WHEN MATHEMATICIANS SPEAK,
WHAT DO POETS AND MUSICIANS HEAR?
F. LUKE WOLCOTT

In this essay I tell the story of a musical performance of poems based
on mathematical reflections and present the unfolding of the story as a
metaphor for doing mathematics. The performance – by the Improvisational Group of Lawrence University, or IGLU – was a creative offshoot of
a larger research project aimed at understanding the mathematical experience. When mathematicians do mathematics, what is it like? What images
do they see in their minds, with what colors, shapes, or textures? What
conceptual metaphors do they use to make sense of their abstractions? Do
mathematical objects make sounds? Do they have personalities? Are they
characters in stories?
In 2013, I asked 21 research mathematicians to describe the experience of
working with their favorite group from abstract algebra. Then in Fall 2014
I brought the collated survey responses to the Lawrence Creative Writing
Club. The student writers produced six poems based on the mathematicians’
comments, and the IGLU ensemble used these poems as catalysts for musical
explorations.
In what follows I will first describe the project in more detail, and then reflect on its implementation, what it says about the practice of mathematics,
and how it may serve as a template for future collaborations.
FROM MATH TO POETRY TO MUSIC
The story begins in the winter of 2013, in Lisbon. There on a postdoctoral fellowship focused on topology and homotopy theory, I began attending
seminars on mathematical practice in the philosophy department at the University of Lisbon, organized by Alexandra Van Quynh. Alexandra, with a
PhD in physics and working on her second PhD in the philosophy of science,
was keenly interested in investigating how actual mathematical practice can
inform the philosophy of mathematics.
We began a collaboration, deciding to look at how practicing research
mathematicians experience groups. Why groups? It seemed important to
choose a specific mathematical object or area. Groups are basic enough that
all mathematicians have some familiarity with them, but advanced enough
that they capture some of the fascinating characteristics of mathematical
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objects. They are, perhaps, the first step into real “abstract” mathematics. Mathematicians generally report using imagery and visual thinking to
understand math, but most groups don’t come along with obvious mental
imagery. We hoped to hear about either peculiar or imaginative imagery, or
non-visual modes of reasoning.
After a focus group with mathematicians, to brainstorm what questions
might be worth asking, we settled on the following list of survey questions.
I give the survey in full because I will refer to it later.
Survey on the Lived Experience of Groups
Please choose a group – any group that comes to your
mind naturally – and answer the following nine questions
about working with that group. You may refer to one specific
instance, or speak in general terms.
(1) What is the group you are experiencing now?
(2) In what mathematical context do you use or work with
this group?
(3) Does the group look like anything? If yes, please describe any images that come to your mind. Any colors,
shapes, or textures? In what dimensions?
(4) More generally, does this group evoke any sounds or
other sensations?
(5) Can you describe the process of working with this group?
For instance, how do you mentally manipulate it?
(6) Does the group have a personality? If so, please give
details.
(7) Is this group part of a story? If so, please give details.
(8) With regards to the aspects discussed above, how has
your internal experience of this group changed over time?
(9) Are you aware of which aspects of this internal experience were taught to you and which you developed yourself?
The next two questions are about the symmetric group.
(11) How do you think about the symmetric group?
(12) What is the essence of the symmetric group?
Lastly, a few bonus questions:
(13) What does it mean to understand a group? What does
it mean to not understand a group?
(14) What is your favorite group axiom? Why?
Part of the initial inspiration for the survey came from a post by Bill
Thurston on MathOverflow [2], asking about mental imagery. In the copious answers to his post, mathematicians volunteered many specific examples of imagery – some standard, some insightful, and some amusing. But
Alexandra and I were also interested in going beyond imagery to other sense
modalities, and to non-sensual aspects of the lived experience.
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We sent this survey to practicing research mathematicians working in
a range of areas, and twenty one useful responses came back1. We chose
Question 13, about the experience of understanding (or not understanding)
a group, as our first line of inquiry. Since that time we have followed up
with four respondents, conducting in-depth elicitation interviews (entretien
d’explicitation in French). This phenomenological methodology, developed
first by Pierre Vermersch [3] and further by the GREX group in France
(http://www.grex2.com), uses first- and second-person data to investigate
the micro-dynamics of lived experience.
The analysis of the interview data remains a work-in-progress, but the survey responses themselves have already found new life as a key component in
the IGLU collaborative project. These responses contain vivid descriptions
of imagery, sensations, and associations. When collated, responses for each
question already read like some strange poem.
I brought these survey responses to Matt Turner, the director of the
IGLU ensemble. Matt, regarded as one of the world’s leading improvising
cellists, has performed on over 100 albums and at Lawrence leads IGLU
with ingenuity and humor. Matt liked the idea of a collaboration, but was
adamant about getting as many students involved as possible, so we reached
out to the Lawrence Creative Writing Club.
The Creative Writing Club was ambivalent towards the idea of writing
about mathematics, until they saw how rich, bizarre, and “un-mathematical”
the survey responses were.
With some guidance from two faculty poets, Austin Segrest in the English
department and Andrew McSorley in the Lawrence library, the Creative
Writing Club produced six poems. Some are similar to erasures, which
eliminate words in a text to leave behind a poem; others deviate significantly
from the text. All repurpose the mathematicians’ words to novel ends. One
collects the images from Question 3. One contrasts the vivid descriptions
from Questions 6 and 7 with the insistent “No!” responses, to comic effect.
Another, The Identity Axiom by Lena Bixby, meditates on identity and
the identity axiom (from Question 14), and includes my favorite stanza, a
verbatim collection of quotes drawn from several respondents:
I became aware with time of different meanings
As time passes I am more aware of the complexity
It is the sea and you think the only obstacle is to swim
But you realize there are currents you will never win
This is an axiom
The IGLU ensemble consists of roughly 20 student musicians and a wide
range of instruments: violin, trombone, tuba, guitars, vocals with electronic
effects, piano, bizarre percussion, and others. IGLU rehearsals are playful
1
Unsurprisingly, most rejections could be paraphrased, “This survey is not relevant to
my research and I do not have time.” See [5] for a discussion of the relevance of selfreflection to mathematical research.
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and exploratory, each jam framed by guidelines like, “You read the poem and
you six play: only open sounds, very sparse, but with an underlying pulse.”
Working from the poems, over time the group settled on musical forms that
worked well. The performance was a captivating sequence of structured
improvisations, at times atmospheric, lyrical, chaotic, and of course poetic.
Rather than try to describe the performance, I invite you to listen to the
pieces at http://tinyurl.com/nlaat5v.

Figure 1. A musical performance of mathematical poetry,
recorded on February 25, 2015.

A FEW TAKEAWAYS
Math in a new light. Our measure of success was the feedback received
from project participants and audience members. The project had a wide
outreach, thanks to IGLU director Matt Turner’s insistence on involving
as many students as possible. The group of poets, all non-math majors
and many of whom had an estranged relationship with math, were able to
rediscover their old enemy and see it in a new light. Likewise the IGLU performers found a way to engage mathematics on their own preferred, musical
terms.
Furthermore, the mathematics that the poets and musicians engaged was
not mathematics as they most likely knew it – formal, symbolic, rigorous.
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Rather, it was a very sensual and subjective mathematics. In the reflections
of these professional mathematicians they could find the same struggle to
express personal experience that fuels poetic and musical culture, and the
same level of confusion, sense-making, and passion.
Many comments from the student poets and musicians, as well as from
the performance audience, centered on this aspect of seeing a new, more
human side to mathematics. The involvement of multiple disciplines, and
creative work, facilitated a recontextualization of mathematical practice that
bypassed the anxieties and traumatic memories.
In the afternoon prior to the IGLU performance, the math department organized a panel discussion during our weekly math tea. One of the poets and
the two math majors in IGLU shared their perspective on the project with
other math students and faculty, while everyone passed around the six poems and the original survey responses. This metacognition-of-metacognition
event was a hit with the student attendees, who responded enthusiastically
to the poems and survey responses, and their professors’ reactions to them.
What could have been different. Each musical improvisation was structured following certain agreed-upon guidelines. Who should play what sorts
of sounds, with what style, and when? As sarod master Ustad Amjad Ali
Khan said, in referring to the highly improvisatory North Indian Classical Music, “The meaning of Indian classical music is freedom within discipline” [1].
But group theory provides beautiful and interesting structures! One can
easily imagine guidelines for improvisation based on permutations, or reflections and rotations, or even group actions. Algorithmic music that is rigidly
based on mathematics can be too heady and hard to appreciate viscerally,
but the right balance can intertwine the rigorous and non-rigorous dimensions of mathematics in a powerful way. I offered to teach some of the basics
of group theory to the musicians, and promised that we could find ways to
weave math concepts into the music architecture. The ensemble discussed
the possibility but there wasn’t enough interest and time.
Cross-disciplinary translation as metaphor for mathematical transmission. In the end, the poets and musicians did not learn any group theory. Instead, the project became a statement about translation and transmission. First group theory, and the experience of working with groups,
emerged from the survey of unknown mathematicians spread around the
globe. The poets took these survey responses as source material, transforming this input into six poems with lives and agendas of their own. Then we
handed the poems over to the musicians, now several steps removed from
the original experience of working with groups. Taking the poems as source
material, the musicians found their own meanings and interpretations, and
took liberties with the written words.
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The handing off of texts, and the contrasts in disciplinary methodologies, points to the stark interfaces between disciplines. It suggests a sort of
creative game of Telephone, feeding outputs into inputs.
The transmission of mathematical knowledge, within the mathematical
community, resembles the same process of translation. Think of what happens when one mathematician proves a result and writes it up, and a colleague reads the proof and makes sense of it. The act of mathematics is the
act of objectifying the subjective, then subjectifying the objective. Whatever goes on in our heads when we do math, we clean it up, pare it down,
dehumanize it, objectify it, and put it out in a dry form very different from
how it was first perceived or understood. The logic we use in papers and
textbooks is deductive and efficient and sometimes very formal, not inductive
or analogical or metaphorical. And then a fellow mathematician, interested
in understanding the results, must take this clean document and make it
digestible again. Every concise sentence must be recontextualized within a
personal internal map of mathematics, integrated with what already makes
sense and placed in relationship with what might not.
Seeing each mathematician as a context – of tacit and explicit knowledge,
of methodology, of culture – the translation between contexts is facilitated by
handing off a text or speaking a lecture. Intradisciplinary or interdisciplinary
translation happens outside of math as well, of course, but in math the
packing, handing off, and unpacking is especially stark since experienced
mathematics is so abstract and written mathematics is so rigorous.
In our math-poetry-music project, the poems serve as the document.
They take the messiness of the source text experiences and turn it into
short, concise, precise language. The poems are highly structured, dense,
rich for interpretation, with layers of meaning. They require a lot of time to
get into, unlike a newspaper article or novel. The musicians took this dense
text and then digested it, personalizing it again.
Consider further the musicians’ task. Taking a text and improvising to
it has several parallels to reading a math text. One must construct images
(sounds) that point to the concepts in the text, not literally (our imagery
is fuzzy, not precise) but very metaphorically. We take the text and turn
it around, repeat it, go forward and back, bounce around... we de-linearize
it, dwell on certain words and concepts, skip ahead. The IGLU musicians,
without prompting, manipulated the poems in all of these ways, including
performing the same poem three different times, in three variations.
Finally, in the iterated process of personalization and de-personalization,
what, if anything, carries through? Resisting giving away my personal answer, I invite readers to listen to the IGLU pieces, all available at http:
//tinyurl.com/nlaat5v, and decide to what extent the music captures the
experience of working with group theory.
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EPILOGUE: On interdisciplinarity
The notion of interdisciplinary collaboration is thrown around a lot. I
find it useful to clarify the term using terminology proposed by sociologist
Marilyn Stember [4], paraphrased below.
• intradisciplinary: within-discipline work.
• crossdisciplinary: a viewing of one discipline from the perspective of
another.
• multidisciplinary: involves several disciplines who each provide a
different perspective on a problem or issue.
• interdisciplinary: integration of the contributions of several disciplines to a problem or issue is required. Interdisciplinary integration
brings interdependent parts of knowledge into harmonious relationships through strategies such as relating part and whole or the particular and the general.
• transdisciplinary: concerned with the unity of intellectual frameworks beyond the disciplinary perspectives.
Using these distinctions, we can more fully address the dynamics within
a project that claims to be an interdisciplinary mathematical collaboration.
For example, many projects that involve both mathematics and art are
fundamentally crossdisciplinary. We often find mathematics used to analyze
artwork, or artists creating work based in literal ways on mathematical ideas.
The IGLU collaboration is also crossdisciplinary in part, in its use of abrupt
translations between mathematics, poetry, and music as discussed above.
On the other hand, collaborations between mathematics and science disciplines are often multidisciplinary or interdisciplinary, with the powerful
tools of mathematics brought to bear on “applied” questions.
In both these types of collaborations, especially the latter, mathematics
is most commonly presented and used in a way that emphasizes its rigor.
The mathematicians are the rigorous, pedantic, careful, precise ones. As
the joke goes, we see a black sheep in a herd of white sheep, and while the
physicist announces, “There is one black sheep” and the economist declares,
“Look, all sheep are white,” we quietly assert, “All we can say for sure is
that one side of one sheep is black.” The difference in methodological rigor
is usually enthusiastically underscored, by the mathematicians or the nonmathematicians. Unwilling to sacrifice our rigor, we forego unification for
the sake of comfortable certainty.
Yet rigor is only one part of mathematics. Mathematical collaborations
that aim to be transdisciplinary must de-emphasize the role of rigor, and
foreground other aspects of the mathematical perspective. This, in part,
is what we did in the IGLU performance: mathematical experience was
placed at the center. A cycle of personalization and de-personalization and
re-personalization emerged as a common theme in the practices of mathematicians, poets, and musicians. The result was a convergence that participants and audience members could feel and hear.
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