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Beauty in Mathematics 

Summary  
The aim of this work is to provide an account of the usage of expressions like “Cantor’s 

diagonal proof is elegant” or “Euler’s identity is the most beautiful formula of 

mathematics”.  This type of expression is very common among mathematicians. Now, 

‘beautiful’ and ‘elegant’ are terms regularly used by any person, but their application to 

mathematics results in two kinds of puzzled reaction: first, the lay person (a non-

mathematician) may find the use of the word ‘beautiful’ strange in this context. Second, 

mathematicians may try to reinterpret mathematical beauty in terms of the principles and 

precepts of mathematics itself. My account of mathematical beauty offers a way to avoid 

these puzzled reactions: I claim that mathematical beauty is just a type of “normal” 

beauty and that no reinterpretation is necessary. In order to support this claim I devise an 

aesthetic theory which shows that aesthetic judgments in mathematics (and perhaps in 

other types of intellectual activities) are genuine aesthetic judgments.  

 To develop this aesthetic theory I employ an approach that adopts insights and 

findings from experimental psychology, neurology, philosophical and psychological 

theories of emotion in art, philosophy of music and philosophy of science. Chapters 1 and 

2 are devoted to a presentation of this background material. Chapter 3 constitutes the core 

of the work since it contains my proposal for an aesthetic theory of mathematics. In 

Chapter 4 the theory is used to account for particular cases of mathematical aesthetic 

judgments. 

Chapter 1 surveys approaches to mathematical and scientific beauty. In the early 

18th Century there were at least two authors who addressed mathematical beauty as an 

aesthetic phenomenon: Anthony Ashley Cooper, Earl of Shaftesbury, and Francis 

Hutchinson. Shaftesbury characterizes aesthetic response as disinterested pleasure in the 

order and proportion manifested to our senses. Numbers are clear examples of such order 

and proportion, and thus a source of beauty. Francis Hutchinson argues that beauty is an 

idea that occurs in the mind caused by the quality of uniformity amidst variety. 

Mathematical theorems are instances of concepts in which this property is manifested due 

to the agreement of an infinite multitude of particular truths, thus causing ideas of beauty. 
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Although Shaftesbury’s and Hutchinson’s ideas certainly give us insights into the beauty 

of some mathematical items, they do not account for the usage that mathematicians make 

of aesthetic terms. Mathematicians would agree that there are both beautiful and ugly 

pieces of mathematics. Proofs by exhaustion, for example, are not popular among 

mathematicians. 

Gian-Carlo Rota, an MIT mathematician and philosopher of mathematics, 

addresses ugliness in his account of mathematical beauty, pointing out that the search for 

mathematical beauty seems to play a role in encouraging mathematical work, especially 

when mathematicians find certain proofs or other mathematical items ugly. Among the 

multiple proofs of a single theorem, Rota argues, the definitive proof is usually regarded 

as a beautiful proof. Ugliness in mathematics seems to have to do with non-

definitiveness. Regarding mathematical beauty, Rota gives an interpretation in terms of 

enlightenment. When mathematicians qualify a mathematical theorem or proof as 

beautiful they are referring to the fact that such an item is enlightening. Enlightenment is 

a vague concept and in order to avoid such vagueness mathematicians resort to using the 

degree-free term ‘beauty’. Rota’s view thus consists in reinterpreting mathematical 

beauty in terms of enlightenment. This reinterpretation has problems, however. Two of 

the most relevant are as follows: first, the concept of beauty admits degrees; this is 

obvious from the existence of comparatives such as “A is more beautiful than B”. 

Second, mathematicians are used to inventing new terms and conferring technical 

meanings on old terms. Furthermore, any normal person is familiar with the proper usage 

of the term beauty and with the property to which it refers. So why would mathematicians 

choose such a problematic term as “beauty”? I believe that a literal approach to 

mathematical beauty is less problematic. 

A literal approach to beauty in science can be found in James McAllister’s work, 

which has been further developed by Theo Kuipers. McAllister is concerned to explain 

scientific change in rationalist terms and to give an account of the role that scientific 

judgments of beauty play in scientific change. McAllister interprets scientific change in 

terms of aesthetic canons rather than Kuhnian paradigms. McAllister’s most important 

insight is the idea of the aesthetic induction: preferences for certain properties of 

scientific theories increase as a scientific community witnesses recurrent appearances of 
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those properties in empirically adequate theories. When a property P of theories – having 

a mechanical model, for example – has appeared multiple times in a variety of successful 

theories, the property begins to be appreciated aesthetically. At the same time, new 

theories are positively appreciated if they possess the property P. The collection of 

properties that are positively appreciated by a scientific community at a certain time 

constitutes its aesthetic canon. By associating specific weightings that gauge the strength 

of the preference for the properties of the canon, it is possible to track the evolution of the 

aesthetic canon. Theo Kuipers helps to substantiate the idea of aesthetic induction by 

interpreting it in terms of the mere exposure effect; which consists in the unconscious 

development of preferences for familiar stimuli rather than unfamiliar ones. One problem 

with aesthetic induction is that it renders a purely a posteriori view of aesthetic 

judgments; preferences seem to depend completely on past experiences. This approach 

neglects autonomic affective responses that do not depend on a process of ‘learning’ 

responses, such as emotions. There are other theoretical shortcomings to aesthetic 

induction; I use the work of the aestheticians Isabel Hungerland and Peter Kivy on the 

problem of aesthetic terms to highlight the limitations of aesthetic induction. According 

to Hungerland, aesthetic terms are terms whose correct application is not governed by 

objective matters. Now, the judgments resulting of a process of aesthetic induction 

depend of the existence of previous successful, empirically adequate theories, which is an 

objective condition; they thus cannot be regarded as aesthetic in Hungerland’s sense. 

Peter Kivy proposes that the role aesthetic terms play in terminal judgments is what 

makes them aesthetic. Aesthetic descriptions are terminal in the sense that they are 

endings rather than beginnings; they do not lead to further conclusions, actions or 

changes in attitudes. Now, aesthetic induction is related to the process of choosing 

theories, which is a type of action. Judgments resulting from aesthetic induction thus 

cannot be regarded as aesthetic in Kivy’s sense. The problems with the a priori nature of 

aesthetic induction become clearer in the light of further aesthetic theories and insights 

stemming from the study of emotions. Chapter 2 is devoted to surveying such theories 

and insights. 

Chapter 2 deals with philosophy of music and emotions. It gives us the 

opportunity to examine two central and complementary ideas in aesthetics: form and (the 
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expression of) emotions. The first part of the chapter is thus devoted to philosophy of 

music and the second part to theories of emotions and expression in art. 

Music can give us clues as to how to address aesthetics in the highly formalized 

discipline of mathematics due to the highly formalized nature of music and the historical 

relationship between the two. Peter Kivy’s musical formalism is a rich source of ideas. 

Musical formalism is the view that the aesthetic value of music is determined by its form. 

In Kivy’s view, purely instrumental music consists in sound structures (forms) that can be 

seen as plots without content. He establishes an analogy between music and following a 

story; the active involvement of our intellect is central to the experience of music. Kivy 

provides useful insights: first, the very idea that form, rather than emotive content, plays a 

central role in musical experience. For Kivy, music is the object that occupies the 

attention of the listener and the formal properties of this object are what characterize 

music. Second, intellectual activity plays an important function in musical experience. 

Some of our pleasure in listening to music comes from the intellectual activities 

performed in grasping sound structures. Roger Scruton’s view of the ontology of music 

also offers a valuable insight: music occurs not in a physical space but rather in a special 

kind of space: an acousmatic space, which is characterized by the fact that the 

circumstances of the production of music play no role in it. 

Now, in order to complete our picture of aesthetic experience, Chapter 2 

summarizes Jenefer Robinson’s approach to expression of emotions in art. Robinson’s 

theories of emotion and expression employ ideas from philosophy, experimental 

psychology, and neurophysiology. Robinson interprets emotions as processes which 

involve psychological, physiological and behavioural events. An emotion is a process 

triggered by an environmental or cognitive event that is affectively (not cognitively) 

appraised, and followed by physiological and psychological changes as well as a slower 

cognitive appraisal that inhibits or maintains the reaction. This theory of emotion grounds 

Robinson’s theory of expression in art. According to Robinson’s expression theory, 

expression elucidates and individuates emotions in an imaginary character (a persona): an 

object expresses an emotion when it can be interpreted as being deliberately designed to 

appear as evidence of the presence of an emotion. Robinson’s ideas are important as 

sources of inspiration to develop an aesthetics of mathematics since they show that 
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empirical results cannot be neglected. Furthermore, Robinson’s theories serve to ground a 

useful relation between cognition and aesthetics by acknowledging the role of judgments 

and knowledge in emotion and its expression. 

In Chapter 3 I develop an aesthetic of mathematics.  I borrow Robinson’s process-

approach to develop my aesthetic process approach, which attempts to integrate different 

aspects of the aesthetic in mathematics. My proposal is to view the different kinds of 

aesthetic things – aesthetic experience, aesthetic value, aesthetic descriptions, etc. – as 

related by the fact that they all are elements of a process in which objective properties, 

subjective reactions and social influences and contexts interact with each other; I call this 

process an aesthetic-process. This idea allows us to interpret the notion of ‘the aesthetic’ 

as a predicate that is applied meaningfully to the kinds of things that characteristically 

participate in aesthetic-processes. Hence, aesthetic events should not be understood in 

isolation but as part of a system that develops by following different paths over different 

times. Among the events involved in an aesthetic-process I interpret three central ones: 

aesthetic experience, aesthetic value and aesthetic judgments.  

Aesthetic experience is interpreted as an embedded process that involves changes 

in the focus and content of our attention and their associated eliciting of affective 

responses. Different types of aesthetic experiences (experiences of music, paintings, 

poems, for instance) have different characteristics; I focus on the case of mathematics. In 

mathematical aesthetic experience the most relevant thing is that mathematical items are 

objects of attention. The aesthetic mathematical objects of attention, AMIOs, are defined 

by the extent to which they possess properties that are aesthetically relevant for the object 

to elicit an effective response. Due to this the experience occurs in a space, a 

phenomenological space, consisting in the set of aesthetic properties involved in the 

experience; these properties constitute the dimensions of the space. A crucial type of 

dimension is the background understanding dimension, which establishes the background 

knowledge necessary to understand the mathematical item, that is, to “see” the object. In 

this sense, knowledge plays a role analogous to sensorial perception: its function is to 

allow us to perceive the object of attention. There are at least three different kinds of 

aesthetic experience in mathematics characterized by the way in which the intentional 

objects elicit a response: basic, formal and canonical. In the basic type, the objects are 
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passively contemplated and this contemplation elicits a response. In the formal type, the 

intellectual activities involved in understanding the mathematical item play a role in 

eliciting a response. In the canonical type the response is not elicited by an autonomic 

mechanism, but rather by a mechanism involving familiarity and similarity with other 

stimuli, in a fashion similar to the mechanism of aesthetic induction. 

Aesthetic value is interpreted as a relation between sets of properties and 

subjective reactions; its evolution is governed by a mechanism similar to aesthetic 

induction. Particular subsets of the value relation constitute “value repositories”, which 

are used in specific instances of aesthetic evaluation., A more general model of aesthetic 

induction is developed following McAllister’s ideas and, by considering the empirical 

results related to emotions a new constraint, critical adequacy robustness, is introduced. 

The resulting model of generalized and constrained aesthetic induction can be used to 

model the dynamics of a generalized aesthetic canon. 

Finally, aesthetic judgments are interpreted as expressions of subjective states, 

characterized by the application of aesthetic predicates. In my approach two issues are 

equally important in regard to aesthetic judgments: their characteristics and the role they 

play in an aesthetic-process. Aesthetic judgments are descriptions that include an 

aesthetic predicate. Aesthetic predicates are interpreted as terms that do not work in 

isolation but rather as part of a family of terms (a schema). The correct use of an aesthetic 

predicate involves the existence of 1) a suitable way of reorganizing (partitioning) the 

domain of the object being judged based on the structure of the schema, and 2) a suitable 

way of mapping subjective reactions; that is, of assigning the terms in the schemata to the 

possible affective responses of the individual experiencing the object.  

Now, concerning the role of aesthetic judgments, they have two functions, one 

private and one public. The private function consists roughly in encouraging the 

clarification of an aesthetic experience. I call this clarification articulation. Articulation 

consists in pointing out the specific subjective state in which an individual is by 

establishing the appropriate reorganization and mapping involved in the use of an 

aesthetic predicate. The public function, exchange, consists in making available the 

information contained in an aesthetic judgment in order to encourage experiences and 

articulation of those experiences in other individuals. Now, a mathematical aesthetic 
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judgment is a judgment concerning a mathematical item that involves an aesthetic 

predicate. 

The theory summarized above allows us to explain the “strange” use of the term 

‘beauty’ in mathematics: mathematicians employ aesthetic terms in a literal sense, but 

their use is closer to the way aesthetic terms are used by specialists, critics or artists, 

rather than a person in the street. Appreciation depends profoundly on a great deal of 

background mathematical knowledge, but dependence on knowledge is also true of the 

appreciation of music or painting. The theory allows us to interpret aesthetic judgments in 

mathematics as follows: mathematical aesthetic judgments are articulated expressions of 

subjective states which result from an affective engagement of our attention to a 

mathematical item. The affective reaction reflects our preferences, which in turn are 

modulated by our natural tendencies and cultural influences. 

To further substantiate this aesthetics of mathematics, Chapter 4 presents three 

examples of mathematical aesthetic judgment that illustrate the application of the theory. 

The first example is the function y=ex, which François Le Lionnais compares to a 

phoenix since the function is its own derivative. This example is an instance of 

experience of the basic type. It allows us to illustrate the roles that background 

knowledge and properties like simplicity play in our experience. It also illustrates 

aesthetic properties with a high degree of critical adequacy robustness, which seems to 

confer this type of judgments an a priori rather than an a posteriori character. Regarding 

aesthetic judgments, the metaphorical comparison with a phoenix helps us to illustrate the 

relation between metaphor and aesthetic terms. 

The second example consists of Cantor’s diagonal proof of the non 

denumerability of the real numbers and the Diagonal Method employed in the proof. The 

proof illustrates formal types of experience; the method canonical types. Cantor’s proof 

helps us to show that mathematical items that involve an unfolding sequence of 

intellectual activity should be understood as belonging to the formal category of 

experience. The analysis of the Diagonal Method also enables us to show that changes in 

aesthetic value depend not only on changes induced by aesthetic induction, but also on 

changes in the nature of our experience. Finally, the analysis of the aesthetic judgements 

associated to both the proof and the method shows that my conception of aesthetic 
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predicate is able to account for the nuances involved in the usage of closely related terms 

like ‘beautiful’ and ‘elegant’. 

The third example, the computer-assisted proof of the four-color theorem, 

illustrates mathematical ugliness. This example allows us to cover the whole spectrum of 

aesthetic terms. Although the proof can be analyzed in the same terms as any other proof, 

there are two factors that explain why mathematicians so little appreciate this proof: first, 

the proof is an instance of proof by exhaustion (not the most beautiful kind of proofs due 

to the lack of unity and simplicity). Second, the presence of results emanating from a 

computer prevents us from having a proper experience of the proof, since these results 

does not constitute a proper intentional object. James McAllister has speculated that, 

through a process of aesthetic induction, it may be possible that this proof will become an 

instance of mathematical beauty. I argue that in the original, purely a posteriori, model of 

aesthetic induction such a change is conceivable. However, in the light of a generalized 

and constrained version of aesthetic induction and our characterization of aesthetic 

experience, such a change is rather improbable. Of course, we need to wait and see what 

the correct answer will be. More important than the answer, though, is the fact that this 

example shows that the theory proposed here can make predictions. 




