly, such as the building of mountains or the aging of stars. Stars, for example, evolve more slowly than we can usually observe. Theories of the evolution of stars, however, may predict unsuspected relationships between features of starlight that can then be sought in existing collections of data about stars.

Scientists Try to Identify and Avoid Bias

When faced with a claim that something is true, scientists respond by asking what evidence supports it. But scientific evidence can be biased in how the data are interpreted, in the recording or reporting of the data, or even in the choice of what data to consider in the first place. Scientists' nationality, sex, ethnic origin, age, political convictions, and so on may incline them to look for or emphasize one or another kind of evidence or interpretation. For example, for many years the study of primates—by male scientists—focused on the competitive social behavior of males. Not until female scientists entered the field was the importance of female primates' community-building behavior recognized.

Bias attributable to the investigator, the sample, the method, or the instrument may not be completely avoidable in every instance, but scientists want to know the possible sources of bias and how bias is likely to influence evidence. Scientists want, and are expected, to be as alert to possible bias in their own work as in that of other scientists, although such objectivity is not always achieved. One safeguard against undetected bias in an area of study is to have many different investigators or groups of investigators working in it.

Science Is Not Authoritarian

It is appropriate in science, as elsewhere, to turn to knowledgeable sources of information and opinion, usually people who specialize in relevant disciplines. But esteemed authorities have been wrong many times in the history of science. In the long run, no scientist, however famous or highly placed, is empowered to decide for other scientists what is true, for none are believed by other scientists to have special access to the truth. There are no preestablished conclusions that scientists must reach on the basis of their investigations.

In the short run, new ideas that do not mesh well with mainstream ideas may encounter vigorous criticism, and scientists investigating such ideas may have difficulty obtaining support for their research. Indeed, challenges to new ideas are the legitimate business of science in building valid knowledge. Even the most prestigious scientists have occasionally refused to accept new theories despite there being enough accumulated evidence to convince others. In the long run, however, theories are judged by their results: When someone comes up with a new or improved version that explains more phenomena or answers more important questions than the previous version, the new one eventually takes its place. 

 

THE SCIENTIFIC ENTERPRISE
Science as an enterprise has individual, social, and institutional dimensions. Scientific activity is one of the main features of the contemporary world and, perhaps more than any other, distinguishes our times from earlier centuries.

Science Is a Complex Social Activity

Scientific work involves many individuals doing many different kinds of work and goes on to some degree in all nations of the world. Men and women of all ethnic and national backgrounds participate in science and its applications. These people—scientists and engineers, mathematicians, physicians, technicians, computer programmers, librarians, and others—may focus on scientific knowledge either for its own sake or for a particular practical purpose, and they may be concerned with data gathering, theory building, instrument building, or communicating.

As a social activity, science inevitably reflects social values and viewpoints. The history of economic theory, for example, has paralleled the development of ideas of social justice—at one time, economists considered the optimum wage for workers to be no more than what would just barely allow the workers to survive. Before the twentieth century, and well into it, women and people of color were essentially excluded from most of science by restrictions on their education and employment opportunities; the remarkable few who overcame those obstacles were even then likely to have their work belittled by the science establishment.

The direction of scientific research is affected by informal influences within the culture of science itself, such as prevailing opinion on what questions are most interesting or what methods of investigation are most likely to be fruitful. Elaborate processes involving scientists themselves have been developed to decide which research proposals receive funding, and committees of scientists regularly review progress in various disciplines to recommend general priorities for funding.

Science goes on in many different settings. Scientists are employed by universities, hospitals, business and industry, government, independent research organizations, and scientific associations. They may work alone, in small groups, or as members of large research teams. Their places of work include classrooms, offices, laboratories, and natural field settings from space to the bottom of the sea.

Because of the social nature of science, the dissemination of scientific information is crucial to its progress. Some scientists present their findings and theories in papers that are delivered at meetings or published in scientific journals. Those papers enable scientists to inform others about their work, to expose their ideas to criticism by other scientists, and, of course, to stay abreast of scientific developments around the world. The advancement of information science (knowledge of the nature of information and its manipulation) and the development of information technologies (especially computer systems) affect all sciences. Those technologies speed up data collection, compilation, and analysis; make new kinds of analysis practical; and shorten the time between discovery and application.

Science Is Organized Into Content Disciplines and Is Conducted in Various Institutions

Organizationally, science can be thought of as the collection of all of the different scientific fields, or content disciplines. From anthropology through zoology, there are dozens of such disciplines. They differ from one another in many ways, including history, phenomena studied, techniques and language used, and kinds of outcomes desired. With respect to purpose and philosophy, however, all are equally scientific and together make up the same scientific endeavor. The advantage of having disciplines is that they provide a conceptual structure for organizing research and research findings. The disadvantage is that their divisions do not necessarily match the way the world works, and they can make communication difficult. In any case, scientific disciplines do not have fixed borders. Physics shades into chemistry, astronomy, and geology, as does chemistry into biology and psychology, and so on. New scientific disciplines (astrophysics and sociobiology, for instance) are continually being formed at the boundaries of others. Some disciplines grow and break into subdisciplines, which then become disciplines in their own right.

Universities, industry, and government are also part of the structure of the scientific endeavor. University research usually emphasizes knowledge for its own sake, although much of it is also directed toward practical problems. Universities, of course, are also particularly committed to educating successive generations of scientists, mathematicians, and engineers. Industries and businesses usually emphasize research directed to practical ends, but many also sponsor research that has no immediately obvious applications, partly on the premise that it will be applied fruitfully in the long run. The federal government funds much of the research in universities and in industry but also supports and conducts research in its many national laboratories and research centers. Private foundations, public-interest groups, and state governments also support research.

Funding agencies influence the direction of science by virtue of the decisions they make on which research to support. Other deliberate controls on science result from federal (and sometimes local) government regulations on research practices that are deemed to be dangerous and on the treatment of the human and animal subjects used in experiments.

There Are Generally Accepted Ethical Principles in the Conduct of Science

Most scientists conduct themselves according to the ethical norms of science. The strongly held traditions of accurate recordkeeping, openness, and replication, buttressed by the critical review of one's work by peers, serve to keep the vast majority of scientists well within the bounds of ethical professional behavior. Sometimes, however, the pressure to get credit for being the first to publish an idea or observation leads some scientists to withhold information or even to falsify their findings. Such a violation of the very nature of science impedes science. When discovered, it is strongly condemned by the scientific community and the agencies that fund research.

Another domain of scientific ethics relates to possible harm that could result from scientific experiments. One aspect is the treatment of live experimental subjects. Modern scientific ethics require that due regard must be given to the health, comfort, and well-being of animal subjects. Moreover, research involving human subjects may be conducted only with the informed consent of the subjects, even if this constraint limits some kinds of potentially important research or influences the results. Informed consent entails full disclosure of the risks and intended benefits of the research and the right to refuse to participate. In addition, scientists must not knowingly subject coworkers, students, the neighborhood, or the community to health or property risks without their knowledge and consent.

The ethics of science also relates to the possible harmful effects of applying the results of research. The long-term effects of science may be unpredictable, but some idea of what applications are expected from scientific work can be ascertained by knowing who is interested in funding it. If, for example, the Department of Defense offers contracts for working on a line of theoretical mathematics, mathematicians may infer that it has application to new military technology and therefore would likely be subject to secrecy measures. Military or industrial secrecy is acceptable to some scientists but not to others. Whether a scientist chooses to work on research of great potential risk to humanity, such as nuclear weapons or germ warfare, is considered by many scientists to be a matter of personal ethics, not one of professional ethics.

Scientists Participate in Public Affairs Both as Specialists and as Citizens

Scientists can bring information, insights, and analytical skills to bear on matters of public concern. Often they can help the public and its representatives to understand the likely causes of events (such as natural and technological disasters) and to estimate the possible effects of projected policies (such as ecological effects of various farming methods). Often they can testify to what is not possible. In playing this advisory role, scientists are expected to be especially careful in trying to distinguish fact from interpretation, and research findings from speculation and opinion; that is, they are expected to make full use of the principles of scientific inquiry.

Even so, scientists can seldom bring definitive answers to matters of public debate. Some issues are too complex to fit within the current scope of science, or there may be little reliable information available, or the values involved may lie outside of science. Moreover, although there may be at any one time a broad consensus on the bulk of scientific knowledge, the agreement does not extend to all scientific issues, let alone to all science-related social issues. And of course, on issues outside of their expertise, the opinions of scientists should enjoy no special credibility.

In their work, scientists go to great lengths to avoid bias—their own as well as that of others. But in matters of public interest, scientists, like other people, can be expected to be biased where their own personal, corporate, institutional, or community interests are at stake. For example, because of their commitment to science, many scientists may understandably be less than objective in their beliefs on how science is to be funded in comparison to other social needs



	NS.10.B.2
Compare and contrast hypotheses, theories, and laws

Scientific Hypothesis, Theories and Laws

The principles and theories of science have been established through repeated experimentation and observation and have been refereed through peer review before general acceptance by the scientific community. Acceptance does not imply rigidity or constraint, or denote dogma. Instead, as new data become available, previous scientific explanations are revised and improved, or rejected and replaced. Science is a way of making sense of the world, with internally-consistent methods and principles that are well described. There is a progression from a hypothesis to a theory using testable, scientific laws. Only a few scientific facts are natural laws and many hypotheses are tested to generate a theory. Find out how scientific hypotheses, theories and laws describe the natural world. 

What is a hypothesis? 

A hypothesis is an idea or proposition that can be tested by observations or experiments, about the natural world. In order to be considered scientific, hypotheses are subject to scientific evaluation and must be falsifiable, which means that they are worded in such a way that they can be proven to be incorrect.

Example: When Gregor Mendel in 1865 studied the pattern of single trait inheritance of garden peas he formed a hypothesis on the manner of how these traits were inherited. The hypothesis he formed based on his observations included the following:

1. In the organism there is a pair of factors that controls the appearance of a given characteristic. 

2. The organism inherits these factors from its parents, one from each. 

3. Each is transmitted from generation to generation as a discrete, unchanging unit. 

4. When the gametes are formed, the factors separate and are distributed as units to each gamete. (This statement is also known as Mendel's rule of segregation.) 

5. If an organism has two unlike factors for a characteristic, one may be expressed to the total exclusion of the other. 

What is a scientific theory?

To scientists, a theory is a coherent explanation for a large number of facts and observations about the natural world.

A theory is: 

· Internally consistent and compatible with the evidence 

· Firmly grounded in and based upon evidence 

· Tested against a wide range of phenomena 

· Demonstrably effective in problem-solving 

In popular use, a theory is often assumed to imply mere speculation, but in science, something is not called a theory until it has been confirmed over many independent experiments. Theories are more certain than hypotheses, but less certain than laws. The procedures and processes for testing a theory are well-defined within each scientific discipline.

Example: Between 1856 and 1863 Mendel cultivated and tested some 28,000 pea plants which brought forth two theories of how character traits are inherited. Ironically, when Mendel's paper was published on 1866, it had little impact. It wasn't until the early 20th century that the enormity of his ideas was realized.

What is a scientific law?

A scientific law is a description of a natural phenomenon or principle that invariably holds true under specific conditions and will occur under certain circumstances.

Example: In the early 20th century, after repeated tests and rejection of all competing theories Mendel's Laws of Heredity were accepted by the general scientific community.

1. The law of segregation, which states that the alleles governing a trait are separated during the creation of gametes (meiosis). 

2. The law of independent assortment, which states that the genes controlling different traits are distributed separately from each other during meiosis. 

Lots of historical and scientific information about Gregor Mendel and his work can be found at the Mendel Museum.

Example 2: In the late 17th Century, Nicholas Steno established some natural laws relating to geology.

1. The law of original horizontality - this states that when sediments are deposited in water, they will sink through it and deposit as horizontal layers as the result of gravity (unless acted on by other forces). 

2. The law of stratigraphic succession - this states that in a given sequence of sediments, the oldest will be at the bottom and the youngest at the top. It does not provide ages for those sediments, simply the sequence of their deposition.

For more on Nicholas Steno, try this book - a most interesting read:



	NS.10.B.3
Distinguish between a scientific theory and the term “theory” used in general conversation

Evolution and Revolution

Modern science has arisen from strenuous efforts over the past few centuries (especially since Galileo, Bacon, etc) to ensure that our evidence (data), and the conclusions we draw from it, are watertight. This has evolved into what we now call 'scientific method', which is based on the use of repeatable experiments and objective reasoning. A theory is not held to be true because some important people say it is, or because its proponents talk louder and longer than anyone else, or because it promises to keep my skin soft and smooth forever... 

In fact, a theory is never held to be 'true' in any absolute sense; science does not prove anything (only mathematics does that, of mathematical statements) - it only offers tentative working models of the physical world, as agreed upon by several independent researchers after they have impersonally tested the evidence for themselves, and considered if there might be better explanations. 
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Nor is any theory ever immune from challenge; they may serve for a long time as foundation for much else in science, but if they fail to account perfectly for everything you'd expect, then they may be superceded by a 'better' theory - as happened with Newton's laws of gravitation and motion. Those laws aren't wrong - at everyday scales, but for near-light velocities, or strong gravitation fields, Einstein's theories work better. 

In science, all claims are tentative, subject to revision on the basis of new evidence. Although science cannot provide one with hundred percent certainty, yet it is the most, if not the only, objective mode of pursuing knowledge. Science is above all else a critical and analytical activity and the scientist is pre-eminently a person who requires irrefutable evidence before he or she delivers an opinion. 

Occasionally, experimental data just cannot be explained with any reasonable extension of existing theories, and someone will try a radical new approach (or 'paradigm' as Thomas Kuhn calls it). This new approach may be so strange and against prevailing 'common sense', that other (perhaps older) scientists are unable to accept it, but eventually the weight of the evidence and the predicitng power of the new theory win out, and the old theory is abandoned. The change in world view can be so radical as to constitute a 'revolution', rather than the more gradual evolution of 'normal science'. 

Evolution is a Fact and a Theory

by Laurence Moran
Copyright © 1993-2002

[Last Update: January 22, 1993]
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hen non-biologists talk about biological evolution they often confuse two different aspects of the definition. On the one hand there is the question of whether or not modern organisms have evolved from older ancestral organisms or whether modern species are continuing to change over time. On the other hand there are questions about the mechanism of the observed changes... how did evolution occur? Biologists consider the existence of biological evolution to be a fact. It can be demonstrated today and the historical evidence for its occurrence in the past is overwhelming. However, biologists readily admit that they are less certain of the exact mechanism of evolution; there are several theories of the mechanism of evolution. Stephen J. Gould has put this as well as anyone else:

In the American vernacular, "theory" often means "imperfect fact"--part of a hierarchy of confidence running downhill from fact to theory to hypothesis to guess. Thus the power of the creationist argument: evolution is "only" a theory and intense debate now rages about many aspects of the theory. If evolution is worse than a fact, and scientists can't even make up their minds about the theory, then what confidence can we have in it? Indeed, President Reagan echoed this argument before an evangelical group in Dallas when he said (in what I devoutly hope was campaign rhetoric): "Well, it is a theory. It is a scientific theory only, and it has in recent years been challenged in the world of science--that is, not believed in the scientific community to be as infallible as it once was." 

Well evolution is a theory. It is also a fact. And facts and theories are different things, not rungs in a hierarchy of increasing certainty. Facts are the world's data. Theories are structures of ideas that explain and interpret facts. Facts don't go away when scientists debate rival theories to explain them. Einstein's theory of gravitation replaced Newton's in this century, but apples didn't suspend themselves in midair, pending the outcome. And humans evolved from ape-like ancestors whether they did so by Darwin's proposed mechanism or by some other yet to be discovered.

Moreover, "fact" doesn't mean "absolute certainty"; there ain't no such animal in an exciting and complex world. The final proofs of logic and mathematics flow deductively from stated premises and achieve certainty only because they are not about the empirical world. Evolutionists make no claim for perpetual truth, though creationists often do (and then attack us falsely for a style of argument that they themselves favor). In science "fact" can only mean "confirmed to such a degree that it would be perverse to withhold provisional consent." I suppose that apples might start to rise tomorrow, but the possibility does not merit equal time in physics classrooms.

Evolutionists have been very clear about this distinction of fact and theory from the very beginning, if only because we have always acknowledged how far we are from completely understanding the mechanisms (theory) by which evolution (fact) occurred. Darwin continually emphasized the difference between his two great and separate accomplishments: establishing the fact of evolution, and proposing a theory--natural selection--to explain the mechanism of evolution.

- Stephen J. Gould, " Evolution as Fact and Theory"; Discover, May 1981

Gould is stating the prevailing view of the scientific community. In other words, the experts on evolution consider it to be a fact. This is not an idea that originated with Gould as the following quotations indicate: 

Let me try to make crystal clear what is established beyond reasonable doubt, and what needs further study, about evolution. Evolution as a process that has always gone on in the history of the earth can be doubted only by those who are ignorant of the evidence or are resistant to evidence, owing to emotional blocks or to plain bigotry. By contrast, the mechanisms that bring evolution about certainly need study and clarification. There are no alternatives to evolution as history that can withstand critical examination. Yet we are constantly learning new and important facts about evolutionary mechanisms. 

- Theodosius Dobzhansky "Nothing in Biology Makes Sense Except in the Light of Evolution", American Biology Teacher vol. 35 (March 1973) reprinted in Evolution versus Creationism, J. Peter Zetterberg ed., ORYX Press, Phoenix AZ 1983

Also: 

It is time for students of the evolutionary process, especially those who have been misquoted and used by the creationists, to state clearly that evolution is a fact, not theory, and that what is at issue within biology are questions of details of the process and the relative importance of different mechanisms of evolution. It is a fact that the earth with liquid water, is more than 3.6 billion years old. It is a fact that cellular life has been around for at least half of that period and that organized multicellular life is at least 800 million years old. It is a fact that major life forms now on earth were not at all represented in the past. There were no birds or mammals 250 million years ago. It is a fact that major life forms of the past are no longer living. There used to be dinosaurs and Pithecanthropus, and there are none now. It is a fact that all living forms come from previous living forms. Therefore, all present forms of life arose from ancestral forms that were different. Birds arose from nonbirds and humans from nonhumans. No person who pretends to any understanding of the natural world can deny these facts any more than she or he can deny that the earth is round, rotates on its axis, and revolves around the sun. 

The controversies about evolution lie in the realm of the relative importance of various forces in molding evolution.

- R. C. Lewontin "Evolution/Creation Debate: A Time for Truth" Bioscience 31, 559 (1981) reprinted in Evolution versus Creationism, op cit.

This concept is also explained in introductory biology books that are used in colleges and universities (and in some of the better high schools). For example, in some of the best such textbooks we find: 

Today, nearly all biologists acknowledge that evolution is a fact. The term theory is no longer appropriate except when referring to the various models that attempt to explain how life evolves... it is important to understand that the current questions about how life evolves in no way implies any disagreement over the fact of evolution. 

- Neil A. Campbell, Biology 2nd ed., 1990, Benjamin/Cummings, p. 434

Also: 

Since Darwin's time, massive additional evidence has accumulated supporting the fact of evolution--that all living organisms present on earth today have arisen from earlier forms in the course of earth's long history. Indeed, all of modern biology is an affirmation of this relatedness of the many species of living things and of their gradual divergence from one another over the course of time. Since the publication of The Origin of Species, the important question, scientifically speaking, about evolution has not been whether it has taken place. That is no longer an issue among the vast majority of modern biologists. Today, the central and still fascinating questions for biologists concern the mechanisms by which evolution occurs. 

- Helena Curtis and N. Sue Barnes, Biology 5th ed. 1989, Worth Publishers, p. 972

One of the best introductory books on evolution (as opposed to introductory biology) is that by Douglas J. Futuyma, and he makes the following comment: 

A few words need to be said about the "theory of evolution," which most people take to mean the proposition that organisms have evolved from common ancestors. In everyday speech, "theory" often means a hypothesis or even a mere speculation. But in science, "theory" means "a statement of what are held to be the general laws, principles, or causes of something known or observed." as the Oxford English Dictionary defines it. The theory of evolution is a body of interconnected statements about natural selection and the other processes that are thought to cause evolution, just as the atomic theory of chemistry and the Newtonian theory of mechanics are bodies of statements that describe causes of chemical and physical phenomena. In contrast, the statement that organisms have descended with modifications from common ancestors--the historical reality of evolution--is not a theory. It is a fact, as fully as the fact of the earth's revolution about the sun. Like the heliocentric solar system, evolution began as a hypothesis, and achieved "facthood" as the evidence in its favor became so strong that no knowledgeable and unbiased person could deny its reality. No biologist today would think of submitting a paper entitled "New evidence for evolution;" it simply has not been an issue for a century. 

- Douglas J. Futuyma, Evolutionary Biology, 2nd ed., 1986, Sinauer Associates, p. 15

There are readers of these newsgroups who reject evolution for religious reasons. In general these readers oppose both the fact of evolution and theories of mechanisms, although some anti-evolutionists have come to realize that there is a difference between the two concepts. That is why we see some leading anti-evolutionists admitting to the fact of "microevolution"--they know that evolution can be demonstrated. These readers will not be convinced of the "facthood" of (macro)evolution by any logical argument and it is a waste of time to make the attempt. The best that we can hope for is that they understand the argument that they oppose. Even this simple hope is rarely fulfilled. 

There are some readers who are not anti-evolutionist but still claim that evolution is "only" a theory which can't be proven. This group needs to distinguish between the fact that evolution occurs and the theory of the mechanism of evolution.

We also need to distinguish between facts that are easy to demonstrate and those that are more circumstantial. Examples of evolution that are readily apparent include the fact that modern populations are evolving and the fact that two closely related species share a common ancestor. The evidence that Homo sapiens and chimpanzees share a recent common ancestor falls into this category. There is so much evidence in support of this aspect of primate evolution that it qualifies as a fact by any common definition of the word "fact."

In other cases the available evidence is less strong. For example, the relationships of some of the major phyla are still being worked out. Also, the statement that all organisms have descended from a single common ancestor is strongly supported by the available evidence, and there is no opposing evidence. However, it is not yet appropriate to call this a "fact" since there are reasonable alternatives.

Finally, there is an epistemological argument against evolution as fact. Some readers of these newsgroups point out that nothing in science can ever be "proven" and this includes evolution. According to this argument, the probability that evolution is the correct explanation of life as we know it may approach 99.9999...9% but it will never be 100%. Thus evolution cannot be a fact. This kind of argument might be appropriate in a philosophy class (it is essentially correct) but it won't do in the real world. A "fact," as Stephen J. Gould pointed out (see above), means something that is so highly probable that it would be silly not to accept it. This point has also been made by others who contest the nit-picking epistemologists.

The honest scientist, like the philosopher, will tell you that nothing whatever can be or has been proved with fully 100% certainty, not even that you or I exist, nor anyone except himself, since he might be dreaming the whole thing. Thus there is no sharp line between speculation, hypothesis, theory, principle, and fact, but only a difference along a sliding scale, in the degree of probability of the idea. When we say a thing is a fact, then, we only mean that its probability is an extremely high one: so high that we are not bothered by doubt about it and are ready to act accordingly. Now in this use of the term fact, the only proper one, evolution is a fact. For the evidence in favor of it is as voluminous, diverse, and convincing as in the case of any other well established fact of science concerning the existence of things that cannot be directly seen, such as atoms, neutrons, or solar gravitation .... 

So enormous, ramifying, and consistent has the evidence for evolution become that if anyone could now disprove it, I should have my conception of the orderliness of the universe so shaken as to lead me to doubt even my own existence. If you like, then, I will grant you that in an absolute sense evolution is not a fact, or rather, that it is no more a fact than that you are hearing or reading these words.

- H. J. Muller, "One Hundred Years Without Darwin Are Enough" School Science and Mathematics 59, 304-305. (1959) reprinted in Evolution versus Creationism op cit.

In any meaningful sense evolution is a fact, but there are various theories concerning the mechanism of evolution.

As used in science, a theory is an explanation or model based on observation, experimentation, and reasoning, especially one that has been tested and confirmed as a general principle helping to explain and predict natural phenomena. 

Any scientific theory must be based on a careful and rational examination of the facts. A clear distinction needs to be made between facts (things which can be observed and/or measured) and theories (explanations which correlate and interpret the facts. 

A fact is something that is supported by unmistakeable evidence. For example, the Grand Canyon cuts through layers of different kinds of rock, such as the Coconino sandstone, Hermit shale, and Redwall limestone. These rock layers often contain fossils that are found only in certain layers. Those are the facts. 

It is a fact is that fossil skulls have been found that are intermediate in appearance between humans and modern apes. It is a fact that fossils have been found that are clearly intermediate in appearance between dinosaurs and birds. 

Facts may be interpreted in different ways by different individuals, but that doesn't change the facts themselves. 

Theories may be good, bad, or indifferent. They may be well established by the factual evidence, or they may lack credibility. Before a theory is given any credence in the scientific community, it must be subjected to "peer review." This means that the proposed theory must be published in a legitimate scientific journal in order to provide the opportunity for other scientists to evaluate the relevant factual information and publish their conclusions. 



	NS.10.B.4
Summarize the guidelines of science: 

· explanations are based on observations, evidence, and testing

· hypotheses must be testable

· understandings and/or conclusions may change with additional empirical data  

· scientific knowledge must have peer review and verification before acceptance
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These supplementary guidelines apply to scientific research information that is officially used or produced by USDA agencies or offices.  The following information quality criteria comprise the quality standards that USDA agencies and offices will follow in developing and reviewing scientific research information and disseminating it to the public.  It should be noted that in urgent situations that may pose an imminent threat to public health or welfare, the environment, the national economy, or homeland security these requirements may be waived temporarily.  
Objectivity of Scientific Research Information 

To ensure the objectivity of scientific research information developed and disseminated by USDA, its agencies and offices will: 

· Require a clear statement of the research objectives and a description of the approaches and methods used in conducting the research. 

· Subject the proposed research project(s) to a high quality and objective review. 

· Where applicable, ensure the quality of research through the use of Good Laboratory Practices (40 CFR Part 160). 

· Provide appropriate oversight to ensure that sound scientific practices are followed. 

· Adhere to the Research Misconduct Policy promulgated by the Office of Science and Technology Policy on December 6, 2001, in the Federal Register (65 FR 76260).  (See http://www.ostp.gov/html/misconduct.html.) 

· Provide research information to the public that is reliable, accurate, and presented clearly. 

· Provide an explanation that accompanies all research information detailing how it was obtained, what it is, the conditions to which it applies, and the limitations or reservations that should be applied in using the information. 

Before releasing scientific research information, USDA agencies and offices will use one or more of the following procedures:
· Conduct a peer review that meets the standards recommended by OMB.

· OMB's Information Quality Bulletin for
Peer Review (PDF 238K) 

· USDA's Peer Review Guidelines (MS Word 62K) 

· USDA's Internal Peer Review Templates
- Peer Review Plan (Template) (MS Word 47K)
- Peer Review Annual Report (Template) (MS Word 20K)

· Agency Peer Review Agendas
· Where appropriate, subject the information to formal, independent, external peer review to ensure its objectivity.  If data and analytic results have been subjected to such a review, the information may generally be presumed to be of acceptable objectivity.  However, in accordance with the OMB standard, this presumption is rebuttable based on a persuasive showing by a petitioner in a particular instance, although the burden of proof is on the complainant. 

· If agency-sponsored peer review is employed to help satisfy the objectivity standard, the review process should meet the general criteria for competent and credible peer review recommended by OMB.  OMB recommends that (a) peer reviewers be selected primarily on the basis of necessary technical expertise, (b) peer reviewers be expected to disclose to agencies prior technical/policy positions they may have taken on issues at hand, (c) peer reviewers be expected to disclose to agencies their sources of personal and institutional funding (private or public sector), and (d) peer reviews be conducted in an open and rigorous manner.

· Confirm that the information to be released has been peer reviewed by a reputable scientific or professional journal, and the journal has agreed to publish the same information. 

· Conduct an internal review, which for the purposes of establishing transparency, ensures that the report or research product clearly states what the information and data are, how they were obtained, and any reservations or limitations on their use. 

Objectivity of Influential Scientific Research Information 

To ensure the objectivity of influential scientific information disseminated by USDA, its agencies and offices will:

· Disseminate influential scientific information with a high degree of transparency about data and methods to facilitate its reproducibility by qualified third parties.  Reproducibility means that the information is capable of being substantially reproduced, subject to an acceptable degree of imprecision. 

· With regard to original and supporting data related to influential scientific information, USDA agencies and offices will ensure reproducibility for those particular types of data that can practicably be subjected to a reproducibility requirement according to commonly accepted scientific standards, given ethical, feasibility, or confidentiality constraints. 

· With regard to analytic results related to influential scientific information, USDA agencies and offices will ensure sufficient transparency about data and methods that an independent reanalysis could be undertaken by a qualified member of the public unless other compelling interests such as privacy, trade secrets, intellectual property, or other confidentiality protections preclude such a reanalysis.

· In situations where public access to data and methods will not occur due to other compelling interests, USDA agencies and offices will apply especially rigorous robustness checks to analytic results and document what checks were undertaken. 

· In all cases, USDA agencies and offices will disclose the specific data sources, quantitative methods, and assumptions used in the analysis. 

With respect to influential scientific information disseminated by USDA regarding analysis of risks to human health, safety, and the environment, USDA agencies and offices will ensure, to the extent practicable, the objectivity of this information by adapting the quality principles found in the Safe Drinking Water Act Amendments of 1996.  The agencies and offices will:
· Use the best available science and supporting studies conducted in accordance with sound and objective scientific practices, including peer-reviewed studies where available. 

· Use data collected by accepted methods or best available methods (if the reliability of the method and the nature of the decision justifies the use of the data). 

· In the dissemination of influential scientific information about risks, ensure that the presentation of information is comprehensive, informative, and understandable.  In a document made available to the public, specify, to the extent practicable:

· Each population addressed by any estimate of applicable effects. 

· The expected risk or central estimate of risk for the specific populations affected. 

· Each appropriate upper-bound or lower-bound estimate of risk. 

· Each significant uncertainty identified in the process of the risk assessment and studies that would assist in reducing the uncertainty. 

· Any additional studies, including peer-reviewed studies, known to the agency that support, are directly relevant to, or fail to support the findings of the assessment and the methodology used to reconcile inconsistencies in the scientific data. 

Utility of Scientific Research Information 

To ensure the utility of the scientific research information developed and disseminated by USDA, its agencies and offices will: 

· Depending on the purpose of the research, ensure that the research is relevant to the needs of the agency's customers, stakeholders, partners, or mission.   

· When transparency of information is relevant for assessing the information's usefulness from the public's perspective, USDA agencies and offices will take care to ensure that transparency has been addressed in its review of the information before it is disseminated.   

Integrity of Scientific Research Information 

To ensure the integrity of the scientific research information developed and disseminated by USDA, its agencies and offices will: 

· Record and maintain, for an appropriate period of time, all experimental results, data, and analytic procedures needed to reproduce the released information in accordance with established governmental standards or, where applicable, widely recognized scientific practices. 

· Protect the information from unauthorized access or revision and ensure that the information is not compromised through corruption or falsification. 

· Adhere to the Research Misconduct Policy promulgated by the Office of Science and Technology Policy on December 6, 2001, in the Federal Register (65 FR 76260).  (See http://www.ostp.gov/html/misconduct.html.) 

Introduction to the Scientific Method

The scientific method is the process by which scientists, collectively and over time, endeavor to construct an accurate (that is, reliable, consistent and non-arbitrary) representation of the world.

Recognizing that personal and cultural beliefs influence both our perceptions and our interpretations of natural phenomena, we aim through the use of standard procedures and criteria to minimize those influences when developing a theory. As a famous scientist once said, "Smart people (like smart lawyers) can come up with very good explanations for mistaken points of view." In summary, the scientific method attempts to minimize the influence of bias or prejudice in the experimenter when testing an hypothesis or a theory. 

I. The scientific method has four steps

1. Observation and description of a phenomenon or group of phenomena. 

2. Formulation of an hypothesis to explain the phenomena. In physics, the hypothesis often takes the form of a causal mechanism or a mathematical relation. 

3. Use of the hypothesis to predict the existence of other phenomena, or to predict quantitatively the results of new observations. 

4. Performance of experimental tests of the predictions by several independent experimenters and properly performed experiments. 

If the experiments bear out the hypothesis it may come to be regarded as a theory or law of nature (more on the concepts of hypothesis, model, theory and law below). If the experiments do not bear out the hypothesis, it must be rejected or modified. What is key in the description of the scientific method just given is the predictive power (the ability to get more out of the theory than you put in; see Barrow, 1991) of the hypothesis or theory, as tested by experiment. It is often said in science that theories can never be proved, only disproved. There is always the possibility that a new observation or a new experiment will conflict with a long-standing theory. 

II. Testing hypotheses

As just stated, experimental tests may lead either to the confirmation of the hypothesis, or to the ruling out of the hypothesis. The scientific method requires that an hypothesis be ruled out or modified if its predictions are clearly and repeatedly incompatible with experimental tests. Further, no matter how elegant a theory is, its predictions must agree with experimental results if we are to believe that it is a valid description of nature. In physics, as in every experimental science, "experiment is supreme" and experimental verification of hypothetical predictions is absolutely necessary. Experiments may test the theory directly (for example, the observation of a new particle) or may test for consequences derived from the theory using mathematics and logic (the rate of a radioactive decay process requiring the existence of the new particle). Note that the necessity of experiment also implies that a theory must be testable. Theories which cannot be tested, because, for instance, they have no observable ramifications (such as, a particle whose characteristics make it unobservable), do not qualify as scientific theories. 

If the predictions of a long-standing theory are found to be in disagreement with new experimental results, the theory may be discarded as a description of reality, but it may continue to be applicable within a limited range of measurable parameters. For example, the laws of classical mechanics (Newton's Laws) are valid only when the velocities of interest are much smaller than the speed of light (that is, in algebraic form, when v/c << 1). Since this is the domain of a large portion of human experience, the laws of classical mechanics are widely, usefully and correctly applied in a large range of technological and scientific problems. Yet in nature we observe a domain in which v/c is not small. The motions of objects in this domain, as well as motion in the "classical" domain, are accurately described through the equations of Einstein's theory of relativity. We believe, due to experimental tests, that relativistic theory provides a more general, and therefore more accurate, description of the principles governing our universe, than the earlier "classical" theory. Further, we find that the relativistic equations reduce to the classical equations in the limit v/c << 1. Similarly, classical physics is valid only at distances much larger than atomic scales (x >> 10-8 m). A description which is valid at all length scales is given by the equations of quantum mechanics. 

We are all familiar with theories which had to be discarded in the face of experimental evidence. In the field of astronomy, the earth-centered description of the planetary orbits was overthrown by the Copernican system, in which the sun was placed at the center of a series of concentric, circular planetary orbits. Later, this theory was modified, as measurements of the planets motions were found to be compatible with elliptical, not circular, orbits, and still later planetary motion was found to be derivable from Newton's laws. 

Error in experiments have several sources. First, there is error intrinsic to instruments of measurement. Because this type of error has equal probability of producing a measurement higher or lower numerically than the "true" value, it is called random error. Second, there is non-random or systematic error, due to factors which bias the result in one direction. No measurement, and therefore no experiment, can be perfectly precise. At the same time, in science we have standard ways of estimating and in some cases reducing errors. Thus it is important to determine the accuracy of a particular measurement and, when stating quantitative results, to quote the measurement error. A measurement without a quoted error is meaningless. The comparison between experiment and theory is made within the context of experimental errors. Scientists ask, how many standard deviations are the results from the theoretical prediction? Have all sources of systematic and random errors been properly estimated? This is discussed in more detail in the appendix on Error Analysis and in Statistics Lab 1. 

III. Common Mistakes in Applying the Scientific Method

As stated earlier, the scientific method attempts to minimize the influence of the scientist's bias on the outcome of an experiment. That is, when testing an hypothesis or a theory, the scientist may have a preference for one outcome or another, and it is important that this preference not bias the results or their interpretation. The most fundamental error is to mistake the hypothesis for an explanation of a phenomenon, without performing experimental tests. Sometimes "common sense" and "logic" tempt us into believing that no test is needed. There are numerous examples of this, dating from the Greek philosophers to the present day. 

Another common mistake is to ignore or rule out data which do not support the hypothesis. Ideally, the experimenter is open to the possibility that the hypothesis is correct or incorrect. Sometimes, however, a scientist may have a strong belief that the hypothesis is true (or false), or feels internal or external pressure to get a specific result. In that case, there may be a psychological tendency to find "something wrong", such as systematic effects, with data which do not support the scientist's expectations, while data which do agree with those expectations may not be checked as carefully. The lesson is that all data must be handled in the same way. 

Another common mistake arises from the failure to estimate quantitatively systematic errors (and all errors). There are many examples of discoveries which were missed by experimenters whose data contained a new phenomenon, but who explained it away as a systematic background. Conversely, there are many examples of alleged "new discoveries" which later proved to be due to systematic errors not accounted for by the "discoverers." 

In a field where there is active experimentation and open communication among members of the scientific community, the biases of individuals or groups may cancel out, because experimental tests are repeated by different scientists who may have different biases. In addition, different types of experimental setups have different sources of systematic errors. Over a period spanning a variety of experimental tests (usually at least several years), a consensus develops in the community as to which experimental results have stood the test of time. 

IV. Hypotheses, Models, Theories and Laws

In physics and other science disciplines, the words "hypothesis," "model," "theory" and "law" have different connotations in relation to the stage of acceptance or knowledge about a group of phenomena. 

An hypothesis is a limited statement regarding cause and effect in specific situations; it also refers to our state of knowledge before experimental work has been performed and perhaps even before new phenomena have been predicted. To take an example from daily life, suppose you discover that your car will not start. You may say, "My car does not start because the battery is low." This is your first hypothesis. You may then check whether the lights were left on, or if the engine makes a particular sound when you turn the ignition key. You might actually check the voltage across the terminals of the battery. If you discover that the battery is not low, you might attempt another hypothesis ("The starter is broken"; "This is really not my car.") 

The word model is reserved for situations when it is known that the hypothesis has at least limited validity. A often-cited example of this is the Bohr model of the atom, in which, in an analogy to the solar system, the electrons are described has moving in circular orbits around the nucleus. This is not an accurate depiction of what an atom "looks like," but the model succeeds in mathematically representing the energies (but not the correct angular momenta) of the quantum states of the electron in the simplest case, the hydrogen atom. Another example is Hook's Law (which should be called Hook's principle, or Hook's model), which states that the force exerted by a mass attached to a spring is proportional to the amount the spring is stretched. We know that this principle is only valid for small amounts of stretching. The "law" fails when the spring is stretched beyond its elastic limit (it can break). This principle, however, leads to the prediction of simple harmonic motion, and, as a model of the behavior of a spring, has been versatile in an extremely broad range of applications. 

A scientific theory or law represents an hypothesis, or a group of related hypotheses, which has been confirmed through repeated experimental tests. Theories in physics are often formulated in terms of a few concepts and equations, which are identified with "laws of nature," suggesting their universal applicability. Accepted scientific theories and laws become part of our understanding of the universe and the basis for exploring less well-understood areas of knowledge. Theories are not easily discarded; new discoveries are first assumed to fit into the existing theoretical framework. It is only when, after repeated experimental tests, the new phenomenon cannot be accommodated that scientists seriously question the theory and attempt to modify it. The validity that we attach to scientific theories as representing realities of the physical world is to be contrasted with the facile invalidation implied by the expression, "It's only a theory." For example, it is unlikely that a person will step off a tall building on the assumption that they will not fall, because "Gravity is only a theory." 

Changes in scientific thought and theories occur, of course, sometimes revolutionizing our view of the world (Kuhn, 1962). Again, the key force for change is the scientific method, and its emphasis on experiment. 

V. Are there circumstances in which the Scientific Method is not applicable?

While the scientific method is necessary in developing scientific knowledge, it is also useful in everyday problem-solving. What do you do when your telephone doesn't work? Is the problem in the hand set, the cabling inside your house, the hookup outside, or in the workings of the phone company? The process you might go through to solve this problem could involve scientific thinking, and the results might contradict your initial expectations. 

Like any good scientist, you may question the range of situations (outside of science) in which the scientific method may be applied. From what has been stated above, we determine that the scientific method works best in situations where one can isolate the phenomenon of interest, by eliminating or accounting for extraneous factors, and where one can repeatedly test the system under study after making limited, controlled changes in it. 

There are, of course, circumstances when one cannot isolate the phenomena or when one cannot repeat the measurement over and over again. In such cases the results may depend in part on the history of a situation. This often occurs in social interactions between people. For example, when a lawyer makes arguments in front of a jury in court, she or he cannot try other approaches by repeating the trial over and over again in front of the same jury. In a new trial, the jury composition will be different. Even the same jury hearing a new set of arguments cannot be expected to forget what they heard before. 

VI. Conclusion

The scientific method is intricately associated with science, the process of human inquiry that pervades the modern era on many levels. While the method appears simple and logical in description, there is perhaps no more complex question than that of knowing how we come to know things. In this introduction, we have emphasized that the scientific method distinguishes science from other forms of explanation because of its requirement of systematic experimentation. We have also tried to point out some of the criteria and practices developed by scientists to reduce the influence of individual or social bias on scientific findings. Further investigations of the scientific method and other aspects of scientific practice may be found in the references listed below.




Strand: Nature of Science

                      Standard 11: Students shall design and safely conduct scientific inquiry.
	NS.11.B.1

Develop and explain the appropriate procedure, controls, and variables (dependent and independent) in scientific experimentation

Procedure
Now that you have come up with a hypothesis, you need to develop a procedure for testing whether it is true or false. This involves changing your independent variable and measuring the impact that this change has on the dependent variable. When you are conducting your experiment, you need to make sure that the only thing you change is the independent variable so that you are only measuring the impact of that single change. All the controlled variables must remain constant.

Scientists run experiments more than once to verify that results are consistent. In other words, you must verify that you obtain essentially the same results every time you repeat the experiment with the same value for your independent variable. This insures that the answer to your question is not just an accident. Each time that you perform your experiment is called a run or a trial.

Every good experiment also compares different groups of trials with each other. Such a comparison helps insure that the changes you see when you change the independent variable are in fact caused by the independent variable. There are two types of trial groups: experimental groups and control groups.

The experimental group consists of the trials where you change the independent variable. For example, if your question asks whether fertilizer makes a plant grow bigger, then the experimental group consists of all trials in which the plants receive fertilizer.

In many experiments it is important to perform a trial with the independent variable at a special setting for comparison with the other trials. This trial is referred to as a control group. The control group consists of all those trials where you leave the independent variable in its natural state. In our example, it would be important to run some trials in which the plants get no fertilizer at all. These trials with no fertilizer provide a basis for comparison, and would insure that any changes you see when you add fertilizer are in fact caused by the fertilizer and not something else.

However, not every experiment is like our fertilizer example. In another kind of experiment, many groups of trials are performed at different values of the independent variable. For example, if your question asks whether an electric motor turns faster if you increase the voltage, you might do an experimental group of three trials at 1.5 volts, another group of three trials at 2.0 volts, three trials at 2.5 volts, and so on. In such an experiment you are comparing the experimental groups to each other, rather than comparing them to a single control group. You must evaluate whether your experiment is more like the fertilizer example, which requires a special control group, or more like the motor example that does not. 

Whether or not your experiment has a control group, remember that every experiment has a number of controlled variables. Controlled variables are those variables that we don't want to change while we conduct our experiment, and they must be the same in every trial and every group of trials. In our fertilizer example, we would want to make sure that every trial received the same amount of water, light, and warmth. Even though an experiment measuring the effect of voltage on the motor's speed of rotation may not have a control group, it still has controlled variables: the same motor is used for every trial and the load on the motor is kept the same.

A little advance preparation can ensure that your experiment will run smoothly and that you will not encounter any unexpected surprises at the last minute. You will need to prepare a detailed procedure for your experiment so you can ensure consistency from beginning to end. Think about it as writing a recipe for your experiment. This also makes it much easier for someone else to test your experiment if they are interested in seeing how you got your results. 

Key Elements of the Procedure for an Experiment

· Description and size of all experimental and control groups, as applicable 

· A step-by-step list of everything you must do to perform your experiment. Think about all the steps that you will need to go through to complete your experiment, and record exactly what will need to be done in each step. 

· The procedure must tell how you will change your one and only independent variable and how you will measure that change 

· The procedure must explain how you will measure the resulting change in the dependent variable or variables 

· If applicable, the procedure should explain how the controlled variables will be maintained at a constant value 

· The procedure should specify how many times you intend to repeat your experiment, so that you can verify that your results are reproducible. 

Where will you conduct your experiment? You may need a lot of room for you experiment or you may not be able to move your experiment around from place to place. If you are working with human or animal subjects, you may need a location that is quiet. You will need to think about these limitations before you start your experiment so you can find a location in advance that will meet your needs.

Variables & Hypothesis
Variables
Scientists use an experiment to search for cause and effect relationships in nature. In other words, they design an experiment so that changes to one item cause something else to vary in a predictable way. 

These changing quantities are called variables, and an experiment usually has three kinds: independent, dependent, and controlled. 

The independent variable is the one that is changed by the scientist. In an experiment there is only one independent variable. 

As the scientist changes the independent variable, he or she observes what happens. 

The dependent variable changes in response to the change the scientist makes to the independent variable. The new value of the dependent variable is caused by and depends on the value of the independent variable. For example, if you open a faucet (the independent variable), the quantity of water flowing (dependent variable) changes in response--the water flow increases. The number of dependent variables in an experiment varies, but there is often more than one. 

Experiments also have controlled variables. Controlled variables are quantities that a scientist wants to remain constant, and he must observe them as carefully as the dependent variables. For example, if we want to measure how much water flow increases when we open a faucet, it is important to make sure that the water pressure (the controlled variable) is held constant. That's because both the water pressure and the opening of a faucet have an impact on how much water flows. If we change both of them at the same time, we can't be sure how much of the change in water flow is because of the faucet opening and how much because of the water pressure. Most experiments have more than one controlled variable. Some people refer to controlled variables as "constant variables." 

Some Very Simple Examples of Variables
Question

Independent Variable

Dependent Variables

Controlled Variables

Comments

How much water flows through a faucet?
Water faucet opening (closed, 1/2 open, fully open)
Volume of water flowing measured in liters per minute
Water pressure (how much the water is "pushing")
A better measure of the independent variable would be to find area of the opening in the pipe in square centimeters.
How fast does a candle burn?
Time measured in minutes
Height of candle measured in centimeters
· Use same type of candle for every test 

· Wind--make sure there is none 

In this case, time is what causes the dependent variable to change. The scientist simply starts the process, then observes and records data at regular intervals.
Does fertilizer make a plant grow bigger?
Amount of fertilizer measured in grams
· Growth of the plant measured by its height 

· Growth of the plant measured by the number of leaves 

· Same plants 

· Same soil 

· Same size pot 

· Same amount of water and light 

· Make measurements of growth at the same time 

 

Does an electric motor turn faster if you increase the voltage?
Voltage of the electricity supplied to the motor measured in volts
Speed of rotation measured in RPMs
· Same motor for every test 

· Same load on the motor 

 

Hypothesis
After having thoroughly researched a topic, you should have some prediction about what you think will happen in your experiment. This educated guess concerning the outcome is called your hypothesis.

The hypothesis is worded so that it can be tested in your experiment. Do this by expressing the hypothesis using your independent variable (the variable you change during your experiment) and your dependent variable (the variable that changes in response and depends on changes in the independent variable). Not only must you incorporate all these variables in your hypothesis, but you also must express them in a way that you can readily measure. 

For example: "My hypothesis is that doubling the opening created by the faucet [independent variable] will double the flow of water [dependent variable]." 

Not every question can be answered by the scientific method. The hypothesis is the key. If you can state your question as a testable hypothesis, then you can use the scientific method to obtain an answer.

Is all science accomplished using this same method that is taught in schools and emphasized at science fairs? Should you worry if you end up disproving your hypothesis? Actually, the answers are no it's not, and no don't worry if you disprove your hypothesis. Learn more in this essay written by a veteran Science Buddies Adviser, Dr. Bruce Weaver.
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Research and apply appropriate safety precautions (refer to ADE Guidelines) when designing and/or conducting scientific investigations 
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Laboratory Safety Guide for Arkansas K-12 Schools

This guide was developed by the Arkansas Science Teachers Association (ASTA) and the

Arkansas Department of Education (ADE) for the public schools of the state. The guide contains

recommendations; however, following them does not remove from the school district or the

teacher their responsibility for safe practices.

The first section gives guidance on school facilities, State Board of Education Guidelines,

Federal Safety Rulings, and general safety precautions. The second section contains guidelines

for grade levels, special needs, and science disciplines. The Appendix contains sample forms

schools may find useful to school science safety.

This guide may be duplicated, separated into grade levels and disciplines and/or given to each

teacher of science within a district. However, each teacher needs to be familiar with the entire

content of the guide. There is some very important information in the first section that all

teachers need to know. The primary grade sciences are held under the same safety guidelines as

the upper grades. Each school building should hold meetings to discuss the content of this guide.

Twenty percent of the instructional time for all science courses or units for kindergarten through

high school grades will contain activities and laboratory experiences. School districts should

provide scientific and safety equipment needed to meet the learner expectations in the Science

Framework. A listing of recommended scientific equipment can be found on the Arkansas

Science Teachers Association’s web site at: <http://www.aristotle.net/~asta/index.htm>.

Required science courses for High School Graduation beginning with the high school graduating

class of 2002:

Science - 3 units. At least 1 unit of biology or its equivalent (ABC I and II) and 1 unit in a

physical science. All required science units must provide hands-on laboratory experience for

students a minimum of 20% of instructional time.

Needed science courses for the Arkansas Academic Challenge Scholarship and Unconditional

Admission to an Arkansas Public College or University beginning with the high school

graduating class of 2002:

Three science units, with laboratories, chosen from physical science, biology, chemistry, or

physics. Only one unit may come from a life science.

The Arkansas Department of Education used Dwight D. Eisenhower Professional Development grant funding

to print and distribute this guide. The Arkansas Science Teachers Association would like to thank the

Council of State Science Supervisors, who sent copies of their state safety guides to aid in the development of

this guide.
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Safety Considerations

In a science classroom and lab, students will use a variety of equipment, chemicals, or living

organisms that may be potentially dangerous. Safety cannot be left to chance. Each school

administrator and teacher must be safety-minded at all times. Teachers must set the example for

students by modeling safety rules. Provisions that promote safety should be developed in

planning facilities, instruction, and purchasing and updating equipment.

This national standard is different from our state standards. The Arkansas Standards for

Accreditation states, “The student/teacher ratio for kindergarten shall be no more than twenty

(20) students to one (1) teacher in a classroom. However, kindergarten class size maximum may

be no more than twenty-two (22) with a one-half time instructional aide being employed for

those classes. The average student/teacher ratio for grades one through three in a school district

shall be no more than twenty-three (23) students per teacher in a classroom. There shall be no

more than twenty-five (25) students per teacher in any classroom.”

“The average student/teacher ratio for grades four through six in a school district shall be no

more than twenty-five (25) students per teacher in a classroom, and no more than twenty-eight

(28) students per teacher in any classroom.”

“In grades seven through twelve, a teacher shall not be assigned more than one hundred fifty

(150) students daily; and an individual academic class shall not exceed thirty (30) students,

provided that, in exceptional cases or for courses that lend themselves to large group instruction,

these ratios may be increased.” (From “Standards for Accreditation, Arkansas Public Schools

Revised May 1993, Standard V-B).

Standard science classroom and laboratory designs usually feature 12 workstations for 24

students with general two students per workstation. Teachers should be able to see and monitor

the activities of every student from a single central location.

Today’s teachers and school administrators need to be aware of chemical storage, handling, and

disposal issues, “Chemical Right to Know” laws, laboratory designs, first-aid guidelines, special

needs of some students, as well as scheduling of science classes to facilitate learning and to

protect students and valuable equipment.

Each science teacher needs a laboratory in his/her classroom or should have access to a lab

nearby. If a lab must be shared, the science teachers involved should devise a fair schedule. It is

recommended that only science classes be scheduled in laboratories and science classrooms.

This provides safety for students, protection of expensive equipment and facilities, and adequate

preparation time for science teachers.
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Even a well-equipped science lab is not useful to a science teacher if other classes are scheduled

into the lab. Science teachers need time to set up laboratory experiments during their preparation

period and must be able to leave those experiments in the room during the day. They also need

the opportunity to clean up after labs. If a science teacher has three different science

preparations (or more) and needs to set up science experiments for each of these classes, the

science laboratory must be unoccupied during their prep time. Each teacher needs his/her own

room and should never have to float from room to room. It is virtually impossible to

continuously move science equipment and supplies in a timely, safe, and economical manner.

Similar science classes should be scheduled in clusters. It is difficult to set up a physics lab one

period, clear it out of the way, set up a chemistry lab, remove it for a biology lab, followed by

another physics lab. Classes should be scheduled so that the labs can be planned in a coherent

fashion.

Safety Standards for Science Laboratories

The 1988 Science Safety Standards, adopted by the Arkansas Department of Education, have

been updated and clarified. Schools should use the following standards to improve their science

programs.

1. A functional fume hood, emergency shower, eye wash (15 minutes of potable water

that operates hand-free) station, aprons, protective gloves, splash resistant goggles,

and fire blankets must be in the chemistry laboratory.

2. All science laboratories should contain functional safety equipment appropriate to

their use that may include the equipment in number 1 plus fire extinguishers, safety

charts, and first-aid kits. Safety goggles and protective gloves should be furnished

for all students and teachers when needed.

3. All students must wear protective aprons and splash resistant goggles when using

chemicals. Protective gloves are required when working with strong acids, bases or

heated materials that could damage unprotected skin.

4. All students must wear latex or other protective gloves (if latex sensitive) when

touching preserved biological specimens. While fixatives kill most diseases, there

are viruses that affect humans that are not necessarily killed by the preservative.

Some old specimens may be preserved in formaldehyde (gloves and protective

mask must be worn if these are touched). Schools should make every effort to

switch to non-formaldehyde preservatives. It is also prudent to wear gloves during

dissection to reduce the chances of spreading blood-borne diseases if a student is

accidentally cut.

5. All chemicals must be labeled with the name of the chemical on the container and

segregated to separate incompatible types. Each school building must maintain an

inventory of their laboratory chemicals along with Materials Safety Data Sheets.

6. Chemicals must be kept under lock and key. They must be stored on a noncorrodible

surface in a cabinet or storage shelf. Flammable or corrosive chemicals

should be placed in cabinets designed for this purpose.
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7. Chemical storage rooms in the chemistry laboratory should be locked and must

have a ventilation purge fan (four air changes per hour) to the outside air. Isolate

the chemical storage exhaust from the building ventilation system.

A SUMMARY OF ARKANSAS ACT 556 of 1991

PUBLIC EMPLOYEES_ CHEMICAL RIGHT TO KNOW

1. Post the _Chemical Right to Know” notice in a conspicuous place.

2. Have an inventory list of all hazardous substances at the facility.

3. Get a Material Safety Data Sheet (MSDS) for each substance on the inventory

list. Make sure any MSDS for in-stock chemicals are current and up-to-date.

The MSDS should have a date of preparation and all spaces should be completed.

4. Label containers of hazardous substances with the identity and the appropriate

hazard warning (There are a few exceptions to this rule).

5. Prepare a written hazard communication program. The program should

describe how the employer is going to implement the requirements of the

regulation. These should be kept in the school administration office.

6. Employees must have access to the collection of MSDS_s, the written program, and

the inventory list of hazardous substances.

7. Train employees on the following information:

a. requirements of the law itself;

b. employees_ rights under the law;

c. use the MSDS_s to get further information;

d. details of the employer_s hazard communication program;

e. hazards of the jobs that the employees will be doing (Be sure to include the

hazards of non-routine jobs such as maintenance work.); and

f. employees can protect themselves against the hazards associated

with their jobs.

8. Inform contractors of the hazards they will be working with while on the employer’s

premises.

5

9. Record of trainings must be maintained that includes the names of employees attending

the training sessions and the dates of attendance. These records should be kept in the

school office.

Laboratory and Classroom Sizes

_ Due to greater emphasis on laboratory activities and group work, more materials

are necessary and more space is needed. The following minimum standards

apply:

Science Lecture Rooms (K-12) 750 Square Feet

Science Lecture with separate but connected Lab 1500 Square Feet as an

Aggregate Total

Multi purpose Science Lecture & Laboratory (10-12) 1500 Square Feet

Multi purpose Science Lecture & Laboratory (7-9) 900 Square Feet

Chemical Storage 100 Square Feet

Regular Storage 100 Square Feet

_ The most useful multi purpose science classroom/laboratories are a minimum of

1500 square feet and a maximum of 1800+ square feet with a chemical storage of

100-150 square feet and regular storage of 100-150 square feet.

_ Ninth grade physical science lab activities require larger space. Schools

preparing to build new physical science classrooms and laboratories should consider

rooms ranging 1500 square feet and a maximum of 1800+ square feet.

_ Regular elementary classrooms should be 750 square feet. However, elementary

schools in the process of building science classrooms should use the larger (1500)

minimums as found above.

___ __ All laboratories should be designed with safety as a priority. If schools are planning a

new lab they should have two exits clearly marked to assure safe egress in the event of

an emergency.

___ __ The design should enable teachers to supervise all students from any point in the

room.

___ ____Schools in the earthquake zone should bolt all cabinets and storage units to the walls

and floor.

_______ _The room should have an efficient air conditioning system that will purge the air to

the outside 8 times an hour.
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___ _ Aisles and doorways should be clear of obstructions and be wide enough to allow

passage of wheelchairs and other equipment for handicapped students.

______ Chemical storage should be vented (power ventilators are recommended that force air

to the outside four times during an hour).

______ The sinks in such work areas should be 8 feet apart, with one work area per two pupils.

________A fume hood and an emergency shower are required whenever chemistry or physical

science is taught (umbrella shaped showers are preferable).

Designing a Classroom and Lab

Flinn Scientific has an excellent web site on science and safety at: < http://www.flinnsci.com/>.

Ask what science classrooms and labs will look like in 20–25 years and use the following ideas

in designing your science classrooms and labs;

_ Design a lab space that can be used for all sciences. Flexibility in design is absolutely

critical.

_ Computers and the use of technology will increase. Make sure you have space

and easy access to run additional cable in future years.

_ Design a lab where the teacher can see all the students at work simply by standing in

one place and turning around. Easy access to all students is critical.

_ Try to keep the lab and classroom separated. Do not design a lab that uses

perimeter lab stations with desks stuck in the middle. While this is the most common

lab design, it is also the least creative and causes all kinds of problems for both

teachers and students.

_ Be creative in your design. Visit schools and see what unique designs they

have developed. Take your camera to remember the ideas. Remember creative does

not have to mean expensive.

_ Lastly, select an architect who has designed and helped to build school science labs.

Experience in building and designing science labs will save you both time and money.

_ Be active in the design process. Know your priorities and communicate them to all

involved.

_ Be prepared. If you are planning on designing a science lab two years from now, you

should start your planning now.
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Fire Extinguishers

Fire extinguishers should be of the proper classification and easily accessible during

emergencies. In most cases, the best extinguisher is the tri-class ABC-type. Extinguishers

should be placed in the science rooms and labs.

The multipurpose ABC-type dry chemical fire extinguisher covers all fire classes, except

for reactive and combustible metals, such as sodium, lithium, potassium, magnesium, and

certain metallic hydrides and alkyls. Fire classes are defined below:

_ Class _A_--Fires in wood, textiles, and other ordinary combustibles containing

carbonaceous material. This type of fire is extinguished by cooling with water

or a solution containing water (loaded stream), which wets down material and

prevents glowing embers from rekindling. A general-purpose dry chemical

extinguisher is also effective by its smothering action.

_ Class _B_--Fires in gasoline, oil, grease, paint, or other liquids that gasify when

heated. This type of fire is extinguished by smothering, thus shutting off the air

supply. Carbon dioxide, dry chemical, and foam are effective on this type of

fire.

_ Class “C_--Fires in live electrical equipment. This type of fire is extinguished by

using a non-conducting agent. A carbon dioxide extinguisher smothers the flame

without damaging the equipment. A dry chemical extinguisher is also effective.

Whenever possible, the source of power to the burning equipment should be cut

off.

_ Class _D_--This specialized classification is suitable for fires in combustible metals

such as magnesium, titanium, zirconium, sodium, potassium, and others. A special

extinguisher powder, unlike regular dry chemical and general-purpose dry chemical,

may be applied by scoop. Dry sand may also be used to extinguish small class _D_

fires.

Storage Facilities

Proper storage policies are essential to the safe operation of any laboratory. Below are some

precautions that should be taken into consideration:

_ Laboratory chemicals should be kept under lock and key.

_ Chemical storage areas should be well ventilated and lighted. It should be properly

ventilated (power vent) to the outside (four complete air changes per hour).
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_ Separate storage cabinets should exist for flammables, solvents, and corrosives. The

storeroom should be properly ventilated to assure that fumes are not allowed to exceed

hazardous or explosive limitations and that temperatures are maintained within safe

ranges 55 0F- 85 0F. Such ventilation should be active (electrical forced air that pumps

fumes out of the storeroom to create air movement, and to reduce temperatures).

Storerooms should be as cool as, or cooler than, the classroom or laboratory during the

summer.

_ The two most well known chemical storage plans are found in the Flinn Scientific

Chemical Catalogue/Reference Manual (http://www.flinnsci.com/) or the Safety Guide

in the Fisher Scientific Catalogue (http://www.fishersci.com/). Schools should use one

of these plans and design their storage rooms accordingly.

_ The chemical storage area should be secured at all times when not in use, with access

only to authorized school staff with documented proper training.

_ Flammable and dangerous chemicals should be locked in a fire-resistant cabinet.

_ Flammable or toxic gases should be stored at or above ground level and not in

basements.

_ All gas cylinders should be secured against falling over and should be stored

away from heat sources.

_ All chemicals should be adequately labeled, segregated to separate incompatible

types, and stored alphabetically within those groupings.

_ A fire extinguisher should be immediately accessible. (The tri-class ABC type

covers most fires.)

_ Mixing or transferring chemicals should not be permitted in the storage area.

_ Storage areas should not have blind spots.

_ Open flame, smoking, or any other type of heat should not be permitted in the

chemical storage area(s).

_ Cleanliness and order should be maintained in the storage area at all times.

Legal Concerns

Teachers are legally liable if students have suffered injury as a result of their inadequate

supervision. The degree of supervision expected depends partly on the age of the student. A

teacher must stop an experiment or arrange for a qualified substitute to be present before leaving

the lab.
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There are two types of defenses commonly used in the U.S. in tort law, namely "contributory

negligence" (where the defendant may not collect any damages if he/she were a contributory

cause) and "comparative negligence" (where different percentages of the damages are assigned

to defendant and plaintiff). The state of Arkansas allows a "mixed comparative negligence"

defense, where the damages assigned to the plaintiff can be collected only if the defendant is

held more than 50% responsible.

It would be to the advantage of the teacher to document the fact that students have been

instructed in proper safety rules (such as requiring a perfect score on the safety quiz before

allowing a student to begin lab work and by keeping copies of students' safety quizzes). Simply

posting rules is not sufficient. If students are only repeatedly cautioned about breaking rules (for

example, failure to wear eye protection) and are not dismissed from lab work, such a practice

actually reveals that a particular rule is not in effect (see sample safety rules, contracts and

incident forms in the Appendix).

Professional publications, such as journals from the American Chemical Society (ACS) and the

NSTA, include safety notes and updates. The ACS offers free single copies of safety

publications. The Journal of Chemical Education (ACS) and The Science Teacher (NSTA) each

include regular features on lab safety and teachers would be expected to be familiar with

developments when published. (From “Safety Manual: A Primer for High School Chemistry

Teachers,” Dr. Michael W. Rapp, Professor of Chemistry, University of Central Arkansas,

Conway, July 1997).

Laboratory Safety Procedures

Established safety procedures are essential to any effective safety program. Recommended

procedures must be understood and practiced by teachers and students if accidents are to be

minimized. The procedures listed in this section cover major areas in science teaching; however,

these procedures are not _absolutes_ and should be interpreted with reason.

These guidelines can be used as an effective checklist for evaluating the science safety program.

General Lab Safety

_ Always perform an experiment or demonstration prior to allowing students

to replicate the activity. Look for possible hazards. Alert students to potential

dangers. Safety instructions should be given orally and be posted each time an

experiment is begun.

_ Constant surveillance and supervision of student activities are essential.

_ Never eat or drink in the laboratory or from laboratory equipment. Keep personal items

off the lab tables.
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_ Never use mouth suction in filling pipettes with chemical reagents. Use a suction

bulb.

_ Never _force_ glass tubing into rubber stoppers.

_ A bucket of 90% sand and 10% vermiculite, or _kitty litter_ (dried bentonite particles)

should be kept in all rooms in which chemicals are either handled or stored. The bucket

must be properly labeled and have a lid that prevents other debris from contaminating

the contents.

_ Smoke, carbon monoxide, and heat detectors are recommended in every laboratory.

Units should be placed in the laboratory and related areas (storerooms, preparation

rooms, closets, and offices).

_ Use heat-safety items such as safety tongs, mittens, aprons, and rubber gloves for both

cryogenic and very hot materials.

_ A positive student attitude toward safety is imperative. Students should not fear doing

experiments, using reagents, or equipment, but should respect them for potential

hazards. Students should read the lab materials in advance noting all cautions (written

and oral).

_ Teachers must set good safety examples when conducting demonstrations and

experiments. They should model good lab safety techniques such as wearing aprons

and goggles.

_ Rough play or mischief should not be permitted in science classrooms or labs.

_ Never assume that an experiment is free from safety hazards just because

it is in print.

_ Closed-toed shoes are required for labs involving liquids, heated or heavy items

that may injure the feet.

_ Confine long hair and loose clothing. Laboratory aprons should be worn.

_ Students should avoid transferring chemicals they have handled to their faces.

_ Never conduct experiments in the laboratory alone or perform unauthorized

experiments.

_ Use safety shields or screens whenever there is potential danger that an

explosion or implosion of an apparatus might occur.

13

_ Proper eye protection devices must be worn by all persons engaged in,

supervising, or observing science activities involving potential hazards to the

eye.

_ Make certain all hot plates and burners are turned off when leaving the laboratory.

_ Frequent inspection of the laboratory’s electrical, gas, and water systems should

be conducted by school staff.

_ Install ground fault circuit interrupters at all electrical outlets in science laboratories.

_ A single shut-off for gas, electricity, and water should be installed in the science

laboratory. It is especially important that schools in the earthquake zone in the

Arkansas Delta have such a switch.

_ MSDS sheets must be maintained on all school chemicals. Schools should maintain an

inventory of all science equipment.

_ Laboratories should contain safety equipment appropriate to their use such as

emergency shower, eye-wash station (15 minutes of potable water that operates hands

free), fume hood, protective aprons, fire blankets, fire extinguisher, and safety goggles

for all students and teacher(s).

_ Protective (rubber or latex) gloves should be provided when students dissect laboratory

specimens.

_ New laboratories should have two unobstructed exits. Consider adding another to old

labs if only one exist.

_ There should be frequent laboratory inspections, and an annual verified safety check of

each laboratory should be conducted by school staff.

_ All work surfaces and equipment in the chemical or biological laboratory should be

thoroughly cleaned after each use.

_ Students should properly note odors or fumes with a wafting motion of the hand.

_ Chemistry laboratories should be equipped with functional fume hoods. Fume

hoods should be available for activities involving flammable and/or toxic substances.

_ The ACS and OSHA believe that contact lenses do not pose additional hazards to the

wearer and that contact lenses are allowed when appropriate eye and face protection are

used. The wearing of contact lenses in the science laboratory has been a concern

because of possibility of chemicals becoming trapped between the lenses and the eye in

the event of a chemical splash.
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_ All laboratory animals should be protected and treated humanely.

_ Students should understand that many plants, both domestic and wild, have poisonous

parts and should be handled with care.

_ Criteria for scheduling special needs students into laboratory classes should be

established by a team of counselors, science teachers, special education teachers, and

school administrators. Aides or special equipment should be made available to the

science teacher.

First-Aid and Emergency Tips

_ Have first-aid procedures established and posted in the event of an accident.

_ All students and teachers should know both the location of and how to use fire

extinguishers, eye-wash fountains, safety showers, fire blankets, first-aid kits, and other

safety equipment.

_ Safety signs should identify the location of safety equipment.

_ Teachers and their aides should be fully aware of potential hazards and know how to

deal with accidents. It is recommended that each school district have its K-12 science

teachers receive science lab safety training.

_ Emergency instructions concerning fire, explosions, chemical reactions, spillage,

and first-aid procedures should be conspicuously posted near all storage areas.

_ Safety posters are required in science classrooms.

_ All lab incidents must be reported to the school administration on the day of the

incident. A written description should be submitted to the administration within 5

working days.

Chemical Disposal

Two excellent sources of information about laboratory safety and disposal are The Laboratory

Safety Workshop and Flinn Scientific. Flinn’s Chemical & Biological Catalog/Reference

Manual is free when requested on school stationery. Their safety site can be found at

http://www.flinnsci.com/sindex.html. One particularly helpful web site is

http://www.che.ilstu.edu/ChemSafety/index.htm and is maintained by the Department of

Chemistry at Illinois State University.

For disposal considerations, the Flinn catalog is a good reference. A more complete reference is

"Hazardous Chemicals Information and Disposal Guide," 3rd ed., by M. A. Armour et al. The
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cost of disposal of unwanted chemicals is such that the teacher is much better advised to use

smaller amounts or to substitute lab exercises that avoid disposal problems.

If a school needs to dispose of unwanted or unknown (no label) chemicals, call or write the

Hazardous Waste Inspector Supervisor, Arkansas Department of Pollution Control and Ecology,

8001 National Drive, Little Rock, AR 72209, (501) 682-0874. Be prepared to give the name or

description of the chemical, amount, type of container, nearest landfill and local sewage system.

A Request for Assistance in Disposal of Waste or Hazardous Chemicals form has been provided

in the Appendix.

Some Inappropriate Chemicals in Schools

The following is a list of some chemicals that are so hazardous that they are not suitable for use

in most public schools. A high school teacher choosing to use any of these or similarly

hazardous chemicals must possess the necessary skill and provide the proper conditions to ensure

their safe use and disposal. (From “Safety Manual: A Primer for High School Chemistry

Teachers,” Dr. Michael W. Rapp, Professor of Chemistry, University of Central Arkansas,

Conway, July 1997).

ammonium perchlorate - explodes when heated, strong oxidizer

aniline - highly toxic, suspect teratogen, allergen

arsenic & its compounds - toxic, suspect carcinogens

benzene - suspect carcinogen, flammable, toxic

benzoyl peroxide - explodes when heated, strong oxidizer

bromine (element) - highly toxic, oxidizer

cadmium & cadmium compounds - suspect carcinogens, toxic

carbon disulfide - highly flammable, toxic, suspect teratogen

carbon tetrachloride - suspect carcinogen, toxic

chloroform - suspect carcinogen, toxic

chromium & its compounds (e.g., ammonium dichromate) - suspect carcinogen, toxic, irritant

cyanides - highly toxic

dimethylformamide - suspect teratogen, unstable

diethyl ether (ethyl ether, or ether) - highly flammable, unstable (peroxides)

dimethysulfoxide (methyl sulfoxide) - suspect teratogen

formaldehyde - highly toxic, suspect carcinogen

formic acid - corrosive, toxic

hydrofluoric acid - highly toxic, causes deep burns

lead compounds - toxic, irritant, suspect carcinogens

mercury & mercury compounds - highly toxic, irritants

methyl alcohol - highly toxic, highly flammable

perchloric acid - strongly corrosive, strong oxidizer

peroxides - unstable

phosphorus (white and yellow) - highly toxic, flammable

picric acid - unstable (dry), irritant, corrosive

potassium - flammable solid, unstable with age

16

Primary, Elementary, and Middle Grades

Primary through middle grade schools are held accountable for all rules and regulations that

govern laboratory safety in Arkansas junior and senior high schools. This includes chemical use,

storage and disposal, behavior in the classroom, use of safety equipment and safety skills,

handling and treatment of lab animals and plants, use of electricity, science equipment,

demonstrations, etc.

_ Provide careful supervision of students at all times during science laboratory

activities.

_ Teacher should be familiar with the local school_s policy and procedure in case of

accidents. If such a policy does not exist, one should be developed.

_ The recommended group size of students working in lab activities should be limited to

the number that can safely perform the activity without danger of accidents. Groups of

two are recommended for K-4 and a maximum of three for grades 5-6.

_ Instruct students about potential hazards and precautions to be taken at the

beginning of each lab.

_ All spills should be cleaned up immediately.

_ Teach all students that chemicals should not be mixed just to see what may happen.

_ Establish routine procedures for the use of eye protection requiring all students to wear

safety goggles whenever conducting labs or activities that involve laboratory

chemicals, sharp objects, or materials that could end up in someone_s eye.

_ Use blunt scissors in the primary grades.

_ Students should not put any object or material into their mouths. They should not taste

or sniff anything during a science activity or lab. They should keep hands away from

their eyes, ears, nose, and mouth when working with plants, animals, chemicals or

unknown substances. Students should wash their hands after each lab.

_ Students should not connect the two terminals of dry cells or storage batteries.

_ Do not use mercury thermometers in the elementary grades. Use alcohol or other types

of thermometers.

_ Batteries or cells of 1.5 volts or less are safe for elementary classroom use.

However, the battery may explode if heated or thrown into an open fire. The

chemicals inside the battery can be dangerous if taken internally or exposed

to the skin.
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_ Students should not bring live or dead animals to the classroom (they may transmit

disease to other animals). Many times students think that a small animal has been

abandoned by its parent when this is not the case.

_ Discourage students from bringing personal pets to the classroom to prevent animal-toanimal

disease transfer. If a pet is brought in, it should only be handled by its owner,

and provisions made for the care of the pet during the day by the owner.

_ Lab animals must have properly designed living quarters and a supply of food and

water. Students should never tease animals nor insert their fingers or other objects into

the animals_ cages.

_ Students should not touch poison ivy (poison oak). Both have similar compound leaves

of three leaflets.

_ Students should not touch most wild mushrooms nor place them in their mouths. Some

poisonous plants to avoid eating are: elephant ear, pokeweed, foxglove, jimson weed,

apple seeds, buckeye, daffodil bulbs, English ivy berries and leaves, four o_clock roots

and leaves, holly berries, hydrangea leaves and buds, iris, lily of the valley leaves and

flowers, mayapples, milkweed, mistletoe berries, nightshade, osage orange sap,

philodendron leaves, poinsettia, potato or tomato leaves, privet leaves and berries,

Virginia creeper berries.

Students with Special Needs

The school leadership must make sure that a strong working relationship exists between the

special education staff and other curriculum staff. A team approach is necessary in working with

students with special needs.

_ Discuss shared information with the special education staff.

_ Be aware of all barriers, both physical and psychological, to your special needs

students. Work with the special education staff to remove potential barriers.

_ Do not under estimate the capabilities of special needs students.

_ Become familiar with your rights and the rights of your special needs students in your

classroom.

_ The hearing impaired depend heavily on visual perception.

_ Visually impaired students learn primarily through hearing, but other sensory channels

are important.

_ Use a multisensory approach in teaching all students.
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Biological Sciences Concerns: Junior and Senior High Schools

_ Never use a scalpel or cutting device with more than one cutting edge.

_ Teachers should be aware of students who are sensitive to biological preservatives.

_ Gloves and goggles should be worn during dissection of preserved specimens. Watch

for skin reactions to latex gloves.

_ Specimens should be properly supported when being dissected. Never dissect a

handheld specimen.

_ Only nonpathogenic bacteria should be used in the classroom. Indiscriminate

culturing and handling of pathogenic or nonpathogenic organisms are discouraged.

_ Petri dish cultures should be sealed with tape or paraffin.

_ Bacterial cultures should be killed before washing petri dishes. Most cultures can be

killed by heating for 20 minutes at 15 pounds/inch2 of pressure or use a sterilizing

solution. Volumes greater than 100 ml require longer heating times. If cultures are

spilled, spray with disinfectant, and let stand for 15 minutes before wiping up.

_ Contaminated culture media containers should be sterilized with a strong disinfectant

and washed with a strong cleaning agent (5% Lysol). Wash counter tops with a 10%

solution of bleach to disinfect.

_ Always flame wire loops prior to and after transferring microorganisms.

_ Wear proper equipment (apron, goggles, and rubber or latex gloves) when washing or

handling bacteriological or chemical ware.

_ Use utmost caution when using a pressure cooker or autoclave. Turn off the heat

source, remove the cooker, and allow the pressure to gradually reduce to normal

atmospheric pressure prior to removing the cover.

_ Never transfer liquid media or other solutions with a mouth pipette.

_ Use proper illumination for microscopes. Reflected sunlight can damage the eye.
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_ Under no condition should potassium cyanide be used as the killing agent in

insect-killing jars. If alcohol or ether is used as the killing agent, students should be

warned of their flammability and toxicity.

_ Human fluids (blood, saliva, urine, etc.) should not be used in science activities.

Appropriate simulated fluids can be purchased from science suppliers.

Physical Sciences Concerns: Junior and Senior High Schools

_ Proper protective devices (eyes, body) should be used when hammering, chipping or

grinding rocks, minerals or metals.

_ Splash resistant goggles should be worn when working with laboratory chemicals.

_ Direct viewing of the sun should be avoided at all times.

_ Direct viewing of infrared and ultraviolet light sources should be avoided at all times.

_ Never allow the open end of a heated test tube to be pointed toward anyone.

_ Volatile liquids (alcohol, etc.) should be used in very small quantities away from open

flames and in a well-ventilated room. Such substances should be heated electrically or

in water baths.

_ Broken or chipped glassware should not be used.

_ Gases, especially in high concentrations, can be very dangerous. Carbon dioxide is no

exception, as unconsciousness can result within seconds if high concentrations are

breathed. Breathing pure nitrogen, argon, helium, or hydrogen is dangerous.

_ Chemicals should not be tasted for identification purposes.

_ When heating materials in glassware by means of a gas flame, the glassware

should be protected from direct contact with the flames through use of a wire

gauze or heat-resistant centered wire gauze.

_ Do not pour water into concentrated acid.

_ The teacher should remove broken glass in sinks promptly, as it presents a serious

hazard.

_ Use a fume hood whenever dealing with highly volatile, toxic fumes.

_ When working with flammable liquids:

- Have a CO2 or multipurpose fire extinguisher available.

- Work in a well-ventilated area.
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- Keep the liquid over a pan or sink.

- Use no flames or high-temperature heating devices.

- Do not store in a home-type refrigerator. Fumes may be ignited by sparks produced in the

electrical switching system. (Explosion-proof refrigerators are available from science supply

houses.)

_ Students should understand that the human body is a conductor of electricity.

_ Students should be taught safety precautions regarding the use of electricity in

everyday situations. For example, use of high voltage AC such as 110-volt line can be

extremely dangerous.

_ Students should be cautioned against unsupervised experiments with electric current on

home or school circuits.

_ Work areas, including floors and counters, should be dry.

_ Never handle electrical equipment with wet hands or when standing in damp areas.

_ Never overload circuits.

_ To prevent severe shocks, discharge electrical condensers and Leyden jars

before handling.

_ Water and gas pipes are grounded. Never touch a ground, such as water and gas

pipes, and an electrical circuit simultaneously.

_ Do not use electrical wires with worn insulation.

_ Electrical equipment should be properly grounded. Use 3-prong service outlets. A

ground-fault circuit breaker is desirable for all laboratory AC circuits. A master switch

to cut off electricity to all stations is desirable for all laboratory AC circuits.
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	NS.11.B.3
Identify sources of bias that could affect experimental outcome

11 January 2002
Scientific Bias Causing Mass Extinctions
[image: image242.png]


Scientific bias towards the cute, unique or spectacular may be helping condemn a substantial proportion of the world's plants and animals to extinction, suggests an Australian ecologist. 

Scientists develop and use lists of extinct and threatened species to provide social and legal mandates for conservation, to report on the state of the environment and to guide the allocation of scarce resources. 

Associate Professor Mark Burgman, a University of Melbourne botanist, criticises the way the lists are developed and our reliance on them to manage the environment. He says they are biased and largely unresponsive to the underlying true threats to species. 

"We are facing the prospect of a mass extinction event to rival the loss of the dinosaurs 65 million years ago if we continue to rely on such lists as a management tool for the conservation of our environment,"he says. 

Burgman unveils his evidence for scientific bias in the lists and the consequences of the bias in an invited paper in the forthcoming January edition of the Australian Journal of Botany. His criticism flows from his involvement in a working group of international experts from the USA-based National Center for Ecological Analysis and Synthesis (NCEAS) and from an Australian Research Council grant to investigate extinction in Australian flora. 

"Possibly the most striking consequence of the way national lists are generated is their focus on large, spectacular, or high profile species, and on geographically restricted and specialised species, and these tend to be the vascular plants and vertebrates,"he says. 

"The result is that extinction rates amongst the less well studied groups are considerably higher than the rates implied by the lists of 'known' extinctions. These less appealing species are victims of a lack of interest and are unlikely to attract resources for conservation because priorities are tied to lists whose composition depends on the interests of scientists. 

"This regulatory system creates a feedback loop guaranteed to be responsive to the subjective preferences of scientists and largely unresponsive to the underlying true threats." 

Other salient biases, he points out, are the result of proclivities and particular expertise of local authorities. For example, Tasmania's list of 650 threatened species includes about 200 species of Hydrobiid snails. 

Burgman suggests a further problem is an inconsistency in the various lists themselves. Lists of presumed extinct and threatened species are characterised by a substantial degree of turnover. A species extinct today will be found alive and well the next. An endangered species will suddenly be considered safe. 

"Examination of the lists of extinct Australian species, for example, draws the inescapable conclusion that the majority of this change is due merely to an increase in knowledge of the listed species rather than any change to their chances of survival,"he says. 

"Most of the information contained in the turnover of species is therefore noise and does little to inform us about the impacts of human activities. 

"Such a system entrenches the focus on species that seem most attractive to biologists, rather than on species most likely to become extinct or those whose loss will precipitate the most costly consequences." 

There is even inconsistency in the way lists are developed, claims Burgman. 

"In Australia, lists of presumed extinct and threatened plants are maintained by scientific representatives from responsible state and federal government agencies. Systems for threat assessment though may vary between agencies: for instance, NSW is guided by the IUCN (1994) rules. Other agencies rely on different methods, some of which are subjective, while others rely on quantitative techniques," he says. 

Burgman evaluated the concordance between several of these methods for setting conservation priorities by using a common data set of 29 threatened plants. He discovered the correlation between each method was unsettlingly low. 

"One method would find a species safe; another would place it in the endangered or threatened category," he says. 

Burgman lists three pieces of information that support assessments of the state of the environment and inform scientists and government agencies how best to act. 

The three are: 

· changes in the numbers of extinct and threatened species 

· the causes of past extinctions 

· the causes of any future threat. 

"The lists as a concept are undeniably important, but interrogation of these lists, as they currently stand, fails to provide these vital pieces of information. 

"While we rely on these lists we will continue to make badly targeted conservation and funding decisions. For example, funding that inadvertently targets safe species will elevate the risk to threatened species and precipitate extinctions that could otherwise have been avoided." 

Burgman's NCEAS working group is developing and testing methods for classifying species' conservation status and estimating risk. 

"The project will synthesise and evaluate existing protocols for classifying species conservation status applied in the United States, Australia, Mexico, Great Britain and elsewhere," he says. 

Common mistakes 

· The hypothesis is assumed
to be the "answer" and is not supported with testing 

· Data is ignored
that doesn't support your outcome 

· Beliefs/bias blind you to fatal flaws
in the testing phase 

· Systematic errors are not noticed
and are repeated within each experiment. These bias the outcome's standard deviation 

· Equipment or conditions are not adequate 

Objective Experimentation and Observation.

[image: image243.jpg]


Science depends heavily on the repeatability of experiments, and on their giving consistent (e.g. almost identical) results. This repeatability hinges on objective comparison of observations of different researchers studying the phenomenon. Objectivity indicates the desire to observe things as they are, without manipulating the observational results to accord with some preconceived world view. All observation is potentially contaminated, whether by our theories or our worldview or our past experiences. 

Scientists, like anyone else, may be swayed by some preconceptions to look for certain experimental results rather than others. Scientists are people and suffer the flaws of humanity too, and it cannot truthfully be said that every scientific theory has arisen from a perfectly executed process of 'scientific method'. Scientists have desires, opinions, and biases that may sometimes influence them in the selection of their data and hypotheses - even, very ocasionally, to the point of fraudulence. We trust that this is very rare, and that science is a self-correcting process with checks and balances - such as empirical replication, and peer reviews of published work. The scientific community as a whole, however, judges the work of its members by the objectivity and rigor with which that work has been conducted. 
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An infamous example of an experiment that couldn't be repeated to give the same results again, involved "cold fusion" - a supposed process by which nuclear fusion could be achieved at room temperatures instead of the extremely high temperatures normally needed for fusion to occur. The researchers involved in the original experiment were found to have been less than objective in their methods. 

[image: image245.png]


The scientific method is founded upon direct observation of the world around us. A scientist examines critically and attempts to avoid all sources of bias. Wherever possible, observations are made to generate accurate measurements. Look at these optical illusions. 
Even seeing something with your own eyes may lead you to the wrong conclusions. The remedy is to devise reliable ways to measure things, e.g. with accurate rulers. Which of these lines is longer? In fact, they are both the same length (to within a small error). The arrowheads on the lines "trick" the human visual perception system, so an accurate ruler is required to avoid bias. 



	NS.11.B.4
Gather and analyze data using appropriate summary statistics 

Designing a Table
Every table must have: 

· A title which tells you what is included in the table (example: The Effect of Temperature on Plant Growth) 

· Heading for each column including units of measurement if applicable 

Many of you will put your data table in a spreadsheet, which then allows you to create graphs. The spreadsheet is arranged in columns and rows like a table. A well designed table makes it easy for you to design your spreadsheet. 

Working with Frequencies
Frequency Table 
 Many times we count how many of something or how often something occurs. This usually means that the data will display in a frequency table. The example below is for an experiment in which the number of colds per year for a randomly sampled group was tallied. 
  
  

HOW MANY COLDS A YEAR DO PEOPLE HAVE?
# of Colds 
per Year
# of People
0
3
1
5
2
8
3
5
4
4
5
3
6
1

  

Histogram 
  The histogram is like a bar graph with intervals. Sometimes we can get a more accurate picture of the data if we group data. In the example below we had many different ages, way too many to make a bar for each. By grouping the ages to 10 year intervals, it is much easier to see the change in frequency as age increases. 
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Working with Percentages
Calculating Percentages 

A percentage is a part of the whole. To calculate: 

Percentage = Part/whole x 100 (number/total x 100) 

Example: 12 students of a class of 25 are male 
Percentage of males = 12/25 x 100 = 48%


Displaying Data in a Percent Table 

Example: 

% of Animals Eaten by a Fox
Prey
Number Eaten
Percentage of Diet
Rabbits 

3 

7.5% 

Birds 

6 

15% 

Mice 

27

67.5% 

Rats 

4

10% 

 

 

 

Total
40 

100%

 

 
Working with One Variable
Only one axis is needed to plot this type of data. 

Line Plot 

A line plot is used when you want to organize a small amount of data quickly. 

Step 1: Draw a horizontal axis. 

Step 2: Order your data from least to greatest and place these values on the axis; have even intervals even if there are not values for every number. 

Step 3. use X's to mark the frequency of your data points. 
  

Example: 20 people were asked how many hours of sleep they got on an average night. The number of hours they gave are listed here: 4,5,6,7,6,5,6,8,7,7,6,6,5,7,6,7,5,6,7,8 
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Stem and Leaf Plot 

A Stem and Leaf Plot is used when you have more data than you can easily put on a number line. 

The tens digit of a number is the "stem" on the left, and the units digit is the "leaf" on the right. (Example: 25; 2 is the stem, 5 the leaf. 

To construct a Stem and Leaf Plot: 

1. Arrange your data from least to greatest. 

2. Find your least data item and your greatest data item. Use these two values to determine the range of your stems. 

3. Draw a vertical line 

4. On the left side of the line, starting with your least data item, write your stems (tens digits) in column.. 

5. On the right side of the line, write your leaves (units) to the right of the stem in numerical order. 

6. Include a key to indicate what your stems and leaves represent. 
  

Example: data set is the number of birds visiting a feeder each day 
                   30,24,7,15,17,29,25,30,27,26,23,27,27,3, 5,25,1,26,37,21,35,26,2,29,21,28,26,19,6 

smallest value = 1 
greatest value = 37 
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Parts of a Graph
A graph is simply a picture of your data.  It tells a story, the story that the data should be telling us.  Someone should be able to look at your graph and, with no other information, be able to describe what you have learned from your project data. 
Every graph must have: 

· A title which tells you what the graph represents (example: The Effect of Temperature on Plant Growth) 

· Labels for both x and y axes including units of measurement if applicable 

· Correctly scaled axes (even intervals if numbers skipped) 
Examples:  
      Correct:  0      5     10     15     20     25     30 
      Correct   0      10,000     20,000    30,000     40,000 
      Incorrect  0     1     3     5     10     12     15     20 

· Correctly plotted data 

· A legend (or key) if there are 2 or more graphs on the same axes (as in a multiple line graph) or for a circle graph 

Caution: If making graphs by computer, be careful to not make the graph so elaborate that it is difficult to read.  For example, 3-D computer graphs are colorful and visually appealing, but they are very difficult to read.  A simple but correct graph is always the best.
Making a Circle Graph (Pie Chart)
Steps to Making a Circle Chart: 

1.  Calculating the Angles for Each "Pie Slice": The difficult part of making a circle chart is to convert each percentage of the whole to the degrees of angle that the "pie slice" will be of the circle. To do this, you multiply the percentage times 360o. 

Example: (Using the data table above) 15% rabbits 
                    Step 1: Convert percent to decimal 15% divided by 100 = 0.15 
                    Step 2: Find degrees of angle of "pie slice" 0.15 x 360o = 54o 
                    Step 3: Repeat for all percentages. 
                    Step 4: Check accuracy of math by seeing if all angles add to 360o. 

2.  Constructing the Circle Graph 
Step 1: Draw a circle, and mark the center. 
Step 2: Draw a radius. 
Step 3: Use protractor to mark the angle for the first "pie slice". 
Step 4: Repeat for each angle. 
Step 5: Label each pie slice with identification and percentage. 
Step 6: Include title. 

Example:
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When Your Independent Variable (x-data) Involves Time (Looking at Trends)
Making a Line Graph 
  
  

Line graphs are used when you need to show how your variable changes over a period of time. When you want to show how something changes throughout the year or over even the period of a day, a line shows that change. 

Remember to: 

· Put the time variable on the X-axis because it is the independent variable. You don't change time, but it is the variable which should cause the other variable to change. 

· Remember even intervals even if there is not data for every year. 

· Remember all titles. 

Example: 
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Measures of Central Tendency
Mean - average 

    To  calculate: 
    1. Sum all data. 
    2. Divide by the number of data points. 
    3. Round off to one decimal place more than what each number is. 

    Example:  1, 8, 3, 7, 2, 4, 6, 5           Sum = 36        # of data points = 8 
                    Mean   =   36/8  =  4.5 

Median - middle number 

    To calculate: 
    1. Arrange the numbers in order, and count down to the middle number. 
    2. If there are an even number of data points, it will fall between 2 data points; average the two to get the median. 

Mode - most common number 

Example:  Pendulum frequencies -   25,25,24,25,25,23,25,25,25 
                "25" is logically the "correct" reading since it appears most of the time.  Report the mode as 25. 

Which Do I Use? 

Mean - This is OK to use if data are evenly distributed.  Use this number if you are going to find a Standard Deviation. 
Median - This is better to use if you have outliers (numbers that are much higher or lower than the other numbers) because the outliers would significantly raise or lower the mean.  Use this number if you are doing a Box and Whisker Plot. 
Mode - This is best to use if one number seems to be easily the most commonly appearing number; this would lead to the conclusion that it is the "correct number". 
Box-Whisker Plot for 1 Variable
The Box and Whisker Plot is a way of looking at the whole range and distribution of numbers for a given variable.  To look at a number such as a mean often tells us very little about the data.  For example the 2 sets of data below, both have the same mean. 

Data Set 1:  3,4,3,4,4,4,3,3,4,3,3,4        Data Set 30,0,0,0,0,0,12,0,0,0,0,0 

It is obvious that they represent 2 totally different conditions.  A Box and Whisker Plot show the differing ranges of numbers. 
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LQ = lower quartile                  UQ = upper quartile
To Make A Box and Whisker Plot: 
1. Arrange the data in order using a Stem and Leaf Plot.  If your data is on a spreadsheet, there will be a command that will allow you to Order or Sort your data to do this. 
2. Find the lowest and highest data points. 
2. Find the median (middle number).  If it falls between 2 data points, average the two to get the median. 
3. Without including the median, find the middle number of the lower half of the data points (lower quartile). 
4. Without including the median, find the middle number of the upper half of the data points (upper quartile). 
5. Use these 5 data points to draw the box and whisker. (See example below.)  The box is formed by the 2 quartiles and the median.  The "whiskers" extend from the box out to the highest and lowest numbers. 
  
  

USING A T1-83 TO GET THE BOX AND WHISKER NUMBERS
Note: If you have a TI-83 calculator, use the 1-Variable Statistics to get these numbers.  
Keys:    STAT     EDIT      to enter data table     then 
           STAT      CALC    1-VARIABLE STATISTICS   to get the numbers

Example: 

Pulse Rate per Minute for 40 Subjects
Highest 

120 

Upper Quartile 

85 

Median 

72 

Lower Quartile 

62 

Lowest 

45 
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Note: If comparing 2 or more sets of data with a Box and Whisker Plot, look at the example of a Box and Whisker Comparison Graph below. 
  

Box-Whisker Statistics: Range and Interquartile Range 

Look at the Box-Whisker Plot above. Two important pieces of information are illustrated: 

· The Central Tendency - Median You can see that the middle or median pulse rate is 72. 

· The Variation (spread) in the Data The whiskers show a wide range in pulse rates. The box shows a much smaller spread for the middle half of the data. We can use 2 numbers to represent these 2 spreads: 
- Range: High minus the Low - the range of all the numbers 
- Interquartile Range (IQR): Upper Quartile minus the Lower Quartile - the range of the middle 50% 0f the data 
From the example data above 

· Range:  120-45 or 75 

· Interquartile Range (IQR): : 85 - 62 or 23 

  

Standard Deviation 

While we used the 2 ranges to show the variation or spread of the numbers in the example above, when we use the mean (rather than the median), we calculate the Standard Deviation to show the variation. The standard deviation is a sort of average difference of each number from the mean. 

Example 1: Data - 2, 4, 6, 10, 8, 9, 3, 11, 1 The mean = 6. 

Example 2: Data - 6, 4, 7, 6, 5, 8, 6, 7, 5 The mean is also = 6. 

If we only looked at the mean, we would say that both sets of data are the same because the means are the same. However, it is easy to see that the numbers in Example 2 are closer together, and those in Example 1 are much more spread out. In Example 2, no number is more than 2 from the mean, and in Example 2, both 11 and 1 are 5 from the mean. We could actually calculate the average deviation from the mean for each list. See the math for Example 1.

Number
Mean
Deviation (difference)
2
6
4
4
6
2
6
6
0
10
6
4
8
6
2
9
6
3
3
6
3
11
6
5
1
6
5
 

AVERAGE DEVIATION
28/9 = 3.1
We can do the same thing for Example 2 and we will get 0.9. 

Now look at what we have:

 

MEAN
AVERAGE DEVIATION
EXAMPLE 1
6.0
3.1
EXAMPLE 2
6.0
0.9

  
  

Even though the means are the same, an average deviation for example 1 of 3.1 shows us that the numbers are much more spread out from the mean than they are in example 2. 

Your TI-83 Calculator will calculate a number which is almost exactly the same as the average deviation. The Standard Deviation tells us in a way how far numbers are spread out from the mean. To get the Standard Deviation, do the same thing you did above to get the median and quartiles (STAT CALC 1-VARIABLE STAT). The standard deviation will be shown as Sx. If we both add and subtract the standard deviation from the mean, we will get a range that has about 2/3  
of the data. 

Calculating Standard Deviation with the TI-83 Calculator) 

1. Enter data in List   STAT    Edit 
2. Select 1-Variable Statistics   STAT    CALC   1-Var Stats 
3.  Enter List number (e.g. L1) and hit ENTER. 
4.  Sx will be the Standard Deviation.

  

Example: In analyzing the test grades for a class, Mr. Nerdbaum found that the mean test grade was an 82 and the standard deviation for the grades was 7. 82 - 7 = 75, and 82 + 7 = 89. You now know that about 2/3 of the class got a grade within 7 of the mean; that means 2/3 of the grades were from 75 to 89. 

Thus the standard deviation is another way of showing the spread or variation of the data.
STATISTICS SUMMARY
Measure of 
Central Tendency 
(MCT)
Use When:
Variation 
or 
How Close Data is to MCT
Median
Data is not evenly distributed and outliers would offset the mean.
Range or 
Interquartile Range
Mean
Data is evenly distributed.
Standard Deviation
Comparing 2 Variables
Bar Graph 

We use a bar graph when we want to compare 2 - 4 groups. 

Example: 
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Box and Whisker Comparison Graph 
If we want to do more with a bar graph than to just compare the means of the groups, we can put the box-whisker plots for each group side-by-side so that we can compare highs, lows, medians, and quartiles. We can see the spread of the data for each group to more accurately compare them. 

Here is an example of a Box and Whisker Plot when comparing variables.  It is an example of how CMS students scored on the State Science test.  Note how the graph is set up the same way as a Bar Graph, but a Box and Whisker are substituted for each bar.  Note how there is no title for the X-axis, making it a little harder for someone to understand. 
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Two-Variable Data Analysis 

Scatterplot 

A Scatter Plot is used to show a relationship between two variables. The two data sets are graphed as points but the points are not connected. 

Constructing a Scatter Plot: 

Step 1. draw a horizontal axis and a vertical axis 

Step 2. place your evenly spaced units on each axis 

Step 3. plot your data points 

Example: Six students take a 25-question test. Compare the number of days each studied with the score received on the test. 
  
  
  
  

DAYS STUDIED
7
9
5
1
8
4
SCORE
23
25
14
5
22
15

  
  

EXAMPLE: 
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Line of Best Fit 
The points in the scatterplot above look like they loosely form a line.  We can draw a line which roughly intersects these points.  We can then use a value (correlation) to find how close the points are to the line and find a formula for the line.  
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Correlation 

When using a Scatter Plot, there are three types of correlations that will show up. 

1. POSITIVE CORRELATION: This occurs when the values of both sets of data increase. 
2. NEGATIVE CORRELATION: This occurs when the values of one set of data increases while the values of the other set of data decreases. 
3. NO CORRELATION: This is when there is no Curve of Best Fit evident. 

The above example of a Scatter Plot shows a POSITIVE correlation. 

If you are doing a scatter plot and you think there is a linear relationship between the 2 variables (the scatter plot looks at least a little like a line), find the correlation (r).  Your TI-83 calculator will find the r value for you.  To interpret the r value, consider. 

                    r = 0        Absolutely no correlation 
                    r = 1        Perfect positive correlation; your data should make a perfect line. 
                   r = -1       Perfect negative correlation; your data should also make a perfect line. 

The closer the r value is to 1 or -1, the closer the points should be to a line.  Usually above r = 0.7 or below r = -0.7, your points should look linear, 

Note: The correlation value (r) is actually a sort of measure of how far you scatterplot points are from the line of best fit (regression line).  A value of 1 or -1 means the points are exactly on the line. 

Calculating Correlation with the TI-83 Calculator) 

1. Enter data in 2 List   STAT    Edit 
2. Select Linear Regression Statistics   STAT    CALC   LinReg 
3.  Enter List numbers (e.g. L1,L2) and hit ENTER. 
4.  r will be the Correlation.

  
  

Calculating a Formula for the Relationship 
If the Scatterplot indicates a linear relationship, you can find the formula for the line.  The formula for a line is: 

y = ax + b  where

· y = the dependent variable 

· x = the independent variable 

· a = the slope of the line 

· b = the y-intercept, where the line crosses the y axis (where x = 0) 

You can use this to make predictions. 

Example: We find the relationship between the weight of cargo and the number of engines required to pull it to be: 

y = x/1200 where x is the tons of cargo, and y is the number of engines.

Using this, if there were 5500 tons, you would need 5 engines by solving for y. 
  

Calculating a Linear Formula with the TI-83 Calculator)
1. Enter data in 2 List   STAT    Edit 
2. Select Linear Regression Statistics   STAT    CALC   LinReg 
3.  Enter List numbers (e.g. L1,L2) and hit ENTER. 
4.  The calculator will give you the values of a and b. 

Remember: This is the formula for the line of best fit for your points.  If your scatterplot point are not linear, this formula is worthless.
 


	NS.11.B.5
Formulate valid conclusions without bias

Misinterpretation of data

Drop a lead ball and a feather at the same time (in air) and the lead ball reaches the ground before the feather. Therefore heavy objects fall faster than light objects? No! In a vacuum the feather, unimpeded by air, reaches the ground together with the lead ball. 

Another example is that the sun can be seen to rise in the east, and travel in an arc over to set in the west. Therefore the sun goes around the Earth? No! But this is what people truly believed for most of mankind's history. 
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Even given reliable data, we may easily draw the wrong conclusions, perhaps because we don't understand the principles of logic, or the limitations of statistics. Suppose that a survey shows that 20% of all road accidents are caused by drunk drivers. So 80% of all road accidents are caused by sober drivers. Therefore, it's safer to drive drunk... Why is this a false argument? There are many more like this that appear in the media, and everyday life. Particularly prevalent is the fitting of theories to random data - because there'll always be patterns you can see after the fact. Shuffle a deck of cards, then drop them face up on the floor. Oh, look! There are three kings together - it must mean something! Even in a truly random sequence, 'unlikely things' must happen sometimes. 

Not only do we too easily draw the wrong conclusions from the given evidence, but we can all too easily 'see' things different than how they really are, or are not even there at all! For example, optical illusions. 



	NS.11.B.6
Communicate experimental results using appropriate reports, figures, and tables

Experiment and Data
List each project experiment in the experiment section of the report. Experiments should include the problem of the experiment, followed first by a list of the materials used and the amount of each, then by the procedural steps in outline or paragraph form, as shown in Figure 6.5. Note that the experiment described in Figure 6.5 determines the average monthly angle of the sun's noon rays during seven consecutive months. A second experiment is needed to measure the average temperature of each month. Write the experiments so that anyone could follow them and expect to get the same results.

Following each experiment, include all the measurements you took and all the observations you made during each experiment. Graphs, tables, and charts created from your data should be labeled and, if possible, colorful. Figure 6.6 shows a table and Figure 6.7 a bar graph for the experiment shown in Figure 6.5. If there is a large amount of data, you may choose to put most of it in an appendix, which can be placed in a separate binder or notebook. If you do separate the material, place a summary of the data in the data section of the report.
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Figure 6.5: An Experiment 
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Figure 6.6: A Table 
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Figure 6.7: Example of a Bar Graph
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Results
Before you can state the results of an experiment, you must first organize all the data collected during experimentation. Numbers, called "raw data," have little meaning unless you organize and label them. Data from each experiment needs to be written down in an orderly way in your journal. Use a table (a diagram that uses words and numbers in columns and rows to represent data) to record data (see Figures 5.5). Use a graph, such as a bar graph (a diagram that uses bars to represent data) similar to the one shown in Figure 5.6 to analyze (separate and examine) data. Figure 5.7 shows another way to represent the data. This figure is a line graph (a diagram that uses lines to express patterns of change).
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Figure 5.5: Example of a Table for a Sample Experiment 
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Figure 5.6: Example of a Bar Graph 
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Figure 5.7: Example of a Line Graph 

There are other useful ways to represent data. A circle graph, or pie chart, is a chart (data or other information in the form of a graph) that shows information in percentages. The larger the section of the circle, the greater the percentage represented. The whole circle represents 100 percent, or the total amount. For example, a pie chart can be used to represent the results of an experiment determining the direction of the sun at different times during one day, from sunrise to sunset. To make a pie chart, first record the directions at different times in a table, as shown in Figure 5.8. Prepare a second table expressing the number of hours the sun is in the eastern (E and SE) and western (W and SW) parts of the sky, as shown in Figure 5.9. Then, express the same data as percentages in a pie chart, as shown in Figure 5.10. Note that illustrations of rising and setting suns are placed around the circle to add interest to the data displayed.
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Figure 5.8: Table of Sun Directions 
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Figure 5.9: Table of Sun Directions 
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Figure 5.10: Pie Chart of Sun Directions
A pictograph could be used to represent the results of an experiment measuring the sun's altitude at noon over a three-month period. A pictograph is a chart that contains symbols representing data, such as quantities of an object. In the pictograph shown in Figure 5.11, each sun represents an altitude of 4 degrees. Pictographs are easy to read and can add a little fun to your data display.
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Figure 5.11: Example of a Pictograph
The data charted in Figure 5.5 was used to write a statement of the changes in altitude of the sun as observed in the sample project, as shown in Figure 5.12.
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Figure 5.12: Sample Experiment Results
Photographs are another way to display data. Have someone take a photograph of you performing the experiment, as in Figure 5.4, or take photos of the procedure setup to use as part of the project display. Use the format of the procedure shown in Figure 5.3 as a guideline to design your own project experiment.

Why?
Figure 5.13 shows an explanation of the results of the sample experiment. This information, along with the other research, will be used to develop a project problem, hypothesis, and one or more experiments.
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Figure 5.13: Sample Experiment Explanation

  

Unexpected Results
What do you do if your results are not what you expected? First, if there is time, repeat the experiment to make sure everything is done properly. If there isn't time for this, or if you get the same unexpected results again, don't panic. A scientist's hypothesis often is not supported by his or her experiments. Report the truth in your conclusion. As before, state your hypothesis, but truthfully say that while your research backed up your hypothesis, your experiment results did not. Say what you expected and what actually happened. Report everything—if anything supported the hypothesis, identify it. Continue by giving what you think are the reasons that the results did not support your original ideas. Make your explanation scientific. For example, if you were moving during the experiment:

Do say: "There is a possibility that the lamp was not centered between the materials at all times. This would have resulted in the materials not receiving the same amount of light. This problem can be solved by securing the materials to the table so they are not accidentally moved during the experiment."

Don't say: "My little brother bumped into the box and moved it. I need to lock my door so my brother can't mess up my stuff."

Now it's time to sum up the entire project by writing a detailed report. Review the Project Report section for advice on how to put together a science fair project report.

Explaining Your Results
Let's Explore
This is the point at which you begin to ask different exploring questions as the basis for more research ideas, such as "I wonder, where on Earth does the sun reach its highest altitude?" or "I wonder, how does the latitude of a location affect the sun's altitude?" Wow! That last question is great. You'll find that the more you think about the sample experiment, the more exploring questions you'll be able to think of and the better your questions will be. Figure 5.14 shows exploring questions and how to find their answers by changing the sample experiment. You could perform the experiments in this and the following sections and add the data to the research information, or you could use the sections as aids in designing your own project experiments. Before any further experimentation, read through "Show Time!" and "Check It Out!"
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Figure 5.14: Sample Experiment
"Let's Explore"

  

Show Time!
The Show Time! section in Figure 5.15 shows two ideas related to the sample experiment. It offers different experimental ideas for further investigation of the topic, as well as more ideas for designing your own experiments. (When you design your own experiments, make sure an adult approves the supplies and procedures.) Again, these experiments can provide project research or ideas for designing your project experiments.
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Figure 5.15: Sample Experiment
"Show Time!"

  

Check It Out!
At this point, you are ready for in-depth research on the topic. The questions asked at this point (see Figure 5.16) require some secondary research. A good place to start your research is the library. Earth science books have sections on the sun, its motion, its location, and the heat from its rays. Science experiment books are also a good source of information and provide experiments to use as well.
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Figure 5.16: Sample Experiment
"Check It Out!"
You will discover from these sources that as the Earth revolves around the sun, the sun's maximum altitude during the day increases and decreases. The higher the sun's altitude, the more direct the rays and generally the higher the temperature. Wow! That's why it's so hot during the summer when the sun is so high in the sky. This is a real-life experience that you are using to help you with your project. You will want to draw from your personal experiences, not only when looking for a topic as discussed in Topic Research, but also during your project research.
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Strand: Nature of Science 

                      Standard 12: Students shall demonstrate an understanding of current life science theories.
	NS.12.B.1

Recognize that theories are scientific explanations that require empirical data, verification, and peer review

When consistency is obtained the hypothesis becomes a theory and provides a coherent set of propositions which explain a class of phenomena. A theory is then a framework within which observations are explained and predictions are made. 

  

Figure 1.1: Flow diagram describing the scientific method.
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The great advantage of the scientific method is that it is unprejudiced: one does not have to believe a given researcher, one can redo the experiment and determine whether his/her results are true or false. The conclusions will hold irrespective of the state of mind, or the religious persuasion, or the state of consciousness of the investigator and/or the subject of the investigation. Faith, defined as 

 belief that does not rest on logical proof or material evidence, does not determine whether a scientific theory is adopted or discarded. 

A theory is accepted not based on the prestige or convincing powers of the proponent, but on the results obtained through observations and/or experiments which anyone can reproduce: the results obtained using the scientific method are repeatable. In fact, most experiments and observations are repeated many times (certain experiments are not repeated independently but are repeated as parts of other experiments). If the original claims are not verified the origin of such discrepancies is hunted down and exhaustively studied. 

When studying the cosmos we cannot perform experiments; all information is obtained from observations and measurements. Theories are then devised by extracting some regularity in the observations and coding this into physical laws. 

There is a very important characteristic of a scientific theory or hypothesis which differentiates it from, for example, an act of faith: a theory must be ``falsifiable''. This means that there must be some experiment or possible discovery that could prove the theory untrue. For example, Einstein's theory of Relativity made predictions about the results of experiments. These experiments could have produced results that contradicted Einstein, so the theory was (and still is) falsifiable. 

In contrast, the theory that ``the moon is populated by little green men who can read our minds and will hide whenever anyone on Earth looks for them, and will flee into deep space whenever a spacecraft comes near'' is not falsifiable: these green men are designed so that no one can ever see them. On the other hand, the theory that there are no little green men on the moon is scientific: you can disprove it by catching one. Similar arguments apply to abominable snow-persons, UFOs and the Loch Ness Monster(s?). 

A frequent criticism made of the scientific method is that it cannot accommodate anything that has not been proved. The argument then points out that many things thought to be impossible in the past are now everyday realities. This criticism is based on a misinterpretation of the scientific method. When a hypothesis passes the test it is adopted as a theory it correctly explains a range of phenomena it can, at any time, be falsified by new experimental evidence. When exploring a new set or phenomena scientists do use existing theories but, since this is a new area of investigation, it is always kept in mind that the old theories might fail to explain the new experiments and observations. In this case new hypotheses are devised and tested until a new theory emerges. 

There are many types of ``pseudo-scientific'' theories which wrap themselves in a mantle of apparent experimental evidence but that, when examined closely, are nothing but statements of faith. The argument , cited by some creationists, that science is just another kind of faith is a philosophic stance which ignores the trans-cultural nature of science. Science's theory of gravity explains why both creationists and scientists don't float off the earth. All you have to do is jump to verify this theory - no leap of faith required. 



	NS.12.B.2

Understand that scientific theories may be modified or expanded based on additional empirical data, verification, and peer review

What is the difference between a fact, a theory and a hypothesis?

In popular usage, a theory is just a vague and fuzzy sort of fact. But to a scientist a theory is a conceptual framework that *explains* existing facts and predicts new ones. For instance, today I saw the Sun rise. This is a fact. This fact is explained by the theory that the Earth is round and spins on its axis while orbiting the sun. This theory also explains other facts, such as the seasons and the phases of the moon, and allows me to make predictions about what will happen tomorrow.

This means that in some ways the words "fact" and "theory" are interchangeable. The organization of the solar system, which I used as a simple example of a theory, is normally considered to be a fact that is explained by Newton's theory of gravity. And so on.

A hypothesis is a tentative theory that has not yet been tested. Typically, a scientist devises a hypothesis and then sees if it "holds water" by testing it against available data. If the hypothesis does hold water, the scientist declares it to be a theory.

An important characteristic of a scientific theory or hypothesis is that it be "falsifiable". This means that there must be some experiment or possible discovery that could prove the theory untrue. For example, Einstein's theory of Relativity made predictions about the results of experiments. These experiments could have produced results that contradicted Einstein, so the theory was (and still is) falsifiable.

On the other hand the theory that "there is an invisible snorg reading this over your shoulder" is not falsifiable. There is no experiment or possible evidence that could prove that invisible snorgs do not exist. So the Snorg Hypothesis is not scientific. On the other hand, the "Negative Snorg Hypothesis" (that they do not exist) is scientific. You can disprove it by catching one. Similar arguments apply to yetis, UFOs and the Loch Ness Monster. 



Can science ever really prove anything?

Yes and no. It depends on what you mean by "prove".

For instance, there is little doubt that an object thrown into the air will come back down (ignoring spacecraft for the moment). One could make a scientific observation that "Things fall down". I am about to throw a stone into the air. I use my observation of past events to predict that the stone will come back down. Wow - it did!

But next time I throw a stone, it might not come down. It might hover, or go shooting off upwards. So not even this simple fact has been really proved. But you would have to be very perverse to claim that the next thrown stone will not come back down. So for ordinary everyday use, we can say that the theory is true.

You can think of facts and theories (not just scientific ones, but ordinary everyday ones) as being on a scale of certainty, from certainly false to certainly true. Up at the top end we have facts like "things fall down". Down at the bottom we have "the Earth is flat". In the middle we have "I will die of heart disease". Some scientific theories are nearer the top than others, but none of them ever actually reach it. Skepticism is usually directed at claims that contradict facts and theories that are very near the top of the scale. If you want to discuss ideas nearer the middle of the scale (that is, things about which there is real debate in the scientific community) then you would be better off asking on the appropriate specialist group.



If scientific theories keep changing, where is the Truth?

In 1686 Isaac Newton proposed his theory of gravitation. This was one of the greatest intellectual feats of all time. The theory explained all the observed facts, and made predictions that were later tested and found to be correct within the accuracy of the instruments being used. As far as anyone could see, Newton's theory was the Truth.

During the nineteenth century, more accurate instruments were used to test Newton's theory, and found some slight discrepancies (for instance, the orbit of Mercury wasn't quite right). Albert Einstein proposed his theories of Relativity, which explained the newly observed facts and made more predictions. Those predictions have now been tested and found to be correct within the accuracy of the instruments being used. As far as anyone can see, Einstein's theory is the Truth.

So how can the Truth change? Well the answer is that it hasn't. The Universe is still the same as it ever was, and Newton's theory is as true as it ever was. If you take a course in physics today, you will be taught Newton's Laws. They can be used to make predictions, and those predictions are still correct. Only if you are dealing with things that move close to the speed of light do you need to use Einstein's theories. If you are working at ordinary speeds outside of very strong gravitational fields and use Einstein, you will get (almost) exactly the same answer as you would with Newton. It just takes longer because using Einstein involves rather more math.

One other note about truth: science does not make moral judgments. Anyone who tries to draw moral lessons from the laws of nature is on very dangerous ground. Evolution in particular seems to suffer from this. At one time or another it seems to have been used to justify Nazism, Communism, and every other -ism in between. These justifications are all completely bogus. Similarly, anyone who says "evolution theory is evil because it is used to support Communism" (or any other -ism) has also strayed from the path of Logic.



	NS.12.B.3

Summarize biological evolution

Biological Evolution

Biological evolution is the change in the allele frequency of a gene in a population over time. That is to say some genetic change has happened in the population between generations. Only populations can evolve, not individuals. Individuals can not change their genetic makeup. Only between generations, is there the possibility for genetic changes due to the forces of evolution. These forces are natural selection, mutation, gene flow, nonrandom mating, and genetic drift. Evolution is a measure of a population, not of an individual. Genetic variation, genetic differences between individuals, must exist for evolution to occur.

Charles Darwin defined evolution as descent with modification. However, Darwin did not understand the genetic basis to evolution. Not until Gregor Mendel's work was rediscovered in 1900 could modification with descent be understood in terms of maintaining genetic variation. The mathematical proofs of Godfrey Harold Hardy and Wilhelm Weinberg, known as the Hardy-Weinberg theorem, started the field of population genetics, the integration of Darwinian selection and Mendelian genetics. Their proof showed how variation can be maintained because each individual had two alleles for each gene. This is in contrast to Darwin, who specified a kind of blending inheritance in which offspring were intermediate to the parents. Just as importantly, their work specified the forces (causes) of evolution. Population genetics is the foundation for modern evolutionary biology. Other population geneticists, such as Ronald A. Fisher, John B. S. Haldane, and Sewall Wright, contributed to the foundations of the theory of population genetics from the 1920s to the 1940s.

All animals are the descendants of a single common ancestor. Biological evolution has created the diversity of organisms we see today, as well as extinct animals such as dinosaurs for which we have the fossil record. The diversifying action of evolution to create new species is called speciation. Speciation is the splitting of one former species into two species that are reproductively isolated from each other such that they no longer successfully reproduce and exchange genes. Speciation is the result of a combination of biogeography, natural selection, adaptations, and the other evolutionary forces.

There are two main modes of speciation: allopatric and sympatric. Allopatric speciation is the division of one population into two populations because of some geographical barrier. While separated, each population evolves differently from the other population. When contact is restored between the two populations, they cannot reproduce, and so are unable to exchange genes because of the differences they acquired while separated. Sympatric speciation is when one population splits into two without any geographical barrier. While this mode of speciation was doubted for years, in the 1960s Guy Bush conducted experiments on fruit flies that supported this mode of speciation. In the early 1980s, Bill Rice conducted laboratory experiments in which he was able to cause sympatric speciation. Even though sympatric speciation is possible, it is not as common as allopatric speciation.

Causes of Biological Evolution

There are five forces that cause evolution: natural selection, mutation, gene flow, nonrandom mating, and genetic drift. All five depend on the existence of genetic variation, which is necessary for any evolutionary change. Natural selection is the differences in the survival and reproduction rates of individuals with different phenotypes. When phenotypes can be genetically inherited, natural selection produces adaptations as the population evolves. Natural selection can remove variation from a population if it is stabilizing selection. Diversifying selection can increase the amount of variation in a population. Directional selection changes the average trait in the population.

Genetic mutations occur when errors are made in replicating (copying) and dividing DNA. Mutation is the ultimate source of genetic variation. Most of the time, mutations either have no effect on the phenotype, and therefore are neutral, or have a harmful effect. Rarely, a mutation will create a phenotype that is better, and so natural selection will favor this beneficial mutation. Mutations happen naturally at low levels of frequency. These levels can be much higher under some conditions. For example, exposure to radiation and to some toxic chemicals produces higher mutation rates.
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Reproduction—shown within this Chlorophyta Volvox protozoa that contains four daughter colonies—is a driving force behind biological evolution. 
Gene flow is the exchange of genes among populations or species. The exchange of genes between species is called hybridization. Introducing new genes into a population changes the gene frequency and causes evolution. Gene flow can be positive or negative for a population. Lots of gene flow can prevent local adaptation because any evolution produced by natural selection is swamped by the invading genes. On the other hand, gene flow can introduce a new beneficial gene into a population. Natural selection can favor this new adaptation, and it can spread through the population.

Nonrandom mating changes what combinations of genes are mixed together in sexual reproduction. Sexual reproduction creates new individuals, half of whose genetic information comes from the mother and half from the father. If individuals within a population who have a particular genotype pair off and mate at a rate different from the occurrence of that genotype in the population, then nonrandom mating is occurring. Nonrandom mating can be caused by mating among close relatives, or inbreeding, which can result from population subdivision. Nonrandom mating also happens when individuals choose mates based on particular phenotypes. In some animal species, a few males get most of the matings because they have some highly desirable phenotype. Assortative mating also produces nonrandom mating, which is the mating of males and females of the same phenotype. For example, large male frogs mate with large female frogs and small males mate with small females.

Genetic drift causes evolution by random changes in the allele frequencies. One way for genetic drift to happen is for some of the alleles to be left after some kind of fluctuations in population size. For example, if disease wipes out most of a population, only some alleles will be left in the population. Also, only some combinations of alleles for different genes will be left. If natural selection is not acting on a gene, then random genetic drift can be a stronger force than if selection is present. The impact of drift depends on the population size. Drift is stronger in smaller populations; they are more susceptible to random changes in allele frequencies since there are not as many alleles present.

Limits to Biological Evolution

What can limit evolution? Three main factors restrict the amount of change evolution can make in a population: the degree of genetic variation is limited; natural selection produces adaptations that are a compromise in form and function; and most forces of evolution are not adaptive.

First, genetic variation is the ultimate barrier to evolution. If there is no genetic variation, no evolution can happen. Genetic variation is limited to the history of the organism. A bear will not suddenly gain wings in a few generations of evolution. No bear has ever had wings, and it is unlikely that any bear will evolve them. An organism contains only so much DNA and the amount of existing genetic variation, the raw material for evolution, is restricted by the past history of the species. A bear does not have the underlying genetic variation necessary for a mutation to produce wings from the existing variation.

Second, adaptations are usually compromises and therefore limit evolution. Natural selection works on a whole organism rather than just single traits, so it is the combination of traits that natural selection favors. A cheetah is a fast runner but a poor swimmer. Any cheetah with webbed feet would be a better swimmer but could certainly not run as fast. Adaptations are trade-offs.

Third, many forces of evolution are not adaptive. Natural selection is the force of evolution that produces adaptations but the other forces of evolution are not necessarily adaptive. Gene flow can introduce genes into a population that are better suited to another environment. Nonrandom mating can break up existing combinations of genes that work well together. Mutation is typically harmful. Random genetic drift is frequently not beneficial. Most forces of evolution are random and can be working counter to natural selection.

Rates of Evolution

Does evolution proceed at a fast pace or a slow pace? How much of evolution can we actually observe? In 1972 Niles Eldredge and Stephen J. Gould wrote an article that presented the idea of punctuated equilibrium. Some organisms for which there are good fossil records show long periods of no morphological evolution (evolution in the form and structure of organisms); the animals remain unchanged over thousands of years. But then there suddenly appears what looks like a morphologically similar new species. The theory of punctuated equilibrium is that long periods of no change are followed by short periods of rapid transition. This is in direct contrast to gradualism. Gradualism suggests slow but continuous change over geological time. How is one to know if the fossil record is incomplete, and that the seemingly rapid change is accounted for by missing intermediate stages?

This question has inspired research on the rate of evolutionary change. It is possible to calculate rates of morphological evolution from the fossil record. Evolutionary rates can be measured over several generations in natural and laboratory populations. It is also possible to measure the relative rate of change in molecules for which the gene sequence is known. The sequence of a gene is the order of nucleotides within it. Sexual reproduction can also increase the rate of evolution compared to asexual reproduction. This is due to increased genetic variation by recombination and independent assortment. Gene sequencing has made it possible to investigate how the rate of evolution changes with the degree of underlying genetic variation, also called genetic polymorphism. In 1991 the first important test of rates of molecular evolution and molecular polymorphism was conducted by J. H. McDonald and Martin Kreitman. As the entire genetic material (genomes) of more and more organisms are sequenced, we will understand more about the rate and mechanisms of evolution.
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Relate the development of the cell theory to current trends in cellular biology

History of studying cells 
Because of the limitations of the human eye, much of the early biological research concentrated on developing tools to help us see very small things. As imaging technology became more sophisticated, biological discoveries abounded. Below is a timeline detailing some of those major events in biology. 
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The Cell Theory 
When Schleiden and Schwann proposed the cell theory in 1838, cell biology research was forever changed. The cell theory states that: 

1. All life forms are made from one or more cells. 

2. Cells only arise from pre-existing cells. 

3. The cell is the smallest form of life. 

The cell theory also provides us with an operational definition of "life". The tutorial on prokaryotes, eukaryotes, and viruses explores this concept in more detail. 
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Throughout time, thoughts and ideas of life have been formed, stretching from abiogenesis and spontaneous generation to the modern cell theory. Here is an overview of the progression of thought that has contributed to today's cell theory. You'll relive key events in scientific history and explore profiles of influential scientists and philosophers. 

The Cell Theory 

ANAXIMANDER
A member of the Greeks in the sixth century B.C. who resided on the Ionian Islands. He is credited with coming up with the primary thoughts of evolution. His perspective was that creatures from the sea were forced to come ashore, thereby evolving into land creatures. 

PLATO
Plato did not directly aid in the progress of biological thinking. His view was not experimental, but more philosophical. Many of his students went on to influence the progression of biological studies in the field of classification. 

THE ATOMISTS
The most noted of this group of Greek philosophers was Democritus (460 - 370 B.C.). He followed Anaximander's view of evolution. Democritus is credited as being the father of atomic theory which connects directly to biology. One important theory of his was simply that if you have nothing, nothing may be created out of it. 

ARISTOTLE
Aristotle (384 - 322 B.C.) was known for his experimental approach and numerous dissections. He was drawn to animal classification in order to discover aspects of connection between the soul and the human body. Some of his animal classifications still stand today. One of his famous thoughts is a foreshadowing of Mendelian genetic concepts: 

"It is evident that there must be something or other really existing, corresponding to what we call by the name of Nature. For a given germ does not give rise to any random living being, nor spring from any chance one, but each germ springs from a definite parent and gives rise to a predictable progeny. And thus it is the germ that is the ruling influence and fabricator of the offspring."

THE DARK AGES
Following the Greeks, there was a downfall in scientific thought. This decline is usually attributed to the Christian Church, and the power shift to the "barbaric" tribes. 

LEONARDO DA VINCI, RENE DESCARTES, AND WILLIAM HARVEY
These three scientific figures, thought not all living during the same time period, can be accredited with much of the advancement of anatomical thought following the Dark Ages, such as discovering the circulation of blood. 

THE MICROSCOPE
This instrument opened up new doors in the field of biology, by allowing scientists to gaze into a new world: the cellular world. Galileo is credited with the invention of the microscope. Two of the main pioneers in microscope usage were Athanasius Kircher and Antonie von Leeuwenhoek. 

ROBERT HOOKE
This English naturalist (1635 - 1703) coined the term "cell" after viewing slices of cork through a microscope. The term came from the Latin word cella which means "storeroom" or "small container". He documented his work in the Micrographia, written in 1665. 

JEAN-BAPTISTE DE LAMARCK
The majority of this Frenchman's work (1744 - 1829) dealt with animal classification and evolution. He is credited with taking steps towards the creation of the cell theory with this saying: 

"Every step which Nature takes when making her direct creations consists in organizing into cellular tissue the minute masses of viscous or mucous substances that she finds at her disposal under favorable circumstances."

THE CELL: AN INDIVIDUAL UNIT OF LIFE
In 1824, Rene Dutrochet discovered that "the cell is the fundamental element in the structure of living bodies, forming both animals and plants through juxtaposition." However, the first sightings of the internal action of the cell were made by Robert Brown. In Berlin, Johannes Muller created connections between biology and medicine, prompting the connective thinking of his students, such as those of Theodore Schwann. Schwann created the term "cell theory" and declared that plants consisted of cells. This declaration was made after that of Matthias Schlieden's (1804 - 1881) that animals are composed of cells. 

BIOGENESIS
German pathologist Rudolf Virchow (1821 - 1902) altered the thought of cellular biology with his statement that "every cell comes from a cell". Not even twenty years after this statement, processes of cell reproduction were being described--Virchow had completed the thought behind the basic cell theory.
Enhancing the Microscope Image

The "Peeping Tom of Delft" * 



When a ball of molten glass is inflated like a balloon, a small droplet of the hot fluid collects at the very bottom the bubble. *Antonie van Leeuwenhoek used these droplets as microscope lenses to view the animalcules he found in water. Despite their crude nature, those early lenses enabled van Leeuwenhoek to describe an amazing world of microscopic life.
Since then, many methods have been devised to enhance the ability to see cells and their organelles. Enhancements have been accomplished by creative microscope lens design or manipulation of the microscope's light path (Optical Enhancement). The most recent improvements come from manipulation of the raw microscope image by electronic means (Electronic/Digtal Enhancement).
 

Optical Enhancement 



There are some inexpensive - yet very effective - optical enhancements that dramatically alter the image of a simple brightfield microscope. These include Darkfield, Rheinberg, and Polarized Illumination. (Shown to the right is the green alga Micrasterias.)
Microscopes used in biological research add further enhanced features - not as inexpensive - but often elegant and extremely useful. These include Phase Contrast, DIC, and Fluorescence.
 

 

Electronic Enhancement 



In the past 20 years, video has played an increasingly prominent role in the improvement of biological microscopy. Even a poorly-lit image with very low contrast can be drastically enhanced by adjustments in video brightness and contrast. The newest cameras used in research have even greater control over apparent resolution of the final image as illustrated in Electronic Enhancement.
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• Background Cell Theory, also known as cell doctrine, states that all eukaryotic organisms are composed of cells, and that cells are the smallest independent units of life. This Cell Theory has been influential in shaping the biological sciences ever since, in 1838/1839, the botanist Matthias Schleiden and the zoologist Theodore Schwann stated the principle that cells represent the elements from which all plant and animal tissues are constructed. Some 20 years later, in a famous aphorism Omnis cellula e cellula, Rudolf Virchow annunciated that all cells arise only from pre-existing cells. General acceptance of Cell Theory was finally possible only when the cellular nature of brain tissues was confirmed at the end of the 20th century. Cell Theory then rapidly turned into a more dogmatic cell doctrine, and in this form survives up to the present day. In its current version, however, the generalized Cell Theory developed for both animals and plants is unable to accommodate the supracellular nature of higher plants, which is founded upon a super-symplasm of interconnected cells into which is woven apoplasm, symplasm and super-apoplasm. Furthermore, there are numerous examples of multinucleate coenocytes and syncytia found throughout the eukaryote superkingdom posing serious problems for the current version of Cell Theory. 
• Scope To cope with these problems, we here review data which conform to the original proposal of Daniel Mazia that the eukaryotic cell is composed of an elemental Cell Body whose structure is smaller than the cell and which is endowed with all the basic attributes of a living entity. A complement to the Cell Body is the Cell Periphery Apparatus, which consists of the plasma membrane associated with other periphery structures. Importantly, boundary stuctures of the Cell Periphery Apparatus, although capable of some self-assembly, are largely produced and maintained by Cell Body activities and can be produced from it de novo. These boundary structures serve not only as mechanical support for the Cell Bodies but they also protect them from the hostile external environment and from inappropriate interactions with adjacent Cell Bodies within the organism. 
• Conclusions From the evolutionary perspective, Cell Bodies of eukaryotes are proposed to represent vestiges of hypothetical, tubulin-based ‘guest’ proto-cells. After penetrating the equally hypothetical actin-based ‘host’ proto-cells, tubulin-based ‘guests’ became specialized for transcribing, storing and partitioning DNA molecules via the organization of microtubules. The Cell Periphery Apparatus, on the other hand, represents vestiges of the actin-based ‘host’ proto-cells which have become specialized for Cell Body protection, shape control, motility and for actin-mediated signalling across the plasma membrane. 
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Describe the relationship between the germ theory of disease and our current knowledge of immunology and control of infectious diseases

THE GERM THEORY OF DISEASES
  Louis Pasteur along with Robert koch developed the germ theory of disease which states that "a specific disease is caused by a specific type of microorganism." 
In 1876, Robert Koch established an experimental procedure to prove the germ theory of disease. This scientific procedure is known as Koch's postulates.
 
Koch's postulates:
• the causative agent must be present in every case of the disease and must not be present in healthy animals.
• the pathogen must be isolated from the diseased host animal and must be grown in pure culture.
• the same disease must be produced when microbes from the pure culture are inoculated into healthy susceptible animals.
• the same pathogen must be recoverable once again from this artificially infected animal and it must be able to be grown in pure culture.
Kochs postulates not only proved the germ theory but also gave a tremendous boost to the development of microbiology by stressing a laboratory culture and identification of microorganisms. 
Circumstances under which Kochs postulates do not easily apply:
• Many healthy people carry pathogens but do not exhibit the symptoms of disease. These "carriers" may transmit the pathogens to others who then may become diseased. Example: epidemics of certain hospital acquired (nosocomial) infections, gonorrhea, typhoid, pneumonia, and AIDS.
• Some microbes are very difficult to grow under in-vitro(in the laboratory) conditions. Example: viruses, chlamydia, rickettsias, and bacteria that cause leprosy and syphilis. Some of the fastidious organisms can now be grown in cultures of human or animal cells or in small animals.
• not all laboratory animals are susceptible to all pathogens. Many pathogens are species specific. Ethical considerations limit the use of laboratory animals and human volunteers. 
• Certain diseases develop only when an opportunistic pathogen invades a susceptible host. These secondary invaders or opportunists cause disease only when a person is ill or recovering from another disease. For example in case of pneumonia and ear infections following influenza., isolation of bacteria causing pneumonia may mislead the isolation of influenza virus.
• Not all diseases are caused by microorganisms. Many diseases are caused by dietary deficiencies (scurvy, rickets). Some of the diseases are inherited or are caused by abnormality in chromosomes. Still others such as cancer of the lungs, and skin are influenced by environmental factors.
Cells: Robert Hooke observed small empty chambers in the structure of cork with the help of his crude microscope. He called them cells.. With the help of advanced microscopes it is now known that a cell is composed of many different substances and contains tiny particles called organelles that have important functions. 
Two German biologists Matthias Schleiden and Thedore Schwann proposed the "Cell theory' in 1838. According to this theory, all living things are composed of cells. Rudolph Virchow completed the cell theory with the idea that all cells must arise from preexisting cells. 
In biology, a cell is defined as the fundamental living unit of any organism and exhibits the basic characteristics of life. A cell obtains food from the environment to produce energy and nutrients for metabolism.
Metabolism is a term that describes all the chemical reactions by which food is transformed for use by the cells. 
Through its metabolism, a cell can grow, reproduce and it can respond to changes in its environment. As a result of accidental changes in its environment, a cell can undergo changes in its genetic material. This is called mutation. The genetic changes may adapt the organism for better survival and development into a new species of organism.
Two types of cells- Procaryotes and Eucaryotes.
A Procaryotic cell exhibits all the characteristics of life but it lacks the complex system of membranes and organelles. Example: Bacterial cells and cyanobacteria.
A Eucaryotic cell has a complex structure. It contains a true nucleus and many membrane bound organelles. Example: Protozoa, fungi, algae, all plants and animal cells.
Viruses are acellular microorganisms. They are made up of only the genetic material and a protein coat. Viruses depend on the energy and metabolic machinery of the host cell to reproduce.
 
Structure of a Eucaryotic Cell:
Cell Membrane: The cell is enclosed and held intact by the cell membrane/plasma membrane/cytoplasmic membrane. It is composed of large molecules of proteins and phospholipids. These large molecules permit the passage of nutrients, waste products and secretions across the cellular membrane. Cell membrane is selectively permeable. 
Nucleus: unifies, controls and integrates the function of the entire cell. The nucleus is enclosed in the nuclear membrane and contains chromosomes. The number and composition of chromosomes and the number of genes on each chromosome are characteristic of the each species. Human cells have 46 ( 23 pairs) chromosomes. Each chromosome consists of many genes. A gene is a coiled unit made up of DNA and proteins that codes for or determines a particular characteristic of an individual organism.
Cytoplasm: is the cellular material outside the nucleus. It is composed of a semifluid gelatinous nutrient matrix and cytoplasmic organelles including endoplasmic reticulum, ribosomes, Golgi complex, mitochondria, centrioles, microtubules, lysosomes and vacoules.
Cell wall: a cell wall is found as an external structure of plant cells, algae, and fungi. It consists of cellulose, pectin, chitin, and some mineral salts.
 
Cilia and Flagella: Some eucaryotic cells possess relatively long and thin structures called flagella. These are organs of locomotion. Cilia are also organs of locomotion but are shorter and more numerous
Structure of a Procaryotic Cell:
They are simple cells. They divide by binary fission. All bacteria are procaryotes.
 
Chromosome: The chromosome of a procaryotic cell is not surrounded by a nuclear membrane, it has no definite shape and no protein material associated with it. It usually consists of a single circular DNA molecule and serves as the control center of the bacterial cell. A typical bacterial chromosome contains approximately 10,000 genes. 
 
Cytoplasm: Semiliquid, surrounds the chromosome and is contained with in the plasma membrane. Within the cytoplasm are located several ribosomes-which are the sites of protein synthesis. Cytoplasmic granules occur in certain species of bacteria which can be specifically stained and used to identify the bacteria.
 
Cell Membrane: is similar to that of eucaryotic cell membrane. It is selectively permeable and controls the substances entering or leaving the cell. It is very thin and can be seen by electron microscopes only. 
Cell Wall: a rigid exterior cell wall defines the shape of bacterial cells. It is different from the simple cell wall of plant cells and is made up of macromolecular polymer-peptidoglycan (protein and polysaccharide chain). The thickness and its exact composition varies with the species of bacteria.
Capsules: Some bacteria have a layer of material outside the cell wall. When highly organized and firmly attached to the cell wall, this layer is called a capsule or a slime layer if it is not highly organized and not firmly attached. Capsules consist of complex sugars or polysaccharides combined with lipids and proteins. The composition of capsule is useful in differentiating between different types of bacteria. Capsules are usually detected by negative staining, where the bacterial cell and the background become stained but the capsule remains unstained. Encapsulated bacteria produce colonies on nutrient agar that are smooth, mucoid and glistening whereas the noncapsulated bacteria produce rough and dry colonies. Capsules enable the bacterial species to attach to mucus membranes and protect the bacteria from phagocytosis.
 
Flagella: thread like proteins that enable the bacteria to move. Flagellated bacteria are said to be motile while non flagellated bacteria are generally non-motile. The number and arrangement of flagella are species specific and can be used to classify bacteria.
Peritrichous bacteria- possess flagella over the entire surface.
Lophotrichous bacteria-possess a tuft of flagella at one or both ends.
Amphitrichous bacteria-bacteria with one flagellum at each end.
Monotrichous bacteria-bacteria with a single polar flagellum.
Pili or Fimbriae: thin hair like structures observed on gram negative bacteria. They are not associated with motility. They enable the bacteria to attach to other bacteria or to membrane surfaces such as the intestinal lining or RBC. They are also used to transfer genetic material from one bacteria to another bacterial cell. 
Spores: Some bacteria are capable of forming spores (also called endospore) as a means of survival under adverse conditions. During sporulation the genetic material is enclosed in several protein coats that are resistant to heat,drying and most chemicals. Spores have been shown to survive in soil or dust. When the dried spore lands on a nutrient rich surface,it forms a new vegetative cell. Spore formation is related to survival of bacterial cell and not reproduction.
Vaccines & Immunizations 
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Vaccine-preventable disease levels are at or near record lows. However, we cannot take high immunization coverage levels for granted, to continue to protect America's children and adults, we must obtain maximum immunization coverage in all populations, establish effective partnerships, conduct reliable scientific research, implement immunization systems, and ensure vaccine safety. 

Key Facts About Avian Influenza (Bird Flu) and Avian Influenza A (H5N1) Virus
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This fact sheet provides general information about avian influenza (bird flu) and information about one type of bird flu, called avian influenza A (H5N1), that has caused infections in birds in Asia and Europe and in humans in Asia. Also see Questions and Answers on the CDC website and Frequently Asked Questions (FAQs) on the World Health Organization (WHO) website.
Avian Influenza (Bird Flu)

Avian influenza in birds

Avian influenza is an infection caused by avian (bird) influenza (flu) viruses. These influenza viruses occur naturally among birds. Wild birds worldwide carry the viruses in their intestines, but usually do not get sick from them. However, avian influenza is very contagious among birds and can make some domesticated birds, including chickens, ducks, and turkeys, very sick and kill them.

Infected birds shed influenza virus in their saliva, nasal secretions, and feces. Susceptible birds become infected when they have contact with contaminated secretions or excretions or with surfaces that are contaminated with secretions or excretions from infected birds. Domesticated birds may become infected with avian influenza virus through direct contact with infected waterfowl or other infected poultry, or through contact with surfaces (such as dirt or cages) or materials (such as water or feed) that have been contaminated with the virus.

Infection with avian influenza viruses in domestic poultry causes two main forms of disease that are distinguished by low and high extremes of virulence. The “low pathogenic” form may go undetected and usually causes only mild symptoms (such as ruffled feathers and a drop in egg production). However, the highly pathogenic form spreads more rapidly through flocks of poultry. This form may cause disease that affects multiple internal organs and has a mortality rate that can reach 90-100% often within 48 hours.

Human infection with avian influenza viruses

There are many different subtypes of type A influenza viruses. These subtypes differ because of changes in certain proteins on the surface of the influenza A virus (hemagglutinin [HA] and neuraminidase [NA] proteins). There are 16 known HA subtypes and 9 known NA subtypes of influenza A viruses. Many different combinations of HA and NA proteins are possible. Each combination represents a different subtype. All known subtypes of influenza A viruses can be found in birds.

Usually, “avian influenza virus” refers to influenza A viruses found chiefly in birds, but infections with these viruses can occur in humans. The risk from avian influenza is generally low to most people, because the viruses do not usually infect humans. However, confirmed cases of human infection from several subtypes of avian influenza infection have been reported since 1997. Most cases of avian influenza infection in humans have resulted from contact with infected poultry (e.g., domesticated chicken, ducks, and turkeys) or surfaces contaminated with secretion/excretions from infected birds. The spread of avian influenza viruses from one ill person to another has been reported very rarely, and transmission has not been observed to continue beyond one person.

“Human influenza virus” usually refers to those subtypes that spread widely among humans. There are only three known A subtypes of influenza viruses (H1N1, H1N2, and H3N2) currently circulating among humans. It is likely that some genetic parts of current human influenza A viruses came from birds originally. Influenza A viruses are constantly changing, and they might adapt over time to infect and spread among humans.

During an outbreak of avian influenza among poultry, there is a possible risk to people who have contact with infected birds or surfaces that have been contaminated with secretions or excretions from infected birds.

Symptoms of avian influenza in humans have ranged from typical human influenza-like symptoms (e.g., fever, cough, sore throat, and muscle aches) to eye infections, pneumonia, severe respiratory diseases (such as acute respiratory distress), and other severe and life-threatening complications. The symptoms of avian influenza may depend on which virus caused the infection.

Studies done in laboratories suggest that some of the prescription medicines approved in the United States for human influenza viruses should work in treating avian influenza infection in humans. However, influenza viruses can become resistant to these drugs, so these medications may not always work. Additional studies are needed to demonstrate the effectiveness of these medicines.

Avian Influenza A (H5N1)

Influenza A (H5N1) virus – also called “H5N1 virus” – is an influenza A virus subtype that occurs mainly in birds, is highly contagious among birds, and can be deadly to them. H5N1 virus does not usually infect people, but infections with these viruses have occurred in humans. Most of these cases have resulted from people having direct or close contact with H5N1-infected poultry or H5N1-contaminated surfaces.

Avian influenza A (H5N1) outbreaks

For current information about avian influenza A (H5N1) outbreaks, see our Outbreaks page.

Human health risks during the H5N1 outbreak

Of the few avian influenza viruses that have crossed the species barrier to infect humans, H5N1 has caused the largest number of detected cases of severe disease and death in humans. In the current outbreaks in Asia and Europe more than half of those infected with the virus have died. Most cases have occurred in previously healthy children and young adults. However, it is possible that the only cases currently being reported are those in the most severely ill people, and that the full range of illness caused by the H5N1 virus has not yet been defined. For the most current information about avian influenza and cumulative case numbers, see the World Health Organization (WHO) avian influenza website.

So far, the spread of H5N1 virus from person to person has been limited and has not continued beyond one person. Nonetheless, because all influenza viruses have the ability to change, scientists are concerned that H5N1 virus one day could be able to infect humans and spread easily from one person to another. Because these viruses do not commonly infect humans, there is little or no immune protection against them in the human population. If H5N1 virus were to gain the capacity to spread easily from person to person, an influenza pandemic (worldwide outbreak of disease) could begin. For more information about influenza pandemics, see the CDC Pandemic Influenza website and PandemicFlu.gov.

No one can predict when a pandemic might occur. However, experts from around the world are watching the H5N1 situation in Asia and Europe very closely and are preparing for the possibility that the virus may begin to spread more easily and widely from person to person.

Treatment and vaccination for H5N1 virus in humans

The H5N1 virus that has caused human illness and death in Asia is resistant to amantadine and rimantadine, two antiviral medications commonly used for influenza. Two other antiviral medications, oseltamavir and zanamavir, would probably work to treat influenza caused by H5N1 virus, but additional studies still need to be done to demonstrate their effectiveness.

There currently is no commercially available vaccine to protect humans against H5N1 virus that is being seen in Asia and Europe. However, vaccine development efforts are taking place. Research studies to test a vaccine to protect humans against H5N1 virus began in April 2005, and a series of clinical trials is under way. For more information about H5N1 vaccine development process, visit the National Institutes of Health website.

Infectious diseases: How they spread, how to stop them

Infectious diseases spread in many ways, but you can minimize your risk of infection. 

From your sniffling seatmate on the bus to the raw chicken on your cutting board, everyday life is full of potential infectious hazards. With germs so common and seemingly everywhere, the question is this: Just how do you get around them?

Knowing how germs spread can help you stop them in their tracks. Find out how infectious disease is transmitted, and more importantly, what you can do to minimize your risk of infection.

Infectious diseases spread through contact

Direct contact
The easiest way to catch most infectious diseases is by coming in contact with someone who has one. This "someone" can be a person, an animal or, for an unborn baby, its mother. Three different ways infectious disease can be spread through direct contact are:

· Person to person. The most common way for infectious disease to spread is through the direct transfer of bacteria, viruses or other germs from one person to another. This can occur when an individual with the bacterium or virus touches, coughs on or kisses someone who isn't infected. These germs can also spread through the exchange of body fluids from sexual contact or a blood transfusion. 

· Animal to person. Your household pet might seem harmless, but pets can carry many germs. Being bitten or scratched by an infected animal can make you sick and, in extreme circumstances, could even cause death. Handling animal waste can be hazardous, too. You can become infected by scooping your cat's litter box or by cleaning bat or mouse droppings in your house or garage. 

· Mother to unborn child. A pregnant woman may pass germs that cause infectious diseases on to her unborn baby. Germs can pass through the placenta, as is the case of the AIDS virus and the toxoplasmosis parasite. Or you could pass along germs during labor and delivery, as is the case for a mother infected with group B streptococcus. 

Indirect contact
Disease-causing organisms can also be passed along by indirect contact. Many germs can linger on an inanimate object, such as a tabletop, doorknob or faucet handle. When you touch the same doorknob grasped by someone ill with the flu or a cold, for example, you can pick up the germs he or she left behind. If you then touch your eyes, mouth or nose before washing your hands, you may become infected.

Infectious diseases spread through the air

Droplet transmission
When you cough or sneeze, you expel droplets into the air around you. When you're sick with a cold or the flu — or any number of other illnesses — these droplets contain the germ that caused your illness. Spread of infectious disease in this manner is called droplet spread or droplet transmission.

Droplets travel only about three feet because they're usually too large to stay suspended in the air for a long time. However, if a droplet from an infected person comes in contact with your eyes, nose or mouth, you may soon experience symptoms of the illness. Crowded, indoor environments may promote the chances of droplet transmission — which may explain the increase in respiratory infections in the winter months.

Particle transmission
Some disease-causing germs travel through the air in particles considerably smaller than droplets. These tiny particles remain suspended in the air for extended periods of time and can travel in air currents. If you breathe in an airborne virus, bacterium or other germ, you may become infected and show signs and symptoms of the disease. Tuberculosis and SARS are two infectious diseases usually spread through the air, in both particle and droplet forms.

Infectious diseases spread through vectors and vehicles

Bites and stings
Some germs rely on insects — such as mosquitoes, fleas, lice or ticks — to move from host to host. These carriers are known as vectors. Mosquitoes can carry the malaria parasite or West Nile virus, and deer ticks may carry the bacterium that causes Lyme disease.

The vector-borne spread of germs happens when an insect that carries the germ on its body or in its intestinal tract lands on you or bites you. The germs travel into your body and can make you sick. Sometimes the germs that cause infectious disease need the insect for specific biological reasons. They use the insect's body to multiply, which is necessary before the germs can infect a new host.

Food contamination
Another way disease-causing germs can infect you is through food and water. Common-vehicle transmission allows the germs to be spread to many people through a single source. Food is the vehicle that spreads the germs and causes the illness. For instance, contamination with Escherichia coli (E. coli) is common. E. coli is a bacterium present in certain foods — such as undercooked hamburger or unwashed fruits or vegetables. When you eat foods contaminated with E. coli, chances are you'll experience an illness — also commonly referred to as food poisoning.
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Prevent the spread of infectious diseases

Decrease your risk of infecting yourself or others:

· Wash your hands often. This is especially important before and after preparing food, before eating and after using the toilet. 

· Get vaccinated. Immunization can drastically reduce your chances of contracting many diseases. Make sure to keep your recommended vaccinations, as well as your children's, up-to-date. 

· Use antibiotics sensibly. Only take antibiotics when necessary. And if they're prescribed, take them exactly as directed — don't stop taking them early because your symptoms have abated. 

· Stay at home if you have signs and symptoms of an infection. Don't go to work if you're vomiting, have diarrhea or are running a fever. Don't send your child to school if he or she has these signs and symptoms, either. 

· Be smart about food preparation. Keep counters and other kitchen surfaces clean when preparing meals. In addition, promptly refrigerate leftovers — don't let cooked foods remain at room temperature for an extended period of time. 

· Disinfect the 'hot zones' in your home. These include the kitchen and bathroom — two rooms that can have a high concentration of bacteria and other infectious agents. 

· Practice safe sex. Use condoms if you or your partner has a history of sexually transmitted diseases or high-risk behavior — or abstain altogether. 

· Don't share personal items. Use your own toothbrush, comb or razor blade. Avoid sharing drinking glasses or dining utensils. 

· Travel wisely. Don't fly when you're ill. With so many people confined to such a small area, you may infect other passengers in the plane. And your trip won't be comfortable, either. Depending on where your travels take you, talk to your doctor about any special immunizations you may need. 

· Keep your pets healthy. Bring your pet to a veterinarian for regular care and vaccinations. Feed your pet a healthy diet and keep your pet's living area clean. 

With a little common sense and the proper precautions, you can avoid infectious diseases and keep from spreading them.
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Relate the chromosome theory of heredity to recent findings in genetic research (e.g., Human Genome Project-HGP, chromosome therapy)

Chromosomes and Inheritance - 1

Chromosome Theory of Inheritance

In 1902, Sutton and Boveri made a correlation between Mendel's conclusions about

genes (or inherited traits) and the behavior of chromosomes during mitosis and

meiosis.

Sutton is credited with first proposing the chromosome theory of inheritance:

Chromosomes are in pairs and genes, or their alleles, are located on

chromosomes

Homologous Chromosomes separate during meiosis so that alleles are

segregated

Meiotic products have one of each homologous chromosome but not both

Fertilization restores the pairs of chromosomes

Chromosomes and Segregation of Alleles

Chromosomal Theory of Inheritance

The chromosomal theory of inheritance is the idea that genes, the units of heredity, are physical in nature and are found in the chromosomes. The theory arose at the turn of the twentieth century, and became one of the cornerstones of the modern understanding of genetics.

The Birth of a Science

Charles Darwin first conceived the idea of hereditary units when he published his theory of pangenesis in 1868. In this model, circulating units called gemmules are accumulated in the gonads and transmitted to the off-spring. This theory was discredited by experimental tests performed by Francis Galton in the 1870s. Galton used blood transfusions in rabbits to show that the alleged gemmules in one rabbit's blood did not alter the heredity of the recipient rabbit's blood. In the 1890s Hugo de Vries took the term "pangenesis" and trimmed it to "pangene" for the assumed units of inheritance. He argued that pangenes remained inside the cell and did not migrate. It was this theory of intracellular pangenesis that led de Vries to independently find what Gregor Mendel had discovered thirty years earlier in his work with contrasting traits in garden peas—there are units of inheritance that are transmitted by reproduction. Wilhelm Johansson introduced the term "gene" to replace several contending and misleading terms for the basic unit of heredity in 1909. The term "genetics" came earlier, when William Bateson coined the word in 1906 to represent the new field that studied heredity, variation, and evolution. The terms "gene," "genetics," and the biblical term "genesis" all share a common Latin root, gen, meaning origin.

Mendel identified what he called "factors" (later called genes) as the underlying cause for the appearance of certain traits in peas. He described them as stable units that seemed to disappear in a hybrid (a plant grown from a cross between two parent plants that show differing traits) but would reappear among some of the progeny of such hybrids. Mendel identified two laws—the law of segregation and the law of independent assortment—which together governed the movement of factors from parent to progeny. This strongly suggested that the factors of inheritance were discrete physical objects. Shortly before Mendel's work was being rediscovered, advancements in the construction of microscopes had allowed scientists to make careful observations of cell division. This led to the discovery of colored bodies in the cell nucleus that appeared to double and divide just before each division. These were called chromosomes ("colored bodies").

By 1902 the chromosome movements during meiosis had been worked out, and Walter Sutton used them to explain Mendel's laws. He argued that the pairing and separation of homologues would lead to the segregation of a pair of factors they carried. Thus, to use one of Mendel's own experiments, hybridizing yellow and green pea plants would yield one yellow and one green gamete apiece. (A gamete is germ cell, sperm or egg, that contains half of a full complement of chromosomes, originating from one of the parent plants.) The result is a gametic ratio of 1:1. The union of pollen and ovules would result in the 3 yellow to 1 green Mendelian ratio. Similarly, two different pairs of homologs would yield the 9:3:3:1 ratio associated with Mendel's law of independent assortment. Sutton called his union of cytology with Mendelian breeding analysis the "chromosome theory of heredity."

X-Linked Inheritance in Hybrids

Beginning in 1907, Thomas Hunt Morgan extended Sutton's insights by conducting laboratory studies of the fruit fly, Drosophila melanogaster. With his students Alfred Henry Sturtevant, Calvin Blackman Bridges, and Hermann Joseph Muller, he established what is now called classical genetics. Morgan and his students found new phenomena that added to Sutton's chromosome theory of heredity. The first finding, achieved in 1920, was X-linked inheritance, in which white-eyed flies showed a sex-linked inheritance of the trait in a modified 3:1 ratio. In other words, cross-breeding hybrid red-eyed flies resulted in all the female offspring having red eyes, whereas half the male offspring had white eyes.

Morgan's team explained this modified ratio by proposing that the eye-color genes are carried on the X chromosome, of which females have two but males have only one. The female's two X chromosomes can be homozygous (the genes carried are AA or aa) or heterozygous (the genes carried are Aa) for an X-linked gene. Males are always homozygous, because the small Y chromosome lacks almost all the genes found on the X chromosome. Thus, they can carry only one gene for the trait: AY or aY. Since males can carry no second copy of the gene for the trait, they will express the white-eyed trait if they inherit the gene for it from a hybrid red-eyed parent. This discovery further strengthened the case in favor of the chromosomal theory of inheritance.

Several additional X-linked mutations arose by 1913. Morgan reported that these mutations produced unusual ratios when subjected to breeding analysis. He explained these findings by proposing that genes could trade places between two homologous chromosomes. Morgan's finding, called crossing over, was used to map the genes along the length of the X chromosome, and Sturtevant used Morgan's data to construct the first linkage map. Working independently, maize geneticists, especially Barbara McClintock, later demonstrated the same phenomenon.

Further Advances in Theory

Also from 1913 to 1916, Bridges found some exceptions to the expected modified 3:1 ratio for white-eyed flies. He inferred, and confirmed by microscopic examination of cells, that these unexpected departures arose from the failure of homologous chromosomes to separate during meiosis. Bridges called this phenomenon nondisjunction and used it as a proof of the chromosome theory of heredity.

While both Mendel and Morgan's group worked with simple, single-gene traits, the relation of genes to most character traits turned out to be more complex. A successful analysis of this was presented by Muller. He argued that the variable wing shapes and lengths of beaded and truncated wings in fruit flies involved several factors. A chief gene was essential, but it required modifier genes that could intensify or diminish its expression. By combining different modifier genes and the chief gene in two parents, Muller could predict the percentages of wing shape and length among the progeny. Muller used this analysis to support a Darwinian model of natural selection of character traits whose variations owe their origins to the highly heterozygous state of natural populations and to new mutations that arise in each generation. Muller's analysis added evolution to cytology and breeding analysis as the three tributaries of classical genetics.

   A. Chromosomal Theory of Inheritance 

        1. Genes are located on chromosomes; behavior of chromosomes during mitosis was described in 
            1875 and for meiosis, in 1890's. 
        2. Chromosome theory independently proposed in 1902 by Theodor Boveri and Walter S. Sutton. 
        3. Accounts for the similarity of chromosomal behavior during meiosis and fertilization. 
        4. Theory is supported by the following observations: 
            a. Both chromosomes and factors (now called alleles) are paired in diploid cells. 
            b. Chromosomes and alleles of each pair separate during meiosis so gametes have one-half. 
            c. Chromosomes and alleles of separate independently; gametes contain all combinations. 
            d. Fertilization restores diploid chromosome number and paired condition for alleles in zygote.

The Human Genome Program of the U.S. Department of Energy Office of Science funds this suite of Web sites. 
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Welcome! Explore this site for information about the Human Genome Project (1990-2003). 

Completed in 2003, the Human Genome Project (HGP) was a 13-year project coordinated by the U.S. Department of Energy and the National Institutes of Health. During the early years of the HGP, the Wellcome Trust (U.K.) became a major partner; additional contributions came from Japan, France, Germany, China, and others. See our history page for more information. 

Project goals were to 

· identify all the approximately 20,000-25,000 genes in human DNA, 

· determine the sequences of the 3 billion chemical base pairs that make up human DNA, 

· store this information in databases, 

· improve tools for data analysis, 

· transfer related technologies to the private sector, and 

· address the ethical, legal, and social issues (ELSI) that may arise from the project. 

Though the HGP is finished, analyses of the data will continue for many years. Follow this ongoing research on our Progress page. An important feature of the HGP project was the federal government's long-standing dedication to the transfer of technology to the private sector. By licensing technologies to private companies and awarding grants for innovative research, the project catalyzed the multibillion-dollar U.S. biotechnology industry and fostered the development of new medical applications. 

http://www.genome.gov/
What is gene therapy?

Genes, which are carried on chromosomes, are the basic physical and functional units of heredity. Genes are specific sequences of bases that encode instructions on how to make proteins. Although genes get a lot of attention, it’s the proteins that perform most life functions and even make up the majority of cellular structures. When genes are altered so that the encoded proteins are unable to carry out their normal functions, genetic disorders can result. 

Gene therapy is a technique for correcting defective genes responsible for disease development. Researchers may use one of several approaches for correcting faulty genes:

· A normal gene may be inserted into a nonspecific location within the genome to replace a nonfunctional gene. This approach is most common.

· An abnormal gene could be swapped for a normal gene through homologous recombination.

· The abnormal gene could be repaired through selective reverse mutation, which returns the gene to its normal function.

· The regulation (the degree to which a gene is turned on or off) of a particular gene could be altered. 


How does gene therapy work?

In most gene therapy studies, a "normal" gene is inserted into the genome to replace an "abnormal," disease-causing gene. A carrier molecule called a vector must be used to deliver the therapeutic gene to the patient's target cells. Currently, the most common vector is a virus that has been genetically altered to carry normal human DNA. Viruses have evolved a way of encapsulating and delivering their genes to human cells in a pathogenic manner. Scientists have tried to take advantage of this capability and manipulate the virus genome to remove disease-causing genes and insert therapeutic genes.

Target cells such as the patient's liver or lung cells are infected with the viral vector. The vector then unloads its genetic material containing the therapeutic human gene into the target cell. The generation of a functional protein product from the therapeutic gene restores the target cell to a normal state. See a diagram depicting this process. 

Some of the different types of viruses used as gene therapy vectors:

· Retroviruses - A class of viruses that can create double-stranded DNA copies of their RNA genomes. These copies of its genome can be integrated into the chromosomes of host cells. Human immunodeficiency virus (HIV) is a retrovirus.

· Adenoviruses - A class of viruses with double-stranded DNA genomes that cause respiratory, intestinal, and eye infections in humans. The virus that causes the common cold is an adenovirus.

· Adeno-associated viruses - A class of small, single-stranded DNA viruses that can insert their genetic material at a specific site on chromosome 19.

· Herpes simplex viruses - A class of double-stranded DNA viruses that infect a particular cell type, neurons. Herpes simplex virus type 1 is a common human pathogen that causes cold sores. 

Besides virus-mediated gene-delivery systems, there are several nonviral options for gene delivery. The simplest method is the direct introduction of therapeutic DNA into target cells. This approach is limited in its application because it can be used only with certain tissues and requires large amounts of DNA.

Another nonviral approach involves the creation of an artificial lipid sphere with an aqueous core. This liposome, which carries the therapeutic DNA, is capable of passing the DNA through the target cell's membrane.

Therapeutic DNA also can get inside target cells by chemically linking the DNA to a molecule that will bind to special cell receptors. Once bound to these receptors, the therapeutic DNA constructs are engulfed by the cell membrane and passed into the interior of the target cell. This delivery system tends to be less effective than other options.

Researchers also are experimenting with introducing a 47th (artificial human) chromosome into target cells. This chromosome would exist autonomously alongside the standard 46 --not affecting their workings or causing any mutations. It would be a large vector capable of carrying substantial amounts of genetic code, and scientists anticipate that, because of its construction and autonomy, the body's immune systems would not attack it. A problem with this potential method is the difficulty in delivering such a large molecule to the nucleus of a target cell. 


What is the current status of gene therapy research? 

The Food and Drug Administration (FDA) has not yet approved any human gene therapy product for sale. Current gene therapy is experimental and has not proven very successful in clinical trials. Little progress has been made since the first gene therapy clinical trial began in 1990. In 1999, gene therapy suffered a major setback with the death of 18-year-old Jesse Gelsinger. Jesse was participating in a gene therapy trial for ornithine transcarboxylase deficiency (OTCD). He died from multiple organ failures 4 days after starting the treatment. His death is believed to have been triggered by a severe immune response to the adenovirus carrier. 

Another major blow came in January 2003, when the FDA placed a temporary halt on all gene therapy trials using retroviral vectors in blood stem cells. FDA took this action after it learned that a second child treated in a French gene therapy trial had developed a leukemia-like condition. Both this child and another who had developed a similar condition in August 2002 had been successfully treated by gene therapy for X-linked severe combined immunodeficiency disease (X-SCID), also known as "bubble baby syndrome." 

FDA's Biological Response Modifiers Advisory Committee (BRMAC) met at the end of February 2003 to discuss possible measures that could allow a number of retroviral gene therapy trials for treatment of life-threatening diseases to proceed with appropriate safeguards. FDA has yet to make a decision based on the discussions and advice of the BRMAC meeting.


What factors have kept gene therapy from becoming an effective treatment for genetic disease?

· Short-lived nature of gene therapy - Before gene therapy can become a permanent cure for any condition, the therapeutic DNA introduced into target cells must remain functional and the cells containing the therapeutic DNA must be long-lived and stable. Problems with integrating therapeutic DNA into the genome and the rapidly dividing nature of many cells prevent gene therapy from achieving any long-term benefits. Patients will have to undergo multiple rounds of gene therapy.

· Immune response - Anytime a foreign object is introduced into human tissues, the immune system is designed to attack the invader. The risk of stimulating the immune system in a way that reduces gene therapy effectiveness is always a potential risk. Furthermore, the immune system's enhanced response to invaders it has seen before makes it difficult for gene therapy to be repeated in patients.

· Problems with viral vectors - Viruses, while the carrier of choice in most gene therapy studies, present a variety of potential problems to the patient --toxicity, immune and inflammatory responses, and gene control and targeting issues. In addition, there is always the fear that the viral vector, once inside the patient, may recover its ability to cause disease.

· Multigene disorders - Conditions or disorders that arise from mutations in a single gene are the best candidates for gene therapy. Unfortunately, some the most commonly occurring disorders, such as heart disease, high blood pressure, Alzheimer's disease, arthritis, and diabetes, are caused by the combined effects of variations in many genes. Multigene or multifactorial disorders such as these would be especially difficult to treat effectively using gene therapy. For more information on different types of genetic disease, see Genetic Disease Information.


What are some recent developments in gene therapy research?

· University of California, Los Angeles, research team gets genes into the brain using liposomes coated in a polymer call polyethylene glycol (PEG). The transfer of genes into the brain is a significant achievement because viral vectors are too big to get across the "blood-brain barrier." This method has potential for treating Parkinson's disease. See Undercover genes slip into the brain at NewScientist.com (March 20, 2003).

· RNA interference or gene silencing may be a new way to treat Huntington's. Short pieces of double-stranded RNA (short, interfering RNAs or siRNAs) are used by cells to degrade RNA of a particular sequence. If a siRNA is designed to match the RNA copied from a faulty gene, then the abnormal protein product of that gene will not be produced. See Gene therapy may switch off Huntington's at NewScientist.com (March 13, 2003).

· New gene therapy approach repairs errors in messenger RNA derived from defective genes. Technique has potential to treat the blood disorder thalassaemia, cystic fibrosis, and some cancers. See Subtle gene therapy tackles blood disorder at NewScientist.com (October 11, 2002).

· Gene therapy for treating children with X-SCID (sever combined immunodeficiency) or the "bubble boy" disease is stopped in France when the treatment causes leukemia in one of the patients. See 'Miracle' gene therapy trial halted at NewScientist.com (October 3, 2002).

· Researchers at Case Western Reserve University and Copernicus Therapeutics are able to create tiny liposomes 25 nanometers across that can carry therapeutic DNA through pores in the nuclear membrane. See DNA nanoballs boost gene therapy at NewScientist.com (May 12, 2002). 

· Sickle cell is successfully treated in mice. See Murine Gene Therapy Corrects Symptoms of Sickle Cell Disease from March 18, 2002, issue of The Scientist. 


What are some of the ethical considerations for using gene therapy? 

 --Some Questions to Consider...
· What is normal and what is a disability or disorder, and who decides? 

· Are disabilities diseases? Do they need to be cured or prevented? 

· Does searching for a cure demean the lives of individuals presently affected by disabilities? 

· Is somatic gene therapy (which is done in the adult cells of persons known to have the disease) more or less ethical than germline gene therapy (which is done in egg and sperm cells and prevents the trait from being passed on to further generations)? In cases of somatic gene therapy, the procedure may have to be repeated in future generations. 

· Preliminary attempts at gene therapy are exorbitantly expensive. Who will have access to these therapies? Who will pay for their use? 


Gene Therapy Links

General Information
· MEDLINEplus: Genes and Gene Therapy - Access news, information from the National Institutes of Health, clinical trials information, research, and more. 

· Recombinant DNA and Gene Transfer - National Institutes of Health Guidelines 

· Questions and Answers about Gene Therapy - A fact sheet from the National Cancer Institute. 

· Introduction to Gene Therapy - An overview by Access Excellence. 

· Gene Therapy and Children - From KidsHealth for Parents. 

· Pioneering gene treatment gives frail toddler a new lease of life 

· Gene Transfer - An overview of gene therapy science issues, ethical concerns, and regulation and policy from the Genetics & Public Policy Center 

· Delivering the Goods - An article describing the different types of gene therapy approaches. From October 2, 2000, issue of The Scientist. 

· How to Turn on a Gene - An article from Wired Magazine. 

· How Viruses Are Used in Gene Therapy - From The DNA Files, a series of radio programs from SoundVision Productions. 

· Human Gene Therapy: Present and Future - A Human Genome News article. 

· Gene Therapy - A NewsHour with Jim Lehrer transcript covering the death of gene therapy patient, Jesse Gelsinger (February 2, 2000). 

· Animations from the Tokyo Medical University Department of Paediatrics Genetics Study Group 

· Animations of Induction of Genes (Gene Therapy) 

· Animations of Problems in Gene Therapy 

FDA Information
· FDA Cellular and Gene Therapy --details about and links to all FDA gene therapy information 

· FDA Advisory Committee Discusses Steps for Potentially Continuing Certain Gene Therapy Trials That Were Recently Placed on Hold - 2/28/2003 

· FDA Places Temporary Halt On Gene Therapy Trials Using Retroviral Vectors In Blood Stem Cells - 1/14/2003 

· New Initiatives to Protect Participants in Gene Therapy Trials - 3/7/2000 

· Human Gene Therapy and The Role of the Food and Drug Administration - An overview from the Center for Biologics Evaluations and Research of the U.S. Food and Drug Administration. 

· Human Gene Therapy Harsh Lessons, High Hopes - An article published in the September-October 2000 issue of FDA Consumer magazine. 

· The Last Word: Researchers React to Gene Therapy's Pitfalls and Promises - An article published in the September-October 2000 issue of FDA Consumer magazine. 

· Fundamentals of Gene Therapy - Diagrams and basic description of gene therapy from the FDA. 

Gene Therapy Ethics
· Ethical Issues in Human Gene Therapy - A Human Genome News article. 

· Special Report: Ethics of Genetics - From Guardian Unlimited. 

· Ethical Issues in Human Gene Therapy - A Human Genome News article. 

Gene Therapy Clinical Trials
· University of Pittsburgh Molecular Medicine Institute - Contains information about ongoing and completed clinical trials. 

· Gene therapy studies in ClinicalTrials.gov - The U.S. National Institutes of Health resource for public access to information on clinical research studies. 

· Gene Therapy Clinical Trials - Access to a worldwide database of gene therapy clinical trials at this Web site from the publishers of The Journal of Gene Medicine. To search the database, click on "Interactive Database" at the top of the page. Access to charts, statistics, and abstracts from clinical trials results also provided. 

Professional Associations
· American Society of Gene Therapy 

· Australasian Gene Therapy Society (AGTS) 

· European Society of Gene Therapy (ESGT) 

Gene Therapy Journals
(Scientific, peer-reviewed publications targeted to clinicians and researchers. Access to full-text articles in these journals typically requires a subscription.)

· Cancer Gene Therapy - From the publishers of Nature. 

· Current Gene Therapy - From Bentham Science Publishers. 

· Gene Therapy - From the publishers of Nature. 

· Human Gene Therapy - Journal published by Mary Anne Liebert, Inc. 

· The Journal of Gene Medicine - Official journal of the European Society of Gene Therapy (ESGT), Japan Society of Gene Therapy (JSGT), and the Australasian Gene Therapy Society (AGTS). 

· Molecular Therapy - A monthly journal published by the American Society of Gene Therapy (ASGT). 

Other Publications
· Vector - Magazine of the Gene Therapy Center at the University of Alabama at Birmingham. Issues available for download as PDF. 

http://history.nih.gov/exhibits/genetics/
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http://www.pbs.org/newshour/bb/health/july-dec99/gene_therapy_splash.htm
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 HYPERLINK "http://www.pbs.org/newshour/bb/health/jan-june00/gene_therapy_2-2.html" Gene therapy trials come under fire for underreporting harmful side effects. (2/2/00)
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Susan Dentzer explores the growing controversy over gene therapy. (12/8/99)
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A timeline of important moments in the history of gene therapy.
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 HYPERLINK "http://www.pbs.org/newshour/bb/health/july-dec99/gene_therapy_splash.htm" \l "#" David Lunneborg describes his experience with gene therapy as a patient at the Mayo Clinic. 
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 HYPERLINK "http://www.pbs.org/newshour/bb/health/july-dec99/gene_therapy_splash.htm" \l "#" Paul Gelsinger talks about his son's death while undergoing gene therapy for a rare metabolic disorder.
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 HYPERLINK "http://www.pbs.org/newshour/bb/health/july-dec99/gene_therapy_splash.htm" \l "#" Preeminent researcher Dr. W. French Anderson talks about the early stages and risks of gene therapy. 
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 HYPERLINK "http://www.pbs.org/newshour/bb/health/july-dec99/abbeymeyers.html" Abby Meyers, a patient advocate for people with rare diseases, talks about gene therapy trials.
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A conversation with Matt Ridley, author of Genome: The Autobiography Of A Species In 23 Chapters. (3/10/00)
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FORUM: Matt Ridley answers your questions. (3/21/00)
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NewsHour Extra: What is the genome and what do we do with it?
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 HYPERLINK "http://www.ncbi.nlm.nih.gov/genome/seq/" The Human Genome Sequence, by NCBI 
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 HYPERLINK "http://vector.cshl.org/dnaftb/" DNA from the Beginning, by the DNA Learning Center
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 HYPERLINK "http://www.celera.com/" Celera Genomics 
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 HYPERLINK "http://www.nhgri.nih.gov/" National Human Genome Research Institute 
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Dr. Francis Collins and J. Craig Venter announce the publication of the human genetic code. (2/12/01)
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The controversy over patenting genes. (7/06/00)
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Pondering the ethical implications of mapping the human genome. (7/03/00)
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Researchers announce they have completed the initial sequencing of the human genome. (6/26/00)
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REALAUDIO: President Clinton and British Prime Minister Tony Blair 
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REALAUDIO: Francis Collins, head of the Human Genome Project 
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REALAUDIO: J.Craig Venter of Celera Genomics 
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The race to decode the human genome gets close to the end. (6/16/00) 
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 HYPERLINK "http://audio.pbs.org:8080/ramgen/newshour/health/gene_video.rm?altplay=gene_video.rm" REALVIDEO: What does it mean to have sequenced the genome?
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 HYPERLINK "http://www.pbs.org/newshour/bb/health/jan-june00/extended_venter.html" J. Craig Venter 
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 HYPERLINK "http://www.pbs.org/newshour/bb/health/jan-june00/extended_collins.html" Francis Collins
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 HYPERLINK "http://www.pbs.org/newshour/bb/health/jan-june00/extended_pappadapoulous.html" Stelios Papadapoulos 
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A company decoded the DNA of a single person, completing the sequencing of one human genome. (4/6/00)
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Should companies use their findings on the human genome for profit? (3/16/00)
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Research current events and topics in biology




· Biology Forum 

· Biology Archives 

· Biology Links 




 HYPERLINK "http://add.my.yahoo.com/content?url=http://www.biologynews.net/index.xml" 
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 HYPERLINK "http://fusion.google.com/add?feedurl=http%3A//www.biologynews.net/index.xml" 
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 HYPERLINK "http://my.msn.com/addtomymsn.armx?id=rss&ut=http://www.biologynews.net/index.xml" 
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Latest Biology Articles News & Current Events
Current Events in Science
Science News
The current issue of "ScienceNews" is online. Back issues are accessible. You can search for particular topics.
http://www.sciencenews.org
Cell and Molecular Biology Online
A great tool for research in cell biology. Includes links to related sites, career resources and "cool bio stuff."
http://www.cellbio.com/
Cells Alive
Features magazine-type articles on current topics in cell biology, many with neat animations. Includes links to related sites worth visiting.
http://www.cellsalive.com
Biology Research Sources
AllRefer.com
A very comprehensive research service for all topics.
http://www.allrefer.com
The Mad Scientist Network
This site, operated by the Washington University (St. Louis) School of Medicine, provides access to a free search engines, the MadScientist Library, the "Ask a Scientist" feature and a listing of career opportunities in biomedical disciplines.
http://madsci.wustl.edu/



Strand: Nature of Science 

                      Standard 13: Students shall use mathematics, science equipment, and technology as tools to communicate and solve life science problems.
	NS.13.B.1

Collect and analyze scientific data using appropriate mathematical calculations, figures, and tables

Lab activities

	NS.13.B.2
Use appropriate equipment and technology as tools for solving problems (e.g., microscopes, centrifuges, flexible arm cameras, computer software and hardware)

Lab activities

	NS.13.B.3
Utilize technology to communicate research findings

Lab activities/computers


Strand: Nature of Science 

                      Standard 14: Students shall describe the connections between pure and applied science.
	NS.14.B.1

Compare and contrast biological concepts in pure science and applied science 

	NS.14.B.2
Discuss why scientists should work within ethical parameters

DO SCIENTISTS NEED A PROFESSIONAL CODE OF ETHICS? 



Definitions 

What is Professional Ethics? The American Association for the Advancement of Science (AAAS) has offered the following definition: 

"Professional Ethics refers to those principles that are intended to define the rights and responsibilities of scientists in their relationship with each other and with other parties including employers, research subjects, clients, students, etc.". 

Webster's defines ethics as: 

"1 ...the discipline dealing with what is good and bad and with moral duty and obligation 2 a: a set of moral principles and values b: a theory or system of moral values c: the principles of conduct governing an individual or a group.". 

Incidentally, Moral is defined as: 

"1 a: of or relating to principles of right and wrong in behavior : ETHICAL b: expressing or teaching a conception of right behavior c: conforming to a standard of right behavior ...2 pl. a: moral practices or teachings : modes of conduct b: ETHICS...". 

The AAAS Professional Ethics Project 

In 1979, the AAAS initiated a professional ethics project. Early AAAS ad hoc committees recommended that each individual society should develop their own ethical principles and rules. William Carey provided the disclaimer that 

"It is not within the province of AAAS to set a seal of approval or disapproval upon the approaches of its member societies toward the problems of professional ethics. But AAAS can observe and report progress as it occurs and provide information and opportunities for study and debate that can clarify our future directions.". 

The project was structured so that each of the affiliated scientific societies were surveyed in order to determine if they had adopted a professional code of ethics applicable to their members. Following the analysis of the survey data, a workshop was held which provided a forum for the discussion of the findings. The explicit goals of the AAAS project were: 

(1). To identify the range of professional ethics activities conducted by the societies affiliated with AAAS; 

(2). To describe ethical principles, rules of conduct, and ethics programs adopted by the affiliated societies 

(3). To suggest important areas of ethical concern which were not addressed by the societies; and 

(4). To recommend roles for the societies in the area of professional ethics. 

Results of the AAAS Project 

Two-hundred and forty-one science and engineering societies affiliated with the AAAS were surveyed. One-hundred and seventy-eight responses were tabulated for an overall response rate of 74%. The responses of one hundred and fifty societies were tabulated under the heading Adoption of Ethical Rules. The table follows: 

Adoption of Ethical Rules



Yes                                  46              (30.7)

No                                   68              (45.3)

Subscribe to rules of

another society`                     17a             (11.3)

Members subscribe to rules

of their primary profession          19b             (12.7)

NR                                   0

Total                                150             (100)



a Includes one society responding that its members subscribe to the code of its parent society, but the latter society reported that it had no code. Includes three societies that have also adopted rules of their own. 

b These are typically societies with a multidisciplinary membership. 



This table tells us that slightly over one-half of the AAAS affiliated respondents were governed by some sort of ethical rules in 1979. It would be interesting to compare these results to those which would be obtained from a present day survey. Information was recently requested via mail from approximately twenty societies. At least six mailings were returned as undeliverable -- forwarding order expired. It is surprising that contemporary scientific societies are so highly mobile. Only three professional ethical codes were received prior to the completion of this document. 

The consideration of an argument against the establishment of professional codes of ethics 

At the AAAS workshop on professional ethics, a number of commentaries were offered with respect to the establishment of ethical codes. John Ladd of the Department of Philosophy at Brown University provided a seminar having the title: The Quest for a Code of Professional Ethics: An Intellectual and Moral Confusion. He provides a summary of 11 comments which support his argument that "... the whole notion of an organized professional ethics is an absurdity -- intellectual and moral.". I would like to address a number of these comments and, in doing so, convince the reader that although his arguments are sound, they are not entirely convincing. 

First, Ladd argues that "Ethics consists of issues to be examined, explored, discussed, deliberated, and argued. Ethical principles can be established only as a result of deliberation and argumentation. These principles are not the kind of thing that can be settled by fiat, by agreement or by authority.". These observations are agreeable. It should be noted, however, that they are posed in a very one-sided manner. An easy misinterpretation of these statements is that "Scholars in the practice of philosophy have examined, explored, discussed, deliberated, and argued about ethics for a very long time. Philosophers have never reached a consensus regarding ethics; therefore, we cannot expect mere people of science to have any success either. Besides, if ethics were a black/white, true/false, or right/wrong issue, then many philosophers would be out of work.". The best interpretation of Ladd's argument is that scientists have already gotten off to a poor start in their quest for a professional code. He suggests that professional code of ethics is a misnomer. What scientists really mean to say -- what they really want -- is a professional code of conduct. Agreed! It will never be possible for a group to completely agree upon an acceptable code of professional ethics. However, it is not unreasonable to assume that a group can reach a consensus regarding an acceptable code of professional conduct. 

Ladd's next argument is that "... ethics must, by its very nature, be self-directed rather than other-directed.". Certainly! In very few instances is it proper for someone to try to impose their values (ethics) upon a researcher; however, it would indeed be acceptable for someone to impose a code of conduct. This makes all the difference. At this point, one must then choose to either play by the conventionally accepted rules or not participate at all. Scientists, as well as philosophers, should be offended at the thought that there are others would have the temerity to try to impose their personal ethical values. 

Ladd advises that ethical rules are automatically converted to legal rules, or some other type of authoritative rules of conduct, when disciplinary procedures are attached to them. That is exactly the point of this discussion. What we really mean to call a code of conduct, we have erroneously presented as a code of ethics. A code of conduct should explicitly discuss disciplinary procedures. All participants should know what the potential punishments are before they agree to abide by the accepted code. Thus, in reply to the title of this paper, the answer is simple. Science does not need a professional code of ethics. Instead, it actually needs a professional code of conduct. 

A valid point made by Ladd is that "Professionals are not, simply because they are professionals, exempt from the common obligations, duties and responsibilities that are binding on ordinary people.". General moral norms specify that scientists must play by the same fundamental rules that apply to society-at-large. Ladd follows with a discussion of macro- and micro-ethics. Regarding micro-ethical issues, he argues that it shouldn't be necessary to remind professionals that they ought to refrain from cheating and lying, mistreatment of their clients, and so on. Not true! Professionals typically have a certain power-advantage over others that must be moderated and restrained. People of such authority should be frequently reminded of their professional code(s) of conduct. 

Ladd eventually issues the statement that "Any association, including a professional association, can, of course, adopt a code of conduct for its members and lay down disciplinary procedures and sanctions to enforce conformity with its rules.". He reminds us that such "codes are often directed at other addressees than members [of the profession]. The real addressees might be any of the following: (a) members of the profession, (b) clients or buyers of the professional services, (c) other agents dealing with professionals, such as government or private institutions like universities or hospitals, or (d) the public at large.". 

Ladd continues by addressing some possible primary objectives. He notes that "...for those to whom it [the code of conduct] is addressed and who need it the most will not adhere to it anyway, and the rest of the good people in the profession will not need it because they already know what they ought to do.". At least those who violate the code of conduct, by which they have knowingly agreed to abide, will have no difficulty in realizing the exact point at which they have dishonored both themselves and their profession. He argues that "code [of conduct] is hardly the best means for teaching morality.". The code should not be used as a teaching tool in the first place; it should merely be a friendly reminder of how professionals are expected to conduct themselves. Another argument given by Ladd is that "a code cannot offer advice in cases of moral perplexities about what to do.". Agreed. We can say, however, that a code can help to differentiate perplexing instances that necessitate concern, or even action, from those which a professional might otherwise shrug off as being business as usual. 

Regarding an important secondary objective, Ladd notes that a code of conduct might be used to enhance the image of the profession in the public eye -- that the code would communicate to the general public the idea that the members of the profession are concerned about what is right or wrong. Is this not a good thing? Would the general public prefer that their professionals not strive to follow guidelines that help to distinguish proper conduct from improper conduct or right from wrong? Certainly not! The remainder of Ladd's commentary is couched in a similar manner, with the exception of this useful piece of advice at the very end of his presentation: "[associations] can fill a very educational function by encouraging their members to participate in extended discussions of issues of both micro-ethics and macro-ethics, e.g. questions about responsibility; for these issues obviously need to be examined and discussed much more extensively than they are at present -- especially by those who are in a position to do something about them.".(19) 

Should Formal Ethics Training be Implemented? 

A 1991 article in The Scientist is titled "Institutions Hustle to Meet NIH Ethics Training Mandate".(21) Rather than trying to impose ethics upon students, wouldn't it be more worthwhile to remind them occasionally of the professional code of conduct that they have agreed to abide by in order to participate in the discipline of science? Rather than requiring formalized coursework, shouldn't they simply be reminded of the codes that they have conventionally agreed upon as constituting proper conduct? Shouldn't they be advised that they should always strive to meet the ideals expressed in the scientific method and the Mertonian norms -- even though they are only ideals after all? Shouldn't they be reminded that it is acceptable for scientists, just like anyone else, to make mistakes, but that it is entirely unacceptable to be deliberately dishonest? Shouldn't they be reminded of the dishonor and debarment that eventually befalls malicious offenders? There are plenty of contemporary examples. Should they not be reminded that scientists should strive to be more careful in their work, and more skeptical of their findings, than those in many other professions? 

It has been suggested that students of science were in the past made aware of the rights and responsibilities of their profession (or unwritten codes of conduct) while participating in their graduate training. Evidently, students received the proper ideas about what constitutes proper professional conduct during the rites of passage that eventually led them to the Ph.D. degree. Pundits are now concerned that graduate students are not being properly trained in these matters by their mentors, professors, and colleagues. We must also consider that undergraduate students will even have a much lesser chance of becoming initiated during their finite journeys to the B.S. degree. The university or college environment should be an optimum setting for occasional seminars and discussions regarding professional conduct. The corporate environment might be a more challenging arena, but most concerned corporations have already instituted professional codes of conduct for their employees anyway. Many corporations provide mandatory training and development courses that serve to remind their employees about company policies such as sexual harassment, employee tobacco use, grievance procedures, and so on. As an extension of these activities, it would merely be a matter of scheduling by their training and development departments in order to hold seminars and discussions concerning proper professional conduct from time to time. 

Colwyn Trevarthen, of the Psychology Department at the University of Edinburgh, has provided a commentary for the foreword of the text Science and Moral Priority, by Roger Sperry, Trevarthen offers the following: 

"Because he seeks a particular truth in objective experience, the scientist rarely makes a contribution to the philosophy of morals. He hoes the fields of knowledge without looking far into the landscape or deep within himself. Trying to keep his mind on the facts and task at hand, he resists involvement in loose speculation or passionate argument. The successful scientist must have disciplined thought and be dedicated to unbiased investigation agreeing always to conditions which can be identified and measured in terms that are universally acceptable. The nature of creative inquiry draws his mental focus into such a narrow channel that he may tend in time to know much less than his neighbors about human affairs, about beliefs and perspectives regarding life as a whole, and especially about the irrational sources of interpersonal life.". 

Although his statement is somewhat stereotypical, Trevarthen has listed a number of valid points. Professional codes of conduct will serve to reassure the public and the federal government that scientists aren't as narrow-minded as they might seem. It will show that all scientists are concerned with the issue of proper conduct; that they are concerned about human affairs, beliefs and perspectives just as their neighbors are. It will show that scientists know what constitutes misconduct within their profession and that they have a plan of action to follow when instances of misconduct arise. 

The AAAS project has confirmed these observations by offering the following statement: 

"The formulation of ethical principles or the adoption of rules of conduct by a professional society can be viewed as a significant indicator of the profession's willingness to accept some responsibility for defining proper professional conduct, sensitizing members to important ethical issues embodied in these standards, and governing member behavior. But the presence of a set of ethical principles or rules of conduct is only part, albeit an important one, of the machinery needed to effect self-regulation. The impact of a profession's ethical principles or rules on its members' behavior may be negligible, however, without appropriate support activities to encourage proper professional conduct, or the means to detect and investigate possible violations, and to impose sanctions on violators. Provisions for actively implementing and enforcing a profession's rules of conduct does not guarantee effective self-regulation; but their presence does make it possible.". 

Conclusion 

In conclusion, scientists need well-defined and clearly written professional codes of conduct. Additionally, well-defined procedures for handling accusations of misconduct should be developed, agreed upon, and implemented. Those accused of misconduct should be afforded, at minimum, the same rights that are given to those who participate in the conventional legal system. At the beginning of their professional training, scientists should know the nature of their punishment should they fail to abide by their code of conduct. They should be frequently reminded of their professional obligations; whether by seminars, informal discussion groups, formal initiation into appropriate professional societies, or other means. Ladd has suggested that certificates might even be provided to professionals for prominent display in their laboratories, offices, and such. Why not? I recall an engineer's toolbox years ago that boasted the statement "I will never provide any piece of work that I would not gladly sign my name to." -- a simple and elegant code of conduct. Is it not reassuring? 

Bauer has stated that "Professions that do not keep themselves ethical and credible lose their autonomy.". Science cannot afford to lose its autonomy and self-regulation. It's time for science professionals to prove that they are concerned. Professional codes of conduct cannot serve as a panacea, but they will provide scientists with a firm foundation upon which to build.



	NS.14.B.3
Evaluate long-range plans concerning resource use and by-product disposal for environmental, economic, and political impact 

Beneficial Use of Secondary Materials (Reusing and Recycling Industrial Materials) 
Action Plan
Promoting Efficient Materials Management

RCC National Priorities
· Municipal Solid Waste Recycling 
· Beneficial Use of Secondary Materials 

· Priority and Toxic Chemical Reduction 

· Green Initiatives—Electronics 
Efficient materials management is one RCC priority. It seeks to have the entities that produce the waste manage it in such a way as to: 

· Reduce the waste at its source; 

· Promote recycling of the waste; and 

· Encourage its beneficial reuse in an environmentally sound manner.

Industrial non-hazardous wastes that can be recycled and reused are key to a successful resource conservation program. Typically not seen by the general public or part of their daily lives, these wastes:
2005 Byproducts Beneficial Use Summit
· Are generated in large volumes; 

· Composed of lower risk materials; and 

· Have single industry generation points. 

The beneficial use of these materials includes their safe storage, handling and use in products, resulting in such environmental benefits as: 

· Reduction in greenhouse gas emissions; 

· Energy savings; and 

· Fewer land disposal units. 

The RCC is focusing on three industrial non-hazardous wastes:
· Coal Combustion Products: Partnership program developed to increase the safe use of coal ash combustion products as a building and manufacturing material. 

· Construction and Demolition Debris (C&D): Waste generated every time a building, road, or bridge is constructed, remodeled, or demolished.

· Foundry Sand: Nonhazardous “green sands,” which use clay as binder
material and are the molding media most commonly used by foundries. 


Other Beneficial Use Projects

Some industrial waste streams have not been specifically targeted by the RCC as a national priority area, but are no less important. The RCC has a number of other key projects that are working to reduce the volume of industrial nonhazardous waste that ends up in our nation's landfills.

· Tires: Proper disposal of tires improves public health and the environment.

· Used Motor Oil Hispanic Campaign: Educational campaign aimed at the Hispanic automotive repair industry and consumers.  

	RCC Five Year Strategic Plan
[image: image125.png]



Foreword
By Tom Dunne, Deputy Assistant Administrator
Office of Solid Waste and Emergency Response
What did you do with your last empty soda can, or the one before that? Did you save energy and money, reduce greenhouse gases and protect our environment by recycling it? Did you take a few seconds and find a recycling bin at the local mall, your school or at work? In past years, we didn't care enough, we didn't save enough; in one year, we simply tossed out nearly 51 billion cans! Making the same number of new cans amounts to 16 million barrels of crude oil, which is enough gas to run over a million cars for one year. All wasted. Aluminum beverage containers are only one product, one commodity, one material that we should never consider a waste.

How about that old, obsolete computer? Valuable. 
Empty plastic milk jugs? Valuable. 
Concrete from a demolished building? Valuable. 
Even coal ash? Valuable.

Recycling isn't the only way to recover value from a product. Designing a product without toxics and making it with recovered materials also saves tremendous amounts of energy, money, and benefits our environment. The Resource Conservation Challenge was launched in 2002 to reinvigorate resource conservation, asking all Americans — What Can You Save Today? Now, we put forward a plan, asking:

What Can You Save Tomorrow?
The future of resource conservation has a foothold in the past; a generation ago Congress passed the Resource Conservation and Recovery Act (RCRA) with the goal to "recover energy and other resources from discarded materials". Since RCRA was passed, we've worked hard to ensure the safe handling, management, and disposal of waste through a "cradle-to-grave" approach. RCRA is a national, statutory program designed to address waste after its has been created or, in some instances, mishandled. Consequently, we have dealt with waste management issues through tough, enforceable regulations, by cleaning up contaminated sites, and by strictly controlling disposal.

Today, we need a new approach. We need to build a sustainable program for pollution prevention, recycling, beneficial use, and conservation of these materials we once considered merely waste. This type of approach is a "cradle-to-cradle" system for materials management. It promises to move us vigorously toward a world where nearly all materials are reused or recycled. It shifts our focus to a product's entire life cycle, starting first with product design and carrying straight through to product disposal--making goods more durable, recyclable, and less hazardous.

So, the Resource Conservation Challenge perpetuates this point of view. In the next 5-10 years, we can accomplish a lot--be it recycling millions of computers, beneficially using industrial byproducts, and even designing the greenest products possible. Today's strategy provides direction. In some instances, the RCC focuses on critical areas where a significant amount can be accomplished quickly. For other extremely difficult and complex issues, the path to success may be evolutionary. As we move forward implementing the projects and programs that make up the RCC, new ideas, innovative solutions, and new measures of success will be incorporated into the RCC strategy, giving us the best opportunity to accomplish our goals.

This Strategy illustrates not only how the RCC will grow, but also how important it is to work collaboratively with internal EPA offices, states, industry, and the environmental community. To strengthen this collaboration, the leadership of the RCC is now shared jointly by my office and the Agency's Office of Pollution Prevention and Toxic Substances. The Strategy's direction, goals, and objectives illustrate that integrated planning has already begun. It shows how this partnership is well on its way to making sure that both waste management and pollution prevention are part of the resource conservation solution of the future. Through this plan, the RCC moves beyond merely asking, "What can you save today?" It also shows us what we can save tomorrow.


Introduction

Since the creation of the U.S. Environmental Protection Agency (EPA), the U.S. has made enormous progress in protecting and improving the environment. The Resource Conservation and Recovery Act (RCRA) has been a significant force in achieving this environmental progress. RCRA establishes the basis for waste management in the United States. While the Act is probably best known for creating the waste management regulatory structure, its very name emphasizes saving and recovering our natural resources.

EPA's Office of Solid Waste (OSW) implements RCRA. OSW works to protect against the hazards of waste disposal by focusing on materials recycling and reuse, toxic chemical reduction and use, and energy conservation. Additionally, OSW is working in collaboration with the Agency's Office of Pollution Prevention and Toxic Substances (OPPTS) to improve efforts to save and recover valuable materials. OPPTS is a vital EPA program that works to reduce risks from highly toxic materials. Its Pollution Prevention (P2) Program strives to reduce or eliminate waste before it is generated.

The Resource Conservation Challenge (RCC) combines the strengths of these complementary programs to:

· Prevent pollution and promote recycling and reuse of materials; 

· Reduce the use of toxic chemicals; and 

· Conserve energy and materials. 

Established in 2002, the RCC is primarily organized around ambitious challenges and voluntary partnerships that aim to make dramatic progress in the achievement of these goals. RCC voluntary partnerships seek to improve environmental performance by challenging stakeholders to identify and implement innovative approaches that go beyond compliance and current regulations. By focusing on resource conservation–including more efficient use of materials–the RCC unites OSW and OPPTS in a partnership that will lead shared projects and will identify and achieve waste and toxic reduction goals.
In Beyond RCRA: Prospects for Waste and Materials Management in the Year 2020 (referenced hereafter as 2020 Vision), EPA and state environmental officials initiated discussion on the direction of waste and materials management in the United States over the next 20 years. The 2020 Vision examines trends and future directions in materials use and technology use. It identifies three overarching goals.

· Reduce waste and increase the efficient and sustainable use of resources; 

· Prevent exposures to humans and ecosystems from the use of hazardous chemicals; and 

· Manage wastes and clean up chemical releases in a safe, environmentally sound manner. 

Furthermore, EPA is developing a Pollution Prevention (P2) Vision to provide strategic focus and identify current P2 priorities. The P2 Vision frames three broad strategic categories:
· "Greening" supply and demand; (The term environmental “greening” is used in many ways in different contexts. For the purposes of our strategy, the RCC generally defines greening as practices, consistent with the demands of efficiency and cost effectiveness, that prevent pollution and waste, eliminate toxics, and increase recycling. This also includes expanding markets for recovered materials through preference and demand for such products.) 

· P2 integration; and 

· Delivery of P2 services. 

EPA is now charting its direction, building on the 2020 and P2 Visions. The RCC is a way to achieve a future "where" waste is a concept of the past. When it is economically feasible, the RCC's goals are to reduce what comes into the waste management cycle, using pollution prevention, waste minimization, source reduction, and manufacturing process and/or product design changes. Moving to an efficient and safe materials flow is central to the RCC. EPA acknowledges industry's progress and willingness to move forward with this shift in focus toward resource conservation. EPA also acknowledges that some waste disposal will always continue to be a necessary, yet less desirable, option.
The Agency Strategic Plan and the 2020 and P2 Visions call for a transformation of the nation's current waste-handling system to more of a materials management system. The RCC–in partnership with the states–aims to achieve this transformation.

To complement this Strategic Plan, we have identified four key areas for national focus – Priority and Toxic Chemical Reductions, Municipal Solid Waste, Beneficial Use of Secondary Materials, and Green Initiatives – Electronics. (The RCC continues to work in other key areas for resource conservation, e.g., tires, hospitals, schools, green buildings. These areas, however, are not RCC national priority areas and have existing champions in other program offices or within the Office of Solid Waste.) In spring 2005, after discussions within EPA and with our state RCRA and pollution prevention counterparts, we developed a national action plan for results in each of these four areas. This plan describes specific goals and actions needed to move toward the overall goals of the RCC. The action plan also identifies specific on-going and new activities, and associated means, benefits, measures and outcomes, and outlines the implementation priorities and responsibilities of participating EPA offices and key stakeholders.

This RCC Strategic Plan, with its focus on waste and toxics, aligns internal EPA and state projects, goals, and strategies. In the short term, the RCC will focus primarily on solid waste and pollution prevention. Ultimately, the RCC challenges us to put "resource conservation and recovery" into the design and manufacturing of products or recycling options and purchasing decisions.


The RCC Strategic Plan

Through the RCC, EPA challenges businesses and manufacturers to enter into partnerships to dramatically reduce the use of toxic chemicals, or to eliminate waste when possible. It challenges individual consumers to make more informed purchasing decisions and more environmentally friendly waste and materials management decisions. And, it challenges government to lead by example. Our specific challenges will be described in more detail in the Action Plans being developed for each of the four National Priority Areas for the RCC (see discussion below).

To establish a strong foundation for the RCC, the program will harmonize the work of OSW and OPPTS to attain waste and toxic reduction goals. The RCC Strategic Plan focuses on specific waste and toxic reduction principles that will provide national coordination, while allowing the continuation of work in other important environmental areas. The RCC program is working to enhance state participation by working through various state organizations. We are also interested in reaching out to states that are engaged in exploring materials management programs, projects, activities, and resource conservation.

Purpose
This Strategy describes the RCC's direction, focus, vision and broad goals. It is the key to establishing the path along which the RCC will continue to grow. The RCC will grow from a collection of individual, ambitious projects and achievements into a cohesive set of robust programs. These programs aim to identify opportunities for, and ways to achieve, pollution prevention, recycling, reuse, toxics reduction, and energy and materials conservation. The Strategy is dynamic, gaining greater specificity as the RCC identifies areas of national focus, further identifies goals and measures specific to different areas, and develops specific action plans. The RCC Strategy will:

· Coordinate OSW and OPPTS waste and toxics reduction programs and projects; 

· Better align EPA and state focus to attain effective materials management; 

· Build on current partnerships and attract new partners; and 

· Describe the measures used to track success for future projects. 

Relationship to Other EPA Programs
The RCC provides a forum for leadership and coordination to focus EPA efforts with the collaborative efforts of stakeholders and partners. Many RCC activities require cross-Agency collaboration because RCRA and pollution prevention goals both relate to materials management. Since there are many other Agency efforts which complement the goals of the RCC, we aim to support those initiatives already underway. It will be important to ensure that the directions and goals established by the RCC are consistent with the goals established by other EPA and state programs. The RCC will seek the comprehensive collaboration needed to advance materials management efforts nationally.

Relationship to the Agency Strategic Plan
The RCC's three goals are drawn from the Agency's overall strategic goals and direction. More specific goals and strategies will be identified in the action plans, and will support the specific goals and commitments of EPA's 2003-2008 Strategic Plan.

The RCC is currently a part of both Goal 3 and Goal 5 of the Agency goals. Goal 3 relates to land preservation and restoration, and Goal 5 relates to compliance and environmental stewardship. The RCC is working on projects that also support both EPA Goals 2 and 4. Goal 2 promotes clean and safe water, and Goal 4 addresses healthy communities and ecosystems. During each cycle of the Agency's Annual Performance Plan, the RCC will add specific targets and measures that support the goals established by EPA's 2003-2008 Strategic Plan.

The Need for Action Plans
To ensure coordination between the many stakeholders, we have developed operational documents to describe the specific actions to fulfill the RCC promise. EPA has identified four key areas for national focus – Priority and Toxic Chemical Reductions, Municipal Solid Waste, Beneficial Use of Materials, and Green Initiatives – Electronics. The core of each plan are the specific goals and actions needed to move toward the overall goals of the RCC. Each plan also identifies specific on-going and new projects, and associated means, benefits, measures and outcomes, and describes the implementation priorities and responsibilities of participating EPA offices, states, and key stakeholders. These plans are iterative documents that will change to adjust to emerging priorities and new circumstances.

The Principles
Our long-term vision – to move from a waste management program to a materials management program – is guided by five basic principles:

· Product Stewardship, 

· Beneficial Use of Materials (source reduction, recycling, and beneficial use), 

· Energy Conservation, 

· Priority and Toxic Chemical Reduction in Waste, and 

· "Greening" the Government. 

These principles provide a sense of direction, a sense of the outcomes the RCC plans to achieve, and the roadmap it intends to follow. The Strategic Plan provides a foundation for overall Agency planning, budgeting, reporting and accountability, while acknowledging that commitments are dependent on resources.
In the following pages, the RCC Strategic Plan focuses on each RCC principle and defines the Agency's strategic directions and goals for that particular principle. Taken as a coordinated whole, the Plan identifies key RCC goals over the next 5-10 years. Achieving the goals requires partnering with stakeholders inside and outside the Agency. Together, partners will participate in goal development and help put the necessary structure and resources in place. The RCC Strategic Plan does not start from scratch; existing efforts led by EPA and state environmental agencies have laid the groundwork for progress. The Plan aligns with other EPA and state work to enhance resource conservation.

Although the individual principles are similar in seeking to promote resource conservation, it is important to recognize that the plans discussed under each principle differ. Each principle contains diverse strategic approaches, several at different stages of implementation. These strategic approaches do not reflect RCC's final thinking, and we expect to add focus and specificity in many areas as the RCC grows. Some areas focus on short-term ideas based largely on current projects; others reach into the future. Some will be carried out through new partnerships, others will succeed through cross-office collaboration, and some may require program changes. These differences mean that results may be evident relatively quickly in some areas, while for others, results may take years to achieve. In all cases, the common objective across the individual principles is to establish direction and to create a mechanism that identifies and achieves measurable environmental results.


I. Product Stewardship

Product Stewardship refers to "greening" products from design to use to disposal. Thus, Product Stewardship encompasses toxics reduction, design for reuse, upgrade or recycling, maximizing energy conservation and product life span, and making sure, when practicable, that the specific product can be returned to some kind of useful application when it is no longer needed. Product stewardship is a means to achieving the basic goals of the RCC.

The RCC focuses on the materials-use aspects of Product Stewardship. The goal is to make sure that products are designed to have another useful life and that funding and infrastructure support that endeavor. The RCC further seeks cooperation from the necessary parties to ensure that discarded products find their way to another valuable use. Valuable use may mean that a product is returned to service through upgrade or repair, or that its component parts or commodities are used in new products.

To get to this more sustainable way of doing things, we need to engage all of those who benefit from products–manufacturers, retailers, consumers, and recyclers–in new kinds of partnerships. Right now the primary responsibility for managing discarded products and materials falls on government and the waste management industry. With everyone's help and involvement, we can change the current paradigm of "buy, use and dispose" to one of "buy, use, reuse, upgrade or recycle".

Several things must happen in order to achieve this transformation. First, we need to ensure that products are designed with reuse, upgrade and recycling in mind. One reason it is so much more expensive to divert waste from landfilling or burning is that most products do not easily lend themselves to reuse, upgrade or recycling.

Second, sustainable funding sources for recovery must be available. Right now, recycling is largely funded by tax dollars. For some materials, recycling is not economically sustainable; however, for other materials, because of the value in the product or high cost of using virgin materials, recycling is economically sustainable. When tax revenues fall, recycling generally takes a back seat to other more urgent public needs, such as police, firefighters, or education. One approach to get more sustainable funding for recycling, and the direction that is being taken by Canada, Japan, and European nations, is to make the cost of recovering products at the end of their useful life part of the cost of buying the product.

Third, we need to improve the mechanisms of collecting and separating products for recovery. Two competing needs conspire to make this a daunting task. On the one hand, it is efficient from a collection cost standpoint to load lots of different products from one container such as a residential "blue bin", and dump them into one recycling truck. On the other hand, separating different products and different materials at drop-offs points–regardless of whether they are curbside, municipal, retailer, or charity collection sites–can yield cleaner, more valuable commodity streams that will better help pay for their recovery. Collection can be accomplished either through the existing municipal waste or recycling infrastructure or by employing the existing product distribution system to take materials back for recovery, such as "reverse distribution." Improvements in this area are needed to help make recovery more affordable and convenient, and to maximize the value of recovered materials. 

Finally, as we move toward an economy based on reuse, upgrade and recycling, we need to be sure that these processes are managed safely. In the past, we have worked to ensure that our landfill and incineration standards encompass safe management. Now, we need now to devote resources to ensuring that reuse, upgrade, remanufacturing, and recycling processes are conducted safely without unacceptable risk to human health and the environment.

Product Stewardship – Principle Components
Identify Priority Product Streams
RCC will work with states and industry stakeholders to select a manageable set of product categories to target for product stewardship initiatives. For each product sector, RCC will develop a focused strategy for applying the product stewardship framework.

Environmentally Friendly Design
RCC will continue to work with stakeholders in the product chain to develop tools, such as "green" product rating systems. These tools can encourage manufacturers to make "greener" products and institutional buyers and others to purchase these products.

Existing Product Streams
RCC will continue work on product streams that have already been selected, such as electronics and carpets. Electronics has been identified as a national focus area, and RCC is developing a strategy focusing specifically on this commodity. 

Scope
For the purpose of the RCC Strategy, Product Stewardship includes:

· Designing products with a "green" focus 

· Facilitating Efficient Collection (in addition to Source Reduction, Recycling, and Beneficial Use) 

· Market Development (in addition to Source Reduction, Recycling, and Beneficial Use) 

· Safe Recovery 

The targets outlined below align with the following Agency Strategic Plan goals:
· Goal 3: Land Preservation and Restoration
Sub-objective 3.1.1: Reduce Waste Generation and Increase Recycling 

· Reduce waste material through product and process redesign 

· Goal 5: Compliance and Environmental Stewardship
Sub-objective 5.2.2: Prevent Pollution and Promote Environmental Stewardship by Business. 

· Improve environmental stewardship practices in business operations by adopting more efficient, sustainable, and protective policies, practices, materials, and technologies. 

Broad Goals: Where RCC Wants To Be in 5-10 Years
Only by working with the product chain–manufacturers, retailers, consumers–before products ever become waste can products be designed to ensure that what is waste today will be useful to society tomorrow. This is a critical component of achieving RCC's goals for waste minimization, and a cornerstone of the transformation of materials and waste management policies, incentives, and disincentives necessary to achieve the 2020 and P2 Visions. The design component of product stewardship is important to move toward materials management scheme. Therefore, over the next few years, RCC anticipates that environmentally friendly design decisions will be important for designers to factor into their work. The underlying goals of Product Stewardship are:

· To work within the product chain to develop creative, economical ways to encourage "greener" product design so that products are much easier and cheaper to reuse, upgrade and recycle for the same or higher value uses. 

· To work to develop sustainable financing mechanisms to support product recovery and discourage disposal. 

· To encourage environmentally safe practices in the reuse, upgrading, remanufacturing, and recycling of products. 

Strategic Targets: What RCC Wants To Achieve

· Within 10 years, as mentioned in the RCC 2005 Action Plan, EPA's goal is to make it as convenient for the average American to take a discarded TV or PC for reuse, upgrade, or recycling as it is to purchase a new product. The overwhelming bulk of discarded electronic equipment will go to safe reuse and recycling. Electric products will be designed for recycling, and contain minimal toxic constituents. 

· In 2002, the carpet industry, 12 states, and EPA signed a Memorandum of Understanding (MOU) for Carpet Stewardship. That MOU set a goal to divert 40 percent of post-consumer carpet from landfills by 2012 primarily through reuse and recycling. The overall waste diversion goal is divided into specific goals for reuse: 

· 3-5 percent for reuse; 

· 20-25 percent for recycling; 

· 3 percent to cement kilns; and 

· 1 percent waste-to-energy. 

· Additional information can be found in the Action Plans. 


II. Beneficial Use of Materials (Source Reduction, Recycling, and Beneficial Use)
This RCC principle foresees a future where we all generate less waste, we recycle as much as we can, and we beneficially use waste and materials through environmentally sound practices. Rather than view the by-products of our lives as waste destined for disposal, we will see the economic and environmental benefits of using them as inputs to new products and in ways to reduce our reliance on virgin materials. 

Beneficial Use of Materials – Principle Components

Analyze and Characterize Waste Streams
RCC will look at manufacturing processes and products, including industrial and municipal waste streams. RCC will continue ongoing efforts where they have proved effective and needed. RCC also will identify additional efforts based on select criteria, and develop corresponding initiatives for new wastes streams or potential partners.

Analyze Current Situation
RCC will identify environmentally safe and beneficial practices, incentives, and barriers.

Increase Outreach and Education
RCC will conduct various campaigns to educate all parties in the product chain about the benefits of source reduction, recycling, and beneficially using waste and materials.

Two Primary Focus Areas:

· To increase recycling of municipal solid waste by focusing on paper, yard and food wastes, and packaging/containers (e.g., wood packaging, paper cartons, polymer wraps/films); and 

· To increase beneficial use of secondary materials by focusing on coal combustion byproducts, foundry sands, and construction and demolition debris. 

Scope

This principle focuses on both consumers and industry and outlines efforts to achieve RCC goals. All wastes and materials are covered under this principle since there are large volumes of these materials that may be recycled or beneficially used. Waste and materials come from homes, yards, offices, and manufacturing and industry processes. This principle adds a new RCC focus on nonhazardous industrial waste, which amounts to about 214 million tons a year. The byproducts of these manufacturing processes represent a large, nonhazardous industrial waste stream with significant potential for recycling and beneficial use. Some of the industrial waste is diverted from landfilling through reuse and recycling but, for others, inadequate markets restrict their reuse or recycling. This lack of use is due in part to the uncertainty of the environmental impact of the reuse and recycling of these waste streams.

America generates around 250-350 million tons per year of construction and demolition debris– waste generated from building, demolishing, and rebuilding roads, bridges, and buildings. While millions of tons of concrete and asphalt respectively are recycled each year, many opportunities to recycle and safely reuse other construction-related products remain untapped. In addition, by taking a design for the environment approach, Americans could reduce construction waste from new construction projects.

The RCC's success in increasing the beneficial use of wastes as materials will largely be measured by our ability to work with states, local governments, and others to reduce the generation of municipal solid waste, to divert that waste from disposal, and to effectively promote recycling of valuable commodities in those municipal waste streams. RCC has set the daunting national goal of achieving a 35 percent recycling rate for municipal solid waste by 2008, and holding the per capita rate of municipal solid waste generation constant at 4.5 pounds per person per day. To meet these goals, RCC will develop a targeted strategy, aimed at increasing the recycling rate of paper, organic wastes (yard and food waste), and packaging containers as key waste streams.

For the purpose of the RCC Strategy, this principle includes:

Source Reduction:
· By 2008, maintain the national average municipal solid waste generation at 4.5 pounds per person per day. 

Recycling:
· By 2008, increase municipal solid waste recycling to 35 percent from 30 percent in 2002. 

Beneficial Use:
· By 2008, increase the use of coal combustion products to 45%. 

· By 2010, increase the use of coal ash in concrete to 20 million tons. 

The targets outlined below align with the Agency Strategic Plan goals
· Goal 3: Land Preservation and Restoration
Sub-objective 3.1.1: Reduce Waste Generation and Increase Recycling 

Broad Goals: Where RCC Wants To Be in 5-10 Years

· RCC's long-term goals for beneficial use of materials is to: 

· Reduce the amount of municipal and nonhazardous industrial waste generated; 

· Increase the recycling rate of key municipal solid waste streams, and 

· Increase the beneficial use of key nonhazardous industrial waste streams. 

Strategic Targets: What RCC Wants To Achieve

The nation has a fairly strong infrastructure for recycling municipal solid waste. As mentioned in the RCC 2005 Action Plan, by focusing on targeted key waste streams, such as paper, yard and food waste, and packaging containers, RCC should meet the national 2008 recycling goal for municipal solid waste. The goal of the Coal Combustion Products Partnership Program (C2P2), which is a cooperative effort of RCC and the coal combustion products industry, is to help promote the beneficial use of coal combustion products. C2P2 will help to meet RCC goals by recycling the large waste stream of coal combustion byproducts. Construction and demolition debris and foundry sands will be other large non-hazardous waste streams targeted for recycling and beneficial use goals. Additional information can be found in the Action Plans.


III. Energy Conservation

Energy conservation is intrinsic to many RCC activities. By working with stakeholders, the RCC aims to increase energy savings associated with the management of waste and from using recycled materials. Also, many products that end up in the waste stream have energy impacts at each stage of their life cycles: the acquisition of raw materials, manufacturing into products, use by consumers, and disposal as waste. While the existing U.S. regulatory scheme ensures that wastes are properly managed, opportunities still exist to improve on this approach and conserve additional energy in the process. Most notably, we can decrease the amount of waste generated and increase recycling. The energy saved and recovered will provide many benefits, such as reducing the releases of pollutants from energy generation, minimizing reliance on foreign energy sources, and financial incentives to manage certain wastes.

Energy Conservation – Principle Components

The RCC plans to engage in a variety of activities across program areas to accomplish its goals. While many of the activities involve new efforts, some are associated with well-known programs and thus require a significant level of collaboration and alignment towards common goals.

Reform and Revision
RCC will analyze EPA regulations, policies, and guidance and consult with our stakeholders to identify barriers, gaps, and opportunities for change that can be explored.

Assistance, Evaluation and Outreach
RCC will facilitate change by providing support, outreach, and partnership services to public and private sectors.

Education
RCC will work to educate the public and private sectors regarding waste materials management. The new approach will focus on the benefits of reuse of waste materials to increase resource conservation or to produce energy.

The targets outlined below align with the following Agency Strategic Plan goals:

· Subobjectives 5.2.2 - 5.2.4, which include energy savings that result from activities in the Performance Track Program, Sector Strategies Program, State Innovation Grant Program, and the Environmental Results Program, among others. 

Scope

The Energy Conservation principle challenges RCC partners to focus on untapped opportunities to conserve and recover energy from waste. The RCC recognizes that other sources of energy, such as wind, solar, water, are being explored and championed in other Agency actions. The RCC will continue to discuss inclusion of these programs where it is feasible and it makes sense. It's important to note that advances in the recovery of energy from wastes should not come at the expense of current and future efforts in source reduction and recycling. RCC energy recovery means:

· Safely recovering energy from materials now handled as wastes; and 

· Managing materials more effectively throughout their life cycles, thereby saving energy at each stage. 

Many RCC activities contribute directly to energy conservation. For example:
· Using coal combustion byproducts such as fly ash in concrete reduces the need to produce Portland cement, leading to direct energy savings. 

· When conditions are appropriately controlled, scrap tires can be safely burned as fuel. 

· Landfill gases can be recovered through landfill systems. 

The RCC will continue to explore opportunities in these areas and has developed measurable goals or is in the process of developing measurable goals. In addition, some advanced industrial processes for handling secondary materials and industrial byproducts may have energy benefits. To advance the goal of energy conservation, the RCC will increase public information and provide technical assistance to promising programs. The initial focus areas include comparable and waste-derived fuels and technology development.
Broad Goals: Where RCC Wants To Be in 5–10 Years

Access to reliable and clean energy is a national priority and energy conservation represents areas in which the RCC will increase attention and activity. The RCC hopes to accelerate the introduction of conservation measures, which can reduce the environmental impact of energy production, conserve national resources, diversify our energy production profile, and enhance sustainability.

Because there are many opportunities and priorities that vary according to geographic area, the first phase of the strategy implementation will involve energy conservation pilot projects. The RCC plans to focus on existing energy activities and determine how these activities contribute to the RCC's strategic objectives. These, along with others in the next five years, will evolve into a more structured RCC energy conservation program that works towards the following goal:

· Challenge RCC partners to increase energy savings associated with recovering energy from wastes and saving energy throughout materials life cycles. 

Strategic Targets: What We Want To Achieve

Within 10 years, the RCC anticipates meeting the objectives outlined below. We will add to the RCC objectives already included in the Agency's Strategic Plan by working with stakeholders to agree on appropriate numerical targets for RCC's objectives. Currently, EPA's Strategic Plan expresses energy goals in BTUs of energy reduced and in percent of energy saved. The following RCC targets can be expressed either way.

· Increase the energy saved through waste prevention, recycling, and product stewardship efforts. 

· Increase the energy generated from wastes not amenable to source reduction, recycling, or product stewardship efforts. 

· The RCC will continue to work with stakeholders to identify the initial activities on which the RCC will focus and to set numerical targets for the specific areas or waste. 


IV. Priority and Toxic Chemical Reduction in Waste

The use of chemicals in industrialized nations has brought about tremendous advancements in technology and improved virtually every aspect of society. Although useful, certain chemicals in use today are highly toxic. They do not break down when released into the environment and can be dangerous even in small quantities. The Agency has identified 31 specific priority chemicals that meet these criteria. While this list represents the Agency's priority, it is certainly not exhaustive. Other candidates for national attention are likely to be identified.

Priority Chemical Reduction – Principle Components

National Partnership for Environmental Priorities Program (NPEP)
The NPEP program, a voluntary partnership program to reduce the generation and use of 31 priority chemicals, is the RCC's most direct tool for "beyond compliance" management of priority chemicals. It forms a significant foundation upon which the RCC will build its priority chemicals reduction and management plan. As NPEP grows, it will complement existing state programs to provide a framework for national chemical reduction.

Other EPA and state activities, such as efforts to remove mercury from dental amalgam, mining operations, and automotive switches, or efforts to remove lead from automobile tire weights, can also play a significant role in reducing the release of priority chemicals to the environment.

Pollution Prevention (P2) Chemicals Agenda
This component is an approach to look for additional P2 opportunities for substances that are identified as being of national concern. These substances may include other persistent, bioaccumulative and toxic chemicals (PBTs) that are not currently identified as the Agency's priority chemicals. RCC may also focus on chemicals known to cause environmental problems, such as chemicals of concern that are frequently found at cleanup sites. As EPA, in cooperation with the states, develops a strategic plan in the national focus area of priority chemicals reduction, the RCC will address the need for additional national-level activities in this area.

Scope

EPA's goal is to reduce the release of "priority chemicals" in waste an additional 10 percent by 2008, building on a 50 percent reduction achieved in 2005 (using a 1991 baseline). The 1991 baseline reflects releases of 31 specific "priority chemicals". EPA's national efforts have focused primarily on pollution prevention, prior to use, and regulatory, end-of-pipe waste management. The U.S. has made significant progress in reducing releases of the 31 priority chemicals and their presence in materials and wastes.

The RCC is developing a chemical reduction plan that will identify and reduce the use of other toxic chemicals in product manufacturing that ultimately end up in waste streams. It should be noted that the list of 31 priority chemicals does not include all chemicals of concern, many of which are being targeted under other Agency programs. For example, some of these chemicals are persistent, bioaccumulative and toxic chemicals, such as certain brominated flame retardants (BFRs). Others may include chemicals that are of high importance that meet key criteria such as a new use, increased use, high production volume, or potential significant exposure risk. Still others–for example, halogenated organic solvents–have long been identified as a concern, and are targets of EPA and state P2 efforts. National efforts to reduce these chemicals will be recognized by RCC programs, such as NPEP, and will contribute greatly to achieving this RCC principle.

The targets outlined below align with the following Agency Strategic Plan goals:

· Agency Goal 1: Clean Air and Global Climate Change
Sub-objective 1.3: Protect the ozone layer 

· Agency Goal 4: Healthy Communities and Ecosystems
Sub-objective 4.1.3: Reduce Chemical and Biological Risks
Sub-objective 4.1.4: Reduce risks at Facilities 

· Goal 5: Compliance and Environmental Stewardship
Sub-objective 5.2.2: Prevent Pollution and Promote Environmental Stewardship by Business 

· Reduction of priority chemicals in hazardous and nonhazardous waste by 10 percent by 2008, using 2001 as baseline year 

· PBT Initiative: By 2008, decrease releases of persistent bioaccumulative toxic chemicals by 15 percent and toxic chemicals (including dioxin) by 10 percent as reported in the Toxic Release Inventory (TRI), compared to 2001 levels. 

Broad Goals: Where RCC Wants To Be in 5-10 Years

The RCC plans to continue its focus on priority chemicals and other Agency chemicals of concern. It will integrate the Agency's activities that are focused on pollution prevention, reduction, and proper management of these chemicals in wastes and products. One activity to help achieve this goal will be to significantly expand the existing National Partnership for Environmental Priorities (NPEP) Program, a multifaceted effort designed to increase collaboration between RCC and the regulated community.

Efforts to reduce the 31 priority chemicals will contribute to meeting both Government Performance and Results Act (GPRA) and pollution prevention goals. Identifying and targeting additional chemicals as priorities under the RCC will further supplement this principle. The RCC's chemical reduction strategy will bring attention to other important chemicals identified by EPA and states, and reduction achievements will be documented in EPA's Annual NPEP Trends Report.

Additionally, the RCC will bolster the P2 program focused on High Volume Production Chemicals and other efforts such as the Green Suppliers Network. The RCC will also encourage industry and others to use certain tools like the PBT Profiler to self-assess and develop appropriate pollution prevention and toxic use reduction strategies. More information on these programs can be found on the P2 Web site.

The RCC's broad chemical reduction goals include:

· Substituting priority and other toxic chemicals with safer alternatives whenever possible; 

· Minimizing the amount of toxics used whenever substitution is not possible; 

· Maximizing recycling whenever minimization or substitution is not possible; 

· Cradle-to-cradle chemical management; 

· Minimizing exposures to toxics, and the volume and toxicity of waste through better product design; and 

· Exploring assessment tools and using available data to quantify the realized risk reduction from priority and other toxic chemical programs. 

Strategic Targets: What We Want To Achieve

· For the early years of the NPEP program, it was critical that RCC develop relationships with priority chemical generators. For that reason, NPEP historically set ambitious numeric goals for the number of partners recruited. Now that the NPEP program has matured, the program has shifted to focus more on the type and amount of chemical reduction that each program participant can offer. The emphasis of the NPEP program is now on the number of pounds of priority chemicals reduced, and not simply on the number of partners recruited. 

· Between 2005 and 2008, part of the RCC priority chemicals strategy will be to identify new candidate chemicals of national concern. By the end of 2005, the RCC will consider whether to identify additional substances to target for a 10 percent reduction by 2008. 

· Additional information can be found in the Action Plans. 


V. Greening the Government

As recognized in the Executive Orders: E.O. 13101, "Greening the Government through Waste Prevention, Recycling and Federal Acquisition;" E.O. 13148, "Greening the Government through Leadership in Environmental Management;" and E.O. 13123, "Greening the Government through Energy Efficient Management," the federal government's environmental footprint is immense. The United States government is the largest purchaser in the U.S.– buying the equivalent of roughly $250 billion dollars worth of goods and services annually. The federal government also spends an additional $240 billion a year, indirectly, through grants and cooperative agreements. In addition, the buildings and landscapes that the federal government occupies have an effect on land, energy, natural resources, and on the indoor and outdoor environment. The federal government owns nearly 500,000 buildings covering 3.1 billion square feet, accounting for 0.4 percent of the nation's energy use, and emitting about 2 percent of all U.S. building-related greenhouse gases. 

Given the size of the U.S. government and the scope of its work (e.g., national parks, roads and highways, and revitalization efforts), the government not only has an opportunity, but also a responsibility to reduce its environmental impacts. The RCC's focus in this area will produce a variety of benefits from avoiding waste generation and disposal, reducing pollutant emissions, conserving land, reducing production costs, habitat restoration, and expanding and creating markets for green products and services. "Greening" the government will promote each of the other principles described in this Strategy.

Greening the Government – Principle Components

Green Procurement
RCC's goal is to influence the federal government to purchase products with green design and recycled content. RCC green products include, but are not limited to, office supplies, and building and landscaping supplies. They also encompass services that embrace environmentally preferable practices and/or solutions, such as green landscaping, green building construction and deconstruction, or green cleaning services.

Recycling and Waste Prevention Programs
RCC seeks to increase awareness among all federal government employees of the benefits of avoiding the generation of waste material and the benefits of recycling and/or reuse of waste material whenever possible. By setting an example, the federal government can help build the necessary infrastructure needed to create successful and sustainable waste prevention and recycling programs across the United States.

Scope

Greening the government will complement and promote the other RCC principles outlined in this Strategy. This principle focuses on a variety of environmental issues associated with federal procurement, greening buildings and waste prevention, and federal, state, local, and tribal government recycling. It formalizes the direction of the RCC with respect to "greening" the government, and it highlights new areas where the RCC can serve in a leadership capacity.

As stated previously, "greening" can be defined in a number of ways and can encompass a broad spectrum of environmentally preferable products, services and practices. Under this principle, "Greening the Government" includes:

· Green Procurement.
The acquisition and/or offering of goods and services with attributes that reduce the reliance on virgin or raw material, and that have a lesser or reduced effect on human health and the environment when compared with competing products or services that serve the same purpose. "Green" procurement includes products that are made with recycled content, are energy efficient, or have other environmentally preferable attributes, such as containing fewer toxic chemicals, or that can be recycled easily. 

· Green Buildings and Landscaping.
The creation of federal buildings and their environs that are sustainable, conserve natural resources, and reduce pollution throughout their life cycles. Life cycles means siting and design, construction and demolition, operations and maintenance, and product reuse. This concept includes large-scale federal landscaping operations that use cost effective and environmentally preferable solutions and practices, such as reusing organic waste materials, conserving natural resources, and reducing the use of pesticides and other harmful chemicals.

· Recycling and Waste Prevention Programs.
Creating a culture of waste awareness that motivates everyone to avoid the generation of waste materials, and to recycle and/or reuse waste materials whenever they can. 

In addition to the RCC, many EPA offices work toward greening the federal government. In general, no one agency or department is responsible for making the federal government "green". Rather, it is a shared responsibility.
The targets outlined below align with the Agency Strategic Plan goal:

· Agency Goal 5.2: Improve Environmental Performance through Pollution Prevention and Innovation
Sub-objective 5.2.1: Prevent Pollution and Promote Environmental Stewardship by Government and the Public 

Broad Goals: Where We Want To Be in 5-10 years

The RCC's "Greening" the Government efforts for the next few years will focus on the broad goals below. As Greening of the Government already has established Agency and Federal workgroups, this list of RCC goals will be used in these discussions and inform the workgroups of potential RCC activities in this area.

· Enlist all levels of federal management and procuring officials to embrace the "buying green ethic", and to make it a priority. 

· Coordinate one seamless "Greening" the Government program within EPA. 

· Make purchasing and reporting easier, including identifying "green" products or services. 

· Incorporate the "Greening" the Government concept into EPA grants, cooperative agreements, and contracts, and encourage other federal agencies to do the same. 

· Measure success of the "Greening" the Government program. 

· Establish criteria that recognize manufacturers for practicing product stewardship and incorporating federal procurement guidelines. 

· Establish, implement, and improve waste prevention and recycling efforts within EPA and encouraging other federal Agencies to do the same. 

· Have a certified EMS for EPA nationwide, and encourage other federal agencies to do the same. 

· Establish a disciplined approach to identify future "Greening" of the Government opportunities. 

Strategic Targets: What RCC Wants To Achieve

· Gain internal EPA agreement that "Greening" the Government is one coordinated effort, rather than separate and distinct programs. 

· By 2005, establish a baseline on contract purchases that meet the federal comprehensive procurement guidelines. Items from the Federal Procurement Data System will form the baseline, which can be used to track increases in compliance across the federal sector. 

· By 2006, reduce Toxic Release Inventory (TRI)-reported toxic chemical releases at federal facilities by 40 percent, from a baseline year of 2001. 

· By 2008, EPA will do its share to reach the national municipal solid waste recycling goal of 35 percent. 

· By 2008, RCC will go beyond compliance with executive orders to "green" federal government operations in its purchases of "green" products and services from a baseline year of 2002. 

· By 2008, all federal agencies will have clearly defined environmentally preferable purchasing programs in place pursuant to E.O. 13101 Goal 5.1.1. These agencies will then expand their purchases of available "green" products and services, measuring against their baseline. 

Green procurement policies are, for the most part, in place at the federal level. Statutes, executive orders, and policy statements require and encourage federal agencies to purchase and pilot green products and services across the government. Together, these policies direct the federal government to become leaders in this area, and to use their purchasing power to create markets for green products and services. The ultimate goals of the Greening the Government principle are to:
· Implement a program that brings together all "Greening" the Government Sections–green procurement of products and services, green buildings and landscaping, and recycling and waste prevention actions. 

· Encourage other federal agencies to move forward in their greening activities and influence market development for green products and services. 

Attachment 1: Environmentally Friendly Design (EFD)

Because of the life cycle nature which begins with product design, Environmentally Friendly Design (EFD) is a critical piece of each principle and integral to the success of all principles. The following illustrates EFD's role and how it is incorporated into each principle:

Product Stewardship is an expression of the responsibility that designers, suppliers, manufacturers, retailers, consumers/users, disposers are undertaking on to help conserve resources, reduce waste, and ensure that products are used properly in order to protect human health and the environment.

In Beneficial Use of Materials, developing baseline data about the waste that exists and how it can be reused and recycled can influence decision-making during the design of products, resulting in reduced waste (i.e., cradle-to-cradle or closed loop systems). Creating material flow accounts can be a useful way to promote efficient materials management and provide designers with the information necessary to design environmentally friendly products.

By continuing to emphasize the Energy Conservation and resource recovery in product design, we can reduce the environmental impacts of energy production used for manufacturing, conserve national resources by recycling energy within the manufacturing process, encourage the use of innovative energy sources by both manufacturers and users, and reduce the amount of energy consumed by operators of electronic and fuel-driven products.

The Priority Chemicals principle discusses EPA's approach to reducing use of certain chemicals. RCC can work with designers and manufacturers to create products with chemicals that have environmentally friendly profiles.

Because the United States government is the largest purchaser in the nation, and therefore has a major effect on the products and services that are produced, working in "Greening" the Government offers a tremendous opportunity to reduce environmental impact. Through "green" procurement, the government preferentially selects many products and services based on one or more of their environmental attributes, such as paper made with recycled content. However, by considering all of the environmental attributes of a product (life cycle management), designers and manufacturers may find that products can be redesigned to be entirely recycled, reused, or made without toxic constituents.

For more information on EFD, please go to the RCC webpage for EFD: http://www.epa.gov/epaoswer/osw/conserve/elements/design.htm.

Attachment 2: List of 31 Priority Chemicals
1,2,4-Trichlorobenzene

Hexachloroethane

1,2,4,5-Tetrachlorobenzene

Methoxychlor 

2,4,5-Trichlorophenol

Naphthalene 

4-Bromophenyl phenyl ether

PAH Group (as defined in TRI) 

Acenaphthene

Pendimethalin 

Acenaphthylene

Pentachlorobenzene 

Anthracene

Pentachloronitrobenzene 

Benzo(g,h,i)perylene

Pentachlorophenol 

Dibenzofuran

Phenanthrene 

Dioxins/Furans *

Polychlorinated Biphenyls (PCBs) 

Endosulfan, alpha & Endosulfan, beta *

Pyrene 

Fluorene

Trifluralin 

Heptachlor & Heptachlor epoxide *

Cadmium 

Hexachlorobenzene

Lead 

Hexachlorobutadiene

Mercury 

Hexachlorocyclohexane, gamma- 

 



	NS.14.B.4
Explain how the cyclical relationship between science and technology results in reciprocal advancements in science and technology

Science and Technology


Promotion of Research and Development
1   Promotion of Basic Research 


(1) Importance of Basic Research
In order to contribute to the world through the creation of new wisdom, such as the world's highest levels of research fruition, and develop the potential for technological innovations that may break new ground for the future prosperity of Japan, it is important to promote pioneering and creative basic research based on researchers' liberal and open ideas across a wide spectrum of disciplines. For this purpose, MEXT takes measures to increase the support to basic research in universities, improve research organizations and systems such as Inter-University Research Institutes, and increase competitive funding.

(2) Increase in Grants-in-Aid for Scientific Research
Grants-in-aid for scientific research are those provided by the government and the Japan Society for the Promotion of Science with the aim of advancing scientific research in Japan by encouraging creative and pioneering work across a spectrum of fields, from the humanities and social sciences to the natural sciences.

MEXT tries to increase the amount of grants-in-aid for scientific research, and also makes efforts to upgrade the program by revising the research duration, reviewing the total amount of allocation, and improving and strengthening the selection system.

Transition of Budget for Grants-in-Aid for Scientific Research 
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(3) 
Creative Research for Evolutional Science and Technology Program
The objective of this program is to promote basic research with the aim to achieve strategic goals set by the government to contribute to the creation of new technologies meeting social and economic needs.

MEXT is developing institutional reform which aims to increase the budget for the program and enhance the evaluation system.

Organization Chart of the Creative Research for Evolutional
Science and Technology Program 
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(4) Development of Inter-University Research Institutes, etc.
With the development of academic research, particularly with the sophistication of research techniques and the expansion in scale of research projects, it is becoming more important and necessary for researchers in various fields to work together. For this purpose, MEXT places emphasis on the improvement of joint research system that includes Inter-University Research Institutes and research institutes and laboratories located in national universities in order to improve the research structure.

For FY2003, MEXT plans to improve Inter-University Research Institutes, including the National Institute of Genetics, National Institute of Informatics, Research Institute for Humanity and Nature and Okazaki National Research Institutes, and to develop the Kyushu University Institute for Materials Chemistry and Engineering, and Kochi University Center for Advanced Marine Core Research into nationwide cooperative research organizations.
In addition, MEXT puts emphasis on the world's highest levels of basic research that include:
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KEK B-Factory Project by the High Energy Accelerator Research Organization to elucidate CP asymmetry, which means that there are differences in physical laws between matters (particles) and antimatters (antiparticles); and
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Neutrino research by the Institute for Cosmic Ray Research of Tokyo University to verify the mass of neutrino precisely, while working toward the full restoration of Super Kamiokande.

Furthermore, as the Inter-University Research Institutes became corporatized, it decides to reorganize the institutions, which are made up of 13 organs and 16 research centers, into four corporations ([image: image130.png]


) without regard to the existing fields of study. In FY2003, considerations and preparations are to be made toward this goal.
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The four corporations are: Human Culture Research Organization (tentative name), Natural Sciences Research Organization(tentative name), High Energy Accelerator Research Organization(tentative name), Information and Systems Research Organization(tentative name). 

2   
Promotion of Research and Development in Life Sciences  
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 Promotion of Life Sciences
Life sciences research elucidates the complicated and delicate biological mechanism of living organisms so that the fruits of such efforts can be applied to make breakthroughs in various fields, such as medicine, food and the environment. It contributes significantly to the improvement in the life of people and the growth of the national economy.

In April 2003, it was announced that about 3 billion DNA base sequences of the human genome had been deciphered. With the postgenome research to elucidate the life system and to realize innovative medicines and medical treatment, new research and development projects such as the following will be started in FY2003:

(1)

personalized medicine that prevents a side effect of the medicine and selects the best way of therapy for each patient by search for his/her gene.

(2)

regenerative medicine that treats incurable diseases or lifestyle related diseases with stem cell therapy.

(3)

Developing programs to simulate the response of various cells and biological function to medicines by using genetic information technology and advanced imaging technology.

(4)

Developing technology using optic technology for diagnosing vital functions and doing physical examinations, enabling the early detection and treatment of illnesses.

Additional efforts include the analysis of the structure and function of proteins that may lead to innovative medicines, fundamental and advanced research in such areas as the brain, cancer and immunity.
They will be actively pursued through business-academic-public sector cooperation among industries, academia and the public sector.

[image: image133.png]


 Measures for Bioethics and Biosafety
With the rapid development of life sciences, revolutionary advancements are expected in such areas as medical science. At the same time, however, this advancement is likely to give rise to bioethical issues that might violate human rights and dignity, or biosafety issues which affect people's health and diversity in the biosystem. To ensure proper responses to these issues, MEXT formulates and operates laws and guidelines such as those which prohibit human cloning and regulate the use of genetically modified organisms, and based on the latest technological development, makes considerations for revisions.
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Blueprint of life: double-helix structure of DNA
(Photo: The Institute of Physical and Chemical Research)
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NMR at the Yokohama Institute of the Institute of Physical and Chemical Research, the most advanced facility in the world for the structural analysis of protein (Photo: The Institute of Physical and Chemical Research)
3   
Promotion of Research and Development in the Information Technology Field
Computer- and network-based information technology (IT) is an important intelligent and creative infrastructure of modern society.
Concentrated promotion of research and development in the IT field is an important aspect of improving people's living conditions, and will lead the way toward an advanced industrial economy and a diversified society.
For FY2003, MEXT has set the following new objectives:
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Realization of software development that is the key for creating an advanced information network system of the highest world standard and the comprehensive development of an e-society foundation software aimed at creating an IT society in which anyone can participate anytime, anywhere.
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"High-Speed Computer Network Development Project (National Research Grid Initiative)" which aims at developing a high-speed grid-computing environment connecting dispersed highperformance computers by high-speed networks and having 100 teraflops class computing capability of the world level.

At

 the same time, MEXT will continue to promote the following projects:
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Focused Research and Development Project for the Realization of the World's Most Advanced IT Nation to place emphasis on the investment in, and promotion of, university research projects in the IT field that utilize the potential of universities and are related to technologies (mobile, optical, device, and other technologies) that show promise of commercialization. 
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"E-science" Project to utilize high-performance IT capabilities, such as a high-speed research information network in the field of research and development, in order to change the style of research and development and create new research fields (interdisciplinary, etc.). 
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"Super SINET," an ultra high-speed research network that links most advanced scientific research institutions at the maximum line speed of 10Gps.

High-speed Computer Network Development Project
(National Research Grid Initiative)
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4   
Promotion of Research and Development in Ocean Science, Earth Science and Environmental Science

Global warning, depletion of the ozone layer, abnormal weather and other phenomena are closely related with, and may have a significant impact on, our social life. It is, therefore, important to elucidate them so that appropriate measures can be taken.

MEXT makes focused efforts in promoting the projects shown below in which all the processes from observation to prediction and elucidation are linked in organic and systematic ways through cooperation among experimental and research institutions such as the Japan Marine Science and Technology Center and the National Space Development Agency of Japan, and national research institutes such as the Ocean Research Institute of Tokyo University and the National Institute of Polar Research.

[image: image142.png]


 Promotion of Research in Predicting Global Change
In order to realize predictions of global change, MEXT promotes research and development of integrated modeling based on the understanding of the interaction among the geosphere, atmosphere, hydrosphere, biosphere and human sphere (process research) and research using the world's fastest computer "Earth Simulator."

One of the major projects that is being promoted is the Frontier Research System for Global Change to elucidate and predict phenomena of global change through cooperation between the Japan Marine Science and Technology Center and the National Space Development Agency of Japan. Another major project is the Project for Sustainable Coexistence of Human, Nature and Earth Project that conducts research on global warming prediction and research on hydrological cycle prediction.
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 Promotion of Research in Observing Global Change
MEXT supports oceanographic observations using ships and buoys, deep ocean research using manned and unmanned vehicles, atmospheric observations using satellites and observations in the Polar Regions using Antarctic expedition ships and small buoys.
Major observation projects include:
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Promotion of Ocean Drilling in the 21st Century which aims to investigate the diastrophism mechanism and climate change mechanism, and conduct leading-edge research on gas hydrates and living organisms in the Earth's crust using "Chikyu," a deep sea drilling vessel that can reach the Earth's mantle where human beings have never explored (promote together with the Integrated Ocean Drilling Program (IODP) (scheduled to begin in October 2003). Japan will carry this out in cooperation with the US and other countries).
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Promotion of the "Frontier Observational Research System for Global Change," performed by the Japan Marine Science and Technology Center to enhance the earth observatory system through cooperation between research institutes under ministries concerned and universities.
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At the National Space Development Agency (NASDA), development of research on the Greenhouse gas Observing SATellite (GOSAT) aiming at the observation of greenhouse gas and the ozone layer, and development of the Advanced Land Observing Satellite (ALOS) aiming to contribute to cartography and disaster monitoring.
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Promotion of the "Antarctic Research Programs" that conduct research activities in the Antarctic area, where changes in the global environment such as global warming and the destruction of the ozone layer appear clearly.

Earth Simulator
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Promotion of Research and Development of Environmental Protection Technologies
Under industrial, academic and public cooperation, MEXT is striving to detoxify waste from urban areas and local regions and recycle resources. Toward this end, MEXT promotes The Project to Design Sustainable Management and Recycling System of Biomass, General and Industrial Wastes. This project undertakes research and development of elemental technology and the creation of an economic and social system which advances the practical application and dissemination of waste detoxification and recycling.

Ocean drilling in the 21th century
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5   
Promotion of Research and Development in Nanotechnology and Materials Science

Nanotechnology develops completely new functions based on characteristics indigenous to nano-sized materials by managing atoms and molecules in the order of nanometers (one billionth of a meter). Meanwhile, physical and material science technology shares basic components with all other fields of science. For this reason, there are high expectations that nanotechnology and the materials field, which lies at the nexus of physical and materials science, will constitute the core of science and technology in the future and realize the industrial revolution in the 21st century.
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Molecular Wire Formed on the Surface of Gold
(Low Temperature STM Image; 70nm x 70nm)
To advance research and development in this field, MEXT has undertaken measures such as the following:
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As research and development with a view to practical and industrial application, MEXT develops new elemental devices and hypersensitive nuclear magnetic resonance (NMR) apparatus as one of its research and development projects (leading projects) aimed at economic revitalization. MEXT also utilizes projects promoting strategic and creative research at the Japan Science and Technology (JST) Corporation and conducts research and development with a long-term view at virtual laboratories for each field of nanotechnology.
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As fundamental and basic component research, at public research institutions and universities such as the National Institute for Materials Science (NIMS) and Institute of Physical and Chemical Research (RIKEN), MEXT carries out a variety of research and development in a wide range of fields while utilizing competitive funds including scientific research grants and science and technology promotion adjustment funds.
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As cross-sectional and comprehensive research assistance that transcends the borders between research institutions and fields, MEXT carries out nanotechnology comprehensive assistance projects. Regarding nanotechnology-related research, MEXT provides opportunities for outside researchers to use large and special facilities and equipment, collects and disseminates related information and provides assistance in holding symposia.

MEXT will continue to carry out steadily research and development that is being conducted at public research institutions and universities and provide fundamental and basic cross-sectional and comprehensive assistance that transcends the borders between research institutions and fields, and development by implementing nanotechnology comprehensive assistance projects. In FY2003, MEXT will newly undertake the following research and development projects (leading projects) aimed at economic revitalization:
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Development of technology for creating a quantum dot device utilizing self-assembled proteins (new principle device development utilizing nanotechnology-bio-nano process project-) 
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Development of extreme ultraviolet (EUV) light sources for lithography, which is essential for manufacturing next-generation semiconductor devices (practical application of advanced semiconductor manufacturing technology such as extreme ultraviolet (EUV) light sources)
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Development of biocompatible material and sensory material which can substitute or supplement the human vital functions (development of artificial organs and artificial sensory organs that utilize nanotechnology-human body building-)
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Development of groundbreaking material aimed at highperformance, low-cost next-generation fuel cells (next-generation fuel cell project)
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Development of the world's most advanced nuclear magnetic resonance (NMR) that goes beyond what was previously possible (development of measurement, and analysis and evaluation equipment that will lead the next-generation science and technology-development of hypersensitive NMR-).
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The world's smallest nanothermometer. It is made with metal gallium poured into a carbon nanotube. It was approved by the Guinness Book of World Records as being the world's smallest thermometer.
6   
Promotion of Research and Development in the Aerospace Field

Space development makes an extremely important contribution to human society. It not only expands the human intellectual frontier, but also solves global environmental problems, helps realize a high quality of life and creates new technologies and industries for the future.

For this reason, with the aim of establishing a more efficient and effective research and development promotion system, MEXT has decided to integrate the Institute of Space and Astronautical Science (ISAS), National Aerospace Laboratory (NAL), an independent administrative institution and the National Space Development Agency of Japan (NASDA), which have served as the core of research and development in the field of space in Japan. At the 156th Diet session, a law was established which integrates the three institutions and newly establishes the Japan Aerospace Exploration Agency (JAXA), an independent administrative institution. At present, preparations are underway with a view to the establishment of the agency scheduled for October 2003.
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 Development of H-[image: image162.png]


A Launch Vehicle
Regarding the H-[image: image163.png]


A Launch Vehicle, five launches have succeeded in succession beginning with the first test launch in August 2001 and steady advancement is being made to enhance its reliability.

Furthermore, MEXT established that beginning from the 2005 launch it would be transferred to the private sector in order to improve international competitiveness by reducing costs through the effective, prompt management methods of the private sector and by improving quality through unifying manufacturing responsibility. Thus it has been decided that the launch of the H-[image: image164.png]


A Launch (Vehicle) will be transferred to Mitsubishi Heavy Industries. MEXT will continue to maintain its independence as the mainstay rocket of Japan and promote the smooth transfer of its operation to the private sector.
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 Development of Artificial Satellites
MEXT will steadily develop artificial satellites that will contribute to securing the safety of the nation and its people as well as enrich and enhance the quality of people's lives. Toward this end, it will undertake the launch of the Mu No. 20 Space Engineering Spacecraft (MUSES-C), which conducts asteroid investigative engineering experiments, and the No. 21 Infrared Imaging Surveyor (ASTRO-F),which records infrared astronomical observations. MEXT will also develop the No. 22 Solar Physics Satellite (SOLAR-B), which records observations of the sun, the No. 23 X-ray Astronomical Satellite (ASTRO-E[image: image166.png]


), which records X-ray astronomical observations, the Advanced Land Observing Satellite (ALOS), the Engineering Test Satellite-[image: image167.png]


 (ETS-[image: image168.png]


) and the Wideband InterNetworking Engineering Test and Demonstration Satellite (WINDS). MEXT will also develop and research the Greenhouse gas Observing SATellite (GOSAT). In addition to these efforts, MEXT will begin research aimed at the realization of the Quasi-Zenith Satellite System, which is one of the new industrial, academic and public sector cooperation projects led by the private sector.
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Comprehensive Promotion of Space Environment Utilization through the International Space Station and Others
Outer space provides microgravity and a high vacuum that cannot be easily obtained on the ground. By utilizing this environment, MEXT expects to achieve technological innovations useful to society, such as the production of innovative materials and the clarification of vital functions.

Japan participates in the International Space Station (ISS), which is being conducted as an international joint project, and has been developing its management system. Japan is developing the JapaneseExperiment Module (JEM, named "Kibo") and its operating system and is making comprehensive progress with how to utilize the space environment centered on JEM by conducting research activities though a variety of public participation systems and expanding and diversifying its utilization in terms of scope and variety through the participation of private business.
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Research and Development concerning Aeronauticaltechnology
Regarding aeronautical technology, MEXT is advancing research on a stratospheric platform aeronautical system that assumes that airliners, which will be used for communicating and broadcasting as well as observing and monitoring the earth, will be in retention in the stratosphere at an altitude of approximately 20km. MEXT is also advancing research on technology for next-generation supersonic transport.

Furthermore, with a view to achieving a higher standard of safety and reliability for aircraft and environmental protection, MEXT is tackling issues such as building the body of the aircraft, aircraft safety and environmental protection technology in cooperation with relevant organizations.
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Japanese Experiment Module (JEM) "Kibo" in the International Space Station (ISS) 
(Provided by the National Space Development Agency of Japan).
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Japan's key rocket "H-[image: image173.png]


A" 
(Provided by the National Space Development Agency of Japan)
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Research in the Astronomical Field  
In regard to astronomy, observations began in FY2000 using "Subaru," a large Optical and Infrared Telescope on the summit of Mauna Kea on the island of Hawaii. It has collected valuable data on deep space where observation was previously impossible and moving forward with exploration and investigation. Furthermore, MEXT is advancing the "VLBI Exploration of Radio Astrometry (VERA) Project," which strives to elucidate the three-dimensional structure and movement of the entire galaxy using a trigonometrical survey and which is the first endeavor of the sort in the world. Observations at VERA will begin in FY2003. Moreover, MEXT will continue to advance the research and development of a submillimeter wave antenna that will serve as a method of investigating the process of the formation of the galaxy and the planets.
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"Subaru," a Japan National Large Telescope on the summit of Mauna Kea (on the island of Hawaii) (Provided by the National Astronomical Observatory)


7   Earthquakes and Disasters 


Japan is located in one of the zones in the world most prone to earthquakes. Furthermore, due to its geographical, geological and meteorological characteristics, Japan is vulnerable to various natural disasters, such as volcanic eruptions, typhoons, heavy rains and snowfalls, and landslides. Consequently, the promotion of research and development for disaster measures is important to protect the people and their properties and secure their safety. For this purpose, the Research and Development Bureau of MEXT implements the following measures.

[image: image176.png]


 
Earthquake Research and Observation and Preparation a General Seismic Hazard Maps covering the whole of Japan 
Based on the policy of the government's Headquarters of Earthquake Research Promotion, MEXT promotes fundamental seismic survey and observation such as the survey of active faults. In addition, it prepares the General Seismic Hazard Maps covering the whole of Japan, which shows the predicted likelihood of a strong ground motion occurring in a given area within a set period of time by the end of 2004.

In FY2002, MEXT also starts focused Survey and observation in two areas, the Itoigawa-Shizuoka tectonic line fault zone and off the coast of Miyagi Prefecture, which are thought to have a high probability for earthquake occurrence.
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Development of the 3-D Full-scale Earthquake Testing Facility (E-Defense)
With the goal of making cities more durable to earthquakes, MEXT will establish the 3-D Full-scale Earthquake Testing Facility (E-Defense), a joint research facility that investigates how, to what extent and why full-scale buildings are damaged, as of the end of FY2004. 
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Conceptual diagram of the 3-D Full-scale Earthquake Testing Facility (E-Defense)
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Prioritized Promotion of Comprehensive Research and Development Aimed at Earthquake Disaster Prevention for which Requests from Society are Particularly Strong
In order to minimize personal and property damage in case of a great earthquake comparable to the Great Hanshin-Awaji Earthquake in the Tokyo metropolitan area (southern Kanto region) and the Kyoto- Osaka-Kobe area, MEXT comprehensively conducts research on earthquakes as well as research and development on earthquake disaster prevention, and promotes the Special Project For Earthquake Disaster Mitigation In Urban Areas, which establishes the scientific and technological foundation of measures against earthquake disasters. MEXT will also promote in a prioritized manner comprehensive research and development aimed at earthquake disaster prevention for which requests from society are particularly strong. This will be done by promoting observation and research aimed at improving the accuracy of predictions for the Tonankai Earthquake and Nankai Earthquake and "Investigation and Research concerning the Tonankai Earthquake and Nankai Earthquake," which will contribute to the promotion of disaster prevention measures for Tonankai Earthquake and Nankai Earthquake. In addition, MEXT will promote projects including the Research Project For Practical Use of Real-time Earthquake Information Networks which aims at automatically taking emergency disaster prevention measures by transmitting information on the magnitude and location of Earthquakes to local governments, important industrial facilities and others before the onset of the main earthquake shock waves (Swaves).
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Promotion of Fundamental and Basic Research in Universities, the National Research Institute for Earth Science and Disaster Prevention and Other Facilities  
Based on the proposals by the Geodesy Council (present Subdivision on Geodesy and Geophysics of the Council for Science and Technology), MEXT promotes research for predicting earthquakes and volcanic eruptions. In addition, the National Research Institute for Earth Science and Disaster Prevention, Independent Administrative Institution, implements basic research and development concerning the science and technology for disaster prevention.
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Large-scale landslide experiment in the large-scale rainfall simulator


8   
Promotion of Research and Development in the Nuclear Energy Field

Nuclear energy is a high-level and comprehensive science and technology field. Nuclear power is highly expected to play a significant role in combating global warming, developing future energy sources, and contributing to medical field advances. Along with the "Long-term Program for Research, Development and Utilization of Nuclear Energy" established by the Atomic Energy Commission, MEXT pursues research and development of nuclear energy.
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Safety Assurance of Nuclear Energy and Strengthening Measures for Disaster Prevention 
It is essential to make the utmost effort to assure safety when we pursue research and development of nuclear energy. Based on the Law for the Regulation of Nuclear Source Material, Nuclear Fuel Material and Reactors, the Laws Concerning the Prevention from Radiation Hazards due to Radioisotopes and Others, the Special Law of Emergency Preparedness for Nuclear Disaster and other laws, MEXT seeks to solidify the safety regulations and measures of disaster prevention and steadily implement environmental radioactivity surveys.
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Securing Confidence in Nuclear Energy and Symbiosis with the Local Areas Where Nuclear Facilities are Located.
In order to deepen people's understanding of nuclear energy, MEXT promotes grassroots measures to provide information and support education on nuclear and other energy sources. In addition, with a view to realizing the symbiosis of local areas and nuclear research facilities where they are located, MEXT will increase its support not only in the construction stage of nuclear facilities but also in the operation stage. At the same time, MEXT will amend the subsidies attached to the three Power Source Laws by efforts such as tackling the expansion of projects covered by assistance, and will also enhance measures aimed at the symbiosis of the local areas where they are located.
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Research and Development of Fast Breeder Reactor Cycle Technology  
Fast breeder reactor cycle technology is one of the most promising technological innovations and can increase drastically the efficiency of uranium usage. MEXT not only supports this research and development, but also promotes research toward practical applications. As for "Monju," it serves as the core of research and development.
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Promotion of Ultramodern Nuclear Energy Science and Technology 
Nuclear energy science and technology are the basis for the development of new energy technologies like nuclear fusion. It also provides an effective tool to challenge unexplored fields such as lasers and accelerators. MEXT has been steadily promoting projects such as the "High Intensity Proton Accelerator Facility Project (Japan Proton Accelerator Research Complex (J-PARC))," and the "RI Beam Factory Project" (Institute of Physical and Chemical Research (RIKEN)).

Furthermore, in FY2002, MEXT began programs open to public participation which aim at promoting research and development concerning next-generation nuclear systems that are superior in economic efficiency, safety and resistance to nuclear nonproliferation. This will be accomplished by utilizing the potential in the industrial world and universities.
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Dissemination of the Use of Radiation, etc.
Radiation is widely used in medicine, engineering and agriculture. It has contributed to the development of science and technology and the improvement of people's living. Using the Heavy Ion Medical Accelerator in Chiba (HIMAC), the National Institute of Radiological Sciences provides cancer treatment through particle radiation. For some types of cancer, this is better than conventional methods of treatment. Many institutes consistently deal with the dispensation and disposal of radioactive waste generated by the use of radiation.
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Promotion of Nuclear Nonproliferation and International Cooperation
In order to secure international understanding and trust concerning Japan's peaceful use of nuclear energy, MEXT accepts safeguards set by the International Atomic Energy Agency (IAEA) and steadily implements physical protection. In addition, MEXT will promote cooperation with foreign countries and international organizations in various fields of research and development including nuclear safety and an innovative nuclear system.

9   
Promotion of Research in Humanities and Social Sciences 

Humanities and social sciences, in addition to the natural sciences which pursue the laws of nature, have great cultural value and contribute to long-term social, economic and cultural development. Therefore, it is necessary to promote actively the humanities and social sciences.

As such, MEXT is striving to enhance measures aimed at academic promotion including the humanities and social sciences such as developing a research system in universities and university joint-use institutions, assisting in research funds and nurturing researchers. Beginning in FY2003, in order to resolve and respond to various current issues, researchers themselves in the humanities and social sciences will identify such issues. Toward this end, the researchers will promote the Research on the Projects that Establish Project Agendas for the Promotion of Humanities and Social Sciences at the Japan Society for the Promotion of Science, which will tackle these issues in cooperation with one another in an interdisciplinary and integrated manner.
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	10   
Promotion of the Science and Technology for Society
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Promotion of the Studies on Science and Technology for Society 

With the aim of developing the technology (technological base/knowledge system) that solves various problems in the Japanese society and contributes to the establishment of a new social system, MEXT promotes "science and technology for society" that integrates knowledge from multiple fields in the natural sciences, humanities and social sciences with a broad outlook beyond disciplinary boundaries. Specifically, the Research Institute on Science and Technology for Society (RISTEX) has been established as a system for promoting research and development. RISTEX consists of the following three programs.

(1)

RISTEX-Forum, which continuously discusses the modality of research for solving social problems by identifying their essential issues. 

(2)

RISTEX Mission-Oriented Research Program, which develops missions that are considered important to solve social problems and which organizes research teams to achieve the goals.

(3)

RISTEX Public Soliciting Research Program, which invites research proposals in specific fields that are considered important to solve social problems.
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Promotion of "Brain Science and Education" Research   
As for "brain science and education" research that aims at the sound development of the innate abilities of human beings, there are expectations that through the advancement of relevant research, the learning mechanism of humans throughout life, in taking into consideration education, will be elucidated through brain science. Toward this end, MEXT has had considerations on how to advance future research in the investigative committee concerning "brain science and education" research, composed of outside experts, and will launch full-scale research beginning in FY2003.
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Dissemination of Lessons Learned from Faults
The development of innovative technology and the acquisition of new knowledge are, in many cases, the result of trials and errors. There are always lessons to be learned from faults.

It is, therefore, important to learn from mistakes and faults across organizations for the future improvement of science and technology. MEXT has been holding a "Panel for practical uses of lessons learned from faults" and is advancing considerations on sharing lessons learned from faults with society and the modality of its use, including the dissemination of extracting lessons from faults and the education of engineers.

Furthermore, the Japan Science and Technology Corporation (JST) has been developing a database that provides various lessons learned from faults (released to the public on a trial basis beginning March 2003 at http://shippai.jst.go.jp) in order to promote the sharing of experiences of faults with society and to use them as practical learning sources for faults prevention and engineer education.




Strand: Nature of Science

                      Standard 15: Students shall describe various life science careers and the training required for the selected career.
	NS.15.B.1

Research and evaluate science careers using the following criteria:

· educational requirements

· salary

· availability of jobs  

· working conditions
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Careers in the Biological Sciences
Pursuing a career in biology can be immensely rewarding and exciting. Studying biology teaches us to ask questions, make observations, evaluate evidence, and solve problems. Biologists learn how living things work, how they interact with one another, and how they evolve. They may study cells under a microscope, insects in a rainforest, viruses that affect human beings, plants in a greenhouse, or lions in the African grasslands. Their work increases our understanding about the natural world in which we live and helps us address issues of personal well being and worldwide concern, such as environmental depletion, threats to human health, and maintaining viable and abundant food supplies. 

Frequently Asked Questions about Careers in Biology: 

What do biologists do?
There are several career paths you can follow as a biologist, including these: 

Research: Research biologists study the natural world, using the latest scientific tools and techniques in both laboratory settings and the outdoors, to understand how living systems work. Many work in exotic locations around the world, and what they discover increases our understanding of biology and may be put to practical use to find solutions to specific problems. 

Health care: Biologists may develop public health campaigns to defeat illnesses such as tuberculosis, AIDS, cancer, and heart disease. Others work to prevent the spread of rare, deadly diseases, such as the now infamous Ebola virus. Veterinarians tend to sick and injured animals, and doctors, dentists, nurses, and other health care professionals maintain the general health and well being of their patients. 

Environmental management and conservation: Biologists in management and conservation careers are interested in solving environmental problems and preserving the natural world for future generations. Park rangers protect state and national parks, help preserve their natural resources, and educate the general public. Zoo biologists carry out endangered species recovery programs. In addition, management and conservation biologists often work with members of a community such as landowners and special interest groups to develop and implement management plans. 

Education: Life science educators enjoy working with people and encouraging them to learn new things, whether in a classroom, a research lab, the field, or a museum. 

· Colleges and universities: Professors and lecturers teach introductory and advanced biology courses. They may also mentor students with projects and direct research programs. 

· Primary and secondary schools: Teaching younger students requires a general knowledge of science and skill at working with different kinds of learners. High school teachers often specialize in biology and teach other courses of personal interest. 

· Science museums, zoos, aquariums, parks, and nature centers: Educators in these settings may design exhibits and educational programs, in addition to teaching special classes or leading tours and nature hikes. 

New directions in biological careers: There are many careers for biologists who want to combine their scientific training with interests in other fields. Here are some examples: 

· Biotechnology: Biologists apply scientific principles to develop and enhance products, tools, and technological advances in fields such as agriculture, food science, and medicine. 

· Forensic science: Forensic biologists work with police departments and other law enforcement agencies using scientific methods to discover and process evidence that can be used to solve crimes. 

· Politics and policy: Science advisors work with lawmakers to create new legislation on topics such as biomedical research and environmental protection. Their input is essential, ensuring that decisions are based upon solid science. 

· Business and industry: Biologists work with drug companies and providers of scientific products and services to research and test new products. They also work in sales, marketing, and public relations positions. 

· Economics: Trained professionals work with the government and other organizations to study and address the economic impacts of biological issues, such as species extinctions, forest protection, and environmental pollution. 

· Mathematics: Biologists in fields such as bioinformatics and computational biology apply mathematical techniques to solve biological problems, such as modeling ecosystem processes and gene sequencing. 

· Science writing and communication: Journalists and writers with a science background inform the general public about relevant and emerging biological issues. 

· Art: All the illustrations in your biology textbook, as well as in newspaper and magazine science articles, were created by talented artists with a thorough understanding of biology. 

If you are interested in learning more about nontraditional science careers, AIBS has a book available on the subject. Environmental scientist-turned-science writer Karen Young Kreeger reports on the experiences of nearly 100 scientists and provides case studies and career options for scientists in her book, Guide to Non-Traditional Careers in Science. The guide is organized by profession and includes one-on-one interviews, job-hunting advice, and comprehensive lists of resources. 

How can I prepare for a career in biology?
If you are interested in becoming a biologist, there are some things you can do along the way to prepare yourself. 

In high school 

· Take courses in math and science. Biologists need a solid understanding of math, chemistry, physics, and of course biology. Taking these courses in high school will provide you with an excellent background and allow you to explore what scientists do. 

· Talk to biologists. If you are interested in a health care career, visit doctors or veterinarians and ask for a moment to talk about their careers. If you are interested in outdoor work, talk to park rangers, land managers, and other professionals in your area. 

· Explore your college options. Deciding where to go to college and what to study can be a daunting task. Research schools of interest. Talk to your guidance counselor, as well as to admissions counselors, faculty, and current students at these schools. There are excellent programs at a wide range of institutions, from large research universities to small liberal arts and community colleges. 

· Have fun! While studies are important, remember to get out and enjoy yourself as well. Participate in any extracurricular activities of interest: a school club, a science fair, a sports team, or volunteer work. You'll learn teamwork while developing leadership and social skills, making you stand out not only as a future biologist but also as an individual. 

In college 

· Talk to your advisor. Your faculty advisor or guidance counselor is a great source of information for advice on classes to take, career path options, and job opportunities. 

· Consider how long you want to be in school. For some biology jobs, a two-year college degree is sufficient. But most life science careers require at least a bachelor's degree and often an advanced degree, such as a master's degree. Research jobs typically require a doctorate, which may take five or six years of intense and demanding training. 

· Ask your professors about part-time jobs. Many professors hire student assistants to help with library, field, and laboratory research. Not only will you earn some money and experience, but you'll also develop a professional relationship with someone who can give you career advice and write letters of recommendation. 

· Find summer internships. Internships are a good way to learn about a career, make contacts, and gain experience in biology. Some internships may provide opportunities to do an original research project—a very rewarding experience that will show you how science works and get you thinking about graduate school. 

Where are the best college and university biology programs?
There are many universities with strong biology programs. There is no "best" college to study biology. If you are considering a biology degree, search for a school that fits your needs, budget, and lifestyle. Large research universities offer broad course work, a variety of specialized concentrations, and many opportunities for independent research. Smaller colleges allow for small class sizes, individualized instruction, and frequent interaction with professors. In general, there are several key elements that make up a solid biology program at a college or university: 

Faculty diversity and experience 

· Most faculty members hold PhD degrees and have active, productive research programs. 

· The faculty is an accurate representation of the diversity of biological disciplines: botanists, evolutionary biologists, zoologists, biochemists, cell biologists, ecologists, physiologists, taxonomists, and so on. Either the biology program contains faculty members in diverse fields, or the university has several individual departments that complement each other. 

Commitment to undergraduate education 

· Courses are taught by faculty members, not graduate students. 

· The institution has an active faculty advisor program and an active career advising/career development program. 

· The curriculum includes a variety of courses that provide a strong background in the natural and social sciences, humanities, and writing, while still allowing students to pursue their individual interests. 

· Well-equipped libraries with Internet access to biology journals, and easily accessible computer labs for student use. 

Research opportunities for undergraduates 

· Faculty welcome students into their research groups as part-time workers, interns, and research assistants. 

· Opportunities are available for undergraduates to pursue independent research projects. 

· There are programs and centers that suit a student's particular interest, for example, a field station to study ecology, proximity to the coast or a marine station to study marine biology. 

What is the job outlook for the future?
While there will always be a need for bright, energetic, and educated individuals with a strong understanding of biology, opportunities vary depending on the status of local and national economies. For current job outlook information, check the Occupational Outlook Handbook, published every two years by the US Bureau of Labor Statistics. The handbook is searchable by topic, and there are over 45 job descriptions that match the keyword "biology." 

Job growth is expected in a number of areas, biotechnology and molecular biology in particular. Business leaders have begun to address the issue of creating more science and technology jobs in the United States to prevent them from being exported. For more information, take a look at the report (in PDF format) Tapping America's Potential: The Education for Innovation Challenge. Also, the number of openings in federal government agencies charged with managing natural resources, such as the Interior and Agriculture Departments and the Environmental Protection Agency, is expected to grow; see the report (in PDF format) Federal Natural Resources Agencies Confront an Aging Workforce and Challenges to Their Future Roles. These openings will become available as many senior-level biologists and life scientists retire in the coming years. 

What are the salaries for biologists?
A 2003 survey by AIBS in conjunction with the Abbot and Langer Company found that biologists with less than one year experience have a starting salary of around $33,000 per year. Data from a 2003 US Bureau of Labor Statistics report show that the field of life sciences as a whole has a mean annual salary close to $55,000. As biologists gain more experience and education in their field, those in private industry may earn salaries of over $80,000, while those working in government, academia, and the nonprofit sector earn around $60,000 to $70,000. Those with over 30 years of experience have a median salary of around $103,000. Keep in mind that salaries may vary greatly depending on geographic location, job type, and experience and education. 

As you can see, higher salaries are found in private research companies and government agencies, where you may have more job security, advancement opportunities, and independence in your work. While jobs in nonprofit groups or academic institutions may in general have lower salaries, many biologists find great personal reward in working for an organization that is affecting change and has an emphasis on teamwork and collaboration. 

Where can I find more information and job postings for biology-related careers?
AIBS member societies and organizations are an excellent place to start looking for jobs, graduate school opportunities, and other career-related resources. Other web resources are listed below. 

AIBS Member Societies and Organizations - career and professional development opportunities 

General career development and job hunting sites 

· Science Nextwave JobsNet: http://nextwave.sciencemag.org/jobsnet.dtl 

· Environmental Jobs and Careers: http://www.ecoemploy.com/ 

· Environmental Career Opportunities: http://www.ecojobs.com/ 

· Minority Environmental Leadership Development Initiative: http://www.umich.edu/~meldi/ 

· National Academy of Sciences career planning guide: http://nationalacademies.org/careerguides.html 

· National Institutes of Health--Career Exploration: http://science.education.nih.gov/home2.nsf/Careers/Career+Exploration 

· Virtual Hospital--Careers in Biomedical Research: http://www.vh.org/welcome/tour/discovery/ 

· AccessExcellence--Biotechnology Careers: http://www.accessexcellence.org/RC/CC/ 

Internship listings 

· Environmental Careers Organization—short- and long-term internships in the environmental field: http://www.eco.org 

· Rochester Institute of Technology--biology and biotechnology internship listings: http://www.rit.edu/~gtfsbi/Symp/summer.htm 

· Kalamazoo College--research opportunities listing: http://www.kzoo.edu/biology/internopps.html 

· University of California-Santa Barbara--biology-related internship listings: http://career.ucsb.edu/students/majors/biology/biointern.html 

Research Experiences for Undergraduates (REU) programs 

· National Science Foundation's REU page: http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5517&from=fund 

· Harvard Forest: http://harvardforest.fas.harvard.edu/education/reu/reu.html 

· Institute of Ecosystem Studies: http://www.ecostudies.org/reu.html 

· Organization for Tropical Studies: http://www.ots.duke.edu/en/education/under_summer_reu.shtml 

Contact

For more information about Careers in Biology please contact us at the address listed below. 

Abraham Parker 
Education and Outreach Program Associate
1444 Eye Street NW, Suite 200 
Washington, DC 20005 
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aparker@aibs.org 
Phone +1.202.628.1500 x 249 
Fax +1.202.628.1509 




Biology Glossary

	Abiotic factor
	Any nonliving component of an ecosystem (e.g., sunlight, air, water, soil)

	Activation energy
	The kinetic energy required to initiate a chemical reaction

	Active transport
	The movement of a substance across a plasma (cell) membrane against a concentration gradient

	Adhesion
	The property of sticking to some other substance

	Aerobic respiration
	Growing or metabolizing only in the presence of molecular oxygen

	Alcoholic fermentation
	The process by which pyruvic acid is converted to ethyl alcohol 

	Alleles
	Alternate forms of a gene or DNA sequence, which occur on either of two homologous chromosomes in a diploid organism

	Alternation of generation
	Alternating sexual and asexual generation reproduction

	Amino acid
	Any of 20 basic building blocks of proteins--composed of a free amino (NH2) end, a free carboxyl (COOH) end, and a side group (R)

	Anaerobic respiration
	Growing or metabolizing only in the absence of molecular oxygen

	Anaphase
	Third phase of mitosis, beginning when sister chromatids separate from each other and ending when a complete set of daughter chromosomes have arrived at each of the two poles of the cell

	Antibiotic resistance
	The ability of a microorganism to produce a protein that disables an antibiotic or prevents transport of the antibiotic into the cell 

	Applied science
	The practical use of scientific information to improve human life

	Artificial selection
	Breeding organisms by humans for specific phenotypic characteristics

	Asexual reproduction
	Nonsexual means of reproduction which can include grafting and budding

	Autotroph
	An organism that uses energy to synthesize organic molecules from inorganic substances

	Bacteria
	A single-celled, microscopic prokaryotic organism

	Base pair (bp)
	A pair of complementary nitrogenous bases in a DNA molecule 

	Biodiversity
	The wide diversity and interrelatedness of earth organisms based on genetic and environmental factors

	Biological evolution
	Change in allele frequency of a species or population over time 

	Biome
	A geographic area characterized by specific kinds of plants and animals

	Biosphere
	The area on and around Earth where life exists

	Biotic factor
	A living component of an ecosystem

	Carbohydrates
	Compound containing carbon, hydrogen, and oxygen in the approximate ratio of C:2H:O (e.g., sugars, starches, and cellulose)

	Cell cycle
	The events of cell division; includes interphase, mitosis, and cytokinesis

	Cellular respiration 
	The process by which cells generate ATP through a series of redox (chemical) reactions

	Cell theory
	The theory that all living things are made of cells, that cells are the basic units of organisms, and that cells come only from existing cells

	Centromere
	The central portion of the chromosome to which the spindle fibers attach during mitotic and meiotic division 

	Chloroplasts
	A plastid containing chlorophyll; the site of photosynthesis

	Chromatid
	Each of the two daughter strands of a duplicated chromosome joined at the centromere during mitosis and meiosis.

	Chromosome
	A single DNA molecule, a tightly coiled strand of DNA

	Chromosome theory of heredity
	The theory that states that genes are located on chromosomes and that each gene occupies a specific place on a chromosome

	Citric acid cycle (Kreb’s)
	Series of chemical reactions in aerobic respiration in which a acetyl coenzyme A is completely degraded to carbon dioxide and water with the release of metabolic energy that is used to produce ATP; also known as Kreb’s cycle

	Cladogram
	A branching diagram that illustrates taxonomic relationships based on the principles of claudistics

	Codominance
	An inheritance relationship in which neither of two alleles of the same gene totally mask the other

	Cohesion
	The property of sticking together; like substances sticking together

	Commensalism
	The close association of two or more dissimilar organisms where the association is advantageous to one and doesn't affect the other(s)

	Community
	All the populations in one area

	Cytokinesis
	The division of cytoplasm of one cell into two new cells

	Cytoskeleton
	Framework of the cell composed of a variety of filaments and fibers that support cell structure and drive cell movement

	Deletion
	Chromosome abnormality in which part of the chromosome is missing; loss of one or more base pairs from DNA which can result in a frameshift

	Dichotomous key (classification key)
	Classification tool used in identifying organisms or materials

	Diffusion
	The process by which molecules move from an area of greater concentration to an area of lesser concentration 

	DNA (Deoxyribonucleic acid)
	An organic acid and polymer composed of four nitrogenous bases--adenine, thymine, cytosine, and guanine; the genetic material of most organisms; exists as a double-stranded molecule held together by hydrogen bonds 

	Domain
	Taxonomic category that includes one or more kingdom (e.g., Bacteria, Archaea, Eukarya)

	Dominance
	A characteristic in which an allele that expresses its phenotype even in the presence of a recessive allele

	Double helix
	The DNA molecule, resembling a spiral staircase in which the paired bases form the steps and the sugar-phosphate backbones form the rails

	Ecology  
	The study of the interactions of organisms with their environment and with each other

	Ecosystem
	The organisms in a plant population and the biotic and abiotic factors which impact on them

	Electron transport chain
	Series of chemical reactions in the thylakoid membrane or inner mitochondrial membrane during which hydrogens or their electrons are passed along with the release of energy

	Endergonic reaction
	A reaction requiring a net input of free energy

	Endocytosis
	The process by which a cell surrounds and engulfs substances

	Energetics
	Use of energy 

	Energy pyramid
	Summarizes interactions of matter and energy at each trophic level

	Enzymes    
	Proteins that control the various steps in all chemical reactions

	Epidemic
	An outbreak of a contagious disease that spreads widely and rapidly

	Eukaryote
	An organism whose cells possess a nucleus and other membrane-bound vesicles, including all members of the protist, fungi, plant and animal kingdoms; and excluding viruses, bacteria, and blue-green algae

	Evolution
	The long-term process through which a population of organisms accumulates genetic changes that enable its members to successfully adapt to environmental conditions and to better exploit food resources

	Exergonic reaction
	A reaction that gives off free energy

	Exocytosis
	The process in which a vesicle inside a cell fuses with a cell membrane and releases its contents to the external environment

	Frameshift mutation
	A mutation that results in the misreading of the code during translation because of the change in the reading frame

	Fungi
	Microorganisms that lacks chlorophyll

	Gamete
	A haploid sex cell, egg or sperm, that contains a single copy of each chromosome

	Gene
	The functional unit of heredity; a locus on a chromosome that encodes a specific protein or several related proteins 

	Genome
	The complete genetic material contained in an individual; the genetic complement contained in the chromosomes of a given organism, usually the haploid chromosome state

	Genotype
	The structure of DNA that determines the expression of a trait

	Genus
	A category including closely related species; interbreeding between organisms within the same category can occur

	Germ Theory of Disease (Koch’s Postulates)
	A set of criteria used to establish that a particular infectious agent causes a disease

	Glycolysis
	A pathway in which glucose is oxidized to pyruvic acid

	Heterotroph
	An organism that obtains organic food molecules by eating organisms or their by-products

	Homeostasis
	The stable internal conditions of a living thing

	Host  
	Animal or plant on which or in which another organism lives

	Human Genome Project
	A project coordinated by the National Institutes of Health (NIH) and the Department of Energy (DOE) to determine the entire nucleotide sequence of the human chromosomes

	Hydrogen bond
	A relatively weak bond formed between any hydrogen atom (which is covalently bound to a nitrogen or oxygen atom) and a nitrogen or oxygen with an unshared electron pair

	Hypotheses
	Statement or predictions that can be tested

	Incomplete dominance
	A condition where a heterozygous off- spring has a phenotype that is distinctly different from, and intermediate to, the parental phenotypes

	Independent assortment
	The law stating that pairs of genes separate independently of one another in meiosis

	Interphase
	Period of time where a cell carries on metabolism and replicates chromosomes prior to cell division

	Inversion
	A mutation that occurs when a chromosome piece breaks off and reattaches in reverse orientation

	k-strategist 
	Species characterized by slow maturation, few young, slow population growth and reproduction late in life

	Karyotype
	All of the chromosomes in a cell or an individual organism, visible through a microscope during cell division

	Law
	An observation that happens every time under a certain set of conditions

	Lactic acid fermentation
	The process by which pyruvic acid is converted to lactic acid 

	Light dependent
	Reaction of photosynthesis that requires light; light energy is absorbed converted to chemical energy in the form of ATP and NADPH

	Light independent
	The fixing of carbon dioxide in a 3 carbon compound for use in sugar production or other end products

	Lipid
	Any of a group of organic compounds that are insoluble in water but soluble in nonpolar solvents; serve as energy storage and are important components of cell membranes

	Lysogenic cycle
	A type or phase of the virus life cycle during which the virus integrates into the host chromosome of the infected cell, often remaining essentially dormant for some period of time

	Lytic cycle
	A phase of the virus life cycle during which the virus replicates within the host cell, releasing a new generation of viruses when the infected cell lyses

	Mass extinction
	One of the brief periods of time during which large numbers of species disappeared

	Meiosis
	The reduction division process by which haploid gametes and spores are formed consisting of a single duplication of the genetic material followed by two mitotic divisions

	Metaphase
	Second phase of mitosis in which the chromosomes line up across the equator of the cell

	Microbe
	A microorganism

	Mitochondria 
	Organelles that are the sites of aerobic respiration in eukaryotic cells

	Mitosis
	The replication of a cell to form two daughter cells with identical sets of chromosomes

	Molecular biology
	The study of the biochemical and molecular interactions within living cells

	Molecular genetics
	The branch of genetics that deals with the expression of genes by studying the DNA sequences of chromosomes

	Multiple alleles
	Three or more alleles of the same gene that code for a single trait

	Mutation
	An alteration in DNA structure or sequence of a gene

	Mutualism  
	A form of symbiosis in which both organisms benefit from living together

	Natural selection
	The differential survival and reproduction of organisms with genetic characteristics that enable them to better utilize environmental resources

	Nitrogenous bases
	The purines (adenine and guanine) and pyrimidines (thymine, cytosine, and uracil) that comprise DNA and RNA molecules

	Nonvascular plant 
	A plant that lacks vascular tissue and true roots, stems, and leaves

	Nucleic acids 
	The two nucleic acids, deoxyribonucleic acid  (DNA) and ribonucleic acid (RNA), are made up of long chains

of molecules called nucleotides

	Nucleotide
	A building block of DNA and RNA, consisting of a nitrogenous base, a five-carbon sugar, and a phosphate group

	Nucleus
	The membrane-bound region of a eukaryotic cell that contains the chromosomes

	Organelle
	A cell structure that carries out a specialized function in the life of a cell

	Osmosis
	The diffusion of water across a selectively permeable membrane

	Parasitism
	The close association of two or more dissimilar organisms where the association is harmful to at least one 

	Passive transport
	The movement of substances across a plasma (cell) membrane without the use of cell energy

	Pandemic
	An epidemic over a wide geographic area and affecting an exceptionally high proportion of the population

	Pathogen
	Organism which can cause disease in another organism

	Pesticide
	A substance that kills harmful organisms (e.g., an insecticide or fungicide)

	pH  
	Indicates the relative concentration of hydrogen ions and hydroxide ions in a substance

	Pinocytosis
	A type of endocytosis in which a cell engulfs solutes of fluids

	Phagocytosis
	A type of endocytosis in which a cell engulfs large particles or whole cells  

	Phenotype
	The observable characteristics of an organism, the expression of gene alleles (genotype) as an observable physical or biochemical trait

	Phospholipids
	A class of lipid molecules in which a phosphate group is linked to glycerol and two fatty acetyl groups; a chief component of biological membranes 

	Photosynthesis
	The process by which light energy is converted to chemical energy stored in organic molecules

	Plasma (cell) membrane 
	A selectively permeable surface that encloses the cell contents and through which all materials entering or leaving a cell must pass

	Point mutation
	A change in a single base pair of a DNA sequence in a gene

	Polarity
	Molecules having uneven distribution of charges

	Population  
	A local group of organisms belonging to the same species and capable of interbreeding

	Primary succession
	Succession that occurs in a newly formed habitat that has never before sustained life

	Prokaryote
	A bacterial cell lacking a true nucleus; its DNA is usually in one long strand

	Prophase
	First phase of mitosis in which duplicated chromosomes condense and mitotic spindle fibers begin to form

	Protein
	An organic compound composed of one or chains of polypeptides which in turn are formed from amino acids 

	Protein synthesis
	A formation of proteins using information coded on DNA and carried by RNA

	Pure science 
	The gathering of new information or the discovery of a new relationship or fact for sake of knowledge

	Punnett square 
	A type of grid used to show the gametes of each parent and their possible offspring; a type of grid that can indicate all the possible outcomes of a genetic cross

	Radioactive dating
	A method of determining the age of an object by measuring the amount of a specific radioactive isotope it contains

	Recessive gene
	Characterized as having a phenotype expressed only when both copies of the gene are mutated or missing

	Relative dating
	A method of determining the age of fossils by comparing them to other fossils in different layers of rock

	Ribosome
	A sub-cellular structure that is the site of protein synthesis during translation.

	RNA (ribonucleic acid)
	An organic acid composed of a single strand of nucleotide that acts as a messenger between DNA and the ribosomes and carries out the process of protein synthesis: composed units of adenine, guanine, cytosine, and uracil 

	Secondary succession
	The sequential replacement of population in a disrupted habitat

	Segregation
	The law stating that pairs of genes separate in meiosis and each gamete receives one gene of a pair

	Sex influenced 
	Description of a trait that is caused by a gene whose expression differs in male and females; (e.g., male patterned baldness)

	Sex linkage
	The presence of a gene on a sex chromosome; (e.g., hemophilia, color-blindness)

	Sexual reproduction
	The process where two cells (gametes) fuse to form one hybrid, fertilized cell

	Species
	A classification of related organisms that can freely interbreed

	Spore
	A form taken by certain microbes that enables them to exist in a dormant stage.  It is an asexual reproductive cell 

	Symbiosis
	The close association of two or more dissimilar organisms where both receive an advantage from the association

	Taxonomic nomenclature
	The procedure of assigning names to the kinds and groups of organisms according to their taxa

	Technology
	Practical use of scientific information to improve the quality of human life:  see also applied science 

	Telophase
	Final phase of mitosis during which chromosomes uncoil, a nuclear envelope returns around the chromatin, and a nucleolus becomes visible in each daughter cell

	Theory
	A well tested explanation of natural events

	Thermoregulation
	The maintenance of internal temperature within a range that allows cells to function efficiently

	Translation
	The process of converting the genetic code in RNA into the amino acid sequence that makes up a protein

	Transcription
	Process in which RNA is made from DNA

	Vaccine
	A preparation of dead or weakened pathogen that is used to induce formation of antibodies or immunity against the pathogen

	Variation
	Differences in the frequency of genes and traits among individual organisms within a population 

	Vascular plants
	A plant that has phloem and xylem

	Virus
	An infectious particle composed of a protein capsule and a nucleic acid core, which is dependent on a host organism for replication


Appendix

Suggested Biology Labs

Strand 



               Suggested Labs

	Molecules and Cells
	test for organic compounds (starch, sugar, and lipids)

photosynthesis

fermentation lab/cellular Respiration

test for variables that affect enzymes
diffusion lab

osmosis lab

view microscopic cells

adhesion and cohesion lab

chromatography

meiosis Lab/mitosis lab

	Heredity and Evolution
	paper lab-transcription replication/protein synthesis
Mendelian genetic lab

probability lab

analysis of karotype

DNA isolation

radioactive decay

natural selection and adaptation

fossil lab

	Classification and Diversity
	biodiversity-scavenger hunt

use of dichotomous keys (birds, mammals, trees, flowers)

comparative animal anatomy lab

plant anatomy lab (root, stem, leaf, seed)

fungi lab (mushroom)

	Ecology and Behavioral Relationships
	water analysis

soil analysis 

build a biome

	Nature of Science
	spread of infectious diseases
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