A Foundational Distinction Between Elementary Criteria of Demarcation

Abstract	Comment by Jamie Shaw: No abstract is required for your papers. The thesis and paper structure should be in your introduction and the content belongs to the body paragraph. 
One of the most significant questions in the philosophy of science is how can we determine whether or not a given theory is scientific or not? This problem of demarcation became one of the foremost issues in the field in the early twentieth century and the first substantial attempt at an answer was that created by the logical positivists. The logical positivists created a verificationist criterion of demarcation wherein a theory is considered scientific only if it makes some form of empirical prediction that could be verified by experiment at least in principle (i.e the theory is verifiable). Although the logical positivists would concede that it need not be possible to carry out such a verifying experiment with current technology, it must be conceivable that such an experiment could be carried out in the future given access to any imaginable, physically realizable technology. In response to the logical positivists, Karl Popper proposed a different criterion of demarcation based on falsification wherein a theory is scientific only if it makes some prediction that could in principle be demonstrated to be false. It is here shown that these two criteria of demarcation are strictly incompatible with one another by considering first how they may appear to be compatible and then deducing an inconsistency in such a claim.	Comment by Jamie Shaw: An up-front definition of the problem of demarcation.

This definition is accurate.	Comment by Jamie Shaw: An up-front definition of the logical positivists answer to the problem of demarcation and their verification principle.

This definition is accurate.	Comment by Jamie Shaw: Clarifying what the principle of verification entails and what it doesn’t. 	Comment by Jamie Shaw: Definition of Karl Popper’s falsificationism.	Comment by Jamie Shaw: Thesis statement and a description of how this thesis will be demonstrated.

Introduction
A scientific theory is the collection of its predictions and descriptions about physical reality[footnoteRef:1]. Thus, every scientific theory may be uniquely defined in terms of its ontology and its predictions about how the world will behave, which are induced by the ontology it supposes. Historically, revolutions in science have introduced fundamentally distinct ontological descriptions of physical reality, and by the very nature of such revolutions, the accepted post-revolution ontology may be incompatible with the pre-revolution ontology, and Kuhn would argue that is certain cases, the ontological dissonance of the pre- and post-revolutionary scientific mosaics are incommensurable (Kuhn, 1970). In this sense, if one attempts to construct a criterion of demarcation to distinguish scientific theories from unscientific theories, one cannot include the nature of the ontological description of the theory in question as part of the criterion because, as we have seen historically, it is common for a theory to become accepted as scientific despite being ontologically incompatible with the previous scientific mosaic. Take, for example, the transition from Aristotelian scholasticism to Newtonian natural science; both were considered the scientific mosaics of their era, however their ontologies are very different as the Aristotelians would claim dynamic motion is the product of the tendency of different materials towards their pre-determined place in the universe, whereas the Newtonian school would hold that things move due to the applications of forces. A similar argument can be made for the ontological descriptions of reality made by any two competing theories. Therefore, since a theory is strictly determined by its ontological description of physical reality and its predictions about how systems will behave within physical reality (note that this is not ontological, but rather epistemic in nature), and ontologies of competing theories may be incomparable, the only ground upon which a theory may be determined to be scientific or unscientific is on the merits and shortcomings of its predictive content.	Comment by Jamie Shaw: Definition of what a scientific theory is. The footnote further clarifies this definition by defining what ‘physical reality’ is.	Comment by Jamie Shaw: Definition of what a scientific revolution is.	Comment by Jamie Shaw: Argument why demarcation cannot be solved by looking at the ontology proposed by a scientific theory (i.e., the nature of reality according to a scientific theory). 	Comment by Jamie Shaw: Example to provide evidence that scientific revolutions take place and illustrating what a revolution looks like. [1:  Here of course, the term “physical reality” pertains to the world of phenomena, rather than the noumena as described by Kant. In this sense, when we talk about physical reality, we speak only of that reality which we perceive, thereby sacrificing totality of description in exchange for rigour as this is widely accepted as the only viable way to avoid the problem of sensations, and provides some justification for induction.] 

An interesting historical corollary to this result is that it implies the futility of metaphysics in the philosophy of science, at least for the creation of a criterion of demarcation, as metaphysics is predominantly occupied with ontologies but, as we have seen, ontology has no bearing in the validity of a scientific theory. Though this argument is different from the historical argument of the logical positivists, it is clear even in the earlier texts of logical positivism that such a rejection of metaphysics is necessary in the philosophy of science (Ayer, 1952).	Comment by Jamie Shaw: These kinds of asides are not needed. They distract from the ultimate argument and take up space in the paper for filling in more details of the argument. 
We see now that in order to create a criterion of demarcation, a dichotomy that separates scientific theories from unscientific theories, it is necessary for us to consider the predictive values of a theory. Furthermore, if we consider the designation of “scientific” to have a binary value, that is, every theory is either scientific or unscientific with no middle ground, as most philosophers of science believe, we are forced to conclude that there exists some criterion of demarcation that is based solely on the predictive power of a theory which determines whether or not a theory is scientific.	Comment by Jamie Shaw: Notice the structure of the argument. Demarcation is either about the ontology of a theory (what it says about the world) or its predictive value. Since demarcation cannot be about ontology (for the reason just given) it must be about predictive value.

Notice also that this argument makes a jump. It assumes that demarcation can ONLY be thought of in two ways. Just because demarcation is not about ontology does not automatically make it about predictive value. 
The earliest explicit attempt at formulating a criterion of demarcation was carried out by the logical positivists. Originally, they stipulated that a theory is scientific if and only if it makes some prediction about some actual phenomenon that is observable such that the prediction may be verified through some sufficient observation. The notion here is that, if a theory makes no verifiable predictions, then it cannot possibly scientific. If a theory is limited to making predictions about things that are fundamentally unobservable, such as god, then clearly such a theory resides not in science but in metaphysics. However, this is not to say that a theory cannot be scientific if it is incapable of immediately verification; so long as it is possible to conceive of sufficiently advanced technology that could carry out a verifying observation for that theory, such a theory would be classified as scientific. 	Comment by Jamie Shaw: This paragraph has one unified purpose: outlining the positivist view of verification. Each sentence says a little bit more about the view. It adds some detail, but not too much. There is no repetition in any sentence. This is an exemplar of a good body paragraph.  
Karl Popper, one of the great opponents of logical positivism, in turn created his own criterion of demarcation that focuses on falsification rather than verification. According to Popper, a theory is scientific only if it has empirical content; that is, only if it makes some prediction that can, at least in principle, be shown to be false (Popper, 2010). The major difference here is that Popper posits that one must be able to conceive of an experiment that would show the proposed theory to be false, rather than true. It is the collection of these predictions that may be shown to be false that Popper calls the “empirical content” of a theory. Popper then suggests that the scientific theories we continue to accept be those which have withstood such falsifying tests and furthermore, that a theory is better if it has more empirical content and thus makes riskier predictions (Popper, 2010).	Comment by Jamie Shaw: Brief outline of Popper’s view.	Comment by Jamie Shaw: Very important: a clear contrast between Popper and the positivists. 	Comment by Jamie Shaw: Definition of empirical content. 	Comment by Jamie Shaw: 
Although it is now widely accepted by philosophers of science that there does not exist a single criterion of demarcation, as scientific methods are constantly changing (Lakatos, Feyerabend, 2000) (Barseghyan, 2016), many scientists themselves believe, perhaps due to an ahistorical and uninformed perspective, that there is a single fixed scientific method, and if you ask an ordinary scientist what makes a theory scientific, they will likely say that a scientific theory needs to be able to make predictions that may be verified or falsified. To many actual scientists, the apparent methodology that they employ is one that uses either the logical positivist criterion of demarcation, or the Popperian criterion of demarcation, and the line between the two may become blurred. One may then ask, are these two criteria of demarcation mutually incompatible or is it possible for one to accept both views simultaneously. It is here demonstrated that these two theses are in fact mutually incompatible and accepting one necessitates the rejection of the other.	Comment by Jamie Shaw: Notice the goal of this paragraph. It says, in the beginning, that both views are wrong from a contemporary perspective so it admits that there are arguments against both positions that won’t be addressed in the paper. This clarifies the thesis which is not to show that either positivism or falsificationism is true, but only that they are incompatible with each other.

Compatibility of Criteria of Demarcation	Comment by Jamie Shaw: In your paper, there will be no section headers. Make sure that the topic sentence (the first sentence in the paragraph) makes it clear what the paragraph will be about.
It should be noted that these two competing criteria are very similar on the surface. After all, they differ only by the requirement they place on outcomes of tests that may be done in principle. It is natural to suppose that the two criteria are reducible to each other as one might suppose that, if an experiment could verify a theory, then it could also falsify that theory because an experiment verifies a theory if the result is in agreement with the theory’s predictions and it falsifies the theory it if the result is contradictory to the theory’s predictions. Thus, one may think that for any experiment, since the result of the experiment is not known from the outset, it is possible for the same experiment to either corroborate or falsify the given hypothesis simply based on the outcome. There appears on the surface to be a perfect symmetry between the two stances.	Comment by Jamie Shaw: Here is a reason for why positivism and falsificationism may be seem as compatible. It provides an argument a reasonable person could believe which the author of this paper will go on to refute. This motivates why the thesis is important and interesting: it shows how a view that may sound reasonable is ultimately wrong. 
However, if we look beyond this cursory perspective, we see that a theory may in principle predict simultaneously a single hypothesis and also the negation of that hypothesis. In such a case, any test of that hypothesis that exists in principle will necessarily always verify the theory because the results will always either verify the initial hypothesis, or verify the negation of that hypothesis. In this sense, the original criterion of demarcation put forth by the logical positivists would allow theories that predict everything such as astrology, psychoanalysis, or Marxist class theory, to be permitted as scientific, as all of them are able to provide post-hoc explanations of any given situation and may thus be verified by any test. However, given Popper’s criterion of demarcation, such theories are not considered scientific on the very basis that, by being able to predict everything, they lack empirical content and can never be falsified, even in principle. The logical positivist criterion aims to determine which theories are scientific; it is an affirmative system where a theory is thought to be scientific until it is shown that it is unscientific in the sense that, for a theory to be unscientific, it must be shown that no experiment could ever verify the predictions of that theory, even in principle. The Popperian criterion of demarcation however, seeks to excluding as many theories from being scientific as possible by only considering the existence of empirical content of a theory as grounds for scientific status. In doing this, Popper is able to exclude so-called pseudoscientific theories from the scientific mosaic.	Comment by Jamie Shaw: This is a weak paragraph. It isn’t clear how this argument relates to the point raised in the previous paragraph. 	Comment by Jamie Shaw: This should have been mentioned earlier, in the summary of Popper’s views.
In accepting that this cursory symmetry is in fact broken, one may be still be inclined to suppose that Popper’s falsification criterion is equivalent to the logical positivists’ verification criterion because he says a theory is scientific if it is not shown to be incorrect, which appears similar to the verificationist approach employed by the logical positivists wherein a theory is verified if it is shown to be true[footnoteRef:2]. One may pose the argument that, by falsifying one theory, you are in fact verifying a large number of alternative theories that simply hold a different truth value to the single piece of empirical content that is being tested. In this sense, falsification of one theory would be considered verification of another theory, which would in turn, allow one to conclude that the Popperian criterion is some sort of mirror image of the logical positivist’s that becomes equivalent if we simply change our perspective of which theories are actually being tested by a given experiment. However, upon further inspection, we see that this is but a linguistic illusion.	Comment by Jamie Shaw: Same as before: motivating why one person may think they are compatible, but the argument after this will show that this reasonable view is wrong. [2:  It seems as though Popper is making a claim of the form “Theory X is scientific if an only if ” whereas the logical positivists are making a claim of the form “Theory X is scientific if and only if Y” which are equivalent logical statements.] 

If we analyze the actual logical structure of the two stances, we see that they are in fact not equivalent but only appear to be equivalent due to the ambiguity of language. If we consider a single prediction made by a theory, it is necessarily an inductive claim of the form, “under X conditions, phenomenon Y will occur”. A prediction of this form may be that “all swans are white”, or “every object of a given mass falling from a specific height with take a specific amount of time to fall to the ground when released”. The important point here is not the content of the prediction, but the structure of the prediction. Any such prediction is necessarily universal; it says that a certain phenomenon will occur in all instances when the required conditions are met[footnoteRef:3]. If such a prediction is verifiable, then upon a test, one may either continue to perpetuate the given theory, or one may reject the theory. If, however, such a prediction is falsifiable, and a test falsifies it (i.e. it is shown to be false), then all that one can conclude is that there exists an instance where the initially proposed general statement does not hold, and one must reject the initial, general prediction. However, by reducing such a universal statement to a singular existential statement about the existence of a counter example to a given proposed rule, one renounces the predictive capabilities of the statement because the resulting statement makes no claims about the future, only about a past observation. Hence, by falsifying one theory, one does not verify a different theory because the negation of a prediction is not itself a prediction and so the claim of the different theory is not a prediction but is rather merely an individual protocol statement of the form described by Schlick (Schlick, 1934). Again, we see that the apparent symmetry is broken and the two criteria are not mutually reducible. 	Comment by Jamie Shaw: This is a complicated argument, but the important point is the structure of the paragraph: notice how each sentence takes a little baby step, each one contributing to the overall argument.  [3:  Even if the prediction is of the form “at time t, and under conditions X, phenomenon Y will occur”, this is still a universal prediction, it just so happens that the initial conditions it sets out can only be met at one instance. It is still true that such a prediction claims that every time the initial conditions are met, the same phenomenon will occur. Some predictions of this form do not explicitly state the necessity of the initial constraint on time making it potentially difficult to see that all predictions take this form, but this is again mere linguistic trickery.] 

We are therefore forced to conclude that the two criteria for demarcation are not equivalent. Since this is the case, it is contradictory to hold that the two criteria are mutually compatible because then there would be certain theories that one must simultaneously consider to be scientific and unscientific. Thus, we see that it is impossible to agree with both criteria of demarcation at the same time without forfeiting the classical notion of logic. If, however, one introduces a paraconsistent logic wherein it is possible for a proposition to be true and also for its negation to be true without contradiction, then it is possible to agree with both because we may then hold that a given theory is both scientific and unscientific at the same time. However, since this is not the assumed logic in traditional discourse in the philosophy of science, we must concede that they are not mutually compatible.	Comment by Jamie Shaw: This is an excellent paper that would earn a grade of an A+. The reasons it gets this grade would be because:

It is clearly written, with few typos and grammatically correct sentences.
The important terms of the paper (at least most of them) are clearly defined
The positions considered are clearly and accurately articulated
There is a flow to the paper (most of the time). Each paragraph makes sense given what was said right before it and each paragraph has a unified point it tries to make.
The paper makes arguments. It tries to give reasons for a clearly stated thesis rather than saying a bunch of things about the subject that are beside the point.
There are also weaknesses of the paper. It doesn’t always do a job at 1-5 and the argument has holes in it. It also doesn’t provide any quotes, though it does use citations. But notice that a paper doesn’t need to be perfect to get a high grade. All papers, even ones by professionals, make mistakes in them. 
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