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Abstract 

This dissertation explores ideas from new materialism as a theoretical lens for 
understanding the role of tools within mathematical practice. I propose that new 
materialism, particularly within a post-humanist perspective, offers the opportunity to 
articulate a non-dualist approach to mathematics—with a focus on the entanglement of 
tools, humans and concepts. Theoretically reshaping the traditional approach of seeing 
learning as occurring solely within the individual, the focus of mathematical learning in 
this dissertation is neither on the student nor on the tool, but on the coupled entity 
“student–tool”.  

The theoretical perspective developed in this dissertation draws mainly on 
scholars from outside the field of mathematics education, including the anthropologist 
Tim Ingold and the feminist science studies scholar Karen Barad. Both articulate forms 
of post-humanist materialism that attend to the interplay between tools and cognition. In 
addition to these scholars, I draw on the inclusive materialism of de Freitas and Sinclair, 
who in their recent book Mathematics and the Body extend Barad’s ideas to 
mathematics, and who argue that material engagement with a tool in a mathematical 
activity is mathematics.  

This dissertation is structured around three papers, in addition to two introductory 
chapters, two interludes and a concluding chapter. The introductory chapters begin by 
inquiring into the notion of agency (especially in the work of Pickering and Latour), and 
evolve into an examination of the work of Barad and Ingold.  

The first paper presents mathematical practice as a continued process, meaning 
that the ‘partners’ of student–tool and of mathematics are not static but processes of 
‘becoming’. The second paper applies the idea of mathematics-as-becoming to the 
concept of the circle. Paper three uses a variety of post-humanist, materialist constructs 
to analyse data taken from a high school geometry classroom. In it, I employ a very 
recent methodological approach called diffractive analysis, novel to mathematics 
education. 

In the concluding chapter, I explore potential and productive overlaps between 
the different post-humanist, materialist theories and indicate how the new theoretical 
ideas that this dissertation engages with might pose and address certain questions in 
mathematics education research.  

 

Keywords:  Materialism; post-humanism; agency; diffractive analysis; mathematical 
practice; mathematical thinking 
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Chapter 1.  
 
Introduction 

This dissertation is as much a scholarly theoretical text as it is an artefact of a 

transformed secondary mathematics teacher. The transition of my change, both as a 

teacher and a student, has been profound. 

Early in my PhD programme, I encountered Carraher et al.’s (1985) study of 

Brazilian street children who were able to perform certain arithmetic computations 

fluently, except when they were in school attempting similar calculations, which alerted 

me to the idea that context and knowing could be much more interrelated than I had 

originally thought. I began to wonder how much knowledge depended on the activity of 

learning, as well as the resources used. Although I do not refer to this study in my 

dissertation, it, nevertheless, inspired me to reconsider the idea of learning and set me 

on a path along which my doctoral research evolved.  

My research exploration into factors that could affect mathematics learning will 

be elaborated in the next chapter. I will describe how Andrew Pickering’s (1995) work in 

science studies drew my attention to the way tools, seen as material agents, influence 

mathematical thinking. This idea of material agency subsequently led me to the feminist 

science scholar, Karen Barad (2007), who views agency as emanating from the 

“interactions” of different forms of materiality. Both of these perspectives challenge some 

“black-boxed” phenomena such as thinking, understanding and mathematical 

knowledge. They perturb traditional epistemological as well as ontological views by 

proposing that there is no knowledge separate from a learning situation. Knowledge 

depends on tools, contexts, materials and practices. Throughout my 20-year career as a 

teacher, and even during my Master’s degree in mathematics education, I had been an 



 

2 

advocate for the idea that mathematical knowledge exists independently of context and 

that one could “have” or “own” knowledge and then implement it at will.  

My research has led me to explore new materialism1 as a theoretical lens for 

understanding the significance of tools within mathematical practice. Ultimately, I 

suggest that new materialism, particularly within a post-humanist perspective, allows the 

articulation of a non-dualist approach to mathematical thinking and learning—with a 

particular focus on the entanglement of tools, humans and concepts. The framework I 

employ challenges the traditional approach of seeing learning as occurring solely within 

the individual. In this thesis, the focus of mathematical learning is neither on the student 

nor on the tool, but on the coupled entity “student–tool”.  

The theoretical perspective developed in this dissertation draws mainly on 

scholars from outside the field of mathematics education, including anthropologists and 

philosophers. Despite their differing starting points, these scholars articulate forms of 

post-humanist materialism that attend specifically to the interplay between tools and 

cognition. In addition to these scholars, I draw on the inclusive materialism of de Freitas 

and Sinclair (2014), who in their recent book Mathematics and the Body have extended 

Barad’s ideas to the context of mathematics. They argue that material engagement with 

a tool in a mathematical activity is mathematics. The tool is therefore not subordinate to 

the human subject nor to the practice of mathematics, but comprises an integral part of 

the “assemblage” from which mathematics “emerges”.  

Organization and Structure 

Besides outlining an impetus or an initial interest in this area of study, my brief 

introductory chapter outlines the structure of this thesis and offers an introduction to key 

themes found throughout it. The second chapter of this dissertation describes the 

progression of ideas that have unfolded over six years of study, specifically in relation to 

 
1 The phrase ‘new materialism’ is used by Barad and others to distinguish it from materialism, which has a 

long history in philosophy, as well as in political theory, and has been aligned with various empiricist 
epistemologies in which the senses are central to knowing. These earlier theories usually preserve a 
binary divide between human agency and passive matter. 
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my changing sense of what the concept of agency might mean in the context of 

mathematics education. Following Chapter 2, three stand-alone papers—serving as 

Chapters 3, 4 and 5—address, in different ways, aspects of materialism in mathematical 

practice. There are also two interludes included in this dissertation: the first, which 

immediately follows Chapter 2, draws upon some of my early contemplations of tools 

and how they have been used in mathematics classrooms; the other, positioned 

between the third journal paper and the conclusion, is a fictional conversation between 

Karen Barad and Tim Ingold.  

In the concluding chapter, I explore potential and productive overlaps between 

the different post-humanist, materialist theories as they relate to mathematics education 

research. I note challenges that I experienced as well as insights that have emerged 

from such theoretical approaches to mathematical teaching and learning. I set up a brief 

look back at agency, musing on the ideas that originally inspired this study and as well 

as reflecting on what my perspective of agency is now. I note as well the implications 

these theories engaged with in this dissertation have in mathematics education in 

general and particularly how they have changed my own teaching and learning. Finally, I 

indicate how the new theoretical ideas that this dissertation engages with might 

contribute to posing and addressing certain perhaps unexpected questions in 

mathematics education research.  

Why three papers? 

New materialism, the topic of my dissertation, is a relatively novel, and 

sometimes counter-intuitive notion, so the majority of my work has been focused on 

elaborating a theoretical perspective that can inform my interest in the role of tools in 

mathematics education. Not only was there a need to challenge my own assumptions 

and shift my perspective, I also had to situate and utilize perspectives emerging outside 

the field of mathematics education, in anthropology, science studies and feminism. 

Consequentially, the theoretical framing and exploration constitutes the heart of this 

thesis. The first two papers can be seen as exploring the consequences of new 

materialism in regard to the nature of mathematical thinking and learning. They each 

attempt to articulate some of the dualist assumptions that underlie many existing ways of 
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describing and analysing mathematical thinking and learning, and then show how these 

descriptions and analyses might shift under a more monist approach. Given that they are 

stand alone papers, they have some overlap with each other, as well as with Chapter 2, 

but they each focus on a different theme, and work out different issues related to Barad 

and Ingold’s work. Given the unexpected nature of some of this work, I trust that the 

overlaps will be read less as repetitive and more as elaborative. As I describe shortly, 

the third paper begins the challenging work of developing methods of classroom-based 

research that are compatible with a post-humanist, materialist perspective.  

Why two interludes? 

I include two interludes that present discussions that contribute to the overall 

coherence of this dissertation, but yet do not comply, either in content or style, with the 

form of a typical chapter.  

The first interlude is meant to situate and draw similarities between the current 

themes of this dissertation and some of my earlier writing on tools in mathematics 

education. Using the voice of my current theoretical framing, I comment on my earlier 

perspectives. This interlude presents a conversation between current framings and older 

writings. In a more structural approach, such as a chapter, the older research I had done 

would have had to be put in opposition to my current views. I thought a dialogue would 

provide a friendlier format.  

The other interlude is a construction of a fictional dialogue between two of the 

main scholars drawn on in this dissertation: Karen Barad and Tim Ingold. I draw a lot of 

theory from both of these scholars. Considering they are from different fields and use 

different metaphors, I thought a playful dialogue between them might draw out some 

interesting points and/or challenges.  

The three papers 

The first paper presents mathematical practice as a continued process, between 

the “partners” of student and tool as a fused entity, “student–tool” and mathematics. I 

came to this process point of view through my readings of the mathematician and 
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philosopher Alfred North Whitehead, but these readings were helpfully interpreted and 

extended by Ingold. The paper investigates how student–tool and mathematics are not 

static but instead are processes of “becoming”. It does so by examining what it could 

mean for each of these “partners” to be thought of as processes, and highlight the long-

standing assumptions that make such a perspective so challenging. Working from 

Barad’s ideas, the process lens in this paper further argues that the student, tool and 

mathematics are not discrete, invariable elements, but fundamental parts that comprise 

both process and mathematics. From this point of view, the student is neither the 

manipulator of the tool, nor controlled by mathematical rules; instead, all are entangled, 

and this entanglement—this assemblage2 of student, tool and concept—defines 

mathematics practice. Each part of the assemblage is shaped through the process, and 

is thus continually becoming. Though different assemblage parts may be named or 

identified for convenience, such as the name of the tool, the student or the concept, 

focusing on individual aspects may result in losing sight of the meaning that emerges 

only from the assemblage as a whole and the assemblage becoming through a process 

of movement and change.  

The second paper approaches the concept of the circle through the framework of 

mathematics-as-becoming. This paper thus focuses specifically on how a concept can 

be thought of as a process, and on the implications that this might have for mathematics 

learning. Contrary to long-standing assumptions about mathematical concepts as ideal, 

inert, Platonic forms, the new materialist framework sees the circle originating from the 

animation of a life force. Temporality and mobility thus become key aspects of 

mathematical concepts. Indeed, using Ingold’s notion of meshwork, I argue that circles 

materialize from movement; they are perhaps better thought of as verbs than as nouns. 

Paper three provides an empirical study of a high school geometry classroom 

and uses a number of constructs from post-humanist, materialist theories to analyse the 

data collected from the classroom activities. It challenges the identification of student as 

 
2 Assemblage, a notion introduced by Deleuze and Guattari, 1980, and much used by Bruno 

Latour and Karen Barad: the article on Deleuze in the Stanford Library of Philosophy 
(http://plato.stanford.edu/entries/deleuze/) glosses it as follows – ‘“assemblages,” that is to say, 
an emergent unity joining together heterogeneous bodies in a “consistency.”’ 
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the central, unitary agent, and instead attempts to describe and analyse mathematical 

activity in terms of a student–tool coupling (where the tool in this case is The Geometer’s 

Sketchpad). In this paper, I deploy a very recent methodological approach called 

“diffractive analysis”, which reads results from one theoretical approach through another 

theoretical approach, and so on.  The diffractive approach is new to mathematics 

education and is used to interpret the data and provides original insights and questions 

into the ramifications of studying mathematical learning activities from a non-dualist 

perspective.  

Tracing the Themes  

There are four significant themes that occur throughout this dissertation: new 

materialism, process-ontology, post-humanism, and tools. I elaborate on each below. 

Materialism 

The overriding theme of this dissertation is new materialism, especially in relation 

to how it can be used as a lens to inquire into mathematics education. I elaborate on 

new materialism as it is found in Barad’s work, and also draw on de Freitas and 

Sinclair’s “inclusive materialist” approach.  

Barad’s (2007) materiality develops out of her background in feminist studies 

where she was inspired by criticisms of science studies representationalism that ignores 

“gender, race, class, sexuality, ethnicity, religion and nationality” (p 87). Drawing 

extensively on recent research in physics, as well as the writings and findings of Niels 

Bohr, Barad seeks to reconfigure our perception of the nature of concepts and objects in 

the world, insisting on their fundamental ontological indeterminacy. This has led her to 

propose a critical practice of engagement that attends to “the specific material 

entanglements” (p 93) involved in the production of objects and subjects. In particular, 

she proposes that concepts emerge out of “material-discursive boundary making 

practices” (p. 148). 

de Freitas and Sinclair (2014) build on Barad, as well as the work of the 

philosopher of mathematics Gilles Châtelet, to extend the concept of new materialism to 
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the field of mathematics. Châtelet enables them to take some of Barad’s ideas, which 

are articulated in the context of physics, where materiality is potentially less problematic, 

and elaborate them within mathematics, where concepts are more readily seen as 

having little material dimension (they are abstractions of the mind). In their “inclusive 

materialism” approach, de Freitas and Sinclair show how mathematical concepts can 

also be seen as emerging from material–discursive boundary making practices. These 

practices are viewed as the material engagement of concept, student, tool and 

movement. The mathematical concept then, is the intra-action3, or coupling, of a human 

subject with the tool. Such a concept, therefore, is not purely abstract but partakes of the 

physical world. In this way, de Freitas and Sinclair adopt “a theory of matter that resists 

the binary divide between human agency and inert passive matter” (p. 39); they 

revitalize materials, which are often considered to be passive or inert, and re-animate 

concepts, which are often considered detemporalised.  

These writings on new materialism invite us to reconsider “knowledge”. Passing 

on knowledge to the minds of students is the focus of education, but Barad (2007), 

Ingold (2011), Pickering (1995) and Sfard (2008) all challenge the common notion that 

knowledge is a “thing” that resides in the head. Knowledge is not an abstract object that 

can be delivered to students by teachers or textbooks; both knowledge and thinking are 

practices, or processes, not entities.  

Process ontology 

While a process ontology may not be a focus in new materialism, I argue that in 

mathematical practice, process–becoming of material, human and mathematics is a 

profound idea that is quite compatible with new materialism. I show these links by 

drawing on and interweaving the work of Ingold and Barad, and argue that it is not 

meaningful to talk of human, tool and mathematics as entities prior to a mathematical 

activity: activity, which involves movement and time, as well as intra-action, thus 

 
3 Barad (2007) distinguishes intra-action from interaction. While interaction implies entities 

coming together, intra-action focuses on things emerging. Her use of intra– as a prefix also 
conveys that the action of phenomena is within and not just between. 
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becomes the initial unit of analysis4. This requires looking at what emerges from a 

processional activity of movement.  

Post-humanism 

I suggest that a post-humanist attunement is a requirement of any new 

materialist account. Within a materialist framework, the human is not granted special 

privilege or position, given that there is a flattening of ontology in which all is matter and, 

as de Freitas and Sinclair say, matter itself comes to matter. The post-humanist 

perspective I present in this dissertation does not ignore or deny the human or human 

abilities, but is more inclusive of all material entities5. This is perhaps one of the most 

counter-intuitive aspects of my work, but it is a feature of a growing number of scholars, 

working in a variety of disciplines, who challenge both the taken-for-granted boundaries 

of the body as well as the simple models of causality in which humans effect change. 

Tools 

The final major theme extending from a materialist process approach that I 

mention here is that of the tool. In this study, I refer to the tool as playing a significant, 

dynamic role in mathematical practice. Decentralizing the human allows for the 

implication of the tool. The consideration of tools is particularly significant in learning 

situations as opposed to their significance in refined and well-worn mathematics 

methods. In my investigation of the role of tools, I draw on Rotman (2008), who 

describes mathematics and tools as co-evolving, meaning that the practice of 

mathematics depends on tool use, just as mathematical tool development relies on the 

practice of mathematics.  

Final remarks 
 
4 Cultural-Historical Activity Theory has a similar unit of analysis; their unit is activity. However, 

activity, while a process, is ultimately defined in how it changes the “psychic reality in the 
human being” (Roth & Radford, 2013, p. 5), thus is still grounded in a humanist tradition. 

5 I note that there may be social features at play in mathematical activity that may be quite 
significant and relevant, but this dissertation will only be addressing observable material 
phenomena. 
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My research produced a shift from a twenty-year-old perspective I had reified as 

a mathematics teacher in which students acquire, or possess, abstract mathematical 

concepts through transmission, to a new materialistic perspective where concepts are 

physical “arrangements”. It has been, to say the least, a significant shift. The last six 

years of study and putting the theories I was reading into practice has reoriented me as 

a mathematics teacher. I no longer see 30 individual students before me, waiting to be 

filled with knowledge; instead, I see a group of people who are dependent upon 

materials, each other and myself—myself also being dependent upon them. I had 

thought that if mathematics was taught “just right” then the immaterial ideas would 

“enter” the minds of my students—and my constructivist learnings did nothing to 

challenge this view since, in retrospect, they only offered different techniques for 

transmission. Now, with a new materialist sensibility, I see mathematics not as abstract 

rules that my students and I are entirely subject to, but as the moment-to-moment 

physical engagement with the concepts, textbooks and tools—material “things”—and 

also each other. I have come to accept that teaching and learning are not about 

accommodating the transfer of knowledge, but instead, are acts of engagement with 

heterogeneous parts emerging, or “becoming”, through the movement of the things, 

concepts and people. As such, I am more inclined to see and consider Tim Ingold’s 

(2011) distinction between the property of knowing and the practices of knowing. In other 

words, I am more interested in viewing mathematics through its practice and the 

processes through which learning occurs, including with what tools and resources, rather 

than as a set of objective facts to instill into the receptive brains of students.  
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Chapter 2.  
 
Agency 

 

This chapter is perhaps more personal than a traditional dissertation chapter, but, 

as mentioned previously, much of my doctoral research has involved a profoundly 

personal change of perspective for myself as a practicing teacher. I present this chapter 

as my journey through different theories that have related to the role of tools in human 

activity, which has—for now—culminated in works of Ingold and Barad.  

Transmission of knowledge 

As a high school teacher with some 20 years of experience, teaching and 

learning have always been of considerable importance to me. Much of my time was 

spent reflecting on and trying to understand the most appropriate and productive method 

of teaching so that students could better understood the mathematics I was presenting. 

The teaching model with which I was most accustomed—both due to my experience as 

a high school student and also my knowledge of how teachers around me practiced—

was the transmission model. “Transmission” is a metaphor that conveys the idea that 

knowledge is transferred, moved, or carried over from one place to another. This model 

positions the teacher as knower and the student as receiver of knowledge. It also 

explicitly invokes an acquisitionist perspective where knowledge is seen as a “thing” that 

can be compartmentalized, transmitted and unpackaged at relevant times. Teaching in 

this framework focuses both on the delivery of content, as transmission, and on 

preparing the student for acquiring. Preparation of the student can be identified in 

constructs such as motivation. My focus for improving teaching and learning within this 

framing lasted many years, and the same problems of learning occurred again and 
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again. For example, why did students not implement a “learned” algorithm when it 

seemed well suited for a particular problem?  

When I started my PhD studies, I began to realise that the transmission model 

has many critics (Freire, 1970; Sfard, 2008). I was struck by Paulo Freire’s ethical 

concerns about the transmission model; he used a banking metaphor to bring attention 

to the fact that under this model, students are seen to be like empty bank accounts to be 

filled, with transfers of knowledge. This positions the teacher in a place of power as 

knower, ultimately telling students what they need to know. The implication of this 

arguably oppressive model suggests to students that they are, in fact, conduits. 

Another influential critic of the transmission/acquisitionist model is Anna Sfard 

(2008). One of Sfard’s major criticisms is the acquisionist’s claim that knowledge is 

discrete. She challenges the notion that it resides in the heads of teachers, and is 

passed on to students, and that it can be conveniently compartmentalized and 

unpackaged when needed. Sfard draws attention to the problematic view, which even 

underlies constructivism (in all its varieties), that knowledge is a thing, and that knowing 

involves the “building” of schemas, models or metaphors—which can never be seen by 

teachers, learners or researchers, but must be inferred. In these problematic views, 

“knowledge” has been objectified, implying that it exists independent of people. As Sfard 

states, “knowledge, when objectified, is thought of as subordinate to a law of 

preservation similar to the one that governs the material world. According to this law, 

one cannot create new knowledge “out of nothing”, the new knowledge is only 

conceivable as a reiteration of the existing knowledge” (p. 59). Sfard criticizes the 

objectification of knowledge and language use that suggests it is an external “fact” or 

“truth”. She also draws attention to some ethics concerns entailed with this view, 

including the way in which learners also become objectified, most perniciously by 

learners are described as being “gifted” or “disabled”.  

Upon further reading of Sfard, I was introduced to a participationist perspective, 

which stands in contrast to the acquisitionist approach. Sfard credits Jean Lave as first 

using the term “participationist”. In their seminal work Situated Learning: Legitimate 

Peripheral Participation, the anthropologists, Lave and Etienne Wenger (1991) argue 
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that learning is situated within activity and social contexts: “no activity […] is not situated” 

(p. 33). Thus learning can be described as a “dimension of social practice” (p. 47). That 

is, learning involves participation and activity on the part of the learner. This perspective 

also restructures the order of learning; instead of the individual moving “knowledge” to 

the social, the participationist framework highlights that learning comes from the social 

and then moves to the individual. Lave and Wenger propose that involvement in cultural 

practices is the beginning of learning. In this way, knowledge is not an external truth, nor 

a result of social interaction; it is social participation.  

Agency in the mathematics classroom: Boaler 

A participationist perspective draws attention to the learner being involved in 

social practices and “doing” with others. Participation on the part of the learner leads to 

the idea that learners do things: they work with tools; they make things. It was in reading 

Jo Boaler (2002) that I was introduced to this shift towards practice in the mathematics 

classroom, and the central notion of human agency within this practice. Indeed, Boaler 

articulates the difference between an acquisitionist perspective and a participationist one 

by focusing on the construct of human agency. She argues that both behaviourism and 

constructivism were concerned with the ability to “represent knowledge […] that may be 

developed and then used in different situations” (p. 42). On the other hand, Boaler 

suggests that participation was better suited for learning, because “knowledge [was] not 

[…] an individual attribute, but [...] something that is distributed among people, activities” 

(p. 42). This shift from an acquisitionist to a participationist perspective evinces a change 

in philosophical underpinnings, from an epistemology of representing, to one concerned 

with discursive practices. Boaler describes the construct of human agency in writing 

about Phoenix Park students in one of her studies. She claims that when these students 

were given the opportunity to express their agency during their practice of mathematics, 

they “developed a positive active relationship with mathematics” (p. 46). When they were 

able to engage personally with mathematical ideas, their knowledge and practices were 

connected and therefore their knowledge had a personal meaning.  

Boaler’s inclusion of human agency in her work is liberating in that instead of 

having “knowledge” imposed upon students, as in the transmission model, participation 
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offers the opportunity for the enactment of agency. Boaler makes her case by building 

upon the work of social scientist Andrew Pickering (1995), who analyses the scientific 

activity in terms of a “mangle of practice” that includes disciplinary, personal and material 

agency. Boaler uses the constructs of disciplinary and personal agency to contrast 

traditional classrooms, where the discipline of mathematics wielded power over the 

student (who has little personal agency), to “reform” classrooms like Phoenix Park, 

where students’ personal agency interacted in practice with the mathematical agency as 

the students asked questions, provided critiques and proposed theories6. Interestingly, 

she says nothing of material agency.  

Pickering’s analyses of scientific practice included one case study in 

mathematics (the others are in different fields of science), which focused on William 

Hamilton’s work with quaternions. In his analysis, Pickering refers to the fact that in the 

practice of mathematics one has to abide by the rules of the discipline and follow 

standard ways of doing things—this is disciplinary agency in action. For example, 

Hamilton’s attempt to “extend algebra and geometry into three dimensions” (p. 140) 

enabled him to invent the quaternions. Pickering argues that this is an example where 

the disciplinary rules determined the results. In his analysis of Hamilton’s work, there is 

no mention of material agency. Perhaps, for both Pickering and Boaler, there is no 

material agency involved in the specific mangle of practice that is mathematics. This 

would be consistent with a Platonic view of mathematics, which views mathematical 

objects as being detached from the material world. One of my initial motivating questions 

has been to determine to what extent one can talk about material agency in 

mathematics, and what consequences this could have for mathematics education. In the 

latter, the omnipresence of manipulatives and tools would seem to leave space for some 

kind of material agency, but that would mean that the mangle of practice of school 

mathematics would be quite distinct from that of mathematics.  

 
6 David Wagner (2004) also uses the concept of disciplinary agency to look at how students 

position themselves in relation to the subject material. He used disciplinary agency in the same 
way as Boaler, contrasting human activity with traditional classrooms. 
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In the next section, I describe Pickering’s work in more detail, which will enable 

me to articulate the path that I pursued in figuring out how material agency might fit into 

both mathematics and mathematics education.  

The dance of agency: Pickering 

Pickering’s (1995, 2010) constructs of agency were created in response to the 

field of sociology of scientific knowledge (SSK), which emerged in Britain in the 1970s 

and 1980s—itself a response to positivist philosophies of knowledge. According to 

Pickering, this field considered science to be solely about knowledge as socially 

constructed. For example, in 1987, Pinch and Bijker stated, “scientific knowledge can be, 

and indeed has been shown to be thoroughly socially constituted […] [T]here is nothing 

epistemologically special about the nature of scientific knowledge” (in Dant, p. 76). To 

the contrary, Pickering (2010) argues that this social perspective misses the ontology of 

things. In his view, the 20th century has had “obsession with knowledge” (p. 192), and 

focused so much on discourse, that it ignored “things”. In contrast to a representational 

idiom, which consists of “disembodied intellects making knowledge in a field of facts and 

observations” (p. 6), he proposes a performative idiom, which takes into consideration 

the materials, geographical context and temporal aspects of practice. As opposed to the 

SSK model, which sees scientists as the sole actors in their attempt to understand and 

master the world, Pickering presents an analysis of scientific advancement in action.  

He introduces the idea of material agency in order to address scientists who 

attempt to deal with a substance by trying to understand it through “taming” it, and 

making it useful. He argues that when the substance presented restrictions or 

constraints, the scientists would have to reframe their intention and, often, to repeat their 

work. In both cases Pickering argues that there is more to scientific work (including 

mathematics) than just mastering and controlling the material; other things, be they 

conceptual or material, play a role—and often a significant one. Pickering views these 

interactions between scientists, the scientific discipline and the natural world as a dance 

of agency.  
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Pickering uses the notions of “resistance” and “accommodation” to describe 

scientists’ performative actions with the world. Both terms refer to scientists’ attempt to 

master the environment, and the unintended obstacles and ensuing changes of action 

that emerge as a result. Pickering considers obstacles a natural part of interacting with 

things, and accommodation, which is to say, changing one’s actions to accommodate 

the obstacle, the most appropriate response to those obstacles. Since this model 

depends on the resistances afforded by the material, Pickering also argues that 

scientists’ goals are often not in fact known prior to the interaction. In his description of 

Donald Glaser, who initially attempted to accumulate data on strange particles, Pickering 

points out that Glaser’s result was very different from his initial motivations. Pickering 

uses this aspect of his model to emphasize his view that materials influence our 

activities. His theory can be put as follows: materials can be understood as having 

agency when their structure, make-up and design restrict the subject within a context of 

activity. Pickering’s constructs of disciplinary and material agency had a profound effect 

on how I began to perceive mathematics classrooms: the previously invisible pencils and 

paper, whiteboard and even the arrangement of the desks in the classroom all seemed 

much more relevant parts of the mathematical activity. They were not just the 

background of the activity, but sometimes exerted some kind of agency in the way they 

prevented certain things from happening in the ways I, as well as the students, had 

intended. 

In Pickering’s analysis of dealing with natural materials, he argues that humans 

have always attempted to “capture” material agency and assert control of it by 

transforming it into machines. I wondered if Pickering’s model would work in an 

educational setting where the material agency of tools is perceived to be captured and 

tamed. But Pickering recognizes that, in the use of a machine, there is always a human 

counterpart, and resistances often arise in these situations. Accordingly, there is always 

a refining or a “tuning” of machines, and so the agency of the machine is never fully 

contained. Pickering’s compelling view of material agency led me to question how it 

might be at work with tools in a mathematics activity, particularly some of the new digital 

tools that I was using, which can easily be seen as participating in the mathematical 

activity through feedback, as well as through their very affordances.  
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These different interpretations and uses of “agency” piqued my interest. But as I 

read more about agency, which has a long philosophical history, I began to have new 

questions: What is agency? Can it be defined? How does it relate to intention? Can 

machines have agency but not intention? How has it been used? Why has it been used 

differently by different people and in different contexts? These are some of the questions 

I address in the following section. They are important because they eventually led me to 

question the use of this very construct, and to look for theories that carried on 

Pickering’s interest in materials and tools, without having to figure out how the kinds of 

agency that we associate with humans relate to the agency of materials.  

Development of Agency 

Agency is traditionally a philosophical construct attributed to humans (Giddens, 

1984; Dant, 2005). The question of human capability—of degree of power, the ability to 

choose, the exercising of will—have been addressed by philosophers as early as Plato. 

It has been commonly accepted throughout history that regardless of antecedent events, 

the human actor has the capability of intending to act, and affecting change through 

those actions.  

Plato adopted the idea that by way of rational thought, the individual can access 

reality by contemplating the Forms. He initiated the idea that the human mind, through 

refection and contemplation, could rise above the imperfect world and move to a reality 

beyond what was perceived. Aristotle continued this humanistic focus in Nicomachean 

Ethics where he was interested in addressing questions of ethics, morality and choice. 

Focusing on the individual’s ability to choose, he introduced a “moving principle”, which 

he described as being “in the agent” (Korsgaard, 2009, p. 91), as a way to explain 

voluntary choice.  

The Cartesian–Newtonian perspective continued this idea of the rational thinking 

subject as the central figure in history and viewed nature as only consisting of subjective 

potency. This Cartesian dualism of mind over matter pervaded thought and led to the 

Enlightenment conception of the individual subject, inscribing a division between the 

observing and the observed (Waltz, 2006, p. 54). In the context of scientific activity, this 
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individualism led to a focus on “the great men” of the scientific revolution and to an 

understanding of their greatness in terms of ideas rather than laboratory work. While 

tools and machines may be seen as useful helpers in this process, they are most often 

viewed as epiphenomenal to the knowledge. Sewell (1992) sums up a definition of 

agency that has emerged from these perspectives: “a capacity for agency—for desiring, 

for forming intentions, and for acting creatively—is inherent in all humans” (p. 20). This 

tradition has had a major influence in the way we think about things and I would argue 

that it constitutes a prevalent perspective in education.  

Sociology and when the meaning of agency began to change 

While traditional philosophers applied a microscopic look at individual agency, in 

the 20th century, the field of sociology took a macroscopic look at cultural influences on 

agency. Resulting from this shift of focus emerged the structure–agency debate amongst 

anthropologists and sociologists of the 1960s and 1970s. The debate centered on the 

question of free will (that of agency) with the arrangements in culture that limited free 

choice (that of structure). Although the debate was still based within a humanist 

perspective, there were some very important new ideas about agency that emerged 

during this time. A significant idea to emerge from the debate was the relational aspect 

of agency and how it “depended” on structure.  

Anthony Giddens, a sociologist, wrote extensively on structure and agency and 

positioned both agency and structure in a relational way. He proposed a dialectical 

relation and argued that structure imposes and restricts agency: structure is a process 

that affects agency, while agents make decisions that alter structure (Giddens, 1984). 

Sewell (1992) adds to this by summarizing the thinking surrounding the structure–

agency debate by pointing out that agency is implied by the existence of structures. 

Indeed, this moves agency out of the skin, away from the idea of being an innate 

capacity belonging to humans, and introduces an agency that depends on other sources 

and influences. As Giddens’ ideas came to the foreground, the idea of agency was 

losing its humanistic status. He helped to move agency from a pre-defined human 

attribute to a relational construct.  
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While there are still many who associate agency with free will, granting humans 

an internal capacity to act, there are many other perspectives on agency that have 

emerged in recent decades. Ahern (2001) describes the recent interest as an “agentic 

turn”, and as an outgrowth of social movements from the 1980s—as well as from recent 

postmodern and post-structuralist critiques (p. 110). Post-structuralism and post-

humanism emerged mainly in response to what was viewed as an overemphasis on 

humans as being central to activity, as well a move towards challenging binary 

distinctions between mind and matter or human and non-human. The construct of 

agency took on a new role in the 20th century, bouncing between traditionalist 

approaches of agency being a purely human capacity to sociological approaches that 

granted structure agency and/or viewed it as a relational element. Because of these 

tensions, it became important to begin reflecting on agency in context.  

This move to view two or more in a relational role was an important shift. 

Pickering illuminates this relation in his “dance of agency” by identifying what the “in-

between” looks like. But he also highlights the resistance that materials present to 

human actors: in the dance of agency, there is a back-and-forth interaction between 

“acting” entities. 

It is Pickering’s framing of material agency that led me to inquire about the nature 

of mathematical tools. Placing a value and a focus on the material drew my attention 

away from humans as determining, dictating or controlling the process. It was this shift in 

gaze that caused me to move away from the human and towards the material’s power in 

shaping activity. Moving away from humans as central to activity is an important shift in 

my perspective, which I will later align with post-humanist theories. However, before 

doing so, I return to my journey in which I continued to pursue other frameworks that 

discussed actors and agency and interactions, eventually leading me to Actor–Network 

Theory (ANT). 

An approach of symmetry: Actor–Network Theory  

Actor–network theory (ANT) emerged out of science and technology studies 

(STS) in response to STS’s reification of knowledge. This reification had been criticized 
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because knowledge as a reified object did not exist independently of context but was 

highly dependent on the situation in which it was used or emerged—much in the same 

way that acquisitionists were criticised. This move asserted that it was not “things” that 

mattered but how things interacted. ANT was significant in drawing focus to interactions 

and granting all things agency. Although the language of ANT alternated between things 

having agency and agency emerging through interactions, ANT presented a significant 

change of perspective and still has much relevance today. For this reason, ANT scholars 

such as Bruno Latour and Michel Callon ascribe an “in-between” approach that 

underpins activity amongst different actants; they turn away from committing to a 

reductionist perspective and instead suggest a complex interaction between all actants 

in all kinds of systems. To further their point, they take a symmetric view of actants that 

does not permit any a priori judgment that may affect a post-analysis. From a common 

sense perspective, putting humans and artefacts on symmetrical or equivalent footings, 

seems somewhat incongruous, but this method draws attention to processes and 

emergence, rather than to fixed static properties. This seems to expand on Pickering’s 

idea that anything can have agency. 

One challenge that I find with ANT, however, is that ANT scholars perform post-

analyses. This contrasts with Pickering, for example, who looks at activity in the present 

moment. Dant (2005), in fact, criticizes ANT for failing to “study closely the interaction or 

the lived relationship between human beings and material objects” (p. 81). This criticism 

was important for me because I was interested in better understanding the present 

interaction between students, tools and mathematics in my classroom.  

I review one last researcher, Lambros Malafouris, because he is the one who 

was also pivotal in shifting my gaze from things as having agency to agency exisiting in 

interactions. Further, as an anthropologist, he provides insights that are different from 

those of researchers coming out of science studies. 

The potter and the clay: Malafouris 

Malafouris aligns with Pickering in attributing agency to materials. His 

conclusions are based on his analysis of a potter, working with a lump of clay, to make a 
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pot. According to Malafouris, clay is not a static entity. Changes in water saturation, 

density and temperature all influence how it should be handled. A potter cannot give 

details about appropriate handling without touching and manipulating the clay. He also 

points to the way in which the clay is ever changing; this temporal frame resembles 

Pickering’s temporal sensibilities. Malafouris (2004) describes how agencies are not 

“properties of things or humans but are properties of engagement” (p. 22). Agency is a 

result of activity; it is an emerging product, resulting from an interaction. Presented in 

this way, agency depends on the actors and context in which it is analyzed. It changes 

depending on the context, the user, the tool in use and the environmental features. Even 

though Malafouris holds that agency is ever-emerging and a product of activity, he still 

refers to material agency as an entity. In fact, at one point he describes “agency” as a 

misnomer, claiming that analyzing the characteristics or properties of objects would get 

us no further than studying their affordances because the agency elicited by artefacts 

and humans is not constant or static.  

Each of these aforementioned theorists identify, in their own way, a post-

humanist movement that decentres analysis from the human who has so long held the 

philosopher’s gaze. As decentering occurs, other components enter into observational 

frame such as collectives and materials. These agents become part of the scene and 

can be seen as influencing, challenging and causing. Tools and machines enter contexts 

and the focus turns towards their significance in activity. While it has been noted that 

some traditions still cling to human agency and only look at what humans do with tools, a 

post-humanist adopts a more symmetric perspective that grants neither priority nor 

privilege either to the tool or to the human. It becomes a focus on the mutual constitution 

of humans and their technological environments.  

Post-agency, post-humanist theories 

I see two broad approaches to post-humanist agency in the literature I have so 

far discussed. One group sees agency as being within interaction of things coming 

together. The “dance of agency” model illustrates this well because the model supports a 

back-and-forth interaction between two or more things. This approach could be thought 

of as the discrete movement of action between two or more things. I suggest Pickering 
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and ANT theorists fall in this category. A problem with this approach is that it can 

attribute characteristics and properties to things a priori. Much of this problem lies in the 

structure of our language. When referring to two things it is difficult not to focus on the 

nouns and the consequent properties of those nouns. For example, Pickering seemingly 

cannot get away from the idea of intention as being a “moving force” in the human. It 

seems that when two entities are identified, a binary distinction arises. The other group, 

however, approaches agency as the result of a very integrated connection of two or 

more things. I suggest that Malafouris fits in this category. However, there are two more 

scholars whose work that I have not elaborated on in this chapter and that extend the 

ideas I found in Malafouris even further, and in ways that I found helpful in addressing 

my own questions about tools: Karen Barad and Tim Ingold. I will be discussing the 

ideas of both these scholars quite significantly in this dissertation, so I will only briefly 

introduce their accounts here.  

Agential realism: Barad  

Karen Barad, a philosopher, feminist and physicist, proposes a way of talking 

about agency by using the construct “agential realism”. Her notion of agency differs 

dramatically from that of the aforementioned theorists. Agential realism does not take 

separateness to be inherent. According to Barad (2007), “the primary ontological units 

are not ‘‘things’’ but phenomena—dynamic topological reconfigurings /entanglements / 

relationalities / (re)articulations of the world” (p. 141). She calls this dynamism agency. 

Agency is not an attribute but the ongoing reconfigurings of the world. She argues that 

there are no “primary” ontological units with boundaries and properties, but rather an 

entanglement of intra-acting agencies. Phenomena are the ontological entanglements of 

interacting agencies. So Barad carries on the tradition of agency but points to the 

dynamic articulations of the world becoming, not as being, thereby, significantly 

changing analysis by not referring to things before activity. Thus, Barad theorizes 

beyond Pickering or ANT scholars in that she challenges the distinction of things a priori 

to practice.  

What follows from this position is that boundaries around entities are enacted. 

Barad challenges the boundaries drawn by traditional views of knowledge and also how 
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they lead us to differentiate things from one another. For example, we recognize a 

human as a distinct creature that is a unified whole, and that can move from context to 

context without necessarily being affected and forced to change. When we abstract this 

being, provide it with an identity and contemplate its abilities, as it moves from situation 

to situation, we are supporting a form of humanism that is based on ontological and 

epistemological presuppositions that the human is a well-defined concept. Moreover, this 

view conceptualises the human subject as an individually determinate entity with 

inherent properties, such as the ability to engage in particular cognitive claims that make 

the universe intelligible.  

Barad contends that the human is a natural phenomenon that needs to be 

accounted for within a relational ontology, as we (humans) are a part of the nature that 

we seek to understand. According to Barad (2007), “relata do not preexist relations” (p. 

140), but the other way around. The idea here challenges the Western frame of thinking 

of things first, and interactions second. She uses the term intra-action, as opposed to 

interaction, so that the focus is on things emerging and not on capacities or attributes of 

things before they come together. Her use of intra– as a prefix also conveys that the 

action of phenomena is within and not just between; that is, emergence is not a co-

constitution but a deep stitching or fusing together.  

It is interesting that much of Barad’s theoretical positioning is based on her 

analysis of Niels Bohr’s work in physics. When she makes claims about the nature of the 

world, as well as the concepts that emerge in scientific work, she is drawing on the 

findings of physics, which, in her reading of Bohr, assert an ontological indeterminacy 

rather than an epistemological one. The latter refers to the limits of human knowledge, 

while the former refers to the fundamental intra-action that make concepts and matter 

inseparable, and that consequently does away with the dualisms that have plagued 

theories of knowing and learning for so long.  

Barad is also working within the tradition of feminist philosophy, with a keen eye 

towards the political consequences of her theorizing. But it is her insistence on intra-

action, and the compelling examples she offers from the world of physics, that 

contributed most to my developing commitment to a materialist, monist perspective. Her 
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focus on intra-action helped me think about events in my classroom in terms of the 

activity of the student–tool, rather than in terms of what the student was doing with the 

tool or how the tool was changing the student. In the next section, I describe a very 

different perspective that also changed the way I thought about what was going on in the 

classroom and that focuses on the kind of lived relationship that Dant criticises ANT for 

ignoring. 

There are no “things”: Ingold 

Drawing on his background in anthropology, Ingold (2011) identifies a tradition 

within his own field that separates and analyses individuated bodies or artefacts. He 

challenges this practice because it separates things from their original life forces and 

activity; when such detachment occurs, things become lifeless and inert. In not attending 

to the living forces of the in-the-now, Ingold warns that we lose the organic continuous 

flow of activity. He suggests agency as a construct has been employed with the intention 

to inject life back into these lifeless things. Consequently, he criticizes the use of agency, 

arguing that it is only because we divide things up into distinct entities that we need the 

construct of agency to enliven our distinctions.  

Ingold’s main thesis is to bring life back into practice and he does this by valuing 

process over product. Process is the relations within activity, the movement not of things 

but the movement itself. That is, the focus of life is not the points, the person, or the 

things. In fact, from his point of view, there are no objects, but only movements. For 

example, he argues that when we make statements like “the wind is blowing” we turn 

“wind” into a noun that we then have to ascribe action to. But instead, we could think of 

“wind” as a verb since it is fundamentally defined by blowing. (The English language is 

notoriously noun-centric; while in French one can say “Il vente”, it would sound strange 

in English to say “It winds” or “It is winding”.) In order to give the wind any agency, we 

would have to say that it has agency because it blows. But if “wind” had never been a 

noun, or reified as a thing, this extra step might have been unnecessary. 

Ingold elaborates his argument against identifying objects as things in and of 

themselves by suggesting that tools are not determined by their functionality but by their 
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storied past. He uses his own experience sawing wood as an example to illustrate how 

the saw as well as himself are drawn into use and become tool and sawer together in 

activity. He argues that it is not an example of a human using an appropriated tool. The 

functionality of a tool, if one can describe it as such, is not a result its form or its design 

alone but is based on its history of use. A distinguishing aspect of Ingold’s articulation of 

tool as narrative is his moving away from an outline of form. An outline, for Ingold, is to 

make a distinction between inner and outer; it is to establish a boundary and for Ingold 

this boundary is the delineation of a closure, in which movement is restricted.  

In contrast, Ingold uses a metaphor of continuous becoming lines to depict life, 

flow and movement. He uses the term wayfarer to describe an organism continually on 

the move describing, “he is his movement” (p. 150). This description parallels the 

example of the wind given earlier. The wayfarer’s line of becoming is never complete 

and never encloses itself; it is always seeking and growing. The wayfarer is always 

active with the materials and space that opens before her. Continuing with this 

metaphor, these lines of growth from many organisms interlace like a thread in a 

tapestry, from which a meshwork emerges. Ingold contrasts a network of interacting 

nodes with an “open-work fabric of interlaced or knotted cords” (p. 151). He notes that 

the lines of meshwork are not connectors as in a network but living forces and 

movement that bind together. Within this metaphor of meshwork, Ingold describes his 

field of anthropology as “the study of human becomings as they unfold within the weave 

of the world” (p. 9). This is quite interesting in the context of mathematics, which is a field 

that notoriously concerns itself with static objects. In reading both Barad and Ingold, I 

have come to see how the neglected role of the tool in mathematics may well be related 

to the temporal and mobile nature of its use.  

Final comments on agency 

Agency, by many accounts, is an emergent product of activity (Malafouris, 2004; 

Coole, 2010). When Boaler used agency as a way to identify student involvement in 

learning mathematics, she concluded that when a student exercised agency they were 

more likely to learn. Although the results of her studies seem intuitive and positive, her 

reference to agency is still unresolved. I believe that starting with a perspective that does 
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not position the human at the center is a challenging but worthy endeavor that may 

resolve the underlying inconsistency in current uses of agency in mathematics education 

research.  

In this development of agency from Boaler to Barad and Ingold, I adopt the basic 

philosophical assumption of agency as a simple construct that is created in activity. I 

propose a subtle shift from the rational thinking mind and in its place, a network or 

meshwork of becomings. This is a challenge given the tradition of the discrete individual 

human agent is deeply-entrenched in western culture and we are conditioned to accept 

conventional boundaries. As mentioned above, the English language supports such 

distinctions between discrete “things”, and so the task is to unwrap the language to 

break apart the ontological underpinnings and a priori distinctions. 

What Ingold and Barad offer is a reframing and reinterpretation of the ontology of 

life and practices, and a fresh look at educational issues. In this dissertation on 

mathematical education, the approach is to describe a becoming of fused things. I 

believe these writers challenge an anthropocentric worldview of agency. Such a 

challenge feeds into my framework, its broad assumptions of materialism and post-

humanism. And as discussed, material and post-humanist approaches have decentered 

analysis from the human, bringing into view material things as “agents”, which influence 

activity. Tools and machines enter the realm of that which is considered worthy of 

analysis; the focus turns toward tool significance and their contribution to activity and the 

process of becoming, including mathematical practice. In the next three chapters, I 

explore this new theoretical lens in the context of mathematics education.  

Concept as material: de Freitas and Sinclair 

de Freitas and Sinclair (2014) build upon Barad’s new materialism as well on the 

work of Gilles Châtelet. Indeed, they bring Barad’s new materialism to the mathematics 

classroom and argue that mathematics emerges from the dynamic relations of materials. 

They exemplify their theory-building by presenting case studies of mathematics 

classroom of young children within digital environments. In their analyses, they examine 

what it might mean for mathematical concepts to be material, and thus entangled in the 
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materiality of the classroom, tools and children. They are concerned in part with 

accounting for the emergence of the new in a classroom situation, and use Châtelet to 

examine the gesture-diagram interplay that gives rise to inventive moments. In one case 

study, two lines are projected onto a screen at the front of the room and a discussion 

ensues about whether these lines will intersect (they do not do so visibly on the screen). 

The analysis reveals different forms of gestures “being evoked by the dynamic tracing 

out of lines they [the children] saw previously” (p. 97) and also note how the gestures—

including one boy’s hands becoming lines—as a part of the meaning-making 

assemblage. de Freitas and Sinclair argue that the assemblage consists of the diagram, 

the children, their gestures, the material projection screen as well as the mathematical 

concept of intersecting lines. Importantly, the concept of intersecting lines is not taken to 

be an abstraction or a schema that arises from actions or discussions. In this sense, de 

Freitas and Sinclair attempt to dissolve the boundary between body and concept.   
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Interlude 

From an etymological point of view, an interlude, is about playing together. Tools 

are at the heart of my dissertation, in that I have been—and will continue to be—

exploring their nature and role through various theoretical lenses. But thus far I have 

said very little about actual tools. This interlude will serve as a playground for discussing 

some of the history of tool use in mathematics, as well as in mathematics education. 

Over time, different conceptions of tools have emerged and, of course, various types of 

tools have been developed—not least with the more recent appearance of digital 

technology. This interlude draws on my initial writing about tools, framed in relation to a 

humanist perspective. Despite this fact, it certainly played into my evolving thinking 

about tools, and it serves to highlight the “playing together” of tools and mathematics.  

My earlier writing about tools focused on particular characteristics of the 

manipulatives and technologies used in mathematics classroom. I was interested in the 

human sensation of “touch” that the use of these tools involved, which required 

considering the human-tool boundary more closely. I also found Seymour Papert’s 

(1980) notion of an “object-to-think-with” to be very powerful in highlighting the 

material/cognitive interplay that may be involved in using mathematical tools. Indeed, I 

was looking for ways to think about tools that were not embedded in the traditional 

dualist and strictly cognitive approaches. Again, inspired in part by Papert, I have always 

been interested in computer-based tools and their “expressive” potential, a term that 

diSessa (2000, p. 162) uses to describe tools that enable students to communicate 

mathematically. This interlude summarises some of my previous thinking about tool use, 

and hints at some of the ideas that eventually led me to new materialism. 

In the playful spirit of this interlude, then I offer two voices in the text that follows. 

One is in the text from my earlier writing and will be indented. The new voice appears 
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the comments I add to highlight certain ideas and will have the same normal formatting 

used thus far. 

In the Globe and Mail recently, there was a review of a mathematical book 

entitled, “How not to be wrong”. A line from the review reads, “…math is a mental 

prosthesis”. I am continually surprised at how ingrained the idea of mathematics as a 

mental discipline is within our culture and tradition.  

As mentioned briefly in the introduction, I initially saw the learning of mathematics 

as a mental activity. The use of tools in mathematical practice had never been an 

interest. However, back in 2009, Nathalie Sinclair introduced me to Papert’s notion of 

objects-to-think-with. This hyphenated construct was intriguing because it seemed to 

imply that thinking and things could be combined together, something that I identified as 

similar to Edwin Hutchins writings, which I encountered later in my studies. In reflecting 

on the conjunction of thinking and things, which occurred in parallel with my 

consideration of material agency, my view of mathematics shifted from the mental to the 

material. While this story was elaborated in Chapter 2, a more tool-specific story is 

presented here—one that involves very different scholarly traditions. 

Early beginnings 

Mathematical tools are present in the practices of mathematics, as well as in 

the mathematics classroom. These tools include things such as rulers, 

compasses, the ubiquitous calculator and, increasingly, the computer (which 

contains a plethora of sub-tools). While it is generally accepted that tools 

influence, enhance, restrict and generally change how mathematics is 

conceived and practiced (Bottino & Chiappini, 2002), they are often thought of 

as vehicles through which to access mathematics. They are scaffolds that can 

eventually be taken away. 

According to Waltz (2006), there is no theoretical account of “how” tools 

influence mathematical experiences. Different frameworks such as 

appropriation (Billet, 2006), instrumentalization (Rabardel, 1995) and 

internalization of tools (Vygotsky, 1978) have been proposed, but they are all 
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ultimately theories of cognitive development. For Vygotsky (1978), for example, 

tools are seen as cultural entities. They are important because they connect the 

social, the historical and the mental process of an individual. He theorised that it 

was through the process of tool use that an individual could internalize 

knowledge and form higher psychological functions. What is important to 

Vygotsky is the meanings imbued within the artefact (Daniels, 2008).  

According to Vygotsky’s view, artefacts are imbued with social relations, but 

there is no account of the dialectical parallel between the cognitive and the physical. Nor 

is there an account of the way in which physical (or virtual) tools can somehow become 

abstract, mathematical ideas. Is the mathematical idea in the tool? Is it in the learner or 

the mathematician? Does it go from the latter to the former by some magical process of 

transmutation? Finally, talk about “tools” in such a general way overlooks the incredible 

diversity of shape, texture, weight, etc., that we find in actual tools.  

Artefacts and Tools 

Artefacts in the mathematics classroom take a variety of forms and serve 

different purposes. An artefact is an object shaped to some pre-existent 

conception of form (Heft, 2001). The artefact is a human-made object. In its 

design it embodies cumulative knowledge. Indeed, Hutchins (1995) says 

physical artefacts are “repositories of knowledge” (p. 96). This relates to 

Vygotsky’s (1978) notion of sign: the artefact is a cultural, historical mediator. Its 

design, its affordances, its properties and its meanings are all predetermined 

before they enter the classroom. Everything is crafted or designed for a 

particular purpose. The blackboard, for example, is an artefact, and it is 

designed to convey information to large groups of students, and therefore its 

affordances include that it is big and flat and inscribable. But it could also be 

used for other purposes that were not envisioned by the designer. 

A tool may be seen as a way of extending the capacity of a human agent. It 

enhances human activity. Heft refers to a stapler to distinguish an artefact from 

a tool. A stapler is an artefact. Its obvious affordance is that it can staple pages 
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together, but there are other affordances. It can also be used as a 

paperweight—and when it is used in such a way, it becomes a different kind of 

tool. The original design of the stapler as an artefact is to staple, but its 

affordances are numerous. The stapler in both of these uses can be considered 

a tool. A tool, according to Heft, has a higher affordance structure.  

It is interesting to note that in the literature I cite, artefact and tool are 

distinguished according to function. An artefact only becomes a tool once a human 

anoints it with use-value. This aligns very closely with the instrumental tradition of 

Rabardel (1995). Rabardel has very specific meanings for both artefact and instrument. 

Artefacts are human-created symbolic or material objects based upon a certain 

knowledge base and goal. If the artefact is subsequently involved in an activity, its 

design will dictate the boundaries of that activity. In Rabardel and Beguin’s (2007) 

words, “The artifact demands that the activity be structured around the form it 

constitutes” (p. 438). The word instrument, on the other hand, emerges when there is 

appropriation of the artefact. Thus, the instrument is considered a mixed entity of 

schemes developed between the subject and the artefact, putting Rabardel’s definition in 

line with the tradition of instrumental genesis. Instruments are thus seen as a 

combination of material and schema, enabling humans to do different things, but leaving 

the tool itself somewhat passive in response to human manipulation. Therefore, although 

there is a certain dialectic between the artefact and the human in this literature, the 

underlying humanistic paradigm is quite evident, particularly in relation to the notion of 

“instrument”. Further, the requirement of schemas marks a commitment to a dualism 

between matter and mind. 

While Rabardel has a distinct meaning for artefact, I use it in this dissertation less 

rigidly, allowing it to be interchangeable with the word object. From my post-humanist 

point of view, there is no need to distinguish artefacts from tools, or even artefacts from 

instruments. It is also worth noting that Rabardel only uses the term tool when referring 

to an instrument fulfilling a very particular function, such as a hammer’s function to hit 

nails. 
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In the instrumental tradition, the artefact only becomes an instrument when it is 

drawn into an activity to fulfill a function. This is similar to my use of tool in this 

dissertation in that, aligning myself with Ingold, there is no tool until it is brought into use. 

However, as mentioned, the instrumental tradition harbours a human-centric outlook, 

whereas the post-humanist, materialist framework I adopt attempts to deemphasize it. 

Manipulatives 

In the mathematics classroom, a manipulative is subcategory of an 

artefact/tool. Within that categorization, Pimm (1995) distinguishes between two 

types—those that are representational models, such as Dienes blocks, algebra 

tiles or Cuisenarie rods; and those that serve a purpose that is intended to help 

with some aspect of mathematics, such as a compass, an abacus or a 

calculating device.  

In elaborating on representation models, Pimm states that mathematical 

objects do not exist, and consequently these representations are their tangible 

counterparts. He describes a representational artefact—such as Froebel’s 

wooden cube—as an attempt to make the intangible tangible. It is an attempt to 

portray the intangible in a physical way so that the student can reflect upon or 

think about the mathematical object. Pimm states that “[s]uch objects never 

shed their physicality” (p. 28) and that “the constraints of the physical may 

emphasize or prevent certain possibilities from being considered” (p. 26). In this 

framing, Pimm confirms this ‘voice’ of the artefact when he says that Cuisenaire 

rods “quietly assert that numbers are in some important way like lengths” (p. 

61).  

Pimm draws a strong tie between the manipulative and the mathematical object. 

Although he adopts an anthropocentric point of view, I see in his writing a strong 

connection between the material and the mathematics. One difference between the way 

Pimm writes about tools and my own might be described in terms of agency: his 

manipulatives physically restrict or challenge access to the mathematical form; the 

“restrictions” only exist in reference to a definition (the mathematical cube) that is 
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detached from the physical (wooden cube). To see the physical through a lens that 

values only the mental is to invite awareness of restrictions or of barriers to what the 

human mind intends. However, the connection he sees between the physical and the 

mathematical “object” is more nuanced than in many other tool-based theories I have 

come across in the mathematics education literature. Further, I have found it helpful in 

probing the assumptions that underlie continued mind/matter dualisms in mathematics 

education research.  

Touch 

Drawing on the physicality of the object, Pimm (1995) states that the human 

sense of touch is perhaps the most important mathematical sense because it 

involves direct contact—though he argues that touch is less about the 

mathematics than about the physical object. Outside of mathematics education, 

Turkle (2007) extends some of the work of Papert around objects-to-think-with 

and argues that objects bring together thought and feelings: they are not only 

about touch, but also about being touched by. She states that, “we increasingly 

feel at one with our glowing screens of our laptops or ipods” (p. 9). Similar to 

Pickering, she points out that science is fixated on formal propositional knowing, 

but insists that the touching of objects introduces a whole new dimension of 

experience that cannot be neglected, not even in the science laboratory. While 

theory may defamiliarize objects, objects can draw one back to lived 

experiences. Objects can be “companions to our emotional lives” (p. 5). This is 

not to say that one cannot get excited or emotional about ideas, but objects can 

engender intimacy, a proximity, a relation, a bond. This relation is showing itself 

more explicitly in recent years with electronic gadgets such as iphones, ipads, 

itouch and tablets. These are very dense mathematical objects from which 

individuals cannot part. These artefacts are not originally pedagogical tools, but 

they are appearing in mathematics classroom more and more.  

Gosden (2004) argues that our reactions to things are always to some extent 

emotional. He makes his case for the large role played by emotions by 

describing how humans attend to the world through senses in complex ways. 
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We attend to appearance, feeling, smell, sound and taste, allowing us to give 

value to what we come to know through our senses. William James described 

those experiences that have an evaluative character as “affectional 

experiences” (in Heft, 2001, p. 129). These experiences are comprised of our 

physical body and its contact with features of our world. He states: 

It is those very appreciative attributes of things, 

their dangerousness, beauty, rarity, utility, etc., that 

primarily appeal to our attention. In our commerce with 

nature these attributes are what give emphasis to 

objects; and [...] produce […] immediate bodily effects 

upon us (in Heft, p. 139). 

When holding an artefact, we may be aware, for example, of its weight, texture 

and fit within our hand. According to Daston (2004) the sharpness of an object’s 

edges is especially salient: “One of the most thing-like properties of prosaic 

things is sharp outlines” (p. 20). Tisseron goes so far as to say that individual 

contact with things is not merely functional or simply symbolic; it is 

simultaneously linked to our individual identity and sense of self (in Dant, 2005, 

p. 62 ).  

There is a strong sense of affect in the preceding two sections as well as 

constant referral to an experiential aspect of the material. The literature cited supports 

the importance of bodily senses in connecting with the material world. Turkle’s reference 

to “lived experiences” is also relevant and similar to Ingold’s goal, which is to turn back 

to the doing and the feeling.  

To ignore affect, emotions and experiential connections would be once again to 

value cognition as only immaterial and downplay materiality and the tangible. Although I 

do not specifically address affect in this dissertation, I see it as a closely related concern. 

Sinclair (2010) warns us to not ignore the affective aspect of engagement, noting that 

research papers will often only “sheepishly” (p. 1), speak of students’ excitement about 

some part of learning, often towards the end of the paper, and not engage seriously with 

what this excitement can and does mean for the student. More work on affect and 
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especially with regard to tool use is thus needed. That said, the framing of affect in the 

above indented paragraphs remains very humanist: the user feels the tool in her hand, 

experiences emotions, and so on, in a way that makes an a priori distinction between 

tool and human. What I see as fruitful in this work is the complexifying of the relation 

between tool and human, which now goes beyond the strictly cognitive.  

Objects-to-think-with 

In “The Gears of My childhood,” Papert (1993) writes that there was not only 

connection but also a love in his relationship with gears. He constructed models 

of gears and was able to use that experience to support his understanding of 

mathematics. Papert draws attention to the “positive affective tone” that could 

be attributed to his early experiences with gears. In Mindstorms, he elaborates 

on how he used his gears as objects-to-think-with, which led him to create the 

turtle-in-turtle graphics (1980, p. 11). Pimm (1995) distinguishes objects-to-

think-with from objects-to-think-about: for example, in his description of the 

geoboard, students have the (somewhat limited) creative ability to construct 

images on the geoboard which can introduce new images, new outlines that 

had not been “seen” by that student before—and that can thus be thought 

about. 

To think with is an association, or a relationship. The experience with materials 

is not mechanistic or calculable. But there seems to be a potentiality in the 

object’s design for the student to connect with, and there needs to be a 

reciprocal engagement for the connection to be meaningful. Whether it be the 

smoothness of the sphere or the lawful and comprehensible system of gears, 

there must be an element of aesthetics or an appeal to the senses—an 

“evocative” dimension, as Turkle (2007) writes. If we think of these properties of 

the object as static, we are ignoring the interaction of artefact and student. Each 

student will experience the characteristics of the artefact differently, they may 

have different goals or they may attend to different aspects of the artefact 

differently.  
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From within these two sections emerges a connection between the person and 

the tool. Although “mathematics” is still implicitly separated from the interaction of person 

and things, the significant move to connect person and things is productive. The notions 

of touch and objects-to-think-with draw from a different scholarly tradition than I have 

pursued in this dissertation, but I want to underscore the significant way in which things 

are taken to become entangled with the person—perhaps Turkle’s uniting of thought and 

feeling can be seen as a move towards monism, or at least towards the idea that 

humans can move with, but also be moved by, their tools.  

Computers: super–agents 

The computer is a sophisticated machine. It is not a manipulative; it is a tool 

(though it is possible to create manipulatives on the computer that may mimic 

physical manipulatives). And it is quite distinct from non-digital devices. Pimm 

(1995) differentiates manipulative and calculating devices by stating that they 

serve different purposes. For example, the computer is not a representational 

model, and yet it can, with its software, represent almost anything. One 

fundamental difference is that although the computer is a physical artefact, it is 

not touched like the other manipulatives. That said, Pimm states that although 

the screen of a computer is not tangible, the images “appear directly to us” (p. 

34). Although holding a Rubik’s Cube in one’s hand is very different from 

manipulating one on the computer screen, the latter does not take away from 

experience; it only changes it. Pimm describes how in Cabri-Géomètre dynamic 

geometry software, the circle, which is usually an object for construction and 

contemplation, can become a tool in the construction of other figures. It can, for 

example, be used as a method of measurement.  

What is also very different about this experience is that direct contact usually 

makes the user more familiar with the artefact—but in the case of the computer, 

the experience is different. In touch, the object can be felt; in sight, it is visible. 

In short, the object can be manipulated. The computer, however, does not allow 

for such manipulation. The onscreen figures may be very accessible, but the 

computer itself remains somewhat mysterious. As Pimm states, we have “less 
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and less control over technology” (Pimm, 1995, p. 84). In discussing a 

calculator, he claims that, “there is a sense of agency and agent in the 

electronic calculator” as it “holds” numbers and procedures over which the user 

has no access. He contrasts that with an abacus, whose numbers, represented 

by beads, one can feel, see and do with as one wants. With the computer, the 

affordances are not visible.  

There seems to be a hinting at material agency in the two sections above. It is 

intriguing that Pimm is granting more “agency” to the digital tool, whose workings and 

functionality are less accessible to the human. I suppose this aligns with his argument 

that touch is more direct and important than sight. Consequently, since the affordances 

of a computer are not outwardly visible, engagement with a computer is extremely 

different, in that there is more of an “exploratory” side. One has to “feel” the system, 

which arguably lends itself more to a “fused” becoming or an experiencing together. The 

“medium and idea” work together as opposed to model where the idea (the person’s 

plan) gets implemented with the help of the tool.  

What Does the Computer Offer Us? 

diSessa (2000) describes computers as expressive; he claims they extend 

capabilities and make possible new ways of knowing. Computers allow students 

to be creators. diSessa argues that there are certain deterministic and 

mechanical underpinnings to the computer and that “structural and functional 

organization will undoubtedly strongly influence the ‘feel’ of the system” (p. 

162), despite the fact that the computer allows students to be creators to some 

degree. Not only are ideas enhanced by the computer, they can be shaped by 

them too: “We don’t always have ideas and then express them in the medium. 

We have ideas with the medium” (p. 116; emphasis in original).  

diSessa’s views align very closely with Papert’s construct of objects-to-think-with 

in his “ideas with the medium” reference. Although diSessa still grants humans a central 

position, he also draws on the significant “contribution” of the machine. He argues that 

the computer provides a new approach to mathematical expression and problem solving. 
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It is the computer’s profound capabilities as a tool that enable new ways of presenting, 

re-presenting, organizing and expressing. diSessa elaborates by describing how the 

computer and user work “simultaneously” to move toward new expressions. There is a 

hint of Pickering’s dance-of-agency model, with the difference lying in how each frames 

the computer’s “acting”. While Pickering frames the acting as the material resisting, 

diSessa poses the “acting” of the computer in terms of potentials towards new ideas. 

The writings I have been playing with thus far were part of my early work towards 

my dissertation, and I have used them here to evoke and poke at some of the underlying 

humanist and dualist assumptions, especially about tools and humans, that can be found 

in the literature. In 2012, I was second author with Nathalie Sinclair on a book review of 

Tools of American Mathematics Teaching (Kidwell, Ackerberg-Hastings & Roberts, 

2008). As I have done above, I will respond to short sections of this writing, but this time 

in order to dwell upon the materially-framed history of tools offered in this book. I note in 

the following sections of text (that will continue the same formatting pattern as before), 

the way in which certain “outside” influences determined the inclusion of certain tools in 

classroom, how certain “thoughts” of the period influenced how tools were used and also 

how the prevalence of mathematics as a mental discipline is not a new cultural 

acceptance, but a perception that can be found as early as 1503! 

The materially-framed historical approach offered in this book may be focused 

on the classroom, but it supports Rotman’s (2008) point that “mathematics had 

been engaged in a two-way co-evolutionary traffic with machines since its 

inception” (p. 58). Rotman chronicles the way in which mathematicians have 

long used machines (such as the wheel-and-axle or levers) to abstract concepts 

(such as cyclicity and ratios). These concepts are then used to build new 

machines, which are then the source of further mathematical abstraction. But 

the tools often remain invisible; mathematics has a habit of hidings its formative 

tools. 

While I question the legitimacy of Rotman’s description of progress, I wish to 

draw attention to his claim that tools have been an integral part of the development of 

mathematics. The iterative cycle of tool to mathematics to new tool to new mathematics 
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and so on evokes the deep entwining of mathematics and tool, which raises the question 

of whether it is possible to tell where one ends and the other begins. The comment 

about mathematics wanting to shed its past also seems relevant in understanding the 

deep-seated dualisms that I have been chronicling in this interlude in which mathematics 

is seen was what happens after the tool has been abandoned.  

In the following excerpt, the dependence of mathematics—or what is taken to be 

mathematics, at least for school mathematics—on tools (in this case, paper-and-pencil 

versus abacus) becomes even more apparent. 

In the specific case of the abacus, though, the authors [of the book] pick up on 

a particularly interesting criticism that was motivated by the perceived primordial 

importance of written arithmetic. With textbooks gaining in importance and 

availability, and the oral tradition of the classroom replaced by the blackboard, 

the written word (and number) gained precedence. Thus, the abacus became 

seen as an exploratory toy that could amuse children, but not necessarily play a 

useful role in achieving the goals of written arithmetic. A similar tension arose in 

the middle ages between the “abacists” and the “algorists,” as depicted in 

Gregorius Reisch’s 1503 woodcut showing the figure Arithmetica judging a 

competition between the symbol-writing Boethius and the pebble-pushing 

Pythagoras; she seems to favor the former. Indeed, as Tahta (1991) insightfully 

showed, the abacus went from being a mainstream technology for doing 

calculations to a pedagogic device. Imagine, likewise, the calculator turning into 

a tool only used in the mathematics classroom! 

The abacus is no longer the focus of discussion in contemporary mathematics 

education, and has perhaps been replaced by the calculator as the tool around which 

the battle over what can and should be learned gets waged. But if Rotman (2008) is 

correct in his prediction that the hegemony of the alphanumeric in mathematics 

communication will give way to temporal and visual means, then the importance of 

writing numbers may fade away, and so may the calculator. Might we return to the 

abacus? Whatever the new tool may be, I want to argue, based on the history of the 

abacus that is recounted in the above excerpt, that it will be involved in defining as what 
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counts as mathematics—not causing it, nor the mere outcome of it, but caught in the 

traffic of co-emergence.  

Chapter 14 [of the book under review] describes the way in which the once-

fashionable 19th century mathematical investigation into linkages led to the 

development of a number of devices that had a very short history in the 

mathematics classroom. The topic of linkages had a peculiar place in 

mathematics as part engineering and part abstract geometry; the 

mathematician J. J. Sylvester declared “[i]ts head towers above the clouds, 

which its feet plunge into the bowels” (p. 236). But mathematical investigations 

into linkages achieved a peak in 1875, with the publication of comprehensive 

categorisation of them by Franz Reuleaux, and the topic was seen as “drained 

almost completely dry” (p. 236) by 1879. And engineers soon lost interest in 

linkages, which were seen as overly complex and even unnecessary. So the 

lack of disciplinary congruence and of external currency might have been 

enough to prevent widespread adoption of classroom linkages. Furthermore, 

linkages had limited applicability in the curriculum and when they were used, it 

was most often for high school and college-level geometry courses. So even if 

prominent individuals espoused their use, including the director of the National 

Council of the Teachers of Mathematics (NCTM) during the 1950s, the fate of 

linkages was sealed. 

What is noteworthy is that linkages fell out of favour for a number of reasons, 

most of which did not originate from within the classroom. From the influence of the 

NCTM, to the prospect of linkages’ use in engineering, the emerging attitude seemed to 

be that they were “overly complex and even unnecessary”. This highlights the idea of 

efficiency in relation to tool, which relates to the belief that tools should not get in the 

way of mathematics, and ideally, remain hidden. This belief can be seen in the possibly 

apocryphal story of Descartes who, upon being asked to show his geometer’s tools, 

claimed to have only broken ones in his desk. But it can also be seen very clearly in the 

practice of banning tools during tests, which leads nicely into the next excerpt.  
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In Chapter 15 [of the book under review], the authors show how the use of 

calculators has always been a contentious issue among teachers, educators, 

parents and administrators. The fundamental question has not been resolved: 

do students understand the principles of the mathematics behind the pushing of 

the buttons (or the use of any tool)? Do they need to? In his account of 

educational history entitled “Do you need to know how it works?” Harnasz 

(1993) points to the very same issue arising in the 17th century around the 

design and use of slide rules, relating the issue to current concerns about the 

use of electronic calculators in schools. 

New tools can cause controversy but not because of what is gained but usually 

because of what is felt to be lost. The perspective seems to be strongly in favour of 

highlighting what human loses and not the actual loss of the tool. The skills in using the 

tool seem to be valued more than what the tool offers. There is a citation from a 

principal’s publication from 1815 that supports this holding on: “Students today depend 

on paper too much. They don’t know how to write on a slate without getting chalk dust all 

over themselves. They can’t clean a slate properly. What will they do when they run out 

of paper? The focus is on what the student can and can not do”. 

Within mathematics education, researchers who adopt a materially-framed 

perspective on mathematics and mathematics education have provided 

alternate ways of framing this controversial issue of when new tools should be 

used in the classroom to improve or even replace old ones. For example, Roth 

(2008) insists not only on the inevitable way in which the algorithms and 

routines of school mathematics turn into tools (like the slide rule and the 

calculator), which humans can use to solve more complex tasks, but also on the 

fact that being able to use tools (frequently and effectively) in any human 

practice is central to becoming an expert in that practice. Roth thus advocates a 

“careful sociocultural and cultural–historical analyses of everyday practices and 

their histories to better understand the basic competencies required in and 

across domains” (p. 278). The history outlined in Tools of American 

Mathematics Teaching provides an important source for this kind of analysis, 

especially when it focuses on interplays between the tools of the mathematician 
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and those of the mathematics. 

The tool as it has appeared in mathematics history has a significant story to tell. 

From the development of new practices, to causing controversy, to provoking 

reactionary measures, to being viewed as only a vessel, the story of the tool, seems like 

the tool takes on more of a narrative than a specific function at any one time. 
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Chapter 3.  
 
 
The practice of learning mathematics as comprising 
three parallel processes: mathematics, tool and 
student 

Objects are not already there;  

they emerge through specific practices.  

(Barad, 2007, p. 157) 

The phrase “mathematics as process” can seem to capture an appropriate 

approach to mathematical study. However, when looking more closely at mathematics 

learning and how it is usually portrayed, there is a tendency to speak of it in terms of 

states and, consequently, nouns7. The learner, the learning situation, the learning tool 

and the material to be learned are all, usually presented as nouns—and the “in-

betweens” are rarely articulated. I propose in this paper that the nouns referred in 

mathematical learning misrepresent actuality and the “in-betweens” are a fallacy. When 

the entities themselves are processes, there are no entities to refer and consequently 

there are no “in-betweens”. This paper is about “mathematics as process”, but I believe 

that switching the terms to read “process as mathematics” is more appropriate, so as to 

portray the learning of mathematics as emerging from process. 

The general move of this paper can be identified as being a change from 

focusing on things, or products, and their corresponding interactions, to looking at and 

 
7 In English, at least. See Lunney Borden (2011) and Roberts (1998) on aspects of nominalization 

in relation to mathematics in aboriginal languages. 
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considering processes and emergent phenomena. This paper takes as its starting point 

not things which interact but the process of emergence and becoming. For Alfred North 

Whitehead, processes were the ontological realities of our world: for him, processes 

were all there were. Gill (2010) summarizes Whitehead’s philosophy by stating, 

“processes he privileged over substances as the ultimate building blocks of reality” (p. 

29). Substances are derivatives of processes, instantiated by making distinguishing or 

boundary-making choices. 

Although I see myself as working in mathematics education, I draw from a wide 

group of scholars, including philosophers, scientists and anthropologists, who advocate 

for a process-oriented approach. This contrasts markedly with the more common 

product-to-process paradigm, one which our use of language seems to promote. When 

things are identified prior to activity, there is commonly a focus on interaction leading to 

notions of anthropocentrism, objectivity and separation. With process as a starting point, 

however, there is another possible perspective, one which aligns with Whitehead’s and 

of my readings of two other scholars: Tim Ingold (an anthropologist and philosopher) and 

Karen Barad (a scientist, feminist and philosopher). Like Whitehead, both Barad and 

Ingold would claim that there are no things prior to activity. It is not that there is no 

physical reality, but rather that there is no distinction of identifiable things without a 

commitment to a particular system of organization. That is, by identifying a thing in the 

form of a noun, one is making a commitment to the distinction of a particular entity, 

losing the process that brought it to be. And each language acts by encoding of specific 

forms of conceptual organization. Linguist Michael Halliday writes: 

Languages have different patterns of meaning—different ‘semantic 

structures’, in the terminology of linguistics. These are significant for the ways their 

speakers interact with one another; not in the sense that they determine the ways 

in which the members of the community perceive the world around them, but in the 

sense that they determine what the members of the community attend to. (1978, p. 

198; italics in original) 

Thus, what I am arguing here is that when we combine the prevalence of nouns 

and the process of nominalisation that is in general a key feature of English, together 
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with a specific education community and its register within English for discussing 

mathematics learning, there is a strong determination of a particular way of viewing 

matters. 

One could think of an act of distinction emanating from a photograph. Although 

the photograph could have been a shot of a movement, the processes of change are lost 

in the capturing of the photo. Roland Barthes, in Camera Lucida, remarks upon a 

tendency to identify things and lose process when he describes the general response of 

an observer to a photograph. “‘Look’, ‘See’, ‘Here it is’; it points a finger at certain vis-à-

vis, and cannot escape this pure deictic language.” (1980, p. 5). This need to point 

and/or refer by way of language seems to be heavily reliant upon the need to 

communicate and consequently affects one’s perspective. I am challenged in arguing for 

the reconsideration of “things” (both seen as and grammatically categorized as things) 

as processes since we are all so accustomed to viewing and speaking of “things” as 

things. Even in writing, it is difficult to address process without first implicating the 

product—as will be evident in the next paragraph.  

In this paper, I reflect upon a simple mathematical activity of a student working 

with a tool. Such a situation might manifest itself when a student constructs a square 

using a compass and straight edge or uses algebra tiles to model an algebraic 

expression. Identifying process in these activities as opposed to drawing together 

individual (and hence separated) elements, such as the tool, the resulting mathematical 

object or the student, are productive both in avoiding a difficulty emerging from a 

product-oriented perspective, as well as in permitting identifying alternative perspectives. 

I propose to address each of the traditional “entities” in mathematical activity, 

including a student and tool, as process. I begin with mathematics as process, then 

discuss tool as process, before finally exploring human as process. In the mathematics-

as-process section, I discuss the proliferation of mathematical objects in the practice of 

learning mathematics, both in the mathematics education research literature and in 

school settings, focusing on some of the problems that result from such discursive 

practices, such as reification and nominalization.  
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In the tool-as-process section, I use Ingold’s (2011) conception of narrative as a 

different approach for the consideration of tools. I also draw on the structure of language 

and how it helps to determine the way we talk about things and the apparent reality that 

is formed from such activity. In the human-as-process section, I argue against the 

common notion that we, as humans, are distinct and separate from that with which we 

engage. I will be specifically focusing on the philosophical challenges entailed when the 

human is viewed as a unity prior to activity. I will argue that, in fact, the idea of “human” 

as an entity is a construct that has very specific and fallible assumptions. In contrast, I 

will be arguing in favour of humans as always developing with other things.  

The overall conclusion of this paper posits that a shift of interest from product to 

process has important implications in mathematics education practices. I argue that 

process draws attention to activity as opposed to interior attributes within the tool and 

student; I also contend that the engagement of student and tool is not an interaction of 

things but is a fusing of process from which mathematics emerges. 

Throughout this paper I draw on many scholars from a wide variety of disciplines 

such as science studies, anthropology and the study of sociological knowledge of 

science. While none of these disciplines are directly focused on educational issues, let 

alone issues specific to mathematics education, I suggest that the underlying 

philosophical considerations are not only relevant, but also pertinent, to mathematics 

education research and practice. 

Mathematics as Process 

In this section, I begin by describing how mathematics is commonly perceived 

and practiced as a act of acquiring and accommodating mathematical objects. Drawing 

on Sfard (2008), Morgan (1998) and Pimm (1987), I look at the common practice in 

mathematics of constructing objects. Some of what results from this problematic 

approach has been addressed by Davis and Sumara (1997). I finish the section with 

some alternative perspectives proposed by de Freitas and Sinclair (2014). 

Mathematics is often viewed as a discipline of objects: numbers, Platonic solids, 

coordinate axes, groups, vector spaces, categories, all of which can be thought of as 
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existing within the world of mathematics. Plato, who originally argued that such entities 

existed in an ideal realm, may have been the first to make such a claim. Plato adopted 

the idea that by way of rational thought the individual can access reality by 

contemplating the true Forms. He initiated the idea that the human mind, by way of 

reflection and contemplation, could rise above the imperfect world and move to a reality 

beyond what was perceived through the senses. Since Plato, philosophers of 

mathematics—and mathematicians as well—have taken a variety of positions on the 

question of whether mathematical objects are “real”. But the use of language can, in and 

of itself, support the idea that these objects exist: for example, when a number word like 

“seven” is used as a noun in mathematics (among other things having adjectivally and 

existentially expressed properties such as “being odd”, “being prime”, “being of the form 

2n – 1”, …), it apparently implies an existing entity that can be summoned or pointed at. 

(But as with unicorns, we know saying something does not make it so.) “Seven” is not 

seen as a process (especially when one is thinking in terms of cardinality, instead of 

ordinality). It is a number; a number is a noun and nouns refer to objects that exist.  

The idea of number and how it is used and talked about can influence the way it 

is conceived. Sfard (2008) makes the point that a number such as “seven” could 

represent a number to count up to or it could be the cardinality of a group of items. What 

“seven” represents depends on the context in which “seven” is used. She cites Piaget, 

and also performs her own study, each confirming the well-known result, “that children 

who know how to count may not use counting to compare sets with respect to number” 

(p. 8). She describes this quandary from a traditionalist’s perspective, arguing that the 

latter would contend that if a child can count, his or her understanding of number should 

allow them to compare the numbers of different sets.  

She addresses this quandary by noting how the idea of number can have 

different meanings in different situations. Sfard distinguishes between “seven” as an 

“entity”, as the result of three” plus “four”, and “seven” as a process. If “3” represents the 

process of counting to “three”, and “4” the process of counting four more, then “7” is the 

result of that latter process and is not an entity. She describes this process as the 

emergent expression of a number word. This number word represents the end result of a 

process of counting to “three” and then counting “four” more. This distinction between 
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entity and process is very important, because one implies existence and the other 

implies activity or movement.  

Mathematics is an interesting discipline in that objects (encoded grammatically 

as nouns) such as number, and actions such as operations (likewise verbs), such as 

arithmetic operations, are both prevalent in the discipline. However, operations can also 

be conceived of as objects (and reframed grammatically as nouns). Pimm (1987) points 

out that written mathematics is interesting in that there are mathematical objects we act 

upon, but there are also specific symbols for processes which can be understood as 

entities as well (functions as operations on numbers or as elements of function spaces). 

Pimm outlines numerous logograms, all of which represent invented mathematical signs, 

such as the square root symbol or the integral, which can be viewed as a “conceptual 

object for [the] user” (p. 148). Pimm continues by stating: ”Mathematical notation is an 

enormously conservative system in that the same symbols are used repeatedly with 

differing meanings in different contexts, rather than new ones being invented” (p. 148). 

Consequently, a boundary develops about the square root symbol and it is viewed as an 

object and not an ever-changing process. 

Sfard (2008) argues that objectification in mathematics is helpful in 

communication. By objectification, she means that the narratives of a construction, such 

as human agency or time frames, are made invisible and the mathematical practice 

becomes reified. The process becomes an object represented as a noun that can then 

be used for other purposes. In presentations of formal mathematics, Brousseau (1997) 

comments how mathematical presentation often “removes all trace of the history of this 

knowledge” (p. 21). Balacheff (1988) also refers to how it is necessary to invoke the 

three “de’s” in developing a successful mathematical proof: detemporalisation, 

depersonalisation and decontextualisation. 

Candia Morgan (1998), a mathematics educator and researcher, has looked at 

written mathematics in different contexts, one of which is the written mathematics in 

textbooks. Drawing on Halliday’s ideational meta-function of language (one of three he 

documents), Morgan describes how mathematics texts often “treat relations and other 

processes as objects” (p 81). This can have its advantages in being able to act on an 
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object. Morgan offers the example of a transformation of a function by identifying that a 

function is a relation between two quantities, but this relation can be transformed in 

many different mathematical ways. Morgan subsequently draws on the example of 

rotation. To rotate is an action, but the act of “rotation” may be used as an object (“a 

rotation”), an element of a transformation group of a figure. Classifying the relation as a 

thing linguistically allows the application of another verb, creating a process of a 

process, like the transformation of a function. Using a verb as a noun in this way is a 

linguistic act that is termed nominalization. Nominalization is the production of process-

objects and it is very common in mathematics.  

Morgan (1998) further points out that functions can be treated as objects as well 

when they are spoken of as being transformed. Nominalization has benefits when one 

wants to apply a process to an earlier process. It brings an action in relation with another 

action, in a reasonably simple way. Not only is nominalization common in mathematics, 

it also obscures agency. When a process is nominalized and becomes a noun, the 

doing, the doer, the activity process in general is obscured and left out of the linguistic 

“narrative”. The new noun object has become the subject of the sentence phrase. One 

perspective may be that the agency has been “transferred” to the process-object. That it 

is now the process-object that is acting. When these process-objects are used in new 

ways, when objects are combined with other objects, these new formations can be used 

in different ways. The field explodes with almost a limitless amount of things.  

The obscuring of agency (see Wagner, 2007) supports the belief in mathematical 

objects as existing, acting and having power. According to Morgan, the obscuring of 

human agents from the text propagates the view that mathematics is independent and 

exists separate from human action. For example, in a Pre-Calculus text book (McAskill 

et al., 2012), in a section on polynomials: “The factor theorem states that x – a is a factor 

of a polynomial in x, P(x), if and only if P(a) = 0” (p. 127). The term “states” grants power 

to the mathematics. Along with the referral to the polynomial as a noun, mathematics—in 

this instance the Factor theorem—is seen here as an existing entity seemingly with a 

voice (Herbel-Eisenmann, 2007). 
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When a major part of mathematics focuses on objects, students can experience 

significant problems, particularly when the objects are intangible (Sfard, 1991). 

Mathematics as an object-oriented practice can be framed as a self-contained body of 

knowledge, one that exists independently of and separate from humans, implying that 

there is a gap to be crossed. Davis and Sumara (1997) describes that when 

mathematics is viewed as an inert, immovable immutable entity, and the student is 

expected to bridge the gap, mathematics is granted a position of power, for the student 

is placed in a position of “acquiring” mathematical objects. They further states that when 

the “real” or “actual” world of mathematics is defined and given primacy over the 

learner’s world, there is a positional arrangement such that the student is placed at the 

lower end of a power regime.  

One way to approach this separation of mathematics and student is to shift to a 

perspective so as to consider the practice of learning mathematics as a “doing” as 

opposed to the acquiring of a “thing”. Identifying mathematical objects, speaking of them, 

reflecting upon them, seem to be concerns of epistemology—particularly when these 

objects are discursive constructions. A move to consider mathematical objects as they 

relate to our sensibilities are more concerned with issues of ontology. In moving 

mathematical practice to a relational ontological realm, de Freitas and Sinclair (2014) 

argue that mathematics has a physical aspect to it. The practice of mathematics is tied 

intricately with things, their movements and their activity. In discussing digital 

technologies, de Freitas and Sinclair blur the lines of student and the mathematics by 

describing the human–technology as being the mathematics (my emphasis). When 

mathematics is viewed as a relational ontological process, it cannot be separated from 

the activity nor from the student. They argue that mathematics is not just intricately tied 

in with practice, but also is coupled with the material. In that case, mathematics cannot 

be considered as a separate entity; it is tied intricately with the tool. Consequently, it 

seems essential to consider the tool as process.  

Tool as Process  

In this section, I first underscore the often-overlooked way in which tools 

constitute a significant part of mathematical practice. I then draw upon issues of 
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language and performance to shift the focus of tools from being static, inert entities to 

being processes with movement.  

Although the notion of tool-based mathematics is often at odds with the idea of 

mathematics as a more mental discipline, the role of manipulatives has led to a 

reconceptualisation of the status of such artefacts in mathematical thinking and learning. 

The tool itself is not a mediator of mathematical learning; it is an actual part of the 

mathematics itself. The term mediation draws attention to what the tool represents and 

not the tool as active and contributing to the process. The idea of mediation subjugates 

the tool into a passive role: the tool is the messenger communicating knowledge or 

relaying an idea. Consequently, use of the word “mediation” also propagates the idea of 

mathematics as involving a field of objects. Mediation is a concept I suggest that has 

been used as an “in-between” descriptor when mathematics and the learner of 

mathematics are considered separate and distinct. I term it such because the tool acts 

as a connector of the two entities. In mathematical practice, the tool, described by an in-

between descriptor, is often discarded and kept invisible in the accounting for a 

mathematical result.  

Tools in mathematics can span a wide range of possibilities from more commonly 

used tools such as paper, pencil and ruler to more mathematically-specific tools such as 

compasses, trigonometric tables or computers. For example, the four-colour theorem, 

proved by Appel and Haken in 1976 using a computer, is an example of how 

mathematics adopted an empirical approach to what was traditionally a theoretical 

science (see Wilson, 2013). The old-school methods of formal written proofs have in 

some situations been replaced with a reliance on new technologies. As Rotman (2008) 

observes, “computer-enabled simulation in the sciences—a virtual form of 

experimentation—is now recognized as a third investigative mode alongside the time-

honoured ones of theory and experiment” (p. 57). As was the case historically that 

mathematics has developed with machines since its beginnings, but now even more so 

in the rapidly changing digital technologies, tools are significant in the practices of 

mathematics, as well as its teaching and learning. 
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To argue that concrete tools used in mathematical practice are processes is 

difficult because they are perceived as solid, rigid structures, but I suggest that the way 

we talk about tools has a lot to do with our perception of them. In the next sub-section, I 

focus on two aspects of tools as process. I first discuss how the language surrounding 

tools leads us to think of them as solid, rigid structures, and then I offer a perspective 

based on Ingold, framing tools as narrative.  

Language and tools 

To speak or refer to separate physical things involves an act of distinction. By 

referring to a thing by name, by pointing, by touching, a separation is presumed. For 

example, when I use the word “pen”, maybe an image comes to mind of a brand of pen, 

a style of pen, the colour of its ink or what a pen is used for, but in each of these 

considerations, the pen has adjectival attributes that “belong to the pen”. I contend that 

the acceptance of properties of the pen logically follows from thinking of it as a distinct 

thing, but also leads to a problematic situation, namely that the pen in and of itself is not 

a pen, for it can do nothing on its own. It can only express its “pen-ness” in movement. 

Newman and Holzman (1997) argue that much of our thinking about objects is 

based within a particular commitment to language. On p. 27, they cite Gergen who 

claims, “It is through an a priori commitment to particular forms of language […] that we 

place boundaries around that are taken to be ‘the real’”. I draw upon language at this 

point because when we refer to tools as having a name or an identity, I suggest that 

these considerations are based more on language than on the ontological realities of the 

tool. The structure of the English language and Western thinking, in general, focuses on 

nouns and subject–predicate forms of expression. The structure of our language has a 

significant impact on the way we view the world. “Language”, for Merleau-Ponty, “plays 

an integral role in our actual weaving and shaping of both the world around us and of our 

own social being” (Gill, 2010, pp. 69-70). In our linguistic framing of the world, it seems 

only “natural” to describe it in terms of nouns.  

Lunney Borden (2012) identifies significantly different views of mathematics 

between the people of Mi’kmaq from Atlantic Canada and the Western world. She 
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highlights that the Mi’kmaq express mathematical ideas as forms of motion. For 

example, she notes that they have no word for “middle” but instead will say “go half way” 

(p. 20). While Borden’s purpose is to bridge perspectives between these two groups, she 

presents us with a people who attend to mathematics differently because of their 

language practice. 

The idea of things existing as separate entities independent of each other has 

become a typical Western way of seeing and doing. “During the nineteenth century, 

Nietzsche warned against the mistaken tendency to take grammar too seriously: 

allowing linguistic structure to shape or determine our understanding of the world, 

believing that the subject-and-predicate structure of language reflects a prior ontological 

reality of substance and attribute” (in Barad, 2007, p. 133).  

Newman and Holzman (1997) suggest that we understand the complex world by 

dividing it up into parts. They argue that science, as a discipline, and I suggest 

mathematics, implements this method and introduces a “relational form of knowing” (p. 

36). For example, the “book is red” is a relation between a book and redness. Newman 

and Holzman take issue with the word “is” in that they claim this use of language is 

relating the unrelatable. They would argue that redness and book should not have been 

separated in the first place and such a relation implicates a subject–predicate approach, 

which they argue is dualistic and leads to a reductionist framing. They further argue that 

after dividing up the world into parts, there is a communicational need to draw the world 

back together by implementing words such as “is”.  

Nouns, as names of things, are then considered not only as separate distinct 

things in and of themselves, but also have a characteristic of being stable and unified, of 

having properties that remain constant. “Descartes allowed the subject–predicate form of 

proposition, and the philosophical tradition derived from it, to dictate his subsequent 

metaphysical development. For his philosophy, ‘actuality’ meant ‘to be a substance with 

inhering qualities’” (Gill, 2010, p. 140). This view has ramifications in experimental 

approaches, particularly when the idea of separate, distinct, stable, characteristics are 

attributed to humans and/or tools.  
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It seems natural to refer to things in order to identify or describe. The names of 

physical things such as “pen”, “car” and “John” are nouns and such references have 

advantages in certain contexts, but this structure supports a perspective that things 

initially exist as independent and then, at times, interact. Much of the discussion of tools 

has to do with the way we talk about things as well as the position from which we make 

our observations. Certain ways of talking about tools leads to a projection of existence. 

“…language determines reality”, and we are inclined to say, “we 

divide this sense-data up, once we are linguistically capable of doing 

so, into “real,” like tables, and chairs in our normal waking state, and 

“unreal,” like things in dreams, mirages, or optical illusions. Part of the 

problem resides in the fact that “reality” in our grammar, functions as a 

noun or thing. The logic of our language seems to indicate that we can 

discover reality like we can discover fossils or virtues. (Whorf, 1956, p. 

52) 

Language is so predominant in thinking, to dismiss, for example, the actual entity 

of “pen” would be highly questionable; however, what makes a pen a pen? Is it its 

attributes or its use in practice, or is it something else? Language breaks up reality into 

parts. This however does not necessarily reflect what is real. Therefore, I suggest it is 

important not to let language determine reality, but to be aware that “things” may not be 

as simple as their name or properties might imply. To approach an activity with a 

predisposed notion of entities as being separate a priori is an assumption and a specific 

approach. A pen may seem to have a boundary, a distinct line around its physical 

presence, but I contend the boundary is blurred when it is being used as a pen. 

Tools as narratives 

Ingold (2011) describes how it is important to move beyond the range of 

language, beyond the noun. Aligning with Whitehead, he maintains that activity comes 

before distinction and that there are no things, only movement. He argues for a 

perspective that remains conscious of the process that brought a thing, once it has been 

individuated, to perception. A computer, for example, does not (should not) get 
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distinguished from other things because it is an object, with a name and a characteristic 

shape, but because of what it does. Gill (2010) offers an example to support this 

perspective: 

[…] if one reflects on the fact that any and all physical objects, 

such as this book, for instance, are a function or result of a myriad of 

previous relational activities. The tree out of which the paper was made 

grew from a seed in the soil, having received ample sunlight and rain 

from nature. Numerous people were involved in the process of making 

the paper, writing the manuscript, and making it into a book. The 

process did not start with the book as we know it, nor will it end there. (p. 

32) 

Whitehead insisted that it is processes that exist, not things. Gill summarizes 

Whitehead’s view: “What we call ‘objects’ are actually only the slowed-up inter-relational 

interactions of constantly evolving actual occasions and nexuses, or the intersections 

thereof” (p. 33). Whitehead’s language is challenging to understand because of the 

terms such as “occasions” and “nexuses”, but one can identify the gist that “things” are 

not stable: that is, things are always the result of a process and even in the distinction of 

a thing, the process is always ongoing (Ingold, 2011). The processes never end. Our 

framing of language and identification can imply things exist, and have temporal and 

spatial boundaries but, according to Whitehead, are only “slowed-up” relations.  

In mathematics education, tools, particularly those designed for a specific 

purpose, such as the compass or mathematics software, can be viewed as distinct 

because they offer a certain type of functionality. This functionality perspective aligns 

with Gibson’s (1977) idea of affordances. According to Gibson, “an affordance is the 

perceived functional significance of an object, event or place for an individual” (Heft, 

2001, p. 123).  

Gibson elaborates affordances as follows:  

An affordance cuts across the dichotomy of subjective–objective 

and helps us to understand its inadequacy. It is equally a fact of the 
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environment and a fact of behavior. It is both physical and psychical, yet 

neither. An affordance points both ways, to the environment and to the 

observer (in Heft, p. 125) 

Ingold identifies Gibson’s inability to commit to what an affordance is, being both 

“physical and psychical, yet neither” and also challenges the idea of physicality. Ingold 

argues that there are no objects in the world but only relations. To speak of affordances 

as being even slightly “within” an object is a misnomer to Ingold. He uses the example of 

sawing a piece of wood with a saw to make his point.  

In Ingold’s description of cutting wood, he questions the attribution of properties 

to the saw. He draws on the idea that the saw alone is not a sawer of wood as a 

function, it is only a sawer of wood by way of narrative. His first point is that there is no 

“saw” until the cut has been made. The subtle difference of different woods, different 

saws, techniques, positions, sizes of wood, lengths of cutting time, are all different 

considerations that affect the cut in different ways. This variation of cut suggests that the 

saw does not perform the same function each time it is used, but provides different 

narratives. There are opportunities of negotiation in the relational engagement between 

sawer and saw and sawed.  

If we were to describe a compass as a metallic or plastic mechanical tool, with a 

pointy tip, the description remains constant from context to context. In this accounting, it 

may seem a tool can perform the same function again and again in different contexts, 

but this misses the idea of the tool-in-use. In use, the pointy end of the compass 

becomes anchored to the page, the mechanical structure becomes fused with the hand, 

the sensation of touch is gone, sharp edges disappear, colour transforms, the noticing 

has shifted. The emergence of a rhythm, of a trace becoming, manifests itself. I suggest 

that the tool and the human become, in unity, a narrative of mathematical emergence. 

The compass loses its static properties; a role unrecognized in an a priori description.  

Tools are identified by the names we give them. These nouns act like reality 

stamps, apparently granting the tool functionality within different contexts, but this 

perception of tools does not reflect what actually occurs in practice. The tool’s boundary 
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is fuzzy because it is only a tool within a framing of other processes, one of which is the 

human. 

 

Humans as process 

In this section, I challenge the common notion that humans are central to the 

activities in which they engage. Modern western philosophers have contemplated and 

formulated different conceptions of human capacity. The question of human capability 

and degree of power, the ability to choose, to exercise the will, are philosophical 

questions that were addressed by philosophers as early as Plato. It was commonly 

accepted that regardless of antecedent events the human had the capability of intending 

to act, to act, and to make a difference. This focus upon the rational thinker, an 

autonomous being that has an ability to make a difference to initiate a cause has a 

strong tradition. Although there are varying degrees to which initiation of action is 

granted to the human, the human has traditionally been the centerpiece to which 

philosophers have granted capability. 

Out of the various conceptions of Western thinking of the human being emerges 

some very distinct aspects of our humanity: 

1) humans are central to rational activity; 

2) they are relatively stable in their being; 

3) they are bound within their skin. 

I argue, however, that these ideas are based upon some grand philosophical 

assumptions, each of which can be challenged. A different conception of the human is 

offered towards the end of this section.  

The idea of the human is a historically specific phenomenon. According to 

Foucault, “humanism is… its own dogma, replete with prejudices and assumptions” (in 

Wolfe, 2010, p. xiv). The important thing to discern is that humanism is an account of 

itself, so that it is necessarily self-referential in its claim. When we claim, for example, 
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that we have mental capacity for understanding the world objectively, and when the only 

way to confirm such a claim is by the mental world we claim to have, a circularity 

ensues8. Surprising as it may sound, our own construction of who we are as humans is 

tenuous.  

Much of the philosophy centralizing and supporting the human as a distinct, 

stable entity stems from Descartes. His well-known phrase “I think therefore I am” 

brought attention to the basic assumption of all these philosophical perspectives that 

highlight the capability of the individual. Descartes is implicitly declaring that the 

fundamentals of thinking rely on and are based upon the human as an entity. In his 

quest for knowledge, one must begin somewhere, but one must also start with 

something real, something that one knows is true, according to Descartes, he/himself 

was that basis upon which further claims could be made.  

As soon as humans act within their own self-referential construct, claiming 

consciousness, mental capacities and rational thought, the human implicates itself as 

being not only distinct but also separate from the animals, from nature, and from the 

world. Metaphysical constructs such as agency, soul and intentionality emerge from this 

starting point and often remain black-boxed phenomena. Although attempts are made to 

describe them, they typically remain highly subjective and context dependent to such a 

degree that there is no clear definition of any of these phenomena.  

The perspective of the human as central to activity and as having a privileged 

position attributed a power to the human’s role. This perspective tends to lead to a non-

symmetric approach in that the human is the one who initializes and constructs an 

activity, and carries it to completion. Lucy Suchman (2007), an anthropologist who 

studies situated action, challenges such an approach arguing that it rests upon the 

assumption that humans are distinct, implements an in-the-head model, and, 

consequently, acts upon things. She argues that the research paradigm that adopts the 

human as the central actor is misleading because plans are contingent and highly 

dependent on resources. Ingold also draws on the idea that plans rely upon resources. 
 
8 “What is a number that Man may know it? What is Man that he may know number?” 

(McCullough, 1965, p. 7) 



 

58 

In addition, he challenges the perspective of the human as being a stable being. He 

states that, “humans are often seen as creatures whose lives are expended in the 

fulfillment of capacities bestowed at the outset” (p. 3). To contrast, Ingold describes that 

a person is not an agent, a person is what they are doing. He writes, “I am what I am 

doing. I am not an agent but a hive of activity” (p. 17). Ingold readily challenges the 

assumption of the human as predefined to activity arguing that “…practical activity brings 

incorporeal minds into contact with a material world” (p. 21).  

Barad (2007) also supports the human-as-process perspective in that she 

maintains that humans enter a practice not as “fully formed, pre-existing subjects but as 

subjects intra-actively co-constituted through the material discursive practices that they 

engage in” (p. 168). There is no meaning to things that are separate. According to 

Barad, separation is the foundation of representationalism. The attitude that a 

representation can give us a “snapshot or depiction of what awaits us” (p. 53) misleads 

us into thinking of humans as separate from that which we approach. 

This paper has focused on three aspects of a simple mathematical activity: 

mathematics, tool and student or teacher (human). I have argued that each “participant” 

be considered as processes. While it may seem that process is just another “way of 

seeing the world” I have tried to show the idea of process is quite a significant way of 

seeing that world that might have profound implications for the way we think and talk. I 

believe that identifying processional aspects of mathematics, of tools and of humans is 

an important move in education as I will now show, with the help of some examples.  

The move to Process 

Not within 

One significant shift in the move to process in this paper is to contrast it with a 

product-oriented sensibility. I suggest the focus on things can be as misleading as a 

photograph might be of a busy event. Ingold, citing Bergson (1911), writes how we can 

be “deceived into treating each [organism] as a thing … forgetting that the very 

permanence of its form is only the outline of a movement” (p. 13). The outline of a form 

suggests an interior; it divides the inside from the outside, dichotomizing distinct 
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domains. This interior (of the tool and/or the human) can be assigned traits if so desired 

(like affordance, or like ability and belief). But as I have argued, often these 

characteristics are black-boxed, unknowable or misleading. There does not have to be 

an outline around the tool, the human, nor the mathematics. As such, one of the moves 

to process is to avoid this appeal to interiorization.  

I provide an example from Sfard (2008) to highlight a potential problem when the 

focus is on interiorization. Sfard identifies a persistent problem of “disability” that exists in 

mathematics education. She comments that when students do not answer questions or 

perform tasks according to what might be expected in a mathematics classroom, they 

are often identified as not understanding and are labelled as challenged or disabled. 

This attribution to the “interior” of the student can have very debilitating effects on the 

child; it is an objectification of the child. The focus on interiorization does not have to 

apply solely to humans.  

The previous example was about humans, but the appeal to interiorization can 

also affect tools and even mathematics. With respect to the latter, I am reminded of the 

long list of ways of thinking of the derivative that Thurston (1994) writes about, a list that 

ends in an ellipsis. While some might want to see the amalgamation of the list as what 

“the derivative” is, a move that invites the idea that (some) humans might be able to 

grasp it as an idea, it would seem to me more productive to think of the derivative as 

intra-acting with the various contexts in which these different ways of thinking have 

emerged. This seems resonant with some of the ways that Davis (2008) has written 

about multiplication, for example, in his work with teachers. de Freitas & Sinclair (2014) 

write about concepts (like the derivative or multiplication) as being fundamentally mobile, 

and therefore functioning not only logically, but also as ontological devices that resist 

reification—and in this sense, perhaps the mathematical concept’s counterpart to 

Ingold’s narrative view of tools. This movement is where I see potential for mathematics 

as process, because it constantly resists being fully determined.  

Not between 

Another reason to argue for process is to shift the unit of analysis from 

interactions to one of emergence. In an approach that values process, there are no 
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things to be between. Consequently, the framing of “how” students interact with tools is 

challenged from the beginning; it is the question that is being asked that seems to 

propagate the problem. When the focus is on the student and the tool interacting, a 

dualist approach has been adopted. And there are significant studies supporting this 

perspective (Artigue, 2002; Bartolini Bussi & Mariotti, 2008). Barad reconfigures an 

approach arguing that the actual configurations of human and materials and their 

entanglement of activity is the ontological unit from which phenomena emerge. She uses 

the term “intra-action” to stress that there are no things interacting but that things 

become within other things. In the example of the compass, her perspective is not that 

the subject used a compass, or even that the compass resisted or provided particular 

opportunities, but rather that the compass and subject combine in a new ontological unit 

and become together. de Freitas and Sinclair (2014) draw on Barad to posit that the 

“mathematical and the physical need not be entirely distinct” (p. 88). In their framing, the 

physical (student, tool) is in unity with the mathematics.  

If the tool is not the thing in-between, the one that mediates mathematics for the 

learner, or that the teacher uses as a mediator of mathematical learning, then our way of 

talking about the role of tools in mathematics education needs to change. Tools are not 

simply integrated into mathematics learning, or useful in fostering mathematics, they 

determine the mathematical learning—much in the same way that radical theorists of 

embodied cognition claim that human bodies determine learning (Roth & Radford, 2011; 

Nemirovsky, R., Kelton, M. L. & et Rhodehamel, B., 2013). This would seem to have 

serious consequences both for research and curriculum development. Artigue (2002) 

has already argued that the notion of comparative studies involving digital technologies 

is suspect, especially when both the experimental and control groups complete the same 

paper-and-pencil assessment. But it becomes even more suspect if we assume that the 

student-computer becomes something quite different than the student-pencil. What 

would be astonishing is when the two processes develop into similar narrative, and not 

whether one narrative is better than the other.  

What is emergent? 

The phenomenon of mathematical tool-human is not identified as being inside 

nor between. This draws attention to the “outside” of traditional form. Humans are not 
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bound by their skin for by Ingold’s account, we are what we do, and we do with things 

(but they are not really things, they are processes). The tool and student must be 

emergent within and from each other. We cannot disentangle the one process from the 

other. They are together a becoming; the processional of the tool, the mathematics and 

the human emerge within the phenomena of each other’s action (Barad, 2007). They do 

not develop separately but together. The metaphor of emergence is that something is 

being revealed, or that something is becoming—something hopefully new. As Ingold 

writes, “Thus considered as tools, things have the same processional character as the 

activities that make them possible.” (p. 57). This is what I have also been arguing for 

mathematical objects. 

In a process ontology, reframing a perspective of learning is essential. The 

thinking no longer resides in the head of the human but in the process of the physical 

relational engagement of activity. Learning is not located in the student but in the 

physical practice of doing. As researchers, we would need to attend more to what is 

done, and not just to what is said—and then resist the temptation of assuming that what 

is done somehow turns into some kind of knowledge schema. If a mathematics 

educational activity involves a student, and a tool, and each “component” is viewed as a 

process and not an entity, the analysis of activity takes a new approach. This will require 

new methods for describing and interpreting learning situations. It will probably also 

require a new conception of learning as some kind of evolution of process in which—

perhaps—the new or unexpected directions in the process arise.  

Conclusion 

Mathematics as a discipline has the reputation of working with the intangible; this 

emerges from the reference to Plato’s Forms, as well as the reference to mathematical 

objects. These “objects” are discursive constructions, born from acts of nominalization, 

which can seem like things to acquire to a learner of mathematics. When mathematical 

objects, tools and the learner are considered as distinct entities, the articulation of how 

these entities come together is very challenging. To draw back to the mathematical 

practice before the nominalization and objectification, before the need for written 

communication, to the actual practice of mathematics in its physical manifestation, is an 
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ontological reconsideration. Mathematics in practice is a relational process. It is an act of 

emergence in negotiation, altering, growing, becoming. The mathematics, the human, 

and the tool become together, in parallel, in process.  
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Chapter 4.  
 
 
Circle as form and force: a tangent to the world we 
inhabit 

 

The cut-outs still retain a sense of movement, both through the trace of Matisse’s 

scissors and the ways in which he continually shifted and adjusted the shapes 

themselves.  

If you have the opportunity, please draw a circle. I’d prefer you use some object 

such as the base of a cup, a paper clip or a compass, if available, as opposed simply to 

drawing one free-hand. Try to draw a “good” circle. Once you have finished (and, in 

passing, how did you decide when you were done?), look at what you have drawn. What 

do you see? Is your drawing a condensation of traces of a lived experience? Or did you 

impose a form (from some Platonic realm, perhaps) upon your diagram? Or something 

else? We would probably agree that your circle looks like a circle, but, of course, it is not 

a perfect circle. At best, it is a close approximation. 

In the spirit of Matisse’s cut-outs, imagine you want to use your drawn circle to 

cut out a circular disc. In keeping with good elementary practice, hold the scissors 

stationary in your right hand (or in your left, if you are left-handed), elbow tucked in by 

your side, and turn the paper with the other hand to meet the maw of the blades’ 

advancing point of crossing. How is your left hand moving? 

We speak of the area (centre, radius, diameter) of the circle, as if they were 

attributes of the circle, yet the centre of a circle is not of the circle (neither are the radius 

and diameter), they are of the disc, the inside of the circle. But the circle is fixed, 
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concave curvature always serves to direct our attention inwards (radii are normals to the 

curve, after all). Diameters can be brought into existence by the human act of folding the 

circle onto itself and doing so twice brings the centre into being (I will come to the 

question of definitions shortly): these are produced by human action, not defined. And 

there is a different confusion with regard to the perimeter or circumference of a circle, 

when these terms do not refer to measures, but to the thing itself: in that sense, the 

circumference of a circle is the circle.  

The circle, I contend, ought not to be seen as a reproduction or re-presentation of 

an ideal form, but rather as a meshwork of materials and forces. The term meshwork is 

used by Tim Ingold (2007, 2011), a contemporary practicing anthropologist, whose main 

desire is to restore life back into practice. He describes a meshwork as the binding 

together of multiple “entangled lines of life, growth and movement” (2011, p. 63) and 

contrasts this with approaches that view the world as a set of distinct, interacting things. 

Life, then, is seen as activity and movement along lines, as opposed to interactions 

between discrete entities at particular intersections. In this framework, we continuously 

become as we act, entangled in multiple lines. But the lines that we move with are not 

predetermined like those on a map; they are constantly becoming and are transformed 

by us, as we are by them. Knowledge is obtained and created through this process. In 

developing this approach, Ingold wishes to undo the tendency to view life through the 

concept of network, where nodes are seen as primary and connections secondary, and 

instead make lines (in their full metaphoric sense) central: “not a network of connected 

points, but a meshwork of interwoven lines” (p. 63).  

The line for Ingold is critical to his meshwork metaphor. Ingold’s conception of 

the line as an organic flow of continuity differs fundamentally from the field of 

mathematics, which often sees the line as something to represent or delineate. He 

distinguishes two different kinds of lines: threads and traces. A thread is three-

dimensional, often human made, and can for example, be laid upon a tapestry, not 

necessarily bound to any surface, allowing it to be moved and rearranged.  
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The mathematician is more interested in trace. For Ingold, trace is any mark 

remaining on a solid surface from continuous movement. The continuity unfolds in the 

movement. In the context of mathematics, the mark left from the tip of a moving writing 

instrument is particularly relevant. The inscription of a trace begins at a certain point and 

does not outline a pre-existing form but is a mark of entanglement and movement. In the 

case of a drawn line, the movement of the human hand is an integral part of the genesis 

of the trace, but ultimately, the trace is resultant of the culmination of an assemblage9, 

including unpredictable influences. Unlike a thread, a trace cannot be shifted or 

realigned into the form of a circle. It can only be rubbed out and a new trace can take its 

place.  

There is an echo here for me of a mostly lost Greek approach to geometry that 

views lines (and curves) as primary objects and points secondary, that a point needs to 

be brought into existence by means of lines or curves meeting: they are not already 

there, as in the current set-theoretic specification of a curve as a set of points satisfying 

a relation. Hence the use by ancient Greek mathematicians of curves (e.g. certain conic 

sections) as tools to produce points satisfying certain properties or relationships (a 

reincarnation of this perception can be seen in dynamic geometry software).  

For me, Ingold’s focus on movement and the forces of life is an important move 

in mathematics education because mathematical practice has a tendency to impose 

structure, form or abstraction onto living forces. Focusing on the making of a circle is not 

an attempt to conjure life from a simple mathematics task, nor is it intended to reframe 

the making in such a way that the activity comes back to life. It is simply to claim that 

mathematics, the mathematics of making a circle, is emergent and alive through its 

doing.  

Keeping in line with these ideas, when we observe a classroom of students 

drawing circles, what might we notice? We might notice compasses being adjusted, 

 
9 Assemblage, a notion introduced by Deleuze and Guattari, 1980 and much used by Bruno 

Latour and Karen Barad: the article on Deleuze in the Stanford Library of Philosophy 
(http://plato.stanford.edu/entries/deleuze/) glosses it as follows: ‘“assemblages,” that is to say, 
an emergent unity joining together heterogeneous bodies in a “consistency.”’ 
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paper being rotated, slippages of pencils, as well as fiddling with graphite pieces, 

erasing, glancing, touching and shifting—all markers of frustration and satisfaction. 

These happenings are the living forces that manifest drawings.  

From thirty students (with thirty different experiences) come thirty differently 

drawn circles. Some circles have darker sections, some lighter parts that are difficult to 

see, and some circles appear closed, while others, do not. These kinks or variations are 

evidence of activity; they indicate the discontinuities and fissures of creation. Many 

students’ productions will likely look like the one you made earlier: imperfect but 

nonetheless recognizable. But to disregard the actuality of the drawings and appeal to 

the form is, I argue, a travesty to the process of making, insulting to both the thing made 

and to the one-who-makes. To detach, impersonalize and shed the umbilical connection 

with its genesis is a profound loss, because when an image has lost its history, vanished 

too are the forces that brought the circle to life. 

The tangible, made-circle is brought into being by an assemblage of materials 

and movement. Its growth is the result of movement, rhythm and fine-tuning, as well as 

discontinuity and disjuncture. This contrasts with a representation of a non-living, inert, 

abstract form of a circle marking itself in the mind. These living forces are not produced 

by intention or mental images, but rather occur in the merging and assembling of 

materials in movement.  

As both a teacher and a researcher, I am concerned with the common teaching 

practice of extracting traditionally important features of an activity while ignoring 

personal, often singular, traces of practice. I see the fabrication of a circle as an example 

of a mathematical task that teachers and educators generally lose sight of, instead 

focusing on the form. When this occurs, the living experience of students is lost, which is 

also to say, the practice of mathematics is lost. Instead of valuing the activity and 

process which brought the circle to life, a teacher may simply see the re-creation of a 

form, distinct, separate and devoid of either personal or material meaning.  

If life itself is a meshwork, as Ingold contends, then the method of drawing out 

structure and form and disregarding particular processes of becoming loses sight of 

where mathematics emerges from and what mathematics is. It supports instead a 
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disembodied perspective separate from the continuous flow of maker-and-materials in 

concert. In this article, I explore what it might mean to move away from rigid boundaries 

and distinct states of things such as circle, compass and student, and concentrate on 

process, taking note of the significance of the moment-to-moment shifting of the 

compass–student–circle assemblage. Aligning with Ingold, I adopt a process-oriented 

approach to life, claiming that in the making of a circle, it is not only the circle that is a 

process, but also the compass and the student.  

From circle as representation to circle as process 

In mathematics, the circle stands as one of the predominant forms and so even 

in the common practice of constructing a circle, the form makes its presence known. 

Constructing a circle is to appeal to an existence of an eternal entity before constructing 

begins. Alfred North Whitehead, the mathematician/logician who co-authored Principia 

Mathematica, a profoundly important work in the history of mathematics and philosophy, 

and whom Ingold bases much of his work on, describes this as an example of how an 

“indetermination is referent to determinate data” (1978, p. 45). That is, the drawing of a 

circle is dependent on the circle as a pre-existing image. Whitehead finds this 

problematic because there is an implication that the indeterminate—which is to say, the 

constructing of a circle—is only meaningful in its reference to the abstraction of a circle. 

The drawing becomes meaningless in and of itself because it will always “fall short” of 

the image referred.  

For Whitehead (1978), processes are the ontological realities of our world. In 

such a process-oriented ontology, the activity or movement takes precedence over the 

image identified “in the mind”. He outlines two perspectives, the subjectivist and the 

sensationalist perspective, to clarify the difference between activity and image. From a 

subjectivist point of view, “the datum in the act of experience can be adequately 

analyzed purely in terms of universals” while from a sensationalist viewpoint, “the 

primary activity in the act of experience is the bare subjective entertainment of the 

datum, devoid of any subjective form of reception” (p. 157). In other words, the 

subjectivist seeks an image in the construction while a sensationalist experiences the 

construction.  
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To separate the circle from the constructor is a boundary-making choice; it is to 

say that the object that manifests from the image is a separate entity, rather than lines of 

becoming. It is a boundary-making decision that assumes “a transitive relation between 

image and object” (Ingold, 2011, p. 6). Ingold argues that if this were the case then in 

“…theory, the time it takes [to draw a circle] could be compressed into an instant, and 

history itself would merely be a succession of such instants” (p. 13). To distinguish what 

is “already there, or has already come to pass” stands opposed to the idea that the 

“joining together [as] a practice of […] the intimate coupling of the movement of the 

observer’s attention with currents of activity” (2011, p. 223). The drawing is not an image 

that can be separated from lived experiences. 

To draw on this contrast of differing conceptions, here are two different 

definitions of a circle. If we look at an example of the definitions of a circle from a 

contemporary textbook we might find the following: “the locus of points equidistant from 

a fixed point” (Wolfram Alpha, 2014). This definition has erased any reference to its 

genesis or the process of its construction. In Balacheff’s (1988) words, it has been 

detemporalised, depersonalised and decontextualised. This particular definition is brief, 

efficient and static. It is described abstractly by referring only to its defining properties. 

Using the distinction made by Molland (1976), it is a definition by property, which 

contrasts with a definition by genesis which involves saying what needs to be done to 

create the object. For an example of a definition by genesis, compare that with Hero’s 

definition: “a circle is the figure described when a straight line [segment], always 

remaining in one plane, moves about one extremity as a fixed point until it returns to its 

first position” (in Bartolini Bussi & Boni, 2003, p. 17). In this definition, we find a circle 

that is constructed by movement. Although there is still no clear creator, it is a definition 

based on a dynamic, mechanical process.  

These two definitions are in stark contrast of one another. While the first is 

disembodied and described as a distinct object, unchanging and having properties, 

Hero’s involves a movement, an animating life force. The first can be thought of as a 

form while Hero’s definition can be thought of as a line of becoming, literally. Ingold 

identifies that common experience of drawing a circle that one loses “the trace of the 

twirling movement that went into its formation” (2011, p. 13). Even more significantly, 
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perhaps, the first definition creates the circle as a set of points (satisfying a given 

condition) rather than as a coherent gestalt or singular object in its own right: it arrives 

pre-atomised, stuffed full of points. The latter is “described” (i.e. drawn), a trace 

generated in time, emergent from and dependent upon another “curve”, a line segment. 

Although the examples above highlight differences in definition between state 

and movement, the theoretical nature of the definitions mistakenly represent a smooth 

process of existence. That is, both circles appear without consideration of an actual real-

life process that includes materials and life forces. Rotman (2008) uses the process of 

moving from speech to writing to identify a loss of phenomenon in moving from one 

medium to another. He argues that the “beating, here-and-now” speech of the speaker is 

replaced by the “abstract, invisible author” as well as highlighting the “unique event” 

unfolding over time, as being replaced with fixed, repeatable, actual alphabetic 

inscriptions (p. 25). I contend that the move from the materials and forces of a circle 

construction to the mathematical form is an analogous process in that circle making 

loses its in-the-moment living experience. The act of circling is manifested by the arching 

of the hand, the arching of the arm, the moving of the body so as to position the head to 

see behind the hand, the anchoring of the paper, the slippage of the compass because it 

is the now, of the actual occurrence, where the rhythm and movement of circling is 

instantiated. To assume an intending being efficiently interacting with a tool is a framing 

based on separability and of learning as occurring “in the head”. If the act of circling is an 

experience of tool use and of the body combined, what can we say of the “detailed 

dynamics of actual practice” (Barad, 2003, p. 805).  

I would like to pursue Ingold’s challenge to the moving away from the distinct 

separation of things to the meshwork of lines of becoming, beginning with tools.  

From tool as potential to tool as narrative 

A common attitude in mathematics practice is that materials do not matter. 

Materials, tools, artefacts, are often put in a subordinate position to be exploited and 

used efficiently by a thinking subject. Mathematics is seen as an invisible discipline 

supporting the platonic view of the inaccessibility of mathematical forms outside of 
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mental contemplation, while artefacts used in mathematical development are ignored. 

Mathematical tools get the reputation as things that help a student connect the concrete 

and the abstract. These tools are considered only as devices or vehicles through which 

to access mathematics. Sfard and McClain (2002) have used the term avatar to refer to 

these tools and the prevalent attitude that they are only vessels for mathematics. While 

mathematics as a discipline in this regard has held and retains a status of metaphysical 

prominence, materials are commonly presented as passive and inert.  

Of the frameworks in mathematics education that do include a focus on tools, 

there is consideration of the tools design and how they mediate. Mediation, for example, 

draws attention to a concrete distinct tool and what it represents and transmits and not 

the tool as having an active role and significantly contributing to a process as a relational 

artefact. “Mediation implies pre-given substances and definitive positions that pre-exist 

the relations between them” (de Freitas and Sinclair, p. 46). This point of view upholds 

the distinction as tools being distinct objects that play a specific role as well as holding 

that both subject and tool are separate entities.  

When inherent potentials are viewed as being designed within the tool such as a 

compass, for example, this implies objective conditions of an object existing 

independently and in advance of any interaction. Is a tool physically determined prior to 

interaction and only assigned meaning by a thinking subject? In this case, tools to be 

utilized become vessels and are passive since they are acted upon. This can lead to an 

assumption that tools perform the same function in different contexts. This attitude has 

given rise to theories such as instrumental genesis, where things (called artefacts) only 

become tools when they have associated mental schemes for how to use them. These 

schemes become automatized. But if this were the case, why is every circle drawn with 

a compass different? Even more so, why is every process of making a circle with a 

compass different? It may be best to consider that the compass guides an activity—

asserting its own indeterminacy—as opposed to strictly determining it. In this case the 

compass becomes less of a tool with inherent potentials and more of a tool as a 

narrative.  
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One of Ingold’s main premises is the value of process over product. He thus 

aligns with Whitehead in valuing a process-based ontology. That is, the focus of life is 

not the points of interaction of persons and things, for there are no objects, life is 

movements. Ingold claims that objects are not tools because of their attributes, but 

because of how they are positioned within a field of activity, and with how they make 

their effect. He uses an example of sawing a piece of wood to describe a continuous 

refinement and fine-tuning of a process of creation drawing on different aspects of 

cutting the wood. For example, he questions when cutting begins and ends; to assume 

that cutting begins when the saw initially pulls against the wood ignores preparation. The 

measuring out, the initial nicking, the deviations from an initial plan, point to the process 

of cutting as a performance. The “saw” is not an effect of the “saw” alone but of the 

entire system of forces and relations. For example to cut wood a saw is not enough, one 

needs the trestle, the hand and the knees. In Ingold’s description of cutting wood he 

challenges the attribution of properties of the saw. There is no “saw” until the “cut” has 

been made. Only then does the saw exist and only then does the saw have a story—and 

only then does sawing have what Ingold calls “storied knowledge”. He contends that we 

name our tools based on how they are usually engaged. To call an object a name, such 

as a saw, is to invoke a story. In that way, no object can be considered purely in and of 

itself a tool: rather, a tool is a narrative10. 

To reference the compass as a tool can imply a certain function, one that draws 

“circles”. Ingold, however, would reframe the compass as something that helps or guides 

a certain practice. Not a practice that draws circles, since this brings us back to 

Whitehead’s point of the indeterminate being determined by the determinate, but as a 

part of “circling” experience. The compass, for example, is not a static mechanical 

device used for drawing circles, but is a narrative of past and present practices. The 

compass becomes meaningful of its past practices in the act of present use, it does not 

carry with it specific practices, it continually gets recreated in use.  

 
10 Ingold seems to use narrative and “storied knowledge” interchangeably. However, in the 

mathematics education literature, story and “narrative” often have different and distinct 
meanings (see Dietiker, 2013) 
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Even if you had not used a compass to draw the circle requested at the 

beginning of this paper, I suggest that in the process of drawing another circle all 

aspects of the handling of the artefact would change. As Ingold detailed with his wood-

cutting example, it is not just the tracing, but also involves the set-up, the placement of 

the artefact, the movement. The compass is not just an intermediary of seeing what is in 

the mind. Nor is it only a thing that may get in the way; tools, according to Ingold, have 

the “same processional character as the activities that make them possible” (p. 57).  

The erasure of circle as image and of compass as distinct tool moves us closer 

to a process-oriented ontology, one where process does not emerge from interacting 

things but is the foundation of life. To draw back to a narrative of interacting things (such 

as that the student uses compasses to draw circles) supports a subject–object dualism, 

as well as positioning the student as being in control. Ingold describes how it is common 

in both art and material culture, and, I contend, in education, to read creativity 

“backwards” where the outcome, the constructed circle in this case, is traced back 

through antecedent events to an idea in the mind. If the child is granted a thinking act of 

drawing a circle before the act is performed, this supports the mental over the concrete 

and moves us back to an invisible realm of intention, thereby ignoring the tool as well as 

the activity. When the stories of continued practice become lodged into one story, the 

“saw”, for example, becomes solely the cutter of wood. Variations such as different 

woods, different saws, techniques, position, size of wood, length of cutting time, 

however, are all subtle yet profound considerations, just as are the paper, pencil, 

compass and desk in the construction of a circle.  

In a traditional educational framing, the control of the circle’s drawing is in the 

hands of the student. In this framing, the child is granted the privileged position of being 

the main subject while the tools are made invisible, but yet the paper, pencil, compass, 

desk all bring the circle into being as much, if not more, than the child. This framing is a 

strong statement of what our educational practices value: it focuses on the finished 

state, ignoring the process, attributing the product to the student. Where does this 

framing leave us when the child does not draw a circle? When there is a slippage of the 

tools and the circle morphs into something other than a circle, who or what is the cause? 

Or when the edge of the paper declares its presence and trumps the completion of the 
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whole circle, where do our judgments lie? Where is attribution placed, where 

responsibility or blame? The student–compass–paper–pencil–desk assemblage moved. 

The kinks with the circle construct, instead of being seen as a misrepresentation or a 

mistake, might instead be seen as the trailing off of a life force of the sliding hand or a 

gesture trace within a mathematical performance of circling. Perhaps it is even such a 

life force that produced a spiral. 

In this sense, Ingold’s observation sums up this activity; “practical activity brings 

incorporeal minds into contact with a material world” (2011, p. 21). We see that Ingold 

does not stop his process focus at describing a tool as a narrative: it also occurs in the 

way he talks about humans as lines of becoming, or as wayfaring. He describes a 

person not as an agent, but by what they are doing. 

Transport and wayfaring  

Recent scholarly criticism of schemata, often used in theories of learning, or 

networks, used in Actor–Network Theory, is that they focus on nodes as opposed to the 

connections (Roth & Radford, 2013). Although connections between these nodes are 

often represented with arrows going back and forth, the connections actually presuppose 

the end-points. Ingold, agreeing with this criticism, presents the term wayfaring as an 

alternative to a network metaphor. 

He presents different conceptions of land between the Inuit and the Royal Navy 

to put forth his idea of wayfaring. While the Royal Navy quantify waters by way of 

latitude and longitude, the Inuit observe the movement of human and animals, valuing 

the paths of movement these forms take, looking at the land as a “mesh of lines rather 

than a continuous surface” (p. 149)11. Ingold terms the Inuit act of following lines of travel 

wayfaring, which he contrasts with “transport” where movement across a surface is 

conceived as going from point to point. A wayfarer threads her way thorough the world, 

she moves and creates a path as she goes. She does not follow a path already laid out. 

 
11 This way of thinking about water is also evident in the Marshall Islander stick charts, which 

were studied by Ascher (2002) as an example of ethnomathematics. 



 

74 

The unfolding of the mover is along paths not between places; paths are instantiated in 

the world as a line of travel. In contrast the traveller in transport is not changed in 

movement because the traveller is encased in a vessel (might be their own body) and is 

carried from one place to another.  

Ingold distinguishes a wayfarer as a line while transport is a connection between 

points. We might say that lines are about movement or verbs, while points are about 

states of things or nouns. And mathematics is notorious for turning verbs into nouns. 

Ingold describes movement as knowing. In movement, a person is eliciting a knowing 

which is not to be taken as a “property of knowing” but a “practice of knowing” (p. 159). 

The focus is on materials and forces and not on form. He is less concerned what 

knowledge is, which invites a representationalist perspective, but with how knowledge 

can be seen as framed or etched in movement and doing.  

Every organism has its own movement, and every object that the organism 

encounters causes a disturbance of its trajectory. Lines of becoming weave in and out 

with other such lines. From this weave emerges the metaphor of meshwork. Ingold 

draws attention away from the centrality of the person by arguing against interior 

attributes or characteristics. He describes a human not as entangled with things, but 

rather as an entanglement. Ingold offers an alternative to the conventional interpretation 

when he describes his field of anthropology as “the study of human becomings as they 

unfold within the weave of the world” (p. 9). There is an attempt to undo the belief that 

individuals are unified, whole beings before becoming or before acting. The person is his 

relations, seen as a manifestation of a process of becoming, of continuous creation or, 

simply, as being alive.  

Ingold draws on an example originally formulated by Deleuze and Guattari of a 

river flowing between banks. Contemporary anthropology, Ingold argues, focuses on 

bridging the river, transporting from bank to bank: “it takes us from a starting point, such 

as an image of what is to be made, to an end point in the form of the completed object, 

or vice versa, from the ready-made object to a final image in the mind of a spectator or 

consumer.” (2011, p. 14). In focusing on the banks of the river, the river itself has been 

ignored and yet without the river there would be no banks and no relation between them. 
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“To regain the river, we need to shift our perspective from the transverse relation 

between objects and images to the longitudinal trajectories of materials and awareness” 

(p. 14). To see the students on one bank and the circle on the other and wonder how to 

link them is to draw back to a transport metaphor. The river, however, is flowing 

orthogonal to our conventional considerations. To pursue a smooth dialectic process of 

co-constitution of subject making object making subject loses sight of the river.  

The circle is a snapshot. To refer to the circle is to stop on the river and look to 

the bank. It is a particular stoppage on the line of becoming. Ingold would not agree that 

the circle’ as an object is part of the meshwork since the meshwork is made of 

continuous lines and not of points. This is a boundary-making activity, a cut: it does not 

represent reality but is one way of creating a reality12. To create a noun from a verb is a 

boundary making activity as well. If the circle is an object of pursuit, one might be 

inclined to keep looking to the bank of the river. But according to Ingold’s example of the 

wind—whose nounification now requires speakers to attribute it with the verb “blowing”—

to construct a noun from a process is a misrepresentation. He argues that the wind is not 

a noun, it is a verb. Similarily, the sky is not something you see, it is something you see 

with, the act of seeing involves the sky. 

The constructed circle cannot be separated from student and materials, nor from 

its process of becoming, because it is the combining of material and action that makes 

the notion of circle relevant, real and alive. The materials in the act of constructing the 

circle are alive and present. The circle is not something to be black-boxed and 

formalized; rather, circularity is an “embodied” experience. And this experience cannot 

be reduced to the trace. Attending to process might involve a different description of 

classroom activity. For example, de Freitas and Sinclair (2014) argue in favour of 

attending to the “melodies and rhythms”. In their analysis of a mathematics classroom, 

they attend to phenomena such as sounds, colour and texture, arguing these are 

“possible forces mov[ing] across the surfaces of the learning assemblage” (p. 139).  

 
12 Barad (2007) challenges the boundaries drawn by traditional human knowledge and how it 

constructs our perception of differentiating things from one another. She argues that 
boundaries identifying objects are not inherent but enacted. 
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Rhythm, according to Ingold, is an important feature of human engagement with 

a tool. Rhythm is not a metronomic, constant or repetitive movement. Ingold claims that 

rhythm involves intense “concentration […] of a consciousness that is not […] within the 

head … but reaches into the environment” (p. 18). The movement of the hand is not 

initiated by an intention; it is a gesture. A gesture as a muscular impulse, a movement 

that is unaware of its implication. This view aligns with Roth and Radford (2013) when 

they write, “Movement such as those of the moving hand always constitute the 

experience of going through and undergoing something, peril, and, in so doing, leading 

to the birth of the new” (p. 4). So in the drawing of a circle the movement of the body in 

the motions that draw the circle are much more organic and fluid, as opposed to 

executed. Flow being a word Roth and Radford (2013) use to describe ideas emerging. 

For Roth and Radford, thinking is an encounter. The circle is not an image: “It is the 

trace of an observational gesture that follows what is going on” (p. 225).  

Drawing back to the beginning: knowledge as movement 

When a student is requested to draw a circle, solely for the purpose of drawing a 

circle, a common practice in mathematics classrooms is to look at the construction and 

identify aspects of similarity. Two things of interest for me are the ignoring of the activity, 

the movement, the circling as a verb, as well as ignoring the unique aspects of circle 

drawing in the construction itself, for it is their unique kinks that may possibly indicate 

that a circle is a model, not a form, that in the act of equidistant points from a centre 

there are challenges and discontinuities. The form to be impressed upon the mind after a 

living experience of creation seems like an anticlimax. It is the sensation-based 

perspective of Whitehead, the missing river in Ingold’s example described earlier, that 

draws me back to the practice itself, offering students the opportunity to create with a 

“compass”, with a smaller, a bigger, a half-size “circle”, creating a narrative, or storied 

knowledge resulting in questions such as “What aspects of equidistant can not be 

resolved?” or “What are the rhythms of circularity?” 

When material circles are made, we create “approximate” circles. The circle, 

compass and student cannot be separated in circle constructing. To do so would draw 

back to distinct things, the circle as Platonic form, the tool as a mechanical object with 
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inherent potential and the student as a conduit (Freire, 1970), one ready to be filled. 

From such a perspective, the narrative of the learning situation becomes a linear 

progression of the “idea” of mathematics entering the learner by way of a passive, inert 

object. However, if we draw upon tool as narrative, student as process and mathematics 

as emergent, this reframing offers a wide range of possibilities, one that gives meaning 

to thirty different-looking circles. The drawing of a circle is a material activity involving 

real things, tangible materials, time. This creation is not a mechanical reproduction of 

form, but is rather a flow of material transformation. 

In the drawing of the circle, the body leaks onto the paper via the markings on 

the page. To claim these markings are only of the tool ignored the patterns traced by the 

hand and fingers, arm, body. In this way, the practice and movement is the mathematics 

of circularity. The tool, however, is not a vessel for the body to pass through, but makes 

its own marks by defining its own traces, not by the human alone but by other materials 

and other living forces. In this movement there are no boundaries. There is only the 

student–compass–paper–graphite–process–movement. The constructed circle comes 

from living forces. To appeal to a form, separate from activity supports a 

representationalism that entails an imposing of form over a life force. As Whitehead 

states, this “does violence to that immediate experience which we express in our 

actions” (1978, p. 49). Epistemology is seen in the Western world in terms of ideas and 

images, but the meanings of things come from our embodied experience.  

This paper is not merely about circles; the example of the circle has been used to 

highlight an issue that is prevalent in the practice and discipline of mathematics more 

broadly, a practice that involves movement and materials. Life forces and process draw 

us back to movement and doing. Certain pedagogic traditions in mathematics can make 

it seem like materials and diagrams are passive (apparently used and discarded), but it 

is the focus on the process of creation, of practice, and of sustainability that draws us 

back to the living forces of mathematical practice. It is not only traces of personal 

involvement of the human, but also the traces of the materials. The appeal to the 

invisible realm where mathematics “exists” in pure, absolute form strips the creation of 

the multiple dimensions of its material becoming. When a circle is seen as constructed 

we should not appeal to a disembodied form, but ask where it came from, how it came 
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into existence, and what are the living forces that brought it into being. A student 

construction invites the viewer to join with its creator as a fellow traveller to look “with” 

the process. To see, not a circle as a fixed form, separate and distinct from activity, but 

an act of sound, touch, rhythm and materials. 

The circle as form is a tangent from the world we inhabit: it draws us away from 

the circle and we who inhabit its interior. To enact circularity, we need to draw back to 

the beginning of our lived experience of the process. Look back at your circle: what do 

you see?  
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Chapter 5.  
 
Re-animating the mathematical concept: a materialist 
look at students practicing with digital technology 

Abstract:  

There are a number of theories that have emerged from a variety of disciplines 

that all aim to account a non-dualist perspective. These theories vary in their goals and 

assumptions, as well as in their methods of analysis, but they all challenge a human-

centric view of thinking and learning. My goal in this paper is to investigate what can be 

learned about tool-based mathematical thinking employing these theories. I will do so by 

undertaking a “diffractive analysis” of data taken from a grade 9 classroom that featured 

both the physical presence and absence of a dynamic geometry environment. 

This paper explores a profound philosophical shift in terms of where it locates the 

"thinking" in a mathematical activity. This shift has been called post-humanist (Barad, 

2007) as well as new materialist (de Freitas & Sinclair, 2014). The former term refers to 

the idea that the human who is involved in a mathematical practice is considered to be 

just one of many “actors” involved in that practice. Other actors include tools, social 

influences, concepts and the task itself. The latter refers to the idea that mind and matter 

are not ontologically distinct, which is a challenge to the mind/body dualism that 

pervades most theories of learning. 

I draw on post-humanism not to deny the intangible, experiential aspect of 

mathematical practice but instead to implicate the dynamic and significant effect of the 

artefact on practice. That is, the material aspect of working with concrete tools is more 

than a matter of mastering the tool to exploit its affordances. The student and the tool 

might instead be seen as being on more equal footing, so that the tool is not simply 
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subjugated to the all-knowing or all-deciding human. In contrast, most learning theories 

commonly view the human subject as central to activity. Constructivism, for example, 

identifies the human subject as the main source of action and development in learning 

and while socio-cultural theories identify that social factors influence the individual, they 

are still principally about the human (Davis et al., 1990). The human has drawn the 

attention in most analyses of learning, and although this seems natural within an 

educational system with a mandate to educate the human individual, new post-humanist 

theories are pointing to alternate conceptions that may offer productive new ways of 

understanding tool-based mathematical activity.  

However, despite the attractiveness of these new theories, they can be 

challenging for educational researchers to use, particularly because of the human-

centric and dualist nature of the methodologies often used in educational research. 

Indeed, similar to learning theories, many current methods privilege the human actor 

(e.g. in transcripts, in modes of describing events in terms of being actor-driven). The 

aim of this paper is to adapt Barad’s (2007) diffractive approach to theory building as a 

method for analysing empirical data. As I will explain in more detail, a diffractive analysis 

reads one construct off another in order to illuminate new understandings—its intention 

is not to compare, but to provoke insights. As such, one driving question for this paper is 

to explore how the relation between a materialist process and mathematics can be 

studied in a way that is consistent with post-humanist, materialist theoretical 

assumptions. I will be particularly engaged in examining how mathematics concepts and 

processes of becoming can be understood to interweave in classroom settings. Finally, 

given Barad’s use of diffractive readings of theory as a way of generating new questions, 

I am interested in paying attention to any new insights that might emerge from taking a 

materialist approach to mathematical activity.  

In the first section, I discuss current approaches to theorizing tool-use in 

mathematics education. I then contrast these with a post-humanist, materialist 

perspective on tool-use, which challenges either the human-centric view of activity or a 

process ontology view. I draw upon the work of Andrew Pickering and articulate his 

resistance/accommodation model of the way in which scientists and mathematicians 

create new machines and/or ideas. I also expand on Tim Ingold’s work and his argument 
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that tools are not distinct entities and should be seen as narratives. Finally, I briefly 

describe the work of Karen Barad, who offers the powerful notion of intra-action in her 

new materialist account of the nature of scientific concepts, in which concepts and tools, 

for example, are seen as a single entity (a relation) rather than as two interacting things 

(or relata). I suggest that each of these scholars has identified particular and distinctive 

approaches to tools that are relevant to the study of tool-use in the mathematics 

classroom. In order to highlight their appropriateness and identify their fruitfulness, I will 

carry out a diffractive analysis based on these three researchers’ constructs to analyze a 

classroom-based activity involving tool-based geometric exploration.  

Tools in Mathematics 

The theoretical foundation of tool-use in mathematics education continues to be 

problematic (Waltz, 2006). At one extreme, mathematics is valued as a mental discipline 

where concrete tools are dismissed as being a mere aid to learning, but not as 

constitutive of the knowing or of the mathematics (see Balacheff, 1988). Another 

approach is that tools can be considered an essential element to mathematical 

practice—a position that Rotman (2008) encapsulates nicely when he says that 

mathematics has been, and will continue to be, involved in a two-way, co-evolutionary 

relationship with machines. Here, the implication is that there would be no mathematics 

without mathematical tools, and vice versa.  

In mathematics education research, several theories that tend more towards the 

latter extreme have been used over the past couple of decades. These theories account 

for the role of tools in student learning (rather than in the development of mathematics). 

For example, instrumental genesis suggests that artefacts develop over time as people 

use them for particular purposes, which transforms them into tools. This approach 

assumes that the creation of mental schemes allows the individual to use an artefact's 

inherent potential making itself into an instrument (Artigue, 2002). Here, the tool is often 

subordinately positioned in the “hands” of the student. While a relationship between the 

user and the artefact is acknowledged, the ultimate goal is to study change in the 

student’s conception of the artefact.  
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Another well-developed framework for thinking about tools within mathematics 

education is that of semiotic mediation (Bartolini Bussi & Mariotti, 2008). The theory of 

semiotic mediation has been developed specifically within the field of mathematics 

education with a focus on analysing the semiotic potential of a tool—that is, its potential 

for linking personal meanings with mathematical ones—and then studying how it can be 

realized by teachers in classroom interactions. However, as the very word “mediation” 

suggests, this theory positions the tool as a vessel that enables the process of 

interiorization. In other words, as a mediator of knowledge, the tool is passive and, once 

content is interiorized, the tool can be discarded.  

In each of these frameworks, the tool plays an important role and influences the 

material situation of learning-but this role is subordinate to the user (the learner) and to 

the mathematical concepts that are being explored. The tool is helpful, perhaps even 

necessary, but not constitutive. In contrast, the theoretical approach suggested by 

Nemirovsky et al. (2013) argues against the dualism of tool-mediated expression and 

mathematical understanding (and its related dualism of body and mind). In their non-

dualist approach, they offer an approach to mathematical thinking that involves the 

temporal and developing entwining of perception and motor skills, and call the 

“interpenetration” of perception and motor skills “fluency”, the development of which 

constitutes mathematical thinking. A mathematical instrument for Nemirovsky et al. is 

material, semiotic and has a set of embodied practices. They contrast their use of the 

term “instrument” with that of the theory of instrumental genesis, where an instrument is 

a mixed entity, part artefact (material) and part schema (mental). They see mathematical 

thinking as the bodily experience of developing fluency on the mathematical instrument, 

stating, “mathematical activity is constituted by bodily activity” and, correspondingly, 

mathematical learning as the “transformations in learners’ engagement in mathematical 

practices” (p. 376).  

While this approach resonates with materialist approaches, the framing remains 

somewhat anthropocentric, rooted as it is in first-person, phenomenological 

assumptions. Their approach still focuses on the subject—the student—and his or her 

experiences, maintaining a priori distinctions between these individuated entities. In the 

following section, I describe different non-dualist theoretical approaches that challenge 
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these assumptions, both in terms of their positioning of humans in activity and also in 

their conceptualizing of tools and of concepts.  

New approaches to tool use 

In this section, I elaborate on three specific approaches to working with tools that 

challenge anthropocentric assumptions, which I later use as data-analytic tools. These 

three approaches will describe the human-tool or human-material engagement as 

dynamic and significant. I look at Andrew Pickering, who draws attention to the temporal 

aspect of practice and gives materials a voice. I also look at Tim Ingold, an 

anthropologist who proposes that all “things” are snapshots of processes, including 

tools. I also draw on Barad for her diffractive methodology but also for her approach to 

concepts as physical apparatus. Finally, I move to de Freitas and Sinclair’s (2014) 

elaboration of Barad’s materialism in a mathematics educational framework. These 

perspectives each contribute a certain way of looking at data, and I suggest that when 

these perspectives are later applied diffractively, they lead to pressing questions and 

insights.  

Material Agency 

Pickering is concerned with the advancement and progression of scientific 

practice (including mathematics) in activity. He proposes a decentering of the human 

and proposes constructs of material and disciplinary agency. Using Donald Glaser’s 

attempt to accumulate data on strange particles as an example, Pickering argues that 

obstacles are a natural part of interacting with materials and because of obstacles 

Glaser’s final result was very different from his initial intentions. 

Pickering uses this example to emphasize that materials influence our activities. 

Thus, Pickering presents an analysis of scientific advancement in action in which 

material agency is attributed to the natural phenomena with which scientists interact. His 

model can be summed up simply: materials can be understood as having agency when 

their structures, make-up and design restrict the subject within a context of activity.  
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Pickering points out that scientists will accommodate their actions to overcome 

the obstacle, and identifies accommodation as the appropriate response to obstacles. 

Although Pickering does not discuss material agency in a mathematical context, he does 

identify the construct of disciplinary agency, which I argue is a useful starting point for 

thinking about material agency. Pickering uses the example of William Hamilton’s 

creation of quaternions as support for disciplinary agency. While Hamilton’s intention 

was to “extend algebra and geometry into three dimensions” (p. 140), he was not 

successful. The resistance of the mathematical rules that he had to follow prevented him 

from fulfilling his desire. The discipline of mathematics, therefore, directed Hamilton’s 

practice to define a new system of mathematics (which required four dimensions).  

Although disciplinary agency is a significant construct which has been referred to 

in mathematics education contexts (Boaler, 2002; Wagner, 2004), I move to the material 

agency construct in working with tools. Although Pickering did not provide an example of 

material agency in mathematics, I suggest that material agency has its relevance in 

mathematics specifically when working with tools. I draw on Pickering’s constructs of 

resistance and accommodation as a way of approaching the phenomenon of an 

individual interacting with a material, specifically, material tools. For Pickering, the 

construct of resistance can be seen as an obstacle to performing an action, actions 

being an expression of material agency. On the other hand, accommodation is the 

response to resistance, usually in the form of a readjustment of an intention. Although a 

quick interpretation of this model seems to support a binary divide between the human 

and the tool, as well as centralizing the construct of accommodation in the human, this 

reading does not necessarily commit us to an anthropocentric point of view. Resistance, 

for example, can be thought of as a “voice” of an entity—a voice that is not vocalized, 

but is expressed in the relation between the tool and student. In this way, resistance can 

be thought of as expression of the material's agency, giving it a dynamic, active “voice”. 

Given that accommodation, or readjustment, on the part of the human depends upon the 

resistance of the material, and drives the activity in a fundamental way, it highlights that 

movement does not reside solely in human initiation. 
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Becoming as opposed to being 

The importance of activity and interaction identified in the previous section, leads 

me to identify a process ontology as a significant part in developing a theoretical frame. I 

draw from Alfred North Whitehead (1929/1978) who privileges process as the ontological 

realty of the world. For any entity to be identified, it is important to consider that there 

was a preceding activity that brought it to its current “state”. Ingold (2011) extends 

Whitehead by describing all “things” as processes, and while “being” implies a state, 

“becoming” is a process. Humans become as they unfold within the weave of the world. 

He writes, “to move, to know, and to describe are not separate operations that follow one 

another in series, but rather parallel facets of the same process” (p. xii) implicating not 

only the practices of a researcher but also the process of learning. In movement then, a 

person elicits a knowing which is not a “property of knowing” but a “practice of knowing” 

and where “knowledge is perpetually under construction within the field of relations" (p. 

159) in particular material contexts.  

Ingold also values the material experience before the mental act. In the western 

world, epistemology is seen in terms of ideas and images, but for Ingold, meanings of 

things come from our embodied experience. Ingold states, “practical activity brings 

incorporeal minds into contact with a material world” (p. 21) and such a process defines 

the actors. The person is seen as a manifestation of a process of becoming, of 

continuous creation. This process ontology moves us from a noun-oriented 

understanding of things to a more verbal approach where all “things” are always in 

motion. The significance of tools is not in their distinct demarcation, but rather in the role 

these features play—their dynamism—in relations with human actors. I will mobilize the 

notion that meaning emerges only in relations.  

For Ingold, the metaphor of lines is very valuable for distinguishing the process of 

becoming from the state of being. He contrasts the notion of direct lines, which imply 

transport or a passage from one place to another, with that of wayfaring, which can be 

thought of as improvisational movement that carves out a path from a starting point. 

While direct lines require the implementation of intentions, mental images or models in 

order to get from one place to another (for example, from one van Hiele level to the 

next), wayfaring is first and foremost about the going or the moving. Ingold uses the 
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example of looking at art in a gallery to illuminate the difference between direct lines and 

wayfaring by arguing that looking at art is not a “shuttling back and forth between 

radically opposed and mutually exclusive domains of mind and world […] but rather to 

bind mind and world in an ongoing movement” (p. 178). As can be seen in this quotation, 

Ingold is trying to reinscribe thinking within the temporal world of lived experience where 

there are no station stops to mark new thoughts. If we take looking at art, in Ingold’s 

description, to be like using mathematics tools, then we can see the latter as being less 

the development of mental schemes or intentional, efficient deployment, and more about 

a fused, mind-world movement. In this framing, it becomes important to attend to the 

largely spontaneous movements of the wayfarer. This can be hard to do in post-hoc 

assessments of what has changed during mathematical activity, when the direct lines 

metaphor encourages a view of there having been transport from state A to state B. 

Concept as material 

Barad (2007), a philosopher, feminist and physicist, adopts a post-humanist 

perspective in analyzing Neils Bohr’s quantum physics theories emerging out of early 

20th century. She seeks to address Bohr’s philosophy that concepts depend upon 

arrangement of apparatus. Barad analyzes Bohr’s contemplations of the two-slit 

experiment and the resulting wave–particle duality of light. While much of the community 

debated the nature of light, Bohr observed that it was the “actual experiments that 

displayed the ‘dual’ nature of matter and light” (p. 105). By looking at this example, 

Barad concludes “the nature of observed phenomenon changes with corresponding 

changes in apparatus” (p. 106). Concepts are not ideational, they depend upon the 

physical apparatus; the apparatus is usually thought to merely aid in identifying the 

concept, but is more appropriately thought of as creating them. Moreover, the apparatus 

does not “pre-exist the experiment but rather emerges from it” (p. 142). Barad proposes 

a critical practice of engagement attending to “specific material entanglements” and 

relational ontology, which would attend to the “material-discursive boundary making 

practices that produces objects and subjects” (p.  93). 

Barad uses the term intra-action as an alternative to interaction, positing that the 

prefix “intra-” is more ontologically sound than “inter-” given that things do not come to 
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act together as individual, fixed parts but rather become together depending on their 

relation. Building upon Barad’s work, de Freitas and Sinclair (2014) describe the 

inseparability of concept and matter. They animate the mathematical concept to the 

material, in turn changing the concept of the human as thinker. Traditionally, the human 

has been put in the position of rational thinker and central actor (Artigue, 2002; Bartolini 

Bussi & Mariotti, 2008) but current theories (de Freitas & Sinclair, 2014) argue that in a 

setting of learning or developing, action precedes or is at least in parallel with thinking. 

de Freitas and Sinclair (2014) draw on speech in a learning environment as an example 

of becoming in the moment. They argue that speech is not a medium to reflect what the 

thinker has already articulated in the mind, but instead organically flows in real time, as 

context, gestures and other factors are all active, changing and influencing. To ascribe 

speech a meaning of communication and/or representation relies too heavily on the 

meaning of words and to the intention of the speaker, but instead it should be seen as 

one of the many material factors that participates in a material assemblage of learning. 

An assemblage, according to Barad, is an assembly of human and non-human forms 

combining together to form new relations and derive entities. In both examples, these 

writers focus on activity, not as a process of acting based on what is already known and 

is, but becoming and learning in movement.  

de Freitas and Sinclair (2014) identify movement, action or doing as the 

precursor to mathematical meaning. These approaches are much more temporal and 

fluid, challenging the traditional approach of “acquiring” mathematical ideas. Instead, 

mathematics becomes more an experience than reflection. de Freitas and Sinclair, 

drawing from Barad and extending to mathematics via the work of the philosopher of 

mathematics Gilles Châtelet (2000), term their approach “inclusive materialism” 

indicating that their “theory of matter [...] resists the binary divide between human 

agency and inert passive matter” (p. 39). Revitalizing materials often considered to be 

passive or inert challenges the idea of concepts, animating them in terms of materiality. 

de Freitas and Sinclair theorize mathematics concepts as engaging both the logical and 

ontological and argue the fusing and couplings of speech, movement and material items 

including the body, is the mathematics. In this dynamic relation where mathematics is 

animated by material tools, practice is affected. 
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This is a drastic shift from non-materialist views. To recall, in non-materialist 

frameworks, student and tool are a priori distinctly identifiable. They are already 

individuated and defined, limiting what they can become during their interplay in 

mathematical activity. Take for example, a compass, a commonly used mathematical 

tool. It has a fixed frame with adjustable moving parts designed for specific activity. 

However, these static properties become secondary to the properties it has in 

movement. For example, the various angles at which the compass may be held to the 

paper are not apparent in isolation because each depends upon how it is used by the 

student and on what other apparatus are at play. Remaining fixed on the compass as a 

distinct, static tool limits the analysis.  

I suggest the terms fusing (Barad, 2007) or coupling (de Freitas & Sinclair, 2014) 

are more appropriate. The tool and student, together, and what they can do, together, is 

what can be referred to as coupling or fusing. I refer to a hyphenated combination 

student–tool to specify this single entity. This is a theoretically-driven methodological 

choice that I will describe in more detail in the data analysis. As such, the focus now is 

what the new entity can do as opposed to concern over what individuated objects bring 

to each other. Mathematics, tools and students become a single focus, with a singular 

agency of production. The inclusive materialism, outlined by de Freitas and Sinclair as 

“inclusive materialism”, suggests there is no passivity in mathematical tools or hidden 

mathematical ideas but, rather, the practice of mathematics is a material engagement of 

student, movement, tool. The mathematical concept is the intra-action, a human subject 

with the tool. The concept, therefore, partakes of the physical world; the concept is 

material.  

It is arising from these framings that I suggest learning as doing as opposed to 

reflecting. In addition, I suggest the tool plays a much more dynamic role in the creation 

of mathematical outcomes, not in a deterministic, linear sense but in a fluid, moving, 

changing role with the user. I contend these moves are important because they shift our 

focus from the learning in the mind to an observable intra-activity and can offer new 

insights. 

Towards post-human methods 
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Mazzei (2014) proposes a “diffractive analysis” of interview data she collected. 

She writes that a diffractive analysis “leads in different directions and keeps analysis and 

knowledge production on the move” (p. 743). The outcome is less about resolution and 

more about disruptions and questions. Barad originally formulated a diffractive approach 

using a metaphor of mirrors. Mirrors are usually used as a metaphor for 

representationalist approaches, but when mirrors are used to reflect back upon each 

other, a physical phenomenon of different patterns highlight what Barad describes as an 

indefinite nature of boundaries. She describes the approach as “thinking insights from 

[different] theories through one another” (p. 92).  

I use a diffractive analysis that looks at data with/against the different lenses I 

have outlined above. The idea is that one looks at data with one lens and then looks at 

the results of that approach through another lens. The goal is to open up analysis from a 

variety of perspectives and to challenge findings that are based on the “objective” 

reflections of a researcher. According to Barad, such an approach implicates the 

researcher in that it is not about observing or reflecting; rather, it is about moving and 

knowing in a way “that is attentive to, and responsive/responsible to, the specificity of 

material entanglements [which] manifests the extraordinary liveliness of the world” (p. 

91). In particular, instead of searching for distinctions between different materialisms in 

an effort to argue for the best or most consistent theory, Barad is committed to a more 

inclusive approach that values the differences that emerge from particular commitments, 

interests and expertise.  

As mentioned in the introduction, there are three theoretical lenses by which I 

approach the data in this study and which have already been articulated. The diffractive 

approach that I take does not attempt to categorize or make claims, but instead asks 

questions. In noting conversations of students, reading their responses to questions, 

watching them on video and noting teacher-student relations, the focus on the 

interactions in this study are the result of approaching the data with a 

resistance/accommodation based on Pickering’s (1995) approach and with a sensibility 

both to materialism (drawing on Barad as well as de Freitas and Sinclair) and process 

(drawing on Whitehead and Ingold). With these considerations, all movement, verbal 
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expressions, questions, and language uses are considered material exchanges within a 

process ontology that is observable and/or audible.  

The way I will identify resistance is by looking for obstacles. However, such a 

task is not easy from a non-anthropocentric point of view, since obstacles are typically 

framed in relation to what the student is trying to do. Nonetheless, I suggest that it is 

always possible to counter the anthropocentric perspective by taking into consideration 

that the student must respond to the resistance—which is to say the material agency—of 

the tool. I will identify an obstacle by watching for sudden changes in action and 

attempting to decipher whether there was a significant reason for doing so. For example, 

if a student is using a compass and the graphite piece breaks, and the student 

subsequently stops using the compass, I would identify the breaking of the tool as an 

obstacle. To take another example, if in using a ruler to draw a line, the ruler slides 

slightly so that the angle of the line changes and the student stops drawing the line, then 

I would identify the ruler sliding as an obstacle. In these examples, the student is not 

able to perform an action—his or her motions or gestures are restricted. This 

identification of obstacles offers a way of identifying the student’s active, in-the-moment 

experiences in mathematical practice.  

A process approach attends to how particular aspects of students and the tool 

come together and their role in performing an action together. I pair a process approach 

with a materialist view and therefore will not assign any aspect of movement or action to 

a hidden phenomenon such as thinking, but rather only to that which is observable. 

Process attends less to nouns and more to verbs; it is the relation and action between 

fused people-and-things that are the fundamental building blocks of reality (Whitehead, 

1978).  

There is a tension in the idea of identifying a particular feature within a framework 

focused on process. However, I suggest that this tension can be mediated by a 

diffractive methodological approach, which would allow the identification of a feature 

without drawing full attention to the feature itself as a distinct aspect of the entity it is tied 

to. For example, the edge of the screen in the The Geometer’s Sketchpad (GSP) 

(Jackiw, 2001) tool was a feature that drew attention from the grade nine students 
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because of the ability to “drag” a shape “off” the screen. A diffractive approach cautions 

us against viewing the edge of the screen as a distinct line of the screen; instead, the 

screen should be seen in its role as an “edge” in a larger intra-activity. The verbal 

exclamations and written documentation of the students are also features of interest 

because they are identifiable material phenomena intra-acting with other materials, 

specifically mathematical tools. However, within this framework, the verbal and written 

are not viewed as reflections of an inner thinking, but rather the focus is on the 

importance they play in the assemblage of meaning and becoming. 

Site of data collection  

Data collection for this study took place at a high school in Western Canada 

involving two grade nine classes of approximately thirty students. The original goal of 

collecting the data was to see whether, and in what way, it might be possible to speak of 

tool agency in the mathematics classroom (recall that existing literature in mathematics 

education focused only on student agency and disciplinary agency). For this reason, I 

chose to focus on a classroom in which I could contrast the absence of tool use with the 

presence of a very powerful digital tool (which I hypothesized would help me identify 

instances of tool agency).  

The grade nine classes were chosen because the mathematics curriculum for his 

grade includes a comprehensive geometric component where students work with 

rotational and line symmetries, reflections, polygons and circle geometry. The students 

had studied basic polygons and their properties in previous grades. Therefore, the 

pedagogical purpose of the activity was for the students to experience some common 

polygons as a form of review and renewal. Their regular mathematics teacher was in 

charge of the class but, as the researcher, I was also present in an active role by walking 

around the classroom and engaging in conversation with the students. 

In this study, in addition to my own observations, I also gathered video data 

throughout the entire two-phase process. To start, the students were in a classroom 

sitting in pairs, looking at a freehand drawing of a triangle and square on the whiteboard. 

Student pairs were asked how they could determine whether the figures on the front 
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board were, in fact, a triangle and a square. When either the teacher or the researcher 

engaged with the students, it was to clarify what students wrote or were discussing as 

opposed to offering information. When the teacher or researcher were asked a question, 

they were reticent to offer too much information, often responding with a question. 

Students were encouraged to talk and their written responses were collected.  

The significant phase occurred in a computer lab that the students had not visited 

before and where students were introduced for the first time to GSP. They were 

requested to construct a triangle and a square using GSP. Although there was no formal 

teaching on how to use the software, the teacher did give some instructions on opening 

a new file and identifying the toolbox, adding that the toolbox was where they might find 

helpful tools. All students played with the tools, drawing line segments, circles and very 

quickly, a triangle. It was expected that the square would be more challenging. Students 

drew what “appeared” to be a square, by drawing four line segments and dragging them 

“just right”. When the teacher came by, however, he used the mouse to highlight and 

drag one of the square’s vertices and in every case, “broke” the square. 

 
a 

 
b 

Figure 5.1. Breaking a square 

The teacher’s purpose was to “challenge” the students’ constructions and 

communicate by use of breaking the square (see figure 5.1) that there might be more to 

a square than just “fitting” seemingly equal-length segments together. The remainder of 

the class was spent on this task; there were also many other questions and 

“constructions” that were created, many of which were discussed in the class. After the 

computer lab visit students went back to the original classroom and, sitting in pairs, were 

again asked the same question they had been asked before they went to the computer 
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lab. The rationale was to see what differences in responses occurred before and after 

the visit to the computer lab. 

Classroom activity 

The initial activity consisted of students sitting in pairs at desks and being asked 

to contemplate a freehand drawing of a triangle and a square on the whiteboard at the 

front of the room (see figure 5.2). They were asked by the teacher to write down their 

response to the following prompt: “How can you determine whether the shapes of a 

triangle and a square on the whiteboard are in fact a triangle and a square?”. Students 

wrote their responses down.  

I  

Figure 5.2. Students contemplating “freehand” triangle 

One of the written descriptions of the triangle and one of the written descriptions 

of the square are provided below. These descriptions reflect most of the responses, 

which focused on the properties of these two geometric shapes; there was very little 

variation in these written accounts: 

 1) Measure all the angles and make sure they add up to 180o. 

 2) Measure each side to ensure that all sides are equal and each angle is 90o. 

The initial activity in the classroom took about twelve minutes. In the next phase 

of the lesson sequence, the students were taken to the computer lab the following class, 

where they were asked to create various shapes, including a triangle and a square, 
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using Sketchpad. This was their first experience using the software. There was a lot of 

exploration with the software during the initial use, where students drew circles, panned 

through the menu items, moved things, drew things; students were playing with the new 

functionality of the new “tool”. The triangle was drawn quickly using the segment tool to 

connect three segments together, as in figure 5.3 a, b, c.  

 
a 

 
b 

 
c 

Figure 5.3. Drawing a triangle 

The students first created their squares much as they did their triangles, by 

joining segments together. However, they found it challenging to make the segments be 

equal in length and the angles all 90 degree. They drew the best looking square they 

could by “arranging” the four segments. However, when the teacher inquired if they 

could be sure it was a square, the students responded that the shape they had made on 

the screen looked like a square because it four equal side lengths and four 90 degree 

angles. It was at this point that the teacher used the mouse, highlighted one of the 

vertices and dragged it slightly so that the square transformed into an irregular 

quadrilateral. While some students immediately typed CTRL+Z to undo the change, it 

was clear to most that the “fitted” segments were not what the teacher wanted.  

At this point, there were many different responses: some students found the 

menu item that allowed them to represent the measure of the side lengths and/or angles; 

some drew circles visually, hoping it would be easer to draw an inscribed square; some 

chose the menu item “coordinate grid”. During this time of exploration, the teacher and 

researcher continued to walk around giving hints, guidance, breaking squares and 

moving screen objects. The teacher also went to the front of the room and displayed on 

the visible overhead projector some hints and things to avoid. 
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All students had the opportunity to work with Sketchpad for a full hour. They had 

all drawn a triangle and by the end of the class in the computer lab, all except for four or 

five students had had an opportunity to drag a vertex of a “well-constructed” square 

within Sketchpad and to see it rotate about a fixed vertex, as well as become bigger and 

smaller (figure 5.4 a, b, c). In a dynamic geometry environment, a “well-constructed” 

square can be dragged by its vertex and will retain its shape, it may get bigger or 

smaller, or translate along the screen, but all the sides will remain equal to each other 

and all the angles will remain at 90 degrees. 

 
a 

 
b 

 
c 

Figure 5.4. A well-constructed square 

Back in the original classroom, again sitting in pairs, the students observed a 

square and a triangle drawn on the front whiteboard. Students were asked the same 

question as in the initial activity before the visit to the computer lab. While there were still 

written comments listing properties, there were many more additional comments, 

including:  

• It won’t change the attributes of a square even if it’s “challenged”. Rather than 

the sides all having the same length, the sides are all equal. If a shape has 4 

equal sides and angles of 90°, then it is a square. 

• Moving the shape will not change its properties. 

• When the vertices are moved, the square form remains. 

• When you drag the vertex around, the square should not break. It should always 

remain the shape of a square no matter what. 

• A square must hold its shape. 
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Diffractive analysis 

There will be three episodes that will be presented for analysis, two from the 

computer lab and the other from the classroom after using Sketchpad. Although there 

were many excerpts that could have been analysed from a post-humanist perspective, 

the three presented here were chosen because each presented a particularly strong 

opportunity to explore materiality, resistance and process.  

I will use the diffractive approach to analyse each episode; the insights gained 

from “seeing” through the diffractive lens will then be analysed through another, 

additional approach. As it will become clear, the choice of the second lens to be 

implemented will depend on the insights garnered from the first.  

The first episode involves the translation of a triangle on the computer screen, 

and will be analysed first in terms of movement and then resistance. The second 

episode involves students’ attempts at drawing a square; I will first describe it in terms of 

an assemblage then identify its resistances/accommodations and examine how that can 

be seen through a lens of process. Finally, the third episode is analysed in terms of 

process; it will focus on the new terminology students used to describe a square.  

Example 1: Is this a triangle? 

Two of the grade nine students, Calvin and Jonas, constructed a triangle by 

using the segment tool and also by constructing an interior. They then dragged the 

vertices of the triangle all over the screen and when the triangle was half off the screen, 

one of the boys posed the question, “Is this a triangle?”. Before addressing this 

interesting question, I will first look at the process of movement involving the body, the 

tool and the triangle and subsequently identify resistance within that movement. 
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a 

 
b 

 
c 

Figure 5.5. Calvin’s triangle being translated around the screen 

Figures 5.5 a, b, and c, are snapshots from a mathematical activity, in which 

Calvin moved the triangle around the screen employing different motions, in different 

directions and at different speeds. These images, when seen as static (as they perforce 

must be in photographs), hide the previous activity as well as in-between and future 

movements. In terms of their temporal existence, it might seem like they are static 

representations of the tool’s affordance; that the student was the agent and the tool 

passively allowed the student’s predetermined actions.  

If movement occurs before thought, as Ingold insists, then the hand-action that 

glides the mouse across the desk, while consequently dragging the triangle’s vertex on 

the screen, fuses human and tool (hand and mouse) in a continuous flow. This flow of 

movement saw the triangle move upward, downward, to the left, and line up with the 

edge of the screen. Human-centric theorists might describe this event in terms of 

Calvin’s use of a “random” or “wandering” drag mode (Arzarello et al., 2002), but this 

ascribes all the agency and intention to Calvin (who may be wanting to see simply what 

happens or does not know what else to do). In contrast, through a movement lens, the 

mind is not observing and leading, it is participating, in parallel with the tools (and the 

size, as well as friction, of the desk). The movements translate the knowing and learning; 

the knowing is the translated triangle. After a short period of time, the movement 

translated into the question “Is this a triangle?”. 

To describe the question as separate from the boy’s activity is to miss the 

process of his movements as well as create a binary divide between thought and action. 

It theorizes a dual role for the student—one as the mover and the other as the 
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observer—but only one role for the tool: allowing the student to act upon and question it. 

Ingold (2011) reminds us that moving and knowing are the same process; similarly, Roth 

and Radford insist that thinking is not externalized but becomes. It is a challenge to shift 

from a paradigm that sees the student dragging the shape around the screen and 

attributing the intention, “Oh I can drag the triangle off the screen”, to a paradigm that 

sees the thinking in the hand-mouse gesture. While Calvin is limited in perception by the 

material tools, including a bordered screen, and in movement, by the shape of his hand 

and the desk, he nonetheless “feels” the ability of “hiding”, “cutting”, and “dragging off” 

part of the triangle. Doing justice to the movement of a wayfarer requires honouring it as 

it unfolds, rather than seeing it as a path of transport towards pre-determined ends or as 

a result of a conscious, deliberate decision.  

In this episode, the movement seems to give rise to a kind of resistance, or an 

obstacle, which does not appear until the translating motion of the shape is limited by the 

edge of the screen. In other words, the edge of the screen only becomes interesting 

under motion, without it, it may not ever be noticed. When its boundary is approached, 

reached and then transgressed, it begins to intra-act with the moving hand-mouse, and 

becomes a participant in occasioning new activity. In this case, the transgression gives 

rise to a triangle that seems visually truncated at the end of the dragging, while retaining 

an integrity in time that warrants the name “triangle”. The resistance of the edge of the 

screen, which “hides” part of the triangle, becomes part of a story, part of an action. 

A truncated triangle drawn on a whiteboard would probably not be considered a 

triangle, especially if the action of the drawing and/or gesturing hand, which may be 

extending off the edge is ignored. However, in the gesture–triangle–edge intra-action 

that produces the shape that used to be a triangle, the resistance cannot just be seen as 

being imposed by the edge of the screen, but also in the question itself. Indeed, if it was 

a triangle, it should still be a triangle, and it would also be a triangle if the edge of the 

window were enlarged. And surely the gesturing hand is still holding the invisible vertex 

in place, even when moving it around so as to affect the visible sides of the triangle?  
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Example 2: The almost-square 

Once the teacher had broken the students’ squares, that is, shown that they did 

not hold their shape under dragging, the students tried other methods to create more 

robust squares. As mentioned previously, many of them searched through the menu 

items and found the measure option and measured each side of the square. What 

emerged from this process is what I term an “almost-square” (figure 5.6). They may well 

have looked liked squares before, but the visible measurements exposed the second 

decimal place difference in the unequal lengths.  

 

Figure 5.6. An “almost” square 

 

I will look at the episode in which the students used both the measuring and 

dragging tools in order to create a square by first describing the episode in terms of an 

assemblage and then by examining how resistance was accommodated, which led to a 

new assemblage, new actions and new movement. 

Before using the measure tool, the dragging hand was entangled with the 

watchful eye, as the quadrilateral changed on the screen. Instead of focusing on the 

student’s intention and the tool’s response, the notion of assemblage draws our attention 

to the relations among the tool, the student and the concept. Once the measuring tool 

comes into play, as well as the measurements lastingly being visible on the screen, the 

activity changed. The students began to drag the vertices of the square in order to adjust 

the measurements so that the side lengths would all match. But as soon as they 

dragged one vertex to match two sides, a third side would change in length and 

therefore no longer match the other sides. In response to this, a certain student pair then 

dragged the vertex associated with the distorted side ever so slightly, in an attempt to 
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make all four sides match, only to find in movement that once again this led to a different 

kind of disfigurement. This back-and-forth dragging continued for a while. Now the 

almost-square emerged out of the actions of the dragging hand, which changed the 

measurements on the screen, which provoke further dragging. The relation changed as 

the segments themselves faded away to give primacy to the numbers, which now dictate 

the extent to which the shape could be considered a square. 

The measuring became part of (and set in motion) an activity of adjustment, 

which can be seen as an accommodation that gave rise to a new assemblage. The 

resistance manifests itself through the unequal measurements, which nonetheless have 

the potential to be made equal (or so it may seem), which are related to the known 

properties of the square. The dragging of the vertex to try to “fix” the almost-square can 

be seen as an accommodation made by the hand and prompted by the resistance 

encountered in movement. The properties gain new meanings in that the previous way 

in which the sides could merely look the same now gets replaced with them all having to 

be equal in measure, one to the other. It is crucial here to recognize that the dragging is 

not controlled by the student, but spurred on by the changing measurements. For it is 

only when the measurements indicate a need for change did the vertex get dragged. 

Accommodation in this episode is not simply overcoming the stubbornness of the tool in 

an intentional change of strategy; rather, it is about a changing assemblage in which 

new relations come to the fore, leaving previously central “actors” (like the segments) to 

recede while new ones (the measurements) emerge. Throughout, the hand, tool, eye are 

in motion, in continual reconfiguration. 
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a 

 
b 

 
 

Figure 5.7. Drawing an “almost” square 

The process of how the almost-square came to be involves multiple steps. The 

software’s response, the movement of the hand–mouse, the pointing and the student’s 

readings of the measurements, all contribute to the movement from which the almost-

square emerges. From a process perspective, the almost-square only exists in the 

activity of movement; it is dependent upon the intra-action with the student in terms of 

the initial construction and subsequent “adjustments” and “fine-tunings”. If left alone, it 

might merely be termed a quadrilateral, but in ongoing movement, it remains an “almost” 

square. This is because in a process approach, we read it not from its shape at any 

particular point in time but through the process in which it is engaged—which, in this 

case, is asymptotically becoming a square. Therefore, within a process ontology, the 

almost-square does not exist as a noun, but as movement in a becoming state.  

Example 3: Where is the tool? 

I look at this episode first, focusing on the concept of assemblage, then explore it 

in terms of de Freitas and Sinclair’s proposal that concepts are material. I then conclude 

the diffractive analysis with a resistance/accommodation approach. 

Certain movements captured on video indicated there were changes in the 

classroom experience after the visit to the computer lab. I draw on one case of a boy, 

who had successfully constructed a square during the previous lesson, and whom I 

asked to elaborate to me on his written response to the questions listed above, which 

was as follows:  
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 Matthew: It has four corners, 90 degree angle, four equal sides, has 360 

degrees. You can move it around it is still 360 degrees. The four points are 

attaching perfectly so you can move it around. 

When I asked Matthew what it meant to “move” the square, he was at first quiet, 

then mumbled inaudibly and finally put his arms out in front of him as if he were grabbing 

and turning a steering wheel. Without the actual mouse in hand, the assemblage of 

Matthew-as-the-student coupled with the tool might seem very different to an outsider. 

From a semiotic mediation perspective, one might conclude that the dragging tool, which 

made the well-constructed square pivot around its vertex, mediated a conception of 

square as something rotating on the screen. But this perspective insists on a separation 

between tool and Matthew, in which the tool causes a certain process of interiorisation. 

However, seen as an assemblage in which Matthew–tool is a relation that does certain 

things (like moving the vertex of a square) shifts the focus from internal processes of the 

relata (Matthew or the tool) towards what is expressed or performed by the relation. This 

relation does not break down when the tool is not physically present.  

According to de Freitas and Sinclair’s inclusive materialism, the square 

participates in the same material plane as Matthew and the tool, emerging as it does out 

of a fundamental mobility that is actualised in the wheel-turning gesture. The concept 

becomes what the student and tool can do together—in their becoming—through the 

process of activity. If one takes away the material tool, the concept is affected (a square 

constructed from compass and straight-edge has no business turning). When Matthew is 

asked to describe the square, he offers a hand gesture. This gesture is not a mere 

representation of the Platonic square, nor even a representation of the squares he made 

on the screen, but a re-making that changes him and the square yet again—this is the 

sense in which the square is always becoming and always inscribed in particular 

material, mobile conditions.  

It is possible to see Matthew’s gesture as emerging from an accommodation in 

which he overcomes his difficulty in responding to the teacher’s question. In this sense, 

he accommodates by working with what he had to move—his hands. Perhaps his poor 

articulation was due to the previous movement being wound up in a particular 
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assemblage. The accommodation involved a kind of physical empathy during which 

Matthew became the turning of the “square”.  

Discussion  

A diffractive approach does not provide a definitive result. Instead, the reading of 

insights of different approaches through each other offers new insights and new 

questions. In this section, I will look at each episode in turn in order to see each of the 

three materialist theoretical constructs—resistance/accommodation, tool as process, 

concepts as material—work with each other in order to provide new insights and 

questions. 

Episode 1: Resistance as relational 

While Pickering’s constructs of resistance/accommodation are centered on the 

tool (which resists) and the user (who accommodates), my reading of the translation of 

the triangle showed that the resistance can be seen as highlighting a certain relation—a 

Calvin–dragging relation that encounters an unexpected event that would not exist if 

each were taken in isolation. In other words, the resistance in this case was a result of 

activity between the student–tool and not the student alone, nor the tool alone. This is an 

insight that enables the use of resistance/accommodation within a post-human 

perspective.  

Another important aspect of the diffractive analysis is that the resistance was less 

about avoiding or overcoming a problem, than it was about dwelling in the problem itself. 

As the triangle was dragged around the screen and eventually partly off the screen, the 

student–tool experience can be viewed as having provided an opportunity for the 

student–tool to experience something unexpected, which ended up flushing out a 

question—Is this a triangle?—that reconfigured the relations among the triangle, the 

dragging and Calvin. This prompts a question about when resistance might be seen as 

productive in a learning environment. The teacher could have insisted that the students 

restrict their dragging to the contours of the screen, in which case the boundary between 

triangle and not-triangle would have remained unchallenged. But this is the very 

boundary that the Lakatosian practice of concept formation through monster-adjusting 
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and monster-barring seeks to identify and stress. Is the fact that a tool is involved in the 

process somehow less mathematical? Or might we come to see Calvin’s question as a 

legitimate one that perturbs boundaries imposed by the visible and the static in school 

geometry? In which case, accommodation is not to be seen as a singular response that 

fixes a transgression, but rather as a setting off of possibilities for engagement. 

Episode 2: From resistance as back-and-forth to resistance as narrative  

In contrast to episode 1, the resistance that was identified in the almost-square 

episode did not seem to be a result of the fused student–tool, but of fusing itself. That is, 

the resistance aligned more closely with Pickering’s model of a back-and-forth between 

the student and the tool. This leads to the question of whether there are different levels 

or layers of resistance. While in episode 1 intra-action seemed to be in the student–tool 

relation, the identification of resistance in this episode highlighted the interaction 

between tool and student. It would seem to counter the non-dualist approach in which 

tool and student are not seen as distinct, separate entities. So the question emerges of 

how to deal with resistance in this kind of example without assuming an a priori 

individuation of relata.  

Perhaps the back-and-forth interpretation is not as relevant in the context of 

instant feedback where the measurements change as the dragging changes. If both are 

changing simultaneously, then the temporal ordering implied by a back-and-forth 

interpretation is misleading. It encourages a reading in which the student makes an 

intentional choice based on the outcome of the dragging, which reasserts the primacy of 

the student over the tool. The back-and-forth activity does not entail a metaphor of 

transport, but one of wayfaring. It is not that student is moving from an “almost”-square 

to a square as might be seen in a transport but that in movement, in the back and 

forthing, the “almost”-square emerges. But what might be gained from focusing on the 

relation rather than the relata? From a Baradian point of view, we are forced to reckon 

with the impossibility of separating the relata, which, in this case, encourages us to 

attend to the dragging/measuring process. This leads to different questions: instead of 

asking whether the student will ever succeed in making a square or whether the tool’s 

measurements will always prevent a square from happening, we ask what new 

meanings (about “square”) emerge?  
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Or, from an Ingoldian perspective, we ask what new narratives emerged. Indeed, 

Ingold helps with this relata-versus-relation tension by drawing on the construct of 

things-as-narrative. From this perspective, there is no student, nor is there a tool, before 

the back-and-forth activity. The student–tool is, in and of itself, a process according to 

Ingold. To identify movement within the student–tool entity is natural through an 

Ingoldian process lens.  

Episode 3: Resistance and remaking 

In this episode, I focused on the changing assemblage across the two contexts. 

In the classroom, after the computer visit, the resistance occurred at least in part 

because of the fact that the tool was no longer physically present. Matthew used the 

word “move” in his written account of what a square was. The verb “move” suggests that 

Matthew identifies the square not with a static definition, but as a process. According to 

Ingold, this would be seen as a shift from capturing the square in a moment to a 

processional notion where square and student–tool move in unity for the square to be 

manifested.  

In purely physical terms, then, it would seem that the student–tool relation had 

been cut. However, Matthew’s gesture is not an attempt to express himself, in the sense 

that there is not a mental image that he is trying to convey; consequently, there is no 

end-point to which he directs his movement. The question posed by the teacher, in a 

traditional framing, might seem to be an attempt to determine what is in the head. 

However, with a wayfaring framing, Matthew’s gesturing into the space before him is not 

a representation of his idea of square, but a narrative of movement that involves 

improvisation. It is in his line of becoming that has shifted away from the previous 

assemblage and thus relies on new directions. In the line of becoming Matthew is 

constructing a new narrative, not a reconstruction of an old one, for one cannot “read” a 

story that is not solely dependent on the previous assemblage.  

Seeing through a resistance lens, when asked what a square was, the student 

wrote about the properties of the square, as well as evoking this narrative. But when 

asked what he meant by “move”, in the absence of the physical tool, there was some 

resistance. His gesture might be interpreted as emerging from a new tool-less 



 

106 

assemblage, but this view would seem to support a naïve materiality in which only 

physical things can form assemblages. Instead, if the tool–student relation has any 

ontological import, then the turning-wheel gesture must be an on-going part of the 

narrative. The rotating screen square gets re-made in the air as an invisibly turning 

object. This raises the question of whether every new explanation, movement, gesture 

gives rise to a new concept. This is different from the perspective in which concepts can 

be described in different ways—which leads to teaching practices in which students are 

encouraged to offer different explanations. In that perspective, the concept may be multi-

faceted, but it is ontologically fixed. By contrast, if each new description, movement, 

gesture re-makes the concept, then the concept is never finished, never exhausted.  

Conclusion 

The post-human starting point of this paper invites us to move away from the 

tendency to locate learning and thinking solely within the mind of the learner. While 

several theories have been proposed in which thinking and learning is distributed across 

other material phenomena, they have not explicitly attempted to provide methods for 

studying what might be entailed in a classroom situation. Because of the tendency to 

place the learner at the centre of thinking and learning, and to look for changes in how 

the learner talks, acts and moves, it can be challenging to study mathematical learning 

situations from a post-humanist point of view. By drawing on some of the main 

constructs offered in the literature, such as resistance/accommodation, assemblage, 

intra-action, process and tools as narrative, none of which have been explicitly designed 

to account for educational research, I have attempted to find out what new insights such 

post-humanist constructs can provide and what new questions they prompt.  

I suggest much of the way I presented the data in the previous sections was 

based in an anthropocentric perspective, such that the student made the choices, made 

the moves. The subject-predicate sentence structure indicated that entities act as 

opposed to Ingold’s view that entities emerge from process. The decentralization of an 

intending subject is a significant shift from traditional educational contexts where the 

student or teacher is the focus, as can be seen in the use of transcripts and in the 

descriptions of events where the student or the teacher is framed as the acting subject. It 
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is challenging to avoid standard terminology, and identifying individual parts such as 

“mouse” or “computer”, and to describe events without identifying individual parts of the 

event. 

de Freitas & Sinclair (2014) attempt to mobilise the notion of assemblage by 

referring, for example, to the student–tool-concept as a whole. They also suggest ways 

both of attending to and of analysing data that re-materialise language and attempt to 

include broader material dimensions of activity, instead of simply attending to spoken 

words or to gestures—highlighting other sounds and rhythms that shape the ongoing 

activity.  

The diffractive analysis showed how the construct of resistance/accommodation 

was fruitful in identifying turning points in the three episodes, but also potentially 

misleading in inviting a human-centric view in which the tool ends up being subordinate 

to the human. The constructs of intra-action and assemblage served as powerful starting 

points for overcoming a human-centric perspective. It also drew attention to the 

changing nature of relations and, in turn, to the evolving assemblages involved in each 

episode. However, it seems challenging to describe mathematical learning in terms of 

assemblages. We may be able to see difference, but know very little about whether the 

difference is mathematically relevant.  

The shift to the physical reconfigures what it means to do mathematics. As 

opposed to a theorizing of how the mind is learning, responding or interiorizing, this shift 

draws back to the “in-the-moment”, embodied experience of tooling, rather than using a 

tool—much as we talk about walking rather than using our legs. Considering the material 

and temporal experiences is to study mathematics education in a post-human and 

materialist way, but one that as discussed, does have challenges. To think about 

mathematics in the classroom involving “tooling” rather than using tools, requires 

avoiding the tendency and tradition of isolating nouns, like “student”, “tool” and “concept” 

and locating meaning in their entanglement. This is particularly difficult when wishing to 

discuss particular aspects of an assemblage, as the tendency is then to detach that 

aspect or part from the whole. This is especially true with regard to discussing the 

human part of an assemblage, as the western tradition grants supreme agency to the 
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human actor. I have suggested using a diffractive approach to help overcome this 

tension. This approach demands that when discussing any part of an assemblage, the 

focus should be on the part’s role in the intra-activity, which is to say, how it acts as a 

verb and how it contributes to the assemblage’s movement.  

A process ontology, the actions of student as wayfarer, and especially the notion 

of tool as narrative, draw attention to movement and temporality. Movement and 

temporality were vital in interpreting the exercise involving the triangle and the exercise 

involving the almost-square; the triangle and the almost-square would not have 

emerged—would not have meaning—if only the student or only the tool were considered 

as isolated and inert nouns. It was the doing—the fused nouns participating in the 

temporal verb of acting—that was the mathematical practice. To look at any single, static 

point, or movement of transport from one static point to another, within the process of 

the student–tool assemblage changes the meaning entirely: one might miss the triangle 

entirely if, for example, it was only seen when it existed partly-off screen; one might only 

see a quadrilateral (noun) instead of the in-action almost-square. In analysing 

mathematical practice through a relational and verb-oriented process ontology, in seeing 

the student–tool as a line of becoming, the significance of the embodied experience and 

the material world are animated, consequentially changing the understanding of 

mathematics teaching and learning.  
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Intralude 

In this intralude, I present a fictional dialogue between Karen Barad and Tim Ingold. I am 

the interviewer. 

Sean: 

Thank you Karen and Tim for being here, I’d like to give a brief intro for both of you so 

you know a little of each other. I’ll start with you Karen. 

Karen you are currently at the University of California at Santa Cruz and are a professor 

of Feminist Studies, Philosophy as well as History of Consciousness. This list of fields 

alone is impressive but you also have a doctorate in theoretical particle physics! Most of 

what you write emerges out of your research in science studies, and I know you 

challenge traditional approaches to science practice as a way to address ethical and 

political issues.  

Tim, you are a professor of social anthropology, and some might argue of philosophy as 

well. You work at the University of Aberdeen. A significant amount of your writing 

reframes anthropological approaches to draw back to life activity or life forces. You write 

about a variety of topics that include kite flying, weather, stones, and a significant 

amount on lines! 

Thank-you for agreeing to take part in this interview, or should I say intra-view? I am 

interesting in the fact that I see so many points of commonality in your work, but neither 

of you seem to read or cite the other. For example, both of you indicate that there are no 

things before activity. Tim, you talk about incorporeal bodies. Karen, you indicate that 

things result from pretty much arbitrary boundaries, but have no intrinsic ontological 

status. I wondered if you could each speak to this point because many people will argue 
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that humans, for example, are clearly bounded by their skin, and therefore clearly 

entities. Karen, you start? 

Karen: 

I wouldn’t deny that a human bounded by their skin is a person. But I would argue that 

what a person is in this form is unknown. Humans are not a bundle of possibilities, 

waiting to act. It is only within a context that their person is enmeshed and given the 

opportunity to perform some activity. From within that activity, the person can be 

individuated, and the particular activity will determine the provisional bounding of the 

human. But I prefer to use the term intra-action to describe the activity that I’m interested 

in, and it is my way of according that activity an ontological status, which is often only 

attributed to humans and things and even concepts.  

Sean:  

I would like to come back to the idea of intra-action but first let’s give Tim a chance to 

respond.  

Tim:  

Well I agree with much of what Karen says in that I am also mainly interested in activity, 

and in pursuing the consequences of Whitehead’s process ontology. I don’t think of 

individuation in terms of drawing boundaries, partly because I just see that life is 

movement, and so any so-called boundary-making practice is reductionist. The 

tendency, particularly in language, of dividing time and space up has caused us to 

created new constructs for describing what I would just call life. Movement, flow, organic 

movement of things weaving with other things: it is the weaving that creates the 

meshwork that gives meaning and supports our own lines of movement.  

Sean: 
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When you discuss boundary making practices, Karen, and reductionist approaches, Tim, 

doesn’t this draw us back to a human-centric perspective, since it is the human who is 

drawing the boundary? 

Karen:  

Although this is true, it is the human who draws the boundaries, it does not at all reflect 

the dynamism and intra-action of entangled agencies. Sean, you mentioned a moment 

ago that the boundaries are arbitrary. I suggest that in contemporary practice, they are 

not so much arbitrary as they are material discursive practices that reflect traditional 

and/or historical approaches within a specific field. Much of my inspiration comes from 

challenging the material, discursive boundaries that are implemented within particular 

fields by drawing attention to the fact that these are contingent human acts. My interest 

in boundary-making practices is political. While I see the world much as Tim does, I also 

acknowledge that boundary-making practices are inevitable, and that it can be important 

to attend to their consequences. This may grow out of my immersion in feminist 

philosophy, and my interest in the whole question of gender. So although particular 

boundaries are made by humans, they are not representative of truth or reality or … 

[looks to Tim] life forces?  

Tim: 

This approach of making distinctions as opposed to valuing the process aligns closely 

with Whitehead’s idea that processes are the primary ontological units of reality. It also 

connects to his fallacy of misplaced concreteness. I myself am particularly opposed to 

boundaries or cuts. I have cited Thoedosius Dobzhansky who has indicated that life will 

not be confined with bounded forms but rather threads its way through the world along 

lines. I feel that as soon as something is confined within an outline or a boundary there is 

an inversion that takes place whereby the contained entity is destined to act according to 

its nature, the organism is distinct from its surroundings. This inversion tends to shift our 

attention to within. And this applies not just to entities but any enclosed aspect of life 

such as space or context or even concepts.  
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Karen:  

That’s very nice, Tim, I like that. As soon as we adopt the view that there are “things”, 

whether they be humans or equipment or whatever, there is the implicit belief that these 

“things” exist with inherent attributes and therefore can be represented in word, in 

images, or in conceptual ideas. This representationalism supports separation where 

everything is distinct, where everything exists separately and can be isolated and 

analyzed. Even in our own consideration of things, people often make a distinction 

between the thinker and the thinking of a “thing”, but you can’t both think about 

something and reflect on your own thinking about the matter.  

 

Tim: 

I agree completely. I have said that to know, to describe and to move are parallel 

processes, and perhaps this is similar to what you are saying. One cannot separate him 

or herself from what they know or describe. The logic of inversion applies to the notion of 

concept as self contained as well. In fact, the epistemological approach of science 

practice has a tradition of turning activity into facts. I refer to this traditional notion of 

knowledge as the property of knowledge. From this perspective, one can be seen to 

either have knowledge of something or not. This contrasts with what I refer to as the 

practice of knowledge whereby it is in the movement that one knows.  

Karen:  

I agree. I suggest that knowing is a matter of intra-acting. It is ongoing and continually 

being rearticulated in performance.  

 

Sean:  

Karen, if I could interrupt. You’ve mentioned intra-action before, which I wanted to return 

to. And also, I know that a significant amount of your research is built upon an agential 

realist approach. Can you speak a little about the meaning of these terms? 
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Karen: 

Intra-action is a mutual constitution of entangled agencies, but these agencies are only 

distinct in relation to the entanglement. So in any assemblage there is a unique relational 

ontology. Agencies are not things, nor are they properties of things. Agency emerges 

from a combining of movement and co-constitution. This is the basis for my agential 

realist framework. Agency is not an attribute, it is dynamism, it is the ongoing 

reconfigurings of the worlds becoming. I approach activity from a post-humanist 

perspective, which places less attention to the human, for there is no central intelligent 

being. Rather, intelligibility is an ontological performance of the world in its ongoing 

articulation.  

 

Sean 

Tim, you’ve had some things to say about agency. 

Tim:  

My criticism of agency seems to be directed not so much towards the way Karen is 

describing it. It has more to do with the infusion of agency into materials in order to 

revitalize them, or to give them life. My criticism has always been that the only reason 

we need to inject materials with agency is because we have separated them from the 

activity in which they were engaged. By separating the material from its activity, by 

analyzing it alone, it becomes inert and lifeless. Actor Network Theorists, for example, as 

well as many practitioners from my own field, inject materials with agency in order to 

describe their dynamic contributions. But it doesn’t sound as if Karen is using agency as 

a way to invigorate materials. You are describing an emerging agency. That said, I am 

still left wondering What is agency? What is its impetus, how is it read or identified? Is it 

a term worth using given its long, complicated history? 

Karen: 
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Agency is not a thing one can point to or define, it is emergent in the dynamism of life. I 

suggest that it is similar to your own use of the phrase “life forces”. But this doesn’t 

answer the question. What is the impetus, the causation of agency or of life? 

I address causation as material discursive configurations. In any arrangement of 

apparatus, for example, a certain dynamic possibility is enacted. Agency is the attending 

to the possibilities: one attends to these possibilities so as to identify power imbalances. 

Agency is not a distribution of action to all parts of an assemblage, it is a way of looking 

for and finding power imbalances.  

 

Sean: 

One of your criticisms of science studies, Karen, is that results have often ignored 

gender, race, class, sexuality, ethnicity, religion and nationality (I’m reading this from 

page 87 of your book). You seek to reconfigure our perception of the nature of concepts 

and objects in the world, insisting on their fundamental ontological indeterminacy. The 

agency in this example is identifying the imbalance of results over all other 

considerations. So although there are no “things”, things are referred to within a field 

based on traditions and common practices, this is a very unique way of using agency.  

Tim: 

This approach, Karen, seems very focused on interpretations. Not only challenging 

traditional interpretations but proposing new ones. I do not specifically deal with 

interpretations in my work, I recognize their importance and am intrigued. But one 

question I might have is how can one stand apart and interpret? 

Karen: 

There are agencies of observation. We cannot get away from this need to describe in 

terms of the cuts [specific boundary-makings] that are made in any particular possibility. 

But the key is not so much to interpret as it is to be open to multiple possibilities. 

Agency, in my view, appears both within the activity and in the “reading” of the activity.  
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Sean: 

Indeed Karen, your background as a physicist and a philosopher probably shapes the 

way you theorise. After all, you are studying the work of physicists, who “discover” new 

subatomic entities that are not usually seen as intra-acting with the tools they use to see 

and measure them—despite the ontological problems that Neils Bohr himself point out 

with this practice. While Tim you are more concerned with redirecting your field in that 

there has been a significant move to materiality, but as you’ve indicated materiality is 

dead without activity.  

I would like to move on to the notion of tools. Both of you are also very interested in how 

the human connects with things. For you Karen, scientific tools are important, but so are 

other parts of the physical world. In fact, you envisage a somewhat flattened ontology in 

which everything is material. For you Tim, it is the everyday tool like the saw, that 

fascinates you, and that helps you re-centre activity. 

Tim:  

Yes, being alive involves doing things with tools. But I like to think of the tool as a 

narrative because it recasts it as an event rather than a thing—an event that occurred in 

a certain context. Even the word “event” is wrong because it again brackets experience, 

losing a sense of before and after.  

Karen:  

Doesn’t using the notion of “tool as narrative” reinscribe the tool as a thing that interacts 

with the human though? Doesn’t it fix the tool?  

Tim:  

I see what you mean, but I do think of the tool as indeterminate and by using “narrative” 

it becomes the entanglement with the person and the problem. Through use, the tool 

becomes what I call storied knowledge. I have always felt that thinking of tools in terms 

of their a priori functionalities causes a lot of problems. For example, how does one 
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describe it, is it in the design? This couldn’t be the case because people use tools for all 

sorts of reasons, in which case it is better to describe the tool in terms of how it is being 

used. 

Sean:  

Perhaps the word narrative also gets to the nature of the unanticipated that seems 

important in your descriptions, for example, of sawing, where there are a multitude of 

surprises and serendipities emerging in the cutting of the wood, none of which would 

have been planned in advance. 

Tim:  

Absolutely. Now, being an anthropologist, I don’t have a post-humanist perspective, but I 

suggest that the human is not as in control as one might think; clearly there are a 

multitude of surprises. In addition, a practitioner about to use a tool does not begin anew 

each time she or he grabs and uses the tool. Rather, there is a combination of both the 

surrounding situation with storied knowledge of the past. It is the alignment of past 

stories and current situation that leads to tool use.  

Sean:  

Karen, how do you envision materials or tools?  

Karen: 

I agree, tools are not performed, nor do they fulfill a purpose, they are perpetually open 

to new uses and arrangements. This moves us again to possibilities. To describe a tool 

or an apparatus that has a role in a chain of actions positions the tool in a place where it 

might need “agency” for us to identify its value. But tools, or apparatuses, are constituted 

through particular practices. I fully agree with you Tim. 

Sean: 
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Karen, why in your writing you are always using the term “apparatus” as opposed to 

‘tool’? Is it because there is never a situation where there is only a single “entity”, if I can 

use that term? There are always numerous “things” in any situation? In your example of 

cutting wood, Tim, you do indicate that there are numerous considerations (things) to 

account for in an activity but you are specifically making a point about the term tool. So I 

would suggest that you are both very similar in your ideas, both regarding tools, but also 

in general. 

Karen: 

Yes, I would agree. 

Tim:  

Yes, indeed. 

Sean: 

Tim, I suggest your writing is more metaphorical in its use of lines weaving while, Karen, 

yours language is more scientific, or more direct with terms like action, phenomena and 

agency. But both of you are really arguing that in activity, things become. While Karen 

you suggest that agential cuts are made within these practices and address the results 

from such cuts, both of you adopt that these cuts are not final but that the activity is the 

significant part of life and of meaning. 

 

Thank you both for the intra-view.  
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Chapter 6.  
 
Conclusion 

This chapter addresses a number of final thoughts and considerations of this 

dissertation. Since I have used theories and research that lie outside the field of 

mathematics education, I wish to speak both to how these theories can be usefully 

applied to the learning and teaching of mathematics and to how these approaches have 

changed my own practices as a mathematics teacher. Following these specific elements 

of mathematics education, I comment on how the theories address educational issues 

more generally—especially in terms of the objectification of students, which has far-

reaching implications. After discussing the implications of these theories, I revisit the 

notion of agency in light of the three papers. I then discuss some of the tensions that 

exist in the theories I have sought to implement in this dissertation. 

Relevance to math education 

This whole dissertation has ultimately been concerned with the learning of 

mathematics. One main goal has been to try to account for the role and nature of tools in 

mathematics learning and, in particularly, to understand better the relation between tools 

and mathematics, as well as tools and learners. While existing theories that assume a 

dialectical relation between tools and learners—such as semiotic mediation and 

instrumental genesis—consider tools to be central in the process of learning: they 

maintain a dualist perspective between mind and matter. In the more monist 

phenomenological framework of Nemirovsky et al. (2013), which refuses the mind/body 

distinction that is so prevalent in the mathematics education literature, even amongst 

theorists of embodied cognition (see de Freitas & Sinclair, 2014), there remains a 

separation between the human and the non-human. Further, none of these theories 

seek to account for the relation between tools and mathematics, leaving the latter 
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somehow fixed in the course of learning. Any contribution to the way in which tools might 

affect the emergence of concepts, while at the same time shaping the very nature of 

these concepts, seems highly relevant to mathematics education. It has implications, in 

particular for assessment practices, which often involve separating tools from 

mathematics.  

As part of my re-thinking of tools and their relation with learners and 

mathematics, this thesis has aimed to draw attention to the process activity of 

mathematical doing. Of course, it has long been acknowledged that it is the process and 

not only the product of mathematical thinking that should be valued in the classroom. 

Various forms of mathematizing, such as generalizing, conjecturing and looking for 

invariance, are widely held to be core components of mathematical activity. However, 

the difficulty that I encountered in describing activity in process, without imputing agency 

or reifying actions, suggests that mathematics-as-process is still a challenging idea. 

There are connections here to the work of researchers such as Lunney Borden (2011), 

who discusses both the challenges and opportunities of the highly verb-rich nature of the 

Mi’kmaq language; while it has been challenging to translate between Mi’kmaq and 

English, the Mi’kmaq ways of naming circles and squares and other mathematical 

objects may well have pedagogical value, while also pointing to new possible ontologies 

of mathematics.  

Although it can be helpful in communication, to speak of mathematical objects is 

to ratify a specific perspective of mathematics. This can develop into a boundary-making 

practice in which mathematical objects have some kind of disciplinary or material 

agency. This boundary-making practice around mathematical objects either determines 

how they can be approached (disciplinary agency) or how they can be accommodated 

(material agency). To draw mathematics to the process leads to questions of how these 

objects are formed: from what assemblages did they emerge? How might they change? 

These questions do not simply relate to the historical or discursive changes in 

mathematics, which are many and which have been well documented, but also insist on 

reckoning with the material. This can be difficult in mathematics, where objects are so 

often, and incredibly quickly, folded into an immutable zone that refuses to be sullied by 

the physical world. It should be possible to examine how every shift in mathematical 
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thinking, whether it be in the history of the discipline, or the life of a learner, occurs within 

particular material contexts. Rotman (2008) provides a very powerful analysis of this sort 

in relation to the concept of zero and the emergence of writing.   

In addition, by reformulating the focus to the observable, we become less 

concerned with what has been learned and more concerned with what is being 

practiced. This identification of the observable draws attention to what is occurring in-

the-now as opposed to what “facts” the student is taking away. This reorientation 

towards the material assemblage unfolding in practice produces new insights. Recalling 

the example of the students moving the triangle shape around the classroom, I argued 

that the “feeling out” of a particular material environment highlighted the relation a 

mathematics object (triangle) has with the environment and the student. In this non-

dualist approach, the student–tool–triangle moves and what emerges from the 

movement is a new identification of what constitutes a triangle. 

What insights have these theoretical perspectives offered?  

I draw upon the example of the “almost”-square, presented earlier in chapter 5 to 

suggest that if seen through Ingold’s transport and wayfaring metaphors, new 

mathematical approaches and meanings can be seen. Borrowing from Ingold’s 

metaphors, the “almost” aspect of the almost-square represents movement, but not 

movement towards a single intended end by a single actor. When the student is seen as 

the only “mover” or as the only force in this activity, the tugging of the almost-square’s 

vertex seems to be emerging solely from the student who wants the almost square to 

become an actual square. This framing, if presented without consideration of the back-

and-forth relation between student and tool, falls into Ingold’s transport metaphor in that 

the student is perceived as trying to move from an almost-square to a perfect square. In 

such a narrow view, there is no change in the student because he already knows what 

he wants (a square), and it is the tool that will not “let” him fulfill his intention, in which 

case it might be considered a shortcoming of the tool. In contrast, framing the activity in 

terms of the student–tool as a fused entity, forces inquiring into what the student–tool 

can achieve, bringing the interest to the back-and-forth movement of the student–tool 

becoming. If we ask what the cause of the continued movement is, the answer must be 
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the measurements of the sides of the square. The student is no longer focusing on the 

shape, but rather on the measurements of its sides, which seems to indicate that the 

measures of the sides add an obstacle to squareness. Without the measurements many 

students were satisfied with the original putting together of four segments. When one 

focuses on the movement in activity, one may notice mathematically significant practice. 

In this example, one becomes aware of how a change in the assemblage changes the 

meaning of squareness. In this case, the student as wayfarer experiences a coupling 

with a tool, and in that coupling creates a new “intra-activity” where the “almost” square 

is a “living” example of movement and enhanced activity. The almost square is not a 

static image that invites action. It is a figure that is emergent in a student–tool relation. It 

moves and is moved (or “defined”) in the student–tool movement.  

From this example, I suggest it is possible to refocus analysis on the assemblage 

of all parts of the activity, which in turn enables a more mathematically fruitful approach. 

The assemblage in the “almost” square activity included the eyes of the student 

(watching the measurements), the mouse, the hand, the shifting shape of the “almost” 

square, all in movement and all combining together. There is also an attuning to aspects 

of a learning situation not normally included in analysis, to notice where the eyes are 

focused, what the hand is doing, what the almost square is doing, may be a lot to be 

aware of but it is imperative to notice the details so as to see the subtleties of material 

practice of mathematics. 

In another example from Chapter 5, I draw on the translated triangle, which was 

moved all over and partly off the screen, ending in the posing of the question, “Is this a 

triangle?”. In this case one could argue that the student translated a triangle off the 

screen and asked a question. Such an argument identifies states of being as opposed to 

a process of becoming. I, on the other hand, have argued throughout this dissertation for 

a process approach because a process approach values all movement and the varying 

assemblages in those movements. A state of being approach assumes that in a 

particular moment of time, one can access or identify knowledge or meaning as if it were 

an object or property that can be measured, what Ingold calls “knowledge as property”. 

When students in a mathematics class are given a test, the implicit belief is that they are 

in a current “state” from which they can “recall” and “represent” knowledge from previous 
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activities. Testing as a practice conveys the belief that knowledge can be measured and 

at the same time changes the tools and the environment in which that “knowledge” is to 

be expressed from the tools and environment in which it was learned. The attention to 

the process, however, in the triangle activity example, gives value to the in-the-moment 

movement and living forces of construction and translation of the triangle. It is not only 

about the feeling out of a tool’s boundaries but also a story of a student–tool fusing. A 

new narrative has been constructed and the knowledge to be learned is the story of 

movement. To attend to knowledge as a practice, is to look to the living forces of student 

engagement.  

To support this point of knowledge as practice further, I draw on the third episode 

from chapter 5. In this episode, when the teacher asked the student what it meant to 

“move” the square the student could not verbally articulate an answer because he did 

not “know” a response. A verbal response to an embodied experience was not possible. 

This predicament illuminates the acquisitionist dilemma in which a student learns content 

under one set of circumstances and cannot “use” or recall the knowledge under another 

set of circumstances. The construction of narratives of lived experiences cannot always 

be embedded mentally and then translated verbally. However, the gesture the student 

makes in the triangle activity indicates a new narrative and a remaking of the concept. In 

this framing the movement is meaningful, and consequentially, the concept of square 

becomes what student and square can do together. 

I suggest decentralization can indirectly draw attention “back” to the student in a 

perspective that sees the student in a more supportive, rather than centralized role. By 

not objectifying students (attributing failure solely to the student), but giving them 

resources and letting them continue to use those resources, and seeing mathematical 

insight within certain processes rather than only in a specific goal or result, mathematics 

education practices can support the learner, as well as the teacher. It takes seriously the 

lived experiences and not solely the result of experience. To value lived experiences as 

mathematical knowledge (in practice) is to relax the rigid expectational oppression one 

can find in mathematics classrooms, offering the opportunity for creative acts, 

meaningful gesturing, like fine-tuning a square—all of which are opportunities for 

engagement. Creativity does not spring from within the human alone but emerges within 
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an assemblage in the process of doing. From a perspective where mathematics is 

actualized in movement and in doing, the classroom becomes less of a scripted 

mechanical environment that values efficiency and mastery of tools and/or of content 

material and instead becomes an experience where life and mathematics are actualized 

in tandem.  

Connections to Mathematics Education Literature 

Within mathematics education there have been a number of different 

perspectives over the past 30-40 years in seeing how mathematics is learned. One 

approach, for example, is embodiment. There are different conceptions of embodiment 

but the framework can be simply summarized as learning and understanding as seen 

within and part of the body (which includes the brain). Lakoff and Nunez (2000), for 

example, argue that concept knowledge ties in with the sensorimotor system and can be 

understood by noting how the body moves and interacts with the world, thus 

mathematics can be seen as a part of this interaction. One of the positive contributions 

that embodiment has played in mathematics education is that it has shifted the thinking 

out from just the brain to the whole body. Multi-modal features such as gestures have 

been studied in recent years and not as subjugated to the brain’s control but as bodily 

coordination that may be seen in and of itself as understanding.  

The inclusion of the body aligns with the work in this dissertation in noting that 

one of the central shifts has been to decentralize the student as central thinker. This, 

however, does not mean to turn away from the student, but to reconsider the student in 

different ways. I suggest that the movements of students, their gestures, their speech, 

are significant in being part of the assemblage of leaning. The student is not considered 

as a whole but as parts. The hand, for example, may not have the same “reasoning” for 

moving than the angle of their body or the turning of their head. It moves in coordination 

with the mouse and is a “whole” with the mouse which is separate from other parts of the 

body. The hand-mouse “entity” referred to in chapter 5 speaks to the significance of the 

hand as part in the moving assemblage and distinguishes this from other parts of the 

body. While earlier conceptions of mathematics learning was attributed to the mental 

such as what one finds in radical constructivism. As a theory of knowing, “It starts from 
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the assumption that knowledge, no matter how it be defined, is in the heads of 

persons…” (von Glasersfeld, p. 1), embodiment has moved significantly from this 

perspective and viewed human as being more than just a central processing being. 

Critics of the embeddedness of mathematics in the body have noted the missing 

social element in learning. While certain framework within embodiment have “reached 

out” into the social world such as Radford’s “sensuous cognition” many other 

instantiations have focused inward. Sociocultural perspectives have emerged in the 

mathematics education literature focusing on the considerations outside the body that 

develop or support mathematical understanding. I note two theoretical frameworks 

based in this tradition and note the similarities as well as the differences to the ideas in 

my study.  

Actor–Network theory (ANT) is social theory that leans towards activity (with 

most analyses post activity) adopting an open perspective to all contributors of an 

interaction. These considerations of actors may include, for example, humans, political 

regulations, and/or material objects. In the example of political regulations, ANT does not 

draw attention to the “materiality” of these regulations they only refer to the idea, taking 

note that it can affect outcomes. In looking at each of these contributors symmetrically 

(without assuming which “actant” contributes more or less) ANT draws attention to how 

heterogeneous “parts” come together in a network, aligning, I suggest, with the notion of 

assemblage. Yet while ANT embraces a network metaphor, the idea of assemblage 

looks more at the unity of contributing parts. A difference that emerges from this notion 

of network, as opposed to a “oneness”, is that as a network the actors are distinct, 

separate and unchanging. My research attempts to move away from actors as distinct 

pre activity because this could lead to a focus on the actors. According to Barad (2007), 

actors change and “become” in activity so to refer to actors before and after an activity is 

to miss the developing aspect of each. ANT does not focus its attention to the difference 

between these two temporally “different” moments. ANT main contribution is the notion 

of distributed parts contributing. I accept this as a valuable and essential aspect to the 

social aspect of learning but extend it to include the changing entities involved and draw 

in toward a unity (assemblage) as opposed to a network.  
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Another example of a social cultural framework is Cultural–Historical Activity 

Theory (CHAT). The unit of analysis in CHAT is activity. Activity is dynamic and is the 

process of how cultural and historical knowledge is passed by way of the design of and 

the interaction with artefacts. These practices become internalized and the end result is 

that knowledge is moved from the social to the mind. While attention is drawn to activity 

and is originally social in natural the end result seems to become reified and stored in 

the head. Vygotsky’s premise of learning moves from the inner to the intra, moving 

knowledge from social to mental. The research in this dissertation ties in with the unit of 

analysis of CHAT but differs in its conception of artefacts. Embodied knowledge within 

an artefact is important because it draws attention to the artefact itself, but to adopt that 

knowledge is embedded in an artefact moves to a view that knowledge is a thing to be 

transferred. I suggest that an artefact can direct activity and that this is part of its 

materiality. There is no disagreement that the materiality of an artefact ties in with 

societal practices for the practices of using a tool can be similar to how they are used by 

others, but this is storied knowledge that does not get transferred but is within the 

practice itself. It is not the transferring of knowledge but a realignment of what one 

attends to. Transfer of knowledge reifies mathematics and this study has conveyed 

throughout that knowledge is a practice and not a property. 

It is important in my elaboration of a theory to connect to other well-defined 

frameworks and well-used theories in mathematics education. Mathematics education 

literature has embraced some frameworks and I highlight both the embodiment and 

sociocultural perspectives. But while embodiment focuses on the embeddedness of 

mathematics and sociocultural perspectives focus on the social nature of mathematics, 

each perspective, to varying degrees, ignore the other. This study, presented here has 

been an attempt to bridge both perspectives. I note that de Frieitas and Sinclair (2014) 

are also interested in bridging the two movements when they ask, “How does one talk 

about the ‘perceptuo-motor possibilities’ of the body while also addressing the social 

entanglement of bodies?” (p. 22). In this work, adopting the idea of assemblage and 

intra-action, the body fuses with the material and the social in ways that include both an 

embodiment and a reaching out into the social.  The body and the materiality of “things”, 

such as language and more mathematically attuned “tools”, are the assemblage from 

which mathematics emerges. 
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Shifts in educational practice 

I have suggested that there is a significant number of approaches that centralize 

the student as the learner in schooling. And although these frameworks account for tool 

use, the focus is ultimately on the student. This leads to an asymmetric approach in that 

the human is the one who initializes an activity, constructs it, and carries it to completion. 

Even when the tool is considered an influence or when there is a co-implication of 

students and tool, the conclusion is that the students have interiorized the tool’s 

affordances, or knows how to use or exploit the tool. As pointed out by both Barad and 

Ingold, the traditional educational approach has been to identify the individual before 

activity, and I suggest that seeing the student as a separate being, apart from activity, 

apart from tool, is to see the student as also being apart from the mathematics. These 

approaches fail to see what de Freitas and Sinclair are at pains to show: the physical 

engagement is the mathematics (and not just mathematical activity—a turn of phrase 

that, like Ingold’s example of the wind, reifies the subject in order to subsequently have 

to animate it).  

I contend that identifying the student separate from activity objectifies the student 

and this objectification has ethical implications. To argue that learning occurs “inside” the 

student is to construct boundaries around who can do mathematics. In addition, to 

suggest that students’ own make-up is central to their learning is an objectification that 

enters into a political domain by contributing to the perspective that the student is 

ultimately responsible for their own development. In an educational context, this can lead 

to labeling students in ways that ignore the particular, historical-cultural boundaries 

practices that determine what is intelligible (de Freitas & Sinclair, 2014). 

This attribution of responsibility ultimately draws back to Sfard’s quandary of 

“disability”, which is evident in mathematics education. When students do not perform to 

set standards or expectations, they are often identified as not understanding and are 

labelled as “challenged” or “disabled”. Similarly, when they do perform to set standards, 

they may be labelled as “gifted”. Sfard argues that these labels can have very 

debilitating effects on the child. They can oppress regular functioning and practice. In a 

similar vein, Walkerdine (1988) criticizes the way in which the teaching of mathematics is 

often viewed as imparting to the individual a sense of control and mastery over the 



 

127 

physical world. She argues that in “examining practices it is unnecessary to invest 

children with capacities or abilities which unfold” (p. 13), arguing instead for a focus on 

the “practices themselves” (p. 14). Reified, human-centric views may thus grant the 

individual power, but when the individual appears powerless to the mathematics, it is 

seen as a deficiency on the part of the individual. Drawing back to Davis and Sumara 

(1997), positioning mathematics as a separate entity from the human grants 

mathematics power over individuals. This introduces a power struggle between the 

student and mathematics, which, I suggest, is neither a productive nor a supportive 

approach to mathematical learning.   

Implications for my teaching 

These considerations have changed me as a practicing teacher. At a practical 

level, I now always provide students the option of using calculators, formula sheets, 

algebra tiles or other tools during tests. While it was common practice for me in the past 

to take these materials away for a test, I have come to recognize that banning them 

supports a perspective that learning occurs entirely in the head of each individual 

student and that the student ought to be able to refer to the abstract rules at will. The 

tools, as I see them now, are an integral part of the student’s engagement with 

mathematics. To take the tool or reference sheet away limits possibilities and invites 

assumptions about some students being mentally “weak” if they do not perform 

“correctly” without tools. In a new materialist framework, the mathematical concept 

becomes what the student and tool can do together through the process of activity.  

 

Challenges 

One of the most significant challenges in this study has been in shifting the focus 

from specific “things” to process or activity, which both Barad and Ingold promote. In the 

English language, we build sentences based on a subject and a predicate. This structure 

implies that there are things first, and action second. Consequently, to refer to 

movement before the object is a considerable challenge.  
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Pickering and ANT theorists identified both the object and the activity. For 

example, Pickering’s dance of agency outlines a back-and-forth reference to the 

“objects”, and although his metaphor of dance focuses on the togetherness of two 

identifiable entities they are still distinct from one another. In other words, even when 

referring to a conjoined entity such as student–tool, in referring to its movement, it is 

difficult to not also identify the student or the tool separately in the student–tool relation. 

One approach that I implemented in attempting to deal with this challenge was to use a 

diffractive lens, following Barad’s approach, which offered me the opportunity to look at 

Pickering’s notions of resistance and accommodation through a post-humanistic lens in 

which the focus is diverted away from the idea of two separate entities coming together. 

Agency: a brief return 

One of the initial constructs in my PhD journey was that of agency and, in 

particular, given my interest in tools, material agency. Within the context of mathematical 

practice I suggest that, for me, material agency has been a more fruitful concept than 

human agency. I do not want to deny the importance of the human and the lived 

experiences of humans; rather, I contend that the notion of human agency may be a 

black-box concept that ends up granting the human an overly privileged position in 

activity. In contrast, I suggest that the notion of material agency leads to a more fruitful 

discussion for it boldly draws attention to the fact that humans become through and with 

their material environment.  

I have also found the notion of material agency to be a powerful way of inviting 

people into thinking about mathematics and mathematics learning in new ways, 

especially when it comes to the use of digital technologies. In my work with Master’s 

students, for example, I thought that drawing upon Ingold’s view that there are no 

“things”, or Barad’s notion of indeterminacy before activity, would be immediately 

dismissed. Instead, I decided to begin the conversation where I had begun, with 

Pickering’s notion of material agency. This notion draws attention to the material in a 

direct way and begins to points to ways in which tools can bypass human control and 

manipulation. This shift of focus to the material framing implicitly puts the two agencies 

at an equal level. The adoption of material agency becomes a sharing of a role. As I 
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finish up my dissertation, I am becoming more and more interesting in what the next 

steps might be in working not only with Master’s students, but also pre-service teachers. 

How and when can my post-humanist, new materialist insights play a role in teacher 

education? 

A challenge still remains in identifying material agency in Pickering’s resistance 

and accommodation model. Since Pickering refers to resistance as an obstacle or an 

acting back, he has framed resistance as a reaction to human movement, which implies 

human-centered activity. In Chapter 5, in the empirical study, I used the constructs of 

resistance and accommodation, but struggled to find a way to refer to resistance without 

basing it on how the student acts. I have used the “I” voice and the “me” voice in 

previous studies (Chorney, 2011), but these were also based solely on the verbalization 

of the student, which still supports the centrality of the student.  

In reflecting on this challenge of using the constructs of resistance and 

accommodation, I assert that Pickering’s analyses of both Glaser and Hamilton were 

easier to undertake than a study in-the-now. Pickering was far removed both physically 

and temporally. He had the opportunity to read Glaser and Hamilton at first hand, as well 

as other authors’ perspectives; consequently, Pickering was able to identify intentions 

and challenges before writing. He also had the luxury of choosing examples that were 

productive, for the results of both Glaser and Hamilton were successful and highly 

valued outcomes in their respective fields. Using resistance and accommodation and/or 

disciplinary or material agency in a learning situation, being a participant in observing, 

adds a new dimension that is not easily dealt with. The challenge of how to identify 

resistances remains. 

While I agree with Ingold’s view that the notion of agency is used as a way of 

approaching and giving life to “things” in activity, I remain convinced that it can provide a 

fruitful way of describing activity, as long as one remains attentive to the dangers of 

subordinating the material and re-centralising the human.  

Tensions 
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This moves me to a tension. I have not criticised the theories of Barad and 

Ingold, as I have Pickering’s, in part because they are mainly theories, rather than being 

accompanied by empirical studies. Although I have suggested that Pickering’s work is 

post-analysis, using resources unavailable in an educational study, I also appreciate that 

he has developed methods that are consistent with his theory. Although Barad has an in-

depth analysis of quantum theory and a biological analysis of brittlefish, she uses these 

examples as ways to exemplify her theory. Ingold’s approach is not exemplified in 

practice; it is also mainly a theoretical approach.  

One consequence of using these theories in mathematical education research is 

that they are, in some ways, ahead of their time because they have not yet developed 

suitable research methods. This lack of empirical studies in such a material framing is 

ironic. To be sure, both Barad and Ingold ground their analyses within the material, but 

not in the context of research studies about the process of teaching and learning. It may 

very well be that the kinds of research questions that one finds in mathematics education 

anthropocentric in nature, and that one of the first challenges in using theories like those 

of Barad’s and Ingold’s would be to change the questions that are being asked. Already 

in this dissertation, one significant shift of question focused less on what the student 

takes away from a learning situation and more on what is the nature of mathematical 

practice, and, indeed, of the mathematics emerging from that practice. The question for 

further research within this perspective will be: Can we conceive of learning as being 

inclusive of things outside our body, of our mind? 

de Freitas and Sinclair (2014) seem to be an exception. In their recent book 

Mathematics and the Body they present some case studies of students in classroom 

activities. They particularly attend to learning assemblages that are created in a learning 

activity and these assemblages include things like sound, gestures, voice, chalk-tapping; 

they look at these parts as contributors to the making of meaning. In their analyses, each 

aspect of a classroom activity can participate as “possible forces mov[ing] across the 

surfaces of the learning assemblage” (p. 139). 

School mathematics may well be one of the most helpful contexts in which to 

consider these questions because mathematics has become such a noun-based, 
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disembodied practice, so that even the smallest move to a more process-oriented world 

may be a positive one.  

Looking back 

The metaphor that seems most relevant to me looking back at my journey during 

this dissertation is that of the wayfarer. The direction or line of this dissertation is a trace 

of a wayfarer for I have moved in many directions, leaving a figurative curving trail that 

marks my path. To see the process of this dissertation as progressing in a “straight line”, 

that simply moved from beginning to end, ignores the back and forth that I experienced 

in my studies, and therefore a curving line is more fitting. My line of my dissertation 

journey might look something like this: 

 

Although I have highlighted the endpoints I suggest that this is a matter of 

convenience and in the bigger picture there is no beginning and end. The line would 

continue on from both ends. Another misrepresentation in the image of my line is the 

absence of its weaving with other lines. This project was not completed alone; the 

resulting meshwork includes lines from the support of others. 
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