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CHAPTER 3: An Aesthetics of Mathematics 
 

In this chapter I address the main task of this work: to provide a consistent, literal 

interpretation of aesthetic judgements in mathematics. I am not committed to 

reinterpreting mathematical aesthetic judgements nor to interpreting them in pre-

theoretical terms. Since mathematics is not a traditional topic of aesthetics, a justification 

of mathematics as a subject matter of aesthetics is offered in a fully theoretical manner. 

Thus, with the insights gained in Chapters 1 and 2 I shall develop a theory able to provide 

a literal interpretation of mathematical aesthetic judgements. 

Before presenting my proposal let me recapitulate the story so far. We have seen 

that beauty in mathematics was explained on the basis of single principles by Shaftesbury 

as the result of order, and by Hutchenson as caused by uniformity amidst variety. These 

approaches, however, cannot account for mathematical elegance or ugliness. We also 

have seen that for Rota, mathematical beauty’s true meaning is enlightenment; the use of 

the term ‘mathematical beauty’ by mathematicians is their way of avoiding the fuzziness 

of the concept of enlightenment. Rota identified important features of mathematical 

beauty: it depends on historical and social context; furthermore it depends heavily on 

mathematical knowledge. A lack of beauty encourages mathematical developments. 

Rota’s non-literal approach, however, has some shortcomings: he claims that the 

predicate beauty does not admit degrees, which seems inaccurate to me. His approach 

does not account for specific cases of mathematical beauty, like short steps in proofs. 

Furthermore, the role of particular properties like shortness or unexpectedness remains 

obscure. The role of ugliness as an encourager of mathematical development cannot be 

accounted for by the concept of enlightenment. Finally, there is no detailed explanation of 

why mathematicians (experts in the use of novel and exotic terms) choose the term 

‘beauty’ rather than a less confusing one to deal with enlightenment. McAllister 

presented a dynamic view of scientific beauty; his central ideas are the aesthetic canon 

(an extensional representation of preferences) and the aesthetic induction (the mechanism 
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that governs the evolution of the aesthetic canon by consulting old preferences and the 

record of empirical adequacy of their associated theories). One disadvantage of 

McAllister’s approach is that it presents a purely a posteriori view of aesthetic 

preferences. Further shortcomings can be identified when Rota and McAllister’s ideas are 

contrasted with aesthetic theoretical approaches to aesthetic terms; but here I shall 

summarize only the insights gained in the discussion of aesthetic terms: According to 

Hungerland, aesthetic terms differ from non-aesthetic terms in their conditions of 

application, there is no is-looks distinction for aesthetic terms and thus no objective 

change of circumstances can induce a correction in the use of aesthetic terms. Aesthetic 

terms are governed solely by subjective conditions. Kivy, by contrast, proposes that 

aesthetic terms are those that characteristically appear in descriptions that lead to no 

further conclusion, action, or change in attitude; that is, descriptions that are terminal. 

After discussing these approaches to beauty in mathematics and science we 

complemented our survey by looking at Kivy’s philosophy of music and Robinson’s 

theories of emotion and expression. Kivy’s formalism contributed the ideas that aesthetic 

appreciation can occur without involving emotive content in a relevant way; that the 

object of appreciation is an intentional object the main features of which are merely 

formal; that this object is partially constituted by the knowledge of the listener, and that 

intellectual activity (in wondering about and looking for patterns in musical forms) is one 

of the sources of pleasure in listening to music. Scruton made clear that these experiences 

of music occur in a special acousmatic space. Robinson’s theories contributed the ideas 

that emotions are processes in which a person and his environment interact with each 

other in an innate but plastic way. This allows her to reconcile apparently contradictory 

facts of emotions. Cognition plays a central role in emotions and this explains how 

cognitive events like labelling emotions can result in actual emotive reactions. 

Robinson’s theory of expression holds that artworks can be seen as evidence of emotions 

in an imaginary person. Expression of emotions, in a more refined way than the mere 

naming of emotions, is an elucidation and individuation of emotions. Expression is 

achieved either by reflecting the cognitive content of an emotion or by reflecting how the 

world appears to someone experiencing an emotion. Expression depends on 

interpretation, and knowledge of the context of a work is sometimes necessary to 
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perceive some expressive qualities. I interpret this idea as furthering Kivy’s idea that 

knowledge partially constitutes our intentional object. The ideas of integrating diverse 

events in a process, of expression as elucidation of affective events, and of the 

importance of knowledge in the manifestation of properties has inspired similar ideas, to 

be developed in the following sections. 

Now, my concrete proposal is that the aesthetic phenomenon must be understood 

not in terms of single principles that explain beauty or the concept of beauty, but rather in 

terms of aesthetic-processes. When an individual undergoes an aesthetic episode, he 

becomes engaged in a series of events that includes the perception of objective properties, 

the changes in the mental states of the individual, the effect of the individual’s knowledge 

and previous experiences, and the social factors that contribute to shaping our perceptions 

and reactions. An aesthetic episode is not the mere result of our perception of an 

objective property, nor just a private subjective occurrence. Rather, it consists in 

engaging oneself in the development of interrelated events the global roles of which 

contribute to a phenomenon that is characteristically aesthetic. The series of these events 

constitutes what I call an aesthetic-process. The private aesthetic episode as experienced 

by the individual is thus a way in which the individual actively relates to his environment, 

culture, community and his own previous experiences. We shall see that this idea enables 

us to achieve our desired literal interpretation of mathematical beauty. 

This idea also allows us to integrate the diverse insights gained in the previous 

chapters. For example, although I consider that single-property aesthetic principles (or 

single-principle approaches), like Shaftesbury’s beauty-is-order or Hutchenson’s beauty-

is-uniformity-amidst-variety, are not sufficient to explain aesthetic episodes, they play 

significant roles in aesthetic-processes. My approach is not in opposition to single-

principle approaches to mathematical beauty, like Shaftesbury’s or Hutchenson’s, or the 

insights in Rota’s and McAllister’s work; it just claims that a broader framework is 

necessary to give us a coherent understanding of aesthetic episodes. 

Now, in order to ground a comprehensive aesthetics of mathematics I shall 

employ the idea of aesthetic-process to address three central issues: aesthetic experience, 

aesthetic value and, of course, aesthetic judgement in mathematics. Let us begin. 
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1. The Aesthetic  

One of the motivations for proposing the integration of diverse aesthetic events into an 

aesthetic-process comes from the fact that the use of the predicate ‘aesthetic’ seems to 

imply the existence of a characteristic aesthetic feature. The predicate ‘aesthetic’ is used 

to qualify different types of things: judgements, experiences, concepts, properties, words, 

etc. An important question about this predicate is whether there is a notion of ‘the 

aesthetic’ supporting its use (Zangwill, 2007). I propose an answer to this question: we 

can make sense of the notion of ‘the aesthetic’ if we interpret the use of the predicate 

‘aesthetic’ to qualify a certain kind of things as indicating that this kind of things plays a 

significant role in the development of an aesthetic-process. 

The notion of ‘the aesthetic’ can thus be understood in terms of aesthetic-

processes. Since in an aesthetic-process the events involved are interrelated, there are 

systemic relations among the different phenomena that are qualified as aesthetic. These 

relations explain the affinity of concepts like aesthetic judgements and aesthetic values. 

An aesthetic concept (pleasure, judgement, values, for example), interpreted in this way, 

is aesthetic because it plays a significant role in one or several stages of an aesthetic-

process. The roles of experience, value and judgements are investigated in this chapter. 

Now, the idea of aesthetic-process was inspired by the process-model of emotion 

in Jenefer Robinson’s work; but precursors of the idea of integrating different aspects of 

the aesthetic can also be found in other approaches. I have identified at least two types of 

approach to integrating various kinds of aesthetic things that can be seen as precursors of 

the-aesthetic-as-a-process approach I endorse here. The first approach interprets all kinds 

of aesthetic things in terms of a single central concept. The second approach interprets 

complex concepts in terms of simpler concepts and their relations. I call the first approach 

the centralist approach; and the second, closer to my systemic proposal, the relational 

approach. 

The approaches I call centralist seem to endorse the idea that the meaning of the 

word ‘aesthetic’ is somehow shared by the different kinds of things qualified as aesthetic. 

Even if we are not offered an explicit definition of the notion of the aesthetic, some 

relations, like reducibility, among different kinds seem to be assumed. Reducibility, for 
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example, is implicit in the fact that different concepts can be interpreted in terms of a 

central one. Centralist approaches take one type of aesthetic things as central – aesthetic 

judgements, for example – and interpret all other aesthetic things – aesthetic properties, 

for example – in terms of the central notion. Peripheral notions are reducible to or defined 

in terms of the central notion. An example of a centralist approach is presented by Nick 

Zangwill; he suggests aesthetic judgement as the central concept:  

The predicate “aesthetic” can qualify many different kinds of things: judgments, experiences, 

concepts, properties, or words. It is probably best to take aesthetic judgments as central. We can 

understand other aesthetic kinds of things in terms of aesthetic judgments: aesthetic properties are 

those that are ascribed in aesthetic judgments; aesthetic experiences are those that ground aesthetic 

judgments; aesthetic concepts are those that are deployed in aesthetic judgments; and aesthetic 

words are those that are typically used in the linguistic expression of aesthetic judgments 

(Zangwill, 2007). 

 

The centralist approach has two problems. First, in practice, some notions, like aesthetic 

value, cannot be satisfactorily accounted for in terms of a central notion. The dynamic 

aspect of aesthetic value, for example, is disregarded by a centralist picture. Second, the 

choice of an item as central seems arbitrary, since we are not usually provided with a 

methodological argument for choosing one or another concept. 

Relational approaches do not rely so much on the idea that aesthetic things and 

concepts are inter-reducible or inter-definable. They approach things like aesthetic value 

not by trying to exploit the fact that the meanings of concepts depend on each other, but 

rather by trying to find the objects, phenomena or ideas involved in the original concept 

and then showing the relations that help constitute the aesthetic thing. In a sense, a 

relational approach depends on both conceptual analysis and theoretical synthesis. The 

particularity of relational approaches is that they address specific concepts by claiming 

that those notions can be understood as relations among other relevant things. Alan 

Goldman, in my view, offers an example of the relational approach. In his 1995 book 

“Aesthetic Value” (Goldman, 1995), Goldman interprets aesthetic values as relations 

between the properties of the object being evaluated and the reactions in the evaluator: 
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evaluative aesthetic properties are constituted ultimately by relations between non evaluative 

properties of artworks, which we call base properties, and positive or negative reactions of certain 

observers (Goldman, 1995, p. 45). 

 

Goldman rejects realist and supervenient accounts of aesthetic value; and he aims to 

present an alternative to the traditional conception of aesthetic value as being either 

purely subjectively attributed by the observer or grounded on the objective properties of 

artworks. His solution is to establish a compromise in the form of a relation between 

subjective reactions and objective properties. More importantly for us here, though, 

Goldman, disappointed by the traditional views of value, does not analyse the meaning of 

the concept ‘aesthetic value’ and its relations of reducibility or its definition in terms of 

other meanings; rather, he introduces the elements he thinks are involved (base properties 

and reactions in observers) and establishes that the relation between them is what 

constitutes value. Goldman is not content just with employing philosophical notions like 

subjectivity or supervenience; rather, he sets himself to analyzing value in more 

elementary components, which he then re-relates to explicate the more complex notion of 

aesthetic value in his own, new terms. 

Now, although relational approaches do not have the methodological limitations 

of centralist approaches, they lack the ability to integrate a wide range of aspects of the 

aesthetic, since careful analysis of individual topics seems to be more demanding than 

establishing reductions. My proposal to interpret ‘the aesthetic’ in terms of aesthetic-

processes instead of in terms of relations, aims precisely to expand the focus of the 

analysis in order to achieve a wider integration. 

Just as Goldman suggests that value cannot be understood solely based on either 

base-properties or subjective responses, my suggestion here is that the different aspects of 

the aesthetic cannot be understood in isolation. Rather, they should be understood as 

elements of a system of complex relations. The affinity of these elements, the fact that 

they all are aspects of ‘the aesthetic’, results from their relation to a single unified system: 

an aesthetic-process. 
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1.1 Development of the Process 

Aesthetic-processes are systems of interrelated events. These events include things like 

contemplating objects, experiencing the pleasure elicited by this contemplation, 

attributing aesthetic value, acquiring new values, passing judgements, etc. Although some 

events are closely related (like hearing music and experiencing the ‘feeling’ it causes in 

us), in general there is no fixed sequence in which these events appear. For example, the 

events related to the formation and acquisition of values occur during long periods of 

time (perhaps including centuries-old traditions) and depend on complex social relations. 

The eliciting of pleasure, on the other hand, sometimes occurs in a very short period of 

time, following, for example, the contemplation of certain properties of objects. Another 

feature that adds to the complexity of aesthetic-processes is that they are mixtures of 

natural and social phenomena. Their development involves natural aspects, like affective 

responses, and social aspects, like learning from our culture. Aesthetic-processes are the 

result of complex interrelations that have evolved from our basic senses, feelings and 

social interactions. Hence, we cannot expect to find ‘aesthetic things’, like aesthetic 

judgements or values at certain fixed points of the process; we can, for example, have the 

experience of a musical piece at a certain time and, based on values acquired long ago, 

immediately articulate the experience in a judgement. But we can also have the same 

experience, but articulate it in a judgement only days or weeks later, once we have 

acquired some new, relevant elements (perhaps by learning music theory) for evaluation. 

Experience, evaluation and judgement do not necessarily occur immediately or one after 

the other or in a fixed sequence. I call this non-fixed-sequence feature the non-linearity 29 

of the process. 

The general development of aesthetic-processes is thus non-linear. However, there 

are subsets of events that appear and develop in a more orderly fashion, for example the 

contemplation of an object and the experiencing of pleasure, or the acquisition and 

development of aesthetic values. These subsets of events constitute sub-processes within 

aesthetic-processes. We can use the organization of events in sub-processes to illustrate 

the idealized development of a typical aesthetic-process. The development involves the 

                                                 
29 This notion should not be confused with the technical meaning of non-linearity in mathematics. Here I 
use the term only in an informal sense. 
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following phases (which I call nodes to emphasize that they represent sequences of 

events): 

Short-term nodes: 

1) Cognitive or Sensorial Input (Trigger) 

2) Formal Object Build-Up 

3) Active Formal Transformations 

4) Affective Evaluation 

5) Articulation  

6) Judgement 

 

Long-term nodes: 

7) Aesthetic Criteria Repository 

8) Value Dynamics 

 

In this survey of the process the first six nodes have been named ‘short-term nodes’ 

because they represent sequences of very closely interrelated events that tend to appear in 

a more linear fashion. Nodes 1 to 4 represent the collection of events that tend to occur in 

that order in individual aesthetic experiences; nodes 4 to 6 are closely related to the 

passing of aesthetic judgements. It must be noticed, however, that passing aesthetic 

judgements does not immediately follow aesthetic experiences. We can have aesthetic 

experience of pure contemplation without necessarily passing a judgement. In the same 

fashion, we can pass aesthetic judgements without currently experiencing an aesthetic 

episode, based solely on our recollection of past experiences, for example. Long-term 

nodes represent events that usually occur over longer periods of time. Nodes 7 and 8 

represent events like the acquisition and change of preferences or values. In the following 

I present an interpretation of how these nodes ideally develop. 

In the most general case, the process starts by being triggered in an autonomic 

way, very much like emotion processes are triggered by stimuli from the environment; 

this is represented by node 1. The very first event of an aesthetic episode in a person 

consists in focusing the attention on an object or a stimulus. For example, when attending 

a concert we listen to the music as soon as it begins. But just before the beginning of the 
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concert, the people in the concert hall can be found talking or walking around. It is only 

when the music starts that everyone remains silent and in their seats: they have focused 

their attention on the music and not on talking or walking. As in the case of emotions, the 

process can be triggered by a cognitive ‘input’. Furthermore, in aesthetic-processes the 

cognitive input is perhaps more important than in emotions, since aesthetic episodes, in 

poetry for example, are often associated with purely cognitive input. This triggering sub-

process includes the engagement of an autonomic response that further focuses the 

attention of the individual on the event in question; this is because in many cases 

affective phenomena similar to those present in emotions also occur in aesthetic-

processes at this stage (listening to musical events, for example, engage us in an affective 

and immediate way). 

After the autonomic response the individual undergoing an aesthetic-process 

focuses his attention on the formal features of the object of attention; this is represented 

by node 2. For example, once we are listening to the music in the concert hall we begin to 

focus on things like the repetition or variation of motifs (as Kivy suggested), the 

arrangement of musical sections, etc. During this stage the initial perceptual or cognitive 

trigger becomes a formal object of attention. The formal aspects of aesthetic experience 

depend heavily on the modality of the experience (we address this when we discuss 

aesthetic experience). 

Node 3 represents the formal activities undergone in the process. Up to node 2 the 

attention of the individual consists in mere passive contemplation, but as we have seen in 

Chapter 2, active intellectual engagement is important to understand aesthetic experiences 

in music or narrative, for example. Furthering our example of listening to a concert; we 

not only recognize simple patterns but we also get engaged in having expectations and 

making predictions about how the music will develop or, as Kivy calls it, we play the 

hypothesis and the hide-and-seek games. In the general case it is true that active attention 

is part of our aesthetic episodes. Node 3 represents the activities that our attention 

performs when dealing with the formal object. Once we have ‘built up’ a formal object of 

attention we engage in an active ‘processing’ of it; our attention starts to ‘play’ (as Kivy 

suggests) with the object. The passive contemplation of the object and this active 
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‘playing’ are responsible for the pleasure associated with aesthetic experience. I discuss 

all this in greater detail in the section on aesthetic experience. 

Following these initial experience nodes there appears an evaluation stage, node 

4. Passive and active attention result in affective reactions; these reactions can be 

construed as affective evaluations of the object of our attention. For example, we can 

enjoy the piece of music and enjoy even more playing the hypothesis game, or if the 

music is not good we can experience displeasure or become bored by the music. This 

enjoyment can be thought of as an expression of our preferences. These preferences, in 

turn, can be conceptualized as evaluation criteria. In a sense, in this stage an ‘aesthetic 

canon’ provides the rules that govern our affective assessments of the contents of 

experience. 

As we shall see, evaluation in an aesthetic-process differs from non-aesthetic 

evaluation; aesthetic evaluations consist in affective responses that must be articulated 

before they can be expressed as judgements. It is only when we have articulated the 

experience as a whole that the affective evaluations can be turned into something 

meaningful in the propositional sense. Thus the evaluation comes only after a phase in 

which we make sense of the process: we articulate the process as a whole and get our 

experience ready to be expressed in propositions like ‘This concert is beautiful’. There 

are several ways of articulating an aesthetic-process, but a very direct way is simply by 

summarizing the affective evaluation of our experience in an aesthetic description: an 

aesthetic judgement. This judgement is different from other cognitive or moral 

judgements in that its primary function does not consist in conveying information about 

states of affairs, but rather of making us aware of the nature of the process we are 

undergoing: it consists in ‘fixing the identity of our internal state’. The specifics of this 

articulation are addressed in the section on aesthetic judgement. 

Aesthetic judgements have a second role: conveying information. The actual 

passing of a judgement takes the form of uttering a description ‘A is B’. For example 

‘Last night’s concert was beautiful’. These descriptions have a definite propositional 

content that carries information. This information-carrying role will be called the 

exchange role and is represented by node 6. 
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Nodes 5 and 6 can also be seen, respectively, as representing private and public 

dimensions of aesthetic judgements. Aesthetic judgements as represented by the events in 

node 6 carry information outside the individual that can be used for non-private purposes. 

In this non-private path of information, aesthetic judgements are significant for the social 

interactions that shape aesthetic preferences and values. People modify and learn their 

preferences and values under the influence of public aesthetic judgements. In social 

interaction, thus, aesthetic judgements are ‘re-cycled’ by a process that, in the long term, 

modifies preferences and values (perhaps by aesthetic induction as McAllister suggests); 

in a sense, public judgements are eventually incorporated into preferences and values. 

Nodes 7 and 8 represent the series of events involved in the evolution of 

preferences and values. For example the acceptance of dissonance in music is now much 

greater than two hundred years ago. Furthermore, our preferences for certain kinds of 

music changes depending on our experiences; atonal music, for example, is something for 

which we have to acquire a taste. We have seen in Chapter 1 that, according to 

McAllister, a process of aesthetic induction plays a central role in this dynamic. Despite 

their long-term quality, events of nodes 7 and 8 determine events in short-term nodes. 

Passing aesthetic judgements and making affective evaluations can be seen as re-entry 

spots of long-term feedback paths between long- and short-term nodes. I assume that 

affective evaluation actualizes preferences, so node 4 can be seen as forming a feedback 

path with node 7. I also assume that aesthetic judgements serve as evidence of the 

presence of aesthetic values, so node 6 can be seen as forming a feedback path with node 

8. Node 8 can be seen as a value ‘repository’ that governs evaluations. The feedback path 

goes from our own and other persons’ past judgements to the long-term repository and 

then back to the evaluation and judgement nodes in an individual’s aesthetic-process. 

Aesthetic experience is characterized mainly by nodes 1 to 4, aesthetic judgement 

by nodes 5 and 6 (although we could also include node 4). Aesthetic preferences and 

value are represented by nodes 7 and 8. 

Now, the survey presented above is of course part of my account of aesthetic 

episodes; some parts of it can be challenged on the grounds that some of them need more 

empirical support, such as the affective engagement at the beginning of the process. I 

agree that many of the claims I present here are to some extent just plausible 
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speculations; I am proposing hypotheses. I believe, though, that they do not contradict the 

scientifically informed common sense I endorsed as part of my methodology in the 

Introduction. My theory should be taken not as a complete description of the aesthetic but 

rather as a plausible point of departure for more developed ideas, and some of the 

development should include further empirical research. We have now a general idea of 

how the events develop in an aesthetic-process, but we must account for the specifics of 

aesthetic experience, value and judgement in order to ground our aesthetic theory. I start 

with aesthetic experience.  

 

2. Aesthetic Experience 

Aesthetic experiences depend heavily on the objects of their attention; musical experience 

is very different from the experience of a painting, for example. Hence, an analysis of 

musical experience is not necessary for an accurate understanding of the experience of 

painting. The same is true for aesthetic experience in mathematics. Different aesthetic 

experiences should be addressed by focusing on their own specifics. In the following I 

concentrate on the specifics relevant to aesthetic experience in mathematics. The nature 

of this kind of experience has almost never been investigated. Because of this, my 

investigation of mathematical aesthetic experience is almost completely descriptive. 

Phenomenology is associated with descriptive investigation of experience, but my aim is 

not to give a phenomenological account in the technical Husserlian sense of describing 

“the structures of the experience as they present themselves to consciousness” (Dreyfus, 

2006, p. 2). My approach here is much more modest: my analysis is merely a descriptive 

account of some intellectual, affective, and objective events and their relations. In order 

to achieve generality some of the description is an idealization, but, I believe, it is not an 

implausible idealization. From my analysis we should therefore not expect the revelation 

of any universal truth; rather, we should see it as a point of departure for further 

theorizing (this account of experience makes more sense when we view it as a part of a 

larger system that includes aesthetic value and aesthetic judgement) and encouraging 

further developments. With this warning in place, let us move to my actual interpretation 

of experience.  
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I interpret aesthetic experience as a collection of interrelated events that unfold in 

time, that is, as a process. But experience is not an independent process; rather, I interpret 

it as a sub-process embedded in a larger aesthetic-process. For example, Euler’s formula, 

or, more technically, Euler’s identity30, eiπ
=–1, is often qualified as beautiful, it has even 

been called the most beautiful formula of mathematics (Le Lionnais, 2004; Wells, 1990; 

Nahin, 2006). The aesthetic experience associated with Euler’s formula, however, 

depends not only on an individual’s events related to contemplating the formula, but 

rather on things like an understanding of mathematics, actualizing preferences, other 

people’s opinions, etc. The aesthetic experience of Euler’s formula is related to events 

that are not necessarily present at the exact moment of the experience but that have an 

influence on it: the process of experiencing Euler’s formula is embedded in a larger 

aesthetic-process. This embedded sub-process consists of nodes 1 to 4. Node 4 includes 

an affective response which I interpret as non-cognitive, affective evaluation. I 

distinguish between affective evaluation and aesthetic judgements, which I consider full-

blown aesthetic evaluations. Affective responses are characteristic of aesthetic episodes; 

this is one of the features that distinguish them from other kinds of judgements. Although 

aesthetic judgements include affective evaluation, they are not mere affective responses, 

but the result of a process of articulation: I develop this idea in the section on aesthetic 

judgement. 

The experience sub-process begins with a cognitive ‘stimulus’, followed by 

focusing attention on the relevant formal features of the stimulus and by a further stage of 

active cognitive processing of the resultant formal object of attention. Let us use Euler’s 

formula to illustrate this. The Mathematical Intelligencer (Wells, 1990) asked its readers 

to evaluate 24 theorems In terms of their beauty: Euler’s formula was on the list and it 

ranked number one with an average score of 7.7, on a scale from 1 to 10. The first event 

in our aesthetic experience of Euler’s formula is an awareness of the formula, by, for 

example encountering it in a textbook or in the Mathematical Intelligencer. However, 

more important than this initial awareness is the focusing of our attention on formal 

properties like its ‘composition’ (it involves the numbers e, i, π, and 1, which are 

                                                 
30 I have established in footnote 3 of the Introduction that why I follow a different convention from the 
convention found in technical works. 
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considered the most important numbers of mathematics), or its simplicity. The formula’s 

occurrence in a book draws our attention, but it is the focusing of our attention in the 

composition and simplicity of Euler’s formula that is important. Euler’s formula is 

qualified as beautiful because our contemplation results in an affective reaction; this is 

what makes the predicate ‘beautiful’, rather than ‘enlightening’, suitable for the ranking 

in the Mathematical Intelligencer. We experience some kind of affective reaction, we like 

or dislike it, triggered by our contemplation of the formula. In the general case, the 

focusing of attention on formal aspects or the active processing of the content of our 

attention results in autonomic responses of pleasure or displeasure. I use the term 

enjoyment to refer to the responses or combination of responses that include either 

pleasure or displeasure; it thus refers to the presence of an affective response. In Euler’s 

formula it is difficult to identify the activities that our attention performs (mathematical 

proofs rather than mere formulas are better suited to that, as we shall see in the following 

sections), but in the general case intellectual activities can also be responsible for eliciting 

enjoyment.  

The events that constitute the aesthetic experience are subjective events; in 

general they include affective events, but in the case of mathematics an emotive content 

is not present (the content and properties of Euler’s or any other mathematical formula do 

not constitute an emotion or an emotive property). Thus, in mathematical aesthetic 

experience we must assume that formal events are central, as in music. I believe there are 

specific ways in which the formal characteristics of the object on which our attention is 

focused trigger responses of pleasure or displeasure for pieces of mathematics. Aesthetic 

experience consists of an intentional object (I refer to it just as the content) and its 

associated enjoyment. In the experience of mathematical items I have identified three 

different ways in which an intentional object can elicit pleasure or displeasure. This 

determines three different classes of experience (which are addressed later). Each of these 

classes is characterized by a specific content-enjoyment relation. I call these 

characteristic relations aesthetic appreciation phenomena or simply appreciation 

phenomena. The experience-process can thus be further detailed by considering them. 

But before doing that I need to clarify how I interpret the intentional objects involved in 

the experience. 
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I propose that the content of the experience should be seen as consisting of a 

formal object of attention and the way we actively deal with it. In aesthetic experience in 

mathematics, perceptual stimuli are of little relevance. When mathematicians pass 

aesthetic judgements they are not referring to perceptual aspects of mathematical items. 

Mathematical beauty does not refer to things like the elegance of the font in which the 

formula eiπ
=-1 appears printed in a book, or to the delicacy of the drawings illustrating a 

theory. The content that is important for aesthetic experience consists in the formal 

relations found in the cognitive representations of mathematical items during the 

aesthetic-process: the fact that Euler’s formula includes the most important numbers and 

that they relate in a simple way. I shall focus on these properties. My proposal is that the 

formal objects with which we are dealing here can be interpreted as a special case of 

intentional objects, that is, of objects perceived under a certain description, namely by 

focusing on a subset of their formal properties and relations. 

An aesthetic form is thus an abstract object determined by a set of relevant 

properties and relations. I have included a ‘formal build up’, node 2, as part of a typical 

aesthetic-process. This represents the fact that in aesthetic experience, attention focuses 

on the relevant properties and relations (properties like simplicity or composition or 

relations like repetition or other  patterns, for example) of the stimulus rather than on the 

whole collection of concrete features. In this experience process our attention shifts from 

a concrete stimulus to a different, formal, object relevant to aesthetic appreciation:  to an 

aesthetic form. In the case of Euler’s formula, we shall see, this consists not of the 

formula eiπ
=-1 but rather the set of the properties’ composition and simplicity. 

 

2.1 Aesthetic Forms 

In my view, it is an intentional object, the content of our attention, which results in the 

affective response involved in an aesthetic-process. This object consists only of the 

relevant features that help to keep our attention focused on it and to elicit an affective 

response. Some features of this intentional object are the result of a natural process of 

abstraction, such as the pitch of the notes in a melody or the number of mathematical 

constants involved in the formula ‘eiπ=-1’. Other properties are the result of learned ways 

of ‘seeing’ an object. Experiences provided by socialization and culture tell us which are 
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the relevant things to look for in an object in aesthetic appreciation: and we 

unconsciously look for those things. For example, in music we naturally look for patterns 

of temporal repetition; due to our experiences we look for the repetitions of sections in a 

sonata. In mathematics we need to understand things like exponentiation, Euler’s number, 

complex numbers, π, etc. in order to understand (let alone appreciate) Euler’s formula. 

Furthermore, familiarity with different kinds of proofs helps us to recognize a good proof. 

We can easily realize that the extent of the ‘formalization’ of the object depends 

on the nature of the experience. Representational painting, for example, requires that the 

object of attention matches the object it depicts. But poetry or conceptual art, by contrast, 

requires us to focus on the content and the intentions of the author. Mathematics usually 

requires a large amount of mathematical knowledge. Culture, via learning and training, 

plays a role in determining the choice of the correct amount of ‘formalization’, as Rota 

has pointed out; familiarity with examples of mathematical beauty play an important role 

in identifying other instances of mathematical beauty. Many times the formalization is 

inherent in the nature of the discipline. Musical appreciation, as we have seen in Chapter 

2, depends on abstract objects of attention and intellectual activity. Similarly, the nature 

of mathematics, highly dependent on structures as it is, determines that the object of 

attention must be an abstract object: there is no such thing as a concrete e or i. 

It is now time to specify the features that characterize this object in mathematical 

experience. 

 

AMIOs 

In my interpretation, aesthetic forms, in general, are abstract objects resulting from a shift 

of attention from a concrete initial stimulus to a subset of its relevant properties. 

Concerning aesthetic forms in mathematics, the first task in seeking to clarify them is to 

avoid confusion between mathematical objects and objects of appreciation. A distinction 

must be established between mathematical objects, mathematical items and intentional 

objects: a mathematical object is an abstract object that appears as a referent in a 

mathematical theory (set, function, number, for example). I call a mathematical item any 

abstract31 item that is characteristically part of mathematical practice32. A mathematical 

                                                 
31 In this way we exclude concrete indispensable items, like brains or mathematicians. 
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intentional object (MIO) is a mathematical item on which the attention of an individual, 

or a group of individuals, is focused. If this attention results in a specific type of affective 

reaction (the type will be characterized below) the item is called an aesthetic 

mathematical intentional object (AMIO). An AMIO is thus a mathematical item that is 

the subject matter, the content, of an aesthetic experience. AMIOs are the aesthetic forms 

involved in mathematical aesthetic experience; in the following I propose a 

characterization of them. 

 

2.2 A otion of Aesthetic Mathematical Intentional Object 

Aesthetic Mathematical Intentional Objects are the aesthetic forms involved in 

mathematical aesthetic experience. Like musical forms, mathematical objects of aesthetic 

appreciation are objects of attention, intentional objects, which are defined by a subset of 

the object’s relevant properties and structural relations. The relevant properties consist in 

a subset of properties that play a role in eliciting an affective reaction in the observer: for 

example, the meaning, simplicity or composition of Euler’s formula. The relevant 

structural relations, the relations between properties that enable our attention to perform 

certain activities, also play a role in eliciting affective reactions. In the case of Euler’s 

formula, and in general in the case of single results like theorems, these relations play a 

negligible role, but the simplicity, brevity or shortness of their steps can play a major role 

in the beauty of proofs and derivations. The geometrical properties of complex numbers, 

for example, allow shorter and more elegant derivations of trigonometric identities. We 

shall see an example when we discuss formal aesthetic phenomena. 

I propose to interpret intentional objects in aesthetic experience as objects existing 

in a phenomenological space, the space of our experience, with multiple dimensions. A 

dimension here is interpreted as a parameter or piece of information necessary to specify 

the ‘location’ of an object. Since our objects exist in a phenomenological space, each of 

the dimensions of the space corresponds roughly to a relevant property of the objects in 

our experience. 

                                                                                                                                                  
32 Although Rota offers no characterization of mathematical items, I believe that the above definition is 
adequate to cover Rota’s five types of mathematical items, which he describes as often being involved in 
claims of mathematical beauty. 
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For example, in the case of Euler’s formula as an object of appreciation, our 

attention must be focused in a specific way; a way in which we concentrate on the ‘extra’ 

properties, properties that are not relevant to understand the formula, but that are 

necessary to appreciate it. Euler’s formula is very simple, but simplicity is not necessarily 

a property of all mathematical results; it is an ‘extra’ that only some results possess. 

Properties like simplicity can be interpreted as dimensions of the space in which our 

formula-as-object-of-appreciation is located. A space with a simplicity-dimension is 

interesting because it allows us to ‘organize’ objects according to its degree of simplicity. 

But in order to allow this organization, we need to understand how the simplicity-

dimension works, that is, which features of the object the dimension summarizes. In a 

manner similar to knowledge in music, which enables us to see a certain intentional 

object, dimensions of phenomenological spaces for mathematical experience can be seen 

as the parameters that determine the different aspects of the objects that exist in the space. 

My proposal is to interpret dimensions as rules for interpreting relevant properties of 

objects: more specifically, as definitions that allow us to deal with the properties in 

question. These rules of interpretation or definitions can be simple declarations of the 

properties that constitute the intentional object. For example, if we need to introduce the 

dimension simplicity, in the phenomenological space in which our Euler’s-formula-

intentional-object is located, we need to define simplicity according to how the property 

is manifest in the object. The definition can be as follows:  

 

Simplicity=the feature of involving a minimum of operations and no non-relevant 

constants. 

 

Euler’s formula is simple in the sense defined above. It also has the very attractive extra 

quality of involving some of the most important constants in mathematics. I have called 

this quality the composition of the formula. We can introduce another dimension into our 

space to account for how attention focuses on this property. We introduce this dimension 

into the space that contains Euler’s formula by specifying the following definition: 
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Composition
33=the feature of being constituted by relevant items that are incorporated in 

a non-ad hoc manner. 

 

In a space with the dimensions of simplicity and composition, mathematical results are 

located in different places, depending on how they fit the definitions of the properties, 

that is, depending on how the dimensions order them. This represents how our attention 

distinguishes and discriminates different mathematical results depending on how simple 

or well composed they are. 

In order to account for the role of knowledge in mathematical appreciation I need 

to postulate a crucial dimension of mathematical phenomenological spaces: background 

understanding. As we have learnt from our discussion of Rota, to understand any piece of 

mathematics we need a great deal of mathematical knowledge. This is no surprise since 

we first need to understand it in order to appreciate any mathematical item. We can 

introduce a dimension that represents the fact that we understand the mathematical item 

(and thus that such an item exists in our experience), simply by referring to the 

background knowledge necessary to understand it. 

For example, in order to understand Euler’s formula we need to understand terms 

like ‘π’, ‘e’ or ‘i’; more formally, we need to understand complex analysis. We can 

introduce a dimension CA corresponding to the property of being understandable only if 

complex analysis has been understood. 

 

CA=the feature of being understandable only if complex analysis has been understood 

 

The dimensions that represent that mathematical understanding is required as background 

to appreciate a mathematical item are called Background-Understanding dimensions. At 

least one of these dimensions is necessary as part of any phenomenological space that 

contains mathematical intentional objects. They are crucial to define the specificity of 

aesthetic experience in mathematics, and are analogous to the specific perceptual abilities 

in other types of aesthetic experience.  

                                                 
33 Although terms like “Well-composedness” might be technically more accurate, I prefer the term 
“Composition” since this terms is more common  in aesthetic descriptions in other fields. 
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A background-understanding dimension is required for our experience to be about 

mathematics. But for our experience to be aesthetic we need properties (like simplicity or 

composition) that allow us to have an actual aesthetic response; properties that play a role 

in eliciting affective responses. To distinguish these properties I call them aesthetically 

relevant properties. In order to have an aesthetic object of attention it is necessary that the 

phenomenological space in which it is located has at least one aesthetically relevant 

dimension. Thus, any phenomenological space must have at least two dimensions, and at 

least one must be aesthetically relevant. For example, the expression x+x=2x, as an 

object of attention, requires background understanding (basic algebra) but it is 

aesthetically irrelevant, as it is not able to raise any kind of enthusiasm, its properties are 

not able to elicit any kind of affective response. Thus, even if we can introduce different 

properties as dimensions of an ‘attention space’, we cannot assign any aesthetic relevance 

to them because the affective character is absent, they do not constitute a 

phenomenological space for aesthetic experience. 

My interpretation assumes that the central element that determines an AMIO 

consists in the dimensions of the phenomenological space in which it is located. The 

second element that determines a mathematical intentional object is the set of relations 

that further constrains the activities that can be performed by our attention in the 

phenomenological space (the dimensions of the space establish the initial constraints, of 

course). For example, the dimension Complex Analysis allows us to understand, to ‘see’, 

Euler’s formula, but it also allows us to follow proofs or derivations involving complex 

functions. The proof of a theorem or the derivation of a result typically involves not only 

the passive ‘seeing’ of  the result; rather, it consists in going through a series of steps and 

checking that the steps validly lead to the final result.  

 

The expression eiπ =-1, for example, is a special case of: 

e
ix=cos x +i sin x   

 

 If we let x=π (radians), 

eiπ =cos π  +i sin π 
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since cos π =-1  and sin π =0, we obtain: 

e
iπ =-1 

which is our good old number-one-ranked Euler’s formula. In this very simple derivation, 

our attention is mainly focused not on the properties of the resulting formula or the other 

individual expressions, but rather on how the successive steps lead us from the initial 

expression to the final one. I do not claim that this derivation has some aesthetic value, I 

am just trying to show that in the general case the experience of mathematical items 

involves not only awareness of properties but also the active involvement of our 

attention. 

Actively following this derivation is enabled by the properties and relations 

inherent in complex analysis, and thus by the background knowledge dimension of our 

phenomenological space. In the general case these properties and relations can be seen as 

rules of combination and transformation for the intentional objects existing in the 

phenomenological space. This set of rules tells us how to ‘infer’ new objects, or how to 

construct new objects out of our original AMIOs. I call these rules transforming 

operations. 

Logic is the most fundamental set of rules of derivation in mathematics. All 

objects in a mathematical phenomenological space must have a background 

understanding dimension and are thus intrinsically regulated by logic. The second most 

important set of rules depends on the implicit relations of our background understanding 

dimension. For example, if our background understanding dimension is complex analysis 

the identities and definitions involved in it are part of our transforming operations. Thus, 

we always have at least the rules of logic and of the particular field of mathematics as 

transforming operations. 

In mathematical appreciation we can have different operations working at 

different levels of appreciation and they are more relevant in ‘active’ mathematical 

intentional objects such as derivations or proofs.  

For example, the introduction of the geometric interpretation of complex numbers 

by Caspar Wessel in 1799 allowed simpler derivations of already known results. 

Regarding Wessel’s geometric interpretation of complex numbers Paul Nahin comments: 
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How beautifully simple is Wessel’s idea. Multiplying by 1−  is, geometrically, simply a rotation 

by 90 degrees in the counter clockwise sense…. Because of this property 1−  is often said to be 

the rotation operator, in addition to being an imaginary number. 

As one historian of mathematics has observed, the elegance and sheer wonderful simplicity of this 

interpretation suggests “that there is no occasion for anyone to muddle himself into a state of 

mystic wonderment over… the grossly misnamed ‘imaginaries.’ ” This is not to say, however, that 

this geometric interpretation wasn’t a huge leap forward in human understanding. Indeed, it is only 

the start of a tidal wave of elegant calculations (Nahin, 1998, pp. 54-55). 

 

In the geometric interpretation “a complex number is either a point a+ib in the so called 

complex plane or the directed radius vector from the origin to that point” (Nahin, p. 48). 

In addition to the representation a+ib, a complex number is sometimes 

represented by the associated length of its radius vector, called the modulus of the 

complex number, and the value of the polar angle tan –1(b/a), called the argument. We 

can express this as follows: 

 

a+ib= √(a2+b
2) ∠  tan –1(b/a) 34

 

 

Nahin’s remarks on the geometric interpretation enthusiastically employ aesthetic 

adjectives, but he also stresses that the geometrical interpretation resulted in elegant 

calculations. He devotes a section of his book to presenting some of these calculations, 

especially trigonometric identities. De Moivre’s theorem is instrumental in many of those 

calculations and it is an example of an elegant derivation itself35: 

With his wonderful deduction of the geometry of 1−  there was now no stopping Wessel with 

even more exotic calculations. For example, if you start with a unit radius vector of direction angle 

θ/m, where m is an integer, then it follows immediately that 

                                                 
34 The angle notation is often used in fields like engineering. It is related to the polar form of complex 
numbers (the equivalent polar notation is (r, φ)), the expression before the angle symbol represents its 
modulus and the expression after corresponds to the argument (or, simply, the angle between the directed 
radius and the real axis). This notation simplifies the visualization of operations; multiplication consists in 
multiplication of modulus and addition of arguments, exponentiation consists in exponentiation of modulus 
and multiplication of arguments. 
35 We shall see later that calculations, derivations or proofs belong to a different class of experience than 
formulas or theorems, since they involve an ‘active’ contemplation. Furthermore, this example involves not 
only active attention but also the fact that experience enables us to see some properties; it belongs to a third 
class, called canonical. 
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This result is not original with Wessel (although this elegantly simple derivation of it 

was), and it is commonly known as “DeMoivre’s theorem” (Nahin, 1998, p. 56). 

 

The derivation of DeMoivre’s theorem presented above is composed of several individual 

expressions, the ‘steps’ of the derivation; in order to see the derivation as single item we 

need to ‘connect’ all those individual expressions. We typically do this by seeing the 

steps of the derivation as resulting from the application of logic or other ‘rules’ implicit in 

complex analysis (or the relevant field). This illustrates that our object of attention is 

determined not only by its visible properties but also by how we actively deal with it. 

Furthermore, Wessel’s geometric interpretation is a single mathematical item that also 

has methodological repercussions: it results in ‘elegant calculations’. The fact that the 

geometric interpretation resulted in simpler derivations contributed to our appreciation of 

the complex numbers. However, the fact that Wessel’s geometric interpretation results in 

elegant calculations is not a property we can immediately ‘see’ in the mere proposal of 

the interpretation. We can ‘see’ that Wessel’s proposal is simple, but to realize that it also 

results in elegant calculations we need to ‘see’ the derivations themselves; the property of 

‘resulting in elegant calculations’ is not immediately apparent by just directing our 

attention to the geometric interpretation. We need to perform further activities to realize 

the role it plays in, for example, the elegant derivation of DeMoivre’s theorem. In other 

words, ‘resulting in elegant calculations’ is not a property ‘visible’ within a 

phenomenological space that includes Wessel’s 1799 geometric interpretation of complex 

numbers. This case is analogous to the case of how biographical context can help us see 

‘invisible’ properties of music. 

The introduction of new transforming operations allows us to address this issue, 

since operations allow us to ‘construct’ new objects like derivations or proofs, and thus to 

‘see’ new properties that are not originally visible on the object from within the 
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phenomenological space. The introduction of further operations enables us to see further 

properties. I call this new type of operations meta-intentional transforming operations. 

The rules implicit in our background understanding are called implicit transforming 

operations. 

Meta-intentional operations allow us to introduce non-intra-spatial (visible within 

the phenomenological space) properties, that is properties that are not visible within the 

phenomenological space. The purpose of these operations is to allow us to see new 

properties in our phenomenological space; thus, these operations must be consistent with 

our space. The new operations are operations that comply with two conditions that I 

propose as follows: first they must be aesthetically-conservative; that is, they cannot 

contradict the internal properties of the dimensions, and they cannot change any of the 

properties responsible for the aesthetic value of the intentional objects in the space. This 

takes care of consistency with our space. For example, meta-intentional operations cannot 

introduce mathematical theorems that contradict the theorem on which our attention is 

focused, because that would amount to introducing an inconsistency, which is against the 

‘rules’ of logic. Second, meta-intentional operations must help, or be relevant to, our 

seeking or finding aesthetically relevant properties or other kinds of patterns in our 

AMIO. This is what enables these operations to see new properties. For example, in the 

case of Wessel’s geometric interpretation we can introduce the operator ‘simplification’ 

by, for example, specifying how operations like multiplication, exponentiation and other 

calculations can be achieved by simpler means. And once we apply the operation 

simplification, we obtain a ‘transformed’ intentional object.  

Let us recapitulate. The derivation of DeMoivre’s theorem presented above is an 

elegant derivation. This has to do with the fact that the theorem can be derived by very 

simple means. But realizing this kind of simplicity depends on different intellectual 

activities than realizing the simplicity of Euler’s formula. In the case of the derivation we 

need to actively supervise that all steps are correct and that they lead to the theorem in a 

natural way. The fact that the derivation involves only a few steps and the steps 

themselves do not involve complicated calculation contributes to our appreciation of the 

derivation as simple. The fact that this simplicity is also connected with the simplicity of 

the geometric interpretation adds further simplicity. The connection between a simple 
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idea and its power is not only practically appealing but also causes an affective reaction 

in us. We express these facts by using aesthetic terms, ‘elegant’, instead of just merely 

descriptive terms like brief or wide-reach resulting. 

 

Aesthetic Mathematical Intentional Object in Summary 

We can summarize the discussion above as follows: 

A) Aesthetic Mathematical Intentional Object (AMIO) 

An Intentional Object is called mathematical when it is an intentional object whose 

content is a mathematical item.  A Mathematical Intentional Object (MIO) is called 

aesthetic when it is determined by a set of aesthetically relevant properties and structural 

relations; more specifically, when its associated phenomenological space (PS) and 

transforming operations (TO) comply with the following characterization: 

 

B) Phenomenological Space (PS) 

A PS is a collection of at least two different properties, referred to as the dimensions of 

the space. 

B.1) A dimension is a property introduced by an explicit interpretation or definition. 

B.2) Every PS has at least one background-understanding dimension. 

B.2.1) A background-understanding dimension is a property that specifies the theoretical 

knowledge necessary to understand the mathematical item that constitutes the AMIO. 

B.3) Every non-background understanding dimension is aesthetically relevant. 

 

C) Transforming Operation (TO) 

A TO is a set of rules that AMIOs follow in order to construct new AMIOs 

C.1) A TO is called implicit when it consists in the rules of logic and mathematical 

background knowledge. 

C.2) A TO is called meta-intentional when it is not an implicit TO, and it is aesthetically 

conservative and intentionally relevant 

C.2.1) A TO is aesthetically conservative in a phenomenological space PS if it is 

consistent with all the rules that define the dimensions of PS. 
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C.2.2) A TO is intentionally relevant if it allows us to establish aesthetically relevant 

properties not present in PS. 

 

 

2.1.2 Formalism and the Role of Form 

The way I have dealt with the notion of ‘aesthetic form’ is different from the way authors 

like Kivy do. My approach to aesthetic experience can be qualified as formalism, in the 

sense that emotive content plays no significant role. Perhaps it is a good idea to see how 

we can interpret my approach as a type of ‘formalism’. 

Aesthetic mathematical intentional objects constitute a particular type of aesthetic 

forms. Their characteristics determine the modality of aesthetic experience in 

mathematics. In general, all kinds of aesthetic forms are profoundly related to the 

modality of the experience involved in an aesthetic-process. The aesthetic form of a 

painting or a sculpture is closely related to its concrete visual or spatial structure; but the 

relation between the form of a poem or of a symphony is less closely related to the 

concrete visual properties of printed words or of heard stimuli. This is perhaps the most 

crucial feature that distinguishes one particular aesthetic experience from another. I 

believe there is no single notion of aesthetic form that can be used to characterize all 

possible aesthetic experiences. However, a significant insight can be gained by 

conducting local analyses of form if we complement it by locating it in the context of a 

wider theoretical framework like the-aesthetic-as-a-process approach. 

Now, if we cannot give a characteristic general notion of form, how should we 

understand formalism as a unified aesthetic approach? 

My proposal is not to try to give a unique notion of form that covers all kinds of 

aesthetic form, but rather to offer a unifying role that form performs in aesthetic-

processes. Even if aesthetic experience is different for different modalities of experience, 

aesthetic form performs the same role in all of them: it serves as the focus and cause of 

the experience.  

Aesthetic experience is constituted by its content and its associated pleasure 

response. Aesthetic form serves as the focus of attention; in this way it confers unity on 

the aesthetic experience. Aesthetic form is also the cause of the enjoyment (pleasure or 
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displeasure) associated with the content of experience; in this way it lends the experience 

its affective, aesthetic character. This, I believe, constitutes a role-based approach to 

aesthetic formalism. 

2.2 Aesthetic Appreciation Phenomena 

I have proposed AMIOs as the characteristic content of mathematical aesthetic 

experience; the peculiarities of these objects distinguish aesthetic experiences in 

mathematics from other kinds of aesthetic experiences. In addition to distinguishing 

mathematical aesthetic experiences from other experiences, we can use the way the 

content of experience, an AMIO, is involved in eliciting an affective response to further 

characterize mathematical aesthetic experiences. As anticipated, I have identified three 

different ways in which content elicits affective reactions. These relations between 

AMIOs and their associated responses introduce a finer characterization of experiences. 

These content-response relations depend on the particular way affective reactions are 

elicited in the way we appreciate them. I call them aesthetic appreciation phenomena. I 

distinguish the different aesthetic appreciation phenomena based on how an affective 

response is elicited. In the first type of aesthetic appreciation phenomena the response is 

elicited by passive contemplation, due to autonomic reactions to a stimulus. In the second 

type the response is elicited by the performance of intellectual activities. In the third type 

the response is elicited by mechanisms related to our acquired preferences, that is, by the 

preferences that have been modulated by tradition and learning. I call these aesthetic 

appreciation phenomena basic, formal and canonical, respectively. Each aesthetic 

appreciation phenomenon characterizes a different type of mathematical aesthetic 

experience, which we can thus call basic, formal or canonical experiences. 

 

2.3 Basic Appreciation Phenomena 

In basic aesthetic appreciation phenomena (or basic phenomena, for short) the affective 

response is the result of autonomic affective responses to ‘passive’ AMIOs, that is, 

AMIOs that do not involve ‘active’ mental contents.  

Affective responses are involved in a wide class of behavioural and psychological 

phenomena besides emotions (Frijda, 1986, Ch. 3; Robinson, 2005, Ch. 1). I employ this 
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fact to interpret aesthetic appreciation phenomena in mathematics. This, I believe, is 

consistent with Robinson’s theory of emotions, since, in Robinson’s view, events like 

non-cognitive appraisal are shared by higher and lower species and they seem to unfold 

along relatively independent temporal paths (Robinson, 2005, pp. 64-67). We have seen 

in Chapter 2 that, in Robinson’s theory, part of the emotion process consists of complex 

responses involving physiological, psychological and behavioural changes in an 

individual who encounters certain sensorial or cognitive inputs36. The initial stage of an 

emotion process is an affective appraisal of the stimulus (Robinson, 2005, pp. 62-65). 

The coarse, non-cognitive appraisals seem to consist of several elements (Robinson, 

2005, p. 65). For example, non-cognitive appraisals do not classify stimuli as one of our 

well known emotions (fear, anger, shame, etc.); rather, they categorize stimuli in broader 

emotion-like categories or emotion-families. The non-cognitive appraisals make rough 

assessments based on emotion-like families like the fear-family or the anger-family37. For 

instance, a snake-shaped branch lying on the floor can result in an automatic response of 

fear. This is because the non-cognitive appraisal categorizes the stimulus in the fear-

family. Another important component of the appraisal in this example is that the stimulus 

is evaluated not only as relevant to the fear-family but also as threatening. A very 

interesting component of the evaluation of non-cognitive appraisals is that some stimuli 

are classified in terms of positive or negative valences; they are crudely seen as safe or 

threatening, as friend or enemy, familiar or weird, etc. Although the identification of 

specific valence polarity pairs like safe-threatening is a matter of empirical research, I 

believe that a very basic valence polarity pair is the one that classifies stimuli in terms of 

their being pleasing or not, that is, in terms of the reactions ‘I like it’ and ‘I do not like it’. 

This liking-disliking polarity seems to be relevant to emotions that include evaluation of 

the intrinsic pleasantness of the stimuli (Robinson, 2005, p. 65). 

Now, non-cognitive appraisals are just one of the elements of Robinson’s 

interpretation of emotions as processes, and what is characteristic of emotion is the whole 

process, not single events. Non-cognitive appraisals are emotive because they participate 

in an emotion process. In a similar manner, my proposal is that affective reactions in 

                                                 
36 For a summary of results that support this, see Appendix 3. 
37 For a survey of empirical results, see Appendix 3. 
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aesthetic appreciation are characterized by the process in which they participate, namely, 

an experience-process (or, in the larger picture, an aesthetic-process). 

I must emphasize that I do not claim that emotions are the kind of phenomena 

involved in basic aesthetic appreciation phenomena. Rather, I just claim that some 

aspects of the nature of emotions (the fact that there are autonomic affective responses to 

the environment and cognitive stimuli) can be used to inform our common sense to put 

forward a plausible hypothesis regarding basic aesthetic appreciation phenomena.  

The simple autonomic affective responses related to the valence polarity-pair 

liking-disliking offers a means to refine our understanding of aesthetic experience in 

mathematics. For the purpose of characterizing aesthetic experience we can make the 

simple (and, I believe, not implausible) assumption that the affective reactions involved 

in our aesthetic experiences are similar to the non-cognitive appraisals that exhibit the 

valence polarity pair liking-disliking. 

Now, I propose to view the pleasure response in basic phenomena as an affective 

response to a ‘passive’ (not involving shifts of focus) content of our attention. Pleasure 

(or displeasure) is elicited as an autonomic response due to the cognitive input being 

‘classified’ on the liking (or disliking) side of the valence polarity. The mere presence of 

the input ‘stimulus’ results in a ‘good feeling’, a feeling of ‘I like it’. A similar 

mechanism is responsible for displeasure: the initial cognitive input is ‘classified’ on the 

disliking side of the valence polarity; its mere presence results in a ‘bad feeling’, a feeling 

of ‘I do not like it’. 

Basic aesthetic appreciation phenomena thus involve the intentional objects, 

AMIOs, able to elicit the affective responses associated with the valence polarity pair 

liking-disliking. We can characterize the first type of aesthetic experience as the 

experience-processes the content of which involves basic appreciation phenomena. 

 

Definition 1: 

An aesthetic experience is constituted by a basic aesthetic appreciation phenomenon if 

and only if the passive content of experience, its AMIO, can be classified by means of the 

liking-disliking valence polarity. 
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A passive content of experience is a content that does not involve intellectual activities 

that unfold from one item to another. Theorems or formulas are examples of passive 

contents since they are items that can be contemplated without actively shifting attention 

to other items. Derivations or proofs are examples of items that require ‘active’ attention, 

since in order to follow a derivation or a proof we need to shift our attention from one 

step of the derivation or proof to the next. For example, in addition to Euler’s formula, 

David Wells’ list (Wells, 1990), includes theorems like ‘π is transcendental’, ‘the number 

of primes is infinite’ or the four -colour theorem. None of the entries in the list includes a 

reference to a proof. The four-colour theorem is an interesting entry since the theorem is 

well ranked, number nine, it lacks an analytic proof and its computer-assisted proof is not 

considered beautiful. The items in Wells’ list are mainly passive.  

Unlike proofs, theorems require a more ‘purely contemplative’ attention. It is true 

that understanding any piece of mathematics requires a range of different passive and 

active kinds of attention. But in the case of simple results, the appreciation of their extra 

properties does not involve further activities and in many cases the affective response is 

autonomically elicited by the mere content of our attention, which makes them instances 

of basic appreciation phenomena. Let us examine Euler’s formula to exemplify basic 

phenomena. 

Our aesthetic experience of Euler’s formula does not consist in the perception of 

concrete stimuli or the awareness of particular instances of the formula; rather, it consists 

in our awareness of its aesthetically relevant properties. This fact is represented in my 

interpretation by seeing Euler’s-formula-as-object-of-attention as an object existing in a 

phenomenological space the dimensions of which are CA (complex analysis as 

background understanding), simplicity, and composition. Complex analysis allows us to 

‘see’ the object, while simplicity and composition play the role of eliciting an affective 

response (they are the aesthetically relevant dimensions). The mere presence of Euler’s-

formula-as-object-of-attention involves our awareness of its simplicity and composition 

properties. Simplicity and composition are ‘attractive’ properties; we are prone to like 

rather than to dislike these properties. That is, we are prone to affectively classify objects 

that possess these properties on the liking side of the valence polarity; we experience a 
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feeling of ‘I like it’ when we are presented with such properties. There is thus an 

autonomic response associated with the presence of Euler’s-formula-as-object-of-

attention. Now, not all mathematical formulas are simple, nor do they involve almost all 

the important constants in mathematics; Euler’s formula is and does, though, and when 

we contemplate it, when we make it our object of attention, we like it, we respond 

affectively to it. This contemplation does not involve further activities, since making it 

our object of attention (in the aesthetic sense) consists precisely of realizing its simplicity 

and composition.  

We can say that in the case of Euler’s formula, all we need for an autonomic 

affective reaction is ‘passive’ contemplation (in the sense that our attention does not shift 

from item to item), and we can thus say that its experience involves a basic appreciation 

phenomenon. It is important to remember that autonomic reactions caused by passive 

contemplation are characteristic of basic appreciation phenomena; we shall see that 

‘active’ attention is characteristic of formal appreciation phenomena and ‘learned’ 

reactions are characteristic of canonical phenomena. In summary, the content of the 

experience, the AMIO Euler’s-formula-as-object-of-attention, can be classified by 

assigning a side of the liking-disliking valence polarity, the experience is thus of the basic 

type. 

Now, this conception of basic phenomena offers two advantages: first, it is clearly 

related to the affective response associated with having preferences for certain items. 

Affective responses play a central role in our characterization. Second, it differentiates 

basic aesthetic appreciation phenomena from emotions, but, at the same time, it allows us 

to establish an overlap between them. Emotions and aesthetic experiences are not 

completely independent. 

The characterization of basic appreciation phenomena offered here depends on my 

interpretation of some of Robinson’s ideas. Although I believe that my interpretation of 

affective responses in aesthetic experience in mathematics as a type of reaction resulting 

from Robison-type non-cognitive appraisals is not implausible, there remains the fact that 

it depends on empirical findings regarding the nature of specific kinds of valence. 

However, this dependence is not exclusive to my approach. Basic aesthetic responses, in 

non-formal musical events, for example, are traditionally the most difficult topic to 
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analyze by conceptual means. I believe that dependence on empirical findings should not 

be seen as a drawback, but rather as a feature that allows further revisions and 

improvements to f our theories. 

 

A Priori Relation Content-Enjoyment 

Basic appreciation phenomena are characteristically mathematical because the intentional 

objects involved in them, AMIOs, are characteristically mathematical. But if we obviate 

this fact and think in terms of a broader class of intentional objects (music, poems, or 

other ‘cognitive’ objects of attention), some of its features can be discussed in a more 

general fashion. 

If my interpretation is correct, the autonomic affective reactions in basic aesthetic 

appreciation phenomena are closely related to biologically driven responses. Our 

preference for certain visual stimuli, or our aversion for certain sounds, are examples of 

autonomic reactions involved in events of aesthetic appreciation. One of the features of 

these types of experience is that the response is non-cognitive; the response associated 

with the cognitive content (the content of our attention, a theorem or a result) is an 

affective response. Another characteristic of these experiences is that, in the general case, 

even if the responses are elementary and non-cognitive; the ‘inputs’ (the objects of 

attention) that trigger those responses are not necessarily elementary or non-cognitive. A 

green dot is simple in comparison with the sight of a natural landscape with green trees 

and grass; however, the landscape is more likely to trigger an affective response of ‘I like 

it’ than the mere green dot. The ‘basic’ in basic appreciation phenomena does not refer to 

the intentional object; it is the mechanism that triggers the experiences (a non-reducible 

basic mechanism of non-cognitive appraisal) that is referred to as basic. In mathematics 

the experience in our basic phenomena must be triggered by a complex cognitive input; 

an intentional object containing the mathematical item ‘eiπ=–1’, for example. 

Now, by employing autonomic responses as a means of characterizing experience, 

my approach contrasts with McAllister’s account of beauty in science. In McAllister’s 

view, aesthetic preferences are formed via aesthetic induction; this results in an a 

posteriori picture of aesthetic preferences. Basic appreciation phenomena do not entail 

nor need an induction process, since the preferences involved can be explained as the 
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result of a ‘hard-wired’ autonomic mechanism. In this way, past experiences are not 

necessary to explain the preferences associated with basic appreciation phenomena. 

Drawing an analogy with knowledge, we can say that there are preferences that depend 

on experience and preferences that do not; and we can call these last preferences a priori 

preferences. My model allows both types of preferences, a priori and a posteriori, as we 

shall see in the following sections. 

2.4 Formal Appreciation Phenomena 

The second type of aesthetic appreciation phenomena I propose is formal aesthetic 

appreciation phenomena. In formal aesthetic appreciation phenomena (or formal 

phenomena, for short) the affective response is elicited by an active content. The main 

difference from basic phenomena is that in formal phenomena the response is elicited as 

the result of performing intellectual activities that involves the content of attention. I have 

included intellectual activities in my characterization, inspired by Kivy’s formalism; 

hence the term ‘formal’. An active engagement of the listener is central to Kivy’s account 

of what we enjoy in our appreciation of musical structures. Certain mathematical items 

involve an analogous engagement. 

In Chapter 2 we have seen that, according to Kivy, a significant role in our 

pleasure in apprehending musical structures is played by ‘playing’ with patterns (as in the 

‘hypothesis game’ and the ‘game of hide and seek’). This can be generalized as the idea 

that repetition, symmetry and other types of patterns play a role in aesthetic experience 

(or at least in certain modalities of aesthetic experience). We can take Kivy’s idea of 

‘games’ and generalize it to include the intellectual activity or activities consisting of all 

kinds of logic-like expectations used by mathematicians (logical inference or inductive 

projection, for example) and in the recognition of and search for general patterns. This 

generalization allows us to include, I believe, the most relevant ways of dealing actively 

with intentional objects in mathematics. 

By introducing recognition and, especially, search for patterns, the content of our 

aesthetic experience is no longer mere passive contemplation. Intellectual activities are 

now part of the content. If the active part of the content elicits an affective response we 

have a formal aesthetic appreciation phenomenon. Formal aesthetic appreciation 

phenomena characterize aesthetic experiences whose content is active. 



130 
 

Patterns thus have aesthetic relevance. My model of AMIO allows the 

introduction of pattern-related activities by means of operations. My model also allows us 

to construct new objects of attention, thus, in addition to search and find patterns, the 

activities in mathematical experience can also include constructing patterns. While 

mathematical results, theorems or formulas are usually passive objects of attention, 

mathematical items like proofs or derivations involve active attention. We have already 

presented an elegant derivation of De Moivre’s theorem. I now present another (more 

standard) version of the theorem involving only integer exponents; I refer to it as De 

Moivre’s formula: 

 

(cos x+sin x)n=cos (nx)+ i sin (nx) 

 

Its derivation from Euler’s identity38 serves us to illustrate the active contents of 

experience: 

Euler’s identity is: 

e
ix=cosx+i sinx   (1) 

 

The exponential law tells us that: 

(eix)n=e
inx   (2) 

 

Rewriting einx  leads to 

e
inx=e

i(nx)   (3) 

 

Substituting in (1) yields 

ei(nx)=cos(nx)+i sin(nx) (4) 

 

In this simple example our attention is focused not on a single item only. Rather, it 

successively shifts from one item to another. We begin by focusing our attention on 

Euler’s identity, then on the exponential law, then on associativity and finally on De 

Moivre’s formula. Performing these activities is necessary to understand how De 

                                                 
38 The reader will recall our non-standard terminology for Euler’s Formula. 
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Moivre’s formula is related to Euler’s identity and thus to understand the derivation as a 

derivation. Theorems or formulas establish certain states of affairs concerning certain 

mathematical objects. Euler’s identity establishes the identity between complex 

exponents and trigonometric functions. But a derivation (or a proof, for that matter) 

establishes the logical relations between different results. Now, the derivation not only 

establishes logical relations, it also helps us understand the results involved: once we 

‘see’ the steps that conduct us from Euler’s identity to De Moivre’s formula we see that 

the appearance of the term n, for example, in different places in the formula (once as an 

exponent and once as an argument of trigonometric functions) is not arbitrary: we 

understand why the term appears in both places. Now, in order to gain this understanding, 

we need to actively follow the steps of the derivation, we must understand what each step 

does, we must check that each step makes sense, that there are no contradictions, that 

there are no errors, etc. The nature of derivations and proofs involves an active 

engagement of our  attention. 

Active attention, of course, turns our experience of the mathematical item into an 

active experience. But aesthetic experience is characterized by an affective response. The 

presence of patterns in mathematical experience coupled with active engagement of 

attention, just as in the case of music, is able to elicit an affective response, and thus to 

turn our experience into an aesthetic experience. 

For example, the derivation of De Moivre’s theorem from Wessel’s geometric 

interpretation39 of complex numbers has been qualified as elegant by Nahin. Let us recall 

that the derivation requires only the geometric interpretation of complex numbers; 

starting with a unit radius vector of direction angle θ/m. 

It follows that 
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Or turning this statement around by taking the mth root, 

                                                 
39 Eulers’ identity was proved in 1714 by Roger Cotes, and published in its current form by Euler in 1748. 
Wessel introduced his interpretation in 1799 in the Royal Danish Academy of Sciences and Letters but it 
remained obscure for some time. 
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Something we notice immediately is that in this derivation our point of departure is more 

fundamental. While Euler’s identity already establishes complicated and non-obvious 

relations, the geometric interpretation establishes a simple way to deal with complex 

numbers. Interestingly, this simple definition of complex numbers results in a shorter 

derivation of De Moivre’s theorem. Now, realizing that the simplicity of the geometric 

interpretation and understanding the derivation above depend on an active engagement of 

our attention, we must compare the interpretation to other possible conceptions, check the 

derivation for coherence, for absence of errors, etc. The simplicity of this derivation 

results in an affective reaction; we like this derivation (or at least Nahin does). However, 

the simplicity involved here is of a different type than the one in Euler’s formula and, 

more importantly, the affective response is not elicited by the merely passive 

contemplation of the definition or of any of the items involved in the derivation, but 

rather by our active engagement in following it. 

This example thus exhibits two differences from Euler’s formula. First, the object 

of attention is different: while in Euler’s formula we have a single object of attention, a 

single AMIO, in this derivation our attention focuses successively on the geometric 

interpretation, on the unit radius, on the first line of the derivation, etc. There is no unique 

AMIO on which our attention focuses; the derivation is rather composed of multiple 

objects that are linked by logic, and, in our experience, by attention shifts. Second, we 

appreciate the brevity of the derivation, but this brevity does not appear as a property of 

any of the individual objects of our attention (the steps of the derivation), it is rather a 

property of the collection of those objects. Since the properties involved in eliciting an 

affective reaction are related to active engagements of our attention, the affective reaction 

cannot thus be elicited by mere ‘passive’ contemplation (the awareness of properties of a 

single intentional object). This testifies to the presence of active aesthetic experiences. 

Active attention is central to the appreciation of derivations, proofs and other 

mathematical items. Mathematical derivations or proofs resemble (like music) stories: 

they consist in a collection of initial ‘events’ that need to be developed in a coherent way 
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in order to arrive at a closure. Now, not all mathematical derivations or proofs are 

regarded as beautiful. The derivation of De Moivre’s formula based on the geometric 

interpretation seems more elegant than the one based on Euler’s identity. Only 

derivations or proofs whose ‘narratives’ are able to elicit affective responses can be 

properly qualified as elegant or beautiful. The geometric interpretation based derivation is 

easy to follow and it has a more fundamental and simpler premise than Euler’s identity-

based derivation, its narrative is more suitable to be qualified as elegant. 

This elegance is related to how the derivation ‘tells’ the story, that is, to how the 

derivation shifts our attention (the ‘plot’ of the derivation) and how it reaches its 

conclusion (the ‘resolution’ of the plot). It is not only the mere presence of an AMIO that 

is responsible for the enjoyment of this experience, but rather the activities involved in 

the plot and resolution of our story-derivation. 

I have proposed two kinds of possible operations in phenomenological spaces40: 

implicit and meta-intentional operations. These operations represent the intellectual 

activities that result in an affective response or allow us to ‘see’ properties that result in 

affective responses. The operations allow us to ‘see’ properties in active experiences 

because they allow us to ‘construct’ new AMIOs in a phenomenological space. For 

example, the derivation of DeMoivre’s theorem from the geometric interpretation 

presented above is qualified as elegant due in part to its simplicity. But we have seen that 

this simplicity is not a property of any of the individual steps of the derivation; rather, it 

is a property of the derivation as a whole. In order to take the effect of this simplicity into 

account, we need to interpret the derivation as a composite AMIO consisting of the 

collection of steps of the derivation. We can use, for example, the notion of logical 

consequence to link each new step to the previous one. This is permitted in our 

phenomenological space since the most basic type of implicit operation consists in the 

rules of logic. By including logical-transformation operations, our experience consists not 

only of successive objects (the steps of the derivation) but also of the object resulting 

from linking all these steps by logical consequence. We can attribute properties, like 

simplicity, to this newly constructed object that we cannot attribute to any of the 

individual steps. We can, for example, proceed as follows: let us think of the number of 

                                                 
40 See section 2.1.2.1. 
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steps involved in the derivation. We can introduce the property of step-parsimony defined 

as the property of consisting of very few steps. Of course, none of the individual steps 

can be qualified as being step-parsimonious (they do not themselves have steps), but the 

composed AMIO resulting from the logical consequence operation can be qualified as 

step-parsimonious. This step-parsimony is one of the reasons why our derivation has been 

qualified as elegant.  

Our ‘active’ experience of the derivation of De Moivre’s theorem occurs in a 

phenomenological space that allows the construction of a composed AMIO via a logical-

consequence-implicit operation (or a similar one). This composed AMIO, due to the 

property of step-parsimony (which is a form of simplicity), elicits an affective response. 

Our new phenomenological space thus includes the following dimensions (the properties 

visible in our experience): algebra and analytic geometry (as background understanding); 

conceptual-simplicity, defined, for example, as being understandable by a single mental 

act and without ad hoc concepts; and step-parsimony. It also includes the operation 

logical-consequence. Such a phenomenological space contains both the single AMIOs for 

each step and the resulting composed AMIO for the whole derivation. In this case the 

simplicity and step-parsimony together elicit an affective response. But it must be noted 

that our appreciation of step-parsimony depends on our active construction of the 

composed AMIO, it is not just passive contemplation. In Chapter 4, I develop these ideas 

further in my analysis of the more complex case of Cantor’s diagonal proof. 

Now, in the previous section I proposed that autonomic affective reactions occur 

in basic appreciation phenomena; here I propose that just as there are autonomic affective 

reactions resulting from the passive contemplation of intentional objects, there are 

affective responses associated with the performance of intellectual activities: just as we 

like or dislike certain stimuli, we like or dislike performing certain activities. It is no 

surprise, for instance, that Kivy calls the activities involved in music ‘games’, since we 

derive amusement and pleasure (or frustration and displeasure) from performing the tasks 

involved in Kivy’s games. 

We can conclude that in addition to the ‘passive’ enjoyment associated with the 

presence of an intentional object, there is an ‘active’ enjoyment associated with the 

activities performed in an aesthetic experience. 
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With this idea we can now characterize the second way content and enjoyment 

relate to each other in aesthetic experience. In formal aesthetic appreciation phenomena 

the objects of attention involved in an active experience elicit an affective response, or 

the performance of the activities elicits an affective response. In other words: 

 

Definition 2: 

An aesthetic experience is constituted by a formal aesthetic appreciation phenomenon if 

and only if 1) The resulting content (either a simple or composed AMIO ‘built’ in our 

experience) can be classified by means of the liking-disliking polarity, or 2) The 

intellectual activities involved in the experience can be classified by means of the liking-

disliking polarity. 

 

Relation Content-Enjoyment of Formal Phenomena 

According to my definition there are two possible sources of enjoyment in active 

experiences: a passive source, resulting from the mere presence of a (newly ‘built’) 

object, and an active source, resulting from actively constructed objects or from the 

performance of the ‘constructive’ operations. The relation between content and 

enjoyment is thus more complex than the relation in basic phenomena. In both cases the 

intentional object elicits an affective response, but in active experiences, the content is 

active and the performed activities themselves can be a source of enjoyment. That is, in 

basic phenomena the only source of enjoyment is the object; in formal phenomena both 

the object and the activities are partially responsible for the enjoyment. 

The enjoyment derived from the activities is different from the enjoyment derived 

from the object. Enjoyment of a game of chess is clearly different from the enjoyment we 

might derive from the objects we use to play the game. We can enjoy the beauty of a fine 

chess board, but we would enjoy the game independently of whether we play it with a 

marble board or with black and white squares drawn on a sheet of paper. Active 

enjoyment is distinct from passive enjoyment and they cannot be reduced to each other. 

Even if constructed objects in formal phenomena could be reduced to basic objects, there 

is a distinctive enjoyment associated with performing the activities that cannot be 
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eliminated or reduced. This results in the distinctive relation between the content and the 

enjoyment of formal appreciation phenomena. 

As in basic appreciation phenomena, the active content of the experience is 

accompanied by a corresponding affective response of pleasure or displeasure. However, 

since I have used an ‘inclusive-or’ in my characterization, in formal phenomena we 

should consider the cases in which one of the elements of content does not elicit a 

response at all. This means that for the passive content the possible responses can be the 

eliciting of pleasure, displeasure or none. The same is true for active content. This results 

in the following possible combinations: 

 

Table 1: Formal Combinations 

Combination Passive Content Response Active Content Response 

1 Pleasure Pleasure 

2 Pleasure Displeasure 

3 Pleasure None 

4 Displeasure Pleasure 

5 Displeasure Displeasure 

6 Displeasure None 

7 None Pleasure 

8 None Displeasure 

9 (Non valid) (Non valid) 

 

Response 9, no affective response at all, is not possible since that would amount to a non-

affective, hence non-aesthetic, experience. The rest of the combinations are ‘composed’ 

responses. We can illustrate a composed response with the case of the derivation of 

DeMoivre’s theorem. In this derivation we experience a response of pleasure caused 

mainly by the parsimony of the derivation. This parsimony is not a property of any single 

step of the derivation but of the derivation as a whole; it is a property of our ‘constructed’ 

object. Of course, there is an active element in the content, related to ‘following’ the 

derivation, but these activities are not necessarily the origin of our affective response, for 

the sake of argument we can assume that this active element results in no response. This 

situation corresponds to combination 3.  
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The best pleasure-eliciting combination is, of course, combination 1; it is a ‘full 

pleasure’ combination in which both the passive object and the active element are 

pleasant. In Chapter 4 I analyze Cantor’s diagonal proof, which is an example of a full 

pleasure response, since it involves both passive and active responses. The important 

issue here is that the possible responses in formal phenomena constitute a more complex 

set of combinations than a mere response of pleasure or displeasure. 

2.5 Canonical Appreciation Phenomena 

The third type of aesthetic appreciation phenomena by which I propose to characterize 

aesthetic experience in mathematics is canonical aesthetic appreciation phenomena. In 

this type of phenomena I consider the fact that preferences can be modified by experience 

and that they change over time, as has been shown by McAllister’s work. In canonical 

aesthetic appreciation phenomena (or canonical phenomena, for short) the passive or 

active character of the content is less relevant. The main feature of canonical aesthetic 

appreciation phenomena is the mechanism responsible for eliciting an affective response. 

In canonical phenomena responses are ‘learnt’. The eliciting of our responses depends on 

previous experiences, in a fashion similar to the way the preferences of an aesthetic canon 

are modified by aesthetic induction in McAllister’s approach, hence the term canonical.  

Basic and formal phenomena are characterized by the fact that their content is able 

to elicit an affective response; the passive or active content of the experience triggers an 

autonomic response, a feeling of pleasure or displeasure. I propose to interpret this 

situation by saying that the content of the experience invokes an affective response. In 

canonical experience, the content does not directly trigger an autonomic response but, 

rather, the content ‘reminds’ us of circumstances which we have learnt to like or dislike. 

This is a ‘learned’ eliciting of enjoyment. In these circumstances; I propose to say that the 

content evokes an affective response. It must be noticed that a learned response may 

become so strongly internalized in us that it may closely resemble an autonomic 

response. 

The case of complex analysis offers interesting cases of canonical appreciation 

phenomena. Imaginary numbers were not fully understood until the 16th century. Its 

introduction was plagued with suspicion, caution and even negative aesthetic attitudes 

(Nahin, 1994, pp. 16-17). But imaginary and complex numbers eventually became part of 
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the basics of mathematics and, as we have seen, a source of many “elegant calculations” 

(Nahin, 1994, pp. 48-55). Now, there are two ways in which the introduction of complex 

numbers can affect the way we appreciate them (we respond to them). First, they allow us 

to achieve shorter, more easily understandable mathematical derivations and proofs. That 

is precisely the case with the introduction of the geometric interpretation that led to a 

more elegant derivation of De Moivre’s theorem presented in a previous section. Second, 

we develop a familiarity with complex numbers and the mathematical items (proofs, 

theorems) that involve them, which eventually results in a change in our preferences. This 

mechanism of changing preferences is closely related to McAllister’s aesthetic induction. 

However, this familiarity does not necessarily result in an increase in our preferences. 

The properties and interpretation of complex numbers can become so familiar that we end 

up finding them unremarkable. This is precisely the case with Le Lionnais: he bears 

witness to the fact that not all mathematicians find our number-one-ranked Euler’s 

Formula so remarkable: 

Euler’s formula […] establishes what appeared in its time to be a fantastic connection between the 

most important numbers in mathematics, [-]1, [i,] π, and e. It was generally considered “the most 

beautiful formula of mathematics.” The brilliance of this expression is due to the nearly perfect 

elimination of every element foreign to the three numbers just cited. Today the intrinsic reason for 

this compatibility has become so obvious that the same formula now seems, if not insipid, at least 

entirely natural. (Le Lionnais, 2004, p. 128) 

 

David Wells’ readers (and Wells himself), who ranked the formula as number one, 

obviously disagree with calling the formula insipid. Furthermore, Wells himself employs 

Le Lionnais’ opinion to show that aesthetic preferences in mathematics change over time 

(Wells, 1990, pp. 38-39). This disagreement also shows that some preferences depend on 

our familiarity and experience with the mathematical item. I say that a certain preference 

has been learnt if that preference has been shaped by our experiences. Le Lionnais’ 

opinion seems to be a case of (negative) learnt preference, and he himself explains this by 

stating that the initial attractive composition of Euler’s formula lost its appeal as we 

accumulated experience with the items and principles involved in the formula. The 

important fact here (if we walk in Le Lionnais’ shoes for a while) is that our response is 

not elicited via a mere autonomic reaction, but by mechanisms that involve past 
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experiences and acquaintances with similar or related items. Until now, the characteristic 

that differentiates basic and formal experiences consisted of the type of content, passive 

or active, that elicited the affective response; in canonical phenomena we focus on how 

the response is elicited. 

To establish the contrast in the way the content of an experience elicits enjoyment, 

I use the terms invoking for autonomic eliciting, and evoking for ‘learnt’ eliciting. I 

interpret the relation of evocation between an intentional object and its associated 

enjoyment as follows: 

 

An affective response (of pleasure or displeasure) is evoked by (properties of) the 

intentional object O if and only if O does not autonomically elicit an affective response 

and there is a collection of experiences with a different object E such that E was able to 

elicit an affective response (of pleasure or displeasure) and O holds a relation of 

similarity to E.  

 

For example, proofs by diagonalization consist in applying a procedure similar to the 

procedure employed by Cantor’s original diagonal proof of the non-denumerability of the 

real numbers. Cantor’s proof is considered a very beautiful proof. One of the reasons is, I 

believe, that it is a very brief proof. Although any proof by diagonalization may be 

different in several respects, they all resemble each other in a characteristic element. In 

Chapter 4 I identify two steps of the proof as the ‘core’ of the diagonal method. Involving 

the core of the diagonal method is characteristic of proofs by diagonalization. Although 

the different proofs by diagonalization themselves can be, for example, a great deal 

longer than Cantor’s original proof and can thus lose the appeal of the brevity of Cantor’s 

original proof, the fact that they still resemble Cantor’s original proof contributes to our 

appreciation of the proofs by diagonalization, and of the diagonal method itself. 

Now, invoked enjoyment consists, of course, of the affective responses evoked by 

the content of the experience. The idea of evoked enjoyment can be seen as a 

generalization of the mechanisms that supports McAllister and Kuipers’ ideas of aesthetic 

induction. In aesthetic induction the preferences of individuals or communities for a 

property P vary depending on the recurrent presence of P in empirically adequate 
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theories. This means that in adequate circumstances the preference for P can increase, 

even if in the beginning the individual or the community does not show a strong 

preference for P. McAllister claims that aesthetic induction is an instance of inductive 

projection. However, inductive projection does not involve an affective reaction that 

would allow us to interpret the experience as an aesthetic event. Kuipers offered an 

explanation of aesthetic induction in terms of the mere-exposure effect, which is the 

tendency to show positive affective responses to familiar stimuli rather than unfamiliar 

ones. Familiarity can be used to generalize inductive projection to accommodate affective 

reactions and the characteristics of the mere-exposure effect (including the saturation in 

the inverse ‘U’ shape effect observed in over-exposures). My proposal for this 

generalization is simple: the exposure to certain stimuli or certain intellectual activities 

can induce a change in the elicitation of our feeling of pleasure (or displeasure) if we are 

able consciously or unconsciously to relate those stimuli or activities to other pleasant (or 

unpleasant) stimuli or activities with which the subject is familiar. The most obvious way 

to relate an unfamiliar stimulus or activity to a familiar one is by means of similarities. 

For example, in the case of Le Lionnais’ response to Euler’s formula, his response has 

been shaped by the familiarity he has with the formula and the results that underlie it, as 

he recognizes himself. But in the absence of familiarity, “in its time” as Le Lionnais puts 

it, the response was very enthusiastic; the formula was considered the most beautiful 

formula of mathematics. This is a case in which familiarity has an adverse effect. The 

existence of the positive effect can be witnessed by phenomena like our current 

appreciation of complex numbers, after a period of suspicion and discomfort following 

their discovery. In general, McAllister’s aesthetic induction bears witness to the existence 

of that positive effect of familiarity. 

The idea of using familiarity to explain preferences is not new in aesthetics; 

variants of it can be found in certain approaches to music that explain its emotional 

impact by arguing that the development of music resembles the development of emotions, 

or the development of life itself. Jenefer Robinson in her theory of representation 

discussed in Chapter 2 also presents a variant of this hypothesis. According to Robinson’s 

theory, an object – a pictorial representation, for example – expresses an emotion if it 
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holds appropriate similarities to the way the world appears to a person experiencing the 

emotion. 

We can now characterize the third way in which content and enjoyment relate to 

each other in aesthetic experiences: Canonical aesthetic appreciation phenomena occur 

when the passive or active content of the experience evokes an affective response. 

 

 

Definition 3 

An aesthetic experience is characterized by a canonical aesthetic appreciation 

phenomenon if and only if 1) The content of the experience can evoke an affective 

response of pleasure or displeasure, or 2) The activities involved in the experience can 

evoke an affective response of pleasure or displeasure. 

 

For example, Euler’s formula seems to elicit a positive affective reaction, except when 

one is too familiar with it. We have seen that the formula as an object of attention exists 

in a phenomenological space with complex-analysis, simplicity and composition as 

dimensions. All these dimensions should be still visible in Le Lionnais’ experience, since 

neither our background understanding nor the complexity (simplicity) or the components 

(composition) of the formula have changed. The properties of the intentional object are 

the same; the object is thus the same: Wells and Le Lionnais experience the formula in a 

similar phenomenological space and their AMIO is similar. But due to Le Lionnais’ 

familiarity with the formula, it appears to him unremarkable or even insipid. The 

difference in this case is not in the passive or active content of the experience, the 

difference is in how past experiences with the content have changed the effect of the 

properties of the object for Le Lionnais. While for Wells and his readers the simplicity 

and composition of Euler’s formula are remarkable, for Le Lionnais they are too natural 

and too obvious. In Le Lionnais’ case, ‘learnt’ responses are more relevant than the 

autonomic response in constituting the experience. This is a case of canonical 

appreciation phenomena, as the passive contemplation of the formula evokes, rather than 

invokes, the reaction of insipidness. 
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In this example it is clear that an important characteristic of canonical 

appreciation phenomena is that they characterize experiences the enjoyment of which 

depends on past experiences. Affective responses in canonical phenomena are related to 

preferences that have been modified through experience. These ‘learned preferences’ 

constitute a category that corresponds roughly to the preferences involved in McAllister’s 

aesthetic induction, and since McAllister groups these preferences in what he calls 

aesthetic canons, aesthetic canonical phenomena can be seen as the experiences related to 

the criteria included in a generalized McAllister-type of aesthetic canon; this is why I 

have chosen the term canonical. By including basic (and to some extent formal) 

phenomena I have taken into account autonomic, a priori preferences and reactions, by 

including canonical phenomena I am taking into account learnt, a posteriori preferences 

and reactions. 

 

Relation Content-Response 

As in the case of formal phenomena, the relation between content and enjoyment in 

canonical phenomena is complex. We can establish an analogy between the way the 

content elicits pleasure or displeasure in formal phenomena and the way the content in 

canonical phenomena elicits a response just by replacing the relation of ‘invoking’ with 

‘evoking’. We can have purely passive content; the experience of Euler’s formula, for 

example, does not involve active content. We can also have active content, in proofs or 

derivations, for example. But, the situation is more complicated than just that: from the 

‘inclusive-or’ used in Definition 3, it follows there are cases in which the passive or 

active component that does not evoke a response, still can invoke a response. In principle, 

we can have a case in which the passive content evokes a response and the active content 

does not evoke a response, but this active component still can invoke a response. Taking 

these facts into account, the possible combinations that constitute the relation between 

content and enjoyment in canonical phenomena can be summarized as shown in the table 

below. Note that the option of invoking a response for a given active or passive content is 

only available if there is no response evoked by that same content, otherwise the 

phenomenon should be considered as formal; I have employed the symbol ‘X’ to 

represent that the respective response in the table  is not possible. For example, a 
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combination of four pleasure responses is absent from the table below because the two 

invoked pleasure responses entail the two evoked responses. Although such a 

combination is possible in principle it is better classified as a formal, rather than a 

canonical combination. 
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Table 2: Canonical Combinations. 

 

Combination Passive 

Content 

Evokes 

Active 

Content 

Evokes 

Passive 

Content 

Invokes 

Active 

Content 

Invokes 

1 Pleasure Pleasure X X 

2 Pleasure Displeasure X X 

3 Pleasure None X None 

4 Pleasure None X Pleasure 

5 Pleasure None X Displeasure 

6 Displeasure Pleasure X X 

7 Displeasure Displeasure X X 

8 Displeasure None X None 

9 Displeasure None X Pleasure 

10 Displeasure None X Displeasure 

11 None Pleasure None X 

12 None Pleasure Pleasure X 

13 None Pleasure Displeasure X 

14 None Displeasure None X 

15 None Displeasure Pleasure X 

16 None Displeasure Displeasure X 

Non valid (None) (None) X X 

 

The case of canonical phenomena is more complicated than the case of formal 

phenomena. It not only has more possible combinations, there are also ‘confusing’ 

combinations. In the case of formal phenomena I pointed out that the ‘full-pleasure’ 

combination (Pleasure, Pleasure) seems to render a clear pleasure reaction even for 

complex active experiences like proofs. However, in canonical phenomena we have three 

different cases, 1, 4 and 12, that render a similar full-pleasure response. The same 

phenomenon occurs with ‘full-displeasure’ responses (Displeasure, Displeasure) in 

combinations 7, 10 and 16. This fact represents the complexity of aesthetic experience 

itself and it has consequences in other elements of aesthetic-processes, as we shall see in 

the following sections. 
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2.6 The Pleasure-Relation 

The discussion above has been mainly descriptive; the only hypothesis I have employed 

is that the affective reactions involved are similar to non-cognitive appraisal with a liking-

disliking valence component. But this descriptive approach will help us to further theorize 

about an aesthetics for mathematics. The first theoretical result I extract is a 

characterization of aesthetic pleasure in aesthetic experience by means of what I call the 

pleasure-relation. 

I have identified basic, formal and canonical appreciation phenomena as the three 

ways in which content and enjoyment relate in mathematical aesthetic experience. We 

have seen that in the case of basic phenomena the relation between the content of the 

experience and its affective reaction is very simple: an object of attention elicits either a 

pleasure or a displeasure response. In formal phenomena (due to its passive and active 

components), the possible response consists of eight combinations. In canonical 

phenomena we have sixteen possibilities. 

We can use these facts to model aesthetic pleasure. It is easy to see that content 

and enjoyment in aesthetic experience have very different constraints. The content of 

experience is relatively independent of the experience itself, since an AMIO is 

determined by a set of properties of the original mathematical item. Pleasure, in contrast, 

is triggered by the passive presence of AMIOs or by an active content. In other words, the 

enjoyment depends on content. We have also determined the possible ways in which 

pleasure is related to the content of experience. All this information can be summarized 

by saying that the content of an experience is an independent variable, and that pleasure 

is a variable that depends on the content. There is a dependence relation between pleasure 

and the content of experience. 

The relation between the intentional object and the affective response resembles a 

function in the sense that it expresses the dependence between two entities. However, as 

we shall soon see, there is an important difference:  a function associates a single output 

with an input, but in the case of the pleasure-relation, the input, an intentional object, can 

result in different outputs, affective responses, depending on the context (the same object, 

Cantor’s proof, for example, can be involved in formal or canonical  phenomena). 
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Several components of an aesthetic-process – the change of value over time, for example 

– play a role in determining the output. Despite this large-scale dependence, the ‘local’ 

dependence of affective response on intentional objects still captures some important 

features (the multiplicity and complexity of the possibilities of response, for example) 

that will help us clarify some issues related to the production of aesthetic judgements. For 

this reason, I devote this section to modelling the local features of the pleasure (or 

displeasure) response. 

Pleasure (an affective response) is caused by, or, more generally, is the result of, 

the content of experience. The content can be seen as a variable with two components: 

the passive and active content. Pleasure, the affective response, can be seen as a variable 

with two components corresponding to the passive and active responses. We can define 

aesthetic pleasure as a relation that maps the content of experience into a set of ordered 

pairs that represent the possible combinations of responses. As before, we can call these 

responses or combinations of responses simply ‘enjoyment’. 

We can thus define enjoyment simply as the set E8JOYME8T of all possible 

combinations of affective responses. This includes the two possibilities pleasure and 

displeasure for basic phenomena; the eight combinations for formal phenomena; and the 

sixteen for canonical phenomena. Aesthetic pleasure in mathematical aesthetic 

experiences can be informally characterized as follows41: 

 

f:  content→E8JOYME8T 

 

2.6.1 Formalization 

The idea of the pleasure-relation can be formalized as follows: 

Let us first define our vocabulary. 

 

PC={Pas | Pas is an AMIO} 

AC={Act | Act is an AMIO related activity} 

PR=AR={P, D, Ep, Ed, N} 

                                                 
41 Although the notation f is usually employed to refer to proper functions, I shall retain it instead of r, for 
example, in order to avoid confusion with other occurrences of the letter ‘r’ in my discussion.  
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Pas: the variable for the passive content of the experience. 

The range of Pas consists of all possible AMIOs; including no content at all, that 

is, no object of attention. 

In this context the symbol ∅ represents empty content, no object of attention. 

Act: the variable for the active content of the experience. 

The range of Act consists of all possible intellectual activities performed by our 

attention, including no activity at all. 

In this context the symbol ∅ represents no activity. 

 

Rp: the variable for the passive affective response. 

Ra: the variable for the active affective response 

The range of Rp and Ra is the set  

PR=AR={P, D, Ep, Ed, N} 

 

P: the set of invoked pleasure response 

D: an invoked displeasure response 

Ep: an evoked pleasure response 

Ed: an evoked displeasure response 

N: Represents no affective response 

 

We can now define all the ways of relating possible contents of experience to possible 

responses. This relation includes contents of attention that are completely empty <∅,∅> 

and responses that have no affective response <N,N>. These cases cannot be categorized 

as aesthetic, since they amount to either an ‘empty’ experience (and in that case we 

cannot talk about aesthetic experience, since there is no content at all), or no affective 

response (if there is an actual content but no affective response, we have a kind of 

experience that is not aesthetic). There are many ways in which our attention can become 

engaged without arousing any affective response, but these are just episodes of attention, 

not episodes of aesthetic experience. Experiences with no content or with no affective 

response do not participate in aesthetic-processes. However, the cases of non-aesthetic 

experience can be considered boundary cases of ‘attention experience’. Since the relation 
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that admits aesthetic as well as non-aesthetic episodes of attention does not characterize 

aesthetic experiences but rather all kinds of episodes of attention, I call this relation 

attention-relation. The attention-relation contains all ordered pairs (content, response), 

including the boundary non-aesthetic and empty cases. 

The attention-relation is defined as follows: 

 

Attention: (PC×ΑC) × (PR×AR) 

 

This relation contains all possibilities, including basic, formal and canonical aesthetic 

appreciation phenomena (that is, basic, formal and canonical relations between content 

and response). Appreciation phenomena are thus proper subsets of the attention-relation. 

Now, we can define a general pleasure-relation as the subset of the attention-

relation such that its elements consist of the ordered pairs in which the first coordinate is 

not empty and the second coordinate is an actual affective response. A non-empty first 

coordinate is any possible ordered pair <Pass, Act> in which at least one coordinate is a 

non-empty content; in other words any possible pair except <∅,∅>. An actual affective 

response is any possible ordered pair <Ra, Rp> in which one of the coordinates is an 

actual response; in other words any possible pair except <N, N>. In this way we can 

ensure that our general pleasure-relation contains only non-empty experiences that do 

elicit only actual affective responses. Experiences with an active content only <∅, Act> 

cannot be characterized as mathematical in our model and must also be excluded. Finally, 

we must exclude cases in which an affective response has no associated content. For 

example, if the content of attention is just an AMIO and we contemplate it passively – 

that is, there is no active content – the associated response cannot have an active 

response. Thus we must exclude combinations like <<Pas, ∅>, <P, P>>. We can use a 

material implication (⇒) to express this condition as follows: 

Pas=∅⇒Rp=∅ & Act=∅⇒Ra=∅ 

 

I call this condition the Causal Condition. In order to simplify the notation I write the 

symbol CC to stand for (is equivalent to, ≡) the causal condition stated above: 

CC ≡ (∀Pas, Act, Rp, Ra(Pas=∅⇒Rp=∅ & Act=∅⇒Ra=∅)) 
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We can thus define the general pleasure-relation as follows: 

 

Pleasure={<x,y> | <x,y>∈Attention  & x≠<∅,∅> & y≠<N,N> & ∀Act(x≠<∅,Act>)  & 

CC} 

 

We can now define pleasure-relations for our three kinds of appreciation phenomena; I 

call them basic, formal and canonical pleasure-relations, corresponding to basic, formal 

and canonical aesthetic appreciation phenomena. 

The basic pleasure-relation consists of the ordered pairs the first coordinate of 

which contains no active content, and the second coordinate contains no evoked reaction: 

 

BasicPleasure={<x,y>|<x,y>∈Pleasure & ∃Pas(x=<Pas,∅>) & ∃Rp(y=<Rp,∅>) & 

Rp∉{Ep,Ed}} 

 

The formal pleasure-relation consists of the ordered pairs the first coordinate of which 

contains an active content, and the second coordinate contains no evoked reaction: 

 

FormalPleasure={<x,y>|<x,y>∈Pleasure & ∀Pas(x≠<Pas,∅>) & ∀Act(x≠<∅,Act>)&  

∃Rp,Ra(y=<Rp,Ra> & Rp,Ra∉{Ep,Ed})} 

 

The canonical pleasure-relation consists of the ordered pairs the second coordinate of 

which contains an evoked reaction: 

 

CanonicalPleasure={<x,y>|<x,y>∈Pleasure & ∃Rp,Ra(y =<Rp,Ra> & (Rp∈{Ep,Ed,N} 

or Ra∈{Ep,Ed,N}))} 

 

It should be noted that the general pleasure-relation does not characterize a mathematical 

aesthetic experience, since there are many ways of characterizing the relation between 

content and responses; only the three pleasure-relations just defined above characterize 

mathematical aesthetic experience.  
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We can characterize the modality of mathematical aesthetic experience as follows: 

 

An aesthetic experience is a mathematical aesthetic experience if and only if Pas∈{O | O 

is an AMIO} and there is a relation between the content of experience C and its affective 

response R such that  

 

<C,R>∈BasicPleasure∪FormalPleasure∪CanonicalPleasure 

 

We can now re-formulate our pleasure-relation. Let us define: 

 

Content={x | ∃x(<x,y>∈BasicPleasure∪FormalPleasure∪CanonicalPleasure)}  

 

E8JOYME8T={y | ∃x(<x,y>∈BasicPleasure∪FormalPleasure∪CanonicalPleasure)}  

 

A pleasure-relation Pr for mathematical aesthetic experience is defined by: 

 

Pr⊆ Content×E8JOYME8T 

  

 

2.6.2 Pleasure and Aesthetic Terms 

The interpretation of aesthetic pleasure presented above yields an interesting insight. We 

have seen that Rota (Rota, 1997) claims that ‘beauty’ is a concept that does not admit 

degrees. I contested that view. Now, the idea of ‘measuring’ the degree of beauty might 

sound scandalous; fortunately, my interpretation of the pleasure-relation allows us to 

conceptualize the degree of beauty without the need for a measure. In my characterization 

we can see that, in the general case, there are several possibilities for affective reaction. 

We certainly have cases where a pleasure-response does not seem to admit degrees: in the 

case of experiences of basic phenomena the pleasure-relations renders only pleasure 

<P,N> or displeasure <D,N>. However, in the general case, the relation renders 

composed responses, <D,P> for instance. It also seems clear that the ‘total’ enjoyment in 
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full-pleasure combinations <P,P> is ‘more enjoyable’, so to speak, than combinations in 

which only one argument renders pleasure. 

There is another consequence of our interpretation of aesthetic pleasure. If we try 

to link opposed predicates like ‘beautiful’ and ‘ugly’ to an appropriate pleasure-relation 

we get an interesting puzzle: The most obvious association we can establish, of course, is 

to link beauty to pleasure and ugliness to displeasure. This works well for basic 

phenomena, since we have only two possibilities. For formal phenomena the situation is a 

little more complicated; we have eight possible combinations. A compromise here would 

be to associate beauty with ‘full-pleasure’ <P,P> responses and ugliness with ‘full-

displeasure’ responses <D,D>. However, in the case of canonical phenomena we have 

three full-pleasure combinations <Ep,Ep>, <Ep,P>, <P,Ep>, and three full-displeasure 

combinations <Ed,Ed>, <Ed,D>, <D,Ed>. Now, the problem is not how to assign a 

predicate to an output of the relation. There is nothing that prevents us from making the 

assignments to an arbitrary full-pleasure output. However, if we try to interpret what it 

means to state that the predicate beauty is the opposite of ugly in terms of its associated 

pleasure-relation, some questions arise: what do the non-assigned possibilities of the 

relation mean? How should we interpret the negation of the predicate beauty; should we 

interpret it as one, several, or all the possible outputs of the relation, or just as the 

complementary set of outputs? Furthermore, do we need an inverse relation for ugliness? 

What is the relation between ‘mirror’ outputs (outputs that have the opposite position for 

pleasure and displeasure) of the relation? 

I believe this problem does not arise from the interpretation of the predicate in 

terms of the pleasure-relation of an object, but rather from the assumption that the 

relation between beauty and ugliness is just that of their being opposites. I believe there is 

a significant relation between those predicates, but conceptualizing them merely as 

opposites is insufficient. 

In addition, there remains the fact that even if we assign terms like ‘beautiful’ or 

‘ugly’ to particular responses, there is a whole range of unassigned combinations (the 

remaining possible outputs) in the pleasure-relation.  I think this can be construed as 

showing that the conceptualization of aesthetic experiences in terms of predicates is open 

to many interpretations. I explore these ideas in the section on aesthetic judgement: when 
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I put forward the idea of articulation I shall propose a semiotic interpretation in terms of 

what Nelson Goodman calls schemata which, I believe, can account for these issues. But 

for now let us move to aesthetic value. 

 

3. Aesthetic Value  

In this section I present a working notion of aesthetic value consistent with my idea of 

aesthetic-process. I focus on the dynamic aspect of value, which allows me to address 

some of the worries presented in Chapter 1, in particular the problem of a posterioricity in 

the aesthetic induction approach. My approach to value is more theoretical than my 

approach to experience since I use concepts and ideas introduced by Goldman and 

McAllister. However, I focus on the practical issue of accounting for the evolution of 

value rather than on the conceptual problems. Many of the concepts I introduce in this 

section are generalization of McAllister’s ideas (generalized aesthetic canon, for 

example). This is not a work on the history of mathematical beauty and, thus, I do not 

provide here concrete instances to exemplify the evolution of value. I rely on the fact that 

McAllister has shown that beauty in science exhibits a dynamic character. My approach 

aims to generalize the account of such a dynamics. For these reasons the following 

discussion is more abstract than the discussion of aesthetic experience. This shortcoming 

is compensated in Chapter 4, where more space is devoted to showing how the concepts 

in this section can be applied to concrete instances of mathematical beauty. On the bright 

side, this section is also more general and most of the ideas and concepts in it can be 

applied almost straightforwardly to ‘regular’ aesthetic value. 

Now, in order to characterize aesthetic value in the theoretical context of the-

aesthetic-as-a-process we need to understand two things: the content of the concept and, 

perhaps more importantly, the role it plays in an aesthetic-process. Aesthetic value, as I 

interpret it, is a relation between properties and affective reactions. The role of value in 

the aesthetic-process is to provide the adequate norms that are actualized in evaluations. 

There are two ways in which we can see an aesthetic value being actualized: as an 

affective evaluation, the affective response in an aesthetic experience, or as propositional 

evaluation articulated in an aesthetic judgement. Aesthetic preferences, thus, embody the 
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affective side of a value, while aesthetic criteria embody the ‘cognitive’ side. In this 

sense, preferences, aesthetic criteria and values evolve together. 

The relational notion of aesthetic value I endorse here is a generalized version of 

Goldman’s ideas on aesthetic value. For Goldman value is a relation between properties 

of objects and reactions in the observer. I generalize this idea here to include sets of 

properties of objects and affective reactions as follows: 

 

Aesthetic value is a relation between sets of properties of objects (property-sets) 

and positive or negative reactions in the observer.  

 

The sets of properties of objects allows us to establish a link between aesthetic values and 

the dimensions (which consist in relevant properties of objects) of the phenomenological 

space of our aesthetic experience. The introduction of property-sets also introduces 

complications, however. For example, for any set P associated with an affective reaction, 

we can ask about the aesthetic value of its subsets, supersets and partially overlapping 

sets. In this respect my approach does not provide any explicit method to analyze 

relations within the property-set P. Hence, any subsets, supersets or partially overlapping 

sets of P can be part of the aesthetic value relation only if they themselves possess an 

associated affective response42. My characterization of value is restricted to actual sets of 

properties associated with affective responses. My approach can thus be considered 

strictly descriptive, and by no means normative, in regard to which objects or qualities 

possess aesthetic value. 

This description of aesthetic value, along with the role it plays in the unfolding of 

a typical aesthetic-process, can be summarized by interpreting aesthetic value as a 

repository of all possible norms involved in the aesthetic-process. More formally, 

aesthetic value is a collection of ordered pairs <P,r>, where P is a set of the properties of 

objects and r its associated reaction. The first component of the relation P is not a single 

property but a set itself. More specifically, P is an element of the power set of the set T of 

all descriptive properties of objects. That is: 

                                                 
42 This approach is consistent with the view that no set of non-aesthetic properties determines an aesthetic 
property (Sibley, 1959). 
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P∈ ℘(Τ) 

 

Where: 

T is the set of all descriptive properties of objects, and 

℘(T) is the power set of T 

 

Similarly, for the second component of the relation we have: 

r∈E8JOYME8T 

 

where: 

E8JOYME8T={y | ∃x(<x,y>∈BasicPleasure∪FormalPleasure∪CanonicalPleasure)}  

The value set containing all pairs of the type <P,r> can be seen as the extension of our 

notion of aesthetic value. 

Now, the values that we apply are different for different types of experiences: in 

the appreciation of painting, for example, the properties involved are different from the 

properties involved in the appreciation of music. We can say we have different 

repositories of value for different aesthetic-processes depending on the type of aesthetic 

experience involved. In the case of mathematics the properties and reactions involved in 

value are the same as those involved in aesthetic experiences and these properties and 

reactions determine the content of the value repository for aesthetic-processes in 

mathematics. For example, the property of simplicity has appeared in our experience of 

the mathematical derivation of De Moivre’s theorem; our notion of value tells us that our 

repository should include the ordered pair that associates the positive reaction to this 

derivation with the set of properties {simplicity}, as follows:  

 

<{simplicity}, <P, N> >∈VM 

 

where VM is the value-set for mathematical aesthetic value. 

 

The fact that a value repository like VM depends on the type of aesthetic experience tells 

us that there are different ‘types’ of value. We can think of the notion of aesthetic value 
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as containing different types of value corresponding to different types of experience. 

Among these different types of value repositories there is a very salient distinction 

between ‘positive’ and ‘negative’ value. There are negative as well as positive aesthetic 

evaluations. There is bad music, as well as bad painting, and ugly pieces of mathematics. 

We can envisage two non-overlapping repositories, distinguished by their positive or 

negative associated reactions; these reactions characterize, respectively, positive and 

negative value repositories. 

The division of value into different types of repositories can be understood as 

modelling different types of aesthetic value, musical value, mathematical aesthetic value, 

negative aesthetic value, etc. The application of predicates to the concept of value can 

thus be interpreted as taking a subset from the general value relation; this subset is a 

repository that governs aesthetic experiences that are qualified by the same predicate: 

musical experience has an associated musical value repository, negative aesthetic 

experience has a negative value repository, and so on. 

We can also interpret the individual elements of a value repository as the 

particular preferences that are actualized in an individual aesthetic-process. For example, 

in the case Euler’s formula we have seen that simplicity plays a role in eliciting a positive 

reaction. This means that the value repository at work in mathematical appreciation (the 

mathematical positive value repository) includes the pair <{simplicity}, <P, N> >.43 This 

pair represents the particular preference that is actualized in our affective reaction, and in 

our public description of Euler’s formula as beautiful. In order to distinguish the 

particular preferences (which are applied and actualized in specific cases of evaluation) 

from the notion of value (which is a relation, a set of ordered pairs <P,r>), I call the 

specific pairs in a value set value-elements; the different subsets that model a certain type 

of value are referred as  value repositories. The extensional content of the concept of 

aesthetic value is thus the set containing all possible value-elements, which is also the 

union of all value-repositories. Now, the features of negative repositories can be 

modelled in a fashion analogous to the positive ones. For this reason I concentrate first on 

the positive repository and then extend the analysis to the negative one. 

                                                 
43 In addition to this individual value, our value repository includes pairs associated with the simplicity of 
different kinds of experience, for example simplicity in the derivation of De Moivre’s theorem’s; 
<{simplicity, parsimony}, <P,N>> 
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As we have seen at the beginning of section 1 of this chapter, Alan Goldman 

conceives aesthetic value as a relation between descriptive properties of an object and 

reactions in the observer. In a fashion similar to Goldman’s, I interpret value as a relation 

between properties of the object and positive or negative reactions on the part of the 

evaluator. But my approach, based on sets of properties, is more suitable for dealing with 

the empirically-constrained formalism in my proposal of an aesthetic-process and my 

analysis of aesthetic experience. In Chapter 1 we have seen that aesthetic preferences 

change over time. Experience, in particular, seems to play a central role in the evolution 

of preferences; this is the principle underlying aesthetic induction. I believe the idea of 

aesthetic induction is accurate to a certain degree, but I also believe that an improvement 

is possible. In order to describe the mechanism that governs the evolution of value we 

must pay closer attention to its actual dynamics. Since the values of a person or a 

community are most of the time not explicitly available, but rather only implicitly held, 

we need a public means to allow us to describe the dynamics of value; we need 

something to help us track the actual development of value. Aesthetic criteria accomplish 

this purpose, just as they helped McAllister to propose his notion of aesthetic canon. I 

interpret aesthetic criteria as a generalization of McAllister’s notion, as follows: 

 

Typical Positive Aesthetic Criterion 

If the descriptive properties of a set P apply to an object O and P is associated with a 

positive affective reaction, then more positive aesthetic value is associated with O than in 

the case that the properties do not apply. 

 

For example, the property of simplicity plays a central role in the aesthetic experience of 

the derivation of De Moivre’s Theorem or Euler’s formula (identity). In these cases our 

property set is thus P={simplicity}.  The aesthetic criterion at work in our evaluations is: 

 

‘If simplicity applies to a formula (or derivation) F, then more positive aesthetic value is 

associated with F’ 
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Our preferences for simplicity are actualized in the derivation of De Moivre’s Theorem 

and in Euler’s formula by the eliciting of a positive response; the criterion states that such 

actualization of our preference involves the fact that the derivation and the formula 

possess positive aesthetic value. 

Now, my interpretation of the relation between value, aesthetic criteria and 

aesthetic preferences is that aesthetic preferences are the affective embodiment of value 

and aesthetic criteria are the cognitive embodiment. These two aspects of value are 

closely linked, of course. Preferences are the tendencies of a person to elicit responses or 

behaviours. Aesthetic criteria, as characterized above, are rules that express linguistically 

that our aesthetic values mirror preferences. The advantage of aesthetic criteria is that 

they are explicit and they are not necessarily limited to a specific person; they can also be 

used to express the tendencies of a community. Aesthetic criteria characterize a 

normative link between preferences, objects and values. 

In my approach to aesthetic experience, affective reactions are elicited due to the 

presence of aesthetically relevant properties. These properties are the same properties as 

those that constitute the property-sets P involved in the value-elements <P,r>. It should 

be noted that aesthetic criteria cannot express the content of aesthetic value since in my 

interpretation value is characterized by its (extensional) content (the whole value relation, 

the set of pairs of the type <P,r>) and its role in an aesthetic-process (a repository of 

norms that govern evaluations). However, aesthetic criteria are associated with the 

particular value-elements <P,r>. Aesthetic criteria are ‘extensional representatives’ of 

value-elements. Values are not visible themselves, but aesthetic criteria, which are 

linguistic rules, are explicit means that allow us to see the link between values and 

preferences.  

We can employ aesthetic criteria to track particular values. I call this procedure 

extensional tracking. Aesthetic criteria track values in an individual or community if 

aesthetic evaluations are related both to the values the individual holds and the properties 

of the object being evaluated. The public reaction of a person to the aesthetic qualities of 

an object is evidence that the person has made an evaluation based on the values he holds. 

Thus, if a public aesthetic judgement of an object is passed by a person, we can assume 

that the person has made the evaluation based on his values. Even if the process of 
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evaluation and the values involved are not accessible, the resulting judgement is 

accessible to us. Since aesthetic criteria relate objects, preferences and values, and both 

the presence of evaluations and the properties of objects are accessible, we can conclude 

that once an aesthetic judgement is available, we have enough information to infer the 

existence of an aesthetic criterion, and thus to track its associated value. This fact can be 

exploited by employing aesthetic criteria to model the dynamics of value. 

 

 

Dynamics 

In order to deal with the dynamics of value we need to model the degree of strength that a 

set of properties possesses to actualize affective and behavioural tendencies. We must 

incorporate this degree of strength in our extensional treatment; this means that an 

aesthetic criterion involves a strength associated with the preference (and value) it 

expresses. To model this fact, we can introduce a weighting of the strength of the relation 

of P to r. This idea is the same as in McAllister’s weightings in aesthetic canons, which 

will allow us to have recourse to McAllister’s ideas of aesthetic canon and aesthetic 

induction to establish the dynamics of aesthetic value.  

As we have seen in Chapter 1, an approach based solely on aesthetic induction 

yields a picture of aesthetic preferences in which they are purely a posterior. This picture 

neglects the fact that some aesthetic reactions are related to our autonomous emotional 

responses and, as such, they have an a priori character (independent of experience). For 

this reason I revise McAllister’s view to address this problem and for consistency with 

my proposal.  

3.1 Generalized Aesthetic Canon 

I employ extensional tracking in my account of the dynamics of value: aesthetic 

judgements substantiate the existence of aesthetic criteria which in turn track aesthetic 

values. Aesthetic value consists of a set of ordered pairs <P,r>. Within this set there are 

two types of possible changes: first, changes in its extension, that is, changes regarding 

which pairs <P,r> are elements of the set. Second, ‘intensity’ changes, that is, changes in 

the degree of strength associated with individual values, similar to the changes in 

weightings in McAllister’s aesthetic canon. Changes in extension are changes in the 
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value-set; for example, some pairs that were formerly elements of the value set can 

eventually stop being elements while new pairs can become elements. Changes in 

intensity are changes in the strength of preferences related to particular value elements. In 

the case of Euler’s formula, at least in Le Lionnais’ view, we have seen that experience 

can affect the way certain properties elicit affective reactions. For Le Lionnais, the 

formula that was once regarded as the most beautiful formula of mathematics ends up 

being rather unremarkable (or even insipid). The intensity of the preference associated 

with the formula decreased; it changed from a high degree of intensity for the community 

that considered the formula as most beautiful, to a very low or even negative degree for 

Le Lionnais. 

Aesthetic criteria track values, value elements <P,r>, they establish the relation 

among preferences, objects and values, but neither the aesthetic criteria nor the value 

elements in the value relation establish the intensity of preferences. In order to model 

changes like the one represented by the case of Le Lionnais’ opinion on Euler’s formula, 

we need to introduce a further piece of information. To model intensity change we can 

associate a weighting w with a value pair <P,r>; this weighting gauges the strength of the 

preferences associated with P. In this way the effect of experience can be modelled as 

changes in the value of w. A set of aesthetic criteria plus an associated weighting can be 

used to track intensity changes. Since we are supposing that aesthetic criteria track 

values, we can simply associate a weighting w with every ordered pair to track the 

intensity changes of value. Of course the collection of all aesthetic criteria and their 

associated weighting is similar to McAllister idea of aesthetic canon. However, since we 

are using property-sets instead of single properties, the resultant set is larger than 

McAlister’s aesthetic canon. I call this collection the generalized aesthetic canon. 

 

Definition of Generalized Aesthetic Canon: 

Generalizing McAllister’s ideas, we should interpret a person’s being moved to pass an 

aesthetic judgement concerning a set of properties P of an object O as a consequence of 

his holding to one or more aesthetic criteria, which attach aesthetic value to the set of 

properties of the object. In principle there might be as many aesthetic criteria as sets of 

properties relevant to passing any aesthetic judgement (ideally our set is infinite). The set 
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of the aesthetic criteria to which a person or community holds constitutes his or its 

generalized aesthetic canon. In order to model intensity change we associate a weighting 

w with each particular value-element <P,r>. In this way, changes in the information in the 

aesthetic canon track changes in value. A criterion within a canon can thus be represented 

by three characteristic items of information: the set of properties P, its associated reaction 

r, and the specification of P’s weighting wp.  

An aesthetic canon can thus be modelled by a set containing all possible triads <P, r, w> 

as follows: 

 

Generalized Aesthetic Canon Set = {<P, rp, wp>, <Q, rQ, wQ>, <S, rS , wS>, ...} 

 

Where: 

rp  is the reaction associated with P 

wp is the weighting associated with P 

 

Generalizing McAllister’s ideas again, we can say that a person’s aesthetic canon is 

composed of a very large or even infinite number of pairs: one for each set of properties 

of objects to which aesthetic value could conceivably be attributed. In the case of any 

given person, the overwhelming majority of these criteria will carry a weighting of zero, 

since we typically attach an aesthetic value to only a few of the conceivable sets of 

properties and are indifferent to the rest. Intensity changes are represented as changes in 

the weightings w. 

Now, the evolution of the aesthetic canon is governed by a mechanism I call 

generalized aesthetic induction, a generalized version of McAllister’s aesthetic induction. 

3.2 Generalized Aesthetic Induction 

To generalize the aesthetic induction, two changes are in order. First, property-sets are 

needed, instead of single properties. Second, empirical adequacy, which plays the central 

role in McAllister’s approach, must be generalized or substituted by some sort of 

preference-adequacy. To address these issues my proposal is as follows:  

A community compiles its aesthetic canon at a certain date by attaching to all sets 

of properties that elicit a positive reaction a weighting proportional to the degree 
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of critical adequacy then attributed to the set of past and currently available 

objects that have exhibited those properties. 

 

I define critical adequacy as follows: 

 

 

Critical Adequacy: 

An object O is critically adequate if and only if there is at least one set of properties of O 

that ensures that any normal person with an appropriate background would pass a positive 

aesthetic judgement concerning O. 

 

I have introduced critical adequacy to perform a function analogous to empirical 

adequacy in McAllister’s original proposal. One may argue that critical adequacy seems 

to possess a certain circularity, which empirical adequacy does not, since critical 

adequacy depends on the passage of aesthetic judgements. However, this is not 

circularity, but rather the result of the fact that aesthetic matters cannot by characterized 

in isolation but only in relation to the events and occurrences of an aesthetic process. The 

‘circularity’ would be a true problematic circularity only if the notions involved in critical 

adequacy (critical adequacy and aesthetic judgement) were proved to depend solely on 

each other. I believe this is not the case since passing aesthetic judgements is determined 

by matters other than mere critical adequacy; it depends on historical and social factors, 

on our natural affective and sensory constitution, on the actual context, in summary, on 

the multiple elements of aesthetic-processes. In an aesthetic-process, many elements 

depend on other elements of the process; this is, in general, not mere ‘circularity’ but just 

the expected interdependence of the elements of a complex system. 

Now, critical adequacy refers to the suitability of properties to be positively 

evaluated by an individual or a community. Critical adequacy is a concept that has 

degrees. The above definition, however, does not admit degrees. The definition above 

should be seen as illustrating the relation of critical adequacy. A more accurate definition, 

considering degrees, is: 
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Degree of Critical Adequacy:  

An object O possesses a high degree of critical adequacy if and only if there is at least 

one set of properties of O that very likely ensures that any normal person with an 

appropriate background would pass a positive aesthetic judgement on O. 

 

The degree of critical adequacy of an object O refers to how much O has the ‘ability’ to 

be in agreement with the ‘taste’ of a certain community. 

Like McAllister’s original notion of aesthetic induction, generalized aesthetic 

induction can be interpreted as an instance of inductive projection, since it amounts to 

consulting the sets of properties of past valuable objects to determine which future 

objects should be expected to be good. But the psychological mechanism involved in 

generalized aesthetic induction includes affective responses. Perhaps a more adequate 

interpretation would be Kuipers’ interpretation in terms of the mere exposure effect, or a 

similar mechanism.  

Now, in the context of an aesthetic-process, aesthetic induction is the mechanism 

that governs evoked responses, as it determines that stronger responses will be associated 

with properties that recurrently appear in objects. The ‘critical success’ of certain objects 

– that is, the fact that an object possesses properties that are in agreement  with the taste 

of a community at some date – contributes to determining which objects will be critically 

appreciated by the community later on. 

We can say, again using McAllister’s ideas, that by imagining the aesthetic 

induction in operation, we can infer how a community’s set of aesthetic preferences will 

evolve. An object (a work of art or a mathematical item) that achieves significant critical 

success will cause its community’s aesthetic canon to be remodelled to a certain extent, in 

such a way that the canon attributes a greater weighting to the aesthetic properties of the 

critically successful object. The aesthetic canon will therefore acquire a bias in favour of 

objects that possess the properties of the current critically successful objects. If, on the 

other hand, a new object shows aesthetic properties different from those currently 

entrenched in the canon, it will not be readily endorsed by the aesthetic canon. 

Now, I believe that critical success is not the only factor in shaping preferences; 

we must take into account that there are autonomic affective responses. 



 

163 
 

 

Robustness 

I have assumed the existence of autonomic reactions as elements of the experience-

process; I must now include them in the dynamics of value: I endorse the existence of 

sets of properties that are able to invoke responses independently of any previous 

experience involving them. 

Some of these (sets of) properties are not only independent of experience; they 

also resist the changes induced by it. This phenomenon, I believe, is not exclusive to 

aesthetic value; emotions, as we have seen in Chapter 2, are certainly plastic, but this 

plasticity has its limits. Emotions play a role in the adaptation and survival of the 

organism and, since, in a normal healthy organism, a complete transformation of emotive 

responses would eventually compromise the functions of emotions as ways of dealing 

with the environment, we can assume that they do not change indefinitely or arbitrarily. 

To model this feature I introduce a property I call critical adequacy robustness (or 

simply robustness): the property of being resilient to inductive change. 

 

 

Definition of Critical Adequacy Robustness: 

A set P of properties of O possesses robust critical adequacy if and only if P consists of 

aesthetically relevant properties of O and O can persistently elicit autonomic affective 

responses of pleasure or displeasure. 

 

In a similar fashion to the case of critical adequacy, we can regard robustness as 

possessing degrees; a more accurate definition, explicitly considering degrees, is: 

 

A set P of properties of O possesses a high degree of robust critical adequacy if and only 

if P contains all relevant properties of O (it is an aesthetic form) and O is very likely able 

to persistently elicit autonomic affective responses (of pleasure or displeasure) 
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Very much like the notion of robustness in systems theory44, here robustness refers to the 

ability to withstand the changes resulting from the dynamic adjustment of an aesthetic 

canon; this is why the definition includes a persistent eliciting of responses. A robust 

critical adequacy in object O means that the sets of properties of O tend to maintain its 

level of critical adequacy despite changes in the aesthetic canon. 

 

3.3 Constrained Aesthetic Induction 

The existence of critical adequacy robustness means that aesthetic induction is not the 

sole mechanism that governs the development of an aesthetic canon. In aesthetic 

experience I interpreted affective reactions as invoked or evoked; this fact can now be 

mirrored in the evolution of aesthetic value by assuming the existence of corresponding 

governing mechanisms in aesthetic canons: evoked reactions are reactions that are 

elicited partly due to past experiences, but invoked reactions are elicited as part of our 

natural autonomic responses. The effect of both can be felt in the dynamics of value.  

Tendencies to invoke or evoke responses determine two kinds of preferences; we 

can call them basic (which are robust) and learnt (which depend on experience) 

preferences. Basic preferences are a kind of innate preferences, while learnt preferences 

are acquired preferences. Basic preferences, of course, do not depend on experience, and 

as such they are relatively independent of aesthetic induction. Although in principle all 

preferences are susceptible to change by aesthetic induction, the fact that basic 

preferences do not depend on experience can be easily interpreted here as the fact that 

basic preferences are robust with respect to experience. Now, there is, of course, a class 

of criteria that are associated with basic preferences, we can call them basic aesthetic 

criteria. Basic aesthetic criteria are characterized as being robust with respect to 

experience. This robustness is the tendency of the weighting of a basic criterion to suffer 

little or no change despite the changes induced by aesthetic induction. In addition to basic 

aesthetic criteria, we can identify a second class of preferences and criteria with low 

robustness, mostly governed by aesthetic induction. We can call these criteria inductive 

aesthetic criteria. Basic and inductive criteria exhibit different behaviour with respect to 

                                                 
44 The capacity of a system to cope with variations in environment with minimal alteration of functionality. 
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the changes the canon undergoes. The inductive class is deeply influenced by experience, 

very much in the same fashion as aesthetic canons in McAllister’s model; the basic class, 

by contrast, shows a tendency to remain in the same state regardless of the effects of 

experience. 

We must now establish a mechanism to account for the effect of basic and 

inductive aesthetic criteria in the canon. I call this mechanism constrained aesthetic 

induction. 

 

Definition of Constrained Aesthetic Induction 

A community compiles its aesthetic canon at a certain date by attaching to each set of 

properties P of an object O a weighting with a value proportional to the following 

formula: 

wip = [Ap(C–Bp)+2wpBp]/(C+Bp) 

 

where: 

wip is the weighting resulting from aesthetic induction for P 

wp is the original weighting of P 

Ap is the degree of critical adequacy of the object O associated to P 

Bp is the degree of robustness of the object O associated to P, which range 

is [0, C]  

C is the maximum value of robustness. (It is a proportionality constant that 

can be adjusted depending on the range of values chosen to 

represent the robustness B for any property.)  

 

In short, the message of the above formula is that if the degree of critical adequacy 

robustness is small, constrained induction resembles generalized aesthetic induction. For 

example, let us take the smallest degree of robustness possible, Bp=0. The expression 

presented above yields wip=Ap. That is, the weighting is proportional to the original 

critical adequacy of the object associated to P, which is just as defined in non-constrained 

generalized aesthetic induction. However, if the degree of robustness is high, the 

weighting tends to remain unchanged or to suffer only little: the resulting inductive 
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weighting wip will acquire a value close to the original weighting wp. For example, if we 

take the highest degree of robustness, Bp=C, then wip=wp, that is, the weighting remains 

unchanged. 

The formula above is just an approximation. It is intended to summarize the fact 

that we have differentiated dynamics for robust and non-robust criteria within a canon. 

The actual updating of the weightings w might depend on some kind of polynomial or 

other non-linear function; empirical analysis would be necessary to determine the exact 

function. 

All this discussion of the dynamics of the aesthetic canon translates trivially into a 

dynamics of aesthetic value, since aesthetic criteria are extensional trackers of values. In 

my proposal aesthetic value is thus governed by constrained aesthetic induction. Now, as 

we have seen, negative value forms a different repository. I address this briefly in the 

following. 

3.4 egative Value  
So far, we have focused on positive preferences, positive inductive effects, and positive 

robustness. But the discussion above is valid for value repositories with negative affective 

reactions. It is possible to provide ‘negative’ versions of the concepts presented above to 

model the dynamics of a negative value repository that governs negative evaluations like 

Le Lionnais’ evaluation of Euler’s Formula. In Le Lionnais’ case basic and inductive 

criteria, constrained induction and robustness are at work, eliciting his negative affective 

response and also the fact that (if we believe Le Lionnais) the preferences for the formula 

decrease as a result of past experience. It should be noted that the increase and decrease 

of preferences are not necessarily governed by the same factor. For example, increasing a 

preference can be the result of the mere exposure effect, but a decrease of the same 

preference cannot be accounted for by the same effect. To address these problems we 

must provide independent mechanisms for the positive and negative notions. The inverse 

U-shape effect associated with the mere exposure effect in aesthetic induction, referred to 

by Kuipers (2002, p. 297), is a good example of how different mechanisms may be at 

work in the evolution of preferences. Of course the most obvious way to accomplish this 

is to focus on negative affective reactions, since this is what distinguishes positive from 

negative value repositories, and then apply the same analysis as above. The notions 
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needed to model the dynamics of negative value can be trivially obtained from the 

positive ones; they are as follows: 

 

Typical egative Aesthetic Criterion:  

If the descriptive properties of a set P’ apply to an object O and P’ is associated with a 

negative affective reaction, then more negative aesthetic value is associated with O than 

in the case that the properties do not apply. 

 

egative Generalized Aesthetic Canon:  

We interpret a person’s being moved to pass a negative aesthetic judgement on a set of 

properties P’ of an object O as a consequence of his holding one or more negative 

aesthetic criteria.  

 

A negative aesthetic canon is modelled as follows:  

Negative Aesthetic Canon Set= {<P’, rP’, wP’>, <Q’, rQ’, wQ’>, <S’, rS’ , wS’>, ...} 

  

egative Aesthetic Induction: 

A community compiles its negative aesthetic canon at a certain date by attaching to all 

significant sets of properties a weighting w’ proportional to the degree of negative critical 

adequacy then attributed to the set of past and currently available objects that have 

exhibited those properties.  

  

egative Critical Adequacy:  

An object O is negatively critically adequate if and only if there is at least one set of 

properties P’ of O that ensures that any normal person with an appropriate background 

would pass a negative aesthetic judgement concerning O.  

  

Degree of egative Critical Adequacy:  

An object O possesses a high degree of negative critically adequate if and only if there is 

at least one set P’ of properties of O that very likely ensures that any normal person with 

an appropriate background would pass a negative aesthetic judgement concerning O.  
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egative Robustness: 

A set P’ of properties of O possesses robust critical adequacy if and only if P’ is a set of 

aesthetically relevant properties of O and O can persistently elicit autonomic affective 

responses of displeasure. 

 

Degrees of egative Robustness: 

A set P’ of properties of O possesses a high degree of robust critical adequacy if and only 

if P’ contains aesthetically relevant properties of O and O is very likely able to 

persistently elicit autonomic affective responses of displeasure. 

   

egative Constrained Aesthetic Induction: 

A community compiles its aesthetic canon at a certain date by attaching to each set of 

properties P’ a weighting with a value proportional to the following formula:  

 

wi’P = [A’P (C’–B’P)+2w’PB’P]/(C’+B’P)  

 

where 

wi’P is the weighting resulting from aesthetic induction for P’ 

w’ P is the original weighting of P’ 

A’ P is the degree of negative critical adequacy of the object O’ associated to P’ 

B’ P is the degree of negative robustness of the object O’ associated to P’, which 

rage is [0, C’]  

C’ is the maximum value of negative robustness.  

  

The Application of Value Repositories 

Now, the conditions under which positive or negative notions are applied depend on the 

type of value repository, which, as we discussed above, is determined by the associated 

aesthetic experience. We can use the different types of aesthetic experience to determine 

the application of the positive or negative notions by following these rules: 
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1) Positive and negative constrained aesthetic induction govern both positive and 

negative aesthetic canons. 

2) If the set of properties P of object O is a subset of the dimensions of its corresponding 

AMIO-O (that is, the object in our phenomenological space, in our experience) and the 

enjoyment associated with AMIO-O consists of positive affective responses (including 

mixed responses in which any response is positive), then P is involved in positive 

aesthetic criteria, canons, critical adequacy and robustness.  

3) If the set of properties P of object O is a subset of the dimensions of the corresponding 

AMIO-O and the enjoyment associated with AMIO-O consists of displeasure responses 

(including mixed responses in which any response is negative), then P is involved in 

negative aesthetic criteria, canons, critical adequacy and robustness. 

 

Note that positive as well as negative induction govern both types of aesthetic canons. 

This is because negative and positive canons do not exclude each other, since in our 

definition of negative canon we can admit mixed responses, responses with both pleasure 

and displeasure components, for example:  (Pleasure, Displeasure) or (Displeasure, 

Pleasure). Rules 2 and 3 do not exclude each other, but rather they can be applied and be 

effective simultaneously in the case of a mixed response. This allows more flexibility and 

reflects the fact that positive and negative evaluations are not simply each other’s 

opposites; we shall see in the next section that their relation is more like that of the 

members of families of terms. 

Now, the example of Le Lionnais’ opinion of Euler’s formula can illustrate the 

effect of this revised version of the dynamics of value. A positive preference for Euler’s 

formula, which, as Le Lionnais explains, started by having a strong influence, which 

developed as our experiences (or at least Le Lionnais’) influenced it; finally, the 

preference ended up turning into an irrelevant or even a negative one. In this case, an 

aesthetic criterion ‘If simplicity and composition are properties of a mathematical item, 

then more positive aesthetic value is associated with the item’, started with a high 

weighting, which eventually faded away as the properties became less relevant (our 

experience turned them into something ‘obvious’). Although the criterion started with a 

strong influence, it was not robust enough to keep it stable; constrained aesthetic 
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induction kicked in, changing its strength until the criterion was no longer relevant. Now, 

if we consider that Le Lionnais’ judgement is negative rather than neutral – for example 

‘Euler’s formula is insipid’ instead of just the more polite ‘Euler’s formula is fairly 

unremarkable’ – we can further say that negative aesthetic induction took over, and that 

the negative criterion ‘if simplicity and composition are properties of a mathematical 

item, then more negative aesthetic value is associated with the item’ gained strength. 

 

4. Aesthetic Judgement  

The need for a consistent interpretation of mathematical aesthetic judgements has been 

the motivation driving this entire discussion. So far, I have discussed my interpretations 

of aesthetic experience and value but we still need a notion of aesthetic judgements that 

completes our picture of the-aesthetic-as-a-process and in which mathematical aesthetic 

judgements do not need a special interpretation. This section is devoted to providing that 

notion. This section is more theoretical than the previous ones since I propose a 

hypothesis about aesthetic judgements that has the advantages of allowing our literal 

interpretation of mathematical aesthetic judgements and explaining the features of 

aesthetic terms identified by Kivy and Hungerland. 

Aesthetic judgements are the result of evaluations. As we have seen, the 

evaluation involved in an aesthetic-process can be interpreted affectively, as the affective 

response, or ‘cognitively’, as the result of the ‘application’ of aesthetic criteria. An 

aesthetic judgement is the result of a process that articulates and summarizes this 

evaluation. My proposal is that an aesthetic judgement is determined mostly by a process 

of articulation. Explicating articulation is thus one of the central topics of this section. 

Unlike aesthetic experience (which I interpret as a sub-process) or aesthetic value 

(which I interpret as a relation), I interpret aesthetic judgements as representing or 

expressing a particular state of the aesthetic-process; as an ‘output’ of the aesthetic-

process. Aesthetic judgements, however, do not represent an objective event in an 

aesthetic-process; they represent subjective states in a person. 

As in the case of experience and value, the notion of aesthetic judgement is 

characterized not only by how we interpret the content of the concept, but also by the role 

it plays in an aesthetic-process. The role of passing aesthetic judgements consists of two 
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functions, which I call articulation and exchange.  In order to understand these functions 

we first need further clarification of the characteristics of the aesthetic judgements. 

An aesthetic judgement appears as an ‘output’ of our aesthetic-process (more 

specifically, in node 5). This output is a proposition, an aesthetic description of the type 

‘O is A’. Where A is an aesthetic predicate and O the object being judged. We now need 

to characterize aesthetic predicates. 

 

4.1 Aesthetic Terms, Aesthetic Descriptions  

I interpret an aesthetic term as a word that represents an aesthetic predicate. The function 

of aesthetic terms, as we shall see, is to serve as locally terminal labels. This 

characteristic is what enables aesthetic judgements to perform their functions of 

articulation and exchange. 

Let us recall that in Isabel Hungerland’s view, aesthetic terms are characterized by 

the conditions that govern their use. For Hungerland these conditions do not depend on 

objective issues. I agree with Hungerland, but my interpretation is more specific; I 

interpret the conditions of application in terms of the subjective responses involved in 

aesthetic experience: the internal states of an individual undergoing an aesthetic 

experience determine whether or not the use of an aesthetic predicate is correct. 

Internal subjective states consist of a content (an AMIO and its intellectual 

activities) and an associated affective response. Since I have interpreted the content (an 

intentional object) as a subset of the properties of an object, this part of the content is 

closely linked to objective properties. The more ‘subjective’ part of the experience is the 

affective response. The affective state of an individual determines whether an aesthetic 

term is correctly applied. I have introduced pleasure-relations to model the relation 

between content and affective responses. These pleasure-relations will be useful here. 

Pleasure-relation ‘outputs’ represent subjective states in an individual. The output of a 

pleasure-relation can thus be used to determine whether the use of an aesthetic predicate 

is correct. 

Now, in addition to determining whether a term is correctly applied we need to 

determine which term to apply. As I anticipated, choosing the correct term depends not 

only on whether it is associated with pleasure or displeasure, but also on the relations that 
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the term has with other terms. My proposal here is that the relation between pleasure-

relations and families of terms determines which term should be applied. 

For example, Euler’s formula, as we have seen, is regarded as very beautiful by 

many of the Mathematical Intelligencer’s readers, but it is considered unremarkable or 

insipid by Le Lionnais. There is no objective conflict between these opinions since the 

application of the terms ‘beautiful’ or ‘insipid’ depends only on the subjective states of 

the Mathematical Intelligencer’s readers and Le Lionnais, respectively. However, the 

choice among the different terms ‘beautiful’, ‘unremarkable’ or ‘insipid’ depends on the 

fact that there are several ways in which we can affectively react to Euler’s formula. It is 

the relation between the pleasure-relation of Euler’s formula (the collection of possible 

responses) and the family of terms we employ (a collection of terms ‘beautiful’, 

‘unremarkable’, ‘insipid’, etc.) that determines which term to use. 

More specifically, my proposal is that the correct use of a particular predicate is 

established by providing a mapping from subjective states into collections of aesthetic 

predicates. This mapping consists in appropriately assigning particular aesthetic 

predicates to individual pleasure-relation outputs. In some cases it is simple to assign 

aesthetic predicates to specific outputs of a pleasure-relation. For example, the 

assignments beauty/pleasure and ugliness/displeasure seem to be rather natural in a 

simple basic pleasure-relation. However, problems arise in more complicated formal and 

canonical pleasure-relations, since we can have up to sixteen possible outputs for a single 

type of experience. Matters get even worse if we consider that we have possibilities that 

are similar to each other: the ‘confusing’ outputs. This poses the question of what all the 

non-obviously assignable outputs mean in terms of choosing predicates and their 

conditions of application. 

The answer, I believe, has been suggested by Kivy. He pointed out that there is no 

division between aesthetic and non-aesthetic terms; non-aesthetic terms like ‘balanced’ or 

‘unified’ can be used to make aesthetic descriptions like “The Prelude in B-flat minor 

from Book I of Bach’s Well-tempered Clavier is unified” (Kivy, 1975, p. 197). When 

attending to the facts pointed out by Hungerland and Kivy, I suggest paying attention not 

only to the conditions of application of terms but also to the conditions of use of figures 

of speech in which they are involved. Metaphor, I believe, plays a role in descriptions 
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like ‘Beethoven’s fifth symphony is a unified work’. The conditions under which 

aesthetic terms are applied should embrace the conditions under which metaphors are 

used. In this respect, Nelson Goodman offers an attractive approach that I exploit here.  

 

Goodman’s Metaphor 

Nelson Goodman (Goodman, 1968) claims that, in metaphor, a term (a label) does not 

work alone; rather, it works as a member of a family of symbols: “a label functions not in 

isolation but as belonging to a family” (Goodman, 1968, p. 71). Goodman calls these 

families of labels schemata. Schemata are sets of interrelated labels that are established 

by context and habit and are linked to a specific domain (Goodman calls these domains 

realms) of referents; the referential domains (or realms) consist in all the things that each 

label in the schema denotes. The schema {‘blue’, ‘red’, ‘green’,…}, for example, is the 

schema of the labels for colours; its referential domain consists of all coloured (blue, red, 

green, etc.) things. We have metaphorical reference when we use a label to refer to 

something that does not belong to the domain normally associated with the label’s 

schema. For example, the family of labels ‘red’, ‘blue’, ‘green’, etc, is appropriate to 

describe the domain of colours. ‘Red’ refers to the colour red (red objects) and ‘blue’ 

refers to the colour blue (blue objects): a metaphor consists in using a label in the colour 

schema to refer to any colourless things; we can apply the term ‘blue’ to refer to sadness, 

and ‘red’ to refer to anger, for instance. Goodman himself gives the example of calling a 

painting ‘sad’, which he claims is metaphorical because ‘sad’ is a predicate that normally 

refers to individuals in certain emotional states, not to inanimate objects. 

A central feature of Goodman’s approach to metaphor is that metaphors bring 

about reorganizations in the new domain in which the metaphorical label is applied. For 

example, the use of ‘sad’ in the domain of paintings brings about a reorganization in the 

domain of paintings such that the schema of emotion labels {‘sad’, ‘cheerful, ‘angry’,…} 

‘imposes’ the structure of its original domain of emotions onto the new domain of 

paintings. Thus, calling a particular painting sad implies that in principle other paintings 

can be called cheerful if the relations between ‘sad’ and ‘cheerful’ objects are also held 

between ‘sad paintings’ and ‘cheerful paintings’. The metaphor reorganizes a new 

domain of application by imposing the structure of the schema’s original domain. The use 



174 
 

of a metaphorical term depends not so much on the meaning of the term, but rather on the 

relations it holds to their closely related terms. I now show how we can take advantage of 

these ideas to interpret aesthetic terms. 

 

Metaphorical Terms and Aesthetic Terms 

The use of an aesthetic predicate is not a metaphorical use, but I believe the use of 

aesthetic terms partially follows principles similar to Goodman’s metaphor, especially in 

regard to the reorganization of a domain in cases like ‘balanced’ or ‘unified’, where the 

term can also be used in a non-aesthetic way. In these cases (and in general, as we shall 

see) the application of a non-aesthetic predicate in an aesthetic way implies that the whole 

label family or schema to which the predicate belongs is applicable to the new domain, 

which consists of the objects of appreciation. Now, this use of an alien schema amounts 

only to a metaphorical use of the predicate. We need an aesthetic use of the predicate. 

We must distinguish between mere metaphorical use of a term and its correct use as an 

aesthetic predicate. 

My proposal is that in addition to a metaphor-like reorganization of the new 

domain of application, the correct use of an aesthetic predicate also depends on 

establishing an appropriate mapping from the subjective states of the person who is 

employing the predicate to the labels of the predicate’s schema. Subjective states, in my 

view, are represented by a pleasure-relation. Hence, the correct use of an aesthetic 

predicate depends on two things: on the existence of an appropriate schema to reorganize 

the domain of objects of appreciation, and on the existence of an adequate mapping 

between the labels of the schema and the outputs of its pleasure-function.  

With this idea we can address the question of what to do with the non-assigned 

outputs of a non-basic (formal or canonical) pleasure-relation, and, more generally, what 

the multiple possibilities of a pleasure-relation mean. The answers are now fairly simple. 

The non-assigned outputs of a pleasure-relation represent the possible existence of labels 

that can eventually be mapped. And, in general, the existence of multiple outputs makes 

explicit the fact that in order to correctly use an aesthetic predicate we need to map 

collections of terms, rather than just isolated arbitrary terms. Thus, if we intend a correct 

aesthetic use of a predicate A, regarding an object O, when we assign A to a specific 
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output (a particular response, a particular combination among the possibilities of 

responses) of the pleasure-relation of O; that assignment is accompanied by a mapping 

between A’s schema (that is, the family of labels to which A belong) and the collection of 

the possible outputs of the pleasure-relation of O. 

Now, the mapping of pleasure-relation outputs onto a schema is constrained by 

the structure of the schema’s original domain, since this original structure reorganizes the 

new domain of objects (domains of paintings, musical pieces, mathematical items, etc.) 

Thus, the application of an aesthetic predicate, although it depends only on subjective 

matters, is not arbitrary; rather, it is constrained by two factors: the existence of a 

reorganization of the new domain of objects in which the predicate is applied, and the 

existence of a mapping between the predicate’s schema and the outputs of a pleasure-

relation. 

For example, the predicate ‘balanced’ has literal applications which are governed 

by objective conditions, but in occurrences like “Did you observe the exquisite balance in 

all his pictures?” (Sibley, 1959, p. 438), the application of the term is aesthetic. The 

correct application of ‘balanced’ in sentences like ‘this picture is balanced’ does not 

depend solely on the conditions of application of the term ‘balanced’ by itself, but rather 

on the relations it holds to the schema {‘balanced’, ‘unbalanced’} and how this schema 

reorganizes the domain of pictures. The schema {‘balanced’, ‘unbalanced’} provides 

poles that can be assigned to the ‘poles’ of a pleasure-relation for the experience of 

pictures. When ‘balanced’ is applied, the domain of pictures is reorganized by 

establishing a partition into balanced and unbalanced pictures. The original domain of the 

schema {‘balanced’, ‘unbalanced’} is the domain of objects with the mechanical 

characteristic of ‘its mass being distributed evenly around its centre of gravity’ (or a 

similar physical description). The predicate ‘balanced’ can be applied in its objective 

sense to refer to a picture O, ‘O is balanced’ meaning that the mass of the picture is 

evenly distributed. But the interesting use of this label is when we do not refer to its 

mechanical features, but to an aesthetic feature: in this case the label is applied to an alien 

domain, the domain of pictures as objects of attention (and not as objects with mass). For 

the label to be correctly applied as an aesthetic predicate, two things are necessary. First, 

the term ‘balanced’ cannot work alone, but rather its schema {‘balanced’, ‘unbalanced’} 
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must reorganize the new domain of pictures. Second, there must be an appropriate 

mapping from the set of outputs of the pleasure-relation of objects O onto the labels of 

the schema. 

If, for example, the experience of our picture is of a basic type we can assign 

‘balanced’ to pleasure and ‘unbalanced’ to displeasure. The schema {‘balanced’, 

‘unbalanced’} provides poles that can be assigned to the ‘poles’ (full-pleasure and full-

displeasure combinations) of a pleasure-relation of a picture. A simple way to map the 

schema is simply to assign ‘balanced’ to a full-pleasure output, for example, and 

‘unbalanced’ to a full-displeasure output, since this mapping reflects the particularities of 

the schema (the existence of two polar opposites). The correct use of the aesthetic term 

‘balanced’ results in the reorganization of the domain of paintings in such a fashion that it 

resembles the domain of mechanically balanced-unbalanced objects, and in the labels of 

the schema being assigned to the outputs of a pleasure-relation. 

Both mapping and reorganization are required as conditions of a correct use of 

aesthetic predicates. A non-correct use of labels as aesthetic predicates consists in the use 

of labels for which there is no appropriate mapping or reorganization. In such a case the 

schema cannot offer an adequate reorganization of the domain or an adequate mapping of 

the pleasure relation. The use of colour labels to qualify music can serve as an example of 

non-correct use of aesthetic terms. The schema {‘red’, ‘blue’, ‘green’, ...} has very few 

points of reference that allows us to relate it significantly to other domains or to assign 

their labels to a pleasure-relation. It has no opposite poles, for example, that would help 

us give an appropriate pleasure-relation mapping. We can certainly use ‘blue’ to qualify 

certain kinds of music; by doing so the domain of musical works undergoes a 

reorganization to fit in the structure of the colour schema. This reorganization, however, 

is rather arbitrary. According to Goodman, that does not represent a problem since the 

adequacy of a schema depends on context and habit (Goodman, 1968, p.71); in this sense, 

most domain reorganizations in metaphor are arbitrary to some extent. Thus far, our use 

of colour labels amounts to mere metaphor, and its arbitrariness does not represent a 

problem. But if we want to apply the label correctly as an aesthetic predicate then, in 

addition to metaphoric reorganization, we need the appropriate assignments to a pleasure-

relation. In contrast to the reorganization, the mapping from to the pleasure-relation to the 



 

177 
 

schema is never completely arbitrary, since we always have outputs that can be identified 

as positive poles (full-pleasure combinations, for example) and negative ones (full 

displeasure combinations, for example). But any mapping from the pleasure-relation onto 

the colour schema is arbitrary because the colour schema has no points of reference that 

could be non-arbitrarily identified with points of reference in the pleasure-relation; any 

mapping of pleasure combinations onto colour labels is as good as any other; thus there is 

no way to tell that one mapping is better than another. In other words, even if a mapping 

between the colour-schema and a pleasure-relation is possible, we cannot discern a 

‘good’ mapping: an adequate mapping is not possible. For example, how can we decide 

whether red or orange or yellow should be assigned to a full-pleasure reaction? The 

structure of the domain of red, orange and yellow objects does not seem to fit in a non-

arbitrary way into the structure of our affective reactions. In view of this discussion I 

propose the following characterization of aesthetic predicate: 

 

Aesthetic Predicate 

A predicate A is an aesthetic predicate correctly applied to object O if there is a schema F 

such that ‘A’ (interpreted as a label) is an element of F, and O’s domain is suitable to be 

reorganized by F’s domain structure, and all elements of F can be adequately (that is, 

non-arbitrarily) mapped into the outputs (the possible responses) of the pleasure-relation 

for the object O. 

 

With this notion of aesthetic predicate we can easily define aesthetic description and 

aesthetic judgement: 

 

Aesthetic Description and Aesthetic Judgement 

An aesthetic description is a sentence of the type ‘O is A’, where O is the object being 

qualified and A is a correctly applied aesthetic predicate. 

And we can now characterize an aesthetic judgement as follows: 
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An aesthetic judgement consists in an aesthetic description that expresses the subjective 

state of an individual resulting from the evaluations involved in the aesthetic 

experience45. 

 

Now, in my model of the-aesthetic-as-a-process, even more important than characterizing 

aesthetic judgements is to understand their functions: articulation and exchange. I devote 

the following sections to discussing this. 

 

4.2 Private Function: Articulation 

Hungerland has pointed out that aesthetic terms are characterized by subjective conditions 

of application. Kivy, in contrast, pointed out, that what makes aesthetic terms aesthetic is 

their ‘terminality’: they do not lead to any further conclusion, action or attitude change.  

In my opinion, Hungerland and Kivy do not contradict each other. It seems to me that 

they just have a different focus: while Hungerland has focused on the linguistic 

characteristics of terms, Kivy has focused on their characteristic role. This difference in 

focus is illuminating, I believe. In addition to a characterization of aesthetic judgements, 

we need to understand their role in our model. We can establish a contrast between the 

characterization and the role of aesthetic judgements as the results of addressing different 

questions. We can ask what an aesthetic judgement is and answer by presenting a 

characterization in terms of evaluation, internal states and aesthetic descriptions. But, in 

addition, we can ask why we do pass aesthetic judgements? This second question is very 

different from the first, but in my approach the answers are closely related. My answer to 

the question of ‘why we do pass aesthetic judgements?’ is that passing aesthetic 

judgements encourages the clarification of our internal state. And this clarification is 

attained by fulfilling the conditions of application of an aesthetic judgement. I believe 

this clarification cannot be carried out by means of mere non-aesthetic descriptions like 

‘S’s aesthetic experience was two minutes long’, since these kinds of descriptions only 
                                                 
45 This definition of aesthetic judgement seems to entail that we cannot have false aesthetic judgements. I 
believe that a genuine and bona fide aesthetic judgement has as its function to encourage subjective 
articulation. In this sense, there is no way to adequately characterize a false aesthetic judgement other than 
as a mistakenly applied or as a description containing an incorrectly applied aesthetic predicate. The topic 
of false aesthetic predicates is closely related to the objectivity of aesthetic judgement, unfortunately there 
is no room to discuss this subject here. 
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summarize ‘surface’ characteristics of the process. The use of aesthetic terms, by 

contrast, involves establishing relations among the domain’s objects, the schema’s labels 

and the pleasure-relation’s outputs. This establishment of relations results in a general 

change of perspective regarding our own subjective state, that is, a change in the way we 

‘experience’ our own experience. The reason why we pass aesthetic judgements is that 

passing aesthetic judgements turns the raw state of an aesthetic-process into something 

more ‘definite’, something clearer, to ourselves. Qualifying an object as beautiful, for 

example, establishes that there is a certain relation between the presence of the object and 

our affective reaction to it; at the same time, it establishes that the use of the schema to 

which the label ‘beautiful’ belongs adequately covers the possibilities of our responses, 

since it maps, in a non-arbitrary fashion, our possible responses to the labels of the 

schema. Finally, the use of the label ‘beautiful’ in an actual judgement tells us ‘where in 

the domain of pleasure we are’. Passing an aesthetic judgement contributes to making us 

aware of the aesthetic character of our experience. 

The existence of reorganizations and mappings forms the precondition for the 

correct use of aesthetic predicates. However, in order to successfully pass an aesthetic 

judgement we need to identify the specific state that is to be expressed in the judgement. 

We need not only the ‘maps’ (the reorganization of the domain and the pleasure-

relation mapping) of the ‘place’ where our state is located, we also need to ‘establish our 

location’ on those maps. Establishing this location, involves making an optimum decision 

when choosing schemata, mappings and reorganizations, and clarifying our state in 

relation to them: this is what I call a process of articulation.  

We have seen that one problem with pleasure-relations is the existence of 

‘confusing’ outputs. For example ‘full pleasure’ responses (Pleasure, Pleasure) appear up 

to three times as a possible output combination in a canonical pleasure-relation. How 

should we assign aesthetic predicates (or aesthetic schemata, for that matter) to confusing 

combinations? Since they represent different subjective states, it seems natural to have 

different labels (aesthetic predicates) for them. The problem is that there is no non-

arbitrary way to choose among different alternatives of schema-output mappings. Apart 

from the existence of ‘polar’ combinations (full-pleasure, full-displeasure), there are few 

constraints within the structure of pleasure-relations that can be objectively analyzed to 
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decide in favour of one mapping or another. These finer, relatively arbitrary and mostly 

unconscious decisions are part of the process of articulating subjective states. It is with 

these elements that we can characterize the process of articulation. 

 

Articulation 

Articulation is the process of actualizing the conditions of application of an aesthetic 

predicate to express the state of a person. In other words, it consists in performing the 

actual mappings and reorganizations (the mappings between schemata and pleasure-

relations and the reorganizations of the new domains) to establish the correct expression 

of our internal state.  

Of course, the result of this process is that the individual becomes aware of the 

specificity of the experience; after articulating our experience we obtain the ‘coordinates’ 

of our experience. We pass an aesthetic judgement not to present an objective declaration 

of the state of affairs, but to articulate our subjective state. This subjective state (unlike 

aesthetic experience, which is a process, or aesthetic value, which is a relation) is one of 

the many events in an aesthetic-process. Since the different elements of the aesthetic-

process are interdependent, the articulation of the experience also constitutes an 

articulation of the aesthetic-process in general. Hence, passing a judgement serves to 

articulate an aesthetic-process, to make an aesthetic-process more definite. In the wider 

context of aesthetic-processes the main role of aesthetic judgements is to encourage the 

articulation of aesthetic-processes. The aesthetic-process is determined by a multitude of 

events that correlate with each other in an organic manner; but none of these events by 

itself is enough to characterize and individualize the process. However, passing an 

aesthetic judgement about the object involved in the aesthetic experience encourages such 

individualization. 

We can now define aesthetic articulation as the process of organizing and 

‘charting’ the different aspects of an aesthetic-process. The aspects involved in aesthetic 

articulation are the evaluated objects, the family of terms that ‘organize’ those objects, 

and their corresponding affective responses.  

Now, although this discussion has employed concepts of my model of aesthetic 

experience, I believe that the general idea of articulation of experience by means of 
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reorganizing it would be valid, even if my model were dismissed. Thus, from a general 

perspective, we can informally characterize aesthetic articulation as follows: 

 

 

Aesthetic Articulation 

Aesthetic Articulation is the process that establishes the specific relations among the 

domain of objects, the family of labels and the pleasure-relations necessary to locate us in 

a concrete spot in relation to the events involved in the experience. 

 

For example, the articulation involved in passing a judgement of the type ‘picture P is 

balanced’ includes the decision to employ the schema {‘balanced’, ‘unbalanced’} rather 

than, for example, the colour schema {‘red’, ‘blue’,…}. This decision depends in part on 

realizing that the first schema is more appropriate, as its structure is more suitable to 

express the possibilities (pleasure, displeasure) of our subjective state. Once we have 

decided which schema to use we have to decide which mapping is appropriate for P’s 

pleasure-relation. Since the suitability of schemata and mappings of pleasure-relations 

depend on context, habit and often on personal circumstances (as the decisions are made 

by an individual with some particular knowledge, familiarities, experiences, etc.), the 

ability to choose schemata and establish appropriate mappings is a skill that improves 

with experience and practice. Finally, we must also decide which specific mapped label is 

in agreement with our subjective state. We are experiencing, for example, a positive 

reaction in response to P, which is assigned to the label balance. The correct expression 

of our state is ‘P is balanced’. Now, by the time we have passed the judgement ‘P is 

balanced’, we have reorganized the domain of pictures (some of them would be more or 

less balanced depending on some of their visual properties, for example), we have 

achieved a mapping of the pleasure-relation (‘balanced’ to pleasure responses, 

‘unbalanced’ to displeasure responses) and we have used these two ‘maps’ and our 

internal state to locate ourselves in relation to the objects and the responses we feel: we 

have articulated our experience. Furthermore, the experience itself appears different after 

the judgement has been passed; the experience has become ‘organized’ and ‘charted’; it 

has become more definite, it is not just a vague feeling of ‘I like it’; our decisions and 
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changes of perspective have clarified that the experience can be expressed in a more 

specific way – as an aesthetic judgement. 

4.3 Public Function: Exchange 

The characteristic role of passing aesthetic judgements is to articulate subjective states; 

that is what distinguishes aesthetic judgements from other kinds of judgements. But 

aesthetic judgements share some characteristics with non-aesthetic judgements; non-

aesthetic judgements involve evaluations, for example (despite the fact that the evaluation 

is affective in aesthetic judgements). A very relevant characteristic shared by aesthetic 

and non-aesthetic judgements is that they both convey information. This feature is central 

to the second role of aesthetic judgements: aesthetic judgements function as outputs that 

distribute information to other parts of aesthetic-processes and to the ‘exterior’ of the 

process itself. This constitutes the exchange function. 

Exchange, however, is not independent of articulation. In Chapter 2 we saw that 

Robinson’s approach to emotions incorporates the effect of naming an emotion. Robinson 

argues that one of the important ways of dealing with emotions in everyday life is by 

attempting to explain our physiological state or behaviour by means of naming our 

emotional episodes. This fact is central to Robinson’s expression theory: according to 

Robinson, expression in art shares the principles and motivations of naming emotions; 

both are attempts to elucidate emotions. A very important fact concerning the naming of 

emotions is that it can affect the development of emotions themselves. For example, 

thinking I feel sorrow instead of shame will lead to a sorrow-like behaviour and this, in 

turn, will affect the emotion process, resulting in physiological and psychological 

changes proper to actual sorrow. A similar mechanism is involved in naming or labelling 

an emotion. 

My proposal is to consider that aesthetic terms function in an analogous fashion to 

emotion labels. An aesthetic judgement identifies a state in the aesthetic-process. The 

‘labelling’ of the state occurs when we need to clarify the episode to ourselves or to 

someone else. The way we usually carry out this clarification is by means of articulation. 

The expression of the state, however, is carried out by conceptual and linguistic means. 

The need for a conceptual or linguistic summary of our subjective state prompts us to 
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look for the best choices to clarify and communicate the process, that is, to make the 

decisions involved in articulation. 

Now, an aesthetic judgement is an event that expresses a subjective state. 

Borrowing Kivy’s ideas, we can say that the process of articulation is terminal, in the 

sense that it cannot lead to anything else, since the role of passing an aesthetic judgement 

is strictly subjective. Both the reorganization and the relation mapping in articulation are 

subjective phenomena: they do not change any objective fact but merely our perspective 

of them. I think this approach to terminality, by focusing on the specifics of the role 

rather than on the differences from other types of judgements, integrates the views of 

both Hungerland and Kivy.  

Once we have established the sense in which terminality can be understood, we 

can address the role of exchange. 

 

Exchange Function:  

An aesthetic judgement performs an exchange function when its aesthetic description 

makes information available to agents that can eventually participate in aesthetic 

processes. 

 

Aesthetic descriptions have a propositional content that allows the linguistic exchange of 

evaluations with other members of the community, including its past (via the judgements 

we read in a book, for example) and future members. Articulation makes clearer 

evaluations available to ourselves and, by summarizing these relations in a public 

aesthetic description, it also participates in the exchange function. An aesthetic judgement 

articulates a private state, but by making it public it also specifies the way an object 

should be seen.  It places the object in a system of relations between subjective states, 

collections of labels, and referential domains that links the object to past aesthetic 

judgements, since those judgements share the same articulation mechanism. An aesthetic 

judgement publicly relates the object to aesthetic responses, thus situating it in the realm 

of the aesthetically relevant. It gives the object a place in the community’s framework of 

the aesthetically valuable, due to the fact that a person who underwent an aesthetic-

process established a link between the object as he experienced it and a public label, and 
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he tried to express this link in a publicly recognizable manner. Thus, in addition to 

articulating the process, the label attached to an internal state enables us to perform a 

quick classification of the experience into the context of past aesthetic experiences, while 

it also enables us to share this classification with other people by linguistic means. The 

aesthetic term is terminal, in the sense that it is subjective and leads only to other 

subjective events. 

 

Aesthetic Terms as Locally Terminal Labels 

By uttering an aesthetic description like ‘O is A’, the speaker turns an articulated private 

experience into something public. The utterer is not only carrying the information 

contained in ‘O is A’ from one person to another; he is also making himself and his 

interlocutor aware of the events involved in articulation: his subjective state, the 

appropriate reorganization and mapping. Goodman-type metaphors fare better than literal 

descriptions in making us aware of the articulation, since metaphors involve schemata 

that offer more flexible mappings. This is the reason why ‘non-aesthetic’ terms are often 

used in aesthetic descriptions: metaphors or other figures are used to present an efficient 

and clarifying summary of the subjective relations (among objects, labels and experience) 

to our interlocutor. The function of metaphors is partly shared by the function of aesthetic 

descriptions, since the reorganization of a domain is characteristic of both metaphors and 

aesthetic descriptions.  

Now, Kivy’s proposal of terminality does not refer to the content of the 

judgements or its conditions of application, but rather to what aesthetic judgements do, 

or, rather, what they do not do. Analogously, in my view, aesthetic judgements are 

characterized by their functions. Now, there is a salient difference between Kivy’s 

approach and mine. Kivy characterizes the function of aesthetic judgements in a negative 

way; by referring to what they do not do (they do not lead to further actions or 

arguments). The model presented here offers a more concrete context, which can be used 

as a framework for the positive characterization of aesthetic judgements: aesthetic 

judgements do articulate individual aesthetic-processes and they do serve as exchange 

outputs. We can further positively characterize aesthetic judgements by summarizing 

some facts related to them. First, expressing a subjective state consists in clarifying such 
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a state and presenting it in such a way that it agrees with the appropriate conditions of 

application of aesthetic terms and with our actual experience. Second, since the 

application of aesthetic judgements depends on the application of schemata, which is 

constrained only by the existence of adequate reorganizations and mappings, there is no 

set of ‘characteristically’ aesthetic terms but only more or less suitable schemata. Third, 

aesthetic descriptions have the primary function of making ourselves or someone else 

aware of our subjective state and articulation process; this is the reason why they are 

terminal, in the sense of not leading to objective conclusions or actions. Fourth, aesthetic 

descriptions, like ‘O is A’, convey public information that becomes part of the personal 

and collective aesthetic experience; it becomes part of the culture. This also means that 

aesthetic judgements may play a role in other persons’ future aesthetic-processes. This 

last aspect calls for a revision of the idea of aesthetic terms as terminal. I propose that 

aesthetic terms must be seen not as fully terminal but as merely locally terminal. 

Aesthetic descriptions, and thus aesthetic terms, are locally terminal in the sense 

that they can only lead to further aesthetic episodes. Now, aesthetic episodes are always 

local in the context of aesthetic-processes. For example, an aesthetic description can be a 

description made by an art critic to explain an abstract work of art that would otherwise 

be inaccessible. This critical description makes the artwork available to its audience, and 

thus it can lead to changes of attitude to the work and to further aesthetic-processes. This 

aesthetic description becomes engaged in attitude changes and further aesthetic-

processes. This seems to contradict the idea of terminality as expressed by Kivy, but the 

contradiction is only partial. Aesthetic descriptions and the articulation that leads to them 

are subjective and in this sense they do not lead to anything else. They may also, 

however, become part of our value repository and thus they participate in further 

aesthetic-processes. But their influence is still terminal since their role begins and ends in 

an aesthetic-process. They are terminal in the local context of aesthetic-processes. 

  

5. Mathematical Aesthetic Judgements  

My claim in this work is that mathematical aesthetic judgements are not particularly 

different from other aesthetic judgements. The notion of aesthetic judgements I have 

presented above allows me now to show that mathematical aesthetic judgements can be 



186 
 

characterized in the same terms as other aesthetic judgements: as expressing subjective 

states in an aesthetic-process. 

Nahin’s opinion of the derivation of DeMoivre’s theorem, and Le Lionnais’ 

opinion on Euler’s formula, for example, should be seen as expressing their subjective 

states in the context of their respective aesthetic-processes, leading hence to no objective 

conflict. For many of the readers of the Mathematical Intelligencer the contemplation of 

Euler’s formula elicits a response of pleasure. Since we have supposed that the 

experience is of the basic type, its pleasure-relation has two possibilities only: pleasure 

and displeasure. The positive affective response is articulated by mapping these 

possibilities into the schema {‘beautiful’, ‘ugly’} or rather {‘beautiful’, ‘insipid’} and by 

reorganizing the domain of mathematical formulas by dividing it into beautiful and 

insipid formulas. A person who experiences a pleasure response thus expresses his state 

by means of the label ‘beautiful’. A person like Le Lionnais, though, who experiences no 

response, or even a slightly negative affective response, expresses his state using the label 

‘insipid’.  

It is true that the object of attention and the modality in a mathematical aesthetic 

experience are characteristically mathematical, but that is also the case for almost any 

other type of aesthetic experience; music, painting or poetry are all very different in terms 

of the objects with which they present us and the way we engage our attention. Aesthetic 

experience depends on the specifics of each field. Aesthetic value as I interpret it allows a 

wide range of value repositories; a mathematical value repository is not so very strange. 

But my conception of aesthetic judgement unifies mathematical aesthetic judgements and 

the rest of aesthetic judgements since the process of articulation and the functions of the 

judgement are the same. Mathematical aesthetic judgements express subjective states of 

mathematicians. 

Now, one of the problems discussed in the Introduction is that mathematical 

aesthetic judgements look a little odd to a person who may be unfamiliar with 

mathematics, since at first sight this person cannot understand how mathematical 

aesthetic judgements relate to regular, everyday aesthetic judgements. This problem can 

now be addressed in terms of my interpretation of the aesthetic as a process: this oddity 

indicates that the aesthetic experience in mathematics has a peculiar modality, which is 
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very dependent on background knowledge. The modalities of music or painting are also 

unique in their own way, though, and they also depend on knowledge to some extent. 

Gian-Carlo Rota noted that a great deal of knowledge is necessary to appreciate any piece 

of mathematics. In my model this is interpreted as a requirement of the space of 

mathematical aesthetical intentional objects: in order to be able to appreciate a 

mathematical item we first must be able to ‘see’ it, and this ‘seeing’ is possible only if we 

understand the mathematical item. Similarly, in order to enjoy a written poem we must 

first be able to read it. In this sense mathematical aesthetic judgements are not 

exceptional: the contents of the experience and the values associated with them are just 

characteristically mathematical. Mathematical aesthetic judgements constitute a particular 

class of aesthetic judgements. 

The typical aesthetic-process that supports the passing of a mathematical aesthetic 

judgement can be summarized as follows: a literal interpretation of a mathematical 

aesthetic term M in a mathematical aesthetic judgement ‘O is M’, entails that M appears 

in a (locally) terminal stage of an aesthetic-process. Such an aesthetic-process is 

characterized by an experience-sub-process in which the content is an AMIO whose 

aesthetically relevant dimensions consist in a subset of properties of M. The passive and 

active content of the experience result in an affective response, and, depending on how 

this occurs, the experience can be categorized as basic, formal or canonical. The affective 

response is an affective evaluation that is also involved in a judgement sub-process. The 

result of the judgement sub-process is an aesthetic description that expresses the state of 

the aesthetic-process and that simultaneously results in a clarification and definition of 

the experience and the aesthetic-process.  In addition, mathematical aesthetic judgements 

carry information that can be used in non-terminal ways, by participating or encouraging 

other aesthetic-processes. Mathematical aesthetic terms are labels that participate in 

encouraging aesthetic articulation. Mathematical aesthetic descriptions are locally 

terminal, in the sense that their main purpose is internal articulation, but they are also 

outputs, bridges between the private and the public. An aesthetic description carries 

information that can eventually be incorporated in the value repository, thus influencing 

mathematical aesthetic criteria and future evaluations.  
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I must stress that in my approach literal mathematical aesthetic judgements must 

be the result of an aesthetic-process. This means that if we want to analyze a case of 

mathematical beauty we must be able to give the appropriate interpretations of 

experience, value and judgements for mathematical items. Such analyses are conducted in 

the next chapter, where I apply the theory developed here by presenting concrete 

examples of literal interpretation of mathematical aesthetic judgements.  

 

 

 

 

 




