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ABSTRACT

In this paper, | study the kind of questions we can ask about the existence of
numbers. In addition to asking whether numbers exist, and how, | argue that
there is also a third relevant question: why numbers exist. In platonist and
nominalist accounts this question may not make sense, but in the
psychologist account | develop, it is as well-placed as the other two questions.
In fact, there are two such why-questions: the causal why-question asks what
causes numbers to exist and the teleological why-question asks for what
purpose numbers exist. | argue that in a psychologist constructivist account,
in which numbers are understood to exist as referents of a particular type of
culturally shared concepts, both why-questions can get plausible answers.
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1. Introduction

Why do numbers exist? | take it that this question divides philosophers of
mathematics more in whether it makes sense at all than in what the par-
ticular answer could be. Indeed, historically the question seems to have
been considered so misplaced that for a long time it did not play a
notable role in the philosophy of mathematics (see, e.g. Benacerraf and
Putnam 1984). While there have been debates concerning whether
numbers exist and if so, how they exist, asking why they exist has not
been viewed as a similarly important question. In this paper, however, |
want to challenge that view. | will argue that the why-question is both
well-placed and it can be feasibly answered.

My approach is to distinguish between three different types of ques-
tions concerning the existence of numbers. First and most fundamental
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is the ‘do they’-question, which asks whether numbers exist. In Section 2, |
show that this is the first great divide between philosophers: platonists,
for example, accept the existence of numbers, while nominalists explicitly
deny it. The second question asks that if numbers exist, how do they exist?
This how-question gets different answers and as | will show in Section 2,
historically much of the discussion in philosophy of mathematics has
revolved around it. But traditionally, numbers have been thought to
exist — if at all - in a mind-independent manner. Understandably, this
has not raised the question why numbers exist. Recent developments
in philosophy and the cognitive sciences, however, have led to increasing
popularity of psychologist and social constructivist views in the study of
foundations of mathematical knowledge.! These two views can be
related but are not necessarily so, as we will see, and the primary focus
of this paper in on psychologist views. In psychologist approaches, the
epistemology of mathematics is studied based on empirical data on
human cognitive capacities. In this paper, | propose that empirical data
suggest that numbers as abstract objects exist, but they do so in a
mind-dependent manner. Thus, in Section 3, | argue that in psychologist
(and social constructivist) approaches, in addition to the ‘do they’ and
‘how’ questions, we also face a third type of question concerning the
existence of numbers, i.e. the why-question. In fact, | contend that
there are two different why-questions which should both be considered
to be bona fide questions for philosophers of mathematics. The first of
these is the causal why-question: what causes numbers to exist? The
second is the teleological why-question: for what purpose do numbers
exist?

As | will argue, the most feasible psychologist understanding of the
existence of numbers is that they exist as referents of a particular type
of shared number concepts. Thus the matter should be studied in close
connection to psychologist approaches to number concepts. These can
be divided roughly into two categories: nativist views, according to

"The term ‘psychologism’ has bad associations in the philosophy of mathematics, as it is often connected
to the kind of 19th century psychological accounts of numbers (e.g. Schroder 1873) that Frege (1884)
famously, and justifiably, criticised. For this reason, | would prefer to use the term ‘cognitivism’ for the
kind of approaches | am focused on in this paper. However, this term already has two different
interpretations, both of which need to be distinguished from the view | am concerned with here. In
psychology, cognitivism was a response to behaviorist psychology starting from the 1950s. This
kind of cognitivism is generally compatible with the approach here, but more problematic is the
use of the term in the literature on philosophy of mind, in which cognitivism is often associated
with internalism about cognition. As pointed out by Menary (2007, 10), cognitivism does not need
to be an internalist doctrine, but to be safe, | will use term ‘psychologism’ here, with the hope of
reclaiming its use from the kind of writings that Frege opposed to.
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which number concepts are innate, and constructivist views, according to
which number concepts are acquired during ontogeny. In Sections 4 and
6, | will show that these two psychologist approaches give different
answers to the how-question, but also to both the causal and the teleo-
logical why-questions. Based on philosophical conceptual analysis and
empirical evidence, in this paper, | argue that the view best supported
by the current state-of-the-art understanding of numerical cognition is
a psychologist constructivist position. In Section 5, | elaborate what the
existence of numbers means in the context of that position. In sum, in
Sections 4-6, | will argue that the psychologist constructivist approach
can provide answers to all three types of questions concerning the exist-
ence of numbers. In the process, | will establish that - contrary to the tra-
dition in philosophy of mathematics - the ‘do they’, ‘how’ and ‘why’
questions are all important for philosophy.

2. Three types of questions concerning the existence of
numbers

In the introduction, | presented two different types of why-questions con-
cerning the existence of numbers:? the causal why-question and the
teleological why-question. | propose that the fact that neither of these
questions has traditionally played a major role in the philosophy of math-
ematics is due to the long history of platonist epistemology and ontol-
ogy.> Platonist epistemology is based on the following tenet: since
mathematical objects themselves cannot be accessed through sense per-
ception, knowledge about the objects must be gained through reason
(The Republic, 527a-b). The ontological counterpart of this epistemological
account is that mathematical objects exist outside the realm of the phys-
ical, i.e. they are abstract (non-physical, atemporal and causally inactive).
In modern philosophy, mathematical platonism is often presented as the
conjunction of three claims (e.g. Linnebo 2018a). According to the exist-
ence claim, mathematical objects exist. The abstractness claim specifies
that mathematical objects are abstract. And finally, the independence
claim states that they are independent of human languages, thoughts
and practices.*

2l am primarily focusing in this paper on the existence of natural numbers (0, 1, 2, 3, ...). However, in
Sections 6 and 7 | will also consider other number systems.

3This proposal is supported by the fact that the best-known (but often implicit) treatments of the why-
question have taken place in the recent decades, as part of non-platonist accounts (see, e.g. Burgess
2008; Burgess and Rosen 1997; Cole 2015; Steiner 1978).
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In the philosophical literature, it is commonplace to speak of abstract
objects understood in the above fashion as being mind-independent
(see, e.g. Dummett 2006). If it is accepted that mathematical objects are
abstract and mind-independent, it is straight-forward to see why
neither of the two why-questions presented above has found an impor-
tant place in the philosophy of mathematics. When presented about
abstract, mind-independent numbers, asking the causal why-question is
akin to asking why, say, gravity exists. Aside from possible theist
answers, it does not appear fruitful to look for the cause of numbers exist-
ing. The teleological why-question would seem to be similarly misplaced.
For what purpose could the mind-independent numbers exist, if their
existence is atemporal and as such does not depend on any agents and
their aims?

The above platonist view of mind-independent mathematical objects
has been popular in the history of Western philosophy, but in recent
decades it has received competition from many explicitly non-platonist
theories (e.g. Cole 2015; Field 1980; Hellman 1989; Kitcher 1983; Lakoff
and Nufez 2000). However, it would be mistaken to treat platonism as
an antiquated view. It is held in different forms by many prominent con-
temporary philosophers of mathematics, including Shapiro (1997), Brown
(2008) and Linnebo (2018b). However, while presumably agreeing on the
intelligibility of the why-questions, platonist philosophers offer essentially
different answers to the how-question concerning in what manner
numbers exist.” For Shapiro (1997), numbers exist as places in mind-inde-
pendent (‘ante rem’) structures of numbers. Linnebo (2018b), on the other
hand, argues that numbers are ‘thin objects’ that exist as referents of
singular terms formed by abstraction principles, such as Hume’s principle
(HP), which states that the number of Fs is equal to the number of Gs
just in case there is a one-to-one correspondence between the Fs and
the Gs (Boolos 1998, 181; Frege 1884). Shapiro’s structuralist account
and Linnebo’s abstractionist account are thus clearly two different
answers to the how-question of characterising mathematical existence.

“In this paper, | follow the custom that Platonism with capital ‘P’ refers specifically to Plato’s philosophy
whereas platonism with a lower case ‘p’ refers to a more general realist metaphysical position on math-
ematics that fulfils the three claims stated above. Tait (2001) has suggested that instead of platonism, it
would be clearer to talk about ‘realism’ than platonism. The only reason | use the term ‘platonism” here
is to follow the terminology of the relevant literature more closely.

*The importance of how-questions in metaphysics has been stressed by Schaffer (2009), who argues that
the answer to the ‘do they’-question is trivially ‘yes’ (since existence can also mean existing in fictions)
and only the how-question is interesting.
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However, there are also philosophers who argue that the how-ques-
tion is misplaced. According to mathematical nominalists, abstract math-
ematical objects like numbers do not exist (Bueno 2020; Burgess and
Rosen 1997). The how-question is therefore misplaced for nominalists
simply because numbers are not thought to exist in the first place. This
may sound unintuitive, given that mathematics is full of existence theo-
rems that state that a certain object, like a number or a set of numbers,
exists. However, as Shapiro (1997) has pointed out, this does not need
to commit to anything more than a methodological ‘working realism’,
according to which mathematicians work as if numbers existed.

For the nominalist, the questions regarding the existence of numbers
end by answering the ‘do they’-question negatively. Just as platonism
comes in different forms, there are also different versions of nominalist
philosophy of mathematics. One of the most important differences con-
cerns whether mathematical statements can be true. According to fiction-
alism, mathematical objects are fictional entities and any existential claim
about them can only be true as part of a particular fiction (Brock 2002;
Field 1980). Other forms of nominalism are committed to the view that
mathematical objects or structures do not exist in a mind-independent,
abstract manner, but still contend that mathematical statements can be
true. The nominalist approach can then be to either to reformulate math-
ematical theories in a way that does not imply any ontological commit-
ment, such as in the case of the modal structuralism of Putnam (1967)
and Hellman (1989), or to argue that mathematical theories do not
involve any ontological commitment to mind-independent structures or
objects (e.g. Azzouni 2000).

While nominalism is clearly an anti-platonist view, not all forms of anti-
platonism are nominalist. According to one such view, mathematical
objects or structures can be thought to exist, but they are not fundamen-
tally abstract (see, e.g. Kitcher 1983). This view may sound prima facie
impossible since certainly mathematical objects, such as sets, numbers
and lines, cannot be concrete, physical objects. For one thing, many math-
ematical objects demand infinity, and it is not clear that even the physical
universe as a whole can be considered to be infinite. Yet the anti-platonist
position need not be committed to the view that mathematical objects or
structures themselves are concrete. It could be that they are abstract, but
not independent of concrete objects and structures. In this kind of anti-
platonist account, mathematical objects and structures are thought to
be abstract, but they are in some way grounded in physical objects and
structures.®
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A related view is social constructivism, according to which abstract
mathematical objects like numbers exist as particular types of social con-
structs (Cole 2009; 2013; 2015; Feferman 2009). In this paper, | will explore
a similar approach. In my approach, mathematical objects are not thought
to be grounded on physical objects, but their character as social con-
structs is nevertheless strongly constrained by our experience of the phys-
ical world. Consequently, | will develop an account according to which
mathematical objects like natural numbers are abstract constructions
that exist as referents of a particular type of culturally shared concepts,
namely, a type that is in an important way shaped by our evolutionarily
developed cognitive architecture.

Before we continue, we should take stock of the kind of questions we
can ask about the existence of mathematical objects or structures. Above |
have outlined a trajectory of three types of questions concerning the
existence of mathematical objects. First is the ‘do they’-question, to
which platonists answer in the positive and nominalists in the negative.
Second is the how-question, to which different platonist philosophers
have different answers, while for nominalists the question is misplaced.
Third is the why-question, which takes both the causal and teleological
forms, and which, as we have seen, is not well-placed for either platonists
or nominalists.” To make sense of the why-question, we need to follow a
third path, according to which numbers exist but their existence is depen-
dent on human subjects.

3. Psychologism and the how-question

| take it as uncontroversial that we can have mathematical knowledge
and, whatever the status of mathematical objects may be deemed to
be, the development and characteristics of this knowledge can be, at
least in principle, analysed in terms of psychological processes. This is
the case if we think of reason providing the epistemic access to a Platonic
world of objects, but also if we think of mathematics ultimately being
merely a shared fiction. Therefore, merely including psychological

Spettigrew (2008) has called this type of account aristotelianism in mathematics and it has been sup-
ported by, among others, (Resnik 1997) and (Franklin 2014).

’It should be added that there is one type of why-question that both platonists and nominalists accept,
namely the constitutive why-question. An example would be a set-theoretic account of natural
numbers, in which the why-question concerning the existence of numbers would be answered by
them being constituted of sets. In the present framework, however, the constitutive why-question
is better understood as being included in the how-question. | thank Bahram Assadian for a helpful
remark in this regard.
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processes in the epistemology of mathematics is not necessarily con-
nected to any particular epistemological or ontological position.
However, using psychological methodology for studying philosophical
problems has not been commonplace in philosophy of mathematics.
This kind of approach has been called psychologism in the philosophical
literature, following the use of the term by Ellis (1991).

The main tenet of the kind of psychologism concerning mathematical
knowledge that | focus on in this paper is that studying the psychological
processes involved in mathematical cognition is important for the epis-
temology of mathematics. It could be that the study of mathematical cog-
nition ultimately points us towards either platonism or nominalism, or
other epistemological and ontological views presented in the philosophi-
cal literature. However, as an approach, psychologism should be distin-
guished from any of those accounts. While platonists and nominalists,
for example, make explicit ontological and epistemological claims, in psy-
chologism the ontological and epistemological questions are approached
in a bottom-up manner: we can speak of ontological and epistemological
matters only when they are informed by cognitive considerations. In this
way, psychologism as a general position is potentially compatible onto-
logically and epistemologically with various views, including platonism
and nominalism. However, for present purposes, the most interesting
type of psychologism differs from both platonism and nominalism in
ontology. In this type of psychologism, numbers are thought to exist,
but they are thought to exist in a mind-dependent manner. In the rest
of this paper, when writing about psychologism, | am referring to this
non-platonist and non-nominalist variation.

The type of psychologism that is committed to the mind-dependent
existence of numbers can be divided into two approaches. Common to
these approaches is that numbers are thought to exist in some way
through number concepts. In the first approach, number concepts are
due to some innate properties of the mind (Butterworth 1999; Gallistel
2017; Gelman and Gallistel 1978; 2004). This can mean several things,
ranging from actual innate number concepts (Gallistel and Gelman
1992) to an innate ability to do arithmetic (Wynn 1992) or an innate
approximate mental number line (Dehaene 2011). The shared key idea
between these accounts is that there is an innate capacity for counting
and/or arithmetic, which is ultimately responsible for the existence of
number concepts. In this way, number concepts are thought to be a
product of biological evolution (De Cruz and De Smedt 2010). Let us
call this family of views nativism over number concepts.®
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Not everybody agrees that this type of nativism over number concepts
makes number concepts mind-dependent. According to those who dis-
agree, mental states (and the mind itself) are mind-dependent only in a
trivial sense, since they are not constructed by minds (see, e.g. Brock
and Mares 2007, 40). According to this kind of view, mind-dependent enti-
ties are not simply mental entities, but something that depend on mental
entities for their existence. | find this notion of mind-dependence appeal-
ing, but it is not my main reason for not focusing on the nativist view in
this paper. The main reason for that is that, as we will see in the next
section, nativism about number concepts in all the above forms is unsup-
ported by empirical evidence.

Therefore my main focus will be on the second psychologist view that
takes numbers to exist in a mind-dependent manner. This view takes
number concepts to be mind-dependent but in a culturally developed,
rather than nativist, manner. In such accounts, it is accepted that there
can be innate quantitative, proto-arithmetical (or ‘quantical’), abilities,
but these should not be confused with arithmetical abilities concerning
number concepts (De Cruz, Neth, and Schlimm 2010; Nufez 2017,
Pantsar 2014). Number concepts are seen as the product of specific cultu-
rally shared practices, emerging as the product of cumulative cultural evol-
ution (Boyd and Richerson 2005; Henrich 2015; Heyes 2018) and acquired
in ontogeny through processes of enculturation (Fabry 2020; Menary
2015). According to this view, number concepts are something that
humans construct by applying their cognitive capacities in interaction
with their environment (see, e.g. Lakoff and Nufez 2000). As with nati-
vism, there are many different forms of such constructivism, ranging
from externalist views, according to which material symbols are central
to the cognitive process of number concept construction (Overmann
2018; Zahidi 2021) to views in which genetically determined and cultural
factors in tandem allow the construction (and acquisition) of number con-
cepts (Beck 2017; Carey 2009). But, again, there is a distinct shared key
idea: number concepts are human constructs emerging from cognitive
practices, at least some of which are culturally developed.’

8t is important to note that ‘innate’ can mean several different things and should not be confused with
‘present at birth'. It could be, for example, that number concepts are innate in the sense that the cog-
nitive capacities that give rise to the emergence of number concepts are genetically determined. See
Griffiths (2001) for more on the different interpretations of ‘innate’.

°For an approach focusing on the history of mathematics from a constructivist background, see Mun-
tersbjorn (1999; 2003). For more on the development of mathematics through cognitive practices,
see Ferreir6s (2015; Wagner 2017).
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This psychologist’s view is clearly related to social constructivism about
mathematical objects, such as those presented by Cole (2013; 2015) and
Feferman (2009). However, unlike those social constructivist accounts, the
psychologist view | want to pursue here is (partly) based on empirical data
on the development of numerical cognition and a specific framework of
cultural learning, namely the enculturation account (Menary 2015). |
believe that these differences are important and distinguish the present
account from those of Cole and Feferman. Most importantly, as
becomes clear in the next section, in the present account number con-
cepts as social constructs are partly determined by our evolutionarily
developed cognitive capacities. Therefore, in my account, there is a
good explanation why number concepts are not completely conventional,
which makes an important difference to the objectivity of number
concepts.'®

The fact that the present account is not conventionalist is particularly
important because the question of objectivity is in the present account
central to understanding how number concepts and numbers are con-
nected. Above we have been discussing number concepts, but the
topic of this paper is the existence of numbers. In the psychologist con-
structivist account | will develop in this paper, numbers exist as the refer-
ents of a particular type of culturally shared number concepts. The
number four, for example, exists as an abstract object ultimately
because within and across cultures, people share the number concept
FOUR. Therefore, by employing the concept FOUR they refer to the
same thing in their arithmetical expressions. This thing is a culturally
developed construct, the abstract object number four.

How can we establish that that ‘thing’, the culturally developed con-
struct, exists? A direct consequence of the present account is that the cul-
turally shared number concepts refer to abstract objects. Since numbers
as objects are only thought to be referents of culturally shared concepts, it
is enough for their existence that the same number concepts are gener-
ally shared by members of societies. | will show in the next section that we
can establish this to be the case because the humber concepts are the

91 a nutshell, the weakness | see in particular in the account of Cole (2013; 2015) is that although math-
ematics is thought to play a representational function on reality, the account provides no convincing
reason why mathematics — consisting of social constructs — would do so. Thus, although Cole’s account
as such is not conventionalist, there is no apparent reason why mathematics could not consist of
deeply entrenched conventions in the sense of Warren (2020). In my account, this conventionalist
threat is avoided because mathematics is thought to be based on our evolutionarily developed cog-
nitive architecture, which is clearly non-conventional. More on this argument, which is pursued further
in Pantsar (2023), in Section 5.
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result of an enculturated development based on universally shared (at
least by neurotypical humans) proto-arithmetical abilities. Thus the exist-
ence of numbers follows from the existence of culturally shared number
concepts.’ According to the platonist interpretation of psychologism,
numbers are more than that, i.e. they have an existence independent of
the number concepts shared by cultures. However, in the present
account - as | will show - there is no motivation to make that assumption.

It should be noted that psychologist constructivism is open to many
different answers to the how-question about the existence of numbers
presented above, i.e. whether numbers exist, for example, as individual
objects or places in a number structure. If numbers exist as cultural con-
structs shared by the members of social groups, they can exist equally fea-
sibly as individual objects or places in structures. However, aside from
these how-questions, constructivism provides a clear answer to
another, more general how-question: do numbers exist mind-indepen-
dently or mind-dependently? In this, psychologist constructivism differs
essentially from all platonist views. In the present context, constructivism
is a particularly interesting view since, in addition to the ‘do they’ and
‘how’ questions, it also proposes answers to the two kinds of why-ques-
tions: the causal why-question and the teleological why-question. In
the next three sections, | will present those answers and argue that the
psychologist constructivist account provides a feasible explanation to
all three types of questions about the existence of numbers.

4. The causal why-question

Since psychologist nativism and constructivism take mathematical
objects such as numbers to exist in a mind-dependent manner, it
makes sense to ask why they are created by the mind (or minds, to be
more precise). In Section 6, | will focus on the teleological why-question.
But for now, let us concentrate on the causal why-question. This is a par-
ticularly important question when it comes to the present account,
because, as we will see in Section 5, it also implies why it is sufficient
for the existence of numbers that people possess shared number

"I have been asked whether this also implies that the culturally shared concept of, say, a dragon implies
that dragons exist. There are many reasons why number concepts and dragon concepts are not com-
parable, but the most important one is that numbers as referents of shared number concepts are
abstract. Clearly only abstract — if any — objects can be brought to existence via shared concepts.
The more interesting question is how number concepts are different from the other kind of shared
concepts that do not have physical referents, but don’t have abstract objects as their referents,
either. This problem is tackled in Section 5.
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concepts, when clearly this is not the case for all things referred to by
shared concepts.

The psychologist causal why-question is divided into two questions,
one concerning nativism and one concerning constructivism. For the nati-
vist account, the answer is simple. If numbers can exist as referents of
shared number concepts, and number concepts are either innate or
determined by innate cognitive capacities, the reason for the existence
of numbers must be found in processes of natural selection that
(mainly) drive biological evolution. Many researchers have found
support for this position in the empirical data. It has been claimed that
‘infants possess true numerical concepts’ and ‘humans are innately
endowed with arithmetical abilities’ (Wynn 1992, abstract). Similarly,
there have been claims that there are genuine arithmetical abilities in
many non-human animals, including monkeys, parrots and newborn
chicks (Agrillo 2015; Hauser, Carey, and Hauser 2000; Pepperberg 2012;
Rugani et al. 2009). These findings suggest that not only are numerical
concepts and arithmetical ability evolutionary adaptations, but they are
either evolutionary early ones or have taken place multiple times in the
course of the evolution of different species. In any case, since infants
and untrained non-human animals cannot be feasibly thought to
possess culturally learned abilities, their capacity for numbers and arith-
metic must be an evolutionary adaptation.

The problem with this view is that it rests on a questionable reading of
the empirical evidence. A careful analysis of infant and non-human animal
abilities suggests that they indeed process observations in terms of
numerosities, but these capacities are far from being arithmetical and
including proper number concepts. Standardly, the evolutionarily devel-
oped quantitative capacities are divided into two abilities (e.g. Agrillo
2015; Feigenson, Dehaene, and Spelke 2004; Hyde 2011). For quantities
from one to four, there is a subitising ability that allows determining the
cardinality of objects without counting. The subitising ability has been
confirmed in infants and many non-human animals (Dehaene 2011;
Spelke 2000; Starkey and Cooper 1980). Subitising is closely related to
the ability to do multiple object tracking and it is thus now standardly
thought to be due to the object tracking system (OTS) that allows for
the parallel individuation of objects (Carey 2009; Trick and Pylyshyn
1994). The OTS is not numerosity-specific, but there is also strong evi-
dence of another innate cognitive system for numerosities, called the
approximate number system (ANS) in the literature (Dehaene 2011;
Spelke 2000). The ANS makes it possible to estimate larger numerosities,



12 (&) M.PANTSAR

although this comes with the price that the estimations lose accuracy as
the numerosities become larger, following the so-called Weber-Fechner
Law (Knops 2020).

It is commonly accepted among empirical researchers that humans
share both the subitising and estimation ability with other animals (see,
e.g. Cantlon and Brannon 2006). It is also commonly accepted that the
evolutionarily developed abilities form a cognitive basis for our arithme-
tical ability. Some researchers believe that the OTS is the primary innate
cognitive system in developing arithmetic (Beck 2017; Carey 2009; Izard
et al. 2008) while others see the ANS as the primary system (Dehaene
2011; Halberda and Feigenson 2008). There are also researchers who
believe that both systems play an important role in that development
(e.g. Spelke 2011a ; van Marle et al. 2018). In addition, some researchers
argue that OTS and ANS are in fact part of a unified cognitive system
(see, e.g. Cheyette and Piantadosi 2020).

It is not possible here to go into the details of all those accounts (see
(Pantsar 2021a) for a more thorough exposition), but the important
thing here is to realise that none of them require that number concepts
or arithmetic are in fact innate evolutionary adaptations. The subitising
ability is limited to very small quantities while the estimation ability is
approximate. Neither of them thus carries all the most important charac-
teristics of natural number concepts: that they are discrete and form a
linear progression that can be continued indefinitely. It is not yet clear
how the OTS and the ANS represent numerosities (or indeed, if they rep-
resent anything; see (Zahidi 2021)) but it is crucial to note that those rep-
resentations (if they are representations) are not yet number concepts.
Infants and non-human animals show sensitivity to numerosities, but so
far all the observed behaviour can be explained as being due to the
OTS or the ANS. That is why it is important to make a distinction
between proto-arithmetical and arithmetical abilities. Proto-arithmetical
abilities (subitising and estimation) deal with numerosities, but only arith-
metical abilities deal with number concepts (for details, see Pantsar 2014;
2021a; 2024)."?

Some of the strongest evidence against the nativist position comes
from the fact that there are human cultures in which individuals do not
possess number concepts. The Amazonian peoples of Pirahd and Mundur-
uku, for example, show similar proto-arithmetical abilities to Western

'2In a similar manner, Nafiez (2017) has proposed the term ‘quantical’ to distinguish proto-arithmetical
abilities from arithmetical abilities.
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people, but they cannot complete numerical tasks that would require
proper number concepts, starting from simple addition tasks (Everett
and Madora 2012; Frank et al. 2008; Gordon 2004; Pica et al. 2004). The
reason for this cannot be due to a different evolutionary trajectory,
since the Amazonian peoples have diverged relatively recently in the
human genealogy. Instead, the reason can most likely be found in the
fact that neither the Pirahd nor the Munduruku languages include a
system of numeral words for exact quantities. Therefore, there is a
double case against psychologist nativism concerning number concepts.
First, all the observed infant and non-human behaviour can be explained
without postulating number concepts: all that is needed are proto-arith-
metical abilities, whose presence in infants and non-human animals is
firmly established. Second, adult humans in cultures without numeral
words do not appear to possess number concepts. All this evidence
strongly points towards the position that number concepts are in fact a
cultural development, not an evolutionary one.

However, it would be mistaken to conclude that number concepts are
a purely cultural phenomenon, in the sense that their content is reducible
to culturally shaped conventions. As | have argued in detail elsewhere
(Pantsar 2019; 2021a), the acquisition of number concepts in the course
of individual ontogeny is best understood in the framework of encultura-
tion. Enculturation refers to the transformative effect of culturally shaped
practices on cognitive capacities (Fabry 2020; Menary 2015). The neural
plasticity of the brain makes structural and functional variations possible,
which enables the acquisition of new cognitive capacities in the ontogeny
of the individual. Novel abilities, such as reading and writing, are thus
made possible by redeploying old, evolutionarily developed neural cir-
cuits for new, culturally specific functions (Dehaene 2009; Menary
2014)."* Menary (2015) calls this feature of the brain learning driven
plasticity.

In explaining number concept acquisition, learning driven plasticity
plays a key role. Many researchers hypothesise that evolutionarily devel-
oped proto-arithmetical abilities for processing numerosities in the intra-
parietal sulci are recycled (or reused) for new, arithmetical functions.
Together with linguistic abilities for numeral words and symbols, the
OTS and the ANS are re-deployed, resulting in two different (but partially
overlapping) systems for processing numerosities in the brain (Dehaene

BThis principle is called neuronal recycling. Anderson (2010; 2015) has argued for a different, more
general principle of neural reuse. In the context of arithmetical cognition, it has been argued that
neural reuse provides a better explanation (Fabry 2020; Jones 2020).
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2011; Dehaene and Cohen 2007; Menary 2015; Nieder and Dehaene
2009). It is not possible to go into the details of the empirical theories,
but the exposition here is sufficient for moving into the philosophical
question concerning the existence of numbers. If number concepts are
a culturally developed phenomenon based on our proto-arithmetical abil-
ities, what does that imply for the three questions concerning the exist-
ence of numbers? The first thing to note is that the enculturation
framework is a bad fit with strict conventionalist and fictionalist accounts
of number concepts. Since proto-arithmetical abilities are thought to
partly determine the content of number concepts, we cannot think of
number concepts as being purely conventional fictions. According to
the best modern understanding of number concept acquisition,
number concepts are (partly) based on either the OTS or the ANS, or
both (Beck 2017; Carey 2009; Dehaene 2011; Izard et al. 2008). Since
those systems are universally shared by humans, number concepts
cannot be purely conventional. This is in line with the observation that
while there are cultures without numbers concepts, different cultures
(e.g. the Greek, the Chinese and the Mayans) have independently devel-
oped natural number concepts and arithmetical operations in highly con-
verging ways (Everett 2017; Ifrah 1998). We will return to this topic in
Section 6 when the focus is on cultural development, but for now, it is
important to realise that if cultures develop number concepts, they
tend to have similar characteristics.'*

However, even though strict forms of conventionalism are a bad fit
with the enculturation account of number concepts, it is of course poss-
ible to take a nominalist approach to enculturated numbers. Whatever
number concepts may be cognitively, it does not follow that there exist
numbers. In a reverse manner, the enculturation account is also compati-
ble with platonism: whatever number concepts may be cognitively, the
platonist would argue, it does not have an effect on what numbers are.
While both views may be impossible to refute, | find them less than sat-
isfactory. One central tenet of the psychologist approach | pursue in
this paper is that the more we know about the cognitive development
of number concepts, the more we know about the epistemology and
ontology of the numbers themselves. Indeed, as mentioned before, |
contend that the existence of numbers is best explained through us
having culturally shared number concepts. The existence of numbers

"More precisely, the number concepts tend to have similar characteristics when it comes to finite posi-
tive integers and their arithmetical operations. There are important differences in arithmetical prac-
tices, such as proofs, as well as concerning zero and infinity (see, e.g. Ifrah (1998) for more).
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could concern something more than that, as the platonist would argue
(for example, numbers being atemporal entities), but in the present
approach there is no reason to make that assumption. Indeed, through
Occam-like reasoning, | see no reason to assume that numbers as abstract
objects are anything more than referents of shared number concepts.'”
The question of existence of numbers is then best framed in philosophy
through the question of the existence and characteristics of number
concepts.

5. From number concepts to the existence of numbers

Based on the above analysis, | propose the following answer to the how-
question concerning the existence of numbers under the present
account: numbers as objects exist as referents of culturally shared concepts
based on proto-arithmetical abilities. Numbers exist because new gener-
ations are enculturated in mathematics, making them acquire (mostly)
the same number concepts as the earlier generations.'® This could be
understood in a nominalist manner, implying that numbers do not
really exist at all, but that kind of argument only works against a platonist,
mind-independent, view of the existence of numbers."”

Under the present account, the existence of numbers is mind-depen-
dent, which raises two questions. First, how can we establish that mind-
dependent abstract entities exist? Second, what is special about
numbers in that they are brought into existence by shared number con-
cepts, whereas not all shared concepts bring abstract objects into exist-
ence? Let us focus initially on this second question, which | take to be a
bona fide potential problem for the present account. What makes
numbers different from something like trade agreements, the concepts

This is compatible with the account developed by Hodes (1984), who identifies numbers with numeri-
cal quantifiers. For Hodes, numbers are then fictions that are used because they encode facts about
numerical quantifiers conveniently. The important difference between the present account and that
of Hodes is that in my view numbers should not be considered to be fictions, since their existence
is tied to the existence of culturally shared number concepts, which are not purely conventional.

'®This is the case generally: we acquire our number concepts from the previous generation and pass
them on to the next generation. However, at times the domain of number concepts changes. For
example, in the case of natural number concepts, zero was included as a number concept relatively
late. In addition, entirely new number concepts, like those of irrational numbers and complex
numbers have been introduced.

"7As Pettigrew (2008) has pointed out, even among anti-platonists there is a tendency to accept the pla-
tonist interpretation of mathematics as a default position to be argued against. However, | see no
reason why a platonist reading of mathematical existence should be somehow prima facie privileged.
Related to this, | have been asked whether this understanding of numbers existing as culturally shared
concepts fails to distinguish between sense and reference, as brought to philosophy by Frege (1892).
However, this question only makes sense if numbers are also thought to exist as something other than
referents of culturally shared concepts, which is an assumption that | see no reason to make.
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of which are widely shared, but only some of which exist? The Australia-
EU trade agreement, for example, is widely discussed and we can assume
that people possess similar concepts of it. However, unlike the Australia-
US trade agreement, for example, the Australia-EU agreement does not
exist.'”® Is my account of the existence of numbers doomed to not
being able to make such distinctions, given that shared number concepts
are thought to be enough to bring their referents (natural numbers) into
existence?

To avoid the above problem of non-existence, | previously stated that
numbers exist as ‘referents of a particular type of culturally shared con-
cepts’. Now is the time to explicate what that ‘particular type’ means. In
the social constructivist account of Cole (2013; 2015), mathematical enti-
ties are thought to exist as institutional objects (Searle 1997; 2010), which
means that there are constitutive rules for their existence. Abstract
objects like money, laws, rules of games, etc. are brought into existence
in a process of ratification (or declaration Cole (2015)) where these rules
are agreed upon, but the constitutive rules can also be implicitly
accepted. In that account, mathematical objects are no different. They
exist as abstract objects because there are constitutive rules for their exist-
ence (e.g. axiomatic systems).

One clear strength of Cole’s account is that it can easily explain the
difference between the Australia-US and the Australia-EU trade agree-
ments. Only the former is ratified by constitutive rules, hence only it
exists. However, while this may be correct for some abstract objects, |
don’t think that is how mathematical objects like natural numbers are
brought into existence. Historically, there must have been many stages
in the development and use of numbers before anything like a ratification
of arithmetic existed. One could argue that numbers only came into exist-
ence when such ratifications arrived, but | find this unsatisfactory. It is
impossible to trace the origins of the first systematic use of numbers,
but it is extremely unlikely that their introduction was similar to ratifying
laws or rules. Most likely, it was a much more gradual development in
which numeral words, number concepts and their applications developed
in parallel (more on this in Section 6). Now the question is: at what point
of this development were numbers as abstract objects brought into exist-
ence? It would be spurious to propose a precise answer, but if the notion
of abstract objects existing based on human practices is thought to make
sense, certainly the answer must be that this happened before any

'8 am thankful to an anonymous referee for providing this example.
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institutional ratification of arithmetic. | contend that it originally hap-
pened at the point when enough members of the culture shared
numeral words that they could use to reliably communicate their
shared number concepts, and communicate with them. b

How can we know that those people shared the number concepts?
Here is where the proto-arithmetical origins are crucial to acknowledge.
Contrasted with rules of games, laws and other institutional objects,
number concepts are non-conventional in a stronger manner. As men-
tioned in footnote 10, | consider this to be the great strength of the
present account, and in that respect it differs from Cole’s account of insti-
tutional objects. Since in his account institutional objects can be brought
into existence also by implicitly accepted constitutive rules, my above
account of how numbers came to exist is compatible with Cole’s. The
difference is that Cole provides a very different type of account of why
those particular constitutive rules regarding numbers came to be
accepted. In Cole’s account, numbers must have the features they do in
order to serve their representational function. However, this does not
provide a strong argument against the conventionalist threat, given
that it provides no non-conventionalist reason why that representational
function arose in human practice. Indeed, it is instructive that both Cole
(2013; 2015 and Feferman (2009) draw parallels between chess and
mathematics.

In contrast, my account explains why the practices that brought
numbers into existence are different from many other types of practices.
Clearly we cannot change rules concerning numbers like we can change
the rules of games, for example, so the process of institutionalisation is
different. Indeed, | contend that when it comes to natural numbers,
their content is determined (partly) already in a pre-institutional fashion
due to the shared number concepts based on our proto-arithmetical abil-
ities. This is what | mean by saying that numbers are ‘referents of a par-
ticular type of culturally shared concepts’. Number concepts are not like
many other concepts, because their cognitive basis is shared (partly)
already pre-institutionally. This, | argue, makes numbers as abstract
objects different from objects being brought into existence entirely by
their constitutive rules. That is also the reason why | believe the present

One may ask whether this kind of explanation of the existence of numbers is causal, given that
numbers as social constructs are thought to be abstract, i.e. causally inactive. However, under the
present approach, if an object is created by humans, there can exist a causal explanation of its exist-
ence. In practice it is of course impossible to trace a causal chain of events to the ratification/declara-
tion that first brought numbers to existence, but in the present account — as presumably in Cole’s social
constructivist account — such a chain must exist.
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account to provide a stronger answer to the conventionalist threat than
those of Cole and Feferman.

The above considerations bring us to the first question: how can we
establish that numbers as mind-dependent abstract entities exist, i.e.
that the referents of number concepts are abstract objects? Because
numbers are not thought to exist in some abstract realm that exists
mind-independently, we must explain how the existence of abstract enti-
ties can depend on concrete things, like human brains (or minds)? |
cannot tackle the general question of the existence of abstract objects
here, but my approach is generally compatible with approaches like (Tho-
masson 2008), which accept that human creations can exist as abstract
artefacts.”® Such artefacts are sometimes called ‘intentional objects’ in
the philosophical literature and their ontological status has been con-
tested (see, e.g. Crane 2001). Here | cannot take part in that debate, but
my approach in this paper is different. | accept that numbers are
objects, because that is how they are treated on all levels in mathematics.
This concerns both grammatical practices (e.g. ‘count to four’) and the
content of theorems (‘there exists n such that...’). We could go
through a nominalisation process and ground mathematical objects in,
for example, processes, thus getting an object-free ontology of math-
ematics.?' But in the present context, it is difficult to see the motivation
for that, given that the existence of numbers as abstract objects is con-
sidered to be mind-dependent, based only on there being referents of
culturally shared number concepts. Therefore, what is at stake is ulti-
mately nothing more than whether we can accept that such culturally
shared concepts can be thought to have referents, which seems quite
unproblematic.

Of course, some philosophers are likely to disagree, based on this being
a very thin account of mathematical objects. However, | hope to have
shown that the above constructivist psychologist answer to the causal
why-question is enough to explain how natural numbers as abstract
objects are brought into being. Whether they are something more than
that is a question | cannot discuss here. In fact, | believe the burden of
proof should lie on the side that believes abstract objects to be something
beyond the referents of shared number concepts. Indeed, the present
way of treating the existence of numbers is both epistemologically and

2 Although it is important to note that Thomasson does not see abstract objects as simply referents of
shared concepts, as in the present account.

ZIndeed, this is what | have previously done in arguing that mathematical objects can be understood as
the metaphorical counterparts of mathematical processes (Pantsar 2015).
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ontologically unproblematic, without making the unnecessary additional
assumption that numbers coincide with an eternal abstract realm of
mathematical objects.

In the previous two sections, we have answered the how-question for
the psychologist constructivist account. In the enculturation account, we
also got a partial answer to the causal why-question. The existence of
numbers is possible because number concept acquisition is the product
of enculturation. In numerical cultures, individuals have shared number
concepts because they apply their proto-arithmetical abilities during
ontogeny to acquire culturally developed number concepts. This is
made possible by cultural practices that determine number concepts to
be an important part of education. When a teacher (or parent, or
someone else) instructs a child based on those practices, they directly
influence the ontogenetic development of a child, enabling them to
acquire and possess number concepts.

A direct consequence of this line of thinking is that if there were no
numerical cultures, number concepts would cease to exist. Of course, if
we accept the platonist interpretation, numbers would continue to
exist. But if we reject the platonist interpretation and follow a constructi-
vist line of thinking, there is nothing that the existence of numbers could
mean outside the context of culturally shared concepts. Thus numbers
would cease to exist along with number concepts. This final remark
may sound absurd to those who think of numbers as universal and/or
eternal (and this does not require that one is a committed platonist;
see, e.g. Burgess 2008; Burgess and Rosen 1997; Linnebo 2018b).
Burgess and Rosen (1997), for example, believe that since numbers lack
temporal properties, even if there were no numerical cultures and thus
no number concepts, there would still be numbers. Burgess (2008)
writes that: ‘one, two, three, and the other numbers, if they exist at all,
do not have the same sort of spatial or temporal features as human
ideas’ (28). The key phrase here is ‘if they exist at all’, in which existence
is already assumed to mean something different from the way human
ideas exist as shared concepts. For example, Burgess (2008, 29) says
that asking temporal questions about numbers is to commit a ‘gramma-
tical solecism’. But why would this be the case, unless it has already been
decided that numbers must exist, if at all, in a completely atemporal
manner?

In that respect my account differs from that of Cole (2013; 2015). He
writes that ‘As institutional facets of reality, surrogates [which numbers
are thought to be - Author] are the products of declarations.
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Consequently, their central features are as we represent them to be’
(Cole 2015, 1111). Since a central feature of the way we represent
numbers is that they are atemporal, the argument goes, we construct
them as atemporal existents. | am not satisfied with this. While we
clearly get to declare what the features of social constructs are, this
liberty cannot reach such matters as temporality. For discursive purposes
we can declare numbers to be atemporal, but philosophically more
interesting is the question whether numbers as social constructs are
somehow constrained by temporality. | contend that they are, simply
because under the social constructivist accounts there was a time
when numbers didn’t exist.?

Even though it may seem in this way unintuitive that numbers are
somehow temporally constrained, we should not be overly troubled
by that. This is because the assumption that numbers are universal or
eternal (or, to put it another way, their existence is completely outside
temporal considerations) is by itself highly problematic. To see why,
we need to move on to the question how number concepts have
come around in the first place. After all, the enculturation framework
can help explain how humans acquire number concepts during individ-
ual ontogeny, but it can only explain how that happens when the
individuals are enculturated in cultures that already have number
concepts.?

2|ndeed, | see this as a big problem in Cole’s idea that numbers are atemporal because we declare them
as such. As | understand this idea, it implies that we cannot say that there was a time when numbers
didn't exist, which goes against the very notion of them being constructed by humans. One may ask (as
an anonymous reviewer did), whether this temporality of numbers commits my account to not being
able to accept truths like ‘Shortly after the big bang, the number of fundamental forces was greater
than two.” But this is not the case. We simply need to re-structure the sentence as a counter-factual:
‘Had there been numbers shortly after the big bang, the number of fundamental forces was greater
than two.” Alternatively, we can avoid counter-factual statements and say that there were more
than two forces after the big bang, but we could only express this fact after numbers were constructed
(I thank another anonymous reviewer for this suggestion). If these explanations seem clumsy, | feel that
it is a small price to pay for avoiding the position that numbers existed before they were constructed.
For more on this matter, see (Pantsar 2021b).

ZMy position that the existence of numbers is not a completely atemporal matter should be explained a
bit further. After all, | have accepted that numbers are abstract objects, which has traditionally been
understood to imply that they are non-spatial and atemporal. However, as pointed out by Rosen (2020,
sec. 3.1), not all abstract objects stand in a similar relation to space and time. The game of chess, con-
sidered as an abstract object, is clearly connected to spatial and temporal events (i.e. the location and
time of its creation and development) in a meaningful way. According to the present account, numbers
have a similar connection to temporal events. Them being abstract objects, it does not make sense to
ask spatiotemporal questions like ‘where did numbers exist last year?” However, it does make sense to
ask questions like ‘when did numbers come to existence?’ It is important to distinguish between these
two ways of dealing with the temporality of mind-dependent abstract objects.
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6. The teleological why-question

Pelland, among others, has asked that if the enculturation account is
correct for ontogeny, how did number concepts emerge in cultures
when there previously were none (Pelland 2018; 2020)? In many cases,
this has most likely been the result of cultural transmission: numeral
words and number concepts have entered into new cultures through
interactions with other cultures (see, e.g. Everett 2017). But clearly this
could not have happened in all cases. Unless we accept a nativist
account (as Pelland (2020) himself ultimately appears to do) we are
faced with the challenge of explaining how number concepts could
have emerged originally in a context where there were only proto-arith-
metical cognitive capacities. In other words, as well as an account of the
ontogeny of number concepts, we need an account of their phylogeny
and cultural history.

That number concepts have originally emerged as a cultural develop-
ment based on the proto-arithmetical abilities is accepted by many
researchers (see, e.g. Carey 2009; Dehaene 2001; Spelke 2011b). Aside
from nativist accounts, in the empirical literature on numerical cognition,
it is commonplace to accept that arithmetical abilities, starting from those
involving number concepts, are culturally developed in a process that
applies proto-arithmetical abilities in one way or another. This supports
the idea that number concepts are the result of cumulative cultural evol-
ution (Pantsar 2021a). Cumulative cultural evolution refers to the way
knowledge and skills are developed and transmitted across generations
(Boyd and Richerson 1985; Henrich 2015; Heyes 2018; Tomasello 1999).
In this process, practices and tools are improved upon in small (trans-
)generational increments, which accounts for the way number concepts
and arithmetic arise as the product of a long line of cultural development
in which languages, artefacts and other factors have played a crucial role
(Everett 2017; Fabry 2017; Ifrah 1998).

In the theoretical framework for explaining number concept acqui-
sition, cumulative cultural evolution complements the enculturation
account. Whereas enculturation can help explain the acquisition of
number concepts in ontogeny, cumulative cultural evolution can help
explain how number concepts have developed on a phylogenetic-historic
timescale. However, this framework by itself does not provide an answer
to Pelland’s question above: how did number concepts initially emerge?
In the process of cumulative cultural evolution, there must have been a
stage in which no humans possessed number concepts, followed by a
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stage in which some humans did. What happened at this crucial stage? In
addition to the ontogenetic question, we need also to answer this phylo-
genetic-historical question in order to have a full constructivist response
to the causal why-question. As we will see, this question concerning the
origins of number concepts is tightly connected to the teleological why-
question.

What kind of answer does the teleological why-question get in the psy-
chologist constructivist account? A fundamental tenet of the cumulative
cultural evolution account is that, like adaptations resulting from biologi-
cal evolution, the improved tools and practices are in some way beneficial
for communities. As with biological evolution, what is beneficial depends
largely on the environment in which the communities live. These obser-
vations are important when we try to locate the initial benefits involved
in developing exact number concepts. As noted earlier, cultures like the
Pirahd and the Munduruku have not developed extensive systems of
numeral words and do not possess exact, consistent number concepts.
Since they possess similar proto-arithmetical capacities to people in
numerical cultures, the explanation for their lack of numerical knowledge
must lie in different trajectories of cultural evolution. In the case of the
Piraha, for example, the cultural differences are enormous. As hunter-
gatherers, they do not practice agriculture or store food. While they do
practice trade, no record is kept (Everett 2017). | contend that it is from
these types of observations that we can start approaching the teleological
why-question. Something in cultures that developed number concepts
made them beneficial, up to the point that in modern industrialised cul-
tures numbers are ubiquitous (NUfez 2017). Whether implicitly or expli-
citly, number concepts - and hence numbers, in our non-platonist
account - served some purpose.**

It is easy to see what purpose numbers serve in modern societies. Our
financial system, for example, is thoroughly numerical. All areas of science
require some kind of use of mathematical tools that involve number
systems (Pantsar 2018). But it would be spurious to claim such modern
developments as the purpose of developing number concepts. The first
known symbolic numerical systems are from around 5000 years ago
(Schmandt-Besserat 1996) and nobody knows how much verbal numeri-
cal systems predate the symbolic systems. In any case, it should be clear
that the contemporary advantages of the earliest number concepts may

Given the relatively late separation of those cultures from other South American cultures, it is possible
that the ancestors of Piraha and Munduruku possessed numeral words and number concepts, but later
generations lost them (see, e.g. Everett 2017; Pantsar 2019).
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have been highly different from modern ones. For this reason, when
looking for answers to the teleological why-question, we should focus
on the early history of number concepts.

In recent years, researchers have developed accounts of the emer-
gence of number concepts based on Malafouris’ material engagement
theory (Malafouris 2013; Overmann 2018; Zahidi 2021). According to
these accounts, the properties of number concepts, numeral words and
numeral symbols, as well as norms for their use, have been determined
by a socio-culturally evolved set of material practices. In the development
of number concepts, the emergence of counting practices is seen as a
crucial stage. For instance, in one of the most discussed accounts of
number concept acquisition in ontogeny, the bootstrapping account of
Carey (2009), the acquisition of a counting list of numeral words precedes
the acquisition of number concepts (Beck 2017; Carey 2009). But how do
counting practices emerge? As Flegg (2002) points out, counting is
already quite an advanced process. Thus, the challenge becomes explain-
ing how counting practices could have developed.

Zahidi (2021, 540) has recently argued that from putting items into
one-to-one correspondence to discriminating collections according to
quantity, the capacities that counting requires are based on proto-arith-
metical abilities. Furthermore, with such capacities practices of material
engagement can emerge, such as tallying and finger counting. In the
practice of marking one animal with one notch, for example, no
number concepts need to be present, yet this practice already provides
information about the cardinality of collections. By comparing the
amount of notches, one can establish which group of animals is more
numerous. These kinds of practices can then lead to developing proper-
ties of counting sequences. Finger counting, for example, can help estab-
lish the linear order of counting (Bender and Beller 2012; Overmann 2018).
Words for body parts can evolve into numeral words, and tallying marks
can develop into numeral symbols (Ifrah 1998).

Research on cognitive practices of counting can provide an answer to
Pelland’s question of origins. As argued by Wiese (2007), it is likely that
number concepts and numeral words co-evolved as a result of practices
like body part counting (see also Dos Santos (2021)). With the emergence
of numeral words, number concepts could be associated with further
material practices. Grouping objects like pebbles, for example, can lead
to norms about the ‘plus one’ operation and further about addition in
general (Overmann 2016; 2018). These practices could then be applied
in, for example, trade and other financial interactions. The
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Mesopotamians are known to have used clay tokens for accounting for
millennia, especially in the Neolithic era (8300-4500 BC) (Overmann
2018; Schmandt-Besserat and Hallo 1992). This slowly evolved across gen-
erations into practices where the tokens were grouped into units of
different sizes. These groupings could then be associated with different
numerical values through, for example, ten small clay cones being equiv-
alent to one small sphere. With the emergence of cuneiform writing
systems, these relations between different physical arrangements of
clay tokens could then be transferred into symbols (Nissen et al. 1994;
Overmann 2018).

This kind of account of material engagement can help explain the
emergence of numeral words and numeral symbols in co-evolution
with number concepts. It is not possible here to go into further details,
but it should be clear how information on how number concepts have
developed in this manner helps us answer Pelland’s question. We
cannot point to a single moment in history when shared number con-
cepts, and hence numbers, came into being. Instead, this happened
through a long development in which numerical words and symbols, as
well as practices and norms for their use, co-evolved with number
concepts.

This finally allows me to propose an answer to the teleological why-
question, although the answer is complex. The purpose that culturally
evolved numbers serve depends on the culture and its environment. It
could be that for the Piraha, there was no such purpose. For the Mesopo-
tamians, we know that at least accounting was an early purpose of
numbers and arithmetic. For the Mayans, who to the best of our knowl-
edge developed arithmetic independently of other cultures, astronomy
was an important application for numbers (Ifrah 1998). Whatever the pur-
poses may have been, they must have somehow proven to be beneficial
for social practices as well as intra- and inter-cultural interactions. This, |
contend, is the answer to the teleological why-question concerning the
existence of numbers. Numbers exist because human cultures have devel-
oped them through a process of cumulative cultural evolution. Whether
recognised at the time or only later, numbers have proven to be useful
for purposes deemed to be sufficiently important in the particular cul-
tures. It is this cultural success of numbers that provides an answer to
the teleological why-question. In some cultures, like the Mesopotamians
and the Mayans, numbers were elevated into a cultural status in which
manipulating them developed a value of its own. This is how arithmetic
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emerged as a ‘pure’ practice on its own, not necessarily tied to any specific
applications (Boyer 1991; Ifrah 1998).

This emergence of pure mathematics can help us explain the emer-
gence of number concepts beyond those of natural numbers. The
history of new innovations in mathematics, after the early origins, is
largely a history of pure mathematics. This history led to the emergence
of the concepts of rational numbers, irrational numbers, real numbers,
complex numbers and transfinite numbers. With many of these, the inter-
est was originally purely mathematical (see, e.g. Boyer 1991). The teleo-
logical why-question for the existence of complex numbers, for
example, can only be answered by understanding the value seen in math-
ematics in Europe. Although complex numbers later found important
applications in science (e.g. quantum mechanics), the reason for their
development — and hence, also their existence in the present account -
is that mathematics existed as an independent intellectual pursuit. It
was a better understanding of mathematics itself that motivated the
introduction of complex numbers. The platonist would most likely
agree with this statement, but they would insist that a better understand-
ing of mathematics means a better understanding of the mathematical
universe. However, | see no motivation to make this latter amendment.

The nominalist, on the other hand, could insist that even though encul-
turation and cumulative cultural evolution are central to the development
and acquisition of number concepts, this does not mean that numbers
exist as abstract objects. However, once numbers as abstract objects
are understood as referents of a particular type of culturally shared
number concepts as described in Section 5, and nothing more, | see no
motivation to deny the existence of numbers, either. They are human con-
structions, but this does not make them non-existent. As | have argued in
this paper, this kind of existence is mind-dependent. However, | see no
reason to deny that it is existence nevertheless.?”

20ne question regarding the psychologist constructivist account of numbers is how they can account
for the applicability of numbers in both science and everyday life. If numbers are social constructs, how
can they help explain the world? Here it's important to note that according to the present account,
numbers are a particular type of cultural constructs whose content is (partly) determined by evolutio-
narily developed cognitive architecture. This implies that numbers are closely connected to the way we
observe the world around us. As such, it is no wonder that numbers find use in applications of explain-
ing that world. Indeed, | see this as a great strength of the present account, especially compared to
conventionalist and platonist theories (see Pantsar (2021b) for a detailed treatment of this topic). In
that paper, | also pursue the present approach with regard to one key topic in the philosophy of math-
ematics, namely, what is the status of mathematical truth in the psychologist constructivist account?
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7. Conclusion

One of the most famous quotes regarding the existence of numbers is
attributed to the nineteenth century mathematician Leopold Kronecker.
In the translation of Gray (2008, 153), the quote is that ‘God made the inte-
gers, all else is the work of man’. Theist language aside, the quote
suggests a different ontological status for integers compared to other
numbers. In this paper, | have defended an account of natural numbers
(i.e. non-negative integers) that rejects any such ontological differences.
Natural numbers, just like all other numbers, are the work of human
beings. However, this does not mean that there are no epistemological
differences between natural numbers and other numbers. Anthropologi-
cal studies reveal that relatively extensive numeral word systems, while
not universal, are nevertheless highly common in human languages
(Everett 2017). Numeral words for other kinds of numbers are far less
common (Everett 2017). Anthropologically, there appears to be some-
thing special about natural numbers. | believe that this can be explained
through the cognitive development and epistemology of natural
numbers. For other number systems, the connection to our basic cogni-
tive capacities is less direct.

The consequence of this is that the why-questions, whether causal or
teleological, do not get the same answer regardless of which number
system is discussed. As far as the causal why-question is concerned, the
enculturation framework can accommodate the learning of all number
systems, but the enculturation process differs in each case. Natural
number concepts are something that almost all (neurotypical) children
acquire in arithmetical cultures with relative ease. On the other hand,
complex number concepts, for example, are comparatively rarely
acquired by humans and almost exclusively as the product of a long
and specified trajectory of education.

Similarly, we should expect differences when it comes to the teleologi-
cal why-question. Whereas natural numbers were likely developed (at
least in Mesopotamia) initially for very practical purposes, such as
accounting, at least the initial purpose of more recent number systems
has been motivated by mathematical research itself. To be able to
answer the teleological why-question, we thus need to be aware of the
cultural surroundings of the development of number systems. Above
all, the great richness of modern mathematical number systems has
required that pure mathematics is considered a worthy pursuit that
should be supported by societies. Ultimately it is this development,
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carried out by different cultures in different times, that holds the answers
to the question - both causal and teleological — why numbers exist. For
the philosophy of mathematics, this is extremely important. As | have
hopefully established in this paper, for non-Platonist and non-nominalist
accounts, the why-questions concerning the existence of numbers are
just as well-placed as the ‘how’ and ‘do they’ questions.

In addition to numbers, the present account can also be expanded for
other types of mathematical objects. In addition to arithmetic, the kind of
psychologist approach taken in this paper has been developed also for
geometric cognition (Hohol 2019; Pantsar 2022). In addition to proto-
arithmetical abilities, empirical research suggests that there are evolutio-
narily developed proto-geometrical abilities (see, e.g. Spelke 2011a).
Through a similar analysis to the one conducted in this paper, geometrical
objects could also be established as culturally shared concepts based on
the proto-geometrical abilities. Indeed, there is no reason to think that
this approach is limited to arithmetic and geometry. An important
future development of the present work would be to generalise it to
concern all mathematical objects.
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