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Abstract 
 
This paper takes up a suggestion made by Floridi that the digital revolution is bringing 
about a profound change in our metaphysics.  The paper aims to bring some older views 
from philosophy of mathematics to bear on this problem.  The older views are concerned 
principally with mathematical realism – that is the claim that mathematical entities such 
as numbers exist.  The new context for the discussion is informational realism, where the 
problem shifts to the question of the reality of information.  Mathematical realism is 
perhaps a special case of informational realism.  The older views concerned with 
mathematical realism are the various theories of World 3.  The concept of World 3 was 
introduced by Frege, whose position was close to Plato’s original views.  Popper 
developed the theory of World 3 in a different direction which is characterised as 
‘constructive Platonism’.  But how is World 3 constructed?  This is explored by means of 
two analogies: the analogy with money, and the analogy with meaning, as explicated by 
the later Wittgenstein.  This leads to the development of an account of informational 
realism as constructive Aristoteliansim.  Finally this version of informational realism is 
compared with the informational structural realism which Floridi develops in his 2008 
and 2009 papers in Synthese.  Similarities and differences between the two positions are 
noted. 
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1.  Introduction  
 
In his Barwise lecture delivered in New York (2009b), Floridi discusses the digital 
revolution as a fourth revolution.1  One of his interesting claims is that this revolution [7] 
(Numbers in square brackets are the page numbers of the published version.) bringing 
about a profound change in our metaphysics.  This is how he puts it (2009b, p. 2): 
 
 “The digital revolution is updating … our metaphysics, from a materialist one, in 
which physical objects and processes play a key role, to an informational one.  Objects 
and processes are increasingly seen as de-physicalised, in the sense that they tend to be 
treated as support-independent (consider a music file). … P2P does not mean Pirate to 
Pirate but Platonist to Platonist, for it is the immaterial nature of things that underpins the 
phenomenon.” 
 

Until recently the majority of the working population would spend most of their 
time manipulating physical objects.  However, as a result of the digital revolution, an 
ever increasing percentage of people spend all their time either creating, distributing, or 
otherwise manipulating information.  It is a curious fact that the higher the percentage of 
the work force who are exclusively occupied with information, the more material goods 
are produced.  This new situation suggests strongly that pieces of information should be 
regarded as at least as real as physical objects, even though information is something 
intangible. 

Floridi defends the view that information should be regarded as real as follows 
(2009b, p. 2): 
 
“ … the criterion for existence … is no longer being potentially subject to perception … 
but being potentially subject to interaction, even if intangible.” 
 

It is interesting to note that Plato defended the existence of his Forms by using a 
similar criterion, namely that power is the mark of the real, or as he puts it in The Sophist, 
247E:  “I am proposing as a mark to distinguish real things, that they are nothing but 

                                         
1 Many of the ideas of this lecture are also to be found in Floridi’s 2010 book.  See particularly Chapter 1. 
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power.”  So if information exerts power over human beings, as it undoubtedly does, it 
should be regarded as real. 

Floridi is obviously sympathetic to Platonism as is indicated by his witty remark 
that P2P should be understood as Platonist to Platonist.  His general position poses the 
problem of elaborating a philosophical account of informational realism, and this Floridi 
does in his 2008 paper which defends what he calls ‘informational structural realism’. 

I am completely in agreement with Floridi that we should regard information as 
real, and that philosophers should try to elaborate a theory of informational realism.  
However, I differ from him in preferring a different version of informational realism.  
This version, as we shall see, is more Aristotelian than Platonic.  Naturally any account of 
informational realism must take as its starting point older philosophical ideas, and, as our 
mention of Platonism indicates, the obvious ideas to choose are those connected with 
mathematical realism – the claim that mathematical entities such as numbers exist.  The 
question of whether pieces of information exists is very like the question of whether 
numbers exist, and indeed mathematical realism might even be seen as a special case of 
informational realism, since mathematical theories certainly contain a lot of information.   

In this paper then I will start with some older views of mathematical realism, and 
try to develop them to give an account of informational realism.  The older views which 
will be taken as a starting point are the various theories of World 3.[8]  The concept of 
World 3 was introduced by Frege, and his position is discussed in section 2.  It is close to 
Plato’s original theory of Forms.  Popper took up the theory of World 3 and developed it 
in a different direction which is dealt with in section 3.  His position is characterised as 
‘constructive Platonism’.  As well as discussing Popper’s views, section 3 contains the 
beginnings of my own development of the theory of World 3 by giving a somewhat 
different characterisation of Worlds 1, 2 & 3.  Popper’s World 3 is replaced by World 3´.  
World 3´ is regarded as a human construction, but how exactly is it constructed?  This is 
explored by means of two analogies:  the analogy with money in section 4, and the 
analogy with meaning, as explicated by the later Wittgenstein, in section 5.  Then in 
section 6, there is developed an account of informational realism as constructive 
Aristotelianism.  Finally in section 7, this version of informational realism is compared 
with Floridi’s informational structural realism.  
 
 
2.  Frege’s World 3.  A Version of Platonism 
 

Platonism, as applied to mathematics, is the view that mathematical entities exist 
objectively, not in the familiar everyday world which we experience, but in a 
transcendental world outside space and time.  This view was of course introduced, 
developed, and defended by Plato himself.  However, in the present paper, I am not going 
to explore Plato’s own position, but rather take as my starting point the positions of some 
philosophers, who in the twentieth century, have put forward views which have much in 
common with Plato’s original view.  Thus I will explore Platonism rather than the 
specific views of Plato. 

One of the most interesting versions of Platonism is to be found in Frege’s 
(1918/19) article:  ‘Thoughts’, where he develops a theory of a third realm or world of 
abstract entities.  Frege recognises three sorts of things:  (1) material objects in the 
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external world, (2) ideas in a particular consciousness, and (3) objective abstract entities.  
Frege uses the word ‘idea’ to refer to something subjective and individual.  A thought, on 
the other hand, is the content which is expressed by a sentence, and he argues that 
thoughts cannot be (subjective) ideas, because, (1918/19, p. 362): 
 
“ … other people can assent to the thought I express in the Pythagorean theorem just as I 
do …” 
 
Frege goes on to say (1918/19, pp. 363): 
 
  “So the result seems to be:  thoughts are neither things in the external world nor 
ideas. 

A third realm must be recognised.  Anything belonging to this realm has it in 
common with ideas that it cannot be perceived by the senses, but has it in common with 
things that it does not need an owner so as to belong to the contents of his consciousness.  
Thus for example the thought we have expressed in the Pythagorean theorem is 
timelessly true, true independently of whether anyone takes it to be true.  It needs no 
owner.  It is not true only from the time when it is discovered; just as a planet, even 
before anyone saw it, was in interaction with other planets.” [9] 
 

Here Frege only explicitly mentions thoughts, but it seems reasonable to presume 
that he would have regarded numbers too as inhabitants of his third realm.  This realm 
has obvious similarities to Plato’s world of Forms.  Both consist of abstract entities which 
exist objectively outside space and time.  However, it is interesting to note that Frege lays 
primary stress on thoughts which are obviously abstract entities closely connected with 
information.  The Pythagorean theorem is clearly an important piece of information.  
 
 
3.  Popper’s World 3 or Constructive Platonism 
 

Popper accepts Frege’s division of objects into three Worlds, but his account of 
the third World, or World 3, is very different from Frege’s, or from traditional Platonism.  
Popper was influenced not just by Frege but also by Brouwer.2  More specifically he 
accepts Brouwer’s idea that mathematical entities are human constructions.  As Popper 
himself puts it (1972, p. 122): 
 
“Plato’s third world was divine; it was unchanging and, of course, true.  Thus there is a 
big gap between his and my third world: my third world is man-made and changing.  It 

                                         
2 Popper and Brouwer were personal friends, and Popper told me that Brouwer had visited his (Popper’s) 
house near London.  In chapter 3 of his (1972) which discusses his theory of the third world, Popper 
devotes section 6 (pp. 128-140) to ‘Appreciation and Criticism of Brouwer’s Epistemology’.  Popper 
describes this as a homage to Brouwer who had died not long before.  Given these friendly relations, it is 
perhaps not surprising that Popper was influenced by Brouwer.  Nevertheless, Popper’s position differs 
very considerably from Brouwer’s as we shall see.  For more details about Brouwer’s position see Gillies 
(1980). 
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contains not only true theories but also false ones, and especially open problems, 
conjectures and refutations.” 
 
Popper here mentions theories and conjectures which could of course contain 
information.  However, Popper also explicitly mentions numbers as inhabitants of his 
third world.  As he says (1972, p. 118): 
 

“Pace Kronecker, I agree with Brouwer that the sequence of natural numbers is a 
human construction.  But although we create this sequence, it creates its own autonomous 
problems in its turn.  The distinction between odd and even numbers is not created by us: 
it is an unintended and unavoidable consequence of our creation.  Prime numbers, of 
course, are similarly unintended autonomous and objective facts; and in their case it is 
obvious that there are many facts here for us to discover: there are conjectures like 
Goldbach’s.  And these conjectures, though they refer indirectly to objects of our 
creation, refer directly to problems and facts which have somehow emerged from our 
creation and which we cannot control or influence: they are hard facts, and the truth about 
them is often hard to discover. 

This exemplifies what I mean when I say that the third world is largely 
autonomous, though created by us.” 
 

Popper begins by citing Brouwer, but quickly moves away from Brouwer, who 
had regarded mathematical entities as the subjective mental constructions [10] of 
individual mathematicians.  In contrast to this, Popper insists that the world of 
mathematical entities is autonomous and objective.  Popper also departs from Brouwer’s 
individualism, and indeed claims that a single individual always obtains more from the 
third world than he or she contributes to it (1972, p. 147): 
 
“ … the third world, the world of objective knowledge (or more generally of the objective 
spirit) is man-made. … But … its impact on any one of us, even on the most original of 
creative thinkers, vastly exceeds the impact which any of us can make upon it.” 
 

Brouwer held that mathematical entities are the product of an individual 
mathematician, while Popper sees them as produced by the combined efforts of a 
community of mathematicians working together, or, in other words, as social 
constructions.  So mathematics is not, according to Popper, like some craft-work 
produced by an individual artisan.  It is like a cathedral which rises up through the co-
ordinated labours of hundreds of workers.  The cathedral metaphor is owing to Popper 
himself who writes (1972, p. 185): 
 
“… working on science is a human activity like building a cathedral.”  
 
Again Popper says, regarding his third world (1972, p. 161): 
 
“All of us contribute to its growth, but almost all our individual contributions are 
vanishingly small.”  
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I will call Popper’s account of the existence of mathematical entities: constructive 
Platonism.  The theory is Platonistic in that numbers are regarded as existing objectively 
and autonomously, but it differs from Plato’s original Platonism, or that of Frege, in 
holding that numbers are human constructions rather than inhabitants of a timeless 
transcendental world.3   

Popper’s theory of the third world (or World 3 as he came to call it later) seems to 
me on the whole an attractive one, but there are nonetheless aspects of it which fill me 
with a certain unease.  Specifically constructive Platonism leaves the nature of 
mathematical entities as strange, mysterious, and metaphysical as did traditional 
Platonism.  In the rest of the paper I will try to bring World 3 more down to earth, which 
results, as we shall see, in changing constructive Platonism into constructive 
Aristotelianism.  The first step in this process will be to characterise the three Worlds in a 
fashion somewhat different from either Frege or Popper.  I propose to define them as 
follows. 

World 1 is the Natural World, that is to say the World studied in Physics, 
Chemistry and Biology.  It consists of physical entities such as electrons or protons, 
chemical compounds, and plants and animals. 
 
World 2 is the Human World which naturally overlaps to some extent with World 1 since 
humans are animals and their existence has a biological basis.  However, [11] humans 
transcend the biological in two respects.  They have a developed consciousness 
consisting of a stream of subjective ideas.  Such ideas constitute World 2´, which 
corresponds to Frege’s and Popper’s World 2.  However, I propose to extend World 2 to 
include human society, which can be called World 2´´.  World 2´´ was omitted by Frege 
and Popper, but is clearly needed at least by Popper since, as we have seen, Popper 
regards World 3 as a social construction. 

World 3 is similarly generalised to become the World of Human Products.  These 
can be divided into World 3´ which consists of ideas in the objective sense.  Thus World 
3´ as used here corresponds to the World 3 of Frege and Popper.  World 3´´ consists of 
material artefacts.  The reason for grouping World 3´ and World 3´´ together into a single 
World 3 is that I consider the boundary between World 3´ and World 3´´ as not a very 
sharp one.  On the one hand I will argue that the objective ideas produced by humans, 
such as the concept of 16 for example, always have some material embodiment.  This is 
the Aristotelian position.  On the other hand, however, the material products of human 
activity always embody some idea or meaning.  Consider, for example, the top hats 
produced in Europe, by artisans or in factories, in the 19th century.  These were indeed 
material objects but they embodied the meaning or idea that the men who wore them 
were members of the upper class.   

This then is a suggested definition of the 3 Worlds.  There still remains the 
problem of explaining how the entities of World 3´ are actually constructed by humans.  
This I will attempt to do by developing two analogies.  The first analogy is between 

                                         
3 Popper himself did not like this terminology since he thought that it associated his theory with Platonism 
and essentialism.  It should not be forgotten either that Popper regarded Plato as ‘an enemy of the open 
society’.  Nevertheless I think that the phrase ‘constructive Platonism’ does give an accurate description of 
Popper’s position regarding mathematical entities. 
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numbers and money, and the second between numbers and meanings as explicated by the 
later Wittgenstein.  These two analogies will be dealt with in the next two sections. 
 
 
4.  The Analogy with Money 
 

In this section I want to develop an analogy between the existence of numbers and 
the existence of money.  This analogy is not entirely perfect, as we shall see, but it is 
illuminating nonetheless, and, in particular, sheds some light on the process by which 
mathematical entities can be created by human social activity. 

Let me begin by observing that money is an abstract entity.  I am sure that a 
reductionist would immediately object that the existence of money can be reduced to the 
existence of physical objects such as coins, notes, marks on balance sheets, etc.  I will not 
discuss the reductionist position in detail beyond remarking that it does not seem very 
plausible to me.  A quantity of monetary value (say £5) can assume indifferently a large 
number of physical forms which are really only embodiments or tokens of the value.  I 
might receive a £5 note, for example, and pay it into my bank account.  On my statement 
the symbol 96 is changed into the symbol 101, and some corresponding, but quite 
different changes occur in the hardware of the bank’s computer.  The next day I draw £5 
out of my account in the form of 5 pound coins.  Here the very different physical tokens 
are all embodiments of the same monetary value, and this monetary value is something 
abstract, different from its transitory physical manifestations. 

Money, I therefore claim, is an abstract entity, and it seems to me, moreover, that 
a consideration of this particular abstract entity is very helpful in clarifying [12] 
traditional philosophical problems concerned with abstract entities.  To begin with it is 
clear that neither a Platonist nor a Brouwerian account of the existence of money is going 
to work.  It is absurd to say that the pound sterling existed in a timeless and 
transcendental world until it was introduced by the English treasury.  Nor again can we 
regard money as the subjective mental construction of a particular individual.  If that 
were really the case anyone could solve his or her economic problems in a very simple 
way!  However, as Kant remarks (1781/7, A599/B627): 
 
“A hundred real thalers do not contain the least coin more than a hundred possible 
thalers.  … My financial position is, however, affected very differently by a hundred real 
thalers than it is by the mere concept of them …”  
 

A more plausible account of the existence of money is that given by constructive 
Platonism.  Money is an abstract (non-physical) object created by human social activity, 
specifically by human economic activity. 

A consideration of money is useful for setting to rest doubts about the reality of 
abstract entities.  While money is indeed somewhat shadowy in comparison to tables and 
chairs, there can be no doubt about its reality.  It suffices to think of the difference 
between a man who is plentifully supplied with money, and another who is utterly 
destitute.  Money is also a powerful force in society, and so, using again Plato’s criterion 
that power is the mark of the real (see section 1), we have to conclude that money is real.    
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We now come to the man point of this section which it to attempt a clarification 
of how mathematical entities are constructed by human social activity.  Here a 
consideration of money is again useful, since the creation and development of money has 
been studied by economic historians. 

The crucial factor which led to the creation and development of money was the 
production of goods, not for immediate consumption, but for exchange.  At first only a 
limited number of goods fell into this category, and it was possible to proceed by barter.  
But barter is a very inefficient way of exchanging goods, and, in any society in which 
exchange developed beyond a certain point, it became necessary to introduce a universal 
equivalent which could be exchanged for any other commodity.  In this way money was 
first created.  Usually gold and silver were chosen as the universal equivalents, but 
societies have existed in which other choices were made, e.g. certain types of sea-shell. 

Once created, money developed and acquired new forms hand-in-hand with the 
development of production for exchange and of the size of the market.  Let us briefly 
mention some significant steps in Western Europe and the United States.  Coinage first 
appeared in these areas in ancient Greece around 600 BC.  This was a consequence of the 
development of sea-borne trade in the Mediterranean.  Coinage helped the development 
of the market by allowing smaller transactions to take place on an every day basis.  It also 
incidentally facilitated the development of slavery. 

After the interval of the dark ages, trade revived in medieval Europe particularly 
in the towns of North Italy.  Here we find banks and credit money appearing for the first 
time.  Credit was used to finance international trade.  The Medici bank, at the end of the 
middle ages, had a network of branches throughout Western Europe, and issued various 
forms of credit note.  Here money has shaken itself free (to some extent!) from its 
embodiment in gold and silver, and assumed a more abstract form. [13] 

With the discovery of America and the development of the world market, these 
trends have continued down to the present day.  The Bank of England developed credit 
and paper money, and was followed by numerous other banks – not always without 
mishaps. 

This brief sketch shows that the creation and development of money was a by-
product of the development of production for exchange and the market – economic trends 
which money in turn helped to foster.  The creation of money was not the work of an 
individual, but of a society.  It may indeed have been the case that particular individuals 
suggested monetary improvements, but money was only changed and developed if these 
suggestions came to be socially accepted. 

Does any of this help us with our original problem concerning the creation of 
numbers?  I believe that it does.  In fact the historical development of numbers is closely 
connected with the historical development of money, since one of the principal uses of 
numbers has been, and still is, to do accounts.  Primitive tribes, which did not exchange 
many goods and had no money, found very rudimentary systems such as 1, 2, many, 
quite adequate for their purposes.  But once large scale trade developed, the picture 
changed.  It became necessary to count the large collections of commodities which were 
shipped from one place to another, and to do accounts.  This required a development of 
the number system and of computational methods.  Historically computation is usually 
performed first by mechanical means such as the abacus, but in Europe during the 
Renaissance, this was replaced by paper calculations using the decimal system.  While 
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these practical developments were going forward, groups of specialist mathematicians 
began studying the number system as a whole, introducing new notations, and proving 
general theorems.  So by a complicated historical and social process the system of natural 
numbers which we use today was gradually brought into existence. 

So far it may seem as if the case of money and the case of number are exactly 
parallel.  This is not so, however, as will become obvious through an exploration of a 
second analogy.  This analogy is between the existence of numbers, and the existence of 
the meanings of words.  In developing this analogy in the next section, I will use the 
theory of meaning which Wittgenstein gives in his later philosophy.  
 
 
5.  The Analogy with Meaning as explicated by the later Wittgenstein 
 

Our second analogy is between the existence of numbers and the existence of 
meanings of words.  I will assume that words do have meanings, and that these meanings, 
like numbers or money, are abstract entities.  Regarding the nature of meaning, I will 
assume the account which Wittgenstein presents in his later philosophy.  Wittgenstein’s 
theory is that the meaning of a word is given by its use in a language game, or in a 
number of interrelated language games.4  By a ‘language game’ he means some kind of 
rule-guided [14] social activity in which the use of language plays an essential part.  He 
himself introduces the concept as follows (1953, p. 5): 
 
“I shall also call the whole, consisting of language and the actions into which it is woven, 
the ‘language game’.” 
 
And again (1953, p. 11): 
 
“Here the term ‘language-game’ is meant to bring into prominence the fact that the 
speaking of language is part of an activity, or of a form of life.” 
 

Wittgenstein illustrates his concept of language game by his famous example 
involving a boss and a worker on a building site (1953, p. 3).  The boss shouts, e.g. ‘slab’, 
and the worker goes off and fetches a slab.  Wittgenstein’s point is that the meaning of 
the word ‘slab’ is given by its use in the activity carried out by boss and worker.  
Actually Wittgenstein’s term ‘language game’ seems hardly appropriate, since his first 
example of a language ‘game’ is not a game at all, but work.  It would seem preferable to 
speak of ‘language activities’ – thus leaving it open whether the activity in question is 
work or play.  

If we accept this theory, it is easy to give an account of how one sort of abstract 
entity – meaning – is constructed by human activity.  For some sign S to acquire 
meaning, it suffices that S comes to have a generally accepted use in a social activity or 

                                         
4 This formulation differs to some extent from Wittgenstein’s original view.  Wittgenstein in fact says 
(1953, p. 20): ‘ … the meaning of a word is its use in the language.’  I have, in effect, altered this to: ‘…the 
meaning of a word is given by its use in the language.’  The point of this change is to bring Wittgenstein’s 
theory more into line with the constructive Platonism now under consideration.  Wittgenstein’s own 
formulation agrees better with the constructive Aristotelianism which will be discussed in the next section. 
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activities.  Thus by setting up social activities in which signs play an essential part, 
human beings create a world of abstract entities (meanings).  These meanings are the 
product of human social activity.  

An exactly parallel account of the construction of money and of numbers can be 
given.  By introducing tokens (coins, pieces of paper, marks on a balance sheet, etc.) and 
giving these tokens a use in economic activity, the tokens acquire value, and money is 
created.5  Similarly by introducing the numerals 1,2, 3, 4, 5, …, and giving them a use in 
various social activities, numbers are created.  If numbers have been created, and the boss 
on the building site shouts ‘five slabs’, the worker will (probably) bring five slabs.  In this 
way the construction of numbers assists in the construction of houses.  Numbers are a sort 
of abstract tool. 

The linguistic account of the creation of numbers just given can easily be 
generalised to other mathematical entities.  To create mathematical entities, some 
symbols have to be introduced, and these have to be incorporated in a language which 
comes to be accepted by some social group which includes mathematicians.  It must be 
possible for calculations, deductions and similar mathematical operations to be carried 
out by this group in the symbolic language in question.  If these conditions are met, some 
mathematical entities have been created. [15] 

Such a theory of the creation of mathematical entities can be combined with the 
investigations of the development of mathematics carried out by Kvasz [see his (1998), 
(2000), (2006), and (2008)].  Kvasz sees the development of mathematics as closely 
involved with the creation of new symbolic languages which are developed from older 
languages in a number of ways which he describes in the works cited.  One such way is 
the following.  Like Wittgenstein in the (1921) Tractatus, we can regard a language, L 
say, as having a form which is not expressible in the language.  However, Kvasz argues, 
in contrast to the early Wittgenstein, that we can generate a new language, L´ say, by 
incorporating the form of L into L.  Kvasz shows through a great variety of historical 
examples taken from Algebra and Geometry that this way (and other ways) of developing 
new symbolic languages from old recur repeatedly in the history of mathematics.  Such 
developments, according to the linguistic theory just proposed, result in the creation of 
new mathematical entities. 

So far then it looks as if the triple analogy between numbers, money and meaning 
holds perfectly.  It is time now, however, to point out some differences.  These 
differences will show that there are some limitations on the view of mathematical entities 
as human constructions.  This issue can be clarified by introducing another important idea 
from the philosophy of language.  This is Frege’s distinction between sense and reference 
(Frege 1892). 

                                         
5 Marcelo Dascal kindly pointed out to me that the analogy between language and money is to be found in 
several 17th century thinkers, e.g. Bacon, Hobbes and Leibniz.  These philosophers do not introduce the 
comparison to clarify the nature of abstract entities, but to make other points about language.  Particularly 
striking is Leibniz’s comparison between words and bills of exchange, or other ‘cash-substitutes’.  Cash-
substitutes facilitate the exchange of goods, which might otherwise be diminished by shortage of gold and 
silver coins.  However, cash-substitutes do eventually have to be converted into cash.  Similarly, words 
facilitate thinking by allowing the mind to operate on the signs rather than always considering what these 
signs stand for.  However, at some stage, the thinker must pass form the sign to what it denotes.   For a 
selection of passages and a very interesting critical commentary, see Dascal (1976).  
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Frege illustrates this distinction by his well-known example of the morning star 
and the evening star.  The phrases ‘morning star’ and ‘evening star’ have different senses.  
The first phrase has the same sense as ‘the star which sometimes shines very brightly in 
the early morning’ while the sense of the second phrase is the same as ‘the star which 
sometimes shines very brightly in the early evening’.  However, our astronomical 
knowledge tells us that both phrases, despite their difference in sense, refer to the same 
celestial body, namely the planet Venus. 

If we accept Frege’s distinction, then it is clear that Wittgenstein’s later theory of 
meaning deals with sense, but not at all with reference.  Consider the phase ‘The Sun’.  
By being given a use in a host of human social activities, this phrase acquires a meaning 
or sense.  In virtue of this sense, the phrase refers to a large incandescent body.  
However, this large incandescent body has nothing to do with human social activities.  It 
existed long before there were human beings, and its existence has been little affected by 
human life. 

Let us now use the sense/reference distinction to make a contrast between money 
and meaning.  Money is something purely human, and exists only within human society 
not in the non-human world of nature (at least as far as is known).  Meanings are 
certainly a human creation, but some signs at least, refer, because of their meaning, to 
objects which exist quite outside human society and independently of it. 

Having made this distinction between money and meanings, the question arises as 
to whether number is more like money or more like meaning.  Our next claim is that 
numbers are more like meanings than money, because numbers do seem to have existed 
and to exist quite outside human society and independently of it.  They exist in World 1, 
the Natural World. 

This claim that numbers exist in the natural World is just Aristotelianism which 
holds that numbers are embodied in nature.  I have given a detailed defence of 
Aristoteliansim in my (2000, pp. 46-51), but will give a brief sketch of the position here.  
We can say that there exist naturally occurring sets such as the set of leaves on [16] a tree 
at a particular moment.  This set has a number of elements and this number is 
consequently embodied in the natural world.  I will now illustrate this position further by 
some examples from chemistry and astronomy. 

It is one of the simpler claims of chemistry that in the air there are a large number 
of oxygen molecules of the form O2.  The set of electrons in an oxygen molecule is thus 
an example of a naturally occurring set.  Moreover, the set of electrons of a particular 
oxygen molecule in the air is an embodiment of the number 16.  As an example from 
astronomy, consider the moons of Mars.  These are bound to the planet Mars by 
gravitational forces, and so the set of moons of Mars forms a naturally occurring set.  The 
set of moons of Mars is an embodiment of the number 2.  Yet oxygen molecules and the 
set of moons of Mars existed before there were human beings, and human social activity 
has not altered either the number of electrons in an oxygen molecule, or the number of 
Martian moons.  This shows that number is not a purely human construction, like money, 
but is also an aspect of the non-human world of nature.  If therefore we are going to give 
an adequate account of the existence of numbers, we must combine, in some way, the 
view of numbers as human constructions with the view of them as aspects of the non-
human world of nature.   
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To do so, let us consider the question:  ‘did human beings construct the number 
16?’  One could say in reply that human beings did invent the system of signs of which 
‘16’ is part and by using this sign system, they gave a meaning or sense to ‘16’.  Thus 
humans did construct the sense of ‘16’, or the concept of 16.  However, in virtue of the 
way the natural world is, this sense picks out a reference in the natural world.  It refers, 
for example, to the number of electrons in an oxygen molecule.  The reference of ‘16’ 
existed and exists in the natural world quite independently of human beings, and to this 
extent the number ‘16’ was not a human construction. 
   This will become clearer by drawing a contrast between the finite numbers from 1 
to 100,000 say, and the transfinite alephs ℵ1, ℵ2, … , ℵα, … .  In both cases we have 
symbols, such as ‘16’ in the first case and ‘ℵ5’ in the second.  These symbols acquire 
meanings or senses by being used in language activities.  The symbols of the finite 
numbers all have references.  For example the number 16 is embodied in the naturally 
occurring set of electrons in an oxygen molecule.  By contrast the transfinite alephs have 
as yet no application in physics which would give them a reference in the material world.  
So the transfinite alephs have no reference.  So for example ‘ℵ5’ has a sense because it 
has a use within the language activity of Cantorian set theory.  This activity may have 
few participants, but it is nonetheless a perfectly definite social activity carried out in 
accordance with clear and explicit rules.  On the other hand ‘ℵ5’ has no reference.  One 
way of putting this point of view is to say that humans construct the senses of terms, but 
the outside world decides whether these terms have reference.  Another way would be to 
say that humans construct mathematical concepts, but the world decides whether these 
concepts have applications. 

In terms of the three Worlds, we could say that the concepts of World 3´ are 
human constructions, and these constructions are embodied in human social practices, 
that is to say in World 2´´.  This part of the theory I call constructive Aristotelianism.  
However some, but not all of these concepts may be embodied in World 1.  This is the 
more traditional Aristotelianism which was expounded in my [17] (2000), pp. 46-51.  As 
an additional subtlety, numbers may be embodied in Worlds 2 and 3 in much the same 
way as they are embodied in World 1.  Thus at a particular time a particular nation will 
have a definite number of citizens (World 2), and we can count, for example, the number 
of proofs of a particular theorem (World 3).  If we put all these features together we get 
what could be called a generalised Aristotelianism.  However, for the purposes of a 
theory of informational realism, constructive Aristotelianism suffices.  But is such a 
constructive Aristotelianism preferable to Popper’s constructive Platonism?  This is a 
question which I will consider in the next section. 
 
 
6.  Informational Realism as Constructive Aristotelianism 
   

In his (1977) book written with Eccles, Popper develops his theory of World 3 a 
little further by making it fully explicit that he supports what I am calling ‘constructive 
Platonism’ rather than constructive Aristotelianism.  Popper begins by raising and 
answering the following question (1977, p. 41): 
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“Are there unembodied World 3 objects?  World 3 objects which are not embodied like 
books, or gramophone records, or memory traces …? I think that this question is 
important, and that the answer to it is ‘yes’.”  
 

Popper goes on to consider the situation in which the system of the natural 
numbers has been created, but in which no one has yet become consciously aware of the 
existence of odd and even numbers, or of prime numbers.  In this situation, according to 
Popper, odd and even numbers or prime numbers already exist.  As he says (1977, p. 41):  
 
“With the invention (or discovery?) of the natural numbers (cardinals) there came into 
existence odd and even numbers even before anybody noticed this fact, or drew attention 
to it.  The same holds for prime numbers.”  
 

Moreover problems about prime numbers exist at that stage of development, 
though in an unembodied state (1977, pp. 41-2): 
 
“It is important to realise that the objective and unembodied existence of these problems 
precedes their conscious discovery in the same way as the existence of Mount Everest 
preceded its discovery …”  
 

Popper sums up his view on this question as follows (1977, p. 47): 
 
“Thus even unembodied World 3 objects may be regarded as real, and not only the papers 
and books in which our theories are published, or the material instruments which are 
based on these publications.” 
 

In these passages Popper quite clearly advocates the reality of unembodied World 
3 objects, and this puts him on the side of constructive Platonism.  Naturally, however, I 
want to argue in favour of constructive Aristotelianism.  This is the view that 
mathematical entities in so far as they are human constructions (that is to say, the senses 
of mathematical terms) are embodied in the material world.  To support this position, I 
will now try to answer the arguments that Popper gives on the other side. [18] 

Let us take Popper’s example, and consider a community C which, at time t1, had 
developed basic arithmetic, but without introducing the concept of prime number, or the 
problems of prime number theory.  At a later time t2, mathematics had developed further 
in the community, and a group of mathematicians in C are engaged in studying advanced 
problems (P) in prime number theory. Is it reasonable to say that at t1, C had already 
created the problems P, and that these existed in a disembodied state?  It seems to me 
more reasonable to say that the problems did not exist at t1, but were created by the 
developments in mathematics between t1 and t2. 

Against this it might be said that the problems arose in a natural way out of the 
number system already created at t1.  These problems can therefore be said to be implicit 
in the number system, and so already in existence at t1.  The trouble is that a development 
may seem natural with hindsight, whereas in reality other developments, or even no 
developments, could have been possible.  Mathematicians might have lacked the interest 
to develop prime number theory, while vigorously pursuing other branches of 
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mathematics, e.g. geometry and analysis.  The concept of prime number itself might 
never have been introduced.  For these reasons I do not think we should say that a 
mathematical problem has come into existence until it has actually been formulated. 

Let me illustrate this point-of-view by an analogy taken from house-building.  
Consider a house being constructed according to detailed plans, and with standard 
building methods.  By the time the top floor is nearly complete, the general character of 
the roof may be said to be implicit or more-or-less determined.  Still, the roof does not 
actually exist until it is constructed.  Before that happens, it is always possible that a 
decision might be made to put on a roof of an entirely different character.  The whole 
building project might be abandoned so that no roof of any kind ever comes into 
existence. 

For these reasons I consider constructive Aristotelianism to be preferable to 
constructive Platonism.  Given our earlier discussions, constructive Aristotelianism as 
applied to mathematics is the view that the sense or meaning of a mathematical sign is an 
abstract entity which exists only as embodied in the use of the sign in a language activity.  
Meanings, though abstract, exist only as concretely embodied in social practices. 

It should now be obvious that constructive Aristotelianism gives a version of 
informational realism.  Let us consider a particular piece of information.  This might be 
contained in a picture or a diagram, but, usually, it will be expressed by a number of 
propositions.  Let us for simplicity confine ourselves to the propositional case.  Now we 
have seen that propositions are entities in World 3´, and so pieces of information are 
contained in this World and can be accounted for by constructive Aristotelianism.  To 
give a complete account of information, however, we must introduce the subject of truth.  
Strictly a proposition or propositions only convey information if they are true.  False 
propositions convey misinformation if they are unintentionally false and disinformation if 
they are intentionally false [cf. (Floridi 2010, Figure 6 on p. 32)].  Now World 3´ contains 
false propositions as well as true propositions.  So how do we explain the difference 
between the two sorts of proposition? 

Here I would advocate the correspondence theory of truth.  A proposition in 
World 3´ will describe a state of affairs in World 1, World 2, or even perhaps, though 
[19] this raises the difficulties of possible self-reference and paradox, in World 3.  The 
proposition is true if the state of affairs in the appropriate World holds and false if it does 
not hold.  This account seems satisfactory for information in the natural sciences which is 
contained in propositions describing states of affairs in World 1, and for information in 
psychology and the social sciences which is contained in propositions describing states of 
affairs in World 2.  But what about mathematical information?     

In accordance with our Aristotelianism, we can say that a mathematical 
proposition is true if the relations which it claims to hold between various mathematical 
entities do actually hold between these entities as embodied in the material world.  It is a 
consequence of this view of mathematical truth that there are no truths about transfinite 
cardinals.  However, this is not a defect of this approach, but an advantage rather.  All we 
need do, as far as transfinite cardinals are concerned, is to speak not of a proposition 
being true but of its being a theorem in a particular version of set theory.  Thus the 
correct claim that  
 
   ℵ4 + ℵ5  =  ℵ5  
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would no longer be regarded as a truth about transfinite cardinals in the way that  
 
   4 + 5  =  9 
 
is a truth about finite cardinals.  It would be regarded as a theorem of the development of 
the theory of transfinite cardinals within say ZFC.  The advantage of this approach is that 
many theorems of the theory of transfinite cardinals and ordinals do in fact depend on 
what version of set theory is being used.  A theorem may hold within one version of set 
theory but not another.  Thus it is better to make the appeal to some underlying set theory 
explicit rather than to use an objective notion of truth which does not apply in this case. 

That completes my account of informational realism as constructive 
Aristotelianism, and I will now, in the last section of the paper, compare this version of 
informational realism with that advocated by Floridi. 
 
 
7.  A Comparison with Floridi’s Informational Structural Realism 
 

Floridi has developed his version of informational realism in two papers (Floridi 
2008 and 2009a).  He calls his theory informational structural realism (or ISR).  It is a 
particular kind of structural realism.  So I will begin my comments on his position by 
making a few general remarks about structural realism. 

The general idea of structural realism is that structures are real, but objects are not 
real, or at least not as real as structures.  The classic example to illustrate this position is 
the wave theory of light.  When this came to be accepted in the first decades of the 19th 
century, it was held that light was a wave motion in a luminiferous aether.  This aether 
was accepted as really existing by most of the scientific community in the 19th century, 
and studies were made of its properties.  However, Maxwell’s new theories of electricity 
and magnetism led to the view that light was an electromagnetic wave, and this in turn 
led to Einstein’s abandoning the aether altogether.  Throughout these transformations, 
what remained [20] constant was that light satisfied the wave equation, that is a structural 
feature of light.  By contrast, the objects such as the luminiferous aether proved transitory 
and were eventually abandoned.  The conclusion drawn from this is that we should regard 
structures as more real than objects. 

My own view, however, is that this shows an undue prejudice in favour of 
structures and against objects.  My opinion is that we should indeed regard structures as 
real, but we should regard objects as just as real.  It is quite true that at a certain stage of 
scientific development, the scientific community may accept the existence of objects 
which are later regarded as not existing at all.  Thus existence of phlogiston was accepted 
in the 18th century but no longer accepted in the 19th century.  The existence of the 
luminiferous aether was accepted in the 19th century and no longer accepted in the 20th 
century.  This is just a consequence of the fallible, conjectural nature of science and the 
consequent changes that occur as science develops.  Equally, however, there are many 
structures which were once accepted but which were later abandoned.  For example the 
structure of the universe in Aristotelian-Ptolemaic cosmology was given up as the result 
of the Copernican revolution.  Conversely there are many instances of new objects being 
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introduced in the past whose existence is still accepted today, even though our current 
ideas of the nature of these objects may be very different from those which prevailed 
when they were first introduced.  Examples of such objects would be:  molecules, 
electrons, bacteria, viruses, and so on.  These examples are drawn from science but the 
same applies to mathematics.  Of course there are many structures which are studied by 
mathematicians and which should in my view be regarded as real, but there are also 
mathematical objects, such as the number 3, which should also be regarded as real in my 
opinion.  To sum up then, my position is that both structures and objects should be 
regarded as real, and there is no reason to privilege structures over objects. 

In fact Floridi supports a moderate version of structural realism, which he calls 
‘in-between structuralism’.  He describes this as follows (2008, p. 221. Ftnte 4):  “the 
structure described by science does have a bearer, but that bearer has no other features at 
all.”  So Floridi does admit objects, but they are only objects in a weak sense and must be 
characterised by structures.  Here is how he puts it (2008, p. 222): 
 
“Ultimately, there are entities, but they are not classically re-identifiable individuals; 
rather they are themselves structural objects, and in the best cases they can be indirectly 
denoted (circumscribed) by our models, at least in principle.” 
 
In his (2009a) paper ‘Against digital ontology’, Floridi explains some of his reasons for 
favouring the structural approach.  Floridi does not want to draw the conclusion from the 
digital revolution that the world is really digital in nature.  This would be a revival of the 
original Pythagorean theory before the discovery of incommensurables.  Floridi’s 
position is rather that a world can be either analogue or digital depending on an 
observer’s position with respect to it.  This position, or observer perspective, is also 
referred to by Floridi as a level of abstraction or LoA.  This is how Floridi himself puts it 
(2009a, p. 172): 
 
“What remains invariant in Uriel’s world, from Raphael’s perspective, cannot be its 
digital or its analogue nature, but rather the structural properties that give [21] rise to a 
digital or analogue reality.  These invariant, structural properties are what science is 
mainly interested in.  So it seems reasonable to move from an ontology of things – to 
which it is difficult not to apply the digital/discrete vs. analogue/continuous alternative – 
to an ontology of structural relations, to which it is immediately obvious that the previous 
dichotomy is irrelevant.  This is precisely the step taken, in the current debate on 
scientific realism, by supporters of different forms of structural realism.” 
 

Floridi describes his own form of structural realism (informational structural 
realism or ISR) as follows (2008, p. 240): 
 
“ … ISR supports LoAs that carry a minimal ontological commitment in favour of the 
structural properties of reality. … ISR also supports LoAs that carry a reflective, equally 
minimal, ontological commitment in favour of structural objects. … ISR supports an 
informational interpretation of these structural objects.” 
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The point made in the last sentence is further elaborated in the following passage 
(Floridi 2008, p. 241): 
 
 “A significant consequence of ISR is that, as far as we can tell, the ultimate nature 
of reality is informational, that is, it makes sense to adopt LoAs that commit our theories 
to a view of reality as mind-independent and constituted by structural objects that are 
neither substantial nor material (they might well be, but we have no need to suppose them 
to be so) but informational.” 
 

Having briefly expounded Floridi’s ISR, I now begin the task of comparing it to 
my own constructive Aristotelianism.  I think the difference between these positions can 
be traced back to a difference in attitude to metaphysics, and also, most importantly, to a 
difference regarding the starting point from which metaphysical theories should be 
constructed.  As so often in philosophy, where you get to depends on where you start 
from.   

Floridi sees metaphysics as an attempt to explore the ultimate nature of reality.  
Indeed he writes (2009b, p. 2): 
 
 “The digital revolution is updating our … perspective … on the ultimate nature of 
reality, that is, our metaphysics …” 
 
 This search for the ultimate nature of reality is carried out, as we have seen, by 
beginning with the observer’s perspective. 

For me, however, it is too ambitious to seek for the ultimate nature of reality, and 
one needs a more limited goal for a metaphysical theory.  This goes with taking as a 
starting point accepted scientific knowledge.  The metaphysical project is to elaborate a 
general view of the world which is broadly compatible with scientific knowledge as it is 
accepted today.  Such a view of the world must, however, be provisional and lay no claim 
to give the ultimate nature of reality, since we can be sure that scientific knowledge will 
change, and that this will render former metaphysical views implausible, while lending 
support to new metaphysical views.  Thus metaphysics is largely driven by science, 
though the interaction is not all one way.  It is possible that metaphysical theories, though 
formed on the basis of scientific knowledge, may [22] react back on this base and 
influence the further development of science.  Thus metaphysics is by no means useless 
for the scientific enterprise. 

Floridi’s view (2008, p. 241) that “the ultimate nature of reality is informational” 
is quite plausible for those who take the observer’s perspective as their starting point.  
Observers, so to speak, construct reality from their information about it, and should make 
(Floridi, 2008, p. 240): “a minimal ontological commitment”.  However, if we take as our 
starting point current scientific knowledge, this point of view is less plausible, and the 
theory of Worlds 1, 2 & 3 seems more compelling.  From this perspective, there was a 
stage when, at least in the neighbourhood of our own Sun, only part of World 1 existed.  
That is to say there was only the Natural World and indeed only the physical and perhaps 
chemical parts of World 1.  With the evolution of life, World 1 was completed by its 
biological component.  Then, with the appearance of humans, World 2 came into 
existence, and this gave rise to World 3 as the World of Human Products.  So World 3´ 
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and its component information certainly exist, but far from being the ultimate nature of 
reality, they are rather a peculiar and fragile part of reality.  A large asteroid hitting the 
earth or a major nuclear war would destroy Worlds 2 and 3 completely, and reality in the 
neighbourhood of our Sun would revert to a form of World 1. 
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