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Some of the most important changes in mathemadigsation over the past century have
evolved in response to perceptions of the unacbkpthfferences between mathematics,
as conceived of and practiced by research matheiaragi and school mathematics,
which is embodied in textbooks and classroomsekample, Polya’s work inspired
many mathematics educators to lessen the gap hetwathematics and school
mathematics by infusing the latter with “problentvétg,” which Pdlya saw as the
defining activity of the research mathematiciarfe®v decades after that, Brown and
Walters persuasively argued that posing problenssjust as important—and sometimes
more so—as solving problems, and called for in@@agpportunities for student problem
posing. Both activities (posing and solving probd@nvere meant to attenuate
differences, but they also offered an attractivenauistic dimension to the world of the
mathematics learner. Of course, there remain méferehces between mathematics and
school mathematics that few would ever consideniakting—for example, no one has
ever suggested that students should publish nesanels results or review articles for
publication.

The aesthetic dimension of mathematics has alsairea more or less on the side of the
research mathematicians, though with intermitterdyfs into the school mathematics. In
one sense, it seems natural to leave it in itseplgiwen its tight connection with
published mathematics, that is, with the productibtheorems and proofs that
characterize the mathematician’s work. We knownftbe writings of a few great
mathematicians, that proofs should be elegant (&d865), and that (good)
mathematicians have a special aesthetic sensiffldincaré, 1956). We are even told
that the primary goals of the mathematician ar¢haéis, and not epistemological (Krull,
1930/1987).

It may be tempting to leave aesthetic with the mathticians, but it would also be
wrong, and this for two reasons—neither of which teado with attenuating differences.
First, mathematics education is one of the fewiglis@s that can (and sometimes does)
play an interpretive role in explaining the natyrerpose and goals of mathematics to the
‘outside’ world, which are infused with aesthetalwes. This interpretive role is crucial
to the health of mathematics as a discipline (se#eld, 2003) and to the monitoring of
the impact of mathematics on society (see Illid94). Second, and more closely related
to immediate pedagogical issues, it can be (andb&a@s) argued that the aesthetic is
deeply connected to learning, and not just totargsoduction or appreciation. |
therefore propose a stronger two-way interactiowhich the discipline of aesthetics has
much to contribute both to understanding the ratlipnof mathematics itself, and to
enriching existing theories in mathematics educatio

Mathematics Educators as Mathematics Critics
In Lakatos’ (1976Proofs and Refutation&samma and Alpha are discussing the
guestion of how far they are willing to go in prdiig a generalization of ‘Euler’s



formula.” Gamma notes that it's a question of whatteresting or exciting. Alpha
responds that interest is a matter of taste. Son@aasks “Why not have mathematical
critics just as you have literary critics, to demgmathematical taste by public criticism?”
(p. 98). Indeed, it is difficult to identify theldters of taste in mathematics, even though
guestions of taste are central to the growth ofiikeipline. They are central for the
simple reason that mathematicians must choosedhgicts of study; they are not
somehow dictated by the real world (as is the easdephysics). Further, as Steiner
(1998) points out, “There is no objective criterion a structure to be mathematics—and
not every structure counts as a mathematical streit{p. 6). Whereas the criteria of the
past may have included utility, contemporary matatcians have adopted other criteria,
including beauty. Hardy (1940) spoke to this infaimous quotation “Beauty is the first
test: There is no permanent place in the worldifgly mathematics” (p. 85). Indeed
Euler's formula is a structure worth attending &xéuse of its beauty, that is, its
simplicity and generativity. Csiszar (2003) notestt‘aesthetic sensibility becomes a
measure of value itself” (p. 251).

Aesthetics are involved not only in the choicetofictures (and, thus, the choice of
mathematical objects, relationships and problems)also in the communication of
results about these structures. Style is crucialathematical communication, as can be
seen in the various guides provided by journalsm@otessional societies (see AMS
(1990)). Mathematicians such as Krull (1930/198&inc, for example, that the rhetorical
nature of mathematical writing depends stronglyaesthetic devices: “Mathematicians
are not concerned merely with finding and provingarems, they also want to arrange
and assemble the theorems so that they appeaniyatarrect but evident and
compelling. Such a goal, | feel, is aesthetic nathan epistemological” (p. 49).

Given the importance of aesthetics, Gamma rightinaers how taste is defined and
communicated in mathematics. In the world of litera, writers produce the works of
art, but literary critics assess and analyse thesks in a way that is interpretive,
formative and summative. One might think that mathgcians themselves take on this
role, but they rarely do, and they probably shoi#eisuch questions, which relate to the
image of mathematics in society, cannot be decnd#dn the body of mathematics,
which is what mathematicians concern themselves (gge Corry, 2006). Yet, there are
few people who can fill the role of the mathemdtaéic in part because mathematical
communication is designed to be exclusive (Burtaeh organ, 2000; Csiszar, 2003).

In the past, philosophers have taken played tleeabthe mathematics critics, but this is
no longer the case (Corfield, 2003). There’s as@msvhich mathematics educators are
perhaps best positioned to replace the philosophdike philosophers, mathematics
educators have a natural entry into the body oheraatics. But more importantly,
mathematics educators are extremely sensitivertaisaspects of the interface between
body and image: the cultural narratives about nmtties, the historical and
epistemological aspects of mathematics, and thexdztions between mathematics and
school mathematics.

Aesthetic Perspective Informing Mathematics Edwcenati
Enzensberger (1998) points out that the mathemlatiss certain archaic aesthetic



sensibility that has changed very little in thetga® thousand years, one that speaks
more to the Baroque or the Classical than to anmyeroontemporary or post-modern
sensibilities. Le Lionnais (1948/1986) wouldn’t egr He sees at least two aesthetic
preferences expressed in mathematics. The classit#te one hand, which tends
toward harmony and order, and the romantic, orother, which seeks the bizarre and
the extreme. Whatever the case may be, recentiwarkvide variety of disciplines
suggests that the particular tendencies one haswaehk less important than the fact that
one has aesthetic tendencies at all, and thatsesethese pervasively and centrally in
making sense of the world. Using anthropologicaights, Dissanayake (1995) writes
convincingly about the satisfactions that come ftomsuccessful manifestation of the
basic aesthetic motivation of “making special”. &tkcholars interested more in a
cognitive science approach, such as Wilson (1988)e that humans have predictable,
innate aesthetic preferences they use in makingesefitheir environments.

Closer to education, and from a more philosoptpeaspective, Dewey (1933) argues
that the aesthetic is a pervading quality of humeasoning and experience. He begins
his argument by pointing out that the categoriesiue characterise and communicate
different modes of reasoning and experience (mat®nal, intellectual, aesthetic) may
make our descriptions and analyses of them moctatyke, but that these categories
impose artificial boundaries and dualisms that dibaxist. In other words, not only is it
not sufficient enough to focus on either the cagaiobr the affective in our study of
mathematical activity, but one must also strivetiderstand the way in which the
cognitive, affective and aesthetic interminglehat inost basic level in human inquiry.

The Deweyian approach to aesthetics cares less athether or not a given theorem is
elegant, or what criteria of mathematical beautghmlook like. Instead, such an
approach focuses on the role that the aesthetys plehuman inquiry. As | have
proposed elsewhere (see Sinclair, 2006b), the etesfilays a motivational, generative
and evaluative role in mathematical inquiry in femse that it affects the problems
mathematicians pose, the process through whichgb&bout solving those problems,
and the way they communicate their results. Teetttent that school mathematics
engages in the kind of inquiry found in researchhmimnatics, it seems possible that the
aesthetic can play similar roles for students &eelair, 2006a). It thus appears that the
close relationship between aesthetics and inquay further inform current theories of
problem solving and problem posing.

However, if we stand back from the role of the laest in research mathematics, and
focus more on mathematics learning, there seera tmime fruitful connections to make
with existing theories and framewaorks in mathensagiducation. One example relates to
Goldin’s (2000) work on the affective domain of mamatics education. As | have tried
to show (see Sinclair, 2004), it is possible tettie elements of the affective domain
(emotions, attitudes, beliefs, and values) as kigtiertwined with aesthetic responses.
Indeed, an aesthetic lens helps to illuminate tag W which emotion and cognition
work together in the learning process. Aesthetios seems very pertinent to important
guestions in mathematics education regarding midivand anxiety.



Another arena in which the aesthetic consideratmight help inform mathematics
education theories relates to Cobb and Yackel'S§¢)19ork on the development of
socio-mathematical norms in the classroom. Ttemceptualize this
development in terms of the ways in which students learn what is
mathematically different, sophisticated, efficient and elegant.
Although they focus primarily on norms around difference, the
norms of efficiency and elegance quite distinctly involve aesthetic
values. If students are going to be comparing solutions, and if the
teacher has to mediate the discussion around this comparison, it
will be difficult to avoid aesthetic values, especially when the
solutions are all correct. At the moment, however, mathematics
educators do not seem well-equipped to handle issues of aesthetics
within school mathematics, whether it’s in terms of students
comparing solutions, students posing problems, teachers posing
problems or teachers assessing student work. One reason for this
lacuna in current theories in mathematics education may be related
to the long-held belief (especially among mathematicians) that
students are unable to appreciate beauty and elegance in
mathematics (see Dreyfus and Eisenberg, 1986). Such beliefs may
unnecessarily constrain both the nature and role of aesthetics in
human thinking.

I conclude by pointing to a number of questions that emerge in
considering the aesthetic dimension of student learning and the
presence of aesthetics in theoretical developments in mathematics
education. These questions span a wide conception of aesthetics that
include the aesthetic as a theme in human experience (as a way that
human organize and derive meaning from everyday situations) and
the aesthetic as a field of study, which includes the nature of
perceptually interesting aspects of phenomena and artifacts.

(1) How might (and should) aesthetic considerations in
mathematics differ from those in school mathematics?

(2) How deeply is aesthetic sensibility tied to mathematical
motivation and curiosity?

(3) Can aesthetic sensibility be taught? If so, how?

(4) How do theories of embodied cognition relate to
aesthetic perception?

(5) How can mathematicians help educators gain entry into

the aesthetic values that guide their work?
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