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The Seat of Science: A Lofty Throne or a Common Bench
Science is neither a philosophy nor a belief system. It is a combination of mental operations that has become increasingly the habit of educated peoples, a culture of illuminations hit upon by a fortunate turn of history that yielded the most effective way of learning about the real world ever conceived.

Pulitzer Prize-winning author and successful biologist Edward O. Wilson expressed an opinion common in our society: that science can offer better, more reliable knowledge about the world than any other type of human inquiry. At this point, “science” signifies the customary academic disciplines of physics, chemistry, and biology. “Other types of human inquiry” refers to disciplines generally considered non-scientific such as history, literature, and art. So the common attitude goes, “I won’t believe it until I see it” and “If it’s not science, why should I believe it?” The five senses gather information, and scientific minds organize and interpret it. Nothing is more reliable than the world seen from the seat of science. 
Thoughtful conversations among philosophers of science do not justify this opinion. For instance, both facets of scientific knowledge – theories and facts – rely upon inductive inference, which can never prove anything. The scientific method, moreover, which was long held to separate science from other disciplines, cannot be unique to science. Whenever the method is described in terms sufficiently narrow to exclude other disciplines, much good science is excluded as well. Thus, if theories and facts are not trustworthy in a unique way and if the ‘scientific’ method is also applicable to history and to literature, there is no reason to suppose that science rules on a throne over the other disciplines.

Other arguments are made concerning the uniqueness of science, for instance that all non-scientific knowledge is culturally relative; but these arguments all presuppose that the scientific method is unique to science. Thus, the primary task of this paper is to describe the scientific method as it applies to both theories and facts and to show that the method provides no unique source of reliability in either application. That is, the degree of reliability is not unquestionably high and neither is the source of reliability unique to science.
By searching for unique sources of reliability, this paper reveals its focus on the relationship between science and other academic disciplines, not on science alone. The sources of reliability to be examined will be pulled from a widely accepted list of characteristics of the scientific method on the following page. For each characteristic, comparisons will be made between the methods of scientific studies and the methods of historical and literary studies in order to find those characteristics which are unique to science. 
The evaluation of higher or lower degrees of reliability does not provide such an easy comparison between science and other disciplines. Each branch of knowledge proposes statements with varying degrees of reliability; but the argument currently under scrutiny holds that scientific truth claims are more reliable than even the most reliable claims of other disciplines. Thus, in order to establish a reference by which to evaluate this question, consider the following historical truth claim: ideas have significant consequences. There is a cornucopia of evidence for this claim. Hitler operated according to a powerful idea that the Aryan race was the greatest; Martin Luther King Jr. fought for civil rights because he believed that men of all races should consider one another as equals; Nikolai Lenin led the Russian Bolsheviks because of his conviction that a working-class revolution would save society. The list is endless, even within the 20th century alone; and the historian need not labor long to demonstrate reliably that ideas have great consequences. For scientific knowledge, then, there ought generally to be a higher degree of reliability than observed in this example from history.
The conclusion of this twin-winged study of the scientific method, appended by an examination of non-methodological arguments for the uniqueness of science, will be that not one of them successfully sets scientific knowledge apart. Thus, scientific knowledge should be understood as one of many equally reliable subsets of human knowledge.
The characteristics of the scientific method as applied to theories

Before evaluating the uniqueness of the scientific method as it applies to scientific theories, it is important to specify what is meant by the term “theory.” The philosophical school of logical positivism delineates most clearly between theories and facts. It holds that the most fundamental facts are sensory observations, for instance, the direction of the pointer on a pressure gauge. A second level of facts, which involves more abstraction, assigns meaning to sensory observation by tagging it with a name. In the case of the gauge which points to the mark labeled “2”, this observation might be tagged as a pressure measurement in such a way as to say “the pressure equals 2 bars.” The third level of facts, empirical laws, takes many such measurements and generalizes them into a mathematical relationship. For instance, multiple pressure and volume measurements for a closed system at constant temperature might yield Boyle’s gas law: pressure multiplied by volume equals a constant. Nineteenth century historian and philosopher William Whewell characterized this level of observation as a “colligation of facts,” also called an “induction.”
 The fourth and final level of abstraction, scientific theories, generalizes empirical laws. For example, Boyle’s Law may be combined with the ideal gas law and with other observations on the behavior of gases to yield the kinetic-molecular theory of gas. This theory attempts to account for all three levels of observation by postulating that gases are made up of high-energy molecules whizzing and colliding at high speeds. The cause of pressure, it explains, is millions of collisions per second of these molecules against the walls of the container which contains the gas. Thus, theories add an immense level of abstraction by explaining the three lower levels of observation in terms of concepts, such as high-speed molecules, which are not directly observable. 
Although they are not directly observable, theories must be evaluated by indirect observation. This is one of the key tenets of logical positivism: “Statements of the observational level provide a test-basis for statements of the theoretical level.”
 Theories in themselves can make no statements on the observation level; but when combined with given initial conditions, the theory should predict what behavior will occur. If the prediction is correct, then the theory passes the test; otherwise it fails. It is important to note that this evaluation ignores how the theory is first created. As John Herschel observed in the early 1800’s, the context of justification lies independent from the context of discovery.
 Careful induction and wild hunches are both valid methods of theory generation. Michael Polanyi, a 20th century chemist and philosopher, said “There is no logical pathway leading to these laws [of nature]. They are only to be reached by intuition, based upon something like an intellectual love.”
 William Whewell, a great historian of science in the mid-1800’s concurred, “A supply of appropriate hypotheses cannot be constructed by rule, nor without inventive talent.”
 Thus, the reliability of scientific theories rests solely in the context of justification – the evaluation of new theories by tests. 
Good scientific theories, it is often agreed, possess a variety of characteristics: testability, predictive power, objectivity, consilience, parsimony, economy, universality, beauty, fertility – whether a theory helps produce other theories, and heuristic value – whether a theory poses new questions for further research.
 These criteria of a good theory are extremely important; we will return to them frequently as the “characteristics of a good theory” or the “characteristics of the scientific method.” Only four of these characteristics, however, are associated with the scientific method: testability, predictive power, objectivity, and consilience. These four form the basis for the exaltation of science. No one would argue, for instance, that beauty sets apart scientific theories and that historical theories could never be beautiful. 
These four characteristics summarize how the scientific method applies to theories: testability, predictive power, objectivity, and consilience. Some argue that these characteristics, testability in particular, give rise to the most reliable type of knowledge. As philosopher of science Herbert Feigl wrote in 1953, “Modern techniques of experimentation and of statistical analysis are…the best means of enhancing the reliability of knowledge.”
 Is this true? Do these four characteristics result in an unquestionably reliable type of knowledge?
The first two characteristics of scientific theories, testability and predictive power, must go together because prediction is only exercised in the context of a scientific test, i.e. an experiment. Before an experiment is conducted, the theory is used to predict a certain observable outcome. If the predicted behavior is observed, it is called a positive-instance confirmation of that theory. If some other behavior is observed, incongruous with the prediction, the theory is challenged with disconfirming evidence. 
The most popular way to argue for the reliability of a scientific theory is from positive-instance confirmation. This type of confirmation is also called induction. For instance, the kinetic-molecular theory of gases has guided experiments on gases for nearly a hundred years. Designers of experiments always assume it in their calculations. Thus, every successful experiment involving gases confirms that assumption, and one may conclude by induction that the theory is true. 

But there are problems with induction. First of all, the degree of confirmation from a positive instance may be small. Consider, for instance, this statement: all ravens are black. Consider now the logically equivalent contra-positive of this statement: all non-black things are non-ravens. Now if one were to observe a white-colored sea gull, this would be a positive-instance confirmation of the latter statement! Yet it hardly confirms the statement in a convincing way. Secondly, even if we were to find a million ravens that were black, we would not be able to eliminate the possibility that there were still some white or dappled ravens fluttering about somewhere. The latter arguments point out two inherent weaknesses in all inductive arguments.
Inductive arguments also result in undetermined theories. Although one theory may be confirmed multiple times by experiment, it is impossible to assert logically that no other theory could be so thoroughly confirmed by the same evidence. W. V. Quine formulated a stronger version of underdetermination which asserted that any number of theories may be equally well supported by a body of evidence, implying relativism in science. Larry Laudan refuted this opinion by presenting the seemingly obvious point that science is capable of arguing rationally that one theory is better than another.
 Simultaneously, however, he affirmed the weaker version of underdetermination – that the logically possibility of an equally sufficient theory always exists.
 Induction, at best, can only argue that one theory is better than the other theories which exist at that time.
Given these limits of induction, a group of philosophers called Bayesians have tried to describe the degree of confirmation of a theory with probabilities. The probability of a theory, T, being true is described in the context of an experiment, e, which would confirm the theory. The probabilities of the two are related in Bayes’s probability formula, described by Thomas Bayes, a mathematician of the 1700’s.
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Each probability is determined subjectively; it is a measure of the degree to which a scientist believes something to be true.
 P(T/e), for instance, is the probability of the theory being true after the experiment. P(T) is the probability, i.e. the scientist’s level of belief, of the theory being true before the experiment. P(e|T)/P(e) is a scaling ratio of the probability of the experimental results occurring given that T is true to the probability of the experimental results occurring given if T is not true. For example, according to my theory that most VCR’s break after three years, just when the warranty ends, the probability of the experimental result that my VCR breaks within a month may be about .5. But, if my theory is not true, the probability that my VCR will break during that time is much smaller, perhaps 1 month out of 7 years, 1/96 or .01. Thus the scaling ratio will be 1/.01 = 100. Every time the experiment is successfully repeated, P(e) will increase because the experimental results are now expected, and P(T/e) will increase by a smaller and smaller factor 1/P(e). Thus, expected confirmations do not confirm theories as strongly as unexpected confirmations.
The problems for the Bayesian approach are many. First of all, the assignment of probabilities is not scientific according to the scientific method described above. Even if the Bayesian approach should show that one theory has become more likely than another, this difference in probabilities may be due only to an inept attribution of initial probability values. Since the assigning of initial probability values is not testable, it is not scientific; and there is no scientific way to discern an error in these initial values. Secondly, the Bayesian formula assumes the existence of an alternative theory for which the probability P(e) of obtaining the experimental evidence may be calculated. In the forefront of research, the existence of such an alternative theory and the calculation of P(e) may be impossible. In sum, the Bayesian approach can describe how probabilities increase, but it tells us nothing new about the reliability of theories.
This concludes our analysis of positive-instance confirmation, or induction. The problems of induction are inescapable. It cannot establish proof or indicate the degree of certainty of a theory. So, one philosopher undertook to argue for the reliability of scientific theories with disconfirming evidence. 
Karl Popper based an entire philosophy of scientific method on disconfirmation. It is understood that, eventually, if disconfirming evidence is not sufficiently explained or accounted for, it can lead to the rejection of the theory. Popper called this feature of experimentation “falsifiability.” In his view, every scientific theory should be open to falsification. The reliability of scientific knowledge depends on this rigorous search for falsifying evidence. Otherwise some theory might be accepted indefinitely just because scientists trusted it so much that they never looked for evidence against it! Feigl wrote, “

Instead of presenting a finished account of the world, the genuine scientist keeps his unifying hypotheses open to revision and is always read to modify or abandon them if evidence should render them doubtful. This self-corrective aspect of science has rightly been stressed as its most important characteristic….

Theories must be rigorously tested. Those which are rigorously tested yet not falsified are considered increasingly reliable with time.

According this falsificationist view, then, the main issue for scientists is which current theories are false? Bad theories must be falsified quickly lest they remain and misdirect research for years. Of course, this problem can be overcome by increasing the ease with which a theory may be considered false. But there is a delay in scientific practice. A theory is only rejected when there is a rival theory to replace it. This causes a time delay of waiting for a rival theory to develop and merely prolongs the life of false theories. In order to make theories more reliable, the falsificationist philosophy of science might propose an improvement to scientific method. As soon as any disconfirming evidence against a theory was found, the theory could be put on a watch list. When that evidence had been confirmed by a few repetitions of the experiment, the theory would be discarded. Then there wouldn’t be so many false theories floating about at any given time.
Alan Chalmers, once a pupil of Popper, identifies this conclusion as a weakness in falsificationism. There is an irreconcilable imbalance between the need for falsification and the historical nature of scientific research. 
The problem for Popper is that if this aspect of his demarcation criterion [how fast theories are falsified] is formulated sufficiently strongly to have some force [a foundation for the reliability of theories], then physics fails to qualify as science. Our most prized theories in physics are invariably, and always have been, confronted by problems to which physicists either turn a blind eye or respond in ad hoc ways.

Chalmers realized that scientists cannot completely reject a theory whenever an experiment disagrees. When a scientist is confronted with potentially falsifying data, it is more customary to formulate an ad hoc hypothesis to explain away the evidence than to toss out the theory. This practice has saved many a good theory. To falsify theories at first sign of disconfirming evidence would kill good theories prematurely. At the same time, to allow false theories to persist among good theories decreases the reliability of theories in general. Thus, the falsificationist view is not sufficient to establish the reliability of scientific theories.
In summary, disconfirmation and positive-instance confirmation impose limitations on the reliability of the scientific method as applied to scientific theories. The question remains, however, whether the characteristics of testability and predictive power are unique to scientific theories. A test, in science, involves a prediction that is then confirmed against observable evidence. This process is not as common in the humanities as it is in science, but neither is it so foreign. Consider a historical idea, that the Napoleonic Wars spread French Enlightenment thinking throughout Europe which helped to cause the urban revolts of 1848. How might one prove such a theory? According to the theory, one would expect to observe a change in the vocabulary and philosophy of the intellectual and political writers in major European cities between the time before Napoleon came to power and the time after the battle of Waterloo. If this change in vocabulary and philosophy came before Napoleon, it would appear that Napoleon had nothing to do with it, and the theory would be disconfirmed and perhaps falsified. If the expectation of theory was true, it would be confirmed by positive instance, and researchers could then posit another prediction to test the theory further. In order to connect this change with the Enlightenment, they might predict that the new vocabulary contained imported French words common among authors of the Enlightenment. Hence, testability and predictive power are characteristic of historical, as well as scientific, theories. These two sources of reliability are not unique to science.
The third characteristic of the scientific method as applied to theories is objectivity. Feigl dubbed this the “intersubjectivity” of scientific tests.
 Since any scientific theory may be tested against experimental observation by any scientist with appropriate training and equipment, there is less danger that a scientific theory will be accepted which is just the crazy idea of one man. Thus objectivity is practically synonymous with repeatability. When other scientists redo experiments and get the same results, the reliability of those results, and thus the reliability of the theories which they ‘confirm’, increases.

In response, it is important here to reiterate the distinction between theory and observation, between the results of an experiment and the interpretation of those results. As insinuated in the previous paragraph, a repeated experiment directly increases the reliability of those experimental results, but it only increases the reliability of the associated theory in so much as the experiment ever could confirm the theory. Thus, the repeatability of experiments makes only experiments, not theories, more certain. Objectivity pertains only to observations, not to theories. This characteristic of the scientific method will be evaluated later in the section on scientific facts.
In sum, testability, predictive power, and objectivity have not provided a solid argument for the superiority of scientific theories in general. How about consilience? William Whewell wrote in 1840 of “consilience of inductions” as characteristic of a good scientific theory. He described an induction as a “colligation of facts” – an intellectual interpretation of data which generalizes the data and imposes upon it a new perspective. A good theory is a colligation of such colligations. That is, it provides a new perspective and an explanation for a set of inductions.
 For instance, the kinetic-molecular theory of gas is consilient; it draws together the ideal gas law, van der Waal’s equation, and other room-temperature observations of gases under one heading with one explanation. The fact that it can also explain behavior at temperatures near absolute zero for non-gaseous substances is further evidence in its favor. This is consilience. Some related, if not identical, concepts include the “conceptual integration” aspect of theories by Carl Hempel
 and what has been translated as “incorporation” from Kant.
 More recently, Edward Wilson wrote that consilience can bring a “higher certainty” to knowledge and “the only way either to establish or refute consilience is by methods developed in the natural sciences.”
 

Although consilience may enhance the reliability of scientific theories, this reliability is severely limited because consilience is a type of induction and is therefore subject to the same limitations of inductive logic as discussed above. Consilience, moreover, is not unique to scientific theories. Consider, for example, the claim that human beings possess immortal souls. Such a generalization could explain all kinds of artistic endeavors, literary themes, and theological beliefs. Dante’s Divine Comedy is nothing other than a journey of the soul through the three realms of the eternal afterlife – inferno, purgatory, and paradise. Civilizations from ancient Egypt to the Greek city-states to the Roman Empire to medieval Christendom have structured their societies and culture around religion and belief in eternal life. All these various opinions support the claim that humans possess immortal souls. This is nothing other than a consilience of independent observations. Since any kind of statement about human souls is customarily understood to be non-scientific, consilience is not unique to science.

Some physicists argue for a fifth source of reliability for the theories of physics: the surprising predictive power of some theories outside their supposed realm of influence. For example, Eugene Wigner recounts a story from the beginning of quantum mechanics. Three physicists formulated an abstruse mathematical expression called “matrix mechanics” for solving quantum mechanical problems. Somewhat surprisingly, calculations based on this theoretical formulation agreed with experimental data for the hydrogen atom. But the greater shock came thirty years later when theoreticians decided to use matrix mechanics to predict the energy levels of a helium atom. In what Wigner called a “miracle”, the calculations again matched the experimental results, even though matrix mechanics was not designed to apply to such a complex system.
 The theory was not only confirmed but shown to be applicable beyond its original scope. Surely this demonstrates a reliable theory!

First of all, such a story is indeed convincing, but it does not apply to most scientific theories, or even to physics, in general. Thus, for the purpose of establishing the reliability of scientific theories in general, it is unhelpful.

Secondly, for those few theories for which it is true, it merely confirms according to the customary way. That is, the theory is confirmed by a scientific test. The test was expected to fail, and in the Bayesian formula this would result in an extremely low value for P(e) and a large scaling factor between the prior and posterior probabilities of the theory. The result, then, is an enormous increase in the probability of the theory; it becomes much more believable after its unexpected success. Yet, this confirmation is still the result of induction, which imposes limits on the reliability of the theory. The theory is supported, moreover, by the scientific method, which does not possess any characteristics unique to science. Thus, although theories which are confirmed in this surprising way achieve a higher degree of reliability, this reliability is still limited because the sources of reliability are ultimately the same four characteristics of the scientific method.
In summary, the scientific method, as applied to scientific theories, is characterized by testability, predictive power, objectivity, and consilience. None of these potential sources of reliability are unique to scientific theories; they may be applied to theories about history or about the human soul. All of these characteristics, moreover, possess clear limitations to the degree of reliability which they can achieve. As discussed at the end of this paper, some scientific theories may achieve an immensely high degree of reliability in spite of these limitations. Yet, not all science can do this. In light of these limitations, it would be preposterous to assert that all, or even most, scientific truth claims could achieve a higher reliability than that of “ideas have significant consequences.” Therefore, reliability of the scientific truth is not uniquely superior. The grandeur of the seat of science, however, remains unevaluated in the realm of scientific observations. How does the scientific method apply to facts? Are there any new sources of reliability with them?
Characteristics of facts

To begin, there is a strong argument against the basic distinction between fact and theory. This has been called the “theory ladenness” of facts. Human perception of the world depends as much on the world as on the way we look at it. The classic example of theory ladenness is the Renaissance debate between a geocentric and a heliocentric solar system. Copernicus and Galileo looked at the sunrise and said, “Aha, the earth is moving around the sun.” Their opponents looked at that same event and inferred, “No, the sun moves around the earth.” Thus, any scientific statement presumes some degree of theoretical interpretation. 
Philosophers who disagree on many points have agreed on this view. Thomas Kuhn wrote, “Scientific fact and theory are not categorically separable.”
 W. V. Quine in his famous article “The Two Dogmas of Empiricism” also disputed the possibility of distinguishing between analytic and synthetic statements, between statements of theory and statements of fact. He wrote, “Taken collectively, science has its double dependence upon language and experience; but this duality is not significantly traceable into the statements of science taken one by one.”
 A scientific statement is about experience, ‘real world facts.’ It is also about language because it is framed in certain terms with preconceived meanings. But the degree to which such a statement depends both on the external world and on the words which express it is indistinguishable to us. In less complicated terms, Chalmers agreed, “what observers see…when viewing an object or scene is not determined solely by the images on their retinas but depends also on the experience, knowledge and expectations of the observer.”

Despite all this talk of theory-ladenness, it does seem that a greater degree of reliability exists in the factual statement “the pressure gauge reads 2 bars” than in the theoretical statement “pressure is caused by high-speed atoms colliding against the walls of the container.” An evaluation of the sources of reliability in each of the various types of facts will show whether or not facts possess any characteristics which cannot be attributed to theories. 
The most basic, and perhaps most reliable, statements of facts are those concerning raw sensory data. These presume upon at least two theoretical assumptions: human language and the reliability of our senses. For example, “the gauge is pointing at 2.” To affirm such a statement assumes that a person can correctly perceive an external object and describe its orientation or direction. It also assumes that something particular is meant by “gauge” and “pointing”. However, these objections to the reliability of such simple observations are common to all observations, not just scientific ones. In fact, therein rests the real difficulty for this type of fact. One might as well say, “That thing is hot” or “I feel depressed today.” There is no difference in type among these three factual statements. Any reliability to be found in this type of claim is hardly unique to the truth claims of science.
On a higher level, theoretical concepts are introduced and given values. “The pressure equals 2.0 bars.” Such a statement presumes much more from theories than first-order facts. First of all, the choice has been made to examine a property of gases which is called “pressure”. It is only by experience with previously developed theories or previous experiments that one may have any inkling that pressure, rather than shape or color or smell, could be a useful property for making generalizations. Secondly, it presumes upon the mechanism of measurement, that the pressure gauge really does measure the property which we call pressure. This is not always a wise assumption since the mechanism itself was developed on the basis of additional theoretical presuppositions. A classic example of this is Galileo’s observation of star size using a cord to block out a star’s light. When he had backed away from the cord far enough so that the width of the cord equaled the width of the star, he computed the size of the star from the angle subtended by both the cord and the star. His calculation, however, was later rejected in light of a better understanding of atmospheric effects on star light.
 Although his mechanism for measurement was reasonable and repeatable, it was based on a faulty understanding of starlight. Hence, even strict “facts” depend on theoretical interpretations of raw observational data, and even the most objectively confirmed facts are still fallible by the theories upon which they presume.
This raises the question of objectivity which was earlier postponed. From the latest example of Galileo, one may see that objectivity can not guarantee reliability. Inasmuch as it is a source of reliability, moreover, it is not unique to science. Consider the objectivity of this second-level factual statement: “the pressure of the sample is 2.0 bars”. If 100 well-trained scientists all observed the pressure gauge, and if they all decided independently of one another that the pressure was 2.0 bars, then the statement would indeed possess an extremely high level of objectivity. Yet, consider the objectivity of this literary analysis: “Horatio is model of good friendship in Shakespeare’s Hamlet.” If a 100 well-trained Shakespeare’s scholars studied the play Hamlet, and if they all decided independently of one another that Horatio was a model of good friendship, this statement would possess an equally high level of objectivity. Thus, objectivity is not at all a characteristic unique to scientific facts.
The third level of scientific facts generalizes and relates second-level facts with mathematical equations. For example, “the pressure multiplied times the volume equals a constant.” In the positivist scheme, this is the highest level of observation, empirical laws. Although this type of statement is distinguished from a theory because it does not propose an explanatory construct such as high-speed atoms, it possesses the same characteristics because it establishes a general principle on the basis of repeated observations. Just as theories, these third-order observations are confirmed by positive instances and are susceptible to disconfirming evidence. If the first observation said that P = 2.0 and V = 1.0, a second observation that P = 1.0 and V = 2.0 would confirm it the empirical law (P*V = 2 in both cases). But a third observation that P = 1.5 and V = 1.5 under the same conditions would disconfirm it (P*V = 2.25, although the equation predicts a constant P*V = 2). Since this third level of scientific facts possesses the same qualities of predictive power and testability as a scientific theory, then it is also subject to the same criticisms, which say that testability and other qualities are not unique to science nor do they provide an unequivocally high degree of reliability.
Thus far, scientific facts have provided no new sources of reliability. According to the above three-tiered division, observations of the lowest order are not unique to science.  Higher level facts depend on objectivity, which is not unique to science and which is capable of affirming great errors. Observations of the highest order are evaluated in the same way as theories and bring nothing new to bolster the seat of science. This evaluation, however, has presumed the positivist understanding of facts.
Independently of the traditional division of facts, there has been a movement recently to establish science on a foundation of experimental knowledge. This knowledge consists of everything that has been learned or observed in a laboratory. As Chalmers described, new experimentalism identifies and rests on “a domain of experimental knowledge independent of high level theory.”
 Indeed, such knowledge is comparatively theory-independent. It is similar to the third level of scientific observation, but it stops short by avoiding generalizations and merely reporting what happened. Instead of saying “the pressure multiplied times the volume equals a constant,” the new experimentalist reports “in these five experiments, the pressure multiplied times the volume equaled a constant under these constant conditions.” Scientific knowledge is limited to single observations; generalizations and applications of observations, by this token, are not strictly scientific. Such a view of science, however, is nothing more than a history, and a boring one at that, told in terms of first and second-level observations. New experimentalism does not propose any new source of reliability for scientific knowledge. It defines scientific knowledge as a sequence of lower-order observations, which, as seen above, are not unique to science. The reason that it defines science in this way is because as soon as science makes general statements about the real world, its reliability plummets. Thus, rather than setting up a dais for the seat of science, new experimentalism truly affirms this paper’s criticism of science.
This completes the examination of the scientific method as it applies to the two types of scientific knowledge – theory and fact. No characteristic of the scientific method was found to provide an unquestionably high degree of reliability in scientific knowledge. None of these characteristic sources of reliability, moreover, were unique to science. Finally, scientific facts were found either to be essentially indistinguishable from the facts of other disciplines or to be sufficiently theory-laden as to be characterized as theories. In all these examinations, the scientific method has not been able to separate science from other disciplines, much less to attribute a special reliability to its claims. As Mark Kalthoff concluded, “Philosophers have failed in theoretical attempts to demarcate the scientific from the extra-scientific.”

Other arguments for the uniqueness of science

Although the search for a unique, universal description of the so-called scientific method has not succeeded, many other arguments exist for the uniqueness of science. Chalmers has attempted to preserve the demarcation of science by identifying a plurality of methods within science that are unique to science. According to his view, there is a universal “aim of science”: “to establish highly general laws and theories applicable to the world.”
 Although this aim is certainly not unique to science, Chalmers finds multiple “more substantive” methods within the sciences themselves which are to be evaluated by the extent to which they serve this aim. Since method can also vary with time, these more substantive methods could also be limited to a certain historical context.
 According to this plan, the uniqueness of science would be established by finding a unique method for chemistry from 1750 to 1905, for particle physics from 1940 to 1970, and so on. 

Chalmers’ idea prevents relativism in science by filling the lack of method with a multiplicity of methods, but it does not establish uniqueness by anything other than those aforementioned characteristics of a good theory. Chalmers abandoned the quest for universal method because of inconsistencies internal to science. Those characteristics of testability, objectivity, consilience, and so on, did not equally describe all scientific research. Every time a universal method has been proposed, whether logical positivism or Popper’s falsification or Lakatos’ research programs, the description never could include all the historical instances of good scientific discovery. So Chalmers multiplied methods, hoping that all the best research from the history of science could be included within a handful of described methods.
 This might succeed, but only to reconcile differences internal to science. The external problem of demarcation remains. We have already examined how testability, objectivity, and other characteristics of the “scientific method” do not make science unique. Chalmers proposes nothing new. For example, at the beginning of his book Science and Its Fabrication, he proposed that “a qualified defense of science as objective knowledge is possible.”
 So instead of showing that the whole of science is objective in the same way, he shows that various parts of science are objective in different ways. But we have already seen that objectivity is not unique to science! Thus, even if the characteristics of a good theory could be applied to science in general through a plurality of methods, it would not effectively resolve the demarcation problem 
Another argument for the demarcation of science is that all non-scientific knowledge is culturally relative. E. O. Wilson observed, “They [the laws of physics] boil down to mathematical formulae that cannot be given Chinese or Ethiopian or Mayan nuances. Nor do they cut any slack for masculinist or feminist variations.”
 This is nothing more than an embellished sales pitch for the objectivity of scientific theories, that only scientific theories may be affirmed cross-culturally, unlike other theories. For example, the kinetic-molecular theory can be tested and confirmed by Chinese, Mayan, and European peoples alike, whereas a historical theory cannot be confirmed by all people groups. This is simply untrue. Both the historical theory that Napoleon spread the ideas of the Enlightenment throughout Europe and the literary observation that Horatio is a model of good friendship may be affirmed by a human of any culture. Of course, any such an affirmation, scientific or literary or historical, would require proper education into the terminology of the theory. As an example, let us consider not even the affirmation of a complicated theory, but of a simple observation. If an average Midwest farmer were asked to affirm the statement “the pressure is 2.0 bars”, he must first learn what is meant by pressure and how to use the gauge and why its measurements are meaningful. Assuming that he is convinced by all these things and does not blow it off as some fantastic fairy tale, he might then conduct the observation himself, obtain good results, and confirm the observational procedure. Now, if his recorded observation disagreed with the 100 scientists, the discrepancy would be attributed to insufficient education or an error on his part. If the same man were asked to affirm the theory that Horatio was a model of good friendship, he would similarly have to learn about the meaning of friendship before he might read Hamlet and confirm the observation. Thus, science is no less culturally relative than other disciplines. Any truth claim, whether scientific or literary, presumes upon basic definitions and assumptions which must be explained before the theory can be understood. Once the statement is understood, objectivity is just as achievable for a literary truth claim as for a scientific one. The uniqueness of science cannot be established by freedom from cultural relativity.
The material reductionists argue that science is unique because all non-scientific knowledge is reducible to a scientific explanation. Such an explanation accounts for everything in terms of material things operating under impersonal, mechanical laws. Personal relationships, emotions, motives, poetry, and music can all be explained as ‘matter in motion.’ Philosopher Daniel Dennett argued that proper materialist reduction does not discredit the existence of “Minds and Purposes and Meanings” but “leaves them intact with a surer foundation.”
 Emotions still exist. In fact, they exist more certainly because the scientist can explain them in material terms. In these explanations, physics is the foundation. In sequential order, there follows chemistry, biology, psychology, sociology, history, literature, theology, and art. This view easily concludes that scientific knowledge is unique because science is the only discipline that deals with the fundamental elements of reality. Science investigates the things that are most real, upon which everything else depends.

First of all, reducibility does not exist. Scientists have not quite decided how to account completely for the human mind in terms of chemicals or biological entities, although they are getting closer. Life is another enigma for reductionists. Is there a material explanation that can account for the observable difference between a cat five seconds before it is dead and five seconds after it is dead? The mind and life, as of yet, remain irreducible to material elements. They are sometimes called “emergent properties” because their existence emerges as something distinct from the combination of material parts. The whole is somehow greater than the sum of the parts. E. O. Wilson even conceded that the mind is currently irreducible: “No one could explain the physical acts of observation and reasoning in other than highly subjective terms.” And yet he has maintained that these acts are purely physical and that this will be demonstrated “by a continuing probe of the physical basis of the thought process itself.” 

Secondly, even if future explanations by material reduction succeed, would they be sufficient to establish the uniqueness of scientific knowledge? If so, uniqueness would be founded on the object of scientific study rather than the method. The argument for uniqueness might run as follows: since science is about things that are more fundamentally real, the truth claims of science are unique.

This argument is valid, but there are two problems with its assumptions. First of all, it presumes that material things are more fundamentally real. Scientific knowledge is unique only if non-material things are less real than material things. The existence of supernatural beings is effectually denied if they are less real than my cat. Visions and miracles must be explained away as hallucinations, or as Dennett would say, “placed on a surer foundation.” Eternality and the infinite are no more than fantastical imaginations of the human mind. These negations are difficult to accept. In fact, one ought not to accept them easily because it goes against hundreds of years of human sensibility and experience. Who is to say whether miracles and visions or laboratory experiments testify to what is most real?
Secondly, this argument can only establish the uniqueness of science in an inconclusive way. The truth claims of science could be unique in a more reliable way, a less reliable way, or in a completely neutral way. Although some might argue that this uniqueness makes them more reliable, the reliability of a truth claim depends on arguments and evidence, not on the substances addressed in the claim. For example, one might claim that trees grow out of frog’s ears. The fact that trees, frogs, and ears all exist lends nothing to the credibility of the statement. It is the method of arguing or evaluating such statements, not the elements of the statements, which lends the statements reliability.

Thus, the argument for the reducibility of all other knowledge to scientific knowledge has come up dry. For one who is confident in scientific progress and who is a materialist, we concede only that scientific knowledge is unique in a rather ambiguous way. More generally, the existence of emergent properties and the inability of science to explain them in material terms show that reducibility is not a strong argument for the uniqueness of science.
Although the reducibility argument for uniqueness is not strong, it points to the source of the common sense distinction between science and other disciplines. Science is different from other disciplines inasmuch as it is about something different. Science deals with the topics normally found in physics, chemistry, and biology. The humanities deal with the topics of history and literature. Accordingly, science is indeed different from other disciplines. Just as a student’s book report on The House of Seven Gables would be different from a book report on How I Raised Myself from Failure to Success in Selling, so scientific knowledge differs from knowledge in the humanities not by nature but by topic.

The end of all this drivel is that science, in general, is only separable from other disciplines by subject matter. Since arguments for the uniqueness of science by piecemeal method and by cultural relativity rest upon the alleged uniqueness of the scientific method, they propose nothing new. The materialist reductionists assume the non-scientific presuppositions that all things may be reduced to matter and motion and that matter and motion are most knowable. Assuming that a presupposed bias toward a particular type of thing is undesirable, this philosophical study recommends that science take its seat on the same plane as other disciplines, relinquishing any claims to superior reliability.
The new perspective on science
Much has been said about the shortcomings of science. The truth remains, however, that much good and reliable knowledge is contained within science. A clear testimony to this is the inexpensive yet sturdy paper upon which these words are written. Practically speaking, the progress of technology and the rigor of scientific demonstrations have resulted in many truth claims which are more fruitful and less likely to be refuted than historical theories. Now that science has been dethroned, how big and sturdy is its common seat?
The distinction between the preceding and the following discussions is one of scope. The previous section treated science in general, that is, as an indivisible whole. Against the question of the degree of reliability obtained in scientific knowledge, it considered all scientific knowledge and found no consistent source for invariably high reliability. The following section acknowledges that scientific knowledge, on occasion, can be extremely reliable.
Electromagnetic radiation, for instance, was once the dubious theoretical prediction of an abstract electrodynamic equation until Heinrich Hertz accidentally discovered radio waves. Some one hundred and twenty years later, mega corporations harness these waves in useful machines. Police radios, microwaves, and dental x-rays are just three commonly encountered applications of electromagnetic wave theory. Although electromagnetic waves are still mysterious in many ways, physicists have described their properties extensively. Industrial engineers, in turn, have employed these properties so prolifically that it would be foolish to deny the validity of the physicists’ descriptions.
In this example, the reliability of scientific descriptions is quite high, much higher than other truth claims such as Galileo’s estimation of star size. Although Galileo’s measurement of stellar diameter was repeatable, it was not easily tested and did not result in any technological progress. In some cases, then, science reclines in a solid, well-built seat; other times it must be wary of a flimsy chair with lose joints.
This is the same problem which confronts other disciplines. One historical thesis, “ideas have significant consequences,” may entail a much larger girth of supporting evidence than another, “the Napoleonic Wars helped cause the 1848 revolts.” Countless lectures and books and ready nods testify to the truth of the first thesis. The application of this thesis, which asserts the importance of intellectual trends in history in addition to more deterministic social and economic trends, has also been fruitful in illuminating the historical investigations which followed it. This fruit is analogous to scientific progress. Yet the second thesis may only find support in a handful of obscure monographs.
How, then, does “ideas have consequences” compare to the equations of electromagnetic wave propagation? Here is no easy answer because both truth claims possess a high degree of reliability. An expert in each field would swear by his respective statement. This impasse is the knit and grit, the practical teeth, of the preceding philosophical discussion. Science may possess high reliability, but this reliability is not necessarily any higher than that obtained by truth claims in other disciplines. Neither science nor history, in this case, is capable of settling the question of which is more reliable. If it is possible to judge between them, one must first possess knowledge of both fields.
One who possesses knowledge of both disciplines might note that although truth claims of science and history can possess equally high reliability, science succeeds more frequently than history in producing acceptable, reliable statements. Few scientists dispute research data that has successfully passed ten years of editorial scrutiny and peer review. Historical theses, however, are frequently debated for decades with minimal progress towards a consensus. This may even be cause to revive the argument for the superiority of science. The majority of historical truth claims, one might argue, are opinions, whereas most scientific truth claims are not so wishy-washy.
Even if this were true, it does not support the superiority of science. Imagine a pie chart which represents all the most reliable truth claims from all branches of knowledge. The piece of pie which represents science may be the same size or three times larger than all the other pieces. A larger piece of pie, however, would indicate a greater quantity of reliable knowledge, not a greater capacity for reliability. Whether or not the piece of pie was bigger, science would still be a part of the chart. A truly privileged or exalted discipline would stand outside the chart, with a view from above, and discern all the various disciplines with their respective sizes and scopes.
Such a discipline, perhaps a subset of what is currently called philosophy, is distinguished from other disciplines by its vertical view. This paper has attempted to construct a vertical view by examining multiple disciplines and comparing and relating them to each other according to their reliability. Perhaps the greatest reliability lies in this type of study. It gathers together all the branches of knowledge and benefits from each. Any quest for reliability outside of this relies on a narrowed perspective to give a complete picture of the world and thereby misses some elements of reality. For who would assert that one discipline could tell us everything? If there is any branch of knowledge which may claim superior reliability, it is this interdisciplinary conversation. As John Newman said,

these branches [of knowledge] are not isolated and independent one of another, but form together a whole or system; they run into each other, and complete each other, and that, in proportion to our view of them as a whole, is the exactness and trustworthiness of the knowledge which they separately convey.
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