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chapter 1

The objective and the subjective 
in mid-nineteenth-century 
British probability theory

1.  Introduction

1.1  The emergence of ‘objective’ and ‘subjective’ probability

Approximately at the middle of the nineteenth century at least six authors – 
Simeon-Denis Poisson, Bernard Bolzano, Robert Leslie Ellis, Jakob Friedrich 
Fries, John Stuart Mill and A.A. Cournot – came to distinguish ‘subjective’ 
(or epistemic) from ‘objective’ (or ontological) probability. These two kinds 
of probabilities can already be found in the seventeenth- and eighteenth-cen-
tury, but, as Ian Hacking, Lorraine Daston and others have shown, classical 
probabilists such as Jakob Bernoulli and Pierre-Simon Laplace ‘slid easily 
between sense of probabilities in states of mind and in states of the world’ 
(Daston, 1994, p. 333) (see also Daston, 1988, chapter 1 & 4; Hacking, 1975 
[2006], Zabell, 2011). Daston finds the reason for the ‘explosion of concern 
among [French, English and German] probabilists ca. 1840’ (Daston, 1994, 
p. 331) for careful distinctions within probability theory in the fact that the 
words ‘subjective’ and ‘objective’ emerged with new philosophical meanings 
around the same time.1 On the one hand, for Bernoulli, who was the first to use 
these two terms in relation to probabilities (e.g. Hacking, 1971a; Schafer, 1996; 
Schneider, 1984), ‘objective’ referred to the total certainty (certitudo) of God’s 
knowledge of the necessary causes of ‘all things under the sun, past, present 
and future’ (Bernoulli, 2006 [1713], p. 211) from which the ‘subjective’ degrees 

1 Daston writes that ‘the relationship between the philosophical and probabilistic dis-
tinctions seems to be one of a shared ontology, one which seems to have become not 
only thinkable but self-evident’ (Daston, 1994, p. 335). 
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of certainty of human knowledge difer as part to whole – such that ‘”objective 
probabilities” would have been an oxymoron’ (Daston, 1994, p. 332). On the 
other hand, while embracing Laplace’s determinism, the nineteenth-century 
probabilists, for whom ‘objective’ referred to an external reality independent 
of all minds and ‘subjective’ to internal states dependent upon individual minds, 
could grant probability an ‘objective’ ontological status by opposing it to the 
‘subjective’ idiosyncrasies of the mind. Where Hacking has famously argued 
that the general emphasis on the two-sidedness of probability is what distin-
guishes the classical or pre-modern period from the ‘non-classical’ period of 
probability, Daston has explicated in considerable detail that it was the phil-
osophical distinction between ‘objective and subjective which also emerged 
ca. 1840 [that] destroyed the plausibility of any smooth meshing between the 
world of things and the world of the mind’ (ibid., 1994, p. 341) characteristic 
of classical probability theory.

The fact that already in the nineteenth century there were several theories for 
the two kinds of probability – for example, ‘frequencies’ or ‘propensities’ for 
objective probabilities and ‘logical’ or ‘epistemic’ for ‘subjective’ probabilities 
– and several interpretations of Bernoulli’s ‘golden theorem’ is suggestive of the 
thoroughgoing ‘divergence of motivations, formulations, and consequences’ 
(ibid., 1994, p. 335) of the revision of classical probability theory. Perhaps most 
importantly, even among those revisionists who spoke the new philosophical 
and probabilistic language of objective and subjective there was no agreement 
on the question as to ‘what’, that is, to which ‘entities’, ‘objective’ and ‘subjec-
tive’ probabilities exactly referred. 

It is by means of describing how the distinction between ‘objective’ and ‘sub-
jective’ appeared in the work of mid-nineteenth-century (ca. 1840s-1860s) 
British probabilists that the present paper attempts to expose the radicalness 
of this lack of common ground within probability theory. For what an analysis 
of the views on probability of Augustus De Morgan (section 3.1), John Stuart 
Mill (section 3.2), George Boole (section 4), Robert Leslie Ellis (section 5.1) 
and John Venn (section 5.2) shows is not only the impossibility of comparing 
these in terms of the philosophical and probabilistic binary of ‘objective’ and 
‘subjective’, but also that in so far as none of them granted chance an objective 
status in the world by opposing it to a subjective mind the notion of ‘objective 
probability’ was a non-sequitur for these revisionists. 
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1.2 ‘Objective’ and ‘subjective’ in mid-nineteenth-century Britain: a brief overview

This complex situation must be understood with reference to the fact that the 
British probabilists approached probability as being a part of logic and that in 
their attempt to come to terms with Richard Whately’s (1787-1863) revival 
and revision of Aristotelian syllogistics (see McKerrow, 1987) all of them 
developed a radically diferent view of logic. There were, on the one hand, 
the ‘material’ logicians Mill and Venn – with the idealist Ellis in opposition to 
them on philosophical principles – and, on the other hand, the ‘conceptualist’ 
or ‘algebraic’ logicians De Morgan and Boole. Where for the former logic was a 
real science concerned with inductive propositions about ‘facts or things them-
selves’ (Venn, 1876, p. 46), for the latter logic was a formal science concerned 
with deductive mental operations expressed in mathematical symbols.2 At the 
same time, both Mill and Venn as well as De Morgan and Boole somehow found 
logic’s meaningfulness in its ‘objective’ reference – the former directly and the 
latter indirectly. Where Mill thought of material logic as the objective science 
of inductively inferred truths about the objective world,3 Venn thought of it as 
a partly objective and partly subjective science of inferences about the ‘sum-to-
tal of existences considered as objective’ (Venn, 1879, p. 37).4 And where De 
Morgan argued that it was guaranteed that valid interpretations could be found 
for his algebraic symbolizations of ‘ideal’5 syllogistic logical ideas in so far as the 
mind always points to some ‘objective’6 reality outside itself, Boole held that his 
algebraic symbolizations could be interpreted within a ‘universe of discourse’ 

2 The fundamental diference between De Morgan and Boole was that for the former 
‘the traditional logic, while considerably clarified, modified and generalized is still the 
central core’, for the former ‘the algebraic character of logical combinations is primary 
and the logic of the syllogism ancillary’ (Hailperin, 1986, p. 113). 

3 See Mill, 1843b, pp. 348-351, p. 363 for his references to an ‘outward objective reality’ 
and ‘subject facts’ of the mind. 

4 For a comparison of the contributions of Mill and Venn to logic see Verburgt, 2014a, 
section 2.1. 

5 In his Formal Logic, De Morgan wrote that ‘[b]esides the actual external object, there 
is also the mind which perceives it, and what (for want of better words or rather for 
want of knowing whether they be good words or not) we must call the image of that 
object in the mind, or the idea which it communicates. The term subject is applied by 
metaphysicians to the perceiving mind’ (De Morgan, 1847, p. 29). 

6 De Morgan took it ‘for granted that external objects actually exist, independently of 
the mind which perceives them’ (De Morgan, 1847, p. 29). 
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the objects of which were symbols representing (classes of) things as objects 
of the ‘non-subjective’7 human mind. 

When it comes to probability, the first central disagreement between the 
‘material’ and ‘conceptualist’ logicians concerned the question whether prob-
ability is a part of inductive logic – either as a form of reasoning within a par-
ticular method for knowledge of causes  (Mill), a statistical treatment of certain 
particular proposition that cannot be dealt with in Aristotelian logic (Venn) or a 
model of inductive reasoning that is itself premised on ideal knowledge (Ellis) – 
or that it belongs to (De Morgan) or is founded upon (Boole) deductive logic. 
The second central disagreement pertained to the foundational definition of 
probability. Mill, Venn and Ellis put forward a frequency definition of proba-
bility that criticized the classical ‘degree-of-belief’ interpretation for founding 
probability theory on a ‘subjective’ basis, but that itself did not conceive of 
‘objective’ probabilities. Where Mill reasoned that if the probability of an 
objective event depends on knowledge it is not a feature of the event itself and 
Venn, while speaking of the ‘objective’ and ‘subjective’ side of his own theory, 
dismissed the notion of an ‘objective probability’ ‘gradually […] realising itself 
in nature’ (Venn, 1866, p. 38), Ellis held that probabilities referred to certain ‘a 
priori truths’ supplied by the mind. Boole, for his part, criticized De Morgan’s 
dismissal of ‘objective’ in favor of ‘ideal’ probability with reference to the inex-
istence of the ‘objective’ knowledge necessary to conceive of a case of ‘objec-
tive’ probability, but his own theory described ‘ideal’ events as abstractions 
from the logical form of ‘actual’ or ‘material’ events. 

Before going into the contributions of De Morgan, Mill, Boole, Ellis and Venn 
it is insightful to briefly consider the introduction and early reception of prob-
ability theory into Victorian science. 

7 In the chapter of his Laws of Thought entitled ‘Constitution of the intellect’, Boole 
mocked ‘the extremely subjective tendency of much modern speculation’ (Boole, 1854, 
p. 418). 
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2. The introduction and reception of (inverse) 
probability in Victorian Britain

After the publication of Abraham De Moivre’s (1667-1754)8 Doctrine of Chances 
in 1718 ‘not much else occurred in British probability’ (Bellhouse, 2011, p. x) 
until Augustus De Morgan’s (1806-1871) book-length paper entitled ‘Theory of 
probability’ appeared in the Encyclopedia Metropolitana in 1837. Although it con-
tained no original results, the paper introduced Pierre-Simon Laplace’s (1749-
1827) ‘Mont Blanc of mathematical analysis’ (De Morgan, 1837b, p. 347), the 
path-breaking9 Théorie analytique des probabilités of 1812, in Britain and estab-
lished De Morgan as the leading representative of mainstream Laplacean prob-

8 The French-born British pure mathematician De Moivre was the leading probabilist 
of eighteenth-century Britain. Together with the work of, among others, Blaise Pascal 
(1623-1662), Christiaan Huygens (1629-1695) and Jakob Bernoulli (1654-1705) his 
De Mensura Sortis, seu, de Probabilitate Eventuum in Ludis a Casu Fortuito Pendentibus 
(‘On the measurement of chance, or, on the probability of events in games depending 
upon fortuitous chance’) (De Moivre, 1712) and Doctrine of Chances (De Moivre, 1756 
[1718]) belonged to the great treatises of classical probability theory – a branch of 
‘mathesis mixta’ consisting in the sum of its applications to physical, social and moral 
problems (see Daston, 1988). 

9 Zabell succinctly captures the status of Laplace’s work in the following passage: ‘The 
contributions of Laplace represent a turning point in the history of probability. Before 
his work, the mathematical theory was (with the exception of [Jakob] Bernoulli and De 
Moivre) relatively unsophisticated, in efect a sub-branch of combinatorics; its serious 
applications largely confined to games of chance and annuities. All this changed with 
Laplace. Not only did vastly enrich the mathematical theory of the subject, both in the 
depth of its results and the range of the technical tools it employed, he demonstrated it 
to be a powerful instrument having a wide variety of applications in the physical and 
social sciences’ (Zabell, 2005, p. 22). For biographical accounts of the development 
and content of Laplace’s work on probability see Gillispie, 1997, chapter 3, 10 & 24-26; 
Hahn, 2005, chapter 10. For a more technical account of several aspects of Laplace’s 
probabilistic work see, for instance, Fischer, 2011, chapter 2.1. 
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ability theory – with its determinist1011 understanding of probability as being 
‘relative in part to [our] ignorance and in part to our knowledge’ (Laplace, 1995 
[1814], p. 3). When expressed with reference to the famous ‘urn model’,12 the 
two parts of Laplace’s probabilistic oeuvre could be explained as follows: where 
‘direct’ probabilities reasoned deductively from (‘a priori’) causes to (‘a poste-
riori’) efects, ‘inverse’ probabilities reasoned inductively from (‘a posteriori’) 
efects to unknown, but uniformly distributed,13 causes. For De Morgan, as 
for Laplace, the ‘direct’ part consisted of reducing ‘all events of the same kind 
to a certain number of equally possible cases,14 that is to say, to cases whose 

10 Laplace famously opened his Philosophical Essay on Probabilities of 1814 with the 
following words: ‘We ought then to consider the present state of the universe as the 
efect of its previous state and as the cause of that which is to follow. An intelligence 
that, at a given instant, could comprehend all the forces by which nature is animated 
and the respective situation of the beings that make it up […] would encompass in the 
same formula the movements of the greatest bodies of the universe and those of the 
lightest atoms. For such an intelligence nothing would be uncertain, and the future, 
like the past, would be open to its eyes. The human mind afords […] a feeble likeness 
of this intelligence’ (Laplace, 1995 [1814, p. 2). Daston has shown that far from being 
an obstacle to its emergence, determinism went hand-in-hand with the establishment 
of classical probability theory (see Daston, 1988, chapter 1). 

11 It is important to emphasize that, despite his passionate commitment ‘to the separa-
tion of religious and public life […] residues of early Victorian religious preoccupation 
can be found in [De Morgan’s] work. [F]or example, he found the salient feature of 
the nonprobabilistic world hidden from our inquiring gaze to be not its mechanical 
[‘Laplacean’] determinism [but] rather its providence’ (Richards, 1997, p. 60). 

12 Where Daston refers to Bernoulli’s ‘urn model of causation’ (Daston, 1988, section 
5.2) Porter, thereby calling to mind William Stanley Jevons’s (1835-1882) ‘infinite 
ballot box of nature’ (Jevons, 1877 [1874], p. 150), speaks of the ‘urn of nature’ (Porter, 
1986, chapter 3). Daston writes that, like Bernoulli, Laplace ‘compared human uncer-
tainty regarding the connection between causes and efects to an urn in which either 
the ratio of balls of various colors (the ‘cause’) or the results of a certain number of 
drawings (the ‘efect’) is to be inferred from the other’ (Daston, 1988, p. 268). 

13 Reflecting on Laplace’s 1774 memoir, Stigler explains that ‘there [Laplace] analyzes 
a problem involving the tossing of a coin, where the probability of heads is unknown 
but is uniformly distributed over a small neighborhood of ½ rather than over the whole 
range of possible values’ (Stigler, 1986, p. 135). And in Laplace’s memoirs of the 1780s 
‘non-uniform prior distributions were allowed but unnecessary: The analysis for 
uniform prior distributions was already suhciently general to encompass all cases’ 
(Stigler, 1986, p. 136). 

14 The definition of probability in terms of equipossibility can be found in several 
places in Laplace’s oeuvre and it is commonly supposed that it originated there (e.g. 
Laplace, 1774, p. 11). However, as Hacking has shown, it not only preceded Laplace 
by a century, but it was also commonplace among his fellow classical probabilists (see 
Hacking, 1971b; Hacking, 1975, chapter 14). 
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existence we are equally uncertain of,15 and in determining the number of cases 
favorable to the event whose probability is sought. The ratio of this number 
to that of all possible cases is the measure of this probability’ (Laplace, 1995 
[1814], p. 4). De Morgan’s oeuvre also elaborated16 in detail Laplace’s revolu-
tionary work on mathematical statistics or, more in specific, ‘inverse probabil-
ity’ – the Bernoullian idea17 for which Thomas Bayes (1702-1761) and Laplace 
formulated the method18 that, by measuring the degree of certainty of a cause 
for given efects, ofered the scientist a mathematically-informed ‘way of pre-
ferring one causal hypothesis over another, and [gave] him logical grounds for 
selecting one of them’ (Hahn, 2005, p. 58). 

Because of his ‘overall hypothetico-deductive account of science’ (Strong, 
1976, p. 200), De Morgan could attempt to turn the applications of inverse 
probabilistic calculations to scientific problems into a general mathematical 
doctrine for the measurement of the ‘partial belief’ in hypotheses about causes 
that justified inductive inferences as inverse deductive reasonings. De Morgan, 
like Boole, was willing to accept that the inferences and hypotheses of science 
were, ‘in all cases, and in the strictest sense of the term, probable’ (Boole, 1854, 
p. 4) and their goal was to make this character mathematically precise. But 
the towering figures in Victorian science John Herschel (1792-1871), William 
Whewell (1794-1866) and John Stuart Mill (1806-1873) worked within the 
empiricist, albeit non-Humean,19 tradition of Bacon and Newton in which 
‘there was thought to be no significant element of uncertainty or doubt attached 
to the conclusions of […] inductive inquiry’ (Laudan, 1973, p. 429) such that 

15 This is Laplace’s ‘principle of insuhcient reason’ which became known as the 
‘principle of indiference’ with the publication of John Maynard Keynes’s (1883-1946) 
Treatise on Probability (Keynes, 1921). 

16 See, first and foremost, De Morgan, 1837a, pp. 440-464; De Morgan, 1838, pp. 165-181; 
191-197.

17 It was in part four (entitled ‘The use and application of the preceding doctrine in civil, 
moral, and economic matters’) of his Ars Conjectandi that Bernoulli showed that ‘[w]
hat cannot be ascertained a priori, may at least be found out a posteriori from the 
results many times observed in similar situations’ (Bernoulli, 2006 [1713], p. 327). 

18 See, for example, Dale, 1999, chapter 1. 
19 Perhaps the most remarkable characteristic of mid-nineteenth-century British philos-

ophy of science was its total lack of reference to David Hume’s famous critical analysis 
of causation and induction – something which may, indeed, explain the widespread 
commitment to the ‘anti-probabilistic’ idea that certain scientific inferences and 
necessary laws could result from induction. 
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the application of deductive, rationalist and mathematical probability theory to 
scientific knowledge was considered unnecessary and inappropriate.20 And it 
is true that Herschel’s first-order inductions, Whewell’s consilience of induc-
tion and Mill’s four canons of inductive inquiry were thought to ‘ineluctably 
lead to true conclusions’ (Laudan, 1973, p. 430). At the same time, it must be 
pointed out that all of them did discuss inverse probabilistic reasoning (see 
Gower, 1997) – Herschel and Whewell with regard to probable measurements 
and hypotheses and Mill with regard to the probability of causes –, albeit not 
as a way of mathematizing the non-mathematical sciences or as a mathematical 
justification of induction. Both De Morgan’s and Herschel and Whewell’s clas-
sical version as well as Mill’s revisionist version of the incorporation of inverse 
probability within a theory of scientific inference would be ‘drastically under-
mined’ (Strong, 1978, p. 32) due to the attacks of Boole, Ellis and Venn. 

3.  Probability within deductive and inductive 
logic: De Morgan and Mill

3.1  De Morgan: the mathematization of ideal (‘subjective’) probability

After his introduction, in An Essay on Probabilities, and on their Application to 
Life Contingencies and Insurance Ohces and several papers (De Morgan, 1837a; 
De Morgan, 1837b; De Morgan, 1837c), of Laplacean direct and inverse prob-
ability during the 1830s, in the 1840s-1850s De Morgan devoted himself to the 
application of the methods of probability to his newly-created algebraic system 
(De Morgan, 1846; De Morgan, 1847, see also Rice, 2003, section 3).21 This 
system was a set of new logical symbols that ‘clarified, modified and general-
ized’ (Hailperin, 1986, p. 113) classical deductive logic – all the while showing 
‘the way to move logic beyond its Aristotelian base into an ever-expanding 

20 Joan L. Richards has drawn attention to the central meaning of natural theology for 
Whewell’s and Herschel’s belief in the religious power of induction and the impor-
tance of personal knowledge, on the one hand, and their dismissal of probability 
theory as a ‘French epitome’ of the atheism attached to Continental deductive science, 
on the other hand (see Richards, 1997). 

21 Panteki writes that De Morgan first mentioned the link between algebra and logic 
that would characterize the second stage of his career (1839-1849) in the review (De 
Morgan, 1835) of George Peacock’s (1791-1858) Treatise on Algebra written in the first 
period (1828-1839) (see Panteki, 2008, pp. 382-383). 



36

future’ (Hobart & Richards, 2008, p. 283). De Morgan’s own seminal contri-
bution would consist of his presentation of Aristotle’s syllogistic as a special 
case of a pure logic of relations (e.g. Hawkins, 1979; Merrill, 1990).22 

The symbolic notation introduced in De Morgan’s Formal Logic (1847) not only 
abbreviated the length of propositions and facilitated logical deductions, but 
also remedied, in the form of a numerically definite syllogism, some of the defi-
ciencies of Aristotle’s logic that this syllogism itself exposed (see Rice, 2003, 
p. 293). For example the case of the invalid deduction XY + ZY = XZ (‘Some 
Xs are Y ’s, Some Zs are Ys / Some Xs are Zs’) demonstrated that ‘any Aristo-
telian syllogism of [this] form is incapable of deducing precise quantities’ (ibid., 
p. 293). De Morgan was able to solve part of this problem via algebraic manip-
ulation. However, given the uncertainty inherent in his method, he proposed 
to rephrase the abovementioned syllogism as ‘Some Xs are Ys, Some Zs are Ys 
/ There is some probability that some Xs are Zs’ such that it is possible not to 
immediately ‘drop [it] as a fallacy’ (De Morgan, 1846, p. 385) but to ‘establish 
some little power of discriminating between various degrees of fallacy’ (ibid., 
p. 385).23 His ‘formal logic’ or ‘calculus of deductive inference’ consisted both 
of the study of necessary inferences as well as of probable inferences – for, 
as he himself explained, ‘I [De Morgan] cannot understand why the study of 
the efect which partial belief of the premises produces with respect to the 
conclusion, should be separated from that of the consequences of supposing 
the former to be absolutely true’ (De Morgan, 1847, p. v). The inclusion of 
probable inferences within deductive logic, thus, expanded classical logic – and 
this in so far as absolute truth or certain knowledge was no longer accepted as 
the only logical truth. 

Among the probable inferences were also those cases of inductive infer-
ence in which it is not possible to infer ‘a universal proposition by the 

22 As Rice explains, De Morgan ‘seems to have been the first logician to notice that rela-
tional propositions […] cannot be deduced […] by conventional syllogistic means. In 
examining this gap […] De Morgan efectively founded a new branch of the subject 
and, applying his results to classical logic, revealed that the syllogism was ‘one case, 
and one case only, of the composition of relations’ [(De Morgan, 1860, p. 331)]’ (Rice, 
2003, p. 289. 

23 In De Morgan’s own words: ‘When from ‘some Ys are Xs and some Ys are Zs’ we 
decline to admit that some Xs are Zs, what is the chance that we reject a truth?’ (De 
Morgan, 1846, p. 385). 
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separate instances of all the particulars of which it is composed’ since 
‘it is […] practically impossible to collect and examine all [instances]’ 
(ibid., p. 211). Where ‘complete induction is demonstration, and strictly 
syllogistic in character’ (ibid., p. 211), ‘incomplete’ induction is one of 
(a degree of) probability and, ‘though a moral certainty […], [not] in the 
same class with that of a demonstration’ (ibid., p. 213, my emphasis). 

De Morgan’s statement that ‘it is wrong to speak of any thing being probable 
or improbable in itself’ (De Morgan, 1837a, p. 394) seems to have been implied 
in his, quite controversial,24 inclusion of the mathematical theory of proba-
bility within his overarching attempt to ‘mathematize’25 a logic that ‘consid-
ers the validity of the inference independently of the truth [of] the matter [and] 
supplies the conditions under which the hypothetical truth of the matter of the 
premises gives hypothetical truth to the matter of the conclusion’ (ibid., p. v, 
my emphasis). Given that logic does not consider empirical ‘matter’, that is, 
‘objects’ ‘[l]ooked at in the most objective point of view’ (ibid., p. 42), namely 
as individual ‘external objects […] independently of the mind which perceives 
them’ (ibid., p. 29) it follows that it does not ‘take cognizance of the probabil-
ity any given matter’ (ibid., p. v). De Morgan further elaborated this point by 
means of the application of the distinction between the metaphysically-laden 
terms ‘subjective’, or as expressed within logic,26 ‘ideal’ and ‘objective’ to prob-
ability. After having defined their relation as that of an (ideal) mental image of 
an (objective) external object, he wrote that 

24 De Morgan recognized that ‘[m]any will object to this theory as extralogical. But I 
cannot see on what definition […] the exclusion of it can be maintained [and] I should 
maintain, against those who would exclude the theory of probability from logic, that 
[…] it should accompany logic as a study’ (De Morgan, 1847, p. v). 

25 Although De Morgan, Boole and commentators such as Venn introduced the idea 
of the mathematization of logic, they themselves always remained committed to the 
somewhat more conservative view that mathematics is ‘a tool for the representation 
of the formal basis of logical inference’ (Van Evra, 2008, p. 508). For a more general 
account on this issue see, for example, Peckhaus, 1999. 

26 Where the term ‘subject is applied by metaphysicians to the perceiving mind’ (De 
Morgan, 1847, p. 29), within logic it is used in another sense: In a proposition such as 
‘bread is wholesome’, the things spoken of, ‘bread’, is called the subject of the propo-
sition […] I shall therefore adopt the words ideal and objective, idea and object, as being, 
under explanations, as good as any others: and better than subject and object for a work 
on logic’ (ibid., p. 29). 
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‘[i]t is true that we may, if we like, divide probability into ideal and 
objective [for] [i]t is perfectly correct to say ‘It is much more likely than 
not, whether you know it or not, that rain will soon follow the fall of the 
barometer […] [But] [i]t is not remembered […] that there is an ideal prob-
ability, a pure state of mind, involved in this assertion: [t]hat the things 
which have been are correct representatives of the things which are to 
be. [T]he connexion of natural phenomena will, for some time to come, 
be what it has been, cannot be settled by examination: we all have strong 
reasons to believe it, but our knowledge is ideal, as distinguished from 
objective’ (ibid., p. 172, my emphasis). 

De Morgan’s argument was that if there is always an inductive inference 
involved in the knowledge of the likelihood of a forthcoming event which itself 
has the character of an ‘ideal’ assumption, it is impossible to have the kind of 
knowledge necessary to ‘invent a case of purely objective probability’ (ibid.,  
p. 172) and, thus, to be able to ascertain frequencies. In a passage worth quoting 
in full, De Morgan used the classical example of an urn filled with black and 
white balls to philosophically justify the proposal to ‘throw away objective 
probability’ (ibid., p. 173):  

‘I put ten white balls and ten black ones into an urn and lock the door of 
the room. I may feel well assured that, when I unlock the room again, 
and draw a ball, I am justified in saying it is an even chance that it will be 
a white one […] But how many things there are to be taken for granted! 
[…] Has the black paint melted, and blackened the white balls? Has any 
one else possessed a key of the room, [and] changed the balls? We may 
be very sure [that] none of these things have happened [but] for all that, 
there is much to be assumed in reckoning upon such a result which is not 
so objective as the knowledge of what the balls were when they were put 
into the urn. We have to assume all that is requisite to make our expe-
rience of the past the means of judging the future’ (ibid., pp. 172-173). 

From the fact that it implied belief, that is, imperfect or ideal knowledge, De 
Morgan concluded that probability could not but refer to the ‘mind in a state 
of imperfect [or ideal] knowledge’ (ibid., p. 173) with regard to a forthcoming 
event, a contingent proposition or anything else on which certainty does not 
exist. The radical character of the Formal Logic was to be found not only in the 
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fact that probability was accepted alongside absolute and necessary knowledge, 
or ‘certainty’,27 as a lesser degree of knowledge, or ‘belief’, but also that these 
degrees could be measured ‘as a magnitude, in the same manner as length, or 
weight, or surface’ (ibid., p. 172).

De Morgan’s incorporation of mathematical probability theory into his mathe-
matized deductive syllogistic logic, thus, went hand-in-hand with his rejection 
of objective probability as an ‘external object’ in light of the epistemic impos-
sibility of conceiving of it. 

3.2 Mill: subjective probability versus 
non-objective scientific probability

Mill’s ultra-empiricist account of the syllogism or ‘ratiocination’ and induction 
in Book II and III of his System of Logic (1843) further developed the twofold 
criticism of classical logic of the early-nineteenth-century British logicians, 
namely that, on the one hand, if the syllogism committed a petitio principii it 
could not result in new knowledge and, on the other hand, an inductive infer-
ence could not be assimilated to a first-figure syllogism (e.g. Botting, 2014; 
Ducheyne & McCaskey, 2014). On the basis of the fundamental philosophical 
claim that ‘all meaningful statements […] ultimately derive from experience of 
particular facts’ (Ducheyne & McCaskey, 2014, p. 75) such that every (scien-
tific) inference proceeds from particulars to particulars, Mill argued not only 
that the syllogism does not involve inference, but also that, in so far as logic is 
concerned with truth, it must put sole emphasis on inductive inference.28 

27 Where absolute knowledge was defined as that kind of knowledge that ‘admits of no 
imagination of the possibility of falsehood’ (De Morgan, 1847, p. 170), namely ‘the 
existence of our own minds, thoughts and perceptions, the two last when actually 
present’ (ibid., p. 170), necessary knowledge was defined as the kind of knowledge 
arrived at ‘by process, by reflection’ (ibid., p. 171) – e.g. ‘[t]o say that two and two 
make four (which must be), and that a certain man wears a black coat (when he does 
so) both involve the pure identity that whatever is, is’ (ibid., p. 171). The feelings 
expressed in absolute and necessary knowledge De Morgan called ‘certainty’. 

28 Ducheyne and McCaskey explain Mill’s view of the relation between the syllogism 
and induction as follows: ‘Mill argued that the conclusion of a syllogism is not inferred 
from the major premise. Instead, it is inferred from the particulars of which the 
major provides a memorandum […] [H]e nevertheless maintained that [the syllogism] 
provides a very useful tool to test the validity of arguments’ (Ducheyne & McCaskey, 
2014, pp. 75-76). 
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What was especially revolutionary about the System of Logic was its incorpora-
tion within logic of the attempt to provide the rules for the discovery, from par-
ticulars, the universal statements that form the basis of syllogistic arguments – 
i.e. the rules for the establishment of real inferences. For example, De Morgan, 
who himself revised classical logic by distinguishing complete induction, which 
is demonstrative and ‘strictly syllogistic in character’ (De Morgan 1847, p. 211) 
from ‘imperfect’ induction, which demands that probability is included within 
the logic of deductive inference, maintained that scientific induction can never 
be expressed in purely logical terms (see De Morgan, 1847, pp. 215-224). But, 
notwithstanding the obvious diferences in the meaning of their deductive and 
inductive renovations vis-à-vis scientific knowledge, when compared to De 
Morgan’s Formal Logic, Mill’s System of Logic was not very radical with regard 
to the acceptance of the probable status of inductive inferences qua logical, 
rather than scientific, inferences. The reason for this conservatism seems to 
have been that Mill approached probability as a mere tool for logically guaran-
teeing the truth of certain scientific inductions. 

Book III (‘On Induction’) of the System of Logic distinguished laws of nature 
into, on the one hand, ultimate laws of causation and derivation laws for the 
uniformities generated from the ultimate laws and, on the other hand, empirical 
laws as laws with doubtful status ‘of which we cannot tell whether they depend 
‘wholly on laws, or partly on laws and partly on an collocation [or plurality]’ 
(Mill, 1843b, p. 46) of causes. These empirical laws result from the first of the 
four canons, ‘the method of agreement’, but their dependence on unlawful29 
collocations shows that in so far as the method does not prove that if two or 
more cases of phenomenon a have only one antecedent A in common, A is the 
cause of a, it cannot establish the truth of the empirical laws. Mill attempted 
to solve this problem by determining ‘after what amount of experience [this] 
connection […] may be received as an empirical law’ (ibid., p. 57, my emphasis) 
– or, vice versa and ‘in more familiar terms’ (ibid., p. 57), ‘after how many […] 
instances [it may] be concluded that an observed coincidence30 between two 

29 Mill wrote that the element in the resolution of a derivative law ‘which is not a law of 
causation but a collocation of causes cannot itself be reduced to any law’ (Mill, 1843b, 
p. 44). 

30 A coincidence was defined, by Mill, as ‘two or more phenomena […] not related 
through causation’ (Mill, 1843b, pp. 58-59). 
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phenomena is not the efect of chance’ (ibid., p. 57). This determinist-inspired31 
method of the ‘elimination of chance’ was, somewhat confusingly,32 related to 
Laplace’s inverse doctrine,33 which Mill defined as follows: ‘the probability 
that the efect [or fact] is produced by any one of [several] causes is as the ante-
cedent probability of the cause, multiplied by the probability that the cause if 
it existed, would have produced the given efect’ (Mill, 1843b, p. 77). But Mill 
dismissed the classical Laplacean way of defining probabilities as equiprobable; 
two events are not equally probable when it is known that of several events 
one and only one will occur and not known that it will be one of these events 
rather than another, but when experience has shown ‘that the two events are 
of equally frequent occurrence’ (ibid., pp. 71-72). This criticism also applied 
to those (‘inverse’) applications of probability theory in which antecedent or 
prior probabilities are approximated by means of mathematical analysis for 
these assume that it is somehow possible to derive knowledge about the world 
for something that is not given in experience (see Strong, 1978, pp. 34-35). 
Mill’s own version of inverse probabilistic reasoning was that it is possible to 
form a conjecture as to the prior probability of, say, two possible causes to a 
coincidence from observations or statistical data, but that it will be ‘impossible 
to estimate it with anything like numerical precision’ (Aldrich, 2008, p. 13). 

The role that Mill ascribed to probability seemed to have been that of an auxil-
iary tool – the aim of which was to account for the possible validity of inductive 
conclusions in the more complex cases governed by the ‘method of agreement’, 
namely those in which there is a ‘plurality of causes’ or ‘intermixture of efects’. 
Given Mill’s optimism about his four canons of induction in the first edition 

31 Mill was a convinced determinist: ‘whatever happens is the result of some [causal] 
law’ (Mill, 1843b, pp. 57-58). Also, phenomena conjoined by chance, though not 
causally connected are caused. 

32 As Aldrich has rightfully remarked, ‘Mill is so good at bringing out [the] dihculties [of 
the application of probability], that his ‘application’ of Laplace’s [inverse] principle to 
the problem of distinguishing laws from coincidences is almost a convincing demon-
stration that the principle is not applicable’ (Aldrich, 2008, p. 13). 

33 Mill wrote that ‘[t]he signs or evidences by which a fact is usually proved, are some of 
its consequences; and the inquiry hinges upon determining what cause is most likely 
to have produced a given efect. The theorem applicable to such investigations is the 
Sixth Principle in Laplace’s Essai […] which is described by him as ‘the fundamental 
principle of that branch of the Analysis of Chances, which consists in ascending from 
events to their causes’ (Mill, 1843b, p. 77). He then added that the question of the 
elimination of chance ‘falls within Laplace’s sixth principle’ (ibid., p. 83). 
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of the System of Logic, probabilities were attached not to every and not even to 
many, but to very few inferences. And even after his acknowledgement, found 
in all later editions, that if the canons only lead to provisional conclusions in 
the most simple cases it is the so-called ‘deductive method’ of the experimental 
verification of hypotheses that is ‘destined [to] predominate in the course of 
scientific investigation’34 (Mill, 1851, p. 500), probability remained a sign of 
the inferior status of the ‘method of agreement’ (e.g. Mill, 1858, p. 252). At the 
same time, under Herschel’s influence Mill tempered his radical dismissal of 
Laplace’s epistemic definition of probability as what Mill himself considered to 
be a subjective degree of (partial) ignorance in the second edition of the System 
of Logic of 1846 (see Porter, 1986, p. 83; Strong, 1978, section 3).3536 But from 
the fact that the chapter on the ‘elimination of chance’ went unchanged through 
all the editions of the book it can be seen that Mill never changed his argument 
for his specific epistemic definition of probability; in so far as probabilities are 
premised on induction and, therefore on human knowledge, they are grounded 
in experience of, but do not and cannot themselves refer to, the world of fully 
causal, that is, certain ‘objective facts’ (Mill, 1843b, p. 350). 

34 Mill wrote that, what today is called, the ‘hypothetico-deductive’ method consisted of 
three operations;, namely the ‘ascertainment of the laws of separate causes by direct 
induction’ or a ‘prior deduction’, the ‘ratiocination from the simple laws to the complex 
cases’ and the ‘verification by specific experience’ (see Mill, 1851, book III, chapter 
11). Or, in modern terminology; ‘develop an hypothesis using simplistic [i.e. ‘direct’] 
induction, deduce its implications using syllogistic reasoning [i.e. ‘ratiocination’] and 
verify or reject the hypothesis by comparison to experimental result’ (Ducheyne & 
McCaskey, 2014, p. 76). 

35 For example, in the chapter entitled ‘Fallacies of simple inspection; or a priori fallacies’, 
Mill referred to the facts of our subjective consciousness; ‘our sensations, emotions, 
intellectual states of mind, and volitions’ (Mill, 1843b, p. 348). 

36 Thus, where Mill, in the first edition, wrote that it ‘would indeed require strong 
evidence to persuade any rational person that by a system of operations upon numbers, 
our ignorance can be coined into science’, in the second edition he acknowledged that 
probability theory ‘as conceived by Laplace and by mathematicians generally, has not 
the fundamental fallacy which I had ascribed to it’ (Mill, 1974 [1846], p. 535). 



431 | The objective and the subjective in mid-nineteenth-century British probability theory

4. Boole: logicized material probabilities 
and abstract logical probabilities 

Before considering the contributions of Boole to probability theory it is worth-
while to draw attention to the passage in the System of Logic in which Mill 
reflected on the fallacies that result from mistaking ‘subjective’ for ‘objective’ 
facts, laws or properties (see Mill, 1843b, book V, chapter 3). ‘A large propor-
tion of the erroneous thinking which exists in the world’, wrote Mill, ‘proceeds 
on a tacit assumption, that the same order must obtain among the objects in 
nature which obtains among our ideas of them’ (Mill, 1843b, pp. 350-351). 
Although Boole is nowhere mentioned in the work of Mill, it was precisely 
this assumption that formed the explicit foundation of Boole’s logical oeuvre37 
in which logic and probability – as the standards of truth in the realm of demon-
strative and probable knowledge – are founded on the laws of thought whose 
non-probable38 truth is ‘made manifest […] by reflection upon a single instance 
of its application [or] practical [verification]’ (Boole, 1854, p. 4) in the case of a 
science which has ‘external nature’ (ibid., p. 3) as its subject. 

The laws of thought and the laws of nature – or, in other words, the fundamen-
tal laws of reasoning and the ‘fundamental ideas’39 of science – are ‘neither […] 
intellectual products independent of experience nor mere copies of external 
things’ (ibid., p. 406). But if both rest upon observation or experience and 
‘require for their formation the exercise of the power of abstraction’ (ibid., 
p. 406, my emphasis), where the latter exist as general (inductive or hypotheti-

37 Boole’s oeuvre on logic is presented in two books, the Mathematical Analysis of Logic 
(Boole, 1847) and the Laws of Thought (Boole, 1854), and a paper that summarized 
the first book (Boole, 1848). 

38 Boole wrote that ‘[i]n connexion with [their] truth is seen the not less important one 
that our knowledge of the laws upon which the science of the intellectual powers 
rests […] is not probable knowledge. For we not only see in the particular example 
the general truth, but we see it also as a certain truth’ (Boole, 1854, p. 4). 

39 Here, Boole followed Whewell, whose Philosophy of the Inductive Sciences of 1847 he 
cited in the final philosophical chapter of the Laws of Thought entitled ‘On the nature 
of science, and the constitution of the intellect’. 
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cal) propositions with probable truth,40 the former exist as general propositions 
with necessary truth – ‘a truth, our confidence in which will not continue to 
increase with increasing experience’ (ibid., p. 4). 

If De Morgan’s calculus had generalized Aristotelian syllogistic logic – for 
example by incorporating probable inference for incomplete inductions, 
Boole’s calculus was able to establish what Aristotle had omitted41 by resolv-
ing the logic of the syllogism to the ‘ultimate laws’ (ibid., p. 11) of the algebraic 
theory of logic which is itself, firstly, founded upon the investigation of ‘the 
constitution of the Mind’ (Boole, 1847, p. i) and, secondly, the foundation for 
probability (see Boole, 1952 [1852]) 

Boole explained that logic concerns relations among things (‘All men are 
mortal’) and relations among facts expressed by propositions (‘If the sun is 
totally eclipsed, the stars will become visible’) as the elements of propositions 
that express these relations such that ‘we may [say] that the premises of any 
logical argument express given relations among certain elements, and that the 
conclusion must express an implied [existential] relation among [(parts of)] these 
elements [i.e.] a relation implied by or inferentially involved in the premises’ 
(Boole, 1854, p. 8). For example, the statement that ‘the fact or event A is an 
invariable consequent of the fact or event B may [thus] be regarded as equiv-
alent to the [statement] that the truth of the proposition ahrming the occur-
rence of the event B always implies the truth of the proposition ahrming the 
occurrence of the event A’ (ibid., p. 7, my emphasis). Boole included probabil-
ity theory within his account of algebraic logic, as the ‘organized expression’ 
(Boole, 1862, p. 226) of the laws of thought, because he wished to demonstrate 
that the whole of the theory is grounded on the expression of the expected 
frequency of occurrence of a particular event (‘the event whose probability 

40 Boole wrote that the ‘general laws of Nature are not, for the most part, immediate 
objects of perception. They are either inductive inferences from a large body of facts 
[or] physical hypotheses of a causal nature serving to explain phenomena [and] to 
enable us to predict new combinations of them. They are in all cases […] probable con-
clusions, approaching […] ever and ever nearer to certainty, as they receive more and 
more of the confirmation of experience’ (Boole, 1854, p. 4). 

41 Although Boole’s ‘esteem for Aristotle’s achievement [in logic] waned as [his] own 
achievement evolved, Boole never found fault with anything that Aristotle produced 
in logic, with Aristotle’s positive doctrine. Boole’s criticisms were all directed at what 
Aristotle did not produce; with what he omitted’ (Corcoran, 2007, p. 168). 



451 | The objective and the subjective in mid-nineteenth-century British probability theory

is sought’) as a logical function of the known frequency of occurrence of any 
other events (‘the events whose probabilities are given’) (e.g. Boole, 1854, p. 13; 
Boole, 1862, p. 227).42 More in specific, Boole argued that not only all classi-
cal problems (‘Given the probabilities of independent simple events; required 
the probability of a compound event’), but also the newly formulated general 
problem of probability theory (‘Given the probabilities of any events, simple 
or compound, conditioned or unconditioned; required the probability of any 
other event equally arbitrary in expression and conception’)43 can be solved on 
the basis of a certain general method. Before analyzing the stages 1 and 2 of 
the development of this method it is important to describe the way in which 
Boole defined probability. 

Boole held that Laplace’s classical definition of probability leads to the idea 
that probabilities are expectations founded upon partial knowledge and that 
probability theory ‘contemplates the numerical measure of the circumstances 
upon which expectation is founded’ (Boole, 1854, p. 244) – such that probabil-
ities disappear and probability theory becomes redundant when perfect knowl-
edge of all the circumstances is available. Although he acknowledged that the 
expectation of an event ‘grows stronger with the increase of the ratio of the 
number of the known cases favourable to its occurrence to the whole number 
of equally possible cases’ (ibid., p. 244), Boole dismissed as the unphilosoph-
ical the idea that the ‘mental phenomenon’ of the strength of an expectation, 
viewed as an opinion or ‘an emotion of the mind, is capable of being referred to 
any numerical standard’ (ibid., p. 244). Where probability theory is founded 
not upon a calculation of ‘human hopes and fears’ (ibid., p. 245), but upon the 
assumption that the future resembles the past – an assumption testified by the 
experimental fact that events tend to recur with definite relative frequencies 
–, probability consists in the expectation founded upon the knowledge of the 
relative frequency of occurrence of events. 

42 Boole spoke of ‘the necessity of a prior method in Logic as the basis of a theory of 
Probabilities’ (Boole, 1854, p. 13). 

43 Reflecting on the known problems of probability theory, Boole wrote that beyond 
them ‘it is not clear that any advance has been made toward the solution of what may 
be regarded as the general problem of the science, viz.: Given the probabilities of any 
events, simple or compound, conditioned or unconditioned: required the probability 
of any other event equally arbitrary in expression and conception’ (Boole, 1854, p. 15). 
The new general problem was first formulated, by Boole, in Boole, 1851a; Boole, 
1851b. 
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From this interpretation of the classical definition it followed that where the 
probabilities of (combinations of) events as derived either from (i) knowledge 
of physical symmetry or ‘the constitution of things’ (ibid., p. 247) (probabili-
ties of simple events) or of (ii) frequencies (probabilities of compound events) 
constitute the data of probability theory and the probability of a (combination 
of) connected event(s) the quaesitum. Where problems involving (i) are solved 
by classical methods, problems involving (ii) demand a general method which, 
as a ‘concomitant of the old one’ (ibid., p. 248), is ‘essential to the [perfection] 
of the theory of probabilities’ (ibid., p. 247). 

1 The first stage of the development of this general method for (i) and (ii) was 
to introduce the substitution ‘for events the propositions which assert that those 
events have occurred, or will occur’ (ibid., p. 244) and for ‘the occurrence of 
the events concerning which they make assertion […] the truth of those prop-
ositions (ibid., pp. 247-248, emphases in original) as the element of numerical 
probability. Boole gave the Laplacean principles of the old method that follow 
from the abovementioned classical definition of probability (see ibid., p. 249) 
and then presented as follows the general problem-situation (data and quaesita) 
to which these principles can be applied when the numerical probabilities are 
transferred ‘from the events with which they are connected to the propositions 
by which those events are expressed’ (ibid., p. 250): Given the probabilities of n 
(compound events expressed by) conditional propositions (‘If the cause  exists, 
the event E will follow’) with mutually conflicting antecedents; required the 
probability of ‘the truth of the proposition which declares the occurrence of the 
event E [and], when that proposition is known to be true, the probabilities of 
truth of the several propositions which ahrm the […] occurrences of the causes 
A1, A2 … An’ (ibid., p. 250). Because this system lacked generality in both its 
‘material’ and ‘formal’ aspect,44 Boole doubted whether probability theory 
could be established as a completely generally applicable theory ‘without some 
aid of a diferent kind from any that has yet ofered itself to our notice’ (ibid., 
p. 252). 

44 On the one hand, ‘the antecedents of the propositions are subject to the condition 
of being mutually exclusive and there is but one consequent, the event E’ (Boole, 
1854, p. 250). On the other hand, ‘viewing the subject in its material […] aspect, it is 
evident, that the hypothesis of exclusive causation is one which is not often realized in 
the actual world’ (ibid., p. 251). 
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2 Boole demonstrated his new general method for the solution of problems in 
probability theory by deducing some five well-known ‘arithmetical’ principles 
(I-V), one principle of a diferent kind (VI) and the definition of independ-
ence from the abovementioned classical definition for the measure of probabil-
ity. The abstract method that accompanied this system was illustrated by ele-
mentary problems (ibid., chapter 18) and by sophisticated problems related to 
causes and efects (see ibid., chapter 20) and the probability of judgments (see 
ibid., chapter 21). These sophisticated problems were said to be premised on a 
derivative method determining the statistical conditions ‘among their data in 
order that they may represent a possible experience’ (ibid., p. 276) and assign-
ing the limits of their logical and algebraical solutions (see ibid., chapter 19).45 
Boole presented this derivative method as the ‘necessary supplement’ (ibid., 
p. 295) to probability in general and to the sixth principle (VI) in specific. 
This principle put forward the statement that probability is concerned not 
with the ‘real nature’ (ibid., p. 256) of events, but with events as regarded by 
the mind (see ibid., pp. 256-257), as the reduction upon which the possibility 
of the general method for the abstract system depends. In brief, the task was 
to account for to account for the ‘absolute connexion between possibility in 
the data and formal consistency […]’ (Boole, 1862, p. 228, my emphasis), that 
is, between the ‘actual universe’ (ibid., p. 228) and ‘abstract thought’ (ibid., 
p. 228). Boole formulated the principle attached to the derivative method in the 
form of a twofold process of abstraction from probabilities of events derived, 
by approximation, from actual experience as the limiting frequencies of a class 
of observed equally possible cases (see Boole, 1854, pp. 295-296): firstly, the 
probabilistic problem-situation is represented by logical symbols (e.g. ‘x’ and ‘y’ 
for individual events) in such a way that, secondly, conclusions deduced from 
the relations among quantities (e.g. n (x) and n ( y)) can somehow46 be con-
verted into conclusions into conclusions about the probabilities of the events 
represented by ‘x’ and ‘y’. Where the first abstraction is a logical ‘translation’, 

45 Dale explains that, ‘in general, Boole’s solutions contain arbitrary constants, specifi-
cation of which usually yields bounds within which the desired probability must lie’ 
(Dale, 1999, p. 379). See Pitowsky for a technical treatment of Boole’s conditions of 
possible experience (Pitowsky, 1994). 

46 As Hailperin writes, ‘relations among […] values [of quantities] lead first to relations 
among relative frequencies […] and then to probabilities by passing to the limit. 
(Boole is quite vague about this transition from relative frequencies to probabilities)’ 
(Hailperin, 1996, p. 154). 
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the second abstraction amounts to the ‘mental construction’ (Boole, 1862, 
p. 227) of a scheme of ‘ideal events which are free, and of which the probabili-
ties are such that when they [are] restricted by the same [formal] conditions as 
the events in the [translated] data, their calculated probabilities will become the 
same as the given probabilities of the events in the data’ (ibid., p. 227). Boole 
justified this fundamental correspondence with reference to an ‘ideal observer’ 
for whom what appears as logically necessary in the abstract system or scheme 
could appear as actual in the course of an ‘infinite series of observations’ (ibid., 
p. 228). Where De Morgan introduced probability theory into generalized syl-
logistic logic and upheld an epistemic definition of probabilities as measures 
of the ideal degree or strength of belief in certain conclusions from imperfect 
syllogisms, Boole founded a generalized probability theory upon a non-Aristo-
telian logical calculus and defended an epistemic definition of probabilities as 
logical relationships between propositions describing events (see Galavotti, 
2011). While this implied that Boole rejected De Morgan’s definition for its 
reference to subjective variabilities of the mind, his own definition included a 
logicized version of Mill’s idea of ascribing probabilities to events on the basis 
of knowledge derived from experience as the inductive starting point and sta-
tistical condition for a formal system of abstract thought. 

5. Frequency probability: ‘a priori’ and ‘quasi-empirical’

The contributions of Ellis and Venn embodied the first elaborate and system-
atic attempt to establish probability theory on the definition of probability 
as the limit of the relative frequency of a certain event in an infinite series of 
independent trials or observations of a certain class or group. Their so-called 
frequency theory of probability was accompanied by a dismissal not only of 
the whole of Laplacean rationalism, but also of almost all of the foundational 
notions of the classical theory – e.g. equiprobability for the definition of prob-
ability, the principle of indiference for uniform prior probability distributions 
in inverse probabilistic reasoning and the notion of objective probability (!) for 
limiting relative frequencies – when applied outside of the combinatorial realm 
of games of chance and urns. 

From the incommensurable motivations of Ellis, the mathematician and 
Kantian idealist, and Venn, the logician and Millian empiricist, for developing 
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an alternative for classical probability theory, it is to be concluded that there 
was no unified ‘Cambridge’, ‘frequency’ or ‘empiricist’ school of probabil-
ity (cf. Gillies, 2000, chapter 5; Hald, 2007, section 11.4; Verburgt, 2014b). 
Ellis, under the influence of his brother-in-law Whewell (see Verburgt, 2013), 
attempted to reinterpret the ‘fully developed’ (Ellis, 1844a, p. 1) mathematical 
theory in such a way that it is compatible with a metaphysical scientific method-
ology that recognizes ‘a priori truths’ (ibid., p. 1) and ‘ideal elements of knowl-
edge’ (ibid., p. 6) and ‘makes the process of induction depend on them’ (ibid., 
p. 6). Venn, for his part, hoped to transform probability theory into that part47 
of his system of empirical or inductive logic that concerns the ‘proportional’ 
rather than ‘universal’ propositions found in inductive generalizations – prop-
ositions which, in so far as they are ‘incurably particular’ (Venn, 1881, p. 170), 
do not belong to syllogistic logic.48

5.1 Ellis’s idealist frequentism

Ellis’s critical contributions to probability theory concerned its foundations 
(Ellis, 1844a; Ellis, 1854) and the method of least squares for the probability 
of (observational) errors as one of its applications (e.g. Ellis, 1844b). After 
having accepted the classical definition for direct probability as a result of com-
binatorics (see Ellis, 1844a, p. 1), Ellis reflected upon the classical conclusion 
that if ‘the probability of an event [is] correctly determined, the event will on 
a long run of trials tend to recur with frequency proportional to this proba-
bility’ (ibid., p. 1). He then put forward his central statement that what has 
traditionally been ‘proved mathematically’, by Bernoulli, Laplace, Gauss and 
others, with regard to this conclusion ‘seems to me [Ellis] to be true a priori’ 

47 Venn referred to probability theory as ‘one department of the general science of 
Inductive Logic’ (Venn, 1889, p. 9) in his Principles of Inductive or Empirical Logic of 
1889. 

48 Venn, in his Symbolic Logic of 1881, wrote that ‘[p]articular propositions [are] of a 
somewhat temporary and unscientific character […] Indefiniteness [in] respect of 
the predicate cannot, or need not, always be avoided; but the indefiniteness of the 
subject, which is the essential characteristic of the particular proposition, mostly can 
and should be avoided. For we can very often succeed [in] determining the ‘some’; 
so that instead of saying vaguely that ‘Some A is B’, we can put more accurately by 
stating that ‘The A which is C is B’ […] Propositions which resist such treatment […] 
are comparatively rare; their hope and aim is to be treated statistically, and so to be 
admitted into the theory of Probability’ (Venn, 1881, pp. 169-170). 
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(Ellis, 1844a, p. 1). For example, about the (weak) law of large numbers and 
the theorem of the arithmetic mean, Ellis argued that neither of these is to be 
established either as a mathematical deduction from the notion of probability or 
as a fact of experience. Instead, if the first must be accepted as a ‘fundamental 
axiom [as] supplied by the mind itself which is ever endeavouring to introduce 
order and regularity among the objects of its perceptions […] that on the long 
run the action of fortuitous causes disappears’ (ibid., p. 3) the second is to be 
thought of as being implied in this very axiom.49 

Taken together, probabilities referred not to ‘the measure of a mental state’ 
(ibid., p. 3) but to ‘the number of ways in which a given event can occur, or 
the proportional number of times it will occur on the long run’ (ibid., p. 3) – 
with the first numerical expectation being established by indiference and the 
second numerical expectation by ‘an appeal to consciousness’ (ibid., p 3)50 
that exposed the impossibility of judging otherwise: ‘When on a single trial 
we expect one event rather than another, we necessarily believe that on a series 
of similar trials the former event will occur more frequently than the latter’ 
(ibid., p. 1, my emphasis). For Ellis probabilities could, thus, not be ‘read of of 
observed frequencies’ (Daston, 1994, p. 338) and applications of inverse prob-
ability such as the probability of causes and hypotheses and the law of succes-
sion depended ‘not only on the event, but also on the [individual!] mind which 
contemplates’ (Ellis, 1844a, p. 5).51 For example, from the questions ‘A priori 
probability to what mind? In relation to what way at looking at them?’ (ibid., 
p. 5), Ellis concluded that if the number of prior probabilities was ‘infinite 
[and] indeterminate’ (ibid., p. 6) the calculations of ‘the theory a posteriori of 
the force of inductive results are illusory’ (ibid., p. 6). 

49 Ellis had it that this axiomatic conviction ‘is an immediate consequence of our confi-
dence in the permanence of nature’ (Ellis, 1844b, p. 205). 

50 Ellis argued that if the mathematical theorems of probability theory are ‘founded on 
the mental phenomenon of expectation […] expectation [itself] never could exist, if 
we did not believe in the general similarity of the past to the future, i.e. the regularity 
of nature’ (Ellis, 1844a, p. 4). 

51 For example, ‘[t]he assertion [that] ¾ is the probability that any observed event [has] 
an a priori probability greater than ½ […] seems totally to want precision. A priori 
probability to what mind? In relation to what way of looking at them?’ (Ellis, 1844a, 
p. 5). 
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Ellis’s frequency theory, thus, grounded classical probability theory on an 
idealist metaphysics and involved seemingly purely subjective considerations 
that not only reduced the whole of inverse probability to calculations flowing 
from a priori ideas, but also rendered impossible and useless the task of collect-
ing statistical data. Given his commitment to realism (see Ellis, 1854; Verburgt, 
2013), Ellis himself could understand ‘phenomena’ or ‘facts’ as approximative 
realizations of the ‘ideas’ or ‘universals’ that allow for the identification, in the 
‘ideal [and] practically unattainable’ (Ellis, 1854, p. 605) limit, of probabilities 
with frequencies. 

5.2 Venn’s quasi-empiricist frequentism

Venn opened his Logic of Chance of 1866 with the statement that with ‘what 
may be called the Material […] Logic [of Mill] as opposed to [the] Formal or 
Conceptualist [of De Morgan and Boole], – with that which regards it as taking 
cognisance of laws of things and not of the laws of our minds in thinking about 
things, – I am in entire accordance’ (Venn, 1866, p. xiii). The central aim of 
the book was defend the material logical ‘view of the nature and foundation of 
the rules of Probability’ (ibid., p. xiii) found in Mill’s System of Logic against 
De Morgan’s Formal Logic and Boole’s Laws of Thought52 in which probabil-
ity ‘is regarded very much from the conceptualist point of view’ (ibid., p. xii). 
Other, more specific, aims were to demonstrate, firstly, that classical proba-
bility theory, in so far as it is mathematical, is a formal or deductive science 
of artificial phenomena (see ibid., chapter 3-6) and, secondly, that frequentist 
probability theory, in so far as it is non-mathematical,53 belongs to the material 
science of natural phenomena (see ibid., chapter 1-2, 7, 11 and 14).54 

52 About Boole’s Laws of Thought, Venn wrote that ‘[o]wing […] to [its] peculiar 
treatment of the subject I [Venn] have scarcely anywhere come into contact with any 
of his expressed opinions’ (Venn, 1866, p. xii). 

53 For Venn’s views on the use of mathematics within the non-mathematical discipline of 
logic (and probability theory as a part of logic) see Venn, 1866, pp. 19-24; Venn, 1881, 
introduction. 

54 Venn aimed to include within one general theory ‘the ordinary problems of games 
of chance, as well as those where the dice are loaded and the pence are not ideal, and 
also the indefinitely numerous applications of statistics to social phenomena and the 
facts of inanimate nature’ (Venn, 1866, p. 32), but he admitted the ‘advantages of the 
a priori plan’ (ibid., p. 32) of the mathematical deductive part. 
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The foundation of Venn’s material logic consisted of the following idea: ‘Induc-
tive Logic gives rules for discovering […] generalizations [and] for testing their 
correctness. If they contain universal propositions it is the part of ordinary [syl-
logistic] logic to determine what inferences can be made from and by them; if, 
on the other hand, they contain proportional propositions [they] are handed 
over to Probability’ (ibid., pp. 171-172). Where in the Logic of Chance the propor-
tional propositions were presented as ‘a class of immediate inferences, unrec-
ognized indeed in Logic [of] which the characteristic is that as they increase in 
particularity they diminish in certainty’ (ibid., p. 3),55 in the Symbolic Logic they 
would be introduced as those particular propositions which cannot be turned 
into universal propositions and which are ‘to be treated statistically [in] the 
theory of Probability’ (Venn, 1881, p. 170). Given his dismissal of the idea of 
a ‘subjective […] degree of […] certainty or belief’ (ibid., p. 4) about proposi-
tions, Venn approached the proportional propositions of probability theory in 
terms of the class of things which they contemplate, namely so-called ‘series’ 
which combine ‘individual irregularity with aggregate regularity’ (ibid., p. 4), 
that is, ‘our [statistical] examination of a large number of a long succession of 
instances […] in [which] we shall find a numerical proportion [or order], not 
[…] accurate [or uniform] at first, but which tends in the long run to become 
accurate [or uniform]’ (ibid., p. 5). 

Venn distinguished between ‘artificial’ series – in which ‘the gradual evolu-
tion of [order] is indefinite, and its approach [to] perfection unlimited’ (ibid., 
p. 13) – and ‘natural’ series – in which the order ‘which is found in the long 
run […] though durable is not everlasting’ (ibid., p. 14). The somewhat unfor-
tunate problem was that if it is only in the case of series similar to the artifi-
cial series found in the classical deductive part of probability theory that it is 
possible to make scientific inferences, the natural series for his new inductive 
part were to be idealized into ‘imaginary’, ‘ideal’ or quasi-natural series with 
artificial features: ‘In examining the series of statistics which arise out of any 
of [the] natural uniformities we [find] that [the] series tend at length to lose 

55 For example, ‘[l]et me assume that I am told that some cows ruminate; I cannot infer 
logically from this that any particular cow does so, though I should feel some way 
removed from absolute disbelief […] on the subject; but if I saw a herd of cows I should 
feel more sure that some of them were ruminant than I did of the single cow, and my 
assurance would increase with the numbers of the herd about which I had to form an 
opinion’ (Venn, 1866, p. 3). 
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their regularity. But this will not suit our purpose. What we do [is] to make a 
[‘subjective’ (see ibid., p. 56)] substitution, and employ instead a series which 
shall be regular throughout. It is by this substituted series that we do in reality 
make our inferences’ (ibid., p. 23). Venn emphasized that the validity of the 
inferences drawn on the basis of these quasi-natural series depends on their 
two-sided56 (experiential and inductive) agreement with natural series. But due 
to an ‘a priori tendency’ (ibid., p. 27) arising from their undue consideration of 
games of chance and urns led the classical probabilists to erroneously assume, 
firstly, that the basis of their calculations ‘is not the [artificial] series itself but 
some a priori conditions on which the series depends’ (ibid., p. 27) (see ibid., 
pp. 28-33) and, secondly, that this is also the case for natural series (see ibid., 
pp. 33-41). Where the first assumption reduced probability theory to a non-sci-
entific psychological investigation of states of the mind, the second assumption 
attached to the theory a philosophical realism which provides a justification 
for ‘the inveterate tendency to objectify our conceptions’ (ibid., p. 36) in the 
form of an ‘objective probability’ that is ‘supposed to develop somehow into the 
sequence which exhibits the uniformity’ (ibid., p. 36). Venn argued that there 
‘really [is] nothing which we can call the objective probability’ (ibid., p. 36); for 
if this notion ‘pre-supposes a fixed type [or] an ideal something which is per-
petually striving, and gradually, though never perfectly, succeeding in realising 
itself in nature’ (ibid., p. 38, my emphasis), a type that is ‘persistent and invari-
able is scarcely to be found in nature’ (ibid., p. 16, my emphasis). Although the 
quasi-natural series are series with a ‘fixed type’ (ibid., p. 57) à la objective 
probabilities, they exist as an imaginary fiction rather than as a metaphysical 
objectification of an a priori assumption. 

After having distinguished the (‘Millian’) ‘actual series about which we reason’ 
(ibid., p. 37) from the quasi-natural series which ‘we employ in reasoning about 
it’ (ibid., p. 37), Venn wrote that, in order to use the quasi-natural series as 
a means of making inferences, it is necessary to move ‘from the objective to 
the subjective, from the things themselves to the state of our minds in contem-
plating them’ (ibid., p. 56). The core of Venn’s ‘objective’ frequentism, thus, 
consisted of a subjective mind reasoning about ‘real things’ (ibid., p. 57) on the 

56 Venn repeatedly emphasized that the quasi-natural series are obtained from ‘experi-
ence supplemented by the aids [of] Inductive Logic’ (Venn, 1866, p. 26) and that ‘an 
occasional appeal to experience therefore is necessary to test and control our conclu-
sions’ (ibid., p. 23). 
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basis of subjectively constructed series that form the foundational alternative 
for the ‘subjective belief’ of De Morgan’s classical theory –57 and this in both 
the direct and inverse case (see ibid., chapter 8). 

6. Concluding remarks

It may be clear that it is by no means straightforwardly possible to understand 
the mid-nineteenth-century contributions of the British revisionist probabilists 
in terms of the distinction between ‘subjective’ probability – as an ‘epistemic 
state of knowledge’ – and ‘objective’ probability – as an ‘objective state of the 
world’ – or of the acceptance of the objective status of chance with reference 
to the subjective variability of the mind. 

Both De Morgan, Mill, Boole, Ellis and Venn were committed to the idea that 
if it is true that ‘[t]hough there be no such thing as chance in the world; our igno-
rance of the real cause of any event has the same influence on the understand-
ing’ (Hume, 2007 [1748] p. 54) it is this ignorance that necessitates probability 
theory. At the same time, all of them thought of induction not only as being able 
to produce the knowledge of causes that could render the theory redundant, 
but also as being grounded, in some sense, on the non-inductive principle of 
the uniformity of nature. Where De Morgan and Boole held that the probable 
status of inductive inferences justified the introduction of probability within 
a deductive system of logic that then contained syllogistic induction and the 
formal rules for non-demonstrative induction, Mill and Venn agreed that in 
so far as probability is conditioned by induction it is a derivative part of the 
inductive logic of truth. When seen in light of the work of Mill, Boole and 
Venn, De Morgan and Ellis were the probabilists who referred to the subjective 
variabilities of the mind – De Morgan in calculating probability as ‘the strength 
of human hopes and fears’ (Boole, 1854, p. 245) and Ellis in making probability 
dependent on the personal knowledge involved in induction. But this criticism 
did not compel either Boole, Mill or Venn to accept objective probabilities; 
where Boole referred to relative frequencies only in order to logicize them and 

57 After admitting the twofold importance of the ‘subjective’ for his own theory, Venn 
goes on to criticize the classical ‘subjective side of Probability’ (Venn, 1866, p. 75) for 
being ‘a mere appendage of the objective’ (ibid., p. 75). 
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Mill separated empirical frequencies from objective states of the world, Venn 
talked of idealized frequencies. 

De Morgan’s inclusion of classical probability within his generalized syllo-
gistic logic went hand-in-hand with an epistemic rejection of objective prob-
abilities as individual objects in experience. His fellow deductivist Boole’s 
attempt to ground probability theory on his algebraic system of logic criti-
cized De Morgan’s quantification of ‘emotions of the mind’ and put forward 
material frequencies of occurrence as the referent for the partial state of knowl-
edge to which probability refers. Because his aim was to establish an abstract 
logical system that incorporated both direct and indirect probability, Boole 
turned the relations between frequencies into logical combinations expressed 
by propositions which could then be algebraically analyzed in so far as they 
concerned interpretable ideal events. The empirical-inductivists and frequen-
tists Mill, referring to the mathematician Laplace, and Venn, referring to the 
formal logician De Morgan, criticized the classical foundational definition of 
probability for limiting the theory to the mental realm of the subjective or a 
priori. Their fellow frequentist, the Kantian idealist Ellis argued that the clas-
sical theory and all of its mathematical theorems were to be reinterpreted as 
being grounded on certain intuitive, a priori, truths – for example a ‘balanc-
ing tendency’ (Ellis, 1854, p. 607) with the characteristics of the notion of an 
‘objective probability’ which Venn ascribed to, among others, the ‘realists’ Ber-
noulli and Laplace, but which he himself expressed in the form of ‘quasi-em-
pirical’ imaginary series. The ‘version of objective probability’ (Schafer, 2001, 
p. 155) of the frequentists was, thus, one in which there were neither ‘objective 
probabilities’ of experience nor ‘objective probabilities’ found in a world inde-
pendent of human knowledge; Mill defended empirically based epistemic prob-
abilities, Ellis referred to the identification of probabilities with frequencies by 
an appeal to consciousness and if Venn accused the classical ‘subjective’ theory 
for holding on to the existence of ‘objective probabilities’ his own frequency 
theory reasoned about objective ‘external things’ (Venn, 1866, p. 72, p. 126, 
p. 319) via the subjective contemplation of subjectively created series. 

Although the probabilistic distinction between ‘subjective’ and ‘objective’ did, 
perhaps, originate in the mid-nineteenth-century, the case of British probabil-
ity suggests that there were not only several conflicting definitions of the two 
terms, but also several irreconcilable logical, philosophical and scientific view-
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points from which their relation could be negotiated. It thus seems to be the 
case not only that the statement that they appeared to ‘vacillate between the 
objective and subjective’ (Daston, 1988, p. 190) applies equally to, on the one 
hand, Bernoulli and Laplace and, on the other, De Morgan, Mill, Boole, Ellis 
and Venn. But also that the work of both the classical and the revisionist proba-
bilists becomes ‘poorly articulated […] when we attempt to classify their work 
along objective versus subjective lines’ (ibid., p. 190). At least, that is what this 
paper has hoped to make manifest. 
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