
An Artist Explorer in Mathematics: Investigating Spatial and Sculptural Elements in Knot 
Theory Diagramming

Introduction

This research uses a synthesis of concepts from art, mathematics and linguistic pragmatics in a new 
approach to mathematics, using creative practice alongside written analysis to articulate the role of 
physicality in its communication. The aim is to learn, as an outsider, about the processes of 
representation and abstraction at the heart of the discipline by observing how mathematicians 
explain their work to one another, and so to present insights that can open up exchange across the 
borders of the discipline. As a sculptor with a sincere and longstanding fascination with 
mathematics, I place myself as an 'Artist Explorer', taking a lead from linguistic ethnography 
methodologies. By maintaining an outsider position, I can avoid taking on the assumptions that 
facilitate the work of practitioners. Taking an approach formed by extended mind theories and 
linguistic pragmatics that understands observable aspects of communication such as diagrams and 
gesture to be integral to the discipline paves the way for a material, creative practice investigation.

Research Question:

 How does physicality inform diagramming in knot theory, and how can sculptural practice 
be used to articulate this?

My background is in sculpture, and my practice investigates systematicity and selection. I am not a 
mathematician; I reached an early-undergraduate level in my school education, but went on to 
pursue an education in sculpture, so I have no training in high-level mathematics but do have the 
confidence to engage. My degree dissertation was based around a discussion of similarities in 
construction and reasoning in the products of mathematics and art, exploring a connection often 
alluded to by practitioners on both sides, and this piece of work was an exercise in taking ideas 
from diverse disciplines and bringing them together. 

Since then I have gained a deep knowledge of the existing literature and developed relationships 
with mathematicians, artists and linguists with interest in this topic, both through my involvement 
with the Bridges Math-Art Conference, whose exhibition I co-curate yearly in international venues, 
and presenting my work both at Bridges and at SHAPES 3.0. This has allowed me to make 
connections with a number of researchers in mathematics and maths education such as Susan 
Gerofsky and Luke Wolcott, and also artists and mathematicians who are working on collaborative 
projects, and these constitute an excellent network for sharing ideas and resources. My goal with 
this research project is to gain the research skills to put my existing work on a more formal footing, 
in order to progress to PhD level and continue publishing academically.

Literature Review

There is a real push in the study of mathematics education to open up the disciplinary boundaries of 
mathematics and find new, more accessible ways to frame its fascinating concepts and processes. 
Susan Gerofsky has called for a space for mathematics education to “[dwell] with ambiguity” in 
order to engage with the essential concepts more fully than a simple answer-based attitude allows1. 
Engagement from outsiders has, of course, been fraught with difficulties, and the mechanisms and 
ideas of this rich discipline remain closed off to the majority of the population. As much damage 
was done to possible cross-disciplinary communication by the incautious abuses of mathematics 

1 Gerofsky, S. Why does a letter always arrive at its destination? Opening up living space between problem and 
solutions in math education, Chreods, 12, 1997 p. 35



exposed by Alan Sokal's famous hoax2 as by the subsequent witheringly rationalist discussion. 

Studies of the communicative and socio-cultural aspects of mathematics have been extremely 
limited by the low visibility of mathematical work. Thomas Kuhn's Structure of Scientific 
Revolutions3 was a watershed moment in the sociology of science, which had previously been seen 
as cumulative or continuously progressive. Kuhn pointed to the incommensurability of successive 
scientific theories, and the way that past work is normally evaluated only according to current 
concerns, to disrupt the narrative of a linear progression toward more complete knowledge. This 
made a space for a sociology of science, rather than of scientists, to exist. Brian Rotman has written 
a fascinating exposition of the various entities invoked in a mathematical paper4, and notes that a 
focus on writing loses the prosody and gesture that accompany speech, which often give 
information about which parts are most significant and how they should be understood5. Eric 
Livingston presented a demonstrative sociology of mathematical proofs6; Christian Greiffenhagen's 
discussion of videos of graduate lectures in mathematical logic gives the background to show that 
video analysis is a fruitful avenue to be explored7, but there is much work yet to be done.

Lakoff and Núñez' Where Mathematics Comes From (WMCF)8 is based in the framework of 
Cognitive Linguistics, describing mathematics as built up from metaphorical cognitive mappings. 
For example, physical experience might feed into an understanding of how groups of objects 
behave, and characteristics of these might be mapped onto the concept of number. Despite the 
controversy surrounding their research, they have succeeded in dramatically opening up questions 
about what mathematics really is and how it works. Gerald Goldin has questioned the scope of the 
cognitive basis of their ideas, and the essential dichotomy between body and mind that remains in 
their model has been criticised by Luis Radford, who proposes a more integrated concept of 
'sensuous cognition', and by Elizabeth de Freitas and Nathalie Sinclair in their 2014 book 
Mathematics and the Body9. The process by which some characteristics are chosen to be mapped 
and others are not remains remarkably vague in WMCF, but Sperber and Wilson's Relevance 
Theory10 has offered some answers to this problem with Lakoff's work on metaphor11, and, I believe,
offers a useful framework with which to analyse mathematical communication. 

Contextual Review

Effective artist-mathematician encounters have also been rare, despite the success of art-science 
crossovers such as Grenville Davey's residency at the Isaac Newton Institute. Cross-disciplinary 
work has a tendency to be rather lopsided or engage on a superficial level. Luke Wolcott and 
Elizabeth McTernan’s collaborative work represents an exception, with its focus on the experience 
of the mathematician, and Gemma Anderson's residency in Imperial's mathematics department 
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focused on mathematical artefacts and the role of drawing. 

I propose to focus not on mathematicians' self-reporting or visual renderings of their constructions, 
but on observable elements of communication at the heart of the discipline. By focusing on the 
communication of cutting-edge mathematics and inviting responses from mathematicians I will 
ensure that the research is valid while gaining access to aspects of the field that are little seen from 
the outside. I will use approaches taken from cognitive theories of utterance interpretation12, 
bringing relevance-theoretic concepts to bear on the mathematical discourse, the first time this has 
been attempted.

This study takes an approach formed by embodied and extended mind theories to construct a 
framework in which physical aspects of communication are taken to be integral to mathematics and 
can be examined using sculptural practice, thus engaging with contemporary debates about the 
nature of mathematics and its relationship to space and physicality. The extended mind ideas in 
research such as de Freitas and Sinclair's allow material to have an integral role in thinking, paving 
the way for a creative practice approach.

Methodology

I am dealing with a discipline in which a Platonic, postivist view is commonly, though selectively, 
applied; the working assumption that mathematical objects have some independent existence allows
many mathematicians to go about their work, even though many may take a rather philosophically 
different stance at the weekend. My approach is also chosen pragmatically. My goals in thinking 
about mathematics are very different to mathematicians', as I want to investigate what is happening 
from the outside; rather than learning the rules of the Platonic 'reality' of mathematics, I am looking 
at it as a human activity that it must be possible to engage with on different terms, and so using an 
ethnographic approach. 

I take knowledge to be socially constructed, a question of what is the most useful idea in people's 
interactions with one another and with the world. I understand communication to be an essential 
part of the human activity of doing mathematics, so that observation of communication can 
constitute a way in to learning about what mathematics is. Further to that I understand these 
interactions as entailing the objects, settings and structures that surround them – it is the affordances
of writing, not any change in brain structure, that have so fundamentally altered the abilities of 
humans in modern times. Therefore my approach is to look at the practice of mathematics with a 
constructivist, externalist viewpoint, understanding its external, physical, observable elements as an 
essential part, and taking an interpretivist approach in my research. I will be observing, noting 
elements and analysing them from my own standpoint as an artist. My own agency will be a part of 
the project, as I can claim neither to be neutral nor to have no effect on the social group that I am 
writing about, because I'm writing about them. As such I am building in discussion with the subjects
of my observations. 

My approach to mathematics is formed by situated cognition, which understands the mind and 
cognitive processes as extending into the environment, and knowledge as inherently bound up with 
doing, made up of activity and interactions in social, physical and cultural contexts. As such, social 
practices and discussion are central to this research, and ethnographic observation and linguistic 
pragmatic discourse analysis provide the material to be studied. In addition to my written analysis I 
propose an exploration of the material using physical means in my sculptural practice, in 
accordance with the emphasis on the role of the body, tools and settings in mathematics 
communication.

12 Sperber, Dan, and Deirdre Wilson. Relevance: Communication and Cognition. Wiley, 1996.



Methods

Initially I will survey the existing work on mathematics and assess residencies, collaborations and 
interdisciplinary work for success.

I will focus on Knot Theory; in most fields of mathematics, diagrams are regarded with some 
suspicion13, but in Knot Theory the nature of the problems mean that they play an integral role, 
formal representations of knots ranging from diagrams, to strings of characters, to fractions. By 
focusing on Knot Theory I will have ample opportunity to observe switches between such 
representations and note the affordances of each, as well as having access to some representations 
that even an outsider can easily decode. I will focus on presentations at conferences, as these are 
one of very few visible aspects of mathematical work, and the act of explaining uses many different 
modes. Christian Greiffenhagen14 surveyed a number of methods for approaching a sociological 
study of mathematics, and to some extent his aims are similar to mine – he is interested in taking a 
sociological view of mathematics, but uses his mathematical competence to facilitate sociological 
understanding, whereas my work takes outsidership as a condition. I run a certain risk here, as much
of the mathematics will be beyond my understanding, and I will be forced to select my data within 
this constraint, risking confirmation bias. The emphasis on outsider engagement is a necessary part 
of this research, so to mitigate this risk I am also seeking feedback on my work from the perspective
of mathematicians. I will take a multi-stage approach to ensure reflexivity and give me multiple 
sources from which to triangulate.

Video Analyses

Initially I will echo Greiffenhagen by making use of video recordings of lectures given at 
conferences on knot theory that are freely available online. Greiffenhagen's work shows that 
significant conclusions can be drawn from even one lecture, but I will consider between 3 and five 
in order to look at a range of presenters and approaches. I will note changes between modes and 
gestures and metaphorical language that refers to changes in modes, and carry out close observation
and textual analysis. I will produce a written linguistic analysis using Relevance Theory15 utterance 
analysis, and extended mind theories which understand diagrams and performance as central to 
what mathematics is, and this material will be interrogated in a sculptural explication of processes 
of abstraction and selection. I will use this to test and refine my research question and 
methodological approach. As Greiffenhagen notes, one disadvantage to this method is that “looking 
at mathematical lectures only gives us access to existing mathematical knowledge”16. However, it 
allows ample time for very close analysis. 

Creative Practice

My practice will be highly sculptural, using plastic materials and multivalent substances such as 
chalk, which changes from an earthy natural thing into a pedagogical tool once it is formed in a 
certain way, in a Beuysian alchemical process. I will make work in series' of maquettes, to make 
visible the process of discarding some elements and repeating others, so as to investigate how 
abstraction might operate in a visible tangible way, and explore the importance of context which 
will also be coming out in my use of Relevance Theory. I will use a chalkboard on which to sketch 
out ideas as well as experimenting with notation and writing, and photograph this to go on the blog.

13 Giaquinto, Marcus, Visual Thinking in Mathematics, OUP Oxford, 2011
14 Greiffenhagen, Christian, Video Analysis of Mathematical Practice? Different Attempts to "Open Up" Mathematics 
for Sociological Investigation, Qualitative research, Volume 9, No. 3, Art. 32, September 2008 http://www.qualitative-
research.net/index.php/fqs/article/view/1172/2585
15 Sperber, Dan, and Deirdre Wilson. Relevance: Communication and Cognition. Wiley, 1996.
16Ibid.
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Live Observation and Interview Stage

I will attend Knots in Hellas: International Conference on Low-Dimensional Topology and 
Applications, 17-23 July, International Olympic Academy, Ancient Olympia, Greece 
http://www.math.ntua.gr/~sofia/KnotsinHellas2016/index.html. There I will observe talks and 
record some, in order to triangulate and to test any conclusions that I have come to in my analysis of
recordings. I will also engage with mathematicians and conduct discussions with 3-5 attendees to 
test out my ideas and approach and gain feedback. This also suffers from the disadvantage that it 
focuses only on the presentation of completed mathematics rather than the process of discovery; 
however, conferences are also where cutting edge work is presented and discussion sparks off 
further work, and I take this presentation process to be constitutive of socially constructed 
mathematics.

As this work is interdisciplinary at its core, its outputs will also take more than one form. The thesis
will put forward an understanding of the role of physicality in communication in mathematics 
facilitated by Relevance Theory, and include an account of the interactions and feedback that I have 
on and off the blog. This will be interrogated in my creative practice, published on the blog, which 
is both a research method and an outcome; as such it will be selectively presented in the form of a 
research diary.

Data Analysis

I will generate a selection of transcripts from the videos, noting moments in which there is a switch 
between modes, or something is presented in more than one form; Gunther Kress' writing on 
multimodality17 will inform my approach to multimodal communication.

My data will be
 transcripts of relevant observations – switches between modes, emphasis etc. 
 transcripts of interviews with conference attendees
 results of experimentation with materials

I will inductively analyse transcripts from talks,  using utterance interpretation methods from 
linguistic pragmatics. Relevance Theory, whose appropriateness I outlined in the Literature Review, 
assumes that by making an utterance or 'ostensive act', a speaker is conveying that what they are 
saying will provide cognitive effects that will justify the effort needed to process them. Features of 
an ostensive act are therefore combined with contextual cues to create ad-hoc concepts, in search of 
the interpretation that will give the greatest cognitive benefit for the least mental work. This offers a
very effective framework for unpicking ostensive acts across a variety of modes.

I will identify:
 switches between modes
 information that is discarded or highlighted
 emphasis or 'gloss' given by different modes

I will look for patterns and inductively interpret them to generate some questions about the part 
played by diagramming in mathematical work. I will then explore these using sculptural practice, 
experimenting with diagramming and refining. I will then reflexively assess the success/failure/any 
insight from sculptural exploration. Attending the conference will then give me an opportunity to 
test the relevance and validity of my research in interviews/discussions with conference attendees.

17 Kress, Gunther R., Multimodality: A Social Semiotic Approach to Contemporary Communication,     Taylor & Francis,
2010.
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Ethical Issues

No aspect of the research presents concerns necessitating evaluation by a Tier 2 Ethics Committee. 

I will initially be analysing material that is in the public domain, although I will seek to make 
contact with the people in the videos. If I succeed, I will immediately seek consent to use their 
responses, and send by email an information sheet and consent form for them to peruse and return 
in their own time. All observations will be carried out at public presentations, and advance consent 
will be sought from any mathematicians whose presentations are to be recorded and analysed or 
who will be a part of any discussion. I will use a modified version of the University of Brighton 
standard consent form alongside an information sheet, both distributed in advance of any 
recordings.

Timeline

Tasks Months into Mres

Feb Mar Apr May Jun Jul Aug Sept

Proposal 
Work up Proposal with Supervisors
Plan chapters

Written Thesis
Title, Rqs
Introduction
Literature review
Methodology
Chapter 1
Chapter 2
Chapter 3
Review
Conclusion
References and Appendices

Creative Practice Thesis
Research diary
Selection of documentation for assessment

Research Process
Accessing literature
Methodological approaches
Analysis of filmed recordings

Transcription
Data Analysis

Attend conference
Interviews with attendees
Transcription
Data Analysis

Deadlines
Ethics
Literature review & methodology hand in

Outputs
Conference paper
Journal article
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