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Induction is an inference which draws a general conclusion from a finite 

number of particular empirical observations. `The problem of induction’ 

denotes  the difficulty which arises when attempting to justify the conclusion of 

an inductive argument, namely the leap from a finite number of observations, 

true thus far, to a generalisation expected to be true always. 

 

 In this essay I shall first introduce the problem of induction and I will 

contextualise it in Hume’s philosophy, where it was first elaborated. Then I will 

proceed to present and assess some standard solutions to the problem. I will 

group separately solutions which attempt a metaphysical solution to the 

related problem of uniformity of nature from those which don’t, and will try to 

show that it is from the former category that we should expect some success. 

Popper’s solution belongs to neither category, as it involves a reformulation of 

the problem, and therefore I shall consider it separately. In the conclusion I 

will draw the main lessons from the two-part analysis. 

 

Induction is the epistemological procedure that we naturally adopt when 

we want to acquire knowledge of things which do not fall directly under the 

perception of our senses at the present time and which are not the object of 

analytical propositions or deductive arguments. The scope of induction is 

therefore enormous, as it concerns a posteriori synthetic knowledge.  

 

The structure of an inductive inference includes a finite list of particular 

empirical observations followed by a conclusion, schematically: 

 

(1)  A1 is found to be a B 

(2)  A2 is found to be a B 

… 

(n)  An is found to be a B 

_________________________ 

     (c)         An+1 will be a B 

                  OR 

                  All A’s are B’s 
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where A and B are types of objects or events which are empirically found to be 

repeatedly conjoined. Notice that the conclusion can be either an inference 

about the next unobserved instance or a generalisation. Of course this scheme 

can be flexibly modified to suit particular purposes, depending on what is the 

most convenient expression of a given observation. For instance the format of 

each premise could equally be changed to `An has a property P’ with 

conclusion `all A’s have property P’ .  

 

Induction is used both for daily life inferences as well as in scientific 

methodology, where it is paramount. For example, induction is at the basis of 

a person’s belief that the same bus he has taken every day to go to work will 

do so also today. For a scientific illustration, suppose that a zoologist 

consistently observes several times that a type-B butterfly on a particular 

island has blue wings, and he then concludes that that type of butterfly always 

has blue wings. Now we ask: are we justified in drawing this generalised 

conclusions from a finite number of positive observations? 

 

 There are at least two aspects to this problem. The first one asks, 

assuming it is justifiable to give general credit to inductive inference, how 

large should n be in order for the conclusion to be justified. The second one is 

more fundamental and asks what are the reasons to believe that nature will 

behave in the future as it did in the past (the principle of uniformity of nature), 

so that a true general proposition which results from inductive inference will 

remain true in the future. In this essay I will concentrate on the second 

question. 

 

 Hume is the first philosopher to deal directly with the problem of 

induction, which forms central part of his epistemology [Hume, 1975, Sect IV 

and V]. It is in some sense natural that this problem features prominently in 

Hume’s system because it emerges as a consequence of his view on the 

acquisition of knowledge about matters of fact, i.e. objects which form content 

of a posteriori synthetic propositions. In Hume’s view, matters of fact are only 

known by experience, not from a priori deductive reasoning. Thus, how are we 

to acquire knowledge of matters of fact which do not currently fall under the 

perception of our senses?  
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Hume answers by bringing into the scene induction and causation. It 

should be noted that induction and causation belong to two different rubrics, 

the former being an inference between propositions (logic) and the latter a 

relation between events (metaphysics). At any rate the two camps are strongly 

related, and indeed Hume suggests that it is only in virtue of the existence of 

causal relations that we form the impression that events which are found to be 

repeatedly conjoint in the past can be expected to be conjoined in the future 

[Russell, 1946]. However Hume does not think that causation constitutes a 

justification for induction for there is no necessity involved in causal relations 

between events. Causation alone does not guarantee that two events A and B 

which are found to be conjoined several times in the past will necessarily be 

conjoined in the future too. For Hume there is no metaphysical principle which 

excludes the possibility that a natural pattern which has been observed to be 

regular thus far may break in the future, no matter how compelling is the 

evidence in favour of its regularity. In addition, the knowledge of causation 

itself is acquired inductively by the examination of repeated instances of causal 

transaction and therefore it does not constitute an independent principle in 

support of induction. Causation for Hume is nothing but the experience of 

frequent conjunction [Russell, 1946].  

 

From these considerations, Hume builds a sceptical argument about 

induction which goes approximately as follows : since it is logically possible for 

a regular pattern of nature to cease to be regular, the conclusion of an 

inductive argument is not necessary and therefore not justified. Moreover, it is 

not rational to hold beliefs which are based on inductive inference since they 

are not justified. Because of most everyday knowledge and scientific claims are 

based on induction, a large part of our beliefs is irrational.  

 

 Hume’s far-reaching sceptical argument hinges on three points: (a) the 

fact that the conclusion of an inductive inference is not necessary kills 

justification; (b) the regularity of natural patterns is learned by induction and 

cannot be established by independent principles, so any attempt to use it to 

justify induction makes the argument circular; and (c) the use of unjustified 

induction – at least in the sense indicated in (a) - is irrational. Each of these 
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three points can be questioned, and that exercise constitutes an attempt to 

provide some form of justification of induction, i.e. a solution to its problem.  

 

 Solution attempts can, in my view, be divided into two groups: those 

which use a logic/epistemology-based strategy and those which use a 

metaphysics-based strategy. I will present them in turn, using considerations 

on the rationality of induction as a bridge between the two. The two groups 

and the bridge correspond to the three ‘hinge points’ (a), (b) and (c) 

distinguished above. 

 

 The logic/epistemology-based strategy identifies the problem of 

induction in the fact that the conclusion of an inductive argument is not a 

necessary truth. This weakness is often highlighted in contrast to deductively 

valid arguments which, on the contrary, issue necessarily true conclusions. 

There are several suggested cures to this deficiency; let us review some of 

them. 

 

One option is to add to the inductive argument an extra premise which 

includes the principle of induction [Ladyman, 2002]. This states that it is 

justified to draw a general conclusion from a finite set of particular 

observations. Such addition would indeed render the inductive argument a 

deductively valid one, but the justification of the principle of induction is 

precisely what we are seeking to establish, thus this strategy is circular and 

begs the question. This line of argument reveals a sort of “complex of 

inferiority” of induction towards deduction, which is regarded as the supreme 

tool of reason in force of its necessary conclusions. But induction is inherently 

different from deduction for it is aimed at producing new knowledge by 

extrapolation from old knowledge. Therefore it is in my view inappropriate to 

force one to reach the status of the other.  

 

An account which takes on board the inherent difference between 

induction and deduction is reliabilism [Papineau, 1995]. Reliabilism 

acknowledges that the conclusion of induction is not necessarily true for it is 

logically possible for nature to change its course and produce unexpected 

evidence. For example it is possible that a zoologist unexpectedly discovers a 
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type–B butterfly with black wings instead of blue. So, what makes an inductive 

conclusion reliable? One reasonable requirement put forward reliabilism is that 

the conclusion must be contingently true. Consider for instance the following 

argument. X is a human, X is less than 3 m tall. This argument is not 

deductively valid for it is logically possible for the premise to be true and the 

conclusion false, but it is inductively valid for there is no evidence in the actual 

world of humans taller than 3 m. Deductively valid arguments yield conclusions 

true in every possible world, inductively valid arguments yield conclusions true 

in the actual world only. This account removes the “the complex of inferiority” 

from induction, but does not solve the problem in its deepest sense, for what 

justifies that a contingently true generalisation remains true in the future in 

the actual world?   

 

A different solution [Ladyman, 2002] is to justify induction from the 

evidence that inductive arguments tend to work. This is demonstrated by our 

daily examples of correctly inferring that, say, the bus will take me to work 

today as it always did or by the correct predictive power of scientific inferences 

based on induction, such as that if I drop a glass on the floor it will break. But 

again, an inductive justification of induction is circular and it leaves us with the 

same question, although this time addressed to the inductive argument itself: 

what guarantees that induction will continue to work in the future? 

 

Another solution [Papineau, 1995] aims at weakening the requirement 

of certainty of an inductive conclusion and accepting that a generalisation be 

true only to within a certain probability. The notion of probability however 

comes with two connotations and some care has to be exercised to distinguish 

them. Consider, as a first example, that after repeated observations, I record 

that on average 7 males out of 10 who enter a given College lecture theatre 

every day are above 1.75 m tall, and arrive at the general conclusion that 70% 

of males using that lecture theatre are at least 1.75 m tall. Such conclusion, 

although it expresses a probability, is in no way less certain than the 

zoologist’s conclusion about all butterflies on an island having blue wings. This 

probability does not express a subjective confidence about the generalisation 

but is the content of the generalisation itself and therefore is as exact as a 

result can be. The problem of induction remains therefore unaltered. A 
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different connotation of probability is related to the level of confidence with 

which we hold a general result. Suppose that the height of each male who 

enters the lecture theatre is measured and the average turns out to be 181 cm 

± 8 %  where 8% represents the statistical deviation of the samples averaged. 

Now the general conclusion would be that all men attending the lecture theatre 

have an average height of 181 cm and this is true within the accuracy of 8%. 

At first pass this seems to take the edge away from the expectation that the 

future should be bound to comply to the conclusion of induction. But also in 

this case the problem of induction remains, for we can still ask what justifies 

the belief that the accuracy of a result based on past experience should hold in 

the future? Why should not the level of confidence change? Again, the belief 

that the probability associated with the result of an inductive inference does 

not change in the future is based on the assumption that the course of nature 

does not change.  

 

The accounts offered so far within the rubric of logic/epistemology do 

not solve the problem of induction for they offer solutions which in turn have 

to be once more justified by induction. It now seems that induction cannot be 

properly justified, yet it is widely used in everyday and scientific practice. So 

does this imply that our use of induction is always irrational? There is surely a 

sense in which, though, reasoning inductively is a very natural and rational 

procedure of inference. Suppose I have noticed on several occasions that if I 

leave a plant outside the window during the night hours of January the plant 

dies within three days, and suppose that I wish for plant not to die. What is 

more rational for me to do? To keep the plant outside the window or to take 

care to bring it in? Obviously I should bring it in, but if induction is so radically 

unjustified as Hume suggests it is no more rational to bring it in than to leave 

it out, for there is nothing logical to guarantee that nature will keep its course. 

The fact that we naturally resist this kind of conclusion, points to the fact that 

there is something fundamental about induction which the logical analysis 

attempted so far has not yet revealed. 

 

What is missing in the logical/epistemological analysis is a proof of the 

principle of uniformity of nature by non-inductive means. The circularity of 

those arguments could be broken if we were able to establish independently 
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that nature does not change its course, without simply appealing to the fact 

that it seems to have always done so. Such an argument, in my view, is to be 

found in metaphysics, where all our hopes should be placed for a solution of 

the problem.  

 

Is there something in the fabric of reality which justifies us in believing 

that the future will behave like the past? My view is that a good place where to 

look is the relation between laws of physics and physical reality. What picture 

of reality does modern physics convey?  

 

In physical reality there are both instances of repetition and instances of 

irregularity, depending on what length and time scales phenomena are 

observed. For instance, there is regularity in the revolution of planets around 

the Sun (to within a certain tolerance to be specified), but, say, the weather on 

the Earth is certainly not regular from day to day. At any rate, these 

differences do not matter from the point of view of this analysis, for they refer 

to phenomena and not to the laws which govern them. Roughly speaking, the 

revolution of the planets and the weather on the Earth are governed by the 

same mechanical equations, which are invariant, despite their solutions (which 

describe the related phenomena) are not. My contention is that if we are 

seeking for regularity in nature we are to find it in the physical laws, not the 

observable phenomena. Patterns of observable phenomena do change, so this 

would be no good a basis to justify inductive inferences. But if laws can be 

shown to be such as to account for changes in patterns of phenomena, then 

the invariance of laws could constitute the ground for a justification of 

induction. 

 

One objection that may be raised is that laws themselves change. The 

laws of Newtonian mechanics, for instance, were once thought to be valid in 

any place, time and condition of the Universe. Einstein’s theory of relativity 

has shown that Newton’s laws of motion are not correct for objects which 

move nearly at the speed of light. I would answer that this, however, does not 

count as a genuine change. Simply, the laws were applied outside their range 

of validity. It is not appropriate to say that Newtonian mechanics is wrong and 

needed change. Rather, it is compatible with Einstein’s relativity. 
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There is another sense in which laws might be seen to change. Suppose 

local conditions in the Universe were to suddenly change significantly for some 

unexpected reason. Suppose, for example, that a massive astronomical object 

were to come sufficiently close to the earth to warp considerably the space-

time fabric so as to cause a change in the intensity of gravity on the earth. In 

this case, laws which involve the constant of gravitation and which describe 

phenomena on the earth would have to change. But again, this change would 

be theoretically accountable for by the theory of general relativity, which would 

predict how gravity would change on the Earth under the effect of the massive 

object. 

 

More radically, the ultimate question we may ask is the following: is the 

formulation of the most fundamental laws of physics general and sophisticated 

enough to ensure that those laws are truly invariant in every point of the 

Universe and at every time past and future of its history? The answer to this 

question perhaps lies in the most advanced experimental and theoretical 

programs for the formulation of a unified theory, the attempt to condense in 

one formulation the information about fundamental forces, particles and 

interactions between them. At the present time, for instance, the equation 

which accounts for the electromagnetism and weak and strong nuclear forces 

is applicable in the Universe as it is now, but it is also equally applicable in 

radically different Universe conditions, such as those which existed at about 

10-35 seconds after then Big Bang, where the forces where not separated, but 

bundled together in a hugely dense and hot Universe for which there was no 

distinction between matter and energy [Greene, 1999]. The fact that some of 

the most fundamental laws of physics remain invariant even across such 

radically different conditions weights in favour of the thesis that there is a deep 

fundamental regularity in nature that can be captured by invariant laws.  

 

What remains to be discussed is whether such fundamental regularity -  

which concerns the invariance of physical laws -  is one which is indeed 

pertinent to the problem of induction. I would argue that it is, at least in so far 

as the inductive argument in question is of a type for which its premises are 

instantiations of a physical law. Not all inductions seem to have this feature. 
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Consider for example the expectation that the bus will come today as it did 

every day thus far. The possibility that it might not, may not be obviously 

connected with a change in a law of physics. It may be due, say, to the erratic 

behaviour of the driver or the sudden collapse of the bus company due to the 

financial crises. It would seem that these changes are of a different nature 

from the changes in the physical course of the Universe described thus far. So, 

perhaps we could go only as far as saying that the invariance of physical laws 

warrants induction only if the particular observations are instances of a 

physical law. 

 

For completeness we shall now turn to a brief account of Popper’s 

answer to the problem of induction [Popper, 1979, ch 1]. This falls out of the 

previous two classes because Popper in some sense turns the problem on its 

head. Popper considers induction from the point of view of the methodology of 

science and observes that induction is not the standard inference used by 

scientists to arrive at the formulation of theories. Rather than building from 

particular observations, says Popper, scientists posit a theory as an hypothesis 

and then seek to produce empirical evidence to corroborate it. In this view 

theories can never be proven right, because no finite number of positive 

confirmations is sufficient to warrant a theory the status of truth. In this sense 

Popper rejects induction. Theories can only be shown to be false by 

presentation of at least one empirical evidence which contradicts the 

generalisation. Popper therefore provides a criterion to establish when a 

scientific generalisation is false, not when it is true, which is instead the 

objective of induction. In this sense Popper’s account cannot be considered as 

an exhaustive answer to the problem of induction. 

 

In this essay I have explored two classes of answers to the problem of 

induction. The logical/epistemological class highlights the fact that a 

justification of induction based purely on deductive or inductive arguments 

inevitably defaults into circularity. The lesson that I draw here is that induction 

is a procedure of reasoning so fundamental and independent that it cannot be 

justified without circularity by other logical principles [Russell, 1946, p 647]. 

Thus, the absence of a strict logical justification of induction does not render 

the use of induction irrational.  
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I argued that if there is hope for an independent justification, this should 

come from a metaphysical defence of the principle of uniformity of nature. I 

have suggested that the existence of invariant physical laws which account for 

the behaviour of all particles, forces and their interactions at all times, places 

and conditions in the Universe may constitute a respect in which nature can be 

considered uniform. I have finally pointed out that even if this were to be a 

valid defence of the principle of uniformity, it may be argued to be applicable 

only to types of induction for which particular observations are instantiations of 

a physical law.  
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