TENTATIVENESS AS STRATEGY AND
AFFORDANCE IN SPATIAL VISUALIZATION

JOSH MARKLE

Some years ago, I visited The Art Institute of Chicago. It
was an exciting time to be there: the Institute’s main exhibi-
tion that year was of Picasso’s work and commemorated the
centennial anniversary of his first show in the city. I spent a
couple of days walking through that exhibit and others. I
stood in front of Chagall’s ‘America Windows’ and in a
roomful of variations of Monet’s ‘Stacks of Hay’. At one
point, I climbed a broad staircase and paused at the top to
orient myself. When I turned around, I was looking at Geor-
gia O’Keeffe’s ‘Sky above Clouds, IV’. In this painting, a
pink and blue sky sits atop dozens of white clouds, roughly
elliptical in shape and receding row upon row into the dis-
tance, across an expansive 8’ by 24’ canvas. I noticed that
the first part of me to respond to the work was in or around
my stomach. Before I could focus on the oddly uniform
clouds or the way they seemed to curve back into the hori-
zon along the asymptotes of a hyperbola, my body had
responded in a visceral way. That the stairs gave way
beneath me, descending to a platform somewhere below,
conferred to the painting an illusion of groundlessness. At
the same time, the painting seemed to close in on me across
the gulf between us, more from its middle than its edges,
giving it a three-dimensional aspect. The whole experience
probably lasted only a second or two, despite it feeling much
longer. I quickly retrieved my notebook and jotted some-
thing down about how I had felt, but I found it difficult to
capture in words. I closed my eyes for a few moments to
regain my composure and looked again. This time, although
the work continued to elicit a response from my entire body,
I was able to take some of the qualities of it in, noting
O’Keeffe’s use of colour and how such an odd, idealized
cloud shape and the use of repetition worked to such great
effect. After some time, I moved on.

Years later, the experience has stuck with me, and it res-
onates in my practice as a mathematics educator. Recently, I
had an experience conducting research in a secondary math-
ematics classroom that put the nature of my engagement
with O’Keeffe’s work into high relief. In one of the lessons
in the study, which I describe in more detail below, we were
exploring parabolas through a variety of means, including
origami, a dynamic geometry environment (DGE), and visu-
alization exercises. Despite being very familiar with
parabolas and highly capable mathematics students, many of
the participants found the exercises challenging. One stu-
dent, in a written reflection, reported that they often felt
“stuck” in their visualizing, attributing it to the fact that “all
the math images [they]’ve seen in the past 4 or 5 years were
black on grids”. 1 found myself lamenting the missed oppor-

tunities for rich visual experiences in the mathematics class-
room and wondering what might differentiate these two
disparate accounts, mine in the art museum and this stu-
dent’s in the mathematics classroom. Some differences are
obvious—I was fortunate to appreciate artwork in a famous
museum and did so by choice, for example—but I argue
there is a significant difference in our experiences that is rel-
evant to both contexts. In this essay, I characterize this
difference using the notion of tentativeness (Baron, 2008;
Proulx, 2019), which is a means of “complexifying one’s
perceptual encounter with the environment” (Baron, 2008,
p. 334). I take up this idea in the context of a classroom
experience of visualization from an enactivist theoretical
perspective.

Tentativeness in visualization: an enactivist
perspective

Enactivism is a theory of embodied cognition in which
learning is viewed as an emergent process arising from the
interaction between an organism and the environment (Reid
& Mgombelo, 2015). The enactive approach seeks to ground
human understanding in our biological and evolutionary
development (Maturana & Varela, 1987), but also pays care-
ful attention to subjective experience through its affinity
with the phenomenological tradition. In introducing a foun-
dational text in enactivist thought, for example, Evan
Thompson identified a key aspect of enactivism as recogniz-
ing that “lived experience is the source of science, and that
science can never ultimately step outside it” (Varela,
Thompson & Rosch, 1991/2016, p. xix). In addition to a
focus on lived experience, an enactivist approach is founded
on the ideas of autonomy, embodiment, and emergence
(Thompson, 2007, p. 13).

Autonomy in enactivist thinking refers to an organism’s
capacity for self-determination. As Thompson (2007) wrote,
an autonomous system is characterized by its “endogenous,
self-organizing and self-controlling dynamics” (p. 43). This
is not to say that an autonomous organism is thus an indepen-
dent entity, only that the organism’s capability for bringing
forth a world of meaning is determined from within. Indeed,
autonomy in an enactivist framework points to the organ-
ism’s—or in the context of mathematics education, the
learner’'s—intricate relationship, or in enactivist terms cou-
pling, with the environment. Thompson (2007) wrote that
sense-making is thus “context-dependent and agent-relative;
it belongs to the coupling of a system and its environment”
(p. 51). Cognition emerges from the interaction between cou-
pled systems—for the organism, a world is brought forth
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(Reid & Mgombelo, 2015, p. 180) and that world is “deter-
mined by the history, structure, and needs of the system
acting in its environment” (Thompson, 2007, p. 52).

Spatial reasoning and visualization

How might these concepts entailed by an enactive approach
illuminate the ways we work spatially in the mathematics
classroom? Spatial reasoning can be characterized as an
emergent phenomenon in which learners bring forth a world
through “locating, orienting, decomposing/recomposing,
shifting dimensions, balancing, diagramming, symmetrizing,
navigating, transforming, comparing, scaling, feeling, and
visualizing” (Davis & the Spatial Reasoning Study Group,
2015, p. 140). From an enactivist perspective, it is also an
embodied phenomenon that emerges from the interactions
between bodies and the environment. As Khan, Francis, and
Davis (2015) noted, spatial reasoning consists in the “situated
movement of bodies” and is “not a solitary achievement, but
one that arises in the main amid [...] socio-cognitive cou-
plings and uncouplings” (p. 277). As can be inferred from the
description above, visualization is a prominent element of
spatial reasoning that must be approached in a particular way
in an enactivist framework. In discussing mental imagery,
Thompson (2007) wrote that visualizing is “not a disembod-
ied exercise of abstract sensorimotor skill, but rather a
genuine sensorimotor act” (p. 299). Thus, in the context of
this study, visualization is conceptualized as a sensuous phe-
nomenon that emerges out of the interaction between bodies
and the environment, one in which imagined perceptual
experiences are influenced by the way our senses and bodies
enfold and involve us in the world.

Tentativeness

With an enactive view of embodied cognition, and more
specifically, visualization in mind, I return to the idea of ten-
tativeness and take it up from two disparate fields:
mathematics education (Proulx, 2019) and ecological psy-
chology (Baron, 2008). Proulx studied strategies for mental
operations on functions from an enactivist perspective.
Participants were given one of a variety of problems (e.g.,
x* - 4 =5), instructed to solve them mentally under a time
constraint, then prompted to verbally share their strategies.
Consistent with an enactivist approach, strategies for mental
problem solving were seen as emerging from the interaction
between the participant and the problem at hand. Indeed, as
Proulx wrote, strategies are not “considered as existing a pri-
ori at the moment when they appear: they are the real-time
emergent products of interaction, of the meeting, of the
solver and his/her environment, directly and continually
influencing one another” (p. 5). Tentativeness is alluded to
as a quality of a subset of strategies participants employed
that could be called ‘good-enough’ [1]. Proulx described
these strategies as a “mingling of both exact and approxi-
mated answers [...] [in which] precision is less of an issue
than having a sense of the solution, offering solutions that
are good-enough, close-enough, around-enough” (p. 13).
For Proulx, this quality of tentativeness manifests in solu-
tions which “are felt to be posed, suggested, and not
imposed as optimal or final” (p. 14). In this sense, one can

appreciate that this sort of tentativeness is not a capitulation,
but an active, participatory engagement in an unfolding of
mathematical understanding.

Baron’s approach to tentativeness is situated in the expe-
rience of art and architecture, as well as theoretically
grounded in ecological psychology and the notion of affor-
dances, which share common ground with enactivism
(Gallagher, 2017, p. 174). Instead of a mental mathematics
problem, Baron explores how tentativeness functions in the
perception of art and architecture, specifically the work of
Arakawa and Gins, the sculptor Richard Serra, and the
painter Jackson Pollock. Baron draws on Arakawa and Gins’
theory of architectural procedures, or ways of encountering
architecture, specifically their notion of tentativeness.
Evocative of the mental mathematics strategies described by
Proulx, Arakawa and Gins sought to cultivate an engage-
ment with space that was “open and revisable” (Gins &
Arakawa, 2002, p. 77). In an architectural context, this may
mean creating ambiguity, such that a “house might have
multiple entrances or an open space may have multiple
ground planes or horizons” (Baron, 2008, p. 330).

Tentativeness highlights an important facet of enactivist
thought in that it can be construed as both an action for
engaging in the world (as in Proulx) or an affordance of the
environment to act on (as in Baron), or the provocation to
perform mental operations on functions (as described
below). In fact, from an enactivist perspective, tentativeness
resides in neither the action nor the affordance, but in the
interaction between them. Towers and Martin (2015) charac-
terized affordances in the environment as triggers, but noted
that it is not a matter of the organism being changed by the
trigger or vice-versa; rather, “changes do not occur inside
either the organism or the trigger, they are brought forth by
(and are dependent upon) the organism’s interaction with
the trigger” (p. 249). Baron, discussing tentativeness as an
affordance, wrote that “what one sees changes what one
does and what one does changes what one sees” (2008,
p. 334), which we can now interpret from an enactivist per-
spective as a change that occurs in the interaction between
the organism and the environment.

An interpretation of tentativeness in the
mathematics classroom

Tentativeness is thus an emergent, participatory quality of
problem solving and posing (Proulx, 2019) and an affor-
dance that broadens the possibility for adaptive action in an
environment (Baron, 2008). I am interested in these
instances of tentativeness in the mathematics classroom. To
begin thinking about what they might look like and how they
can be elicited, I recount an episode from a larger study
focused on students’ embodied experiences of visualization
in the classroom [2]. Data was generated over the course of
three lessons in a grade 12 calculus class in a large western
Canadian high school. I taught all three lessons, which uti-
lized visualization exercises to explore and investigate
algebraic reasoning in the context of functions and relations.
In lesson one, the sixteen participants used mental imagery,
origami, and a dynamic geometry environment to investi-
gate the properties of parabolas. In lesson two, the same
participants used mental imagery and sketching to solve a
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three-dimensional optimization problem. In a final lesson,
five of the sixteen participants were invited and consented to
take part in an activity in which they performed mental oper-
ations on functions.

Although the episode I recount here is from the third les-
son, it is worth mentioning the first two. The participants
were high-achieving students in an International Baccalaure-
ate program and all the topics we covered in the lessons were
familiar to them as part of their regular coursework (e.g.,
rational functions, revolutions of solids, differentiation).
However, we took up those topics in an unfamiliar way. For
example, in our investigation of parabolas (lesson one) we
relied on mental imagery exercises and an origami activity. In
the written reflections that were a component of each lesson,
the unconventional approach to the topics was a common
observation by participants, but each of them was unique in
what they identified as being most helpful in problem solving
(e.g., gesture, bodily orientation, and the tactility of the
origami exercise as aids in visualizing a solution). The vari-
ety of approaches is reflected in the episode described below.
Because I was interested in understanding students’ embod-
ied experiences of visualization, I sought to design the
lessons to elicit the engagement of the entire body via rich
visual provocation. Participants were encouraged to converse
freely about how they attended to the problem without hav-
ing to worry about coming to a final, definitive answer.

The five participants in the third lesson thus had some
experience with adopting a visual and novel approach to
working with mathematics they already knew well. I recount
here one brief exchange between three participants (P2, P3,
and P5) in response to a visual prompt. In this part of the les-
son, I shared a graph of a parabola and a linear function
(Figure 1).

No equations were provided. I left the image up for
approximately fifteen seconds and then asked participants
to visualize multiplying the two functions. After some dis-
cussion about what that might look like, I asked them to
visualize dividing the two functions, first the linear function
by the quadratic, then the quadratic function by the linear.
In a subsequent discussion, participant P3 was the first to
offer an approach to the problem. Because P3’s response
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Figure 1. The visual prompt: graphs of a quadratic and lin-
ear functions.
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was very gestural, I have included a series of screenshots
that correspond to specific moments in her verbal response
(Figure 2).

Um, well when you divide [...] the parabola (a) by a
linear line (b), it just becomes a linear line (c). So, since
that linear line is negative and the parabola opens up,
the other line has to have a negative slope. So then you
know there is going to be an asymptote at x equals zero.
And then I think it is either kind of like that (d) or actu-
ally it is probably like this (e), because it is negative.

P3’s strategy appears to be to work with the two functions
in their simplest terms. Although neither of the graphs of the
functions in Figure 1 pass through the origin, P3 treats them
in their visualization as y = x* and y = x. Given that no equa-
tions were provided in the prompt and participants were
instructed not to worry about finding an exact answer, this is
an effective strategy, albeit one that leads to an incomplete
and possibly misleading answer. One fascinating moment is
captured in the third image when P3 discusses how dividing
a quadratic by a linear function “becomes a linear line” (see
Figure 2, image c). Rather than describe the resultant linear
function with a single hand, P3 gestures with two hands
crossed in an X-shape, as if one of the hands is an adumbra-
tion of the linear function that has been divided off. All of
this leads to P3’s tentative description of the shape of the
resultant function: “it is either kind of like that” (see Figure
2d) or “probably like this” (see Figure 2e).

This prompt was the third of four in the lesson, and I had
anticipated it would be a difficult one. For the other prompts,
I solicited explanations from each participant before model-
ling the problem in a DGE, but in this case, after P3’s
response, | attempted to move to the DGE early to aid in our
discussion. As I did so, participant P2 asked if he could first
share his approach. P2 supplemented his verbal response
with a sketch, which is shown in Figure 3.

So, what I thought about was when you divide the
parabola by a linear function, there is going to be an
asymptote at the x-intercept of the linear function. I
kind of drew it out here [shows picture to others; see
Figure 3]. It [the quotient] is a linear function, but I
don’t know, it like curves. [pauses and looks away for a
few seconds.] How should I say this? [Puts down the
drawing and pauses for a few more seconds] It
approaches positive infinity and negative infinity as a
linear function.

P2 had picked up P3’s idea of a linear solution, but recog-
nized the function’s behaviour was more complicated near
the x-intercept of the divisor. Interestingly, the shape of the
resultant function tentatively suggested by P3 is preserved in
some sense in P2’s sketch. In both responses, I argue that
tentativeness manifests as a skillful inhibition, a reticence
that results in “disorder on the way to becoming order”
(Baron, 2008, p. 333). Once P2 had finished speaking, a
third participant, P5, interjected excitedly:

Yeah, I just had a thought, because if you divide a
parabola by a linear function, because it is not necessar-
ily just an x or x%, it doesn’t result in a linear function. I



Figure 2. P3 describing her thinking with gestures.

think [P2] might be right that it gets weird and forms
these hyperbolas or whatever they are.

I characterize the exchange described above as a situated
phenomenon emerging out of the interaction between inter-
pretive bodies in a moment of tentativeness. Mathematical
understanding unfolds between the participants as they both
use and respond to tentativeness through processes of cou-
pling and uncoupling. In the case of dividing the quadratic by
the linear function, for example, P2 captures the linearity of
the quotient’s end behaviour in her gesture (see Figure 2c),
which is picked up by P3 in both speech and gesture. In this
case, P3’s gestures include both his sketch and the way he
looks off camera to his left when he pauses in his explana-
tion, a moment of hesitation in which he literally orients his
body towards one of the functions limits. When describing
the overall shape of the function, P2 traces out parabolic
shapes opening both upward and downward with cupped
hands (see Figure 2d & e), which is captured in P3’s sketch
of the quotient (see Figure 3). PS5 then joins in to return our
focus to the x-intercept of the divisor as fundamental to both
interpretations. No one participant appears to have a single,
immutable answer; rather, mathematical understanding

emerges out of the collective, tentative interactions between
participants and the environment.

)

Figure 3. P2’s sketch of the parabola divided by the linear
function.
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Returning to the provocation and the
emergence of tentativeness

I want to return to my experience in the museum. In some
ways, viewing and interpreting O’Keeffe’s painting was an
exercise not so different from what I might ask students to
do in a mathematics lesson: I identified the clouds as ellipti-
cal, I noted their relative size and the corresponding illusion
of distance, and appreciated the work’s sense of scale. But
my body seemed to be the site of understanding, and it was
not simply reacting to an external visual stimulation. Rather
the work, architectural features of the space, and above all
my body were all constitutive of my experience. Indeed, as
the philosopher Samuel Todes wrote, for anything “to
appear, or to be anything at all, is to be a function of the
human body” (2001, p. 42). That feeling in my gut was sym-
bolic of some perceptual and embodied understanding that
preceded conceptual understandings of shape, distance, and
scale. Moreover, it was an understanding that resisted con-
ceptual reflection: my hurried note only served to remind me
that something had taken place but did not sufficiently
describe it. It was as if this perceptual understanding simul-
taneously stood apart from my conceptual interpretation of
the painting and permeated it fully.

I argue my experience, like those I describe above in the
episode from the mathematics classroom, can in part be
described by the notion of tentativeness. As Lewis (2013)
wrote, it is the teacher’s role to “open up a space and a time
wherein students can stumble upon/into their gestures, get
lost in these gestures, and thus take pleasure in the delay of
perceptual completion” (p. 346). In my lesson, I introduced
particular triggers into the affordance space: participants
were asked to gesture in communicating their visualizations,
which allowed for a moment of hesitation and a forestalling
of determinate perception of the object; they visualized the
graphs of functions and worked with them mentally; and
they explored those relationships with rich visuals in a DGE,
not just the black on grids on a typical worksheet. But tenta-
tiveness also emerged as an individual strategy for attending
to the problem. Of particular interest are the moments of
inflection between a lay sense of tentativeness as uncertainty
and tentativeness as an emergent process arising from a stu-
dent’s active, embodied participation in the world, as in the
case of the participants’ discussion of linearity. As Proulx
(2019) wrote, this sort of tentativeness gave rise to “explana-
tions in action [...] a way of engaging with the task and
engaging in its solving” (p. 14). From an enactive perspec-

tive, neither of these scenarios give us the entire picture.
Rather, tentativeness is an emergent process arising between
the student, the problem, and the environment. Knowing
more about how to structure tentativeness in the classroom
and elicit it from students could have important implications
for students’ mathematical understanding.

Notes

[1] Proulx cites Zack and Reid (2003) as his source for this phrase. They
trace it back through the work of Margaret Mackey, and Varela, Thompson
and Rosch (1991), to the work of Herbert Simon in the 1950s (who coined
the work ‘satisfice’ to capture the idea).

[2] Classes were held virtually due to COVID-19.
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A 3 by 3 magic square has three rows, three columns and two diagonals each containing
three numbers that add to the same sum. For a magic square using the numbers 1-9, the sum
is 15. A 3 by 3 by 3 magic cube has three rows, three columns, three tiers and four diagonals
each containing three numbers that add to the same sum. What is the sum for a magic cube
using the numbers 1-27? How are the numbers arranged?
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