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Can scientists prove that a formulation of a law of nature is true? Provide reasons / support for your answer and discuss with reference to the problem of induction. 

Introduction
In this paper, I will argue that scientists cannot prove that a formulation of a law of nature is true. I will commence by discussing the nature of reasoning, both in inductive and deductive forms, using practical illustrations to demonstrate the differences. I then argue that the search for certainty in scientific methods followed Aristotle’s deductive approach until Bacon argued that science was inductive. I then explain, using a range of sciences, how different types of inductive inferences appear to be made from observations to future and past hypotheses and general laws. I then progress to focus a significant part of this paper interpreting Hume’s argument in relation to the problem of induction in An Enquiry Concerning Human Understanding.  I explicate Hume’s argument through his concepts of impressions, ideas, relations of ideas, matters of fact and causation. I agree with Hume’s conclusion that we have no logical reason to accept the inferences of inductive reasoning, although I do not accept Hume’s epistemological scepticism regarding scientific knowledge. Hence, I draw on Karl Popper to demonstrate his convincing approach to sidestepping the problem of induction by articulating the scientific method as one of conjectures and refutations. This avoids the scepticism of Hume and gives scientific theory a level of certainty that accords with the scientific progress around us and the history of the replacement of outdated laws. However, this certainty is negative. I conclude that scientists cannot prove a law of nature is true, but scientists can, through deductive reasoning, prove a law of nature is false and thus make progress. 

Forms of reasoning
As a small child I developed an interest in ornithology and I would spend my time pointing out the birds I would see on country walks. Swans were a familiar sight, since our garden backed onto a canal. I noticed that swans came in different shapes and sizes, with some having different coloured bills, either orange or yellow, but I was certain that all swans were white. I had seen dozens, maybe even hundreds, and so I assumed all swans were white. My reasoning from premises (P) to conclusion (C), takes the following logical form:
P1 Swan observation 1 is white 
P2 Swan observation 2 is white
P3 Swan observation 3 is white…
Pn Swan observation n is white (where n = the total number of swans observed) 
Conclusion: All swans are white. 

Content in my ignorance, without any evidence to the contrary, I continued to believe the conclusion based on the pattern I had observed, until one day, aged about 7 or 8, I can vividly remember walking along the river Tame in Staffordshire and my dad proclaiming “Look! A black swan”. I was genuinely amazed as my assumptions about swans were demolished. I excitedly asked, “Where is it from?” and I was told that black swans were from Australia. Whether or not this is true, I didn’t know, but I did know that inferring from individual cases to a general law that ‘all swans are white’ was false.  I will return to falsification in scientific reasoning later.

As we navigate the world, we routinely use inductive inferences in a variety of contexts. For example, from observations to past events. Recently, I stood in the most horrific smelling dropping on my driveway. I was later told by a neighbour that a fox had been on the gardens and was the likely cause. A few days later, there was a similar smell when I opened the door and I saw similar looking droppings on the garden again, and so I inferred that in the recent past, a fox must have been defecating again. Although this was a sensible conclusion to avoid stepping in it again, I could have been mistaken, a cat could have done it, or any other animal, or it could have been something completely different. The point is that from my observation that the dropping exists, my conclusion that the fox did it, seems probable and directs sensible action. 

In more serious situations, such as court cases where people face life sentences or even death sentences, inductive arguments are also used, and again the conclusions are not guaranteed from the observed premises. So, however clear the forensic evidence; however plausible the eye witnesses; however persuasive the prosecution; one can never guarantee the accused murderer committed the crime, since the conclusion cannot be logically deduced from the evidence presented. However, in deductive forms of reasoning, the conclusion of an argument is guaranteed if the premises are true. This is because the conclusion is logically entailed by the premises. Take the classic illustration:
P1: Socrates is a man.
P2: All men are mortal.
C: Socrates is mortal. 

Therefore, if Socrates is a man and all men are mortal, then the truth of the conclusion, that Socrates is mortal, is guaranteed. Therefore, this deductive argument is valid. In this case we can also describe the argument as sound because it is both valid and the premises happen to be true. I will return to deductive arguments later. 

Although throughout our lives we do use deductive reasoning, such as in geometry, mathematics and elements of language, it is clear that because these arguments are internally referenced (i.e. one doesn’t have to use the senses to confirm them in the world), their value in understanding the external world is limited. Hence, although valid deductive arguments provide the gold standard of proof, it is inductive reasoning that is consistently used to navigate the world, even though paradoxically we can never guarantee the conclusions of our reasoning. Even if, as human beings, we accept levels of doubt when living our everyday experiences, the standards of science claim higher levels of certainty, with the search for laws of nature being the most ultimate and general standard of truth.  

Inductive reasoning in the sciences
Scientists aim to discover scientific truths and, at the highest level, express them as laws of nature. As stated by Carroll, laws have a central role in scientific practice. “Science includes many principles at least once thought to be laws of nature: Newton’s law of gravitation, his three laws of motion, the ideal gas laws, Mendel’s laws, the laws of supply and demand, and so on.” (2016, p.1). The examination of the scientific method and the status of truth claims made in science have long been an area of interest for philosophers. In fact, although the philosophy of science and the natural sciences are now quite distinct disciplines, their common ancestry is clear in the work of the Ancient Greeks (Quarantotto, 2018).

Aristotle’s writings on both science and the philosophy of science were uniquely influential, particularly until the seventeenth century owing to the reach and quality of his work. In his Posterior Analytics, Aristotle focused on the acquisition of scientific knowledge as it was then understood. The conditions of scientific knowledge are “1. Only what is necessarily the case can be known scientifically, 2. Scientific knowledge is knowledge of causes” (Smith, 2017, p.1). Central to his claims for science are certainty of knowledge attained through demonstration, which he defines as scientific deduction. Much of his work revolves around categorising various causes and showing deductive inferences to conclusions. So for Aristotle, the proof of scientific laws are necessary to the scientific enterprise. 

In reaction to the dominance of Aristotelianism in the Middle Ages, Francis Bacon published his Novum Organum in 1620 (Bacon, 2009). He was highly sceptical of the value of deductive reasoning to progress scientific knowledge outside the narrow boundaries of geometry and mathematics. Bacon was an empiricist who argued that observation of the material world was the key to scientific progress. In this extract he clearly asserts the power of observation through induction to general laws or axioms. 
There can be only two ways of searching into and discovering the truth. The ones flies from the senses and particulars to the most general axioms, and from these principles, the truth of which it takes for settled and immoveable, proceeds to judgment and to the discovery of middle axioms. And this way is now in fashion. The other derives axioms from the senses and particulars, rising by a gradual and unbroken ascent, so that it arrives at the most general axioms last of all. This is the true way, but as yet untried. (Bacon, 2008, p.417) 

Bacon argues that in the search for truth, our minds are led astray by various ‘idols’. For example, our private passions may be an obstacle in the objective quest for truth or we may give way to ‘idols of the theatre’, in other words, give traditional philosophy too much unquestioning influence. Again, Bacon is particularly highlighting the failure of the academic community to break away from the influence of Aristotle. His proposed scientific methodology builds an approach to overcome the idols that skew our thinking. Bacon develops a scheme based on organised experimental work with categories described as ‘Tables of Presence, Absence, and Comparison’ to guide thinking from the particular to the general, whilst minimising biases. It is therefore clear that Bacon is at the transition of thinking about the scientific method in the 17th century, with the process of induction at centre stage.  

Bacon’s method seems highly plausible when one initially thinks about a typical scientist at work. She may design an experiment to investigate the material world, resulting in data, which could then be further tested and developed to result in generalisations, which are explained by theories that detail the causal chains. It is also important to note that inferences to different types of conclusion are typical in different scientific disciplines. For example, the forensic pathologist will take observations in the mortuary to infer conclusions about the historic reason someone died. Additionally, Palaeontologists go even further back in time by studying fossils to causally infer very distant descriptions of dinosaurs. Climatologists may use observations today, for example ice cores, to infer historic temperatures at the last ice age, or conclude forward in time to predict global warming in 100 years. In physics, experiments are conducted in world leading facilities such as the CERN Large Hadron Collider to infer the most general laws of nature, relating to energy and dark matter that hold universally (CERN, 2020). My point is that different scientific disciplines appear to use different inductive inferences, but they all attempt to go beyond correlation and explain the causal chains that result in the final scientific conclusions.  

This is obviously an oversimplification of how science progresses in reality (Feyerabend, 2010), but the general direction from observation to theory through a process of induction, as argued by Bacon, seems to accord with our common sense. However, if the ultimate aim of science is to prove a law of nature true, then there is a problem, since as demonstrated in the first section, inductive arguments do not guarantee the truth of their conclusions. Writing a century after Bacon, this problem was a particular interest of David Hume. 

Hume on the problem of induction
Hume wrote his An Enquiry Concerning Human Understanding (EHU)[footnoteRef:1] in 1748, a period of great progress in science and technology known as the Enlightenment. However, he was concerned that the foundations of scientific understanding were not reasonably held. In the examples above, I have demonstrated that inductive reasoning is central to both everyday life and scientific disciplines. Additionally in each area of human endeavour, it is clear that we accept different levels of certainty to the inductively inferred conclusions. So, I’m not overly upset if I infer incorrectly about the fox, but I would be far more concerned if I inferred incorrectly as a juror on a murder case, since the consequences of error are more significant. Finally, in the case of laws of nature, the certainty I ascribe to a conclusion regarding the law of gravity is 100%, I believe I’m absolutely certain what will happen if I let go of the piano whilst moving it, since I assume nature is uniform (even though I accept the conclusion is not logically entailed). Therefore, inductive arguments rather than being valid, are appraised in terms of their strength, probability or cogency (Copi and Cohen, 1994). However, Hume thought this was mistaken, and that we have no rational justification for accepting the laws of science since there is no certain way to proceed from observation to conclusion.  [1:  I will follow the convention by referencing sections of Hume’s EHU rather than page numbers. ] 

It is first necessary to define some of Hume’s key concepts, since they have a particular meaning in Hume’s arguments. 
“Everyone will readily allow, that there is a considerable difference between the perceptions of the mind, when a man feels pain of excessive heat, or the pleasure of moderate warmth, and when he afterwards recalls to his memory this sensation, or anticipates it by his imagination” (EHU 2.1). 

In section 2, Hume categorises two types of perceptions of the mind: first, thoughts or ideas; second, impressions. These psychological categories play an important role later in EHU in terms of his epistemology. Hume believes there is a difference in the ‘force and vivacity’ of the manner in which we experience these categories of perceptions. So, I’m now typing this paper and I agree that the feel of the keys under my fingers and the noise and sight of the keyboard are all indeed very clear and lively impressions in my mind. I’m also now thinking of motivating myself to go for a run in the rain later; however, the idea of getting wet on a run comes to my mind in a more vague general way. Secondly, I’m sure the actual experience of the impression of rain will be a significantly more vibrant sensation. More examples of impressions include emotions such as anger and love, again these are typically felt as lively, forceful phenomena. Ideas, on the other, are associated with thinking and however imaginative our ideas seem, for example a golden mountain or a unicorn, when we break these complex ideas down they always find their source in primary impressions, that is, something we have experienced in the world. As Hume states “to express myself in philosophical language, all our ideas or more feeble perceptions are copies of our impressions or more lively ones” (EHU 2.5)

In Section 4 part 1 of EHU Hume distinguishes between two areas of human enquiry, namely ‘relations of ideas’ and ‘matters of fact’, typically referred to as Hume’s fork. Relations of ideas include “the sciences of Geometry, Algebra, and Arithmetic; and in short, every affirmation, which is either intuitively or demonstratively certain” (EHU 4.1/1). So all statements such as 12 + 5 = 17 and ‘all unmarried men are bachelors’ are relations of ideas. These statements are known a priori, i.e. without reference to evidence from the senses and therefore discoverable by the operation of thought alone. This means that they are deductively certain, like Aristotle’s syllogisms, but generally uninformative about the world. Matters of fact on the other hand are a posteriori, that is knowable through experience of the world, and are not deductively certain. 

Another important distinction between matters of fact and relations of ideas is that the former can be denied without contradiction but the latter cannot. “The contrary of every matter of fact is still possible; because it can never imply a contradiction… That the sun will not rise tomorrow is no less intelligible a proposition, and implies no more contradiction, than the affirmation, that it will rise” (EHU 4.1/2). This is a particularly perplexing claim, which I will try and unpick. 

A statement which can be known by deduction cannot be denied without contradiction. So, ‘all unmarried men are bachelors’, is a relation of ideas, we know the statement is true if we understand the meaning of ‘unmarried’ ‘men’ and ‘bachelor’. Therefore, if we deny the truth of this statement there is a contradiction in terms since we are denying that bachelors are men. Alternatively, in the example Hume uses of the sun rising tomorrow, however many observations I have of the sun rising, when it is inductively concluded the sun will rise tomorrow, I can deny that conclusion and still assert the premises without contradiction between terms: the argument is still intelligible. 

Having now examined impressions, ideas, relations of ideas and matters of fact, it is now time to turn to causation in Hume’s work. Although Hume discusses causation in part 4, he provides a more detailed treatment in part 7, which I will draw on. When scientists attempt to prove that a law of nature is true, they endeavour not only to empirically demonstrate correlation between phenomena, but also explain the causal chains of why things happen. However, Hume was sceptical regarding the whole enterprise of identifying causation. If Hume is right, then this is a blow against the scientific enterprise. 

“There are no ideas, which occur in metaphysics, more obscure and uncertain, than those of power, force, energy or necessary connexion” (EHU 7.1/3). The manner in which Hume develops his argument depends on the concepts I outlined earlier. He commences by returning to his conclusion from part 2: “It seems a proposition, which will not admit of much dispute, that all our ideas are nothing but copies of our impressions” (EHU 7.1/4), therefore, Hume argues, one should be able to identify the sensory impression that the idea of causation is based on. However, he develops a range of illustrations to demonstrate that there is nothing that we perceive in the world, including our own bodies, which can form a basis for such an idea. 
“When we look about us towards external objects, and consider the operation of causes, we are never able, in a single instance, to discover any power or necessary connexion; any quality, which binds the effect to the cause, and renders the one an infallible consequence for the other” (EHU, 7.1/6)

In 7.1/6 he discusses the motion of billiard balls colliding. When one watches billiard balls for the first time colliding, there is nothing in this instance, no sensory impression that could suggest concepts of power or causation. One just sees one ball move across the table, followed by the collision and the second ball moving off. There is nothing above or beyond the sensory impression of the two balls moving. Additionally, Hume suggests, that from this one instant (assuming we had never seen anything similar before) we have no idea what will happen to the second ball. I think this is a fair claim when one thinks about the situation described. 

He then goes on to draw a parallel case of the power within our own bodies through the volition to move our limbs. Could there be an internal impression in our minds that acts as the source for the idea of causation here? By drawing on a range of illustrations such as the fact that the will has control over the fingers but not the liver, we do not know why this is, or what power is at work, it is only through experience we know that certain things follow and other things do not. Like the billiard balls, there is no additional sentiment or conscious perception within us that is the source of our idea of power. So are the ideas of causation without any meaning if they can’t be grounded in any impression? 

Hume argues that the idea arises not through anything observable in one single event, but through repetition. If I see one billiard ball colliding there is nothing to develop the idea of causation, however, if I see hundreds colliding over time “the mind is carried by habit” to expect one event to follow another. This develops in me a feeling or sentiment impression, which then forms the basis for the idea of power or necessary connection. This is a powerful claim that undermines the whole idea of causation. There is nothing different in my perception of collision 1 to collision 200, all that has changed is my internal feeling (an impression) in my mind that the events are now causally connected, thus giving rise to the idea of causation. The implications of this sceptical conclusion are summarised in the following sentence. 
And what stronger instance can be produced of the surprising ignorance and weakness of the understanding, than present? For surely, if there can be any relation among objects, which it imports to us to know perfectly, it is that of cause and effect. On this are founded all our reasonings concerning matter of fact and existence. (EHU 7.2/29)

An interesting aspect of these claims is that on first sight, Hume appeared to be asserting that power or the necessary connection between events does not exist. This is a metaphysical claim about the nature of reality. However, I think it is more plausible that he is not denying the possibility of power, he is making an epistemological claim that even if we are realists about power, there is no way of gaining knowledge of this power. My reasons for believing in the epistemological rather than metaphysical interpretation are that his work is explicitly on the topic of human understanding and his inferences are based on a theory of mind. He draws similar sceptical conclusions regarding the possibility of knowledge of God, which he describes as an empty hypothesis. 

The accumulative discussion above of impressions, ideas, relations of ideas, matters of fact and scepticism regarding causation lead us to the final aspect of the problem of induction, namely the assumption that future events resemble the past when making inductive scientific claims, and even though this may have always been true, as in the case of the sun rising, there is no non-circular argument to support the regularity of nature. 
 
It is clear from the examples of different scientific disciplines given earlier, that inductive arguments relating to matters of fact assume that nature is uniform. When we observe the boiling point of water at atmospheric pressure, we assume that the laws of nature hold throughout time. However, as also discussed earlier, our reasoning that the natural laws will hold in the future cannot be guaranteed, since it is not contradictory to imagine a possible world in which water boils at a different point. So what evidence do we have of the uniformity of nature? Well, we could argue that from years of experimental data and observation of the world we have experience that nature is uniform. However, if we draw on our experience to justify inductive inferences to the future, we are committing the fallacy of ‘begging the question’ since we are using induction to justify induction and thus going around in circles. This is the problem of induction as articulated by Hume. 
To say it [inference] is experimental, is begging the question. For all inferences from experience suppose, as their foundation, that the future will resemble the past, and that similar powers will be conjoined with similar sensible qualities. (EHU 4.2/21)

At this point it is worth noting that Mill (1967) argued contra Hume that inductive arguments should not be judged by the standards of deduction, and that induction in certain contexts is perfectly rational. However, if we accept Hume’s conclusion it has profound implications for science. Since inductive reasoning is no more than conjecture, scientists cannot prove that a law of nature or any other theory is true. Furthermore, we do not even have reasons to believe that it is more likely that the sun will rise tomorrow than it will not. Throughout EHU, Hume makes it clear that induction works on a daily basis to help agents navigate the world, but as a philosopher, he has convincingly argued that our inductions are based on mere custom and habit, and that such inductions whilst being useful, are not rationally justified. Equally, he is not denying that there are metaphysical powers that ensure the regularity of nature through cause and effect, he is just epistemologically sceptical about the power of reason to discover them. 

There are many texts and technical papers aimed at critiquing various parts of Hume’s arguments (see Morris and Brown, 2019). To focus my response, I have chosen to concentrate on Conjectures and Refutations by Karl Popper, owing to the convincing way he subverts the problem of induction and reopens the door to scientific certainty from a different direction. 

A solution to the problem of induction: conjectures and refutations. 
Sir Karl Popper was a highly influential philosopher of science in the twentieth century.  He was interested in a range of problems including what distinguishes science from pseudo-science, known as the problem of demarcation, as discussed in his Conjectures and Refutations (2002). He agreed that the accepted view of science was one of empirical observation and inductive generalisation; however, he was concerned that since it is easy to verify a theory using this method with confirmatory data, the truth claims of a wide range of claimed sciences were open to doubt. He used the examples of political theory, psychotherapy and even astrology as areas of enquiry that implausibly adopt methods of inductive confirmation to demonstrate the truth of their theories. Additionally, he also acknowledged that the role of refutations has a long history dating back to the Pre-Socratic Xenophanes: this claim has been supported by Attfield (2013).

In relation to followers of Marx, Freud and Adler, Popper argued that the world was full of evidence to confirm these theories, however, he did not see these as true sciences, which were capable of proving their theories to be true. “Once your eyes were thus opened you saw confirming instances everywhere: the world was full of verification of the theory. Whatever happened always confirmed it” (Popper, 2002, p.454). So, in the case of Marx, when we take sociological observations from the field regarding the operation of the economic system, we find lots of confirmatory data to support his theories in terms of exploitation of the workers and the accumulation of capital by the rich. The problem is, if we take an alternative contradictory sociological theory, such as Durkheim’s functionalism, we will find just as much evidence to ‘verify’ a non-Marxist interpretation of the capitalist system. The same is true in astrology. I rarely read horoscopes, but on occasion I have read them in the newspapers, I’ve noticed that the predictions are so vague that any star sign appears to equally apply to me. 
However, Popper notes that in the experimental physical sciences the method is not one of inductive generations and verification. 
“With Einstein’s theory the situation was strikingly different… now the impressive thing about this case is the risk involved in a prediction of this kind. If the observation shows that the predicted effect is definitely absent, then the theory is simply refuted. The theory is incompatible with certain possible results of observation – in fact with results which everyone before Einstein would have accepted” (Popper, 2008, p.455)

So in the case of Einstein, there were very clear and risky predictions related to the impact of gravity on the travel of light through the galaxy, which were different predictions to existing theory. If Einstein was wrong, the stars would have appeared to have been in a different position to that actually observed by Eddington. This is quite unlike the predictions of Marxist theories where almost any social observation verifies the theory because there are no risky predictions or any specification given as to how Marxist theory could be falsified. Hence, for Popper, what demarcates science from pseudo-science is critical in terms of evaluating the methodology and truth claims of scientists. “One can sum up all this by saying that the criterion of the scientific status of a theory is its falsifiability, or refutability, or testability” (Popper, 2008, p.455) 

Popper then goes on to discuss the connection between the proper scientific method and the problem of induction with specific reference to Hume. “I found Hume’s refutation of inductive inference clear and conclusive. But felt completely dissatisfied with his psychological explanation of induction in terms of custom or habit” (Popper, 2008, p.456). Hence, Popper is arguing against Bacon’s inductive approach to proof and agrees with Hume that since induction cannot guarantee the truth of a theory: the problem of induction is significant. However, he goes further than Hume, and denies that inductive inferences should be part of the scientific process. He also argues that Hume misunderstands the nature of identifying regularities in nature. For example, when I survey the world I do not passively pick up a constant conjunction, rather I actively seek out phenomena to observe based on the conjectures I’m interested in. Thus, whereas Hume arrives at a dead end in terms of scientific proof by claiming we use inductive inferences, but that they are not rationally justified, Popper agrees with the problem of induction but produces a positive route out through deduction. 

As discussed at the start of this paper, deductive reasoning guarantees truth, however, since Bacon, there has been agreement that its application in terms of empirical sciences is limited. What Popper brilliantly demonstrates is that scientific progress can be made using deductive logic through a process of conjectures and refutations, thus sidestepping the problem of induction. I think this is convincing, to illustrate, I will return to my swan example. 

Based on my casual observations in the world I develop a conjecture that ‘all swans are white’. I then test my conjecture by deductively drawing out the consequences, for example, I infer that ‘the next swan I see will be white on the river’. I then go on a walk by the river and see a white swan. I do not confirm the conjecture itself, but I do confirm the logically deduced consequences of it. Thus my conjecture is merely corroborated. I then keep observing white swans and tentatively hold that my conjecture is true. However, I have a clear specification for falsifying the conjecture. This happens on the day I see the black swan. Now I can reject with absolute certainty the conjecture that ‘all swans are white’: the hypothesis has been falsified. I then propose a new hypothesis ‘all swans are either white or black’ and then focus on collecting evidence with a critical mind, open again to falsification. 

Conclusion
In this paper, I have argued that scientists cannot prove that a law of nature is true, so I agree with Hume’s articulation of the problem of induction. However, I do not accept the epistemological scepticism of Hume, since scientists do make scientific progress in the world and have reasons to hold these positions, even if they are held tentatively. Throughout history the provisional nature of laws has been demonstrated. The Ptolemaic system of cosmology was replaced by Copernicus’s heliocentric model, which in term has been superseded by the discovery that the sun is not the centre of mass in the solar system.  Currently, there is significant debate regarding the fundamental nature of the universe as articulated by string theory (CERN 2020). The speed of development of such theories in recent years is clear support for a process of temporary survival of the most useful theory, until falsification and replacement. 

The important point from Popper’s method of conjectures and refutations is that whilst a scientific theory or law can never be proven true, it can be proven false with certainty[footnoteRef:2], and in a negative sense knowing what is not the case still provides scientific progress. I think this is a very plausible position that both accounts for the fact we have scientific progress in the world, whilst recognising and finding a solution around the problem of induction. To return to an earlier illustration, the Eddington experiments demonstrated that whilst Newton’s laws were once thought to be proven, in fact they are, like all laws, merely provisional, tentative and open to falsification. Which is exactly what happened when the observations were taken by Eddington.  [2:  It could be argued against Popper that the problem of induction reappears since the counter observation reintroduces induction into one of the deductive premises. I haven’t space to pursue this, however, since only one falsifying observation is required, rather than many, the asymmetry between confirmation and falsification practically resolves this problem.  ] 
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