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CHAPTER 1:  Beauty in Mathematics and 

Science 
 

This Chapter presents discussions that concern beauty in mathematics and science. It 

serves to further focus the problem addressed in this work and to gain insights about the 

nature of mathematical beauty. I have stated that the focus of this research is aesthetic 

judgements in mathematics, and that I endorse their literal interpretation. This chapter 

further clarifies the details of such a focus and the disadvantages of a non-literal 

approach. The works of Shaftesbury, Hutchenson, Rota, McAllister, Kuipers, Hungerland 

and Kivy provide valuable insights and conceptual strategies and methodologies that I 

shall use used later in my own interpretation of beauty in mathematics.  

1. Mathematical Beauty  

There are two strategies for addressing mathematical aesthetic judgements: we can 

interpret them literally or non-literally. In a non-literal approach we re-interpret the 

aesthetic terms used to qualify mathematical results or proofs in terms of the precepts, 

methods and aims of mathematics, and then explain how this new interpretation is related 

to the ordinary interpretation. This is the implicit strategy of Gian-Carlo Rota (Rota, 

1997), whose work is addressed later in this chapter. The alternative is to take aesthetic 

language in mathematics at face value, just as we would with any other aesthetic 

description in ordinary language, and account for its peculiarities. James McAllister 

(1996), in the broader context of science, prefers this second strategy. 

If we adopt the re-interpretation strategy we must find an interpretation of 

aesthetic judgements that is consistent with mathematical practice; and we also have to 

explain why mathematicians choose to employ aesthetic terms. If we take a face-value, or 

literal, interpretation of aesthetic judgements in mathematics we can consider them as 

aesthetic judgements without further re-interpretation, but this entails two things, as 

discussed in the Introduction: first, that mathematical aesthetic judgements must be 

understood in terms of an actual theory and not only in terms of pre-theoretical 

interpretations. Second, mathematics is not usually the subject of aesthetic theory; this 

means that any literal aesthetic interpretation will require a justification for considering 
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mathematics as a legitimate subject of aesthetics. Thus, a literal interpretation of 

mathematical aesthetic judgements should be considered as a project in aesthetics, as well 

as a project in philosophy of mathematics. No one would doubt that explicating aesthetic 

judgements concerning a musical piece or a painting is the subject matter of aesthetics. 

But in explicating aesthetic judgements concerning a mathematical theorem, we first have 

to show that such subjects are subjects of aesthetics, since mathematics is not 

traditionally (at least in our current tradition) regarded as belonging to the same category 

as painting or music. Thus, discussions and revisions of concepts can be expected in both 

fields, aesthetics and philosophy of mathematics. 

Now, mathematical beauty is mostly disregarded by contemporary aesthetics, but 

this disregard has not always obtained. Pre-modern aesthetics seems to address beauty in 

science and mathematics in a natural fashion, for which reason, early 18th Century 

aesthetics will be our first stop. 

 

2. Eighteenth Century 

The early 18th Century offers examples of fully theoretical aesthetic approaches to beauty 

in science and mathematics. I shall survey two approaches from that period before 

moving to the discussion of contemporary approaches. 

In 1735 Alexander Gottlieb Baumgarten introduced the term aesthetics to 

describe the discipline that we now consider as the philosophical approach to beauty and 

art; this event is considered by some as the birth of modern aesthetics (Guyer, 2004, p. 

15), and it had two consequences (adverse, perhaps) that are relevant to mathematical 

beauty: first, aesthetics devoted itself to articulating a philosophy of art; it focused on the 

disciplines we now call the fine arts, which became its distinctive subjects of discussion.  

Second, a sharper distinction between aesthetics and other philosophical disciplines was 

introduced. Moral issues, knowledge and beauty were conceived as independent from 

each other. As a matter of fact, the first characterizations of aesthetic response were made 

by distinguishing it from cognition and volition (Guyer, 2004, p. 16-17). All this seems to 

explain the divorce between mathematics and aesthetics. However, the precursors of 

modern aesthetics, more specifically Shaftesbury and Hutchenson, our representatives of 

18th Century aesthetics, saw mathematics as a bearer of beauty. 



 

25 
 

 

Shaftesbury 

Anthony Ashley Cooper, third Earl of Shaftesbury, introduced for the first time the idea 

of disinterestedness as characteristic of aesthetic response, which would become a central 

tenet of modern aesthetics. Shaftesbury characterizes aesthetic response as disinterested 

pleasure in the order and proportion manifested to our senses. Since order and proportion 

are features that are clearly represented in numbers and other mathematical entities, one 

can expect that, once disinterest is provided, they are capable of eliciting an aesthetic 

response. Shaftesbury himself points this out: 

Nothing surely is more strongly imprinted in our minds or more closely interwoven with our souls 

than the idea or sense of order and proportion. Hence all the force of numbers and those powerful 

arts founded on their management and use! What a difference there is between harmony and 

discord, cadence and convulsion! What a difference between composed and orderly motion and  

that which is  ungoverned and accidental, between the regular and uniform  pile of some noble 

architect  and a hip of sand and stones, between an organized body and a mist or cloud driven by 

the wind! (Shaftesbury, 1711, pp. 272) 

 

The ‘sense of order’ mentioned by Shaftesbury is a feature that human beings 

characteristically possess. Shaftesbury further identifies order with design and he claims 

that what we love in order is the designer: the mind or intelligence responsible for that 

order; the source of order. For Shaftesbury the ultimate source of order is God; our moral 

and aesthetic senses have thus the same source, they seem to be just different modalities 

of one and the same virtue. Numbers and their application are paradigmatic cases of 

order; hence the beauty of numbers, but this order is not completely independent; the true 

source of beauty is the designer behind that order. Order in numbers is just another 

manifestation of God. 

Shaftesbury’s account of beauty in numbers links moral, ontological and aesthetic 

matters. However, I believe it disagrees with the way mathematicians use aesthetic 

descriptions in mathematics. A certain mathematical theory can be very useful, and thus a 

very good theory; but it still can be considered as having little aesthetic appeal. 

Numerical algorithms to solve equations or proofs by exhaustion are examples of useful 

mathematical items that are almost never considered beautiful, and are sometimes even 



26 
 

regarded as ugly. The beauty and the ‘goodness’ (virtues like truth, or applicability) of 

mathematics might be related, but the existence of good pieces of mathematics that are 

not beautiful tells us they must be different phenomena. 

 

Hutchenson 

Francis Hutchenson argues that the qualities of objects are distinct from and causes of 

‘ideas’, which are the sole materials of sensory awareness. Beauty is one of these ideas 

and it occurs in the mind caused by particular qualities of external objects. The quality 

that causes ideas of beauty is uniformity amidst variety. Hutchenson represents a further 

‘modernization’ of aesthetics, as he endorsed a more explicit conception of aesthetics as 

independent from volition and cognition. His idea of aesthetic response can be 

summarized as: 

consisting in an immediate gratification in perceptual form that is free of the influence of all other 

forms of thought and value (Hutchenson, 1738, p. 11). 

 

For Hutchenson, the way we perceive beauty is different from any of our faculties of 

cognition and volition. He argues, for example, that knowledge does not affect our 

perception of beauty and concludes that our response to beauty can only be a sense: 

This Superior Power of Perception is justly called a Sense, because its affinity to the other Senses 

in this, that the Pleasure is different from any Knowledge of Principles, Proportions, Causes, or of 

the Usefulness of the Object, we are struck at the first with the beauty; nor does the most accurate 

Knowledge increase this Pleasure of Beauty (Hutchenson, 1738, 11). 

 

Hutchenson classifies the objects for this ‘sense of beauty’ into three main types, which 

can be seen as referring to natural, conceptual and artistic beauty. Possessing the quality 

of ‘unity amidst variety’ is the unifying principle behind all these types of objects and 

thus the characteristic feature of all beauty. Mathematical theorems figure among 

Hutchenson’s examples of conceptual beauty: uniformity amidst variety in perceptual 

forms is the source of “Original or Absolute Beauty” (Hutchenson, 1738, p. 16); 

uniformity amidst variety in conceptual contents is the source of the “Beauty of 

Theorems” (Hutchenson, 1738, p. 30), and ‘Relative or Comparative Beauty’, which is 

“that which is apprehended in any Object, commonly considered as an Imitation of some 
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Original and our pleasure in this beauty too is founded on a Conformity or a kind of 

Unity between the Original and the Copy” (Hutchenson, 1738, p. 39). 

Hutchenson’s ‘sense of beauty’ is not a cognitive faculty, but there is room in it 

for mathematical theorems. This is possible because in theorems we find unity amidst 

variety; our pleasure in beauty of theorems does not have to do with the content of the 

theorems, but simply “with the most exact Agreement [of] an infinite Multitude of 

particular Truths” in a theorem (Hutchenson, 1738, p. 30). 

I believe that Hutchenson’s application of the principle of unity amidst variety 

renders too strong a view of beauty in theorems. I think that the abstract nature of a 

mathematical truth implicitly includes the quality of conceptually unifying a variety of 

particular contents: mathematical statements do not refer to particulars but rather to 

generals, or, even worse, to abstract entities. The abstract nature of mathematics is thus 

the reason why theorems are suitable objects for our sense of beauty. Now, Hutchenson 

distinguishes these conceptual objects for our sense of beauty from original and 

comparative objects. From Hutchenson’s definitions given above we can see that the 

difference between original and conceptual beauty lies just in the kind of object: 

perceptual and conceptual objects, respectively. In both cases the defining principle of 

beauty is the same: unity amidst variety. Now, this fact entails, I believe, a very important 

fact concerning theorems: in the first class, which concerns concrete objects, beauty is a 

contingent property. Sensorial objects are objects for our sense of beauty only if they 

possess the quality of unity amidst variety. However, in the case of theorems, this unity 

amidst variety corresponds to the “Agreement of an infinite Multitude of particular 

Truths” in the theorem. But this “Agreement of an infinite Multitude of particular Truths” 

inheres in the very nature of mathematics, an abstract discipline. Beauty is thus in the 

abstract nature of theorems. And since mathematical theorems are characteristically 

abstract, beauty in theorems cannot be a contingent property, but rather a necessary one. 

This contradicts the way mathematicians deal with mathematical beauty. Mathematicians 

would distinguish among theorems some they regard as beautiful, some as elegant, and 

even some they regard as insipid or ugly. But an ugly theorem is still a theorem; abstract 

in nature and representing, thus, the “Agreement of a Multitude of particular Truths”. 
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Hutchenson’s theory renders every theorem a necessarily beautiful theorem. This is not 

the sense in which mathematicians use the idea of mathematical beauty. 

Despite the fact that Shaftesbury and Hutchenson’s approaches do not quite match 

our focus on mathematical judgements as employed by mathematicians, they have 

provided interesting insights concerning the roles of order and uniformity in 

mathematical beauty. I agree with them that order and uniformity play a role in 

mathematical beauty. However, I also believe that accounts based on the idea that a 

single property is the origin of beauty (I call such accounts single-principle accounts) are 

insufficient to account for the actual use of the word ‘beauty’ by mathematicians. I do not 

believe we should dispose of the single-principle accounts just reviewed; rather, I believe 

they should be incorporated in a more comprehensive account. In Chapter 3 I suggest a 

way to incorporate them. I propose a different role for single properties: they are 

‘dimensions’ of the space of our aesthetic experience.  

Hutchenson and Shaftesbury’s single-principle approaches illuminate some 

aspects of the nature of mathematical beauty, but they are too permissive compared to the 

way mathematicians use the term mathematical beauty. Our second stop is contemporary 

mathematicians, which allows us to see how they deal with this topic. 

3. Rota’s Approach  

One of the most interesting attempts to tackle the issue of mathematical beauty was that 

of Gian-Carlo Rota in his 1997 paper “The Phenomenology of Mathematical Beauty” in 

which he attempts to accommodate the use of the term ‘mathematical beauty’ to the 

precepts of mathematical practice. In short, Rota concludes that when mathematicians use 

the term ‘beauty’ they are actually referring to the enlightenment that a certain piece of 

mathematics provides; Rota’s approach is thus a non-literal interpretation of 

mathematical beauty. Enlightenment is a kind of understanding consisting of realizing the 

role of a certain piece of mathematics in a wider theoretical context. The concept of 

enlightenment, according to Rota, admits of degrees; and the reason why mathematicians 

employ the term ‘beauty’ instead of ‘enlightening’ is because they are not willing to deal 

with the vagueness of enlightenment. A summary of Rota’s discussion should help to 

understand why he prefers a non-literal approach.  
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Although mathematics is concerned with truth, there is an ambiguity in 

mathematical practice. This is manifest when mathematicians claim that “beauty is the 

raison d’être of mathematics, or that mathematical beauty is the feature of the 

mathematical enterprise that gives mathematics a unique standing among the sciences” 

(Rota 1997, p. 180). Understanding mathematical beauty is thus central to a full 

understanding of mathematics. Rota focuses on understanding the term mathematical 

beauty, his explicit purpose being “to try to uncover the sense of the term ‘beauty’ as it is 

currently used by mathematicians” (Rota, 1997, p.171). He begins by identifying five 

kinds of mathematical items as objects often qualified as beautiful: “Theorems, proofs, 

entire mathematical theories, a short step in the proof of some theorem, and definitions 

are at various times thought to be beautiful or ugly by mathematicians” (Rota, 1997, p. 

171). Rota mentions that properties like the shortness of a step in a proof is sometimes 

associated with its beauty. Shortness is also associated with the beauty of mathematical 

items like proofs, theorems or definitions. He doubts that other common properties 

sometimes associated with beauty may play a role: the unexpectedness of an argument, 

for example, since we can find examples of unexpected arguments that are not regarded 

as beautiful. Furthermore, Rota points out that mathematical beauty depends on context: 

[…] the beauty of a piece of mathematics is strongly dependent upon schools and periods of 

history. A theorem that is in one context thought to be beautiful may in a different context appear 

trivial. [...] Undoubtedly, many occurrences of mathematical beauty eventually fade or fall into 

triviality as mathematics progresses. (Rota, 1997, 175) 

 

Despite this dependence on context, Rota thinks that beauty is an objective property in 

the same fashion as mathematical truth or falsehood are objective properties (Rota, 1997, 

p. 175). Mathematical beauty does not consist merely in the subjective feelings of a 

mathematician. The distinction between beauty and truth is not the distinction between 

subjective and objective properties: they are both objective, they are equally observable 

characteristics of mathematical items. The truth of a theorem does not possess a greater 

degree of objectivity than its beauty; rather, they are different in the sense that they are 

different “phenomena in an objective world” (Rota, 1997, p. 175). Rota seems 

determined to defend the objectivity of mathematics and seems worried by the fact that 

beauty seems to imply subjectivity and his way to alleviate this subjectivity is to 
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reinterpret beauty in terms of another concept. In Chapter 3 I propose another way of 

dealing with subjectivity: by integrating it in a more complex objective process, an 

aesthetic-process. 

Rota stresses that the search for beauty plays an important role in encouraging 

mathematical work. A cumbersome (ugly) proof, for example, might encourage the 

development of alternative, more aesthetically appealing proofs. Mathematical ugliness is 

not infrequent and it is a powerful motivation for further mathematical research. Rota 

thinks that lack of beauty is linked to lack of definitiveness. Often, a beautiful proof 

becomes the definitive proof. A beautiful theorem, Rota argues, is not often improved or 

generalized (Rota, 1997, p. 178).  

Rota points out that, in addition to context, many instances of mathematical 

beauty depend on familiarity and comparison; they depend on background knowledge 

and an acquaintance with similar instances of mathematics. In general, familiarity with a 

large amount of background material is a precondition for understanding any piece of 

mathematics. And in order to appreciate the beauty of a piece of mathematics we need to 

contrast it with other pieces: “Very frequently, a proof is viewed as beautiful only after 

one is made aware of previous clumsy and longer proofs” (Rota 1997, p. 170).  

Rota links this fact to what he calls the “Light bulb mistake” (Rota, 1997, pp. 179-

180), which is instrumental in his account of mathematical beauty. We manage to 

understand a piece of mathematics only after having gone through all the associated 

difficulties needed to acquire a huge background understanding of mathematics. But in 

our recollection of instances of mathematical beauty we remember them as “if they had 

been perceived by an instantaneous realization, in a moment of truth, like a light-bulb 

suddenly being lit” (Rota, 1997, p. 180). Once we have understood a theorem, for 

example, we forget about all the effort we invested in the background understanding 

required to understand its proof; the difficulties we encountered seem to disappear; our 

recollection retains only an “image of an instant flash of insight, of a sudden light in the 

darkness” (Rota, 1997, p. 180). 

It is against this background that Rota presents his interpretation of mathematical 

beauty. He argues that mathematicians often show their disapproval of a certain piece of 

mathematics by asking the question ‘What is this good for?’ The question shows they do 
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not see the point, for example, of re-stating something that has already been logically 

verified to be true. Rota points out that logical verification alone does not enable us to see 

“the role that a statement plays within the theory. It does not explain how such a 

statement relates to other results, nor make us aware of the relevance of the statement in 

various contexts” (Rota, 1997, pp. 181). Logical truth does not enlighten us about the 

deep sense of a mathematical statement. When mathematicians ask the question ‘What is 

this good for?’ they are not looking for truth but for enlightenment. Enlightenment is 

what drives the mathematical enterprise, Rota argues, and what distinguish mathematics 

from other scientific disciplines. 

Enlightenment, however, is not explicitly acknowledged by mathematicians. Rota 

gives two reasons for this: First, enlightenment is not easily formalized. Second, 

enlightenment, unlike truth, does admit degrees; some mathematical results of proofs are 

more enlightening than others. Rota argues that mathematicians “universally dislike any 

concepts admitting degrees, and will go to any length to deny the logical standing of any 

such concepts” (Rota, 1997, p. 181). ‘Mathematical beauty’ is the term that 

mathematicians “have resorted to in order to obliquely admit the phenomenon of 

enlightenment, while avoiding to acknowledge the fuzziness of this phenomenon” (Rota, 

1997, p. 181).  

Thus, in Rota’s non-literal approach to mathematical beauty, when 

mathematicians say a theorem is beautiful they really mean that the theorem is 

enlightening. Similarly they say a proof is beautiful when it “gives away the secret of the 

theorem, when it leads us to perceive the actual, not the logical inevitability of the 

statement that is being proved” (Rota, 1997, p. 182).  

3.1 Comments 

Rota’s work offers us valuable insights:  

Mathematical beauty is not merely subjective feeling; it is rather an objective property. 

Mathematical beauty depends on historic-social context. 

Mathematical beauty depends heavily on background knowledge and experience. 

Aesthetic considerations play a role in encouraging mathematical development. 
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Although we are not offered a single-principle account of mathematical beauty, 

Rota recognizes that properties like brevity (shortness) play a role in certain instances of 

mathematical beauty. 

Despite these valuable insights, I believe Rota’s account has some issues that can 

be discussed further. First, Rota’s view that beauty is free of degrees. Second, the fact 

that Rota’s account does not actually account for his own example of “a short step in the 

proof of some theorem”. Third, the role of the property of shortness is not clear. Fourth, 

Rota speaks of ugliness as the opposite of beauty; rather, he links ugliness to non-

definitiveness but this does not explain how mathematical ugliness is related to beauty as 

enlightenment. And finally, perhaps the most important issue, Rota claims that 

‘mathematical beauty’ means enlightenment but I find his account of why mathematicians 

choose the term ‘beauty’ to talk about enlightenment unsatisfactory. I shall now develop 

these issues. 

 

3.1.1 Degrees 

Rota argues that when mathematicians use the term ‘beauty’ they actually mean 

enlightenment. Rota’s explanation of why mathematicians use ‘beauty’ instead of 

‘enlightenment’ is that beauty is a concept that does not admit degrees while 

enlightenment is a concept with degrees. I disagree with Rota. The predicate ‘beautiful’ 

can be employed very naturally in comparative judgements; there is nothing wrong with 

sentences like ‘A is more (or less) beautiful than B’. Furthermore, I believe that some 

theorems can be regarded as more beautiful than others, and I am not alone in this: David 

Wells (Wells, 1991) even offers a ranking of some of the most beautiful theorems, based 

on a poll among the readers of the Mathematical Intelligencer. In general, beauty seems 

to be a concept that does admit degrees. One might reply that Rota has warned us that his 

point is precisely that the way in which mathematicians employ the term ‘beauty’ is not 

the same as it is employed by non-mathematicians. The introductory section of the paper 

states that the mathematicians’ use of aesthetic judgement differs from artists’: 

Professional artists are more likely to stress the technical rather than the aesthetic aspects 

of their work. Mathematicians, instead, are fond of passing judgment on the beauty of 

their favored pieces of mathematics. Even a cursory observation shows that the 
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characteristics of mathematical beauty are at variance with those of artistic beauty (Rota, 

1997, p. 171). 

 

Even if Rota is correct in endorsing a non-literal approach, the reason he gives for the use 

of the term beauty by mathematicians is that mathematicians dislike terms that admit 

degrees. If that is true, the problem persists that we can pass comparative judgements on 

beauty; mathematicians should also dislike the term ‘beauty’. 

 

3.1.2 Short Steps 

The idea of explaining beauty as meaning enlightening seems less plausible when we 

think of Rota’s own example of beauty in “a short step in the proof of some theorem” 

(Rota, 1997, p. 171). The property of being enlightening is the property of being able to 

bring understanding of the role of a certain piece of mathematics in a more general 

context (the role of a theorem in a theory, for example) or understanding of the relation of 

a certain statement to other similar statements. In the case of steps in a proof it is not easy 

to see how a short step can be enlightening in this sense. In my experience, a single step 

in a proof is too small a piece of information to be credited with being enlightening by 

itself. Furthermore, steps in proofs often depend on information or results from previous 

steps in the same proof. A proof is a way of going from certain premises to a certain 

conclusion; a way of connecting premises and conclusion. A step in a proof is just an 

element bridging premises and conclusion. These steps do not always need to have 

meaning by themselves (the substitution of a logical formula for an equivalent one, for 

example) and as such they are very unlikely to be able to bring understanding, in the 

sense of showing the role of the step in a more general context. One could reply that 

steps, being the links that bridge premises and conclusion, actually help to relate the 

mathematical item premise to the mathematical item conclusion; and as such, the steps in 

a proof help us understand the relation between premises and conclusion. But if we grant 

this interpretation we must accept that all steps in a proof help us understand the larger 

premises-conclusion relation. In that case, every step in a proof should be qualified as 

enlightening and thus beautiful in Rota’s sense. Certainly, mathematicians do not qualify 
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all steps in proofs as beautiful. Some steps are regarded as beautiful, but most of them are 

not, and some others are even considered ugly. 

Now, Rota focuses on short steps instead of just steps. Perhaps the additional 

property of shortness may be the key to beauty, but he did not develop the idea. It is not 

difficult to imagine that properties like simplicity, brevity, order, uniformity (as we have 

seen above), etc., can play a role in mathematical beauty. But without an explication of 

what that role is, we cannot substantiate the idea that mathematical beauty is 

enlightening, or actual beauty, or even something else. 

 

3.1.3 The Property of Shortness  

Rota points out that the shortness of a proof, theorem or definition is sometimes 

associated with beauty. The first interesting fact that strikes me regarding this idea is that, 

in sharp contrast to enlightenment, shortness is a very crude and concrete property of 

mathematical items. Shortness, brevity, refers to the size of things; it is difficult to think 

of simpler properties than the properties that assess the size of something, such as large, 

small, long, short, etc. If we have doubts about the shortness of a certain proof, for 

example, we can devise the simplest of methods, like counting the number of its steps, 

the number of its assumptions, objects, etc., to gauge its size. Shortness, of course, is not 

enough to qualify a piece of mathematics as beautiful. But perhaps shortness might be 

related to enlightenment because sometimes the shortness of a proof or statement allows 

us to bear more elements in mind and thus to construct a larger, more general, picture of 

the statements or theories in question. Shortness can be seen as contributing to the 

property of enlightenment of certain mathematical items, because it contributes to 

shaping ‘the whole picture’ in our minds. In this way, not every step in a proof is 

enlightening; only short steps, for example. A similar argument can be used to understand 

the beauty of proofs, derivations or definitions, but the quality of enabling us to ‘have the 

whole picture’ is not necessarily related to enlightenment; we can think of other reasons 

why this is related to beauty. Shortness contributes to simplicity, for example, to order or 

to unity, and as we have seen, these properties are interpreted as origins of beauty. Rota 

does not address the specifics of how we should interpret shortness and thus we can think 

of several interpretations (it contributes to simplicity, order, unity, etc.). I believe an 
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explanation of the role of shortness can be achieved without the need for a non-literal 

interpretation of mathematical beauty. In Chapters 3 and 4 (especially in my discussion of 

Cantor’s diagonal proof) I propose that the importance of shortness can be explained by 

its help in constituting our aesthetic experience (especially in ‘active’ experiences) by 

contributing to properties like the simplicity of a proof, for example. 

Now, although Rota seems to admit that properties like shortness play a role in 

mathematical beauty, he is more critical of the ‘unexpectedness of an argument’. I think 

that this can be contested, though. Sometimes an unexpected move that directs our proof 

towards the right direction strikes us as a beautiful step. The beauty of such steps seems 

to be related to the fact that they were unexpected and that, despite that unexpectedness, 

the steps fit perfectly in the context of a proof, in the sense that it accomplishes the 

function of directing the string of steps towards the completion of the proof8. 

Furthermore, I believe that, by an argument analogous to the one regarding shortness, the 

property of unexpectedness can be seen as playing a role in enlightenment. For example, 

one may think that unexpectedness contributes to the feeling of sudden understanding in 

the light-bulb mistake. The role of the property of unexpectedness is in this sense similar 

to that of shortness. I believe the real problem here is not to find out which properties 

play a role and which do not, but rather, to find a consistent way to understand the role of 

those properties. By endorsing a different, literal, approach to mathematical beauty, in 

Chapter 3 I propose that our experience occurs in a space, the parameters of which 

consist in certain types of properties. The role of these properties is to constitute the space 

of our experience. But, right now, let us return to Rota. 

 

3.1.4 Ugliness 

Rota deals with ugliness as the opposite of beauty. We may expect the opposite meaning 

for ugliness; ugliness should mean something like ‘non-enlightenment’. But how does 

this non-enlightening character relate to the encouragement to improve proofs that he 

discusses? And, even more generally, how does it relate to enlightenment?  

                                                 
8 This kind of beauty seems less related to enlightenment and more to the formal expectation phenomena 
that occur in music or in the plot of a literary story, as we shall see in Chapter 2. 
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There is a gap between the conception of beauty as enlightenment, which implies 

that something ugly is non-enlightening, and Rota’s findings about mathematical ugliness 

as encouraging further mathematical development. 

If ugliness is just the absence of the property of being enlightening, or non-

enlightening, then every non-enlightening piece of mathematics must be regarded as ugly. 

There are many mathematical items whose main purpose is a practical application, such 

as numerical analysis. Interpolation algorithms and algorithms to numerically 

approximate the value of the roots of polynomials find natural applications in physics and 

engineering. The results offered by a simple linear interpolation, or the approximate value 

of the root of a complex polynomial, can be very useful to an engineer, but they offer 

little enlightenment to a mathematician. These kinds of mathematical items are not 

devised to be clarifying or enlightening. According to Rota, enlightenment is an objective 

property, like truth: some mathematical items possess the property and some others do 

not. Should we regard all these examples of non-enlightening, ‘practical’ mathematics as 

ugly? If so, mathematical ugliness should be much more common than it actually is. 

There are many mathematical items which function is completely differently from 

conferring understanding. However, these items are not considered ugly in general; our 

aesthetic judgement of them is relatively neutral. Some numerical algorithms, for 

instance, are simpler and more powerful than others; one might even say that they are 

more ‘elegant’ than other algorithms. 

I think that a characterization of ugliness as just the opposite of beauty, in terms 

of its being non-enlightening, needs to be explored further. Rota argues that ugliness can 

encourage mathematical development. This seems to indicate that ugliness has its own 

role. Perhaps we may characterize ugliness in positive terms; as an encourager of 

development, rather than just the ‘opposite of beauty’. Rota, for example, characterizes 

an ugly proof of a theorem as a non-definitive proof. But there is nothing in the concept 

of enlightenment that entails definitiveness. If a proof P is enlightening in some respect it 

is still possible that some other proof Q can be as enlightening as P in a different respect. 

P’s being enlightening does not necessarily mean P’s being definitive. Furthermore, Rota 

makes it clear that enlightenment admits of degrees; thus, it is possible that P and Q are 

proofs that are enlightening in the very same way, but one of them can be more 
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enlightening than the other. These degrees of enlightenment can encourage 

mathematicians to look for a new, even more enlightening proof; but in this case 

enlightenment as well as lack of enlightenment might encourage development. It is not 

clear how a non-enlightening mathematical item characteristically results in the 

encouragement of further development. 

I believe the source of the problem is that ugliness cannot be characterized just as 

the opposite of beauty. Ugliness should be considered as one of many possibilities of 

aesthetic evaluation.  

A focus on the two terms ‘beauty’ and ‘ugliness’ alone can be misleading, since 

aesthetic judgements can employ many terms (elegant, clumsy, cumbersome, etc.). Even 

non-aesthetic concepts can be used in aesthetic descriptions, as we shall see later in this 

chapter. Rota’s strategy of focusing on the use of the term ‘beauty’ has the advantage of  

allowing a detailed discussion, but it has the drawback that it disregards the fact that 

‘beauty’ is better understood if we locate it in the broader semantic context of aesthetic 

terms. I believe we can still take advantage of Rota’s idea of focusing on the use of the 

term ‘beauty’ if we broaden our attention to the more general context of aesthetic terms. 

When I address the topic of aesthetic judgement I use an idea proposed by Nelson 

Goodman to understand ugliness as part of a family of terms which organizes the domain 

of objects of appreciation. Right now let us turn to the main problem with Rota’s non-

literal approach. 

 

3.1.5 Why ‘Beauty’? 

For Rota, mathematical beauty is something that does not necessarily have to do with 

aesthetics; mathematicians and non-mathematicians use the term beauty in different 

ways: 

Theories that mathematicians consider to be beautiful seldom agree with the mathematics 

thought to be beautiful by the educated public. For example, classical Euclidean geometry 

is often proposed by non-mathematicians as a paradigm of a beautiful mathematical 

theory, but I have not heard it classified as such by professional mathematicians […] 

(Rota, 1997, p. 172). 
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Rota does not see mathematical beauty as an instance of natural or artistic beauty; 

mathematical beauty is something related to enlightenment, to the understanding the 

theoretical place and relations of mathematical results, theories, proofs, etc. 

Mathematicians use the term beauty because it does not admit of degrees. But this 

account, I believe, cannot tell us why mathematicians choose the term beauty and not any 

other degree-free term. 

One can claim that there are not really many terms on offer from which we can 

choose, and this is why mathematicians have chosen the term ‘beauty’. I believe there are 

at least some terms on offer: elegance or clumsiness, for example. Mathematicians seem 

to use those terms correctly to express the nuances of their aesthetic judgements. 

Furthermore, a lack of terms has never been a problem for mathematicians. It is well 

known that mathematicians never stop just because of a terminological shortage: if a term 

exists, they are not afraid to use it in a slightly different technical sense (set, group, class, 

for example), and if the term does not exist, they are not afraid to invent a new one 

(cardioid, n-dimensional, radian, cardinality, for example). It is very strange that 

mathematicians, who are very comfortable with all kinds of strange terms and meanings, 

are only incapable of thinking up a better, less confusing term to name enlightenment. 

The oddness of the selection of the term ‘beauty’ as a name for enlightenment is 

further underlined by the fact that any normal person is familiar with the use of the term 

‘beauty’. It would be difficult to conceive of any normal person making mistakes in the 

application of the term ‘beauty’. Given that most people know how to use the term 

‘beauty’ properly, it seems there must be a relation between the use of the term beauty by 

normal speakers and the reason why mathematicians choose to borrow it. 

The only explanation Rota offers for choosing ‘beauty’ is to avoid the reference to 

enlightening: “Mathematicians universally dislike any concepts admitting degrees, and 

will go to any length to deny the logical standing of any such concepts” (Rota, 1997, p. 

181). This argument only tells us that mathematicians will avoid terms like 

‘enlightenment’, but that is just pointing in a very vague direction. Unless ‘going to any 

length’ means going to the opposite extreme and unless ‘beauty’ somehow represents the 

opposite extreme to enlightening, it seems that mathematicians have no reason to choose 

the term ‘beauty’. 
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My guess here is that mathematicians choose to use the term beauty because the 

experience of mathematical beauty is not so very different from the experience of non-

mathematical beauty. Mathematicians do not make metaphorical use of the term; rather, 

they make literal use of it: when they employ terms like ‘beautiful’ or ‘elegant’ they 

mean beautiful or elegant. The fact that references to mathematical beauty do not seem to 

agree with references to artistic beauty, for example, can be explained by the fact that 

there are different ways to apply the term ‘beauty’, and the way we apply it also depends 

on the context. In the context of art criticism, calling a painting which intends to convey a 

conceptual message ‘beautiful’ does not help us elucidate its most interesting aesthetic 

qualities. But calling a theorem ‘beautiful’ helps us elucidate a quality we are not 

necessarily expecting to find in theorems. Furthermore, the ‘beauty’ in ‘a beautiful 

melody’ is certainly different from the ‘beauty’ in ‘a beautiful garden’. The fact that the 

concept of beauty in these two examples refers to different modalities of experience does 

not mean there is a mistake or a metaphorical use in its application. It simply indicates 

that beauty is a complex concept. I believe we have reason to believe that mathematicians 

are using the term beauty in a literal sense, but Rota does not seem to find a way to 

reconcile a literal use with the objectivity of the discipline. When I develop my 

interpretation of aesthetic judgements, in Chapter 3, I shall present a way to reconcile the 

subjectivity of aesthetic terms and the objectivity of the descriptions they warrant: 

aesthetic terms help to articulate subjective experiences by reorganizing objective 

domains. For now let us conclude our survey of Rota and move on to beauty in science. 

 

4. Philosophy of Science; McAllister’s Aesthetic Induction 

Mathematics is a formal science; this suggests our next line of inquiry. The most 

extensive and sound attempt to give an account of beauty in science was presented by 

James McAllister in his book “Beauty and Revolution in Science” (1996) and further 

developed by Theo Kuipers in his paper “Beauty, a Road to the Truth” (2002). Unlike 

Rota, McAllister is willing to endorse a literal approach: instead of asking about the ‘true’ 

meaning of the term ‘beauty’ in science, he is devoted to exploring its role in the 

development of science. In particular, McAllister thinks that the evolution of beauty in 

science is related to the dynamics of scientists’ preferences. Even if McAllister’s and 
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Kuipers’ approaches are more closely related to aesthetic matters, we must bear in mind 

that they are concerned with subjects that are not primarily aesthetic. McAllister is 

interested in the role of aesthetic judgement in the wider context of scientific change. 

Kuipers is interested in the role of beauty in relation to, or as an indicator of, scientific 

truth. 

McAllister argues that aesthetic criteria, in addition to empirical criteria, play a 

role in the evaluation of scientific theories. The set of scientists’ preferences, their 

aesthetic canon, is modulated by a mechanism that McAllister calls aesthetic induction. 

Perhaps the strongest claim in McAllister’s book is that aesthetic criteria play a central 

role in scientific revolutions. Here I focus only on the part of his discussion dealing with 

scientific beauty and not on its general relevance to science. 

McAllister does not try to find some ‘true’ meaning for aesthetic judgements in 

science. Rather, he is concerned with how we can identify aesthetic judgements in 

science; he proposes two ways: he regards a property as an “aesthetic property if 

scientists in the relevant disciplines react to it publicly as aesthetic” (McAllister, 1996, p. 

36). The scientists’ reaction consist in a declaration which attaches aesthetic value to a 

theory by using aesthetic descriptions or applying aesthetic terms such as ‘beautiful’,  

‘elegant’ , ‘pleasing’, or ‘ugly’. McAllister also regards a property as aesthetic “if in 

virtue of possessing that property, a scientific theory is liable to strike beholders as 

having a high degree of aptness” (McAllister, 1996, p. 37). McAllister justifies this 

second criterion by resorting to the fact that in some philosophies of art, the beauty of an 

object is understood as the aptness of its elements. 

In addition to identifying judgements, McAllister endorses further tenets which 

allow him to place scientific aesthetic judgements in the broader context of aesthetic 

phenomena. The question of where value is located and the debate between objectivism 

(which holds that value is available in the world to observers) and projectivism (which 

holds that value is projected into the world by observers) occupies one of the  central 

places in McAllister’s discussion. McAllister endorses a projectivst approach; beauty is 

projected into objects by the beholder. (McAllister, 1997, pp. 31-32). Hutchenson’s 

account of conceptual beauty (beauty of intellectual constructs) plays a role in 

McAllister’s discussion. As we have seen, Hutchenson believed that beauty is an idea 
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caused by the quality of uniformity amidst variety. Beauty in scientific theories occurs 

because they possess uniformity amidst variety to a high degree (McAllister, 1996, p. 21). 

For McAllister, Hutchenson accounts for the most relevant issues of beauty: Hutchenson 

tells us what beauty is; he distinguishes between the beauty of a theory and the beauty of 

other phenomena; he describes the relevant properties that lead scientists to regard a 

theory as beautiful. However, McAllister finds his account untenable because he does not 

believe there is any property that all scientists throughout history recognize as ensuring 

beauty in theories (McAllister, 1996, pp. 22-23). Although McAllister sympathizes with 

Hutchenson’s ideas, for McAllister beauty is a dynamic rather than a static concept. 

 

4.1 Aesthetic Canon 

The most important notions that McAllister proposes to understand the ‘dynamics of 

beauty’ are the aesthetic canon and the aesthetic induction. The aesthetic canon 

summarizes the preferences of a scientific community in an exhaustive (perhaps infinite) 

collection of non-empirical properties of theories, with an associated weighting that 

assesses the strength of their preference. The aesthetic canon can thus be conceptualized 

as a set of ordered pairs formed by a property and its weighting. Let us now survey the 

antecedents of this idea. 

McAllister interprets beauty in a projectivist way. Scientists are moved to “project 

beauty into a theory as a consequence of his or her holding to one or more aesthetic 

criteria, which attach aesthetic value to properties of the theory” (McAllister, 1996, pp. 

34-35). McAllister proposes that for every possible property exhibited by a theory, we 

can conceive a corresponding aesthetic criterion. For example, a property P might have 

an associated criterion of the type: 

 

‘If a theory has P, attach more aesthetic value to it than, if other circumstances are equal, 

it did not.’ 

 

These aesthetic criteria offer us evaluations; they represent theory assessments and, more 

importantly, they can be used to choose among theories. Ideally we can assume that a 

scientist holds to as many aesthetic criteria as properties to which he responds 
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aesthetically. The collection of these aesthetic criteria constitutes the scientist’s aesthetic 

canon.  

The different aesthetic criteria that constitute a canon can be assumed to possess 

associated weightings which assess the relative worth the scientist attributes to the 

property involved in the criterion, and assesses the influence of the criterion in theory 

choice. Some properties are better regarded than some others; their associated weightings 

should reflect this fact. In other words, one criterion might weigh or be worth more than 

another criterion within the canon. 

In order to express an aesthetic criterion fully, in addition to the criterion 

expressed as a rule we must refer to both the property and its associated weighting. 

McAllister represents fully expressed criteria by means of pairs of items of information: 

the property P, and its associated weighting WP. A fully expressed canon can be 

represented by a collection of such pairs, as follows: 

P, WP 

Q, WQ 

R, WR 

. 

. 

. 

 

An aesthetic canon may be conceived as comprising an infinite number of entries, 

one for each possible property of scientific theories to which aesthetic value could be 

attributed. Most of the criteria will carry a weighting of zero, as scientists typically value 

only a few properties of theories and are indifferent to the rest. Any change in the canon 

can be represented as a change in the weightings of the criteria (McAllister, 1996, pp. 34-

35). 

 

4.2 Aesthetic Induction 

Aesthetic preferences are subject to change. This change is the result of the recurrent 

appearance of certain properties associated with empirically successful theories. 

McAllister calls this phenomenon aesthetic induction. The notion of aesthetic induction is 
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crucial to understanding the role of aesthetic judgements in scientific change and it allows 

McAllister to propose a model of scientific revolution in which scientific schisms can be 

interpreted as tensions between old and new aesthetic canons (rather than between old 

and new Kuhnian paradigms). Scientific change as explained by McAllister will not be 

discussed here. 

McAllister’s explains that “A community compiles its aesthetic canon at a certain 

date by attaching to each property a weighting proportional to the degree of empirical 

adequacy then attributed to the set of current and recent theories that have exhibited that 

property” (McAllister, 1996, p. 78). The application of the community’s empirical criteria 

for theory evaluation determines the degree of empirical adequacy of a theory. McAllister 

calls this mechanism “the aesthetic induction” (McAllister, 1996, p. 78). 

McAllister sees the aesthetic induction as an instance of inductive projection, 

since “it amounts to consulting the properties of past good theories to determine which 

future theories should be expected to be good” (McAllister, 1996, p. 79). When a certain 

theory becomes a notable, empirically successful theory it contributes to determining 

which theories will later be welcomed by the scientific community. This type of inductive 

projection is particular in that the properties involved in past and future theories are not 

empirical properties but aesthetic properties of theories. In summary, the recurrent 

appearance of aesthetic properties in successful empirical theories increases our 

preference for them. 

To further support his ideas, McAllister (1996, Ch. 9) shows that the dynamics of 

preferences in art (at least in architecture) seem to be governed by aesthetic induction. He 

presents the example of cast iron in architecture. Cast iron structures were increasingly 

used in buildings due to their structural advantages. Eventually they gained the 

appreciation of architects and the public. A property that appeared in buildings due to 

structural success gained a preference on its own merit; this is aesthetic induction at work 

in art. 

 

4.3 Aesthetic Canon and the Extensional Approach to Value and Judgement 

The aesthetic canon is a set of criteria. The criteria themselves represent the different 

preferences for non-empirical properties. An aesthetic canon embodies or summarizes the 
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‘taste’ of a certain scientific community; scientific taste is expressed explicitly in an 

aesthetic canon. Something I find interesting in McAllister’s approach is that, rather than 

presenting a concept of beauty, he employs the aesthetic canon to make explicit the 

content of the ‘taste’ of a certain scientific community. This explicit nature of the 

aesthetic canon provides a way to establish the causal link between preferences and 

aesthetic judgement; the link is simple: the larger the weighting associated with a 

property P the more likely that theories with P will appear in positive aesthetic 

judgements. Thus, McAllister’s proposal of using an aesthetic canon can be analyzed, I 

believe, as having two functions: the first is to represent the content of the concept of 

taste. The second function is to serve as a causal explanation for aesthetic judgement. 

Two of the concerns of aesthetic theory, aesthetic value and aesthetic judgement, can thus 

be partially addressed using the aesthetic canon. The aesthetic canon provides us with 

what we can regard as the extension of the concept of beauty. An aesthetic canon includes 

all possible non-empirical properties of theories and their respective weightings; this list 

of criteria makes explicit the universe of preferences. Beauty would consist in the subset 

of criteria associated with positive judgements. 

An aesthetic canon can be seen as the extension of aesthetic value only for a 

specific scientific community in a certain historic period. As the aesthetic canon is 

modified by aesthetic induction, the extension of aesthetic value represented by the canon 

is modified, too. Updating the aesthetic canon consists in changing the values W of the 

pairs <P,W> that constitute the canon. In this way the extensional representation affords a 

simple way to model the dynamics of aesthetic value. Now, aesthetic judgement can be 

seen as a linguistic and behavioural expression of aesthetic value in scientific 

communities, which seems to be the most important way of dealing with it in 

McAllister’s theory. This is explicit on his first criterion for identifying an aesthetic 

property: 

 I shall judge a property of a theory to be an aesthetic property if scientists in the relevant 

disciplines react to it publicly as aesthetic, for example by declaring that they attach 

aesthetic value to it, by citing it in an act of theory evaluation that they describe as 

aesthetic, or by applying to it standard terms of aesthetic appreciation… (McAllister, 

1996, p. 36) 
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The aesthetic cannon summarizes the grounds on which an explanation of aesthetic-

judgement-passing behaviour is based. The explicit information in an aesthetic canon can 

be used, in principle, to predict the sorts of judgements that a specific scientific 

community would produce. Aesthetic induction can be seen as a way to draw conclusions 

in the form of aesthetic judgements, since it is responsible for modulating the strength of 

preferences and, thus, the likelihood that judgements related to those preferences will be 

expressed in judgements. In principle, the aesthetic canon could be used to ‘predict’ or 

explain aesthetic judgements (or at least aesthetic judgements as behavioural and 

linguistic expressions). To summarize, in regard to aesthetic value and judgement, 

McAllister’s theory does not offer criteria, definitions, or characterizations but, in 

contrast, thanks to its concrete, extensional, treatment of the concept of beauty, it offers a 

flexible way to model the dynamics of beauty and draw useful consequences, despite the 

slippery nature of the concept. An important lesson to be drawn from McAllister is that 

there are different ways of dealing with aesthetic value and judgement besides explicit 

definitions of concepts, and that the extensional treatment of the concept of beauty allows 

us to introduce and model its dynamics. The extensional use of concepts is especially 

useful in the case of dynamic, constantly changing concepts. It allows us to model 

changes and incorporate the concept into a larger framework of theoretical descriptions, 

like McAllister’s account of scientific revolutions. Although this treatment does not offer 

us an insight into the intension of the concept of scientific beauty, it offers a clear 

instrumental advantage: we can model and explain the evolution of aesthetic value and 

the passing of aesthetic judgements. Modelling the dynamics of aesthetic value is the 

main focus of my discussion of aesthetic value in Chapter 3, where I use McAllister’s 

extensional approach plus minor revisions of his ideas of aesthetic canon and aesthetic 

induction in my modelling. 

 

4.4 Kuipers’ Interpretation of McAllister  

Theo Kuipers, in his 2002 article “Beauty a Road to the Truth”, is concerned with 

aesthetic judgement as an indicator of truth. In this paper Kuipers interprets aesthetic 

induction as a special case of the psychological phenomenon known as the mere-

exposure effect (MEE). The mere-exposure effect refers, roughly speaking, to the fact that 
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people unconsciously prefer familiar stimuli rather than unfamiliar ones. Kuipers furthers 

McAllister’s ideas in two ways: first, he offers the mere-exposure effect as an explanation 

of aesthetic induction. Second, he offers a refined analysis of aesthetic induction, 

decomposing it into ‘proper aesthetic induction’ and ‘cognitive meta-induction’. This 

analysis, together with his theory of truth approximation, allows him to identify the cases 

in which beauty can be seen as a fallible ‘signpost to the truth’ (Kuipers, 2002, p. 294). 

Although Kuipers’ proposal is fascinating, it is mainly concerned with the formal 

and empirical relations between beauty and truth. It is a further development of 

McAllister’s ideas, but not in the direction of deepening our understanding of the nature 

of beauty in science; that is, he does not intend to produce an aesthetic theory of science. 

For McAllister one of the open questions regarding beauty in science is the relation 

between beauty and truth. McAllister claims that this relation is a contingent, a 

posteriori, relation, and that its existence must be corroborated by empirical evidence. 

Kuipers addresses the nuances of relation between beauty and truth in science. Here I 

focus only on the ideas presented by Kuipers that are relevant to this work. 

Kuipers follows McAllister in assuming that an aesthetic canon embodies relevant 

facts related to aesthetic judgements in science, but Kuipers sees aesthetic induction as “a 

reinforcement variant on the mere-exposure effect” (Kuipers 2002, p. 299). Aesthetic 

induction can thus be seen as having a psychological basis; as a natural phenomenon. 

This proposal is interesting because it allows us to account for certain peculiarities which 

McAllister does not address. For example, Kuipers reminds us of the ‘inverse U’ shape 

effect in the evolution of our preferences: 

one observes not only first a phase of monotone increasing aesthetic appreciation with the 

number of confrontations, but also a second phase of decreasing appreciation, together 

producing the so-called ‘inverse U’ shape. (Kuipers, 2002, p. 297) 

 

Kuipers seems implicitly to acknowledge the fact that the treatment of aesthetic canons as 

an extensional embodiment of aesthetic value needs conceptual improvement and 

empirical support. The introduction of MEE seems a very straightforward solution to this. 

However, I believe, Kuipers’ treatment of the subject makes clearer and reinforces an 

idea implicit in aesthetic induction: that aesthetic judgements in science are a posteriori; 
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that is, they are contingent and depend on past experience. This is no surprise, since in 

aesthetic induction preferences increase with recurrent appearances of properties in 

empirically successful theories, that is, with our previous experiences with empirically 

successful theories. If aesthetic judgements were a priori they would not depend on 

experience. MEE9 only emphasizes the a posteriori quality of aesthetic judgements, since 

the preferences of the subjects seem to depend only on the record of exposure to arbitrary 

stimuli; the only constraint involved seems to be familiarity with the stimulus. The 

preferences that drive aesthetic judgements seem to have no other source than our 

contingent past experience. I believe that this strong a posteriori quality of aesthetic 

induction clashes with many instances in which preferences (for things like order, or 

symmetry, for example) do not seem to depend on experience; this gives us an excuse to 

see how compatible McAllister’s ideas are with some contemporary approaches to 

aesthetics. 

4.5 Comments 

In my opinion McAllister has correctly identified one of the phenomena involved in the 

behavioural patterns that lead scientists to pass aesthetic judgements. He presents a very 

strong case in favour of the existence of the aesthetic induction. Kuipers presents further 

empirical evidence in support of McAllister’s idea and he further refines and analyzes it. 

Concerning McAllister’s contribution to this work, at least three valuable insights can be 

identified: first, that aesthetic value in science is dynamic rather than static (which also 

agrees with Rota’s findings on mathematical beauty). Second, the idea of the aesthetic 

canon as an extensional representation of value. Third, the aesthetic induction as the 

mechanism that governs the evolution of aesthetic canons. An extensional treatment of 

aesthetic value will be central to my own approach to aesthetic value in Chapter 3. 

Despite contributing greatly to clarifying the mechanism underlying the evolution 

of beauty (an evolution which is pointed out, but not accounted for, by Rota), I believe 

there are some issues that need to be addressed. 

                                                 
9 I must point out that this interpretation of MEE can be disputed. The mere-exposure effect can be 
understood in a different way. For example, in the study of emotions the MEE is used to show that 
propositional memory and emotional memory function independently of each other. Moreover, there is 
strong evidence in support of the idea that emotions have a large number of innate and conditioning-
autonomous characteristics. For a longer discussion of these empirical results, see Appendix 3, section 8. 
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In McAllister’s approach, aesthetic judgements seem to be a posteriori, since they 

are determined by past experience via aesthetic induction. The aesthetic induction well 

suits historical episodes like the adoption of cast iron in architecture. However, other 

phenomena are less suitable. In music, for example, one of the sources of pleasure is the 

active play with expectations. Repeated experiences with pieces of music seem to have 

different effects depending not only on inductive projection, but also on the type of 

musical events experienced and on the listener’s technical knowledge of music10. 

Preferences are governed by aesthetic induction to some extent, but there are other factors 

involved in our appreciation. A more accurate picture should identify and address such 

factors. In a later section I shall address the factors that have to do with aesthetic terms 

and judgements; in Chapter 2 I present a discussion concerning formal and emotive 

factors. These discussions, along with the ideas presented above, will form the basis for 

the development of an aesthetics of mathematics. 

Now, if we turn to the theoretical tenets endorsed by McAllister we can spot some 

more limitations to his approach. We have seen that Rota’s approach, by reinterpreting 

the meaning of the term ‘beauty’, raises the question of why mathematicians specifically 

choose the term ‘beauty’. McAllister’s theory does not raise this question since it does 

not ask for a reinterpretation of aesthetic terms. Aesthetic judgements passed by scientists 

are just the result of scientists’ aesthetic preferences. McAllister trusts scientists’ 

aesthetic judgements but, as we mentioned in the Introduction, a serious approach to an 

aesthetics of mathematics cannot rest content with a pre-theoretical approach; our trust in 

scientists’ judgements should be justified by explaining that those judgements are literal 

aesthetic judgements. 

I believe that the best way to address both this concern with McAllister’s 

approach and Rota’s focus on the term ‘mathematical beauty’ is by addressing the 

problem of aesthetic terms (which is related to issues like aesthetic properties, aesthetic 

descriptions and judgements). This will also allow us to start to broaden our search for 

ideas to contemporary aesthetics. 

                                                 
10 A more detailed discussion can be found in the first part of Chapter 2, and in Appendix 1.  
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5. Hungerland and Kivy on Aesthetic Terms 

The ideas of Isabel Hungerland and Peter Kivy on aesthetic terms represent a good point 

of reference for discussing some of the issues that can be improved in McAllister’s and 

Rota’s ideas. Hungerland and Kivy represent contrasting approaches to aesthetic terms, 

which makes their discussion even more attractive since it gives us the opportunity to 

survey a wider range of approaches.  

5.1 Hungerland’s Approach 

Isabel C. Hungerland (Hungerland, 1962 and 1968) proposed that aesthetic terms must be 

approached by focusing on their linguistic and logical properties. I omit the excessively 

technical linguistic details to focus on her general ideas. According to Hungerland, 

aesthetic terms are part of a distinctive class of terms that differs from non-aesthetic 

terms. These two classes differ in their type of criteria of application (Hungerland, 1962, 

pp. 43-44). Let us consider the non-aesthetic term ‘strong’ and the aesthetic term 

‘elegant’. According to Hungerland, the application of aesthetic terms (A-terms) is 

governed in a different way from the application of non-aesthetic terms (N-terms).  

Specifically, when non-aesthetic or aesthetic terms are used in descriptions, they differ in 

the following respect: 

N-terms, non-aesthetic terms, can always be used meaningfully in sentences of the 

following two types: 

(1) ‘John is strong’ 

and 

(2) ‘John looks strong but he is not’ 

In contrast, A-terms, cannot be used meaningfully in the way indicated in (2).  

 

For example, there is little or no difference when an aesthetic term like elegant is used in 

either way: ‘John is elegant’ or ‘John looks elegant’. But the use of the same aesthetic 

term in type (2) sentences like ‘John looks elegant but he is not’ seems to make little or 

no sense. 

For any non-aesthetic term N there is a difference between being and looking N 

(Hungerland, 1962, pp. 52-54). Something can look N but it may not be N. In contrast, 

for aesthetic terms there is no such is-looks distinction. This, Hungerland argues, is 
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because aesthetic terms are terms devised precisely to talk about how things may look 

(given a set of normal circumstances in the subject and environment) to the observer; that 

is, the application criteria for aesthetic terms depend entirely on the internal, or subjective 

experience of the person who makes use of them (Hungerland, 1962, pp. 63-65). In 

contrast, in the application of an non-aesthetic term like ‘strong’ there are several external 

or objective criteria that can be used to correct the initial application of such a term. For 

example, let us suppose we have just said that John was strong (perhaps he looked strong 

to us). Then someone may tell us that John is very ill, or we may convince ourselves that 

John is actually a weak person (perhaps by observing his failure to lift something). We 

can then, after the corroboration of the weakness of John, correct our statement to the 

new statement ‘John is not strong’, or ‘John looks strong, but he is not’. We have external 

reasons that allow us to correct from ‘John is strong’ to ‘John looks strong but he is not.’ 

The reason why this correction is possible is because the application of the term ‘strong’ 

is governed by external, objective criteria. The correct use of both sentences that include 

the term strong –’John is strong’ and ‘John looks strong but he is not’– depends on 

external, objective circumstances and the correct application of the term ‘strong’ is thus 

governed by external, objective criteria. In contrast, there are no external or objective 

criteria to correct the application of aesthetic terms. If John looks elegant to us and we 

say that John is elegant, no external criteria can induce us to then say that John looks 

elegant but he is not. This last sentence simply makes no sense. 

In summary, aesthetic and non-aesthetic terms differ in two main respects: first, in 

that the distinction is-looks does not apply in the case of aesthetic terms. Second, in that 

the correct application of aesthetic terms is not governed by external, objective 

circumstances. Let us now see if these ideas are compatible with Rota’s and McAllister’s 

approaches to beauty in mathematics and science. 

Rota’s view of aesthetic descriptions in mathematics fails to avoid the is-looks 

distinction. Consider a mathematical proof that is qualified as beautiful: Cantor’s 

diagonal proof, for example. In Rota’s approach we should think that ‘Cantor’s diagonal 

proof is beautiful’ amounts to a qualification of the proof as enlightening. However, due 

to the characteristic fuzziness of enlightenment, as Rota himself proposes, this proof 

might later be shown to provide no enlightenment at all. After all, according to Rota, 



 

51 
 

enlightening is an objective property, just like truth. Rota himself argues that entire fields 

of mathematics can cease being regarded as beautiful; this is the reason why he claims 

that mathematical beauty depends heavily on schools and historical periods. Thus, we can 

correctly think of situations in which a proof can seem enlightening (beautiful) and, later 

on, it turns out that the proof is not really enlightening. The interpretation of 

mathematical beauty in terms of enlightenment fails to meet the first characteristic 

proposed by Hungerland. 

Now, McAllister’s approach faces a similar problem. Let us suppose that the 

property of ‘possessing a mechanical model’ is a highly valued property in our aesthetic 

canon. Now, our judgements concerning the possession of a mechanical model can (or, as 

a matter of fact, must) be corrected using external or objective criteria: in order to claim 

that theory T possesses a mechanical model one must show the mechanical model in 

question or show a method for constructing one. Furthermore, aesthetic induction, the 

very mechanism that governs the development of an aesthetic canon, is an external 

mechanism. Aesthetic induction does not work on the grounds of subjective internal 

criteria; rather, it depends on the empirical success of the theories with which the 

property in question is associated and empirical success is an external criterion. 

McAllister’s interpretation of aesthetic judgements in science fails to meet the second 

characteristic of aesthetic terms, being governed by non-objective criteria, as proposed by 

Hungerland. 

5.2 Kivy’s Terminal Approach  

Peter Kivy has proposed an alternative approach to aesthetic terms (Kivy, 1975), which I 

here call the terminal approach. One of the problems with Hungerland’s approach is that 

it divides terms into two categories: A-terms and N-terms (aesthetic and non-aesthetic 

terms). Kivy draws our attention to the fact that when we create aesthetic descriptions we 

make use of aesthetic and non-aesthetic terms (Kivy, 1975, p. 198). We can describe a 

certain work as ‘heavy’ (not referring to its actual weight), or the work of an artist as 

‘solid’. It seems that what characterizes aesthetic terms is not the inherent logical and 

linguistic criteria that govern their application. A more accurate view can be achieved if 

we look at the characteristic role of aesthetic descriptions rather than at the logico-
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linguistic features of the terms. Kivy argues that aesthetic terms should be characterized 

as being terminal: 

Aesthetic terms, then, are those that, characteristically, occur in descriptions which seem 

to be ends rather than beginnings. They are not, as many seem to think, terms that we can 

supply no logically compelling criteria for applying. But they are terms that do not 

provide the reasons for anything else (Kivy, 1975, p. 211). 

 

For Kivy, there is no specific set of terms that can be labelled aesthetic; rather, the 

aesthetic quality of terms comes from their playing a role in aesthetic descriptions. For 

Hungerland, the division between N-terms and A-terms is based on the existence of an is-

looks distinction for N-terms and the lack of one for A-terms. For Kivy that division into 

two classes is questionable, as both A-terms and N-terms can be used in aesthetic 

descriptions. The characteristic property of aesthetic terms is not to be found in the 

contrast between N-terms and A-terms; or in the contrast between the presence and 

absence of an is-looks distinction. Rather, the characteristic difference is between non-

terminal and terminal roles: non-aesthetic terms, when used in a description, serve as a 

“prelude to something else: the premise of an argument or a call to action” (Kivy, 1975, 

p. 210). Instead of resorting to the is-looks distinction, the distinction between non-

terminal and terminal terms can be clarified by establishing a contrast between moral and 

aesthetic terms: 

[…] the fact that aesthetic descriptions are “terminal,” that they lead nowhere, distinguishes them 

sharply from moral descriptions, which often are preludes to action. To conclude that a course of 

action is right is to provide some reason for pursuing that course of action in the future. To 

conclude that a man is greedy is to provide some reason for future actions, or attitudes towards 

that man. To conclude that a novel is “unified,” a painting “garish,” a poem “sentimental,” a 

symphonic movement “sad,” however, provides no reason for anything except continued 

contemplation, or an end to it. (Kivy, 1975, p. 211) 

 

Kivy’s terminal approach, I believe, modernizes Hutchenson’s view that our sense of 

beauty is independent of volition and cognition. Kivy’s approach characterizes aesthetic 

terms by their role in descriptions which, unlike moral or objective descriptions, have no 

further consequence. Let us now see how Rota and McAllister fare in view of these ideas. 
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In Rota’s approach, aesthetic descriptions should be construed as descriptions that 

refer to the enlightenment provided by the proof. Here we must investigate whether or not 

such descriptions are terminal; we must inquire about the reasons we have when we utter 

this kind of description. Let us first consider sentences like ‘P is a correct proof’, ‘T is a 

consistent theory’, or ‘S is a true theorem’. All these sentences can naturally lead to 

further conclusions or future actions. For example, we can use theorem S to prove 

another theorem, and then ‘S is a true theorem’ can be used as part of our argument. 

Now, sentences like ‘P is a correct proof’, ‘T is a consistent theory’, or ‘S is a true 

theorem’ are similar in the sense of their being descriptions of epistemic virtues of 

mathematical items. Descriptions that qualify the ability of a proof to provide 

understanding are similar to descriptions of other epistemic virtues of a proof, in the 

sense that all of them summarize certain relations and properties relevant to their status as 

knowledge. Providing understanding is clearly a virtue, an epistemic virtue. We have no 

reason to believe that sentences like ‘P is enlightening’ are different in this respect: they 

are also about an epistemic virtue. And, in principle, they thus can be used to lead to 

further conclusions about epistemic virtues or to change our cognitive attitudes to other 

items related to P. Thus, under Rota’s interpretation, aesthetic descriptions in 

mathematics are non-terminal and they should better be treated as epistemic descriptions. 

Let us now turn to McAllister’s proposal. McAllister’s view is based on the idea 

that a set of preferences, summarized in an aesthetic canon, drives scientists to pass 

aesthetic judgements. We shall concentrate here only on the fact that these judgements 

are also aesthetic descriptions of the type ‘T is B’ (‘Einstein’s theory is beautiful’, for 

example). It is true that, as the utterance of these descriptions is driven primarily by a 

person’s preferences, such descriptions are not meant to lead to further conclusions (in 

the sense of being part of an argument); that is, they cannot be assimilated into epistemic 

descriptions. However, aesthetic induction introduces some complications. The use of an 

aesthetic description is the result of a process of aesthetic induction; since the utterance is 

grounded on personal preferences and these preferences are modified by aesthetic 

induction. Now, aesthetic induction is a process that is constantly modifying preferences, 

aesthetic descriptions are not only the final results of the aesthetic induction, but also part 

of a constant inductive process; they are ‘inductive premises’ of the next induction. The 
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role of aesthetic descriptions as inductive premises already violates terminality; but there 

are still more problems. Aesthetic descriptions play a role not only in the process of 

aesthetic induction, but also in scientific progress. This is very visible when scientists 

choose to endorse a certain theory based on aesthetic criteria. In McAllister’s view, 

theory choice can be the result of aesthetic judgement. For example, McAllister argues 

that differences in aesthetic preferences can be used to explain the tension between 

revolutionary and conservative scientists in scientific revolutions. Aesthetic descriptions 

play a role in theory choice and thus they can be considered as leading to further actions: 

the choice of a theory. In this sense, I believe, McAllister’s resembles the moral 

descriptions which Kivy uses to exemplify non-terminal terms: to conclude that a theory 

T is beautiful is to confirm our preference for a certain non-empirical property P of T, in 

agreement with our aesthetic canon. The preference for P can lead to the endorsement of 

a future theory F which also possesses P. To conclude that a theory is beautiful, thus, is to 

provide a reason for pursuing a course of action in the future; namely, to choose theories 

with similar properties. And even if no choice is made, the future attitudes towards 

theories would be altered. In McAllister’s approach this change of attitude is not a 

random event, but rather part of the working of the aesthetic canon itself. Since aesthetic 

descriptions are in this sense analogous to moral descriptions, they are not terminal. 

5.3 Comments 

The survey of Hungerland and Kivy’s ideas reveals the limitations of Rota’s and 

McAllister’s approaches. In Rota’s approach, aesthetic descriptions are similar to 

epistemic descriptions and thus aesthetic terms resemble epistemic terms. McAllister’s 

view supplies an interpretation in which aesthetic terms resemble moral terms. We must 

remember, though, that they are not trying to develop an aesthetics of mathematics or 

science. Rota is interested in the relevant epistemic features related to aesthetic 

descriptions in mathematical practice. McAllister’s project is a defence of a rationalist 

image of science; he articulates a model of scientific change that accounts for subjective 

aesthetic consideration in a way that is consistent with a rationalist view of science. 

Rota’s approach reinterprets mathematical beauty, so it is no surprise that it did 

not fare well. The clash between McAllister’s model and Hungerland and Kivy’s ideas is 

not the result of a misconception of scientific beauty but, rather, of the fact that the model 
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is too narrow to encompass the particularities of general aesthetic phenomena. In 

McAllister’s model there is no reference to the origin of the elementary characteristics 

that would make an aesthetic canon aesthetic, for example. Any non-empirical property 

of theories would seem to be a good candidate as an aesthetic feature and to figure in 

aesthetic judgements, insofar as aesthetic induction happens to promote it. There are no 

constraints on the selection of non-empirical properties and no constraints on the results 

of aesthetic induction. 

Aaesthetic judgements are always a posteriori; they seem to be completely 

determined by aesthetic induction (since no other mechanism is presented to constrain the 

passing of aesthetic judgements). McAllister’s picture of a dynamic system of aesthetic 

criteria seems to neglect an important fact about preferences. Sensorial perception and 

some of the ways in which we react to them are grounded in our biological makeup. 

Hungerland’s analysis is a way to incorporate some of our ways of dealing with sensorial 

perception into the semantics of aesthetic terms. The analysis of Kivy, on the other hand, 

stresses the independence of aesthetic matters. 

Although McAllister’s model of the dynamics of preferences represents a valuable 

insight, I believe that the model can benefit from the introduction of more constraints, 

especially constraints associated with non-a-posteriori mechanisms. Affective and 

emotive responses seem to me good candidates for those mechanisms. It is true that 

Kuipers supports McAllister’s model with the mere-exposure effect (MEE); but in the 

larger picture MEE can be interpreted in different ways11.  

To conclude this section I must emphasize that the approaches to beauty in 

mathematics and science offered by Rota and McAllister certainly offer valuable insights. 

However, they seem to need further revision before we can count them as ‘aesthetics’ in a 

wider sense. 

 

6. Chapter Summary  

We have surveyed ideas in three fields that have been concerned with mathematical 

beauty: aesthetics, mathematics and philosophy of science. Modern aesthetics seems 

almost completely to neglect the discussion of beauty in mathematics, and in science in 
                                                 
11 For a longer discussion of this, see the second part of Chapter 2 and Appendix 3. 
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general. However, this situation was not always so. Late pre-Baumgarten aesthetics 

seems to welcome a kind of ‘intellectual beauty’. ‘Order’ for Shaftesbury and ‘unity 

amidst variety’ for Hutchenson are properties that articulate their aesthetic theories, 

which can explain beauty in mathematics (and in general in science). For our purposes, 

there are two prominent problems with pre-Baumgarten aesthetics. First of all, the way it 

deals with mathematical beauty; this differs greatly from the way mathematicians 

approach mathematical beauty. For mathematicians only certain pieces of mathematics 

are regarded as beautiful; descriptions of mathematical items in terms of ugliness exist in 

mathematical practice. According to Shaftesbury and Hutchenson, all mathematics seems 

to comply with the features that characterize beauty; furthermore, we have seen that to 

Hutchenson – although this is only my interpretation – mathematical beauty seems to be a 

‘necessary’ property (perhaps ‘analytic’ would be a better term), in the sense that it is 

entailed by the definition of beauty and the nature of mathematics. 

Mathematics was represented by Gian-Carlo Rota, whose approach has some 

drawbacks. First, his approach seems insufficient to explain ‘short steps in proofs’, which 

is one of the examples he himself presents as one of the items regarded as beautiful. 

Second, the notion of enlightenment cannot explain the notion of mathematical ugliness. 

Furthermore, it cannot account for the role of ugliness in encouraging further 

development in mathematics. Third, it cannot explain why mathematicians choose 

specifically the term ‘beauty’ to deal with the concept of enlightenment. Despite its 

problems, Rota’s work presents important insights that we must bear in mind:  

First, Rota identifies some features of mathematical beauty; mathematical beauty 

depends heavily on historic and social context. Some concrete properties, shortness, for 

example, seem to be linked to beauty. Familiarity with a large amount of background 

knowledge is necessary to appreciate mathematical beauty.  

Second, Rota makes implicit use of some methodological strategies that are 

inspiring: focusing the discussion on terms and not on the nature of qualities or subjective 

experience, allowed a more detailed identification of problems, discussion and proposal.  

Third, Rota realizes that related aesthetic terms, like ugliness, are relevant to 

understand the role of beauty in mathematical practice. In my opinion this is one of 
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Rota’s unintended lessons, since one of the weaknesses of his proposal is that it does not 

explore the relation of beauty to other related aesthetic terms. 

McAllister and Kuipers represent the approaches in philosophy of science. 

McAllister’s most important contributions are the ideas of the aesthetic canon and the 

aesthetic induction. Both are very sound ideas, especially given the aims of these authors, 

and they become especially robust once Kuipers shows that it is possible to offer 

empirical support for them. There is a generic problem with this aesthetic induction 

approach, however. The ideas involved in it do not comply with the conceptual standards 

of contemporary aesthetics, as was made clear in the last section. Aesthetic terms in 

judgements based on aesthetic induction turned out to be governed by external criteria; 

thus contradicting Hungerland’s characterization. If we focus on aesthetic descriptions, it 

turns out that they are similar to moral judgements, in the sense that they lead us to 

further actions and changes of attitude. Aesthetic induction-governed descriptions are not 

terminal: they are part of an induction chain that promotes attitudes and actions that 

become manifest in the choices scientists make.  

In spite of these problems, a relevant lesson can be learnt from this model: 

aesthetic value is a dynamic concept, but that does not mean its theoretical treatment is 

impossible. The extensional treatment of aesthetic value, embodied in the idea of the 

aesthetic canon, allows us to develop models to deal with its dynamics.  

The ideas summarized above are worth keeping in mind when seeking to develop 

an aesthetic theory for mathematics, especially the strategies, methods and principles that 

underlie them. In the next chapter I continue the search for ways to deal with 

mathematical beauty. This time I survey contrasting ideas coming from philosophy of 

music and the expression of emotions in art. 
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