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This paper focuses on the role of diagramming and gesturing in the process of mathematical
ed explicitly on the role of gestures in cogn{taa, 2000;
& Nufez, 2000; McNeill, 2008; Radford, 2001). Morentigce
mbodied cogniti@gngside that of new materialism, gestgr has
- doing and thinking mathematigailly & Longo, 2011; Barany &
5 & Sinclair, 2013; Greiffenhageh42Menz, 2015; Roth & Maheux
The innovative work of the philosopher of meainatics, Gilles
died the historical diagrams of mathematicians, highlights the
ingand diagrammingn mathematics inventionin this paper, we
nathematizingand furthermore jdentify the
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diagram that a person understands or invents mathematics. As Roth and Maheux pbihe out
virtual cannot be grasped but is that which allows grasping to 'o@t5, p. 236)

METHODOLOGY

Theresearch subjecta this study comprise three male, Caucasian, res@aatiiematicians in the

field of Topological Graph Theory from two prominent North Amanicuniversitiesand are
selectedfrom a more detailed study (Menz, 2015) on diagramming and gesturing during
mathematizingThe three mathematicianeeferred to as Fred, Colin and Victonet nine times

over a period of three monttsstudy the class of 2egular directed graphs and how they embed in
different surfacesThe research goal was to compldist of obstructions for the projective plane in
particular, although other surfaces such as the torus and Klein bottle were also explored at times
andto classify these obstructions for 2-
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Figurel: Episodes, phases and their relationships in theyifte of a diagram

In each phase, stalledepisodesiescribe a particular function of interaction between diagram and
mathematician. The term episoidechosen becae it alludes to both a period of time and aside
story being told. The analysis shows that throughout theyidte of a diagram, from its creation to
its ‘establishment’ or ‘obliteration’, there are eleven distinct diagram episodes: ememgisent
unsupportivedisruptive supportive pulling, central discarded,obliterated absentor established
(see Figure 1). In the interest of space, only two episodes are described here:-tiagraarging

and diagramis-disruptive The remaining episodes are detailethe work of Menz (2015).

Example 1: diagram-is-emerging

Every time a mathematician makes chalk marks on the blackboard that are not writings a diagram
emerges. This diagram can consist of anything between just a few strokes to elaborafe] colour
drawings. Once the diagramming mathematician steps or turns away from the diagram, the episode
diagramis-emergingis concluded and the episode diagreapresentbegins. If a mathematician

adds to or erases from the onidi diagram,the emergence of another diagram is signafece
settingsare identifiedwhen the episode diagraistemerging comes about: (1) the mathematician
diagrams from scratch during his exploration, which is especially noticeable during sustained high
diagramming activity suchsain research meetings 3, 5 and 9; (2) the mathematician adds to or
erases from an existing diagram, which alters the original diagram; (3) the mathematiigarese

a diagramby tracing the edges and vertices of an existing diagram (usually a gradpbh w
occur2u.25 Tw [(a)4(n e)4(x)-10(i)-W4 -0.004 Tc 0.18 Tw -11.77 -1.334d [(1.3. Td T184)-2(i)-110(w)]Td
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termedreversed planar octahedronjhe three mathematicians discoven embedding of this
particular octahedron in the torus. Next, they want to know if this embedding is unique aﬁ}ﬁ how

can embed generally in a surface of Euler characteristic Eerdhis, they need to understand how

the faces of the embedding are connected to the edges of the original graph, which they refer to as
identifying closed walksFirst, Fred draws the reversed planar octahedron with yellow chalk on the
blackboard from memory as described inf@¥)diagramis-emerging but seems to be stuck finding

the faces of the embedding. Then Colin joins Fred at the blackboard and askkpleasg destroy

this picture?” to which Fred replies “oh, sure”. Colin adds red edges to the diagram on top of some
of the ydlow edgesas described in (Xpr diagramis-emergingin order to identifyclosed walks

(see Figure 8. All the while, Fred is sveral times tracing through the diagram with a cupped right
hand (see Figure 2d)which he places over each of the faces in the diagram as if his hand is
mimicking the perimeter of the faces. During the times when he utters “red, yellow”, he alternately
moves his index and middle fingers up and down while at the same time moving his hand
successively from face to face. Both of these are interesting gestures, as they not only embody the
alternation between edge colourings and thereby virtually assemble the faces that the diagram
holds,but the gestures also underline the content of Fred’s utterances, which is a generalization of
the process of finding the faceSolin returns to his seat anddecussion about the closed walks
ensues followed by silence. Dug this time, Fredabels the verticesf the red/yellowdiagramand

softly traces through the edges with red chalkich can still be seen in Figure.2c

a b C
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is unique and turns to the diagram drawn in red and yellow. First he traces through the edges (see
Figure 2f, left) and then adds thin and thick white lines as described in (2) for dimsgeamerging
exclaiming “let me make a total mesfthis” (see Figure 2c). Afterward€olin traces through the

edges of this diagram with his index finger to identify closed walks (see Figure 2f, vihii®),

both him and Fred verbalize their satisfaction with their argument.

During all this time, tb third mathematician, Victor, joins into the discussion at times, but also
explores the graplon his own on paperHowever, his diagm is ignored by the other two
mathematiciansAt the very end, Victor is asked by Colin “is that clear (.) so (.) Vi¢teoAvhich
Victor readily responds “yealdnd nods his head in agreement

The diagrams in Figure 2 demonstrate the dynamic nature of diagramming in the hands of the
mathematician. By drawing various types of lines (dashed, squiggly, coloured) on &mh aftieer,

the diagrams by Colin and Fred become layered, which creates a sense of plasticity. The smudges
of chalk and finger prints on the blackboard within Fred’'s diagram (spee-2¢ are evidence of

the erasing and touching of edges and faces,ldhesgeaking of the intimate engagement with the
diagram. This is Chéatelet’s figuring and defiguring that is embodied in the diagramming; and it is
this defiguring which reorients the mathematician anew to the information that the diagram holds.

Interestimgly, both diagrams (see Figures 2a and 2b) are drawn with the same orientation, which is
not the case in their previous exploration and a subsequent exploration. Furthermore, Fred’s
diagram has vertices labelled and edges are oriented, while Colin’s diagram is void of any labels
and orientation. Therefore, the diagrams by Colin and Fred provide further evidence how uniquely
virtual gestures are actualized. However, these personal actualizations also provide a common
ground among the mathematicians to reatlze possible mathematics as was discovered here.

Example 2: diagrantis-disruptive

The premise of a disruptive diagram is that the thinking track of a mathematician is interrupted
through the information thahe diagranreveals which is eitheunexpected oin discord with the
knowledge of the mathematiciaBuch episodes typically begin with speech repairs or exclamations
such as “oh” and “ah” in the utterances of the mathematician who is engaged with the diagram, are
usually quite tumultuous, and often end with laughter.

In the following exampleabout a disruptive diagranthe mathematicians are exploring the
embedding of an unknown graph and are expecting the faces of the embedding to consist of four 3-
cycles and two #yclesFredis working at the blackboard and attempting to find these particular
cycles. After four minutes repeatedly walking to the blackboard, tracing edges (see Figure 3a
erasing edges, drawing over edges (see FiguxesBpping away from the blackboard, staring at

the dagram (see Figurecl and otherwise being silent, bgclaims “oh! It's not three, three, three,

three, four, four. It's five threes and a five”. Ttiatathat the diagram reveals to the mathematician
after his diagramming exploration comes as a swpasd spthis is an episode of diagrass
disruptive.
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