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Science (from scientia, Latin for "knowledge") refers to a body of knowledge, or a method of study devoted to developing this body of knowledge, concerning the nature of the universe gained through methodological observation and experimentation (scientific method). 

Exactly what constitutes science and scientific methods are subjects studied by the philosophy of science. The scientific method consists of various principles and procedures that are objective and repeatable by other scientists. 

Although one might "know" something through authority, faith, or intuition, scientific method is distinct in that it must be possible for other investigators to ascertain the truth of scientific theories. For our present purpose we'll briefly define science as the pursuit of reliable knowledge of the natural world.  'Reliable' means that when we apply it, e.g. to deduce something else, such as a prediction of some future occurrences - then it doesn't let us down.

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. 

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. 

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for much else in science, but if they fail to account perfectly for everything you'd expect, then they may be superceded by a 'better' theory - as happened with Newton's laws of gravitation and motion.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 predicting power of the new theory win out, and the old theory is abandoned. The change in worldview can be so radical as to constitute a 'revolution' (paradigm shift), rather than the more gradual evolution of 'normal science'. 

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 worldview. 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. 

Challenge to Orthodoxy 

A persistent theme in the history of science (and technology) has been the poor reception so often given to those who espouse ideas contrary to the prevailing orthodoxy. The story of Galileo has often been taken as a case in point: some natural philosophers and astronomers, especially those in areas closely influenced by religious orthodoxy, were reluctant to check their theories by looking through the newly-invented telescope as Galileo did. It is a poor example, however, because within a few years Galileo was one of the most honored scientists in Italy, and held in high regard by the Jesuit astronomers of the Collegium Romanum—who were using telescopes with enthusiasm. After enough time, even the most unpopular idea can become a new scientific orthodoxy, if it can survive experimental test satisfactorily. A famous recent example would be the theory of plate tectonics, which is now basic to any study of large-scale effects in geology 

There is a controversy over whether we are more receptive to new scientific paradigms now than in Galileo's time. While some see Galileo's saga as an example of the arrogance of authority, others argue that rejection of new ideas today cannot be directly compared with examples such as Galileo. They claim that theories developed and tested by following the currently accepted principles of scientific investigation closely, as Galileo did, are generally accepted however surprising they may be, whereas ideas that make yet unproven and seemingly unjustified assumptions are termed pseudoscience. 

Modern examples of paradigm shifts are Fleischmann-Pons experiment (1989, cold-fusion) and Marshall-Warren (1982, H. pylori)

Scientific Method

Science is a method that allows one to obtain, with the highest degree of certainty possible, reliable knowledge about nature. Scientific method establishes the principles that guide scientific research and experimentation, Scientific method is practiced within a context of scientific thinking, which is based on three things: 

using empirical evidence (empiricism), 

practicing logical reasonsing (rationalism), 

and possessing a skeptical attitude (skepticism). 

Very generally, a scientist begins with some observations (data); through some creative process a hypothesis is generated about how these observations came to be (e.g. a conceptual or mathematical model). This hypothesis is used to predict something that was not part of the original data. An experiment devised and executed to see if the predictions of our hypothesis hold true. If not then we are faced with several possibilities, e.g. our hypothesis needs to be revised, the experiment was carried out incorrectly, or the analysis of the results from that experiment was in error. 

Observation 

Observe and describe some phenomenon or group of phenomena. 

Hypothesis 

Formulation of a tentative description, called a hypothesis, that is consistent with what you have observed. The hypothesis often takes the form of a conceptual model, causal mechanism or a mathematical relation. 

Prediction 

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

Experiment 

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

Analysis 

Comparison of the experimental results with theoretical predictions, and attempt to reconcile differences, e.g. by modifying the hypothesis or repeating the experiment under different conditions. 

Ulcers caused by bacteria

For almost 100 years, doctors believed that stress, spicy foods, and alcohol caused most ulcers. Now we know that most peptic ulcers are caused by a particular bacterial infection in the stomach and upper intestine, by certain medications, or by smoking. 

In 1982, two doctors - Barry Marshall and Robin Warren - discovered a certain kind of bacteria that can live and grow in the stomach. The medical name for these bacteria is Helicobacter pylori (or H. pylori, for short). Although the findings seem conclusive, Marshall and Warren's theory was debated and disputed for some time. However, further evidence linking H. pylori to ulcers mounted over the next 10 years as numerous studies from around the world confirmed its presence in most people with ulcers. Researchers from the United States and Europe proved that using antibiotics to eliminate H. pylori healed ulcers and prevented recurrence in about 90 percent of cases.

To further investigate these findings, the National Institutes of Health (NIH) established a panel to closely review the link between H. pylori and peptic ulcer disease. At the February 1994 Consensus Development Conference, the panel concluded that H. pylori plays a significant role in the development of ulcers and that antibiotics, with other medications, can successfully treat peptic ulcer disease.

Marshall and Warren received The Nobel Prize in Physiology or Medicine in 2005

"for their discovery of the bacterium Helicobacter pylori and its role in gastritis and peptic ulcer disease"

Test Essay Question #1

Describe the current definitions of science and the scientific method. 

Include in your discussion an example illustrating the steps of the scientific method and how science operates.

Context of class in history

My aim is to outline the development of Western science, briefly touching upon the Ancient Greeks then from the Renaissance to roughly the end of the twentieth century. It is natural to describe key events in terms of the work of individuals who made a mark in science. But this does not mean that science has progressed as a result of the work of a string of irreplaceable geniuses possessed of a special insight into how the world works. Geniuses maybe (though not always); but irreplaceable certainly not. Scientific progress builds step by step, and as the example of Darwin and Wallace shows, when the time is ripe, two or more individuals may make the next step independently of one another. It is the luck of the draw, or historical accident, whose name gets remembered as the discoverer of a new phenomenon. What is more important than human genius is the development of technology, and it is no surprise that the scientific revolution “coincides” with the development of the telescope and the microscope. 

Western science got started because the Renaissance happened. Once it got started, by giving a boost to technology it ensured new scientific ideas leading to improved technology. Technology came first, because it is possible to make machines by trial and error without fully understanding the principles on which they operate. But once science and technology got together, progress really took off.
The Renaissance was the time when Western Europeans lost their awe of the Ancients and realized that they had as much to contribute to civilization and society as the Greeks (and Romans?) had contributed. People during the Dark Ages (AD 400 to 900) and those of the Middle Ages (AD 900 to 1400) had an inferiority complex. Structures such as the Pantheon and the Coliseum in Rome still inspire awe today, and at a time when all knowledge of how to build such structures had been lost, it must have seemed that they were the work of another species or even gods.

Pons and Fleischmann's experiment 

On March 23, 1989, the chemists Stanley Pons and Martin Fleischmann ("P and F") at the University of Utah held a press conference and reported the production of excess heat that could only be explained by a nuclear process. The report was particularly astounding given the simplicity of the equipment, just a pair of electrodes connected to a battery and immersed in a jar of heavy water (dideuterium oxide). The press reported on the experiments widely, and it was one of the front-page items on most newspapers around the world. The immense beneficial implications of the Utah experiments, if they were correct, and the ready availability of the required equipment, led scientists around the world to attempt to repeat the experiments within hours of the announcement. 

The press conference followed about a year of work of increasing tempo by Pons and Fleischmann, who had been working on their basic experiments since 1984. In 1988 they applied to the US Department of Energy for funding for a larger series of experiments: up to this point they had been running their experiments "out of pocket". 

The term "cold fusion" was coined by Dr Paul Palmer of Brigham Young University in 1986 in an investigation of "geo-fusion", or the possible existence of fusion in a planetary core. The term was then applied to the Fleischmann-Pons experiment in 1989. 

The grant proposal was turned over to several people for peer review, including Steven Jones of Brigham Young University. Jones had worked on muon-catalyzed fusion for some time, and had written an article on the topic entitled "Cold Nuclear Fusion" that had been published in Scientific American in July 1987. He had since turned his attention to the problem of fusion in high-pressure environments, believing that fusion in the metallic hydrogen core of Jupiter might be responsible for the higher than normal temperatures of that planet. Paul Palmer noted that the same mechanism might explain the high interior temperature of the Earth (hotter than could be explained without nuclear reactions), and the unusually high concentrations of helium-3 around volcanoes, which implied some sort of nuclear reaction within. Jones started studying high-pressure fusion, which he referred to as piezonuclear fusion, by working with diamond anvils; but he had since moved to electrolytic cells similar to those being worked on by Pons and Fleischmann. In order to characterize the reactions, Jones had spent considerable time designing and building a neutron counter, one able to accurately measure the tiny numbers of neutrons being produced in his experiments. 

Both teams were in Utah, but did not know of each other's work until the peer review. After that, they met on several occasions to discuss sharing work and techniques. During this time Pons and Fleischmann described their experiments as generating considerable "excess energy", excess in that it could not be explained by chemical reactions alone. If this were true, their device would have considerable commercial value, and should be protected by patents. Jones was measuring neutron flux instead, and seems to have considered it primarily of scientific interest, not commercial. In order to avoid problems in the future, the teams apparently agreed to simultaneously publish their results, although their accounts of their March 6 meeting differ. 

In mid-March both teams were ready to publish, and Fleischmann and Jones were to meet at the airport on March 24 to both hand in their papers at the exact same time. However Pons and Fleischmann then "jumped the gun," and held their press conference the day before. Jones, apparently furious at being "scooped," faxed in his paper to Nature as soon as he saw the press announcements. The rush to publish perhaps did as much to muddy the field as any scientific aspects. 

Within days scientists around the world had started work on duplications of the experiments. On April 10 a team at Texas A&M University published results of excess heat, and later that day a team at the Georgia Institute of Technology announced neutron production. Both results were widely reported on in the press. Not so well reported was the fact that both teams soon withdrew their results for lack of evidence. For the next six weeks competing claims, counterclaims, and suggested explanations kept the topic on the front pages, and led to what writers have referred to as "fusion confusion." 

On April 12 Pons received a huge standing ovation during his presentation at the semi-annual meeting of the American Chemical Society. In May, the president of the University of Utah, who had already secured a $5 million commitment from his state legislature, asked for $25 million from the federal government to set up a "National Cold Fusion Institute". On May 1st a meeting of the American Physical Society held a session[1] (http://www.ibiblio.org/pub/academic/physics/Cold-fusion/vince-cate/aps.ascii) on cold fusion that ran past midnight; a string of failed experiments were reported. A second session started the next evening and continued in much the same manner. To some degree this reflected a split between the "chemists" and the "physicists", though it also reflected a more general change in opinion during the weeks which passed between the meetings. Skepticism of the cold fusion claims was rising among both chemists and physicists as more experimentalists attempted and were unable to replicate the experiment. 

At the end of May the Energy Research Advisory Board (a standing advisory committee in the US Department of Energy) formed a special panel to investigate cold fusion. The report of the panel after five months' study was that there was no convincing evidence for cold fusion, and that such an effect "would be contrary to all understanding gained of nuclear reactions in the last half century." It specifically recommended against any special funding for cold fusion research, but was "sympathetic toward modest support for carefully focused and cooperative experiments within the present funding system". [2] (http://www.ncas.org/erab/sec5.htm) 

Both critics and those attempting replications were frustrated by what they said was incomplete information released by the University of Utah. With the initial reports suggesting successful duplication of their experiments there was not much public criticism, but a growing body of failed experiments started a "buzz" of its own. Pons and Fleischmann later apparently claimed that there was a "secret" to the experiment; on the other hand, Fleischmann said at a meeting in April that all the necessary details had been given in the published paper. The facts here are not clear; but if such data had been withheld, the report would have been outside the field of modern science, and scientists would have been justified in dismissing the matter out of hand. 

By the end of May much of the media attention had faded among the competing results and counterclaims. More significantly, the research effort decreased greatly as most attempts at replication failed and none produced definitive results. Nonetheless, projects continued around the world. 

The excess heat observed in the, which they and some others have attributed to cold fusion, is a challenge to orthodoxy that is not yet fully resolved. The first report, which received extremely intense press coverage, caused many physicists to attempt to reproduce the experiment (a necessary process in science); these first attempts resulted in many complete failures, at least three widely reported claims of success that were later withdrawn, and no clear and reproducible successes. Since then, the experiment has been repeated by other scientists who have reported various degrees of success. Because of lack of clear confirmation, as well as on theoretical grounds and criticisms of experimental methods, claims of cold fusion have been rejected as pathological science or even pseudoscience by most mainstream scientists. 

