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chapter 3

Robert Leslie Ellis’s work on 
philosophy of science and the 
foundations of probability theory

0.  Introduction

Both Robert Leslie Ellis’s (1817-1859) work philosophy of science and the 
foundations of traditional probability as well as its complex relation with 
that of one of the towering intellectual figures in the Victorian era, namely 
William Whewell (1794-1866) (e.g. Fisch & Schafer, 1991, Fisch, 1991, Snyder, 
2006, Yeo, 1993), count as largely understudied issues in the history of nine-
teenth-century British philosophy and mathematics. The main goal of this 
paper is to fill this lacuna by explaining – what has become known as – Ellis’s 
‘frequency interpretation’ of probability (see Daston, 1994, Galavotti, 2007, 
Hacking, 1975, 127, Kiliç, 2000, Verburgt, submitted for publication-a, submit-
ted for publication, Zabell, 2005, 120-121) as the result of the complex dialogue 
with, what he took to be, the ‘idealist’ and ‘realist’ elements in Whewell’s 
thought. 

After providing, in section 1, an extensive biographical account of the life and 
‘career’ of Ellis, section 2 purports to consider Ellis’s ‘General Preface’ to 
Bacon’s Philosophical Works as the attempt to supplement the Baconian induc-
tive method with an ‘idealist’ component that closely resembled Whewell’s idea 
of ‘consilience’. In section 2.2 it is argued that both took the ‘quasi-Kantian’ 
character of their renovation of the method merely as a way to circumvent what 
they considered to be the excesses of strict Baconianism. The issue of ‘realism’ 
is discussed, in section 3, with reference to the Victorian debate on natural 
kinds and classification; more specific, it is argued that Ellis’s observations on 
bees’ cells (section 3.2) were formulated along the lines of Whewell’s particu-
lar, theologically inspired, argument for ‘(arche)types’ (section 3.1). Section 
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4 provides a lengthy analysis of Ellis’s two papers on probability theory. It is 
indicated how his critique of the metaphysical foundations of traditional prob-
ability theory can be understood as contributing to transforming them on the 
basis of his philosophical ‘idealist-realism’. The concluding remarks (section 5) 
set out to qualify this parallel by highlighting Ellis and Whewell’s disagreement 
on the nature of (pure) mathematics and its relation to scientific knowledge. 

1. Robert Leslie Ellis: ‘His intellectual faculties were 
undoubtedly his most striking characteristics’1

In the eyes of his contemporaries Ellis was ‘one who was promised to become 
a main prop’ (Gibbins, 1860, 205) and he was ‘familiar to many generations of 
Cambridge men as a prodigy of universal genius’ (Newman, 1956, 1177). From 
an early age, Ellis, who was born on August 25 1817 in Bath, was educated at 
home in classics and mathematics for several years by two private tutors and his 
father, Francis Ellis (1772-1842) (see Ellis, 1866) – whose cultivated intellect 
and fondness of speculative inquiry are said to have been of great influence on 
Ellis’s intellectual life. In his biographical memoir of Ellis, Harvey Goodwin 
(Bishop of Carlisle) wrote that ‘in the year 1827, when he [Ellis] was about ten 
years old, he was doing equations, and reading Xenophon and Virgil’ (Ellis, 
1863a, xiv). In spite of this rapid progress, due to ill health Ellis was forced to 
disrupt his studies under the physicist and astronomer Reverend James Challis 
at Papworth St. Everard in Cambridgeshire in November 1834. Although it 
is clear from the Alumni Cantabrigienses that Ellis was administrated as a pen-
sioner of Trinity College as early as July 10 1834, his matriculation, at the age of 
nineteen, at Cambridge University was delayed until October 1836 (see Venn, 
1944, 411, Panteki, 2004, Goodwin, 1863). 

It was his teacher George Peacock (1791-1858) who first discovered that Ellis 
‘was very much in advance of the men of his year in mathematical acquire-
ment […] Ellis never read with the class [and] in fact, he did not need to kind 
of lecture which was adapted to […] others; he required only that his reading 
should be arranged, and put in a form suitable for the Cambridge examina-
tions’ (Ellis, 1863a, xv). As a pupil of his tutor Peacock and coach William 

1 Goodwin (1863, xxxiii). 
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Hopkins (1793-1866) Ellis became an outstanding, but quite reserved,2 under-
graduate student whose circle of friends was limited to those in his own small 
college. After several interrupted years due to his sickliness, he was the Senior 
Wrangler from the 1840 Tripos and was elected a Fellow in the same year (see 
Venn, 1944, Warwick, 1998, 2003).3 Ellis, who never dreamt of ‘elbowing his 
way amidst the contests of professional life’ (Gibbins, 1860, 205), noted in 
his private journal how the attempts to live up to the high expectations of his 
teachers had replaced his ‘freshness and purity of mind’ with ‘vulgar and trivial 
ambition’ (Ellis in Warwick, 2003, 185).

During his career Ellis’s interests ranged from mathematics and civil rights4 to 
etymology, bees’ cells (see Glaisher, 1873, Davis, 2004) Dante, Roman Aque-
ducts, the formation of a Chinese dictionary and Danish ballads. Although ‘his 
standing at Cambridge did not enable [him] to take part in [its] origination’5 

2 As Goodwin recalled: ‘During his undergraduate career I was not intimately 
acquainted with him: probably he had no desire to increase his circle of friends beyond 
that which was naturally brought round him in his own college: and his manner was 
not such as to encourage rapid intimacy. I do not think that at this period the number 
of his intimate friends was large even within Trinity College […] Ellis was to be seen 
sometimes at the debates of the Union Society, but he seldom took any part in them’ 
(Ellis, 1863a, xv-xvi). To this Panteki (2004) adds that ‘Ellis deliberately evaded 
intimacy and his seclusion added to the depression to which he was predisposed’. At 
the same time, in Smith & Stray (2003, 10) Ellis is named on a list of, more or less, 
intimate friends of his fellow student, Alexander Chisholm Gooden. 

3 Warwick (2003) provides an apt description – based on Ellis’s own account in his 
private journal – of the ceremony in which Ellis was presented as the Senior Wrangler 
to the Vice Chancellor: ‘Having attended a special celebratory breakfast at Trinity 
College, Ellis made his way, in hood, gown, and bands, to the Senate House. There he 
was congratulated by people waiting for the ceremony to begin […]. Once everyone 
was seated in their proper places and the galleries filled with students, Ellis was led 
the full length of the Senate House by Thomas Burcham to thunderous applause […] 
Having knelt before the Vice Chancellor to have his degree conferred, Ellis walked 
slowly to the back of the Senate House – to further loud cheers – where, overcome 
with emotion, he was sat down and revived with a bottle of smelling salts provided by 
a young woman from the crowd’ (207-208). 

4 In Fritsch (1998) it is noted that Ellis was primarily interested in civil rights, but did 
not have to work as a lawyer thanks to an inheritance. 

5 This is at odds with the following remark by Panteki (2004): ‘His significant con-
tributions [to the study of mathematics, LV] date from 1837, when, together with 
D.F. Gregory, he founded the Cambridge Mathematical Journal’. There seems to be 
no evidence for this claim; Ellis, together with Walton, only assumed the direction of 
the Cambridge Mathematical Journal after Duncan Farquharson Gregory succumbed 
to his recurring illness in 1844. 
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(Gibbins, 1860, 205), Ellis was an active contributor and standby editor, from 
1844 to 1845 and together with William Walton (1813-1903), of The Cambridge 
Mathematical Journal.6 Between the years 1839 and 18547 Ellis published some 
twenty-two papers and notes on functional, algebraical and diferential equa-
tions in the Journal – 1844 being his most productive year with no less than 
nine papers. His remarks on the ‘theory of matter’, the theory of probabili-
ties and the method of least squares appeared in the Philosophical Magazine 
and Transactions of the Cambridge Philosophical Society. Despite these achieve-
ments, his obvious ‘power of genius’ (George Boole in Smith, 1984, 91), and 
the fact that his health and ‘the rules of the College permitted him to retain his 
position as a Fellow’ (Gibbins, 1860, 205) Ellis always remained a student. He 
gave several lectures on higher mathematics, was the moderator of the Tripos 
examination in 1844 and Examiner in 18458 – obligations he hoped to escape 
from – but, seemingly, did not desire to be appointed professor. After his Fel-
lowship expired in 1849 he travelled to France (Nice) and Italy as a layman to 
do research in several Continental libraries. It was on his journey along the 
Riviera that Ellis, in Mentone, became very ill and, in San Remo, was seized 

6 Ellis and Walton edited the February, May and November editions of 1844 and the 
February and May editions of 1845. Eventually, after editing the fourth volume, Ellis 
came to search for someone who could replace him as an editor. William Thomson, 
who would become Lord Kelvin in 1892, agreed to Ellis’s proposal. For accounts of 
Ellis’s editorship see Crilly (2004) and Despeaux (2007). 

7 Under the editorship of William Thomson the Cambridge Mathematical Journal was 
renamed Cambridge and Dublin Mathematical Journal in 1846. Already in July 1845, 
Thomson – after George Boole had first suggested it to him – was convinced of the 
appropriateness of this renaming. It was Ellis who asked him to have second thoughts 
before actually carrying it through. Be that as it may, on a visit to Dublin, where he 
dined with Charles Graves (1821-1899), Ellis informed Thomson that ‘he [Graves] 
thinks the introduction of the word Dublin into the title of the journal would tell very 
much here. He says many of the younger men tell him they would be happy to contrib-
ute if they could look on the journal as in any degree an organ of their university’ (Ellis 
in Crilly, 2004, 475). 

8 The three other examiners in the Tripos of 1845 were Samuel Blackall, Harvey 
Goodwin (Bishop of Carlisle) and John Sykes (see Thompson, 1910, chapter 2). 
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with rheumatic fever.9 When he returned to England in the early 1850s,10 he 
intended to enter the political life of his home town Bath. Yet, once again due 
to his ill health,11 he was forced to give up this ambition. Remarkably, and 
for unknown reasons, in a letter send on 22 January 1857, J.D. Forbes asked 
William Whewell whether ‘it [is] true that Robert L. Ellis has died?’ (Forbes, 
1857). In fact, it was only on the 12th of May, 1859 that Ellis – at the age of 
forty-one – passed away in his house in Trumpington. 

His published and unpublished works were posthumously collected in The 
Mathematical and Other Writings of R.L. Ellis – a volume edited by the Trinity 
mathematician, and intimate friend, William Walton and prefaced by Goodwin 
who here wrote that Ellis’s life was ‘quiet, uneventful, but very full of sufering’ 
(Ellis, 1863a, xii). The collection included many writings, with titles as diverse 
as ‘On the achromatism of the eye-pieces of telescopes and microscopes’ (1839), 
‘On the condition of equilibrium of a system of mutually attractive fluid par-
ticles’ (1839) and ‘Note on a definite multiple integral’ (see Ellis, 1844c), that 
had previously appeared. Some others, like the ‘Remarks on certain words in 
Diez’s Etymologisches Wörterbuch der Romanischen Sprachen’ and ‘Some thoughts 
on the formation of a Chinese dictionary’, were published for the first time. 
Despite his numerous writings and interests, Ellis is mostly remembered, and 
quoted, as one of three editors of the collected works of Francis Bacon. From 
the year 1846 he had been responsible for the philosophical volumes (see Bacon, 

9 In his biographical preface to Edward Meredith Cope’s 1877 edition of Aristotle’s 
Rhetoric H.A.J. Munro observed that ‘Whenever a friend needed care and sympathy, 
none so prompt as he to ofer them. When Robert Leslie Ellis, for whom he felt an 
unbounded admiration, was seized with fever at San Remo in 1849, of hurried Cope 
at once to render him all the assistance it was in his power to give’ (Munro, 1877, xx). 
Moreover, in a letter to J.D. Forbes of February 28, 1850, William Whewell wrote 
that Ellis ‘was obliged to stop at a little village, Saint Remo I think, on the Cornice 
Road. At his request we had his case referred to in our chapel prayers. Since then I am 
glad to hear that he is much recovered. I do not know how he has finally modified his 
plans’ (Whewell in Todhunter, 1876, 356).

10 As noted in Goodwin’s biographical memoir, it was only ‘[a]fter a residence of nearly 
three months at S. Remo [that] he [Ellis] was brought home by easy stages’ (Goodwin, 
1863, xxii). 

11 In the Alumni Cantabrigienses it is noted that Ellis returned from his journey ‘a 
complete invalid’ (Venn, 1944, 411). 
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1858, 1859a, 1859b, 1861a, 1861b)12 for which he also wrote a general preface 
(Ellis, 1858). It was for his views on the nature of Bacon’s theory induction and 
scientific discovery expressed here that Ellis was praised by William Whewell, 
one of the leading men of science in Victorian Britain, in chapter XVI of his 
On the Philosophy of Discovery, Chapters Historical and Critical (1860).13 Here 
Whewell wrote of 

‘a new edition of the works published [by Bacon, LV] with a careful and 
thoughtful examination of the philosophy which they contain, written 
by one of the editors: a person especially fitted for such an examination 
by an acute intellect, great acquaintance with philosophical literature, 
and a wide knowledge of modern science. Robert Leslie Ellis died 
during the publication of the edition, and before he had done full justice 
to his powers; but [he] has given a more precise view than any of his 
predecessors had done of the nature of Bacon’s induction and of his phi-
losophy of discovery’ (Whewell, 1860, 149-150).14

2.  Robert Leslie Ellis’s philosophy of science: 
between Whewell, Bacon and Kant

2.1  Ellis, Whewell and Bacon

Ellis’s ‘General Preface’ is not only to be regarded as the most comprehensive 
account of his own views on philosophy of science and scientific methodology. 
Similar to the authoritative edition of the collected works of Bacon as such, 

12 Ellis prepared prefaces for Bacon (1859a) and Bacon (1859b) and selected the works 
to be translated for Bacon (1861a) and (1861b), but did not live to see the publication 
of these volumes. 

13 In 1858-1860 Whewell’s seminar The Philosophy of Inductive Sciences Founded 
upon their History was republished in the form of three books: The History of Sci-
entific Ideas (1858), Novum Organon Renovatum (1858) and On the Philosophy of 
Discovery (1860). Although it is stated in the subtitle of the latter work that it includes 
‘the completion of the third edition of The Philosophy of the Inductive Sciences’ it 
is commonly agreed that the three republications essentially are a reproduction of the 
philosophical system of 1840. 

14 It may also be noted that in the Edinburgh Review of October 1857 Whewell published 
a positive review of the first three edited volumes of Bacon’s works. 
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it must also be assessed against the background of the Victorian revisionism 
with regard to the Baconian heritage. Moreover, as suggested by Whewell’s 
abovementioned comment on Ellis’s ‘thoughtful’ examination and ‘precise 
view’ of Baconian philosophy, the examination presented in the preface points 
to both the influence of Whewell’s writings on science on Ellis as well as their 
mutual agreement about the need to reform the Baconian framework without 
abandoning it.15 16 For instance, where Ellis, after having read an early manu-
script of Whewell’s The Philosophy of the Inductive Sciences in 1839, noted that 
‘[v]ery many of the views, are so far my own, that they have, more or less per-
fectly formed, passed through my mind’ (Ellis in Kiliç, 2000, 256), Whewell 
wrote that the point of Ellis’s critical remarks ‘amounts to much the same as the 
account I had given of the positive results of Bacon’s method, and the real value 
of that portion of his philosophy which he himself valued most’ (Whewell, 
1860, 151-152). Here, Whewell explicitly alluded to the following statement of 
Ellis:

‘It is neither the to the technical part of his [i.e. Bacon’s] method nor 
to the details of his view of the nature and progress of science, that his 
great fame is justly owing. His merits are of another kind. They belong 
to the spirit rather than to the positive precepts of his philosophy’. (Ellis, 
1869, 122). 

15 There are, by and large, two opposed positions in the controversy on Whewell’s views 
on Bacon. On the one hand, for instance, Fisch (1991) suggests that Whewell, during 
the early 1830s, adhered to the orthodox Baconian scheme of the inductive method, 
but eventually, by the end of the 1830s, would come to defend a non-Baconian theory 
of induction. On the other hand, for instance, Yeo (1985) has argued that Whewell 
judged Bacon’s philosophy premature and incomplete, rather than mistaken. In what 
follows, it will be suggested that - at least with regard to Ellis, but, presumably, also 
when it comes to Whewell – the second position is more plausible. 

16 Although there are some doubts about their personal relationship, several, more or 
less obvious, facts speak in favor of it. First, already in 1836 J.D. Forbes, in a letter 
to Whewell, wrote that he had heard that ‘a very engaging young man’, who he had 
met two years earlier in Bath, was to become Whewell’s student at Cambridge (see 
Forbes, 1836). Secondly, the Manuscript and University Archives at Cambridge Uni-
versity make notice of the fact that the correspondence between Ellis and Whewell 
commenced as early as April 7, 1840 – the year in which Ellis’s ‘wrangler making 
process’ ceremony took place where Whewell, who was to be appointed Master in 
1841, was present as well. Thirdly, it may also be noted that after his first wife died in 
1855, Whewell remarried Everina Frances (Lady Aieck) in 1858 – who was Ellis’s 
sister (see Todhunter, 1867, 222, Fisch & Schafer, 1991, 28) 
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This balancing between an appraisal of the ‘spirit’ of Bacon’s philosophy and 
a denunciation of its methodological principles is characteristic of the British 
reassessment of the Baconian legacy during the mid-nineteenth century – 
as initiated by, for instance, Macvey Napier’s (1776-1847) qualifications to 
Bacon’s reputation as the father of modern science in his (1818) and the publi-
cation of John Herschel’s A Preliminary Discourse on the Study of Natural Philos-
ophy17 in 1831.18 If Herschel explicitly acknowledged that many scientific laws 
and theories did not fit Bacon’s method of induction, he maintained a commit-
ment to it (see Losee, 1972, 116, Yeo, 1985, 269, Olson, 1975, 264-270). It was 
Whewell who, in reaction to Herschel’s work, came to emphasize the need 
to appropriately supplement the method so as to fully accommodate the his-
torical process by which modern scientific knowledge had emerged – or, as he 
formulated it in a letter to Herschel of April 9 1836, to reconsider it in light 
of ‘the present state of thought and knowledge’ (Whewell in Yeo, 1985, 270). 
At least prior to the publication of his The Philosophy of the Inductive Scienc-
es,19 Whewell argued that this supplementation consisted of adopting a more 
liberal, i.e. ‘quasi-Baconian’, position vis-à-vis the role of hypotheses inside 
the Baconian framework.20 Thus, Whewell wrote in his review of Herschel’s 
(1831) that induction ‘does more than Observation, inasmuch as she not only 
collects facts, but catches some connexion or relation among them […] as rep-
resented by a general law, or a single conception of the mind’ (Whewell, 1831, 
379). Importantly, not only in his review of Herschel did Whewell gave the 
impression that this combination of ‘mere phenomena, and of pure ideal con-
ceptions’ (ibid., 380) already appeared in Bacon’s work, but also, for instance, 

17 As Fisch (1991, section 2.22.), rightly, argues, given the very Baconian character 
of Herschel’s Preliminary Discourse, this work can only be taken as initiating the 
British reassessment of Bacon in so far as it made apparent the highly problematic 
aim of understanding mathematical physics – and its use of formal systems – in strictly 
Baconian terms. Consequently, Whewell’s mature philosophy of science can be 
understood as a culmination of his negotiation of this issue – which Herschel sought 
to avoid. This issue will be taken up in section 5. 

18 See, for instance, Yeo (1985) for an extensive account of mid-nineteenth century 
‘Baconianism’ in Britain and Robertson (1976) for the early-nineteenth century 
Scottish debate on Bacon. 

19 See footnote 15 for the debate on the place of Bacon in the development of Whewell’s 
philosophy of science. 

20 Fisch (1991, section 2.36.) also draws attention to the ‘non-Baconian’ character of the 
very issue of ‘determining the nature of the historical process by which present-day 
physics acquired its present form’ (75). 
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in his On the Philosophy of Discovery – published some thirty years later – did 
Whewell express his conviction that Bacon ‘held the balance […] between phe-
nomena and ideas [in so far as] [h]e urged the Colligation of Facts, but […] was 
not the less aware of the value of the Explication of Conceptions’ (Whewell, 
1860, 135). Now, a few pages later, Whewell – after remarking that ‘Mr. Ellis 
agrees with me in noting the invention of the conception by which the laws 
of phenomena are interpreted as something additional to Induction’ (Whewell, 
1860, 152) – stated that this ‘application to the facts of a principle of arrange-
ment [or] idea, existing in the mind of the discoverer antecedently to the act of 
induction’ (Ellis, 1861, 85 quoted in Whewell, 1860, 152) is, actually, ‘aimed at 
in the Baconian analysis’ (Whewell, 1860, 152). Similarly, as Ellis had it, ‘Bacon 
never, even in idea, completed the method which he proposed’ (Ellis, 1861, 84). 
This indicates that Whewell and Ellis agreed that the necessary introduction of 
mental ‘conceptions’, ‘principles’ or ‘ideas’ into the Baconian framework was 
part of the aim of completing or perfecting it. It is in this sense that Whewell’s 
so-called ‘consilience’ theory of induction in which a notion is ‘superinduced’21 
upon the facts might also be interpreted as the further development of a pre-
mature feature in Bacon’s method, rather than as a non-Baconian alternative 
tout court. Where Whewell was convinced that ‘Bacon would have been able to 
cultivate more carefully ‘the ideal side’ of his philosophy’ (Yeo, 1985, 273-274) 
if he could have drawn on the actual discoveries of modern science, for Ellis the 
neglect of the fundamental role of a general idea – not given by the facts – in the 
(Baconian) inductive process was to be seen as a result of an incomplete and 
imperfect knowledge of Bacon’s philosophy.22 

In fact, in his General Preface, Ellis set out to show that this methodological 
neglect was, actually, a result of Bacon’s own philosophy. Accordingly, by 
means of a reassessment of these philosophical views it would, in principle, 
be possible to adequately refurbish Bacon’s method. Ellis’s central claim was 

21 In his The Philosophy of the Inductive Sciences Whewell introduced this notion 
as follows: ‘The particular facts are not merely brought together, but there is a new 
element added to the combination by the very act of thought by which they are 
combined. There is a conception of the mind introduced in the general proposition, 
which did not exist in any of the observed facts’ (Whewell, 1840, 213). 

22 In his (1861) Ellis wrote that ‘[o]ur knowledge of Bacon’s method is much less 
complete than it is commonly supposed to be [so that] the idea of Bacon’s philosophy 
has generally speaking been but imperfectly apprehended’ (61). 
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that the inductive method, as it appeared in the work of Bacon, was premised 
on a kind of metaphysical realism which holds that the world is composed of a 
finite number of elementary forms. For Ellis, the perfecting of the Baconian 
method depended upon the dismissal of this ‘doctrine of Forms’ as an extra-
neous and redundant feature. In other words, Ellis maintained not only that 
Bacon’s ‘peculiar method may be stated independently of this doctrine’, but 
also that Bacon ‘himself so stated it in one of his earlier tracts’ (Ellis, 1861, 
28).23 It is of importance to recognize that Ellis did not criticize ‘Forms’ per 
se, but rather their specific role in Baconian induction as opposed to ordinary 
induction. Where ordinary induction consists of mere enumeration of particu-
lar cases, Bacon’s method proceeds by making use of exclusions and rejections 
– thereby assuming ‘that each instance in which the given nature is presented 
to us can be resolved into (and mentally replaced by) a congeries of elementary 
natures, and that this analysis is not merely subjective or logical, but deals […] 
with the very essence of its subject-matter’ from which it follows that for the 
determination of ‘the form nature among the aggregate of simple natures which 
we […] obtain, nothing more is requisite than the rejection of all foreign and 
unessential elements’ (Ellis, 1861, 80-81). According to Ellis, Bacon held that 

‘the first part of the true inductive process is the exclusion of every nature 
which is not found in each instance where the given one is present, or is 
found where it is not present, or is found to increase where the given 
nature decreases, or vice versa. And […] when this exclusion has been 
duly performed, there will in the second part of the process remain, as at 
the bottom, all mere opinions having been dissipated […], the ahrmative 
Form, which will be solid and true and well defined. The exclusion of 
error will necessarily lead to truth’ (ibid., 81-82). 

The true problem of this inductive procedure was that the doctrine of ‘Forms’ 
made ‘inventive genius’ (ibid., 82) unnecessary. Bacon’s realist position – 
which denies the real existence of anything but individual substances or simple 
natures and is founded upon the idea that ‘certain qualities of bodies are merely 
[…] phenomenal, and are to be regarded as necessarily resulting from others 

23 For an account, more or less, in agreement with the interpretation given here see, for 
instance, Pérez-Ramos (1996). Agassi (2013) argues – mistakenly, I think – that Ellis 
came to completely dismiss Bacon’s methodology. 
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which belong to substance as its essential attributes’ (ibid., 74) – makes induc-
tion into a mechanical process which requires ‘no higher faculties than ordinary 
acuteness and patient diligence’ (ibid., 82) and may thus ‘be employed with 
nearly equal success by all men who are equally diligent’ (ibid.). Firstly, this 
obscures the fact that the process of exclusion ‘cannot be satisfactory unless our 
notions of [simple, LV] natures are just and accurate’ and that in the process of 
rejection ‘some […] are ill-defined and vague’ (ibid., 83-84). Ellis argued that it 
is the removal of this defect by means of a subsidiary intellectual method that 
completes Bacon’s induction as he himself proposed it. The reason why the 
kind of realism that Bacon adhered to rendered his method practically useless 
and theoretically inadequate is that it allows him to take for granted – as a petitio 
principii – that this defect will not occur because in Bacon’s view of the subject 
‘ideas or conceptions […] reside in some sort in the objects from which we 
derive them’ (ibid., 86). Secondly, the mechanical character of Bacon’s theory 
of induction also fails to acknowledge that the process of the establishment of 
scientific knowledge essentially involves a ‘non-mechanical’ element ‘to which 
nothing corresponds in the [Baconian] tables of comparence and exclusion; 
namely the application to the facts of observation of a principle of arrangement’ 
(ibid., 85). 

In sum, Ellis’s position – as endorsed by Whewell – was aimed at perfecting 
Bacon’s method by means of adjusting its underlying philosophical assump-
tions. In other words, it was by means of the rejection of the metaphysical 
realist doctrine of ‘Forms’ – which enabled Bacon to present induction as a 
mechanical procedure – that an ‘ideal’, non-mechanical, component could be 
introduced into the Baconian framework.24 If there was a Kantian ring to this 
renovation – as is commonly suggested in the case of Whewell (e.g. Peirce, 
1865, Walsch, 1962, Yeo, 1979, Butts, 1994) – it is of some importance to 
briefly consider both Ellis’s commitment to Kant as well as the extent to which 
Ellis was responsible for the Kantian undertones in Whewell’s later works. 

24 It has been argued that this particular reading is based on a typically nineteenth-cen-
tury Victorian misinterpretation of the core of Baconian induction. See, for instance, 
Cohen (1980), Snyder (2006), Smith (1994) and Horton (1973) for this argument. 
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2.2  Ellis, Whewell and Kant

The fact that Whewell himself said of the earlier chapters of his The Philosophy 
of the Inductive Sciences that they were ‘almost literal translations of chapters in 
the Kritik der Reinen Vernunft’ (Whewell, 1860, 335) must be taken as a sign 
of the, seemingly, unequivocal ‘Kantian’ character of some of the general phil-
osophical views that he entertained during the late 1830s and early 1840s. As 
Whewell himself acknowledged, he agreed ‘with Kant in placing in the mind 
certain sources of necessary truth; he calls these Fundamental Ideas [such as] 
Space and Time’ (Whewell, 1860, 336). Although he was accused by his con-
temporaries of importing transcendental philosophy into traditional British 
empiricism, it is clear that Whewell was only a ‘quasi-Kantian’ – at least in 
so far as he merely made use of several doctrines of Kant to circumvent the 
excesses of strict Baconianism, e.g. its overlooking of ‘ideas’.25 

Interestingly, there is some reason to believe that Whewell’s appreciation of 
Kant can be ascribed to Ellis’s (indirect) influence. Ellis himself expressed this 
opinion in a journal entry of 24 June 1840 – where he, after referring to a letter 
he had received from his friend,26 the mathematician, D.F. Gregory, wrote that 
he was

‘struck in Whewell’s book with the diference between Whewell’s 
present & old views about the laws of motion, & by the curiously close 
coincidence, by which I [Ellis] too was surprized of some of his present 
notions on the first law of motion with views I have often expressed, 
viz. that time cannot be a cause – because time is only the condition of 
the existence of causes, & asks if I had been speaking to Whewell on the 

25 For instance, Whewell made no distinction between either ‘analytic’ and ‘synthetic’, 
‘forms’ and ‘categories’ or ‘intuition’ (Sinnlichkeit), ‘understanding’ (Verstand) and 
‘reason’ (Vernunft) and rejected, among other things, Kant’s notion of a ‘ding-an-
sich’. See, in this context, Snyder (2006, chapter 1), Walsch (1962) and Fisch (1991, 
section 3.1221.) 

26 Ellis wrote the biographical memoir for The Mathematical Writings of Duncan 
Farquharson Gregory, MA., Late Fellow of Trinity College, Cambridge (see Ellis, 
1865). As Goodwin noted in his (1863), Ellis and Gregory – who entered Cambridge 
in 1833 and was elected Fellow in 1840 – became very intimate while at Trinity 
College. 
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subject. I have not [but I] have often sported the idea in examinations’ 
(Ellis in Fisch, 1994, 253, f. 22). 

Now, Ellis continued by saying that ‘I caught the germ of it, viz. Kant’s view 
of time & space, from Logan27 ages ago – curious if I made my fortune with 
Whewell by so casual an advantage’ (ibid.). Here, four points are worth men-
tioning. Firstly, Ellis and Gregory argued that Whewell, in his The Philosophy 
of the Inductive Sciences, came to interpret the laws of motion on the basis of 
a Kantian definition of time. Secondly, they drew attention to the ‘curious’ 
fact that exactly this definition had already repeatedly been proposed by Ellis 
and suggest that Whewell might have drawn it from him – albeit indirectly. 
If this would point to Ellis’s influence on Whewell, it seems undeniable that 
most of Whewell’s views on Kant took shape as a result of his extensive cor-
respondence with – the outspoken Kantian – William Rowan Hamilton that 
commenced as early as 1833 (e.g. Fisch, 1991, 63-68, 88-93, Spearman, 1995).28 
Thirdly, from Ellis’s remarks it may not only be inferred that he himself was 
deeply committed to Kant, but, fourthly, also that his views where diferent 
from the – strictly non-hypothetical – ones that have been ascribed to his gen-
eration (e.g. Smith & Wise, 1989, chapter 2). 

Although it would be of great interest to both determine the intellectual roots 
and details of Ellis’s views on Kant as well as to explore his role in the Kantian 
aspect of Whewell’s thought, it, unfortunately, is impossible to carry these 
goals out – for the simple reason that the required material is lacking. Apart 
from the Kantian ring of the perfecting of the Baconian method of induction, 

27 It seems impossible to establish to whom Ellis is referring. When, arbitrarily, restrict-
ing the search to persons at Cambridge at the time of Ellis’s fellowship at Trinity 
College, there are two possibilities; Ellis was either referring to Francis Logan or 
Samuel Charles Logan (see Venn, 1951, 201). 

28 It may also be noted that Whewell’s first encounter with German idealism took place 
during his study tour through Germany in the summer of 1825. As Whewell wrote in 
a letter to his friend Richard Jones of 15 August of that year: ‘Do not go and conspire 
with Peacock or anybody else to tell our friends that I am bewildered with German 
philosophy, as you once raised an outcry with the accusation of a priori metaphysics. 
If you do so you may easily give people an impression, which you will not be able to 
remove when I have convinced you, as I certainly shall […] that everything which I 
believe is most true, philosophical and inductive’ (Whewell in Fisch, 1991, 69-70). For 
a detailed account of the introduction of Kantian philosophy in nineteenth-century 
Britain see Wellek (1931). 
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it is only indirectly – and via the work of Whewell – that the Kantian influence 
on Ellis’s philosophical views can be assessed. To anticipate the discussions of 
the following two sections, it may – at this point – already be mentioned that, 
like Whewell, Ellis, in the context of his reinterpretation of the foundations 
of probability theory (section 4), agreed with and used Kant’s critique of the 
‘sensationalist philosophy’ of figures such as Condillac, Hume and Locke. At 
the same time, on the basis of his views on natural classification (section 3) it 
can be concluded that Ellis shared Whewell’s rejection of the Kantian claim 
that human knowledge is limited to ‘categorized experience’ and followed him 
in arguing, instead, that mental ‘ideas’ or ‘conceptions’ represent objective, 
mind-independent, features of the world embodied in the mind of a divine 
creator. As will be argued in what follows, if the first one of these insights is 
indicative of the ‘idealist’ character of Ellis’s philosophy of science, the second 
one points to the rather complex and problematic connection between this 
general outlook and the peculiar ‘realist’ position that Ellis defended in the 
context of the debate on natural classification. Before showing that it was this 
tension which marks Ellis’s work on the foundations of probability theory, 
described in the next section are his ‘Whewellian’ views on natural classifi-
cation. 

3.  Robert Leslie Ellis’s views on natural 
classification: (divine) realism?

Unlike many of his contemporaries – such as J.S. Mill and Herschel (e.g. 
Towry, 1887, Hacking, 1991, McOuat, 2009, Snyder, 2005b) – Ellis agreed 
not only with Whewell’s ‘idealist’ criticism of the mechanical character of 
Baconian induction, but also with his argument for a moderate ‘realism’ in 
the context of the Victorian debate about natural classification29 (see Snyder, 
2005a, Musgrave, 1988). Obviously, it is of some importance to understand 
how Ellis and Whewell were, in fact, able to combine the idea that the estab-
lishment of scientific knowledge necessarily involves the ‘application to the 
facts of observation of a principle of arrangement’ with the anti-nominalist con-

29 In his work, Whewell did not use the term ‘natural kinds’ – which  as such, was first 
introduced in John Venn’s The Logic of Chance of 1866. Instead, Whewell spoke of 
‘natural classification’ and ‘natural group of kinds’. See Hacking (1991) for a detailed 
account of the nineteenth-century debate on this topic. 
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viction that scientists ‘seek something, not of their own devising and creating 
[…] something which is without the mind, not within’ (Whewell, 1840, 492). 
After discussing, in section 3.1, Whewell’s solution of this problem in his early 
and later work, section 3.2 presents an account of Ellis’s contributions to the 
widespread debate on natural classification. As will become apparent, Ellis 
was in agreement with Whewell’s peculiar ‘quasi-Kantian’ reconciliation of 
‘idealism’ and ‘realism’ by means of the formulation of – what  might be called 
– a ‘divine realism’ vis-à-vis natural classification. 

3.1  Whewell on natural classification

Whewell’s first work on the topic of natural groups of kinds – An Essay on Min-
eralogical Classification and Nomenclature – appeared in 1828. Written under the 
direct influence of the German crystallographer Friedrich Mohs,30 Whewell 
came to argue for the so-called ‘natural classification system’ – claiming that 
minerals are to be grouped together according to the way they are organized 
in nature, rather than according to arbitrary definitions put forward by the 
mineralogist. Also in, for instance, his Novum Organon Renovatum of 1858 
Whewell wrote that ‘there are classifications, not merely arbitrary, founded 
upon some assumed character, but natural, recognized by some discovered char-
acter’ (Whewell, 1858, 17). More in specific, in chapter I of book VIII (‘The 
idea of likeness as governing the use of common names’) of his seminal The Phi-
losophy of Inductive Sciences Whewell defined ‘kinds’ as including ‘many individ-
uals associated in virtue of resemblances, and of permanently connected prop-
erties’ (Whewell, 1840, 474). According to Whewell, it is due to an ‘Idea of 
Resemblance’ – which makes it possible to recognize similarity and diference 
between individuals – and an ‘Idea of Natural Ahnity’ – enabling the scientist 
to see that certain resemblances point to a similarity shared by all individuals of 
a certain kind – that it is possible to ascertain the existence of ‘natural groups of 
kinds’ in nature (e.g. Snyder 2006, chapter 3). Given that the limits of kinds are 
fuzzy, the properties of an individual are indefinite and variable, and not every 
resemblance is relevant to classification, Whewell held that although ‘kinds’ are 
not rigorously definable, it is not the case there are only artificial, nominally 

30 As referred to in footnote 33, Whewell made a tour in Germany from July to October, 
1825. In Todhunter (1876) it is noted that ‘in order to profit by his [Mohs’s] instruction 
Mr. Whewell went to Freiberg; he found him just about to leave in order to spend his 
vacation at Vienna, and at the professor’s invitation followed him to that place’ (33). 
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defined ‘kinds’. He was convinced of the possibility of demarcating ‘kinds’ in 
so far as certain individuals share underlying essences – e.g. the chemical com-
position both fixes the traits of minerals as well as determines their (superficial) 
properties. Yet, as said, Whewell was pessimistic about the human ability to 
actually discover these existing essential properties: ‘The nature of connexion 
of Kinds and Properties is a matter in which man’s mind is all but wholly dark 
[…] For in how few cases – if indeed in any one – can we know what is the 
essence of any Kind’ (Whewell, 1860, 469-470). 

In fact, it is only God who has immediate knowledge of the essences of ‘kinds’: 
‘Every Kind of thing, every genus and species of object, appears to Him in 
its essential character, and its properties follow as necessary consequences. 
He sees the essences of things […] while we, slowly and painfully, by obser-
vation and experiment […] make out a few of the properties of each Kind of 
thing’ (Whewell, 1860, 367). Whewell argued for this claim by presenting, 
what he called, the ‘method of types’ or ‘method of exemplars’. According to 
this method ‘Natural Groups are best described, not by any definition which 
marks their boundaries, but by a Type which marks their centre. The Type of 
any natural group is an example which possesses in a marked degree all the 
leading characters of the class’ (Whewell, 1840, xxxii-xxxiii). The idea that 
‘natural groups’ are to be unified on the basis of a ‘type’ Whewell had drawn 
from the work of his childhood friend, the anatomist, Richard Owen – who 
functioned as Whewell’s authority on anatomical and physiological matters dis-
cussed in his The Philosophy of the Inductive Sciences (see Sloan, 2003, Rupke, 
1994). It was, for instance, in his (1847) and (1860) that Whewell made explicit 
philosophical use of Owen’s scientific theory of the archetypal vertebrate as 
developed in his Anatomy of Fishes (1846), On the Archetype and Homologies of 
the Vertebrate Skeleton (1848) and On the Nature of Limbs (1849). In brief, Owen 
defined the morphological ‘archetype’ as ‘that ideal original or fundamental 
pattern on which a natural group of animals or system of organs has been con-
structed, and to modifications of which the various forms of such animals or 
organs may be referred’ (Owen in Rupke, 1993, 235). He, then, argued that 
individual vertebrate animals are to be seen as (modified) instantiations of 
archetypical forms existing in the Divine Mind. In On the Philosophy of Discov-
ery, Whewell noted that it is because ‘the human mind is a reflex of the Divine 
Mind’ (Whewell, 1860, 373) that it is possible, by means of detailed observed 
experience to approximate the archetypical ideas exemplified in nature – such 
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that ‘[s]cience advances towards the Divine Ideas’ (ibid., 372). Given that the 
world is created according to these ideas it is possible to know the world exactly 
‘because God has created us with the Ideas needed to know it’ (Snyder, 2006, 
59). For Whewell, it is not only the case that the objective, human mind-inde-
pendent, features of the world instantiate the ideas of the divine mind, but also 
that it is possible for humans to use the God-given ideas to obtain knowledge 
about these objective features. 

3.2  Ellis and bees’ cells

This ‘theological’ merger of a realism vis-à-vis ‘kinds’, or ‘types’, in nature 
with an emphasis on the ‘ideal’ character of the process by which knowledge 
about them is gained, was exemplified in two papers of Ellis with which he 
contributed to the widespread Victorian debate on natural classification. At a 
meeting of the British Association for the Advancement of Science (BAAS) 
in October 1857 Whewell spoke to the audience of the observations made by 
Ellis in his paper ‘On the cause of the instinctive tendency of bees to form hex-
agonal cells’ – to which also Charles Darwin referred in a letter of 2 October 
1858 to William Bernhard Tegetmeier (Darwin, 1858). In a posthumously 
published article, ‘On the form of bees’ cells’ – Ellis briefly touched upon the 
same topic. The much discussed problem, (e.g. Kirby, 1835, Tegetmeier, 1858, 
Wright, 1860, Wallace, 1863, Haughton, 1863), was that of explaining ‘how 
honey bees could make […] perfect hexagonal cells for housing their honey 
and larvae’ (Davis, 2004, 66, see also The Athenaeum, 1861, The American 
Farmer, 1859). For many British natural theologians the complex behavior of 
bees formed an argument for the fact that their instinctive behavior was guided 
by divine intervention – in so far as it contributed solely to their welfare. Thus, 
in their influential Introduction to Entomology William Kirby and William 
Spence wrote that ‘we may call the instincts of animals those unknown faculties 
implanted in their constitution by the Creator’ (Kirby & Spence, 1865, 537). 
In his early speculations on species Charles Darwin was heavily influenced by 
the Victorian debates on animal instincts and intelligence (see Richards, 1981, 
1983, Sloan, 2001) – especially those concerning the extraordinary behavior of 
social insects; e.g. that of a ‘slave-making instinct’ and the ‘cell-making instinct 
of the hive-bee’. With regard to the hexagonal structure of the storage cells 
in a bee-hive Darwin himself acknowledged that ‘[b]eyond this stage of per-
fection in architecture, natural selection could not lead; for the comb of the 
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hive-bee […] is absolutely perfect in economizing wax’ (Darwin, 1859, 235). 
Given that he could not ignore the ‘perfectness’ of the labor of these ‘heaven-in-
structed mathematicians’ (Cotton, 1842, 340), Darwin was forced to make his 
theory of natural selection account for it so as not to ‘leave an obvious gap in his 
arguments – one that could be used to attack his whole theory’ (Davis, 2004, 
69). In fact, in the seventh chapter of On the Origin of Species Darwin wrote 
that he considered the instincts of social insects to be potentially fatal to his 
theory. Here Darwin set out to show that natural selection, rather than the 
‘genius’ of a bee, had resulted in the skilled behavior to work out the angles 
that would make it possible to create the more or less perfect or ‘optimal’31 hex-
agonal form. Some authors have suggested that Darwin’s inability to explain 
to his own satisfaction the phenomenon of hive building by bees provides one 
possible answer to the question why he waited until 1859 before publishing 
the discovery of the theory of evolution by natural selection made in the fall of 
1838 (see Richards, 1983, Prete, 1990). In any sense, although Darwin – with 
the help of many others such as the bird expert William Bernhardt Tegetmeier 
(1816-1912), the zoologist George Robert Waterhouse (1810-1888) and crystal-
lographer William Hallowes Miller (1801-1880) – provided empirical evidence 
for his argument that the mechanism of natural selection could explain bees’ 
cell-making instinct,32 several authors were not satisfied with it. One of them 
was Ellis. 

In his two papers on bees’ cells, Ellis reasoned that the shape and size of the 
cells depend ‘on the manner in which the bees can best use the organs of their 
bodies and senses’ (Rouse Ball, 1892, 166). He suggested that the explana-
tion of ‘[o]ne of the most striking features of the cells’, namely ‘that the angle 
between every adjacent pair of planes is 120º’ (ibid.) may be found in the fact 
that bees, besides their composite eyes

31 Shanahan (2004) and Drouin (2005) provide apt accounts of problem Darwin had 
with the seeming optimality of the adaptive characteristics, or properties, connected 
to the hexagonal structure of the storage cells in a bee-hive – which he considered to 
be an example of perfect design. 

32 Darwin (2009) wrote: ‘I do not pretend that the facts given […] strengthen in any 
degree my theory; but none of the cases of dihculty, to the best of my judgment, 
anpetitioate it’ (219). 
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‘have three single eyes placed lower down and probably serving for the 
vision of near objects. Assume that the axes of these eyes diverge so as 
to be respectively normal to three ideal planes forming a solid angle, each 
dihedral angle of which is of 120 degrees. Geometry shows that every 
solid angle of the bee’s cell is precisely similar to this type, so that a bee 
looking at it with his tree single eyes, might have direct vision with each 
eye of one of the three planes of the solid angle. This direct vision may 
correspond to a particular sensation, so that a bee is not satisfied till it is 
attained’ (Ellis, 1863a, 356).

Ellis’s disagreement with the observations made by Tegetmeier (1858), who had 
argued that the hexagonal form was ‘incidental to the method of construction’ 
and whose experiments were repeated by Darwin,33 stood  in the long tradition 
of natural theologians and naturalists who saw in bees an example of God’s 
design in nature. Ellis’s argument that bees ‘were led to form hexagonal cells 
because of the positioning of their three eyes’ (Davis, 2004, 83, my emphasis) 
was an implicit rejection of an insight with which both he and Whewell felt 
uncomfortable; that bees evolved the instinct for cell making which, gradually 
and accidentally, resulted in ‘perfect’ hexagons. 

If Whewell communicated the observations done by Ellis to BAAS because 
they suited his own ideas, it is clear that the notion that the eyes of a bee were 
positioned ‘just so they could achieve the perfect hexagon straight away’ (ibid., 
84) nicely fitted Whewell’s ‘unity of plan’ view connected to the archetypical 
theory. As Whewell summarized this view in chapter VIII (‘The doctrine of 
final causes in physiology’) of the third volume of The History of the Inductive 
Sciences: ‘those who have studied the structure of animals and plants, have had 
a conviction forced upon them, that the organs are constructed and combined in 
subservience to the life and functions of the whole’ (Whewell, 1847b, 499). In 
a similar vein, Kirby, reflecting on the construction of hexagonal cells and the 
perfect physiology and behavior of bees, wrote in his 1835 contribution to the 
famous Bridgewater Treatise: ‘[this] wonder working being is so nicely adjusted, 
as to concur exactly in producing the end that an intelligent Creator intended, and 
directing each to that function and ohce which he developed upon them, and 

33 See Theunissen (2012), Davis (2004) and Secord (1981) for the intellectual interaction 
between Darwin and Tegetmeier. 
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to exercise which he adapted them’ (Kirby, 1835, xxv-xxvii). Now, Ellis and 
Whewell were in agreement about the fact that insofar as perfect adaptation 
of individual(s) (of a) species is one of the ‘evidences of Design and Purpose 
of the Creation’ (Whewell, 1855, 332), natural history, ‘when systematically 
treated, rigorously excludes all that is historical; for it classes objects by their 
permanent and universal properties’ (Whewell, 1847b, 486) (see also Ruse, 
1977). Again, also in the case of this non-nominalistic, realist, claim about the 
existence of a ‘constant taxonomy of the world’, it must be pointed out that this 
existence is derived from the view that all ‘kinds’ in nature are the objective 
realizations, or instantiations, of divine ideas – which, as such can be approx-
imated by means of scientific investigation, at least in so far as the world is 
created in accordance with these ideas. 

4.  Ellis and (mathematical) probability theory: 
between realism and idealism

4.1  Ellis, Whewell and probability theory

It was in the combination of a renovated, ‘quasi-Kantian’, Baconian philosophy 
of science with a ‘divine realist’ approach to ‘kinds’ in nature that Ellis found 
both the inspiration and ground for his attempt to redefine probability theory 
such that it would ‘cease to be, what I cannot avoid thinking it now is, in oppo-
sition to a philosophy of science which recognizes ideal elements of knowledge’ 
(Ellis, 1844a, 11). In direct opposition to other so-called ‘frequency interpreta-
tions’ – for instance the one of his contemporary, the empiricist logician, John 
Venn (see Venn, 1866, Kiliç, 1999, Verburgt, submitted for publication-a, 
submitted for publication-b, submitted for publication-c; Wall, 2006) – Ellis 
did not question the mathematical results of traditional probability theory, but 
aimed to reformulate its metaphysical foundations along the lines of an ‘ideal-
ist-realism’ (see Kiliç, 2000, Verburgt, submitted for publication-a). 

Before going into the details of his ‘On the foundations of the theory of prob-
abilities’ (1844a) and ‘Remarks on the fundamental principle of the theory 
of probabilities’ (1854), it is important to briefly consider Ellis’s reasons for 
devoting his attention to this particular theory. To begin with, Ellis found it 
remarkable that ‘its metaphysical tendencies have not received much attention’, 
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because ‘they are in direct opposition to the views of the nature of knowledge, 
generally adopted at present’ (Ellis, 1844a, 1). This claim must be understood 
with reference to the following statement of Ellis in a letter to J.D. Forbes: the 
idea that ‘chances express something mental [is] folly. [I]t belongs to the school 
of Condillac and the sensationalists - they were in the ascendant when the theory 
of probabilities received its present form, and there has not yet been philosophy 
enough to expel it’ (Ellis in Shairp & Tait, 1873/2010, 481, my emphasis). In 
order to adapt the metaphysical foundations of probability theory to the present 
views of knowledge, Ellis – following Whewell’s Kantian-inspired critique of 
the radical sensationalist, empiricist, philosophy of Étienne Bonnot de Condil-
lac34 – emphasized the fundamental role of ideal ‘a priori truths’ in the calcula-
tion of chances (see Agassi, 1966, Daston, 1988, chapter 4). In his On the Philos-
ophy of Discovery, Whewell would characterize this tradition by remarking that 
it consisted of those ‘French writers who adopted Locke’s leading doctrines 
[but] rejected the ‘Reflection’, which formed an anomalous part of his philoso-
phy, and declared [instead] that Sensation alone was the source of ideas. Among 
these writers, Condillac was the most distinguished’ (Whewell, 1860, 204). 
Importantly, if Whewell’s criticism of Condillac also included the rejection of 
his interpretation of the originality of Bacon’s theory of induction, the aim of 
Ellis’s reflections was to prevent that probability theory would be turned into 
‘the’ philosophy of science – which, for him, meant ‘to destroy the philosophy 
of science altogether’ (Ellis in Shairp & Tait, 1873/2010, 479-480). That is to 
say that Ellis feared that the possibility of assigning ‘numerical values to the 
force of belief […] touching past events [and] the force of expectation touching 
future’ (ibid., 481) would used as an argument for the validity of the (mathe-
matico-)mechanical nature of the process whereby knowledge is obtained and 
justified. Ellis communicated his idea of attacking the whole, Laplacean, tra-
dition of probability theory as early as 1840 – explicitly asking, in a in a letter 

34 Daston (1988) notes that Condillac, in opposition to – for instance – Locke’s acknowl-
edgment of the importance of both experience, ideas and reflection – attempted to 
‘reduce epistemology to a monistic system based on experience alone’ (208). Impor-
tantly, Whewell’s criticism of Condillac also included the rejection of his interpreta-
tion of Bacon as the ‘patron saint of the Enlightenment [in so far as] he was the first 
to emphasize the origin of all knowledge is in sense experience’ (Snyder, 2006, 69, 
f. 184). Instead, Whewell claimed that Bacon’s importance and originality lie ‘not in 
the claim that knowledge must be sought in experience, which many others prior to 
Bacon had professed [but] Bacon’s emphasis upon the ‘gradual and continuous ascent’ 
to hypotheses’ (ibid., 68-69). 
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dated January 10, 1842, Whewell’s approval of his view that would place him 
‘in opposition to received opinions and to the authority of great writers’ (Ellis 
in Kiliç, 2000, 257). On 8 April of that year Ellis, revealingly, described to 
Whewell the elements of his general criticism of the foundations of the tradi-
tional theory: 

‘I have been thinking of putting into the form of a little essay, some ideas 
on the application to natural philosophy of the doctrine of probabilities. 
I should attempt to point out the impossibility of a strict numerical 
estimate of the force of belief [and] make some remarks on the boundary 
between subjects capable of being treated mathematically and those 
which are not so’ (Ellis in Zabell, 2005, 135). 

Whewell, apparently, agreed with Ellis’s aim; he read Ellis’s essay before he, 
Whewell, gave it to the Cambridge Philosophical Society where Ellis presented 
it on February 14, 1842. The paper was published in the eighth volume of the 
Society’s Transactions in the year 1844. Although Ellis, after having finished 
his 1842 essay, informed Whewell that he would immediately amend it ‘[i]f 
there is any part which you would have me revise [and] if you should propose 
extensive alterations’ (Ellis in Kiliç, 2000, 257) from Ellis’s three-page remark 
on his own ‘On the fundamental principle of the theory of probabilities’, pub-
lished some twelve years later, it may be clear that this was not the case. Cru-
cially, where in his (1844a) Ellis argued that the mathematical calculations of 
probability depended on non-mathematical, ideal, intuitions, his (1854) further 
substantiated this argument by claiming that a realist, rather than nominalist, 
position vis-à-vis ‘kinds’ in nature is needed to make probability theory into 
‘a real science’. 

Taken together, if it could be said that Whewell’s philosophy of science was 
‘completely at odds with that on which probability was constructed’ (Richards, 
1997, 64) it could also be claimed that the problem which was taken up by Ellis 
in his (1844a) and (1854) was precisely that of reconciling probability theory 
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with his and Whewell’s general philosophical views by means of reformulating 
it on the basis of them.35 

4.2  ‘On the foundations of the theory of probabilities’ (1844) section 
1-10: the mathematical and metaphysical meaning of probability

In the opening passage of his (1844a) Ellis argued that probability theory ‘is at 
once a metaphysical and mathematical science. The mathematical part of it has 
been fully developed, while, generally speaking, its metaphysical tendencies 
have not received much attention’ (Ellis, 1844a, 1). From this statement it may 
seem as if Ellis ‘merely’ set out to further develop the theory’s metaphysical 
foundations by means of combining them with a ‘philosophy of science which 
recognizes ideal elements’ (ibid.). However, his real goal was not only to create 
new foundations, but also to redefine – their connection with – the mathemati-
cal calculation of probabilities:

‘As the first principles of the mathematical theory are familiar to every one, 
I shall merely recapitulate them. If on a given trial, there is no reason to 
expect one event rather than another, they are said to be equally possible. 
The probability of an event is the number of equally possible ways in 
which it may take place, divided by the total number of ways which may 
occur on the given trial […] If the probability of a given event be cor-
rectly determined, the event will, on a long run of trials, tend to recur 
with frequency proportional to this probability. This is generally proved 
mathematically. It seems to me to be true a priori’ (ibid., 1). 

In direct opposition to ‘the school of Condillac’ – which rejected all reference 
to a priori truths in so far as it deemed it possible to establish them as mathe-
matical deductions from the simple notion of probability – Ellis claimed that 
the principles of the mathematical part of probability theory were not – and 
could not – be established mathematically, but were a priori truths. That is to 
say that probability theory – as a mathematical discipline – is based on strictly 
non-mathematizable (and non-probable) foundations ‘supplied by the mind 

35 In a diary entry already mentioned in footnote 26, Ellis wrote that he asked Whewell 
‘if his work on the Philosophy of induction would interfere with it. I had a very civil 
answer today – saying he was glad to hear of my intention and wished me to persevere, 
as “he was sure I would throw light on it” […]’ (Ellis in Zabell, 2005, 135). 
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itself’.36 Ellis seemed to have argued that the ideal, a priori, principles of prob-
ability theory have gradually emerged as a result of an intuitive contemplation: 

‘Let any one endeavour to frame a case in which he may expect one event on 
a single trial, and yet believe that on a series of trials another will occur more 
frequently; or a case in which he may be able to divest himself of the belief that 
the expected event will occur more frequently than any other. For myself, after 
giving a painful degree of attention to the point, I have been unable to sever the 
judgment that one event is more likely to happen that another, or that it is to be 
expected in preference to it, from the belief that on the long run it will occur 
more frequently’ (Ellis, 1844a, 1-2, my emphasis). 

In other words, it is ‘by an appeal to consciousness [that] we are led to rec-
ognize the principle, that when an event is expected rather than another, we 
believe it will occur more frequently on the long run’ (ibid., 5). After having 
been formed as an ‘habit’ a posteriori, the judgments giving rise to this principle 
culminate into an, a priori, ‘fundamental axiom’: 

‘[We] are in the habit of forming judgments as to the comparative fre-
quency of recurrence of diferent possible results of similar trials. These 
judgments are founded, not on the fortuitous and varying circumstances 
of each trial, but on those which are permanent […] They involve the 

36 The connection between, on the one hand, Ellis’s definition of probability as a mathe-
matical discipline grounded on a non-mathematical foundation and, on the other hand, 
the nineteenth-century English views on the human understanding of mathematics 
and God (e.g. Richards, 1992, Cohen, 2008) deserve careful scrutiny. However, 
such an appraisal lies beyond the scope of the present paper – at least in so far as it 
would, for instance, necessitate a detailed account of the relation between post-New-
tonian tradition of British natural theology and the status of pure mathematics in the 
Victorian era. 
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fundamental axiom, that on the long run, the action of fortuitous causes 
disappears’ (ibid., 3).37 

It is clear from this passage that Ellis was convinced that the principles of prob-
ability theory, though disclosed in the course of ‘meditating’ on the mind’s 
experience of the world, cannot be derived from or proved by experience. 
Moreover, they do not stand in need of mathematical demonstration; the prop-
osition that ‘[i]f the probability of a given event be correctly determined, the 
event will on a long run of trials tend to recur with frequency proportional to 
this probability’ is ‘an ultimate fact […] the evidence of which [rests] upon an 
appeal to consciousness’ (Ellis, 1844a, 1). Ellis’s – even more – radical claim 
was that it is, actually, impossible to (mathematically) prove, for instance, ‘Ber-
noulli’s theorem’ (or, the ‘’weak’ law of large numbers’) which holds that ‘the 
probability that an event whose simple probability is m will recur p times on k 
trials’ (ibid., 2). The passage in which Ellis elaborates on this argument is worth 
quoting in full: 

‘A coin is to be thrown 100 times; there are 210 0 definite sequences of 
heads and reversed, all equally possible if the coin is fair. One only of 
these gives an unbroken series of 100 heads. A very large number give 50 
heads and 50 reverses; and Bernoulli’s theorem shows that an absolute 
majority of the 210 0 possible sequences give the diference between the 
number of heads and reverses less than 5. If we took 1000 throws, the 
absolute majority of the 21000 possible sequences give the diference less 
than 7 […] [a]nd so on. […] But this is not what we want. We want a 

37 Next to the principle that ‘when an event is expected rather than another, we believe 
it will occur more frequently on the long run’, Ellis also pointed to the ‘idea of an 
average among discordant results’ as associated with the axiom mentioned in the 
passage quoted. This idea was discussed as the ‘principle of the arithmetic mean’ in 
Ellis’s ‘On the method of least squares’. As Ellis had it, the ‘assumption that in a series 
of direct observations, of the same quantity or magnitude, the arithmetical mean gives 
the most probable result […] seems so natural a postulate that no one would at first 
refuse to assent to it. For it has been the universal practice of mankind to take the 
arithmetical mean of any series of equally good direct observations, and to employ 
the result as the approximately true value of the magnitude observed. The principle 
[…] seems therefore to be true a priori. Undoubtedly the conviction that the efect of 
fortuitous causes will disappear on a long series of trials, is an immediate consequence 
of our confidence in the permanence of nature. And this conviction leads to the rule 
of the arithmetical mean […] (Ellis, 1844b, 205). 
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reason for believing that on a series of trials, an event tends to occur with 
frequency proportional to its probability. […] But, although a series of 
100 heads can occur in one way only, and one of 50 heads and 50 reverses 
in a great many, there is not the shadow of a reason for saying that therefore 
the former series is a rare [...] event, and the latter […] an ordinary one. 
[…] [I]n Bernoulli’s theorem, it is merely proved that one event is more 
probable than another, i.e. by the definition can occur in more equally 
possible ways, and that there is no ground whatever for saying […] that it 
is a more natural occurrence’ (Ellis, 1844a, 2). 

Although ‘Bernoulli’s theorem’ may be ‘true and important’ (ibid., 2), it is 
unable to prove the truth of the, allegedly, undeniable principle that an event, in 
the long run, occurs proportional to its probability. In other words, the theorem 
is unnecessary for ‘it leaves the matter just where it was before’ (ibid., 3). 

Now, if it is by an appeal to consciousness that ‘we are led to recognize the prin-
ciple’ (ibid., my emphasis) – just as ‘we are in the habit of forming judgments as 
to the comparative frequency of recurrence of diferent possible results of 
similar trials’ (ibid., my emphasis) – Ellis also had it that this recognition and 
these judgments are founded ‘not on the fortuitous and varying circumstances 
of each trial, but on those which are permanent – on what is called the nature 
of the case’ (ibid.). Without reflecting on either the meaning of these terms 
or on the connection between them, Ellis argued that the undeniable principle 
that ‘when an event is expected rather than another we believe it will occur 
more frequently on the long run’ is premised on the fundamental axiom ‘that 
on the long run, the action of fortuitous causes disappears’ (ibid.). Similar to 
Whewell’s argument that the ‘necessary truths’ of science follow – and can be 
known a priori – from the ‘fundamental ideas’ of the mind (e.g. Butts, 1965, 
Walsch, 1962, Snyder, 1994), it seems that for Ellis the ‘principle’ of proba-
bility theory is not only already contained in the ‘axiom’, but also expressed 
nothing which is not already contained in it. Be that as it may, from Ellis’s 
remarks it follows that the abovementioned a priori ‘axiom’ is supplied by the 
mind ‘which is ever endeavouring to introduce order and regularity among 
the objects of its perceptions’ (Ellis, 1844a, 3). The central theorem of tradi-
tional probability theory – that of Bernoulli – is unable to establish this order 
and regularity by means of ‘mathematical deduction from the simple notion of 
probability’ (ibid., 1), for in this theorem ‘it is merely proved that one event is 
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more probable than another, i.e. by the definition can occur in more equally 
possible ways. [But] there is no ground whatever for saying […] it is a more 
natural occurrence’ (ibid., 2). In section 10 of his (1844a), Ellis thus concluded 
that ‘no mathematical deduction from premises which do not relate to laws of 
nature, can establish such laws’ (ibid., 3). However, if this seems obvious, ‘it 
is beyond doubt that Laplace thought Bernoulli’s theorem aforded a demon-
stration of a general law of nature’ (ibid.). Referring to the Essai Philosophique 
sur les Probabilités, Ellis accused the traditional probabilists of trying to derive, 
mathematically, the ‘axiom’ of the regularity of nature from a ‘theorem’ which 
even fails to prove that events, in the long, tend to occur with a frequency pro-
portional to their probability. More in specific, Ellis wrote that it ‘appeared not 
to have occurred to Laplace that [Bernoulli’s] theorem is founded on the mental 
phenomenon of expectation. But it is clear that that expectation never could 
exist, if we did not believe in the general similarity of the past to the future […] 
which is here […] considered as a ‘résultat du calcul’ (ibid., 3). In other words, 
the traditional theory of probability does neither recognize that its fundamen-
tal principle – i.e. ‘when an event is expected rather than another, we believe it 
will occur more frequently on the long’ (ibid.) – is of a ‘mental’ character nor 
that it, in turn, is premised on an a priori axiom supplied by the mind. Impor-
tantly, when Ellis claimed that the mathematical calculations of probability are 
‘not to be taken as the measure of any mental state’ (ibid., 3) he was, thus, 
not, in any sense, embracing empiricism,38 but was arguing for the regulative, 
a priori, and non-mathematizable nature of the ‘ideal’ foundations of the theory 
(see Daston, 1994). His replacing of the ‘sensationalist’ metaphysical part of 
probability theory for an idealist-inspired Baconianism which emphasizes the 
fundamental role of ideas supplied by the mind went hand in hand not only with 
a dismissal of the promise of the mathematical part of the theory to derive these 
ideas from simple calculations, but also with the rejection of the philosophy of 
science on which this promise is grounded. Unsurprisingly, in the second half 

38 As argued in Verburgt (submitted for publication-a) and Verburgt (submitted for pub-
lication-c) this shows that it is mistaken to speak of frequentism as the ‘empiricist’ 
reaction to the rationalism of the Laplacean doctrines. Moreover, it proves wrong 
those who refer to the work of Ellis and John Venn as the ‘British empiricist school of 
probability’ (e.g. Gillies, 2000, 88, Gillies, 1973, 1, Hald, 2007, 77, Galavotti, 2008, 
418, Galavotti, 2011, 154, Zabell, 2005, 32, f. 18 & 121). 
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of his (1844a) Ellis set out to argue against the model of induction that accom-
panied the so-called ‘inverse’ application39 of traditional probability theory. 

4.3  ‘On the foundations of the theory of probabilities’ (1844) 
section 11-18: ‘inverse’ probability and induction, part I

It was in section 11 of his (1844a) that Ellis claimed that although it is not legit-
imate ‘to assume that the theory is applicable wherever a presumption exists in 
favour of a proposition whose truth is uncertain’ (ibid., 3), it has ‘been applied 
to a great variety of inductive results; with what success and in what manner, 
[we] shall now attempt to enquire’ (ibid., 4). As Ellis formulated his central 
conviction about this ‘inverse’ application of probability theory – i.e. the 
so-called ‘theory of probabilities a posteriori’: 

‘Our confidence in any inductive result varies with a variety of circum-
stances; one of these is the number of particular cases from which it is 
deduced. Now the measure of this confidence which the theory pro-
fesses to give, depends on this number exclusively. Yet no one can deny, 
that the force of the induction may vary, while this number remains 
unchanged […]’ (ibid., 4). 

This was the starting point of Ellis’s argument for the fact that, because the 
foundations of the ‘inverse’ application of probability theory are ‘in opposi-
tion to the common sense of mankind’ (ibid., 5) – which, according to him, 
was captured by his own philosophy of science – its results are to be deemed 
‘illusory’. That is also to say that the ‘estimates furnished by what is called 
the theory a posteriori of the force of inductive results’ (ibid., 6) are to be dis-
missed as a model of the process of induction tout court. 

Ellis introduced these claims by means of the following problem: ‘If, on m 
occasions, a certain event has been observed, there is a presumption that it 
will recur on the next occasion. This presumption the theory of probabilities 
estimates at m +1 / m +2. But here two questions arise; What shall constitute 
a ‘next occasion’? What degree of similarity in the new event to those which 
have preceded it, entitles it to be considered a recurrence of the same event?’ 

39 See, for instance, Dale (1999) for an excellent theoretical history of the term. 
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(ibid., 4). In order to illustrate the problem Ellis gave the following example: 
‘Ten vessels sail up a river. All have flags. The presumption that the next vessel 
will have a flag is 11/12. Let us suppose the ten vessels to be Indiamen. Is the 
passing of any vessel whatever […] to be considered as constituting a ‘next 
occasion?’ or will an Indiaman only satisfy the conditions of the question?’ 
(ibid., 4). Now, although it is clear that ‘in the latter case, the presumption 
that the next Indiaman would have a flag is much stronger, than that, as in the 
former case the next vessel of any kind would have one […] the theory gives 
11/12 as the presumption in both cases’ (ibid., 4). Put diferently, ‘let all the 
flags be red. Is it 11/12 that the next vessel will have a red flag, or a flag at all? 
If the same value be given to the presumption in both cases, a flag of any other 
colour must be an impossibility’ (ibid., 4). This example is intended to show 
that – contrary to the traditional theory, which holds that ‘[w]hen any event, 
whose cause is unknown, occurs, the probability that its a priori probability 
was greater than ½ is ¾’ (ibid., 5) – it is impossible to determine the value of 
the a priori probability of events without ‘contemplation’; the a priori proba-
bility ‘has no absolute determinate value independent of the point of view in 
which it is considered. Every judgment of probability involves an analysis of 
the event contemplated’ (ibid.). Thus, in the case of the vessel sailing up a river, 
before the question of the a priori probability of the fact that the vessel has a 
flag can be answered ‘we must know 1 what circumstances the person who 
makes it rejects as irrelevant […] 2 what circumstances constitute in his mind 
the ‘trial’ [and] 3 [w]hat idea he forms to himself of a flag’ (ibid., 5). Ellis con-
tinued by suggesting that unless ‘all such points were clearly understood the 
most perfect acquaintance with the nature of the case would not enable us to 
say what was the a priori probability of the event; for this depends, not only on 
the event, but also on the mind which contemplates it’ (ibid., 5).40 The a priori 
probability of an event is not only dependent on, but relative to the mind of an 
individual; i.e. ‘a priori probability to what mind? In relation to what way of 
looking at them?’ (ibid., 5). 

40 It may here be remarked that this particular reasoning was exactly what had brought 
Augustus DeMorgan, in his (1838) and (1847), to argue for the impossibility of for-
mulating a case of ‘objective’ probability – i.e. for the necessity of adopting the tradi-
tional, so-called ‘subjective’, interpretation of probability. For this point see Verburgt 
(submitted for publication-c). 
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4.3.1 Ellis, the movements of the planets and the distribution of 
stars: ‘inverse’ probability and induction, part II

In section 14 of his (1844a), Ellis turned to ‘a more celebrated application’ of the 
‘inverse’ application of probability theory – which is summarized as follows: 
‘All the movements of the planetary system, known as yet, are from west to 
east. This […] afords a strong presumption in favour of some common cause 
producing movement in that direction’ (ibid., 4). As in the example of the 
vessels sailing up a river, Ellis has it that, in the mathematical calculation of 
the ‘force’ of this presumption ‘too much is conceded for the interest of the 
theory’ (ibid., 4). For instance, ‘the rotary movements [and] those of the sec-
ondary planets’ are omitted ‘in order […] to include none but similar move-
ments’ (ibid.). Also,

‘[u]p to the close of 1811, it appears […] that 100 comets had been 
observed, 53 having a direct and 47 a retrograde movement. If these 
comets were gradually to lose the peculiarities which distinguish them 
from planets – we should have 64 planets with direct movement, 47 with 
retrograde. The presumption we are considering would […] be very 
much weakened. At present, we unhesitatingly exclude the comets on 
account of their striking peculiarities. But at what precise point of their 
transition-state are we abruptly, from giving them no weight at all in the 
induction, to give them as much as the old planets?’ (ibid., 4-5). 

This shows that – contrary to the traditional theory, which holds that ‘[w]hen 
any event, whose cause is unknown, occurs, the probability that its a priori 
probability was greater than ½ is ¾’ (ibid., 5) – it is impossible to determine 
the value of the a priori probability of events without considering, by means of 
‘contemplation’, what Ellis called, the ‘natural ahnity’ existing among them. 
Although he did not reflect on the exact meaning of ‘ahnities’ in nature, from 
the statement that the presumption of a common cause producing, for instance, 
movement ‘depends not merely upon the number of observed movements’ 
(ibid., 4) it may be concluded Ellis wished to indicate that the strength, or 
force, of an ‘inductive result’ cannot be established on the sole basis of enumer-
ative induction. Moreover, at this point, Ellis also wanted to make clear that it 
is the case that this force can change while the number of observations remains 
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unchanged – which, as such, conflicts with the foundation of the ‘inverse’ appli-
cation: 

 ‘[A]re the retained movements absolutely similar? The planets move 
in orbits of unequal eccentricity and in diferent planes; they are them-
selves bodies of very various sizes; some have many satellites and others 
none. If these points of diference were diminished or removed, the pre-
sumption in favour of a common cause determining the direction of their 
movement would be strengthened; its calculated value would [however] not 
increase, and vice versa’ (ibid., 4). 

It was in his correspondence with J.D. Forbes that Ellis, responding to the 
former’s critique of John Herschel’s endorsement of John Michell’s much 
debated use of probabilistic arguments in his essay of 1767 on the distribution 
of stars (see Forbes, 1849, Herschel, 1848/1869, Garber, 1973, Gower, 1982, 
1987, Sheynin, 1984),41 wrote that from the ‘notion that chances express some-
thing mental or subjective, is derived the assumption that the force of belief 
touching past events admits of numerical evaluation as well as the force of 
expectation touching future. If this were true, it would be a legitimate inquiry 
to try to assign numerical values to the force of belief in any given case. All 
this is folly [...]’ (Ellis in Shairp & Tait, 1873, 481). Now, if Ellis straightfor-
wardly rejected the traditional opinion that probability theory is concerned 
with the measurement of ‘mental’ states of knowledge, this did not, in any 
sense, diminish the fundamental role of the ‘mental’ in his own theory of prob-
ability; it is ‘the mind’ which makes it possible to determine, for instance, the 
simple probability common to certain phenomena in the first place. Although 
– in order to determine the a priori probability of an event – it must be known 
‘what circumstances the person […] rejects as irrelevant […] what circumstances 
constitute in his mind the ‘trial’ […] (ibid., 5), the role of ‘personal contempla-

41 Forbes’s argument, to which Ellis referred, was targeted against Michell’s aim to 
demonstrate the degree of improbability of the clustering of stars having arisen 
by chance on the basis of probabilistic calculations. In order to do so, he made use 
of Laplace’s method of ‘equiprobability’ – a method which, being premised on the 
principle of ‘insuhcient reason’, allowed him to claim that ‘there is a high numerical 
probability that the proximity of two stars is not accidental on the basis of a calcula-
tion that the probability of these two stars constituting a double star accidentally is 
very low’ (Gower, 1982, 152).
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tion’ did not give rise to the conclusion that (inverse) probability calculates 
something ‘mental’ or merely ‘subjective’. As Ellis voiced it in his (1854), since 
‘[a] mind which has fully and clearly apprehended the subject before it and to 
which therefore to have arrived at the truth and to perceive that it has done 
so as inseparable elements of the same act of thought’, intuitions cannot be 
confined to ‘the private world of the individual mind’ (Richards, 1997, 67). 
These issues will be discussed in the next section. 

4.4 ‘Remarks on the fundamental principle of the theory 
of probabilities’ (1854): realism, idealism and the 
metaphysical foundations of probability theory

In the essay of 1854 Ellis proposed to make some additional remarks on the 
foundational principle of probability theory that he had put forward in (Ellis, 
1844a) so as to ‘consider in what way […] the fundamental principle of the 
theory may be the most clearly and conveniently expressed’ (Ellis, 1854, 605). 
After repeating that he took the truth of the principle that ‘[o]n a long run of 
similar trials, every possible event tends ultimately to recur in a definite ratio 
of frequency’ (ibid.) to be an intuitive truth, Ellis wrote that, on the one hand, 
‘the phrase “similar trials”, expresses the notion of a group or genus of phe-
nomena [e.g. the throwing of a die, LV] to which the diferent results [e.g. the 
occurrence of ace or deuce, LV] are subordinated’42 (ibid.) but, on the other 
hand, ‘it is less obvious how the idea of a “long run of trials” in “definite series 
of experiments” […] is to be expressed’ (ibid.). This has to do with the fact 
that the expression ‘long run of trials’ is negative – i.e. it implies ‘merely the 
absence of the limitations inseparable from individual cases’ (ibid.) – and its 
nature indefinite – at least insofar as the cases contemplated can either be 
‘actually existent’ or ‘as about to be developed within [the] limits of space and 
time’ (ibid.). At the same time, when a limited amount of individual cases is 
considered it is impossible to develop the conviction that ‘the ratios of frequency 

42 A somewhat similar remark already appeared in his essay on probability theory of 
1844 – where Ellis noted that ‘[e]very judgment of probability involves an analysis 
of the event contemplated. We toss a die, and an ace is thrown. Here is a complex 
event. We resolve it into: (1) the tossing of the die; (2) the coming up of the ace. The 
first constitutes the ‘trial’, on which diferent possible results might have occurred; 
the second is the particular result which actually did occur. They are in fact related as 
genus and diferentia’ (Ellis, 1844a, 5). 
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of occurrence depend on the circumstances common to all the trials’ (ibid.). 
If ‘it is only in idea that we can secure the possibility of an indefinite series 
of trials’ (ibid., 607), it is when a ‘genus of cases’ is viewed ‘in what may be 
called an ideal and practically impossible realization of all which it potentially 
contains’ (ibid., 606) that this conviction can arise. From this, in turn, follows 
what Ellis introduced as the fundamental principle of probability theory: ‘The 
conception of a genus implies that of numerical relations among the species sub-
ordinated to it’ (ibid.).43 

Ellis was well aware of the questions he was now forced to answer, namely; in 
what relation do these conceptions of an ‘ideal’ and ‘practically impossible’ real-
ization of the species of a genus ‘stand to outward realities [and] [h]ow can they 
be made the foundation of a real science, that is, of a science relating to things 
as they really exist?’ (ibid.). As Ellis himself suggested, these questions must 
be understood with reference to the traditional philosophical debate on ‘natural 
groups of kinds’ or ‘natural kinds’ (see Kiliç, 2000, Verburgt, submitted for 
publication-a). It may here be noted that – due to, for instance, the work of 
Whewell and J.S. Mill (e.g. Towby, 1887, Strong, 1955, Hacking, 1991, Snyder, 
2006, chapter 3) – the controversy between ‘realism’ and ‘nominalism’ vis-à-
vis classification played a pivotal role in Victorian debates on scientific meth-

43 In his ‘Notes on Boole’s Laws of Thought’, Ellis remarked the following: ‘No doubt 
everything stands in relation to something else, as the species to its genus, and conse-
quently [such] symbolical language […] is in extent perfectly general, that is, it may 
be applied to all the objects in the universe’ (Ellis, 1863b, 391). 
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odology and knowledge.44 In line with – the discussion of his – ‘Whewellian’ 
(divine) realism, Ellis maintained that 

‘[u]niversals are not mere figments of the mind, but […] have a reality of 
their own which is the foundation of the truth of general propositions. 
To assert therefore that the theory of probabilities has for its foundation 
a statement touching genera and their species, and is at the same time a 
real science, is to take a realistic view of its nature. And this I believe is 
what […] we cannot avoid doing’ (Ellis, 1854, 606). 

Ellis criticized the nominalist view, which holds that ‘grouping phenomena 
together is merely a mental act wholly disconnected from outward reality 
and altogether arbitrary’ (ibid.), by claiming that ‘no mental act can be so’ 
(ibid.). Moreover, from the statement that the ‘thoughts we think are […] 
ours, but so far as they are not mere error and confusion, so far as they have 
anything of truth and soundness, they are something and much more’ (ibid.), 
Ellis concluded that ‘[i]n every science the fact and the idea correspond because 
the former is the realization of the latter’ (ibid.). Because these realizations are 
always partial and incomplete, this correspondence, in turn, is imperfect and 
approximate. Now, in the crucial passage following this claim, Ellis wrote that 

44 Moreover, it may be noted that the Victorian proponents of the ‘frequency interpreta-
tion’ of probability discussed the foundations of their approach almost exclusively in 
terms of ‘natural groups of kinds’ or ‘natural kinds’. For instance, in his Logic of Chance 
of 1866 John Venn observed that ‘[t]he existence of natural kinds or groups [which] 
consist of large classes of objects, throughout all the individual members of which a 
general resemblance extends seem to be [an] important condition for the applicability 
of the theory of probability to any event’ (55-56). Interestingly, although Venn and 
Ellis are commonly regarded as the two ‘British frequentists’, Venn exactly supported 
the (empiricist) nominalism vis-à-vis natural kinds and classification which Ellis 
rejected. For this point see Verburgt (submitted for publication-a). Furthermore, it 
may also be remarked that Ellis’s ‘realism’ enabled him to circumvent what in modern 
terminology is called the ‘reference class problem’ which appeared in the work of 
Venn due to his particular kind of ‘nominalism’ (see my 2013c). As Hans Reichenbach 
aptly summarized this problem: ‘[i]f we are asked to find the probability holding for an 
individual future event, we must first incorporate the case in a suitable reference class. 
[But] [a]n individual thing or event may be incorporated in many reference classes, 
from which diferent probabilities result’ (Reichenbach, 1949, 374). Because, for 
Ellis, the possibility of incorporating an ‘individual events’ (i.e. species) in a ‘suitable 
reference class’ (i.e. genus) was guaranteed by the fundamental principle of probabil-
ity theory, the problem did not appear in his work. 
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it is only ‘when in thought we remove the action of disturbing causes to an 
indefinite distance that we can conceive the absolute verification of any a priori 
law’ (ibid.). This not only explains why, what Ellis in his (1844a) termed, the 
‘fundamental axiom’ of probability – i.e. that ‘on the long run, the action of 
fortuitous causes disappears’ (Ellis, 1844a, 3) – is to be regarded as an a priori 
truth. It is also indicative of the fact that it was the combination of a philoso-
phy of science which recognizes ‘ideal elements’ of knowledge with his specific 
realism vis-à-vis natural kinds and classification that underlay Ellis’s renovation 
of the metaphysical foundations of probability theory. That is to say that, for 
Ellis, it is the existence of permanent (arche)types – or universals – having ‘a 
reality of their own’, as conceived of by the mind when considering these in 
light of the ‘ideal’ realization of the species – or particulars – they contain, that 
grounds the theory.

5. Ellis’s meta-mathematical views: 
beyond Whewell and Peacock?

It has been suggested, in the course of this paper, that Ellis carried out his ‘ide-
alist-realist’ renovation of the metaphysical foundations of traditional, mathe-
matical, probability theory in a complex dialogue with, what he took to be, the 
‘idealist’ and ‘realist’ elements in Whewell’s philosophy of science. In this last 
section it may be worthwhile to expound on this parallel by briefly discussing 
one context in which the views of Ellis were not – formulated in – agreement 
with those of Whewell, namely that of (pure) mathematics and its relation to 
scientific knowledge. Similar to Ellis’s alleged responsibility for the ‘Kantian 
ring’ of Whewell’s philosophy of science (see section 2.2), this not only adds 
to the complexity of their dialogue, but also calls into question the suggestion 
of a one-way influence from the side of Whewell. 

5.1  Ellis, Whewell, and the rise of ‘pure analysis’ 
in the Cambridge Mathematical Tripos

During the 1840s, Ellis published numerous articles on mathematics – or, 
more specifically, on what he called the ‘science of symbols’ – in The Cam-
bridge Mathematical Journal and in 1846 his voluminous ‘Report on the recent 
progress of analysis’ for the British Association appeared. Where Goodwin, 
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in his biographical memoir, wrote that this ‘department of mathematics was 
[Ellis’s] special favourite’ (Goodwin, 1863, xx), it may also be noted that under 
Ellis and Gregory’s editorship the CMJ became the primary source for the 
British importation of French ‘symbolical reasonings’ (see Koppelman, 1971).45 
As a student of Peacock46 (1791-1858) – who, together with Charles Babbage 
(1791-1871) and Herschel, founded the Analytical Society which brought Con-
tinental analytic methods and diferential notation to Cambridge (e.g. Becher, 
1980a, Dubbey, 1963, Enros, 1981, 1983, Fisch, 1994, Fisch, 1999, Wilkes, 
1990) – Ellis belonged to the second generation47 of reformers of British math-
ematics. This ‘new English school’ is commonly said to have distanced itself 
from the Society’s abstract programme in so far as it came to reappraise, what 
is called, (‘Newtonian’) geometrical analysis (e.g. Garrison, 1987) and practi-
cally oriented mathematical physics (e.g. Smith & Wise, 1989, chapter 2). Its 
reappraisal echoed Whewell’s influential defense,48 during the 1830s-1840s, 
of the eighteenth-century orthodoxy of mixed mathematics in the Cambridge 
Mathematical Tripos against the steady rise of pure mathematics (see Becher, 
1980b, Gascoigne, 1984). However, it is clear that Ellis only partly agreed with 
his institutional ‘re-geometrization’ and ‘re-Newtonianization’. When, in 1848, 
the Board of Mathematical Studies – following Whewell’s recommendations 
for and (textbook) contributions to a ‘liberal education’ (see Whewell, 1845) 
– reformed the Mathematical Tripos so that it was no longer ‘unduly fixed 
upon the dexterous use of symbols, to the neglect of natural relations in the 

45 As DeMorgan described the Journal in a letter to Herschel of 1845: ‘You should not 
forget the Cambridge ‘Mathematical Journal’. It is done by the younger men [and] full 
of very original communications. It is, as is natural in the doings of young mathemati-
cians, very full of symbols’ (DeMorgan in DeMorgan, 1882/2010, 151). 

46 Recall that, as Goodwin (1863) noted, Ellis ‘came into residence as a Pensioner of 
Trinity College, in October 1836, being entered as a pupil of the Rev. G. Peacock’ 
(xiv). 

47 Following Fisch (1994, 247-248) and Smith & Wise (1989, chapter 2), this second 
generation could be said to include those men of science who graduated or operated 
from Cambridge between 1837 and 1854 – such as Ellis and his close friends Duncan 
Farquharson Gregory and William Thomson (Lord Kelvin). 

48 For instance, Becher (1980b, 14-48), Fisch (1994, 266-276) and Fisch (1991, 22-57) 
provide accounts of Whewell’s eventual rejection, during the course of the 1830s, of 
the reforms originally proposed by the Analytical Society. 
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application of mathematics to physical subjects’ (Becher, 1980b, 40),49 Ellis, 
in his ‘The course of mathematical studies’ written for the Cambridge Univer-
sity Commission, refused to accept this contempt of analysis. His aim was the 
introduction of an even ‘freer and more liberal method’ (Ellis, 1863c, 423) of 
teaching mathematics. 

To begin with, Ellis, somewhat bitingly, observed that it ‘is common, to find 
persons in Cambridge […] who insist […] that geometry is geometry and 
analysis is analysis, but it may be doubted whether this notion of an absolute 
separation between two things is not the result of a want of familiarity with 
either’ (ibid., 41). Ellis was of the opinion that, insofar as the ‘choice of methods, 
and especially as to the preference to be given to geometry or to analysis’ (ibid., 
420) in teaching and examinations was concerned, 

‘[t]hough in mathematical investigations there is no royal road, yet 
there is a natural one, that, namely, which enables the Student, as far as 
possible, to grasp the natural relations which exist among the objects of 
his contemplation. If this route be followed, it matters but little whether 
the reasoning be expressed by one set or kind of symbols or by another 
[for] [t]o change the notation is merely to translate from one language 
into another’ (ibid., 421). 

In fact, Ellis had it that ‘[d]emonstrations may be geometrical, and yet in a high 
degree artificial; and first principles may be lost sight of in a maze of triangles, 
no less than in a maze of equations’ (ibid., 420-421). 

Ellis neither shared Whewell’s conviction that for students the ‘necessary path 
was from the particular to the general, from concrete physical problems to 
abstraction’ (Becher, 1980b, 15) nor support his discouragement, for didactical 
reasons, of the use of symbols. If Whewell maintained that, since pure analysis 
would give students ‘a disrelish for the more physical’, geometrical methods – 

49 In the period between the end of the 1810s and the 1830s, Whewell’s textbooks 
exhibit his growing opposition to and rejection of ‘Lagrangian’ formalism. For 
instance, where his first two treatises – on mechanics (Whewell, 1819) and dynamics 
(Whewell, 1823) – made use of Lagrange’s version of the calculus, in the 1833 edition 
of the Elementary Treatise on Mechanics it was replaced by the geometrical methods 
of Newton’s Principia (see Fisch, 1991, section 2.232). 
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being the more ‘natural’ form of demonstration – were to be preferred so as to 
keep them grounded in ‘physical realities’, Ellis had it that the claim that ‘our 
methods should be geometrical is not by any means essential; they ought to be 
natural, and it has been too hastily supposed that they will necessarily be so if 
symbols are excluded’ (Ellis, 1863c, 420).50 He also dismissed as ‘childish’ the 
common supposition that ‘if a mathematician treats a problem geometrically, 
he has to think about it for himself, whereas if he treats it symbolically, the 
symbols think for him’ (ibid.) – which was voiced by Whewell when writing 
– in the chapter on the ‘Foundations of the higher mathematics’ of The Philos-
ophy of the Inductive Sciences – that ‘in our symbolical reasoning our symbols 
[…] reason for us’ (Whewell,  1840, 143). According to Ellis, whatever form 
of mathematics is most natural, the emphasis must always be on ‘inquiring per-
petually into the grounds and reason of what we are doing, - by interpreting 
our symbols […], following the train of geometrical or physical conceptions 
to which their interpretation leads [and] by retracing our steps and passing 
from general considerations or purely geometrical reasoning to the technical 
language of symbols’ (Ellis, 1863c, 422). In opposition to Whewell – for whom 
the two forms were, certainly, no equal alternatives (see Fisch, 1991, section 
2.2332) – Ellis firmly believed in the ‘unity’ of the geometrical- and ‘symbolical’ 
form of analysis: ‘For as to the mind which has attained to a perfect mastery of 
the subject, and by which, therefore, the connexion of the data of the problem, 
with its solution is perceived as by intuition, all the demonstrations appear to be 
in their essence identical, – diferent modes merely of presenting the same con-
ceptions’ (ibid., my emphasis). It is ‘as a means of training and developing the 
mind’ (ibid., 417) that both forms of mathematics are to be part of the course of 
mathematical studies at Cambridge. 

Furthermore, according to Ellis, mathematics is valuable insofar as it, in the 
end, deals with necessary truth. In his own words, it is ‘after long and patient 
thought’ (ibid., 418) that the mind – which has become ‘conscious of its devel-
opment’ (ibid.) and ‘has approached towards a complete intuition into the 

50 In his own publication, Ellis explicitly put his conviction that ‘geometrical are not 
necessarily natural methods of demonstration’ (Ellis, 1863c, 423) to work. For 
instance in ‘On some properties of the parabola’, he noted that ‘[g]enerally speaking, 
the Geometrical method is more easily applied than the Analytical to these cases’ in 
which ‘properties of sections of the cone [are deduced] by considering the cone as a 
particular case of the ‘hyperboloide gauche’’ (Ellis, 1839, 204). 
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results which [it] is able to prove’ (ibid., 419) – is ‘brought into nearer, if not 
immediate, contact with necessary truth’ (ibid., 418).51 Now, because the study 
of mathematics, in general, ‘enlarges the sphere of [the Student’s] intuition, 
by giving him distinct and conscious possession of truths which lay hid in his 
conceptions […]’ (ibid., 418) it belongs to a ‘liberal education’.52 

5.2  Ellis, the ‘Baconian-Lagrangian’?

It was along the lines of these meta-mathematical views that Ellis was able to 
develop his own approach to the problematic, ‘Victorian’, issue of combining 
a ‘Baconian’ philosophy of science with, what may be called, a ‘Lagrangian’ 
formalist view of mathematics (see Fisch, 1991, chapter 1). Importantly, Ellis’s 
solution was in conflict both with that of the members of the Analytical Society 
as well as with that of Whewell. Where Peacock and Babbage had completely 
avoided such philosophical debates,53 the issue was first taken up by Herschel 
in his A Preliminary Discourse on the Study of Natural Philosophy of 1831. Herschel, 
however, failed to strike a balance between his, rather ‘naive’, Baconianism 
and his radical ‘Lagrangian’ formalism – ending up deeming mathematics, as an 
‘abstract science’ ‘independent of a system of nature […] of everything except 
memory, thought and reason’ (Herschel, 1831, 18), irrelevant and a possible 
hindrance to the ‘study of nature and its laws’ (see Fisch, 1991, 2.22, Cannon, 

51 It may be worthwhile to draw attention to the fact that Ellis’s definition of mathe-
matical truth nicely fits his particular ‘metaphysizing’ of the mathematical part of 
traditional probability theory (as discussed in section 4). This reinterpretation, 
essentially, consisted of the claim that after ‘long and patient’ contemplation it ‘could 
not be denied’ that the mathematical probability ‘theorems’ were, actually, a priori 
(necessary) truths. 

52 Or, more specific; the student’s ‘real progress […] varies […] according to the degree 
in which he has approached towards a complete intuition into the results which he is 
able to prove. I [Ellis] believe that this principle ought to be our guide in examining the 
merits and defects of a course of mathematical study intended to form part of a liberal 
education’ (Ellis, 1863c, 419). 

53 As is noted in, for instance, Fisch (1991, 29), Fisch (1999, 152, f. 46), Koppelman 
(1971, 156-157) the founders of the Analytical Society favored Lagrange’s formalist 
approach – to which they all remained faithful throughout their careers – for it 
‘provided the most powerful methods of variational analysis continental mathematics 
had to ofer’ (Fisch, 1991, 29). In turn, this made possible the development of the 
so-called ‘calculus of operations’ and ‘abstract algebra’ as developed in the work of, 
for instance, Augustus DeMorgan, George Boole, (Ellis’s friend) D.F. Gregory and 
Ellis himself. 
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1961). For this reason, Herschel eventually decided to keep ‘pure analysis’ and 
‘inductive science’ completely separated. If it is true that Whewell’s thought 
emerged as a result of dismissing this decision – i.e. ‘developed […] in the 
course of negotiating the very issues Herschel sought to avoid’ (Fisch, 1991, 36) 
– it must also be pointed out that his mature philosophical views were marked 
by the retreat from his earlier ‘Baconian’54 and ‘Lagrangian’ commitments (see 
Fisch, 1991, section 2.233, Becher, 1992). Ellis, for his part, attempted to go 
beyond Herschel’s circumvention and Whewell’s rejection of a ‘Baconian-La-
grangian’ position by reinterpreting, rather than separating or giving up, its two 
elements. 55 

On the one hand, Ellis’s ‘Baconian-Lagrangianism’ consisted of the rejection 
of Herschel’s particular kind of ‘Baconian realism’ – which not only considered 
it possible to gain insight into the real causes of phenomena solely by means of 
mechanical induction (see section 2.1), but also had it that the mathematical 
formalization of induced empirical knowledge, functioning as its organization 
and recapitulation, must ‘fully mirror its induced counterpart’ (Fisch, 1991, 
34, 42). Following his own introduction of an ‘ideal’, non-mechanical, compo-
nent into the Baconian framework (see section 2.1 and 2.2), Ellis agreed with 
Whewell’s view that an induced body of facts could be informed by a formal 
mathematical scheme. On the other hand, and in opposition to Whewell,56 Ellis 
– the ‘Lagrangian’ – also held that the ‘formal constructs’ (symbols, formulas) 
within these schemes did not have to correspond to, or represent, anything in 

54 It must here be remarked that this characterization of both Whewell’s approach to, 
and retreat from, the issue of combining a ‘Baconian’ and ‘Lagrangian’ position as 
well as its connection to Herschel and Ellis – discussed, explicitly and implicitly, 
by Fisch (1991, section 2.22 and 2.233) – hinge on an interpretation of Whewell’s 
‘Baconianism’ that has been put into question in section 2.1 of this paper. However, an 
analysis of the implications of the reinterpretation presented here for the development 
of Whewell’s views on the ‘Baconian-Lagrangian’ issue is beyond the scope of this 
paper. The same goes for its implications for the connection between Whewell and 
Ellis’s ‘solution’ of the issue. That is to say that the sole goal of this, final, section is to 
indicate – one of – the diferences between their general philosophical viewpoints. 

55 Obviously, Ellis also disagreed with Babbage and Peacock’s neglect of the whole issue. 
56 Whewell retreated from his endorsement of ‘Lagrangian’ formalism as early as the 

1820s (see Fisch, 1991, 27-57). It may also be remarked that Whewell would come to 
view all well-formed mathematical systems – in physics – as ‘Euclidean representa-
tions of the intuited and contemplated features of [...] Fundamental Ideas’ (Fisch, 
1999, 163). As can be inferred from Ellis’s disagreement with Whewell’s institutional 
reforms, he was not willing to make this concession to ‘geometrical’ analysis. 
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reality – at least not in the sense of being disclosed in the process of induction. 
Thus, where Whewell dismissed as ‘arbitrary’ those mathematical constructs 
which are devoid of physical meaning, Ellis felt comfortable to write that the 
validity – of the processes – of analysis is wholly independent of the interpre-
tation and meaning of the symbols (e.g. ‘imaginary quantities’) used (see Ellis, 
1842a, see also Bloor, 1981).57 58 This, as well as Ellis’s outline of ‘the science 
of symbols’ in his (1842b, see also Despeaux, 2007, 60-67), clearly echoed 
Peacock’s treatment of the status of negative and imaginary numbers – which, 
obviously, ‘had no place in the quantitative subject matter of mathematics, but 
[…] played important roles in the logical form’ (Richards, 1980, 345) – in his 
account of the foundations of algebra (e.g. Becher, 1980a, Dubbey, 1977, Fisch, 
1999, Gregory, 1865, Pycior, 1981).59 

According to Peacock, the restriction for arithmetic – following from the 
fact that quantity, as exhibited in reality, admits only of positive and finite 
manifestations – could be removed in passing to what he called ‘symbolical 
algebra’. After characterizing ‘arithmetical algebra’ as the ‘science of sugges-
tion’ for symbolical algebra – defined, in turn, as the ‘science of symbols and 
their combinations, constructed upon its own rules, which may be applied to 
arithmetic and to all other sciences by interpretation’ (Peacock, 1833, 194-195, 

57 In his ‘Evaluation of certain definite integrals’ of 1842 Ellis, reflecting on Laplace’s use 
of integrals in his Théorie des Probabilités, wrote that the ‘nature of what are called 
imaginary quantities is certainly better understood than it was some time since; but 
it seems to have been the opinion of […] Laplace himself, that results thus obtained 
require confirmation. In this view I confess I do not acquiesce [...]’ (Ellis, 1842a, 186). 

58 The mathematician George Boole (1779-1848) summarized this (formalist) viewpoint 
as follows: ‘They who are acquainted with the present state of the theory of Symbol-
ical Algebra are aware, that the validity of the processes of analysis does not depend 
upon the interpretation of the symbols which are employed, but solely upon the laws 
of their combination. Every system of interpretation which does not afect the truth 
of the relations supposed, is equally admissible […]’ (Boole, 1847, 3). 

59 In his biographical memoir of Ellis, Goodwin (1863) also made notice of the following 
fact: ‘[Ellis] was very much in advance of the men of his year in mathematical acquire-
ment, and had already read most of the subjects which usually occupy an undergrad-
uate’s time. He was himself much amused at the surprise expressed by his tutor, Mr. 
Peacock, when at an early stage of his College life in answer to the question, “What 
are you chiefly reading now?” he replied, “Woodhouse’s Isoperimetrical Problems” 
[which] [h]e read […] chiefly without the aid of a private tutor’ (xiv). Now, as Becher 
(1980a) has suggested, it is likely that Babbage and Peacock, in the development of 
their innovation of algebra, ‘were expanding upon ideas promulgated by Woodhouse’ 
(390). 
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my emphasis) – Peacock described the process of passing from the former 
to the latter – which included ‘such quantitative anomalies as negative [and 
infinite] numbers’ (Richards, 1980, 348) – as a ‘formal’ one. Ellis seemed to 
have agreed not only with Peacock’s statement that the nature of mathematical 
symbols such as ‘imaginary quantities’ could not be understood with reference 
to a process of generalization – i.e. as an ‘ascent from particulars to generals’ 
(Peacock, 1833, 194) – but had to be seen as an arbitrary, formal, process where 
‘one [starts] with forms […] manipulated [them] according to specific rules, and 
finally interpreted the results’ (Richards, 1980, 348). He also was in agreement 
with Peacock when it comes to the claim that it was the interpretation of the 
results of the ‘science of symbols’, or symbolical algebra, that made ‘its applica-
tions most generally useful’ (Peacock, 1833, 194, my emphasis, e.g. Ellis, 1841, 
1842b).60 In Ellis’s words, it was the interpretation of symbols that would lead 
to geometrical and physical conceptions (see Ellis, 1863c, 422).61 This belief 
in both the formal nature of ‘analysis’ as well as its usefulness – after having 
been duly interpreted – for the sciences allowed Ellis to combine his ‘Lagran-
gian’ views on mathematics with his reinterpreted ‘Baconianism’ in which the 
mind was to apply its ‘principles of arrangement’ – which, as such, could not be 
derived from inductive generalization – to the facts of observation.

Concluding remarks

This paper aimed to rediscover Ellis’s largely forgotten work on philosophy 
of science and probability theory. It was argued that the combination of his 
Kantian inspired ‘idealist’ perfecting of the Baconian theory of induction in his 
‘General Preface’ and the ‘(divine) realist’ character of his scientific observa-
tions on bees’ cells functioned as the philosophical viewpoint from which he set 

60 It is generally agreed upon that Peacock’s definition of the connection between ‘arith-
metical algebra’ and ‘symbolical algebra’ was highly problematic (e.g. Fisch, 1999, 
Pycior, 1981). Although it would be of great interest to take up, in detail, this issue in 
interpreting Peacock’s influence on Ellis, this is beyond the scope of this paper. 

61 As Boole described this approach; since the ‘validity of the processes of analysis 
[depends] solely upon the laws of their combination […] [e]very system of interpre-
tation which does not afect the truth of the relations supposed, is equally admissi-
ble, and it is thus that the same process may, under one scheme of interpretation, 
represent the solution of a question on the properties of numbers, under another, that 
of a geometrical problem, and under a third, that of a problem of dynamics or optics’ 
(Boole, 1847, 3). 
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out to both reinterpret the metaphysical foundations of traditional probability 
theory as well as ‘metaphysize’ its mathematical theorems. If Whewell played 
a pivotal role in the development of Ellis’s ‘idealist-realism’, much emphasis 
has been put on the complexity of the dialogue from which this philosophical 
outlook emerged. Most importantly, on the basis of their disagreement about 
the nature of (pure) mathematics and its connection with scientific knowledge 
it could not only be established that Ellis’s, ‘un-Whewellian’, thought partly 
matured under the influence of the work of Peacock, but also suggested that 
Ellis was able to develop a unique ‘Baconian-Lagrangian’ viewpoint. 

Obviously, much remains to be said about, for instance, the details of Ellis’s 
contributions to the ‘science of symbols’ and its interaction with Peacock’s 
‘symbolical algebra’, his views on natural history and (mathematical) truth and 
the reception of his interpretation of probability theory. Hopefully, this paper 
contributes to further research on these topics in future publications. 
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