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1. Introduction 
The topic of this paper concerns a version of the indispensability argument in the philosophy of 

mathematics. An indispensability argument concerns the indispensability of mathematics to empirical 

science, that is, its essentiality and usefulness in relation to for instance physics, biology, and 

sociology. 

The point of the indispensability argument is to show that mathematical objects exist and the 

underlying idea behind is that we should postulate the existence of that which is required for our best 

scientific theories to be true. Moreover, the indispensability argument says that since mathematical 

entities are indispensable for our best scientific theories to be true, mathematical entities must exist. 

Thus, the indispensability argument can be understood as an argument for Platonism about 

mathematics, which is the view that mathematical entities exist. In particular, Platonism holds that 

mathematical entities exist abstractly outside of the spatiotemporal environment, independent of 

humans, and that there is no causal connection between mathematical entities and humans. This view 

is often contrasted with Nominalism, which asserts that mathematical objects do not exist, or at least 

that they do not exist outside of space-time. Hence, the Nominalist does not think that commitment to 

the existence of mathematical entities is essential to understand mathematics. 

There are various versions of the indispensability argument, and they all mainly differ in what it 

means for mathematics to be indispensable. The version discussed in this paper is the explanatory 

version of the indispensability argument, proposed by for instance Alan Baker, for which the main 

question is whether mathematics contribute to scientific explanations and if we must use mathematics 

to explain scientific phenomena. This differs from the classic version of the indispensability argument, 

first presented by W.V. Quine, which is usually presented as follows: 

P1. We should postulate the existence of entities if and only if they are indispensable to our best 

scientific theories. 

P2. Mathematical entities are indispensable to our best scientific theories. 

C1. We should postulate the existence of mathematical entities.1 

There has been criticism towards the Quinean version of the indispensability argument, on the grounds 

that mere indispensability to our best scientific theories is not enough for giving reasons to believe that 

mathematical objects exist – instead mathematics must be indispensable in the correct manner, 

something that demands Platonists to be clearer about what role mathematics plays in science.2 What 

exactly does it mean for mathematics to be indispensable in the right way? The idea behind the 

explanatory version of the indispensability argument is that the viability of Platonism depends on 

whether we can find physical phenomena that require mathematical explanation. 

In this article, I will present the explanatory indispensability argument and a physical phenomenon 

that is said to require mathematical explanation. I will then look at some of the criticism of this 

particular example as well as of the explanatory indispensability argument as a whole. The conclusion 

I arrive to is that said criticism does not hold. Instead, there are indeed genuinely mathematical of 

physical phenomena. In order to defend this Platonist position of the explanatory indispensability 

argument, I suggest that we use a structuralist theory known as ante rem structuralism. We do have 

reason to believe in the entities needed for explaining a phenomenon, but what counts as 

“explanatory” is dependent on epistemic factors and thus not the same for every person. 

 

 
1 Colyvan, 2019. 
2 Baker, 2005, p. 224, referencing to Melia, 2002, p. 75. 
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2. The Explanatory Strategy 
Why should one adopt the explanatory version of the indispensability argument? Firstly, there are 

several problems with the classical indispensability argument. The indispensabilist Platonism has a 

hard time accounting for our apparent non-commitment to idealized concrete posits such as 

frictionless slopes, ideal gases, and infinitely deep fluids, since the Platonist does not have the 

resources to rule these ideal entities ontologically out of condition. In our best scientific theories, a lot 

of these posits possibly play indispensable roles. Another problem is that since it stays at the level of 

whole theories, it fails to make manifest the variety of roles which mathematics plays in science. This 

makes it easier for the Nominalist to dismiss mathematics as merely a calculational device or a 

descriptive shorthand. Accepting the explanatory indispensability argument allows for a more fine-

grained and nuanced image of the relation and function of mathematics in science, since we are not 

limited to whole theories. 

Furthermore, the explanatory indispensability argument gives the Platonist an advantage of shifting the 

burden of proof to the Nominalist. This means that it is now the Nominalist that has to come up with 

an objection that denies one (or both) of the premises P1 and P2 listed below in the set-up of the 

explanatory indispensability argument. 

P1. There are genuinely mathematical explanations of empirical phenomena. 

P2. We should postulate the theoretical posits postulated by such explanations. 

C1. We should postulate the entities required by the mathematics in question.3 

But what does it mean for an explanation to be as genuine mathematical explanation of a physical 

phenomenon? There are three conditions formulated by Baker: 

I. The application is external to mathematics. 

a. This is important because unless the application is external to mathematics, it can 

easily be accused of circularity. What we are interested in is not mathematical 

explanations of mathematical facts, but mathematical explanations of physical 

phenomena. 

II. The phenomenon in question must need explanation. 

a. This is important because otherwise the explanation would obviously not be 

indispensable. 

III. The phenomenon must have been identified independently of the supposed explanation. 

a. This is important because unless the explanation is independent of the supposed 

explanation, it is more like a prediction than an explanation. 

Baker presents a physical phenomenon which he believes is an example of mathematical explanation, 

where all of the three conditions above are met. The example he presents concerns three species of 

North American periodical cicadas whose life cycles are prime-numbered, being either 13 or 17 years. 

Along with this example, he recounts two possible explanations for there being an evolutionary reason 

as to why the cicadas emerge after a prime number of years. The first one is about avoiding predators, 

a theory suggested by Goles, Schulz and Markus4. This theory suggests that there might have existed 

predators with lower cycle periods, and the advantage of the cicada was to avoid existing at the same 

time as its predators. One important claim in this theory is the fact that the intersection frequency for a 

number is significantly lower when the number is prime. The second theory is about avoiding 

hybridization with similar subspecies, suggested by Cox and Carlton5 and by Yoshimura6. To clarify, 

 
3 Mancosu, 2018. 
4 Goles, Schulz and Markus, 2001. 
5 Cox and Carlton, 1998. 
6 Yoshimura, 1997. 
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for periodical insects there are two important factors for reproducing: 1) find someone to mate with, 

and 2) don’t mate with a subspecies with a different cycle period than its own because that will cause a 

lack of mates for the offspring. 

As Baker notes, both of these theories are connected to number theory. As mentioned above, for a 

prime number the intersection frequency is lower than for a non-prime number. The reason why prime 

numbers have a lower intersection frequency is due to the lowest common multiple. Baker explains 

what the lowest common multiple means by the following: 

The (lowest common multiple) of two natural numbers, m and n, is the smallest number 

into which both m and n divide exactly; for example, the (lowest common multiple) of 

4 and 10 is 20. […] the (lowest common multiple) is the number of years between 

successive intersections.7 

Only prime numbers are able to maximize their lowest common multiple. The lowest common 

multiple of two numbers is maximized if and only if these numbers are coprime. In other words, the 

lowest common multiple of two numbers is maximized if and only if these numbers have no common 

factors other than 1. 

Say that m and n are the life cycle periods in years of two subspecies of cicada, Cm and Cn. If Cm and 

Cn intersect in a particular year, then the year of their next intersection is given by the lowest common 

multiple of m and n. Thus, the lowest common multiple is the number of years between successive 

intersections. To make it clearer, say that m = 13 and n = 17 and the two subspecies of cicada are C13 

and C17. How often do they intersect? To answer this, we need to find the lowest common multiple of 

13 and 17, which is 221. This means that the subspecies intersect every 221 years. 

What seems to be of importance here is not the primeness but the coprimeness, also called relative or 

mutual primeness, which occurs between two numbers when they have no other common multiple 

than 1. For instance, the numbers 10 and 21 are coprime since there is no integer but 1 that can divide 

them into integers. A more general way of expressing coprimeness is by stating that “a number, m, is 

coprime with each number n < 2m, n  m if and only if m is prime.”8 Any two successive integers are 

coprime – 2 and 3, 3 and 4, 7 and 8, 74 and 75 and so on – since they have 1 as their highest common 

factor. All prime numbers are coprime with each other, since prime numbers are not dividable into 

something other than 1 and itself. When the length of the two periods is coprime, the intersection 

frequency of two periods is maximized. 

As stated earlier, Baker claims that the cicada example meets all three conditions for being a genuine 

explanation. Starting with the first condition, we can conclude that the application is indeed external to 

mathematics. The explained phenomenon is not a mathematical fact, but a physical phenomenon 

concerning the emergence period of a species of insects. Moving on to the second condition, that the 

phenomenon in question actually requires an explanation, it also seems to be met, since biologists 

themselves seek to explain the life cycles of periodical cicadas. The last condition, which states that 

the phenomenon must have been identified independently of the supposed explanation, Baker asserts 

that it is met since the 13- and 17-year life cycled cicadas were known before any explanation 

involving prime numbers. 

Cicadas with 13- and 17-year cycles were known prior to any explanation involving 

primeness, indeed they were discovered over 300 years ago, well before the 

development of number theory as a freestanding branch of mathematics.9 

 
7 Baker, 2005, p. 231. 
8 Ibid, p. 232. 
9 Ibid, p. 234. 
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If all the criteria are met, this would mean that the cicada example is an example of genuine 

mathematical explanation. Still, the criteria do not seem to be enough for us to claim that it is, since 

the fact that we indispensably use mathematical entities in the explanation does not imply that the 

mathematical entities contribute to the explanation or boost the explanatory power.10 We need to know 

if the mathematical component of the explanation is explanatory in its own right. Thus, the reason why 

the aforementioned conditions are not enough to determine whether the explanation is genuinely 

mathematical, is that the mathematical component of the explanation must play a certain role, namely 

an explanatory role. To know whether the mathematical component is explanatory, we need some sort 

of general account of what an explanation is. Baker considers three different accounts of explanation 

from the contemporary literature, and considers whether the mathematics in the cicada example do 

contribute to the explanation given the account in question: 

I. The causal account, which asserts that an explanation of a phenomenon requires giving a 

description of its various causes.  

II. The deductive-nomological account, which asserts that an explanation of a phenomenon 

requires the construction of an inference of the phenomenon from premises which include 

statements of general laws of nature.  

III. The pragmatic account, which asserts that an explanation of a phenomenon requires to offer 

an answer to a why-question which shows how the phenomenon is more likely than its 

alternatives.  

Now that we have these three accounts, let us have a look at whether it is plausible that mathematics 

has genuine explanatory power given each of these accounts. The causal account is conflicting with 

the claim that there could exist any genuine mathematical explanations, since mathematical entities, if 

they exist, are acausal. This account does not seem to be very relevant to the debate between Platonists 

and Nominalists because, as Baker points out, it presupposes the falsity of Platonism. The idea that we 

need a description of a phenomenon’s various causes in its explanation contradicts the Platonist’s idea 

of the nature of the existence of mathematical entities, as the Platonist believe that mathematical 

entities exist without causal connection to humans. 

The deductive-nomological account seems more useful than the causal account insofar as it does not 

beg the question against Platonism. However, although Baker’s explanation has the format of the 

deductive-nomological account, it is not clear whether the deductive-nomological account is able to 

differ explanatory and non-explanatory components of explanations from each other. This could 

potentially pose a problem since it is this difference that we are after. 

The third alternative, the pragmatic account, proposes that genuinely explanatory applications of 

mathematics ought to be reconfigurable as answers to questions about why a certain physical 

phenomenon occurred. Baker considers this to be the most fruitful of all three accounts of explanation. 

It involves giving answers to naturally motivated why-questions, such as the following: 

Why do periodical cicadas have prime periods? Because prime numbers minimize their 

frequency of intersection with other period lengths. […] we have a naturally motivated 

why-question paired up with a (partial) answer. […] the answer seems genuinely 

explanatory.11 

Following Baker’s way of reasoning, there seem to be two reasons as to why mathematics is 

explanatory superior. Not only does the use of mathematics give an explanation to why the cicada 

periods are 13 and 17, but also to the question why the periods are prime. This sort of explanation is in 

line with the pragmatic account since it provides an answer to the why-question. 

 
10 Melia, 2002, p. 76. 
11 Baker, 2005, p. 235. 
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Additionally, it can be said that by invoking mathematics and prime numbers in the explanation, we 

are able to grasp something further that unifies all of these particular explanations, even those not yet 

encountered. Based on mathematical explanations already stated, we can establish new ones. In other 

words, a mathematical explanation is more explanatory than a non-mathematical one in virtue of being 

more general and showing some sort of regularity and pattern, which allows us to discover new 

explanations of the same particular kind. 

 

 

3. Criticism Towards the Explanatory Strategy 
In the beginning of section 2, I briefly touched upon the problem that the classical indispensability 

argument, due to staying on the level of whole theories, fails to make manifest the variety of roles 

played by mathematics in science, and that this allows for the Nominalist to dismiss mathematics as 

just a pragmatic tool. Could it be that mathematics is just a calculative device among others when it 

comes to explaining certain phenomena? This type one of the central questions in the general debate 

about the indispensability argument, not only the explanatory version. It comes in various versions but 

in what follows, I will consider one particular version of this type of criticism. 

“It is the link between primeness and minimizing intersection with other period lengths that does the 

explanatory work,”12 or so Baker says. But one could imagine an explanation to the length of the 

cicada life cycles that does not involve the concept of prime numbers. For instance, it is possible to 

explain it visually, by laying out a series of sticks, each with the length 13 cm, next to a series of sticks 

of length 14 cm, next to 15 cm length sticks and so on and see how many of each stick you need to lay 

out to make all the series equally long. This would result in needing a lot of sticks of length 13 cm and 

17 cm, since these two types of lengths seem to intersect less frequent with other lengths. 

 

 

If it is possible to explain the intersection frequency, like this, without invoking mathematics, then 

what further could mathematics bring to the explanation? It does not necessarily follow from the fact 

that mathematics provides us with knowledge of specific facts about the world that mathematics also 

plays an explanatory role. The role mathematics plays in our learning about the world can be seen as 

purely representational and not explanatory. This idea has been put forward by Saatsi. Although 

Saatsi is not clear about what he means by “representational” and “explanatory” when talking about 

the role which mathematics play, I interpret it roughly as follows: something can be used as a 

representation for our understanding of a phenomenon without actually explaining it. For example, in 

the case of the cicadas, the concept of prime numbers can be seen as merely a representation of our 

understanding of the life cycles of cicadas, but the prime numbers themselves are not part of the 

explanation as to why the life cycles are prime. Similarly, the sticks can also play a representational 

role for our understanding of intersection frequency. The definition of “explanatory” remains 

 
12 Baker 2009, p. 616. 
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somewhat unclear, but the most important claim is that mathematics cannot be perceived as being 

explanatory of the physical. 

As mentioned earlier, there seems to be two reasons as to why mathematical explanations are 

explanatory superior to non-mathematical ones: 1) they provide us with an explanation as to why the 

life cycle periods of the cicadas are prime, and 2) by invoking mathematical explanations, we are able 

to foresee and predict new phenomena yet encountered. However, following Saatsi’s line of reasoning, 

we see that none of the benefits from the two abovementioned reasons as to why mathematical 

explanation can provide something further is lost with the mathematics-free alternative involving only 

sticks. This is because the mathematics-free alternative is not less explanatory in any way – the 

concept of the life cycles of cicadas can be explained in an equally good way. The sticks and the 

numbers are two equally good ways of representing primeness and intersection frequency. It is 

important to note that they are merely representational because they are only representations of the 

very same physical phenomenon, that is the life cycles of cicadas. They do not necessarily explain the 

phenomenon. 

 

 

4. Evaluating the Criticism 
Given the criticism towards the explanatory indispensability argument, is there still any hope for the 

Platonist? In this part, I present two objections against the abovementioned criticism towards the 

explanatory indispensability argument. 

Firstly, to answer Saatsi’s claim that the example with the sticks does not invoke mathematics in the 

explanation, my suggestion for the Platonist is to subscribe specifically to a structuralist form of 

Platonism. By subscribing to a structuralist view, one can argue convincingly that the example with 

the sticks in fact does invoke mathematics in the explanation, contrary to what Saatsi claims. 

Secondly, Saatsi makes a distinction between representational and explanatory power, and claims that 

a representational role does not imply an explanatory role. This distinction relies on a somewhat 

objective view on explanations. I mean that viewing explanations as objective is problematic, since 

explanations are dependent on interest and context. Not only does this undermine Saatsi’s objection, 

but it also poses a problem for Platonists who want to utilize the explanatory indispensability 

argument, since I claim that what counts as an explanation can differ between people. 

4.1. The Structuralist Objection 

Saatsi is correct in stating that none of the explanations (with prime numbers and sticks respectively) 

is more powerful than the other. Indeed, they seem to provide us with equally good explanations of the 

phenomenon. However, that is not to say that not both of them are mathematical. 

It might seem as if visualising intersection frequency with sticks is not inferior in explanatory power 

compared to explanations using the concept of prime numbers. But what exactly is it about the stick 

example that suggests that we are not dealing with mathematics? Clearly, we do have sticks of certain 

lengths, and no matter what unit we use, one can still argue that a length is always mathematical in 

some sense, since it is a measure of something, and measuring arguably is mathematical. Even if we 

do not use centimetres, and instead use, say, thumb nails, we have still measured the stick, albeit in the 

amount of thumb nails that we can lay out in a line next to it, making thumb nails our unit. 

Furthermore, we should note that intersection is a part of set theory. Frequency is also a mathematical 

term, that measures how often something occurs. The point I want to make here is that it is not clear 

why Saatsi’s example is not invoking mathematics in the explanation. 
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To make clear why Saatsi’s way of explaining actually invokes mathematics, we can use a theory 

known as ante rem-structuralism. Originally, structuralism was meant as a solution to Benacerraf’s 

dilemma13, but I believe that a certain type of structuralism can also survive Saatsi’s objection, and 

that if the indispensability argument can be used for motivating ante rem-structuralism, then maybe 

that is good enough for realists about mathematics. 

Structuralism is a philosophical theory of mathematics that has been put forward by Stewart Shapiro, 

among others. It is not one uniform theory, but more of a group of theories all focusing on 

mathematical structures, and does not lean towards a specific position about realism/anti-realism about 

numbers. A Platonist would adopt a different version of structuralism than the Nominalist, but they 

would still both be structuralists. The ante rem-structuralism relevant for this paper is a Platonist 

structuralism, and therefore I will not go into detail about Nominalist structuralism.14 

The Platonist structuralist could argue that the concept of primeness is instantiated by the series of 

sticks, and that the example of visualising the relationships between prime numbers with sticks just is 

another way of grasping the very concept of them. A prime number is, by definition, a number that is 

larger than 1 and dividable only by 1 and itself. But what matters in the case of the cicadas is not 

primeness, but coprimeness. Coprimeness is when two numbers have no other common multiple than 

1. Not only prime numbers have the ability to be coprime – for example, the numbers 10 and 21 are 

coprime but none of them are prime, and the numbers 7 and 8 are coprime but only 7 is prime – but 

two prime numbers are always coprime since they are not dividable with something other than 1 and 

themselves. Take 13 and 17, which are the numbers involved in the cicada case. They cannot be 

divided unless the denominator is 1 or themselves. The point is, representing the coprimeness between 

two numbers is something you can do with sticks, but that does not mean that the very concept of 

coprimeness does not exist, nor that numbers do not exist. The existence of numbers is not an 

uncomplicated thing – the number 13 is not the number 1 and 3 written together, nor is it exactly 13 

individuals of a certain object. One could say that a number is defined by having a certain position in a 

structure, that is, it is in virtue of its characteristics and relations to other numbers that makes it the 

number 13. 

To the Platonist, these structures are real, even more real than an object in the physical world. They 

belong in the Platonic heaven and exist independently from whatever instantiate them. A penguin has 

the property of being “one”. That is, the “oneness” of the penguin is an instantiation of the number 1, 

which is part of a structure. The number 1 has certain properties, such as being a multiplicative 

identity (1 multiplied with any number always equals that number) and being the successor of 0 and 

half as much as 2. This is how we define the number 1 – by its properties and its placement in the 

structure of, e.g., natural numbers. However, one penguin is not the same thing as the number 1. 

Rather, the penguin is part of a structure where it has the position 1. 

This Platonist form of structuralism is called ante rem structuralism, which considers structures to be 

real in the sense that they truly exist and would do so even if there were no mathematical objects to be 

instantiated in those structures. That is, the structures are prior to whatever they instantiate and exist 

separately from them. 

 
13 Benacerraf’s dilemma can be described as follows: There are different ways of defining natural numbers as 

sets. Since none of these ways can be said to be more correct than another, reducing natural numbers to sets does 

not work if you want to define them unambiguously. 
14 To put it simply, the way in which structuralism differs between Platonists and Nominalists is similar to other 

cases where they differ – the Platonist claims that structures truly exist independent of its instantiations, whereas 

the Nominalist would claim that the instantiations of the structures are synonymous with the structures 

themselves. Instead of talking about numbers as truly existing or not, we are talking about the existence of 

structures. 
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Applying the ante rem structuralism to the example with the sticks, we find that a stick with the 

measured length of 13 cm is an instantiation of the number 13. The length of the stick has all the 

properties that the number 13 has – for instance, it is not dividable with anything but 1 and itself (and 

is larger than 1, all of this which makes it a prime number). It is preceded by 12 and followed by 14, 

which, in the case of the sticks, makes the 13-stick one unit larger than 12 and one unit smaller than 

14. We also note that if we lay two 13-sticks in a row next to each other, we get a long stick built upon 

2 sticks*13 cm, that is, a 26 cm stick. From this, we can infer that 26 only has four divisors: 1, 2, 13 

and itself. This means that the only other sticks, apart from 1 and 26, that will intersect with the 26-

stick are 2 cm and 13 cm respectively. 

Laying two 14-sticks next to each other gives us a 2 sticks*14 cm, that is, a 28 cm stick. Since 14 is 

not a prime number, 28 has a greater number of divisors than 26. 28 has six divisors: 1, 2, 4, 7, 14 and 

itself. This means that we are no longer restricted to just the multiplication table of 1 and 2, since 28 is 

a number both in the multiplication tables of 4 and 7, that is, we can build a 28 cm stick out of seven 4 

cm sticks and four 7 cm sticks. And so, 28 has a larger intersection frequency than 26. For the ante 

rem structuralist, what this means is that we have a structure of, let us say, positive integers, and in this 

specific instantiation of the structure, the position “26” is occupied by two 13-sticks and one 26-stick. 

(It is also occupied by, for instance, one 25-stick and one 1-stick, but only the multiples of 26 are 

relevant for us. Still, it is important to note that what makes the 26-stick having the 26-position in this 

instantiation of the structure, is all of its properties and relations to other positions in that structure.) 

Thus, to the ante rem structuralist, example with the sticks certainly involves mathematics. 

Given ante rem-structuralism, we can see that even the example with sticks involves mathematics. I 

have argued that mathematics exists as structures, which means that mathematics can be said to exist 

beyond number theory. Mathematics can, for example, exist as structures within physical objects, such 

as is the case with the sticks. This opens up for a world where mathematics exists in many places, and 

one could perhaps, on the basis of ante rem-structuralism, argue that mathematics exists everywhere. 

What effect does the ante rem-structuralism have on the explanatory indispensability argument? First 

of all, ante rem-structuralism manages to undermine one objection towards Platonism. Saatsi’s attempt 

to show that we can explain the concept of intersection frequency without involving mathematics falls, 

since according to the ante rem-structuralism, mathematics exists within the sticks used in his 

example. The ante rem-structuralism that is needed to undermine said objection is quite close to 

Platonism in some ways. An ante rem-structuralist would, just like the Platonist, argue that 

mathematical entities exist beyond the spatiotemporal world. The mathematical entities proposed by 

the ante rem-structuralist are the structures, and those would exist even in the absence of collections of 

objects to exemplify those structures. This is very similar to the way the Platonist accounts for 

numbers (and other objects in the Platonic heaven, for that matter). I would argue that ante rem-

structuralism is a particular version of Platonism, but that does not mean that every Platonist is 

prepared to subscribe to this particular version. There are, of course, problems raising with the ante 

rem-structuralist theory. For one, the question of “accessibility” in Platonism remains in ante rem-

structuralism – how can we have knowledge about those abstract structures? Additionally, it is not 

clear what it means that a mathematical object, like the number “13”, has a position in a certain 

structure. While it seems to imply that some sort of ontological dependence is going on, it is not 

obvious how exactly this dependence works. 

 

4.2. The Problem(s) of Differing Between Representational and Explanatory 

Regardless of what one thinks of Platonism and ante rem-structuralism, I find Saatsi’s distinction 

between explanatory and representational problematic. There are mainly two reasons for this. The first 

one is that representations indeed can have explanatory power, which makes it difficult to maintain the 

distinction. The second one is that what counts as explanatory differs between people, which 
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undermines the statement that the cicada case would not be an example of a mathematical explanation 

of a physical phenomenon, since it will be, for at least some people. 

As mentioned earlier, the distinction between representational and explanatory is not made completely 

clear, but I understand the distinction as follows: We can say that prime numbers are a representation 

of our understanding of this certain biological law, the biological law being that having a life cycle 

period which minimizes intersection with other periods is evolutionary advantageous. Similarly, the 

sticks can be used as an equally good representation of our understanding of this law. What is 

represented, with numbers as well as with sticks, is the concept(s) of primeness and intersection 

frequency. Mathematics does not have the responsibility to explain physical phenomena. We only 

know that mathematics is “somewhat relevant” for knowing why a physical phenomenon, such as the 

cicada life cycles, occurs. However, the only mathematical relevance is that it helps us to know 

physical explanatory facts, which does not mean that mathematics itself is explanatory. 

Nevertheless, upon a closer examination it seems to me that this difference between representational 

and explanatory role is difficult to motivate.15 Of course, we can say that prime numbers are used 

merely a representation for our understanding of a certain biological law, and of course we can say 

that the sticks provide us with an equally good representation. However, if neither of these two ways 

of representing a concept/phenomenon counts as explanatory but only representational, then what is 

explanatory? 

Say we have a physical phenomenon, such as the length of the life cycles of cicadas. We are seeking 

an explanation as to why their life cycles are specifically 13 and 17 years respectively, since these 

numbers are not common as life cycle lengths among animals throughout the world. As Baker notes, 

there are several possible explanations as to why these life cycles have these specific lengths. These 

explanations are made by biologists, who are experts in this area. As aforementioned, one possible 

explanation suggests that it has to do with cicadas avoiding existing at the same time predators. Now, 

today there are no predators (that we know of) that the cicadas have to avoid co-existing with. But 

there might once have been. These predators would have had lower cycle periods than the cicada. To 

avoiding existing during the same time as predators, the cicada developed life cycles with year lengths 

that have low intersection frequency. This increases the chance of existing at the same time as the 

predators, since numbers with low intersection frequency much rarer cross paths with other numbers. 

Say that one predator has a life cycle of 4 years and another one 9 years. 

During two of its life cycles, a total of 26 years, the cicada with a life cycle period length of 13 years 

does not intersect with any of the predators with life cycle 4 and 9. In fact, it takes a total of 52 years 

and 117 years respectively before the cicada intersect with the predators. The reason it takes so long 

before the cicada and the predator coexist is because the cicada’s life cycle length in years has a low 

intersection frequency. Low intersection frequency means that the number in years has few divisors. 

The only divisors 13 has is 1 and itself, which, if you want a number with low intersection frequency, 

is a good number to pick. The same applies to the number 17. Just like 13, it is only dividable with 1 

and itself. 

So, what the cicada want is a life length which number of years has low intersection frequency. The 

intersection frequency is, of course, significantly lower for prime numbers, that is, numbers that are 

larger than 1 and only dividable with 1 and itself. Therefore, it makes sense to consider that the reason 

that the cicadas’ life cycles have these particular lengths is that it makes it much rarer to exist at the 

same time as predators, which is advantageous for any species’ survival. Since prime numbers are the 

 
15 As a disclaimer, I want to mention that a clearer distinction from Saatsi might make some of my arguments 

unnecessary, but since he highly leaves it up to the reader to find his distinction somewhere between the lines, 

the following criticism is based upon my interpretation. 
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numbers with lowest intersection frequency, we can consider prime numbers as especially 

advantageous and therefore have reason to believe that 13 and 17 years occur in virtue of them being 

prime. 

The intersection frequency part of the explanation is a mathematical fact that has to do with the 

essence of prime numbers. It is mathematical facts like this that Saatsi believes play a merely 

representational role for our understanding of the cicada life cycle phenomenon. In fact, no physical 

phenomenon can be explained by mathematical facts, according to Saatsi. Mathematical facts can help 

us by representing the phenomenon in different ways, but mathematical facts themselves are not doing 

the explanation. 

I beg to differ. The concept of low intersection frequency, let it be expressed in numbers or sticks, 

does, along with biological laws such as the urge to avoid existing at the same time as your predators, 

does explain the phenomenon. The cicada case is an example of mathematical facts and biological 

facts cooperating to create a valid explanation for the physical phenomenon. 

Regardless of how we choose to represent the mathematical concept of low intersection frequency, this 

representation also plays an explanatory role. Using representations of these concepts makes it easier 

to understand the concepts and use them in an explanation. If the concepts are used in an explanation, 

then why are they not explanatory? A representation of something actually helps explaining. 

Therefore, the distinction between representational and explanatory power is not useful. 

Furthermore, another problem with the distinction between representational and explanatory is the fact 

that there is no way of knowing whether something is representational or explanatory. We can never 

be sure of whether a plays an explanatory role for our understanding of b, or whether it is just plays 

representational role. But then, does this difference even matter? If something plays a representational 

role for our understanding of a phenomenon, then why can we not say that it explains the 

phenomenon? Since we will never know what is purely explanatory and what is merely 

representational, one might as well take whatever fact that brought us to the conclusion. To me, the 

fact that a might play a part in my understanding of b. However, for you a might does not help you at 

all to understand b – instead, you rely on c to understand b. For me, a certainly explained b, and thus 

plays an explanatory role. For you, a does not at all play an explanatory role for your understanding of 

b, instead c does that job. We can, of course, view a and c respectively as representations for our 

learning about b, but this does not contradict the statement that they are indeed explanations of b. Sure, 

Saatsi does not deny that representational and explanatory role can coexist, but in my eyes, they not 

only coexist but are entangled. The fact that something is used as a representation for learning 

something actually implies that it is explanatory. Representations of entities, let it be numbers, 

feelings, letters or just about anything, does actually all play an explanatory role if and only if they 

help us to understand the phenomenon in question. At least to me the mathematical concept of 

intersection frequency plays an explanatory role for my understanding of why the cicadas’ have these 

certain life cycle periods. 

This line of reasoning connects to the nature of explanations and whether they are objective or 

subjective. The subjectivist line which I follow might sound suspiciously relativistic. However, my 

take on this is that if a certain term x is a part of a representation that helps someone to understand y, 

then x plays an explanatory role. It seems that in order to be able to properly differ between 

representational and explanatory, one must believe have a somewhat objective view on the nature of 

explanations. This would mean that explanations are more metaphysical than epistemic. The problem 

with this view is that what counts as an explanation varies between people and is highly dependent on 

several factors independent of the explanation. There is no universal explanation of a phenomenon. 

Something that does not at all help you explaining a phenomenon might play an important explanatory 

role for someone else’s understanding of the very same phenomenon. Here, explanations are viewed as 

epistemic terms, depending on interests, background knowledge et cetera, which is a more subjective 
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view. The advantage of this view is that it is now up to each individual to decide what is an 

explanation and what is not. We all have different ways of learning new things. Nobody can claim that 

a is not explanatory to everyone, nor that it is not. This is more in line with how the world actually 

works. To me, at least, if learning about the concept primeness brings us closer to an understanding of 

the instantiation of the concept, then knowing about the concept can help us explain the 

instantiation/phenomenon. Prime numbers can be seen as a representation of our understanding of the 

life cycles of periodical cicadas, while at the same time also provide us with explanatory power to the 

phenomenon. 

Where does this leave the explanatory indispensability argument? If just about anything can be 

explanatory, and if explanations are a matter of subjectivity and epistemic terms, is it even plausible to 

believe that explanations give reasons to believe that what is explaining actually exists? Both Baker 

and Saatsi agree that if x is genuinely explanatory, we should postulate the existence of x. Their 

disagreement is on whether mathematical objects are genuinely explanatory or not, and thus also on 

whether we have reasons to believe the existence of mathematical objects. The explanatory 

indispensability argument seems to rely on this basic assumption that something genuinely 

explanatory gives us reason to believe it exists. This assumption is threatened if we are to say that 

explanations are subjective and relative, and if this assumption is threatened, the explanatory 

indispensability argument as a whole is threatened. 

If explanations are a matter of subjectivity or relativity, it seems to be hard to connect explanation to 

existence, unless one argues that existence is also a matter of subjectivity or relativity. This is a highly 

radical thesis, and I am very well aware that very few would subscribe to it. Nonetheless, I would 

argue that both explanations and existence are subjective or relative. This postulation would bring a 

profound change to the explanatory indispensability argument, but perhaps not as much as one would 

imagine. The assumption that if x is genuinely explanatory, we should postulate the existence of x, 

does not in any way contradict a relativistic view. If x is genuinely explanatory to me, then I have 

reason to postulate the existence of x. If x is genuinely explanatory to you, then you have reason to 

postulate the existence of x. In a lot of cases, what counts as explanatory to me might also count as 

explanatory to you, thus leading us to both postulating the existence of x. But in other cases, it differs. 

Say that on Christmas Eve, presents have arrived under the Christmas tree. What needs to be explained 

is how the presents have gotten there. Now, personally I do not believe in Santa Claus as the 

explanation for the Christmas presents, but a child might believe that Santa Claus is the explanation as 

to why there are presents under the Christmas tree. If Santa Claus is genuinely explanatory, the 

existence of Santa Claus should be postulated. To the child, Santa Claus is genuinely explanatory, and 

thus, the child has reason to believe that Santa Claus exists. Later on in their life, the child might 

undergo a change in apprehension on the explanation as to why presents appear under the Christmas 

tree. The child might form a belief, based on new discoveries, that it is not in fact Santa Claus that 

delivers the presents, but Dad (and just to clarify, the dad is not Santa Claus). Thus, Santa Claus can 

no longer act as an explanation to the phenomenon of presents appearing. Instead, the dad has taken 

that role. The dad is the new explanation to the child as to why the presents appear. If the dad is 

genuinely explanatory, the existence of the dad should be postulated. On the other hand, since Santa 

Claus no longer plays an explanatory role for the child, the child has no reason to postulate the 

existence of Santa Claus. 

What counts as explanatory to an individual can change over time. This means that during different 

part of their life, the individual considers different things to be genuinely explanatory. Naturally, what 

counts as explanatory differs between individuals. Some people believe in some kind of God as the 

reason for everything. Others believe there is no specific God responsible for it all, instead it all comes 

down to particles colliding with each other. This is what I mean when I say that explanations are 

subjective and relative. 
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So, when I say that Saatsi’s explanation using sticks is genuinely mathematically explanatory, what I 

mean is that it is genuinely explanatory to me. It is not necessary genuinely mathematically 

explanatory to other people. Thus, what counts as genuinely explanatory is a matter of subjectivity. 

 

 

5. Conclusions 
Let us have a look at the explanatory indispensability argument again. 

P1. There are genuinely mathematical explanations of empirical phenomena. 

P2. We should postulate the theoretical posits postulated by such explanations. 

C1. We should postulate the entities required by the mathematics in question. 

I have concluded that there are genuinely mathematical explanations of empirical phenomena. The 

empirical phenomena of prime numbered life cycles in periodical cicadas can be explained 

mathematically. Mathematically in this sense includes the concept of prime numbers as presented by 

number theory, as well as a pure visualisation of primeness using sticks to find the intersection 

frequency. The counterexample with sticks provided by Saatsi was meant to be a way of showing the 

Platonist that it is possible to explain the empirical phenomena of cicada life cycles without invoking 

mathematics. However, I have argued that his way of explaining in fact also invokes mathematics. By 

using a theory called structuralism, or more specifically ante rem-structuralism, it is possible to argue 

that mathematics exists as structures and that these structures are found in Saatsi’s sticks. The sticks 

are used to visualise the primeness, and since primeness are (at least partly) what explains the length 

of the life cycles. Therefore, we can say that by using sticks, we do indeed invoke mathematics in the 

explanation. 

The discussion on the explanatory indispensability argument inevitably emerges into a discussion on 

what is considered explanatory and what is not. In order to grasp what is considered explanatory, 

Saatsi has suggested a distinction between representational and explanatory power and claims that 

mathematical facts never can be used to explain a physical phenomenon, but only to represent. The 

problem with this statement is that what is considered explanatory and what is not differs between 

people. The problem with differing between representational and explanatory power is rooted in the 

problem with not viewing explanations as subjective and based on epistemic terms. What counts as an 

explanation is highly dependent on several factors, such as motive, background information et cetera. 

This means that there is nothing objective about x playing an explanatory role in the explanation of y. 

Rather, what counts as having an explanatory role is something that differs between people. Thus, for 

some people, if x is used as a representation to explain y, then x is de facto playing an explanatory role 

in the explanation. Hence, I have argued that we do best in viewing explanations as subjective and 

epistemic. 

One may doubt that we have any reason to believe in entities postulated in order to explain a 

phenomenon if explanations are subjective. In my opinion, one of the weaknesses with the explanatory 

indispensability argument is precisely the explanatory part. It all comes down to the question on what 

is explanatory and why. As we have seen, this can drastically differ between people. To some kids, 

Santa Claus could act as an explanation as to why there are presents under the tree. To other kids, 

however, an older relative could act as an explanation for the very same phenomenon. Either way, they 

all have reason to believe in whatever explains the phenomenon, thus making some kids believe in 

Santa Claus and others not. The same goes for mathematical entities. To some people, primeness and 

intersection frequency act as an explanation as to why the life cycles of periodical cicadas are prime. 

To others, it does not. For the people who see primeness and intersection frequency as an explanation 
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to the phenomenon of the life cycles, it is reasonable to believe that primeness and intersection 

frequency exists. But if you are one of those people who do not subscribe to primeness and 

intersection frequency as explanatory to the life cycles, you naturally do not have any reason to believe 

in the existence of primeness and intersection frequency. 

To conclude: There are genuinely mathematical explanations of physical phenomena, such as the 

cicada life cycles. Moreover, what counts as explanatory depends on epistemic factors. While it is true 

that we have reason to believe in those entities needed in order to explain a phenomenon, these entities 

(as well as the explanations of the phenomenon) are not the same for everyone. 
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