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Introduction

Teaching is a marvelous action in which to engage, because it is possible to be
learning on many levels simultaneously: About the content being taught, about the
students who are learning, about teaching itself, about learning itself, and perhaps
most importantly, about yourself. But learning from experience is highly problem-
atic. The case is put forward that most human interaction is based on reacting to
others in specific situations with habitual behaviors, and that if significant learning
is to take place from and through experience, it is necessary to shift from reacting
to responding thoughtfully, even mindfully (Claxton, 1984; Langer, 1997). This is
the role of attention directed by intention. Furthermore, when faced with a novel sit-
uation, response rather than reaction is vital. The distinction between reacting and
responding applies equally to students and to teachers, but is mainly developed here
in relation to teachers learning about their practices while teaching.

In this chapter, I endeavor to show how it is possible to work on sensitizing one-
self to notice what previously passed by unnoticed, and how that can be used to
inform actions in the future, that is, to learn about teaching through teaching. The
process calls upon the Discipline of Noticing (Mason, 2002) which can be used
to learn intentionally from experience, by becoming aware of how attention shifts.
For example, each technical term in mathematics signals the fact that those who
developed the term needed a label to refer to particular features on which to focus
attention or to a particular way of attending. Thus angle signals attention to turning
between two limiting arms, and away from the space between them. It is a reason-
able conjecture that learners need to experience a similar shift in their attention if
they are to appreciate and understand the term and use it productively and effectively
for themselves. Exactly the same applies to pedagogical strategies and didactic tac-
tics. Labels signal shifts in attention, and similar shifts in the form and focus of
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attention are necessary in order to learn about teaching and to work at developing
practices so as to make teaching more effective and pleasurable.

Teachers are subject to numerous forces: Legislation, inspection, practices in
their school, expectations of parents and children, and, often submerged beneath
these, their own ideals and intentions. Despite conclusions to the contrary, none of
these forces preclude working on and developing one’s teaching through enquiring
into that teaching. What is required is a vision of what might be possible, a source of
energy and support, and personal discipline. Discipline is amplified whenever, and
to the extent that, appropriate support is present. The vision itself is most effective
when dynamic, being renewed and modified periodically, rather than fixed. John
Donne’s famous meditation (1624 XVII) that “no man is an island, entire of itself”
is an excellent reminder that even to work on one’s own teaching by oneself, outside
connections are necessary in order to avoid descent into solipsism.

Theoretical Underpinnings

I take learning to be the transformation of attention. That is, learning has taken
place when people discern details, recognize relationships, and perceive proper-
ties not previously discerned, through attending in fresh or distinct ways, and when
they have fresh possibilities for action from which to choose. Learning necessarily
involves shifts in the form as well as the focus of attention.

I take as given that there is a complex interaction between student(s), con-
tent, and teacher within an environment of social, institutional, and political forces
and practices. This triad of impulses within its environment is a dynamic system.
Each component is constantly adjusting to maintain its Piagetian equilibrium. Each
impulse acts at different times and in different ways upon one or other of the other
two and is mediated in that action by the third (Bhagavad Gita 18:18 see Mascaró,
1962; see also Bennett, 1956–1966; Mason, 1979, 2008). In relation to this chapter,
the environment within which I am working includes a conjecturing atmosphere, in
which everything said (by me, and by readers in response) is said in order to consider
it more carefully with the intention of altering or modifying it as necessary (Mason,
Burton, & Stacey, 1982; Mason & Johnston-Wilder, 2006). Because of the one-way
nature of printed text, this means that everything must be tested in your experience.
To this end, my brief summary of theoretical underpinnings is followed by succinct
descriptions of some phenomena in order to try to ground the subsequent analysis
and proposals in experience.

Biologically, a dynamic equilibrium is sustained until there is a significant but
not overwhelming disturbance. In an educational context, this means that no learn-
ing, no development takes place until there is some disruption of the working out of
internalized actions (habits, automaticities), until some dissonance is experienced,
whether cognitive (Festinger, 1957), affective (e.g. surprise: See Movshovitz-Hadar,
1988), enactive (Skinner, 1954), or some combination of all three. Following Piaget
(1971, 1985), change (assimilation and accommodation) is a reaction or a response
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to experienced variation, including spontaneous “mutation” in the organism or the
environment. For the discipline of teaching (Mason, 2009) this means that it is
only when some significant but not overwhelming challenge occurs (change of cur-
riculum or other institutional demands, change in student behavior and attention,
change in teacher behavior and attention) that significant development can occur.
This applies just as much to student learning as to teacher learning. A student who is
“going through the motions” of completing tasks as set by the teacher is not actually
learning in any deep sense (such as described by the onion model of understanding
see Pirie & Kieren, 1994). A teacher who is going through the motions of curricular
or pedagogic reform is not actually disturbing current practices significantly and so
is not learning about teaching.

There are dangers, however. When change is sought explicitly and overtly, reac-
tion sets in (think of the last time someone else wanted you to change your behavior).
What results is often the opposite of what was intended due to the multitude of pos-
sible unintended consequences. Rather, change is a partial description of a lived
experience of dynamic and constant disequilibrium and equilibration. It comes
about through the desire to make sense (note the body-based metaphor of sensation).

The key question in teaching is whether an action is generative or merely repet-
itive, that is, whether something fresh arises from the action, or whether it is a
reworking of habit and internalized automaticities. To make sense of this, it is
necessary to consider the commonplace (St. Maurice, 1991) of “learning from expe-
rience” and the role of disturbance, which will lead into the structure of the human
psyche for inter-relating mindfulness and habit. This then leads me to how it is
possible to learn from experience of disturbance. Throughout the chapter, I try to
maintain a parallel between student learning and teacher development, because both
are instances of learning. Sometimes it is easier to make observations of others
learning, and sometimes easier to observe in oneself.

I take an unabashedly phenomenological or experiential stance. I am interested in
lived experience and how that can be enriched. My theoretical frame draws eclecti-
cally on a range of pedagogical, psychological, and social constructs. The pedagogic
constructs of didactic contract, didactic tension, didactic transposition, the psycho-
social construct zone of proximal development, and the psychological constructs
of attention and intention, combined with the Discipline of Noticing and variation
theory, form the background theory for how teachers can endeavor to learn from
their experience of teaching and learning, and can endeavor to promote a parallel
action in their students so that they too have the best opportunities to learn. Each
construct draws and labels one or more distinctions which remind me to discern
details that might otherwise go unnoticed, thus enabling me to recognize relation-
ships in situations, and even to perceive these as instantiations of properties. These,
in turn, permit reasoning on the basis of agreed properties which characterizes a
fully fledged discipline. Mathematics education still has some way to go to reach
this agreement.

The notion of didactic transposition introduced by Yves Chevallard (1985) alerts
me to the almost inevitable transformation that occurs when someone tries to
give or reproduce their experience for someone else. In mathematics education, it
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usually happens that an expert experiences an insight or surprise, or recognizes the
potential pedagogic value of some mathematical exploration or insight, and then
tries to reproduce that experience for students by constructing a worksheet or other
form of task. Points at which the expert made use of their own powers to inves-
tigate and explore are naturally replaced by instructions telling students what to
do. Similarly, when teachers try to re-enact a pedagogic strategy or a pre-planned
teaching sequence, they tend to miss out on the opportunities to choose to respond
sensitively and mathematically to particular students. I summarize the transposition
as expert awareness is transposed into instruction in behavior and it applies just as
much to policy makers specifying curricula and to teachers trying out a pedagogic
strategy, didactic tactic, or rearranged curriculum, as it does to teachers setting tasks
for students.

The construct of didactic situation introduced by Guy Brousseau (1997) acts
as a reminder that the ancient triad of student–teacher–content takes place within a
complex environment or milieu of social and institutional influences. The associated
construct of didactic tension is a powerful reminder that the more precisely the
teacher indicates the behavior being sought, the easier it is for students to display
that behavior without generating it from themselves; when applied to educational
reform it translates into the more precisely the policy indicates the specific behaviors
(practices) desired, the easier it is for teachers to display that behavior, to go through
the motions, without generating it from themselves and without making real contact
with students.

It is possible to carry out actions mechanically, either because they have been
internalized this way (the result of training of behavior) or because they are being
reproduced through mimicry, through adopting the outer, visible form (which is the
content of the didactic tension). Again this applies to teachers enacting prepared
teaching as much as to students making their way through work sheets and exercise
sets.

There are evident resonances with Vygotsky’s Zone of Proximal Development
as elaborated by (van der Veer & Valsiner, 1991, see also Mason, Drury & Bills,
2007). The intention of teaching is that students initiate actions or respond to sit-
uations from themselves for themselves rather than having to be triggered or cued
by inputs from a worksheet or a more experienced ‘other’. The “zone” refers to a
state of potential for that transition from a dependent state based on assenting to an
independent assertive stance (Mason, 2009). The whole point about learning is that
what once had to be pointed out by a teacher becomes available to the learner as a
choice, as an option that comes to mind. Attention is then restructured, giving rise to
the possibility of a concomitant restructuring of intention. The difference between
teachers teaching and students being taught is that whereas the students have a more
experienced other (the teacher) on hand, teachers rarely have in-the-moment access
to a mentor or a more experienced colleague. So in order to learn from teaching,
it is necessary to develop an inner witness who observes without passing judg-
ment or justifications. Put another way, progress in learning is an internalization of
practices encountered in others (Vygotsky, 1978), but this internalization requires a
transformatory action.
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Following Bennett (1956–1966), I take actions to require three impulses: One
that initiates or “acts upon,” one that responds or is acted upon, and one that medi-
ates between the two, bringing and perhaps holding them together, and so making
the action possible. In educational settings these are usually instantiated by the
elements of the traditional trio: Student, teacher, and content. By analyzing the com-
binatorial possibilities, six fundamental modes of interaction can be distinguished:
Expounding, expressing, explaining, examining, exploring, and exercising. Here I
shall make use of only the first three.

Metaphors

Finding a satisfactory way to articulate the role of the environment on actions is a
real challenge. There are several metaphors which direct attention unhelpfully.

Cause and Effect

Cause and effect is a popular and deeply embedded metaphor in the discourse of
education, but one which I find particularly misleading. It draws upon the natu-
ral sciences, particularly physics, and lies at the heart of why, despite experience,
we try to cause learning by initiating teacherly actions, when it is patently obvious
that the most we can do is provide opportunities, however sophisticated, for stu-
dents to use their intention to engage their attention productively. No matter how
precisely people try to specify the tasks, the conditions, and the ways of working
in a classroom, it is impossible to predict the outcome, precisely because unlike
physics which deals with inanimate objects, education involves human beings who
can direct their attention by exercising intention, and who are profoundly influ-
enced by the individual and collective energies of peers, and their own imagined
assumptions about themselves and their situation.

Social Influence as Forces

I also find myself unconvinced by the physics-based metaphor of forces acting on
people which is deeply embedded in sociological discourse. Physical forces are
additive whereas the social milieu is a complex mix of influences whose com-
bined effect is not merely the sum of all the parts. Various components interact with,
interfere with, and serve to amplify or diminish each other. A slightly more appropri-
ate metaphor would draw upon chemistry, because of the transformations that take
place among the various components analogous to chemical reactions. However, in
an ideal educational setting, even chemical metaphors are inadequate because, as
Maturana and Varela (1972, 1988) suggested, student, teacher, and content form an
auto-poetic system (self-constructing in both senses) within an environment which
is much more analogous to a biological organism than even a chemical mixture,
much less a collection of physical forces.
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Sometimes people react automatically without affective or cognitive con-
trol; sometimes affect dominates reaction; sometimes cognition exercises control,
enabling a response. Under certain conditions the student–teacher–content collec-
tive also takes on many of the qualities of a living organism (Davis & Sumara,
2007). The teacher can sometimes be seen as acting as the “consciousness of the
collective” just as Bruner (1986, pp. 75–76) saw a tutor being able to act as “con-
sciousness for two.” This, of course, brings me back to Piaget (op cit.) and his
biological metaphors of equilibration through assimilation and accommodation and
to the necessity for some extra impulse in order to “learn from experience.”

Learning as Change of State

A metaphor from physics that is useful in education is the way change of state
comes about: Energy is added to a system and change is observed (for example,
temperature rises), then further addition of energy produces no further change (the
temperature stops rising while the material changes state), and then, subsequently,
the change continues (temperature continues to rise). Often it seems as though learn-
ers act in a similar manner: Further instruction or advice produces no visible effect,
and then suddenly students appear to have internalized something. They become
more informed, more knowledgeable, more flexible, and more dextrous. Classic
examples include accommodation of the conjugation of irregular verbs (Brown,
1973), and the gaining of independence with respect to the use of some mathe-
matical technique. The role a teacher can play in this internalization process was
elaborated as scaffolding (introduced by Wood, Bruner & Ross, 1976 inspired by
Vygotsky 1978) then extended to include fading (Brown, Collins & Duguid, 1989)
and independently expressed in Open University materials as a spectrum of teacher
intervention moving through directed–prompted–spontaneous use of some action
or probe (James in Floyd, Burton, James, & Mason, 1981; Love & Mason, 1992;
Mason & Johnston-Wilder, 2004).

Human Psyche as Chariot

One way to see why training behavior alone is ineffective when trying to promote
the development of students’ powers of thinking mathematically is to make use of
a framework developed in the Upanishads (Rhadakrishnan, 1953, p. 263), made
use of in various places in Eastern and Western psychology, and underpinning the
traditional terms enaction, affect, and cognition which pervade Western psychology.

The human psyche can be seen through the metaphor of a chariot. The chariot is
connected by shafts to the harnesses of the horses, and the driver of the chariot uses
reins connected to the harnesses in order to direct the horses. The driver attempts
to carry out the instructions of the owner. The chariot can be seen as representing
the body, or in more modern terms, enaction. It needs to be maintained in order to
function properly. The horses are traditionally seen as the senses, or more loosely
perhaps, as affect. They are the motive (cf. emotive) power that pulls the chariot, and
if uncontrolled will pull the chariot in unintended directions. Thus emotions have to
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be harnessed, as well as fed and cared for. The shafts can be taken to represent habits
and internalized automaticities, the direct connection between chariot and action.
The reins are imagination, the means by which we direct our energies through our
intentions. The driver is consciousness, cognition, or as I prefer, awareness. The
owner is will.

Caleb Gattegno’s adage that

Only awareness is educable

is entirely consonant with and resonant with this chariot metaphor, which also
invites extensions:

Only behaviour is trainable
Only emotion is harnessable.

To discuss the significance and force of the “only” would take me too far astray,
but it has to do with the disturbance these assertions might initiate if they act as pro-
tases (initial statements of syllogisms) when juxtaposed with specific incidents from
your own experience, leading to some sort of conclusion or insight (the syllogistic
action) (see Mason, 1998; Mason & Johnston-Wilder, 2006). This is an example of
how an action can be initiated in a teacher or among a group of teachers, and which
may lead to a transformation of perspective and/or a change of practice or way of
articulating both ideals and practices (Mason, 1998).

The three “onlys” can be used on several levels: As constructs which promote dis-
cernment of details contributing to the psychologizing of subject matter (as Dewey
so cogently described it in 1933) prior to teaching (Mason & Johnston-Wilder,
2006); as reminder when interacting and responding to learners to inform pedagogic
and content-based choices; as stimuli to initiate disturbance as part of professional
development; and as a way of thinking about the role of attention and intention in
learning about teaching through teaching.

Phenomena

Because of my phenomenological stance, the data I have to offer consists of your
response to stimuli. These are phenomena abstracted from specific situations that
I have experienced directly myself, or that I have recognized in other people’s
descriptions. Specific situations are turned into phenomena by recognizing some-
thing similar in some respects to other situations. Phenomena are then interrogated
through a combination of relationship to theoretical constructs and probing of my
own experience in similar situations. Often these similar situations are contrived so
as to be similar. At the same time I develop and refine tasks, which are challenges
to participants in workshops with the aim of seeing whether or to what extent they
recognize the phenomena and the associated proposals or actions which might be
useful in the future. Participants are then responsible for actualizing the imagined



30 J. Mason

actions and for developing and modifying them to suit their own conditions, ways
of working, perspective, etc.

Phenomena A (Own World)

In the last ten minutes of a problem solving class I suddenly become sharply aware of a
‘fog of non-understanding’ rolling forward towards me from the audience. In the moment,
I choose to keep going rather than stop and regroup.

For me, this is an instance of being so caught up in expressing current insights
or mathematical material clearly as to be unaware of what it is like to be in the
audience. Similarly, a teacher can be so caught up in orchestrating lesson activities
as to be unaware of what students might be experiencing, or so caught up in some
agenda such as “making the work interesting” (i.e. relevant, engaging, sufficiently
easy) that the mathematical content is submerged. Keeping students on task and
occupied may keep them busy and give the impression of engagement, but it may not
significantly contribute to any learning. I chose to keep going because of the timing
of the session, but then began the next session in a retrospectively reflective mode.

Phenomenon B (Expressing to Others)

I had a sense of how a proof could be constructed, but each time I tried to write it down, I
encountered a difficulty. I found it difficult to make it fully convincing and at the same time
clear enough to follow.

For me this is an instance of a general phenomenon where I think I understand some-
thing, but it is only when I try to explain it to someone else that I really get to grips
with it; it is only when I plan to expound or to guide exploration that I need to be sure
about details, variations, ramifications. When struggling with expressing justifica-
tion for a conjecture, or even with clarifying a conjecture, it can be so helpful to find
a colleague who listens politely but need say nothing. This familiar phenomenon
may be the source of resonance which makes group discussion and collaboration so
popular in socio-cultural and social-constructivist stances, even though it depends
for effectiveness on students experiencing a desire to express. It is closely related
to the notion of self-talk identified by Goffman (1959). Put another way, in a sense,
I really learn mathematics through “teaching,” that is, expounding or explaining
to others. This makes me wonder if one of the ways I learn about teaching is by
expressing my thoughts about teaching to others.

Phenomenon C (Training Behavior)

Training learners in the behaviors required to pass specific examinations appears
to be helping them achieve their goals, but may be setting up deep trouble for the
future. As Herbert Spencer put it,

. . . what with the mental confusion produced by teaching subjects before they can be
understood, and in each of them giving generalizations before the facts of which they are
generalizations – what with making the pupil a mere passive recipient of others’ ideas, and
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not in the least leading him to be an active inquirer or self-instructor . . . . Examinations
being once passed, books are laid aside; the greater part of what has been acquired, being
unorganized, soon drops out of recollection; what remains is mostly inert – the art of
applying knowledge not having been cultivated; and there is little power either of accurate
observation or independent thinking (Spencer, 1878).

The phenomenon of students having learned less than expected has probably been
with us since people congregated in groups. I have drawn on Spencer because he
was a major influence on Edward Thorndike and John Dewey in the USA and on
Alfred Whitehead in the UK, particularly in paying attention to the experience of the
learner. Whitehead (1932) used the notion of inert knowledge in his own critique of
education, in order to account for observed “deficiencies” in student performance.
It may be that attempts to teach have been ineffective by failing to appeal to stu-
dents’ logical reasoning, or more generally, by failing to engage students’ interests
through using and developing their natural powers of specializing and generalizing,
conjecturing and convincing, stressing and ignoring, characterizing and classifying,
etc. (Mason, 2008a). It may also be that, as John Dewey put it, the effective teacher
psychologizes the subject matter (Dewey, 1933) by taking into account the ebb and
flow of student energies (Dewey, 1913).

Phenomenon D (Hidden Assumptions)

I offered some people the following task:

I am thinking of two numbers, whose sum is one. I square the larger and add the smaller,
then I square the smaller and add the larger. Which of my two answers is likely to be the
largest?

After some discussion I took a vote, and almost everyone conjectured that the results
would be the same. I assumed that they had done the algebra or perhaps quickly tried
a few special cases. A short while later a perplexed voice said “It works for 0 and
1 and those are the only numbers that sum to one!” They had interpreted number to
mean non-negative integer!

Note: I am deliberately not using a diagram, even though it is part of my way
of working on this task in workshops, because my concern here is with the hidden
assumptions, not the resolution!

Interpretation or meaning-making is an automatic action. In particular, students
interpret tasks so as to make sense of them and so as to be able to do something, and
this may mean making implicit assumptions based on a perceived range of permissi-
ble change (Watson & Mason, 2005), as here. Teachers also interpret subconsciously
when they consider a task for possible use in a lesson, or when they read curricular
requirements and reform statements. They too “construe so as to make it possible to
act.”

The impact of the incident had emotional, cognitive, and behavioral ramifica-
tions for me. I noticed, marked, and here am remarking upon that incident (Mason,
2002). I quickly formed a mental image of myself working on this task in the future
and guarding against this whole-number assumption. The next time I used the task I
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found myself sufficiently informed by the past to work with participants on interpre-
tation of number before presenting the task itself. I have intentionally learned from
experience.

General Comment

Phenomena A (Own World ) refers to examples of momentary awarenesses that I
have had, and I expect others have had, usually with a fleeting sense of “I won’t
do that again” which then fades, leaving the way open to doing it again and again,
itself a phenomenon that could be labeled Never Again. Phenomenon B (Expressing
to Others) is a common experience amongst mathematicians and can be observed
in lessons in which working practices are based on a conjecturing atmosphere.
Phenomenon C (Training Behavior) accounts for what is commonly observed in
classrooms, justified by the pressures teachers experience in the struggle to hold
onto ideals while retaining student trust and respect. Many theories and frameworks
in mathematics education attempt to explain and provide ways to counteract the
tendency to emphasize short-term goals over long-term aims; the procedural over
the conceptual (Hiebert, 1986); rote learning over understanding. Most curricular
reform movements begin with long-term goals based on understanding, but over
time become rigid through the development of habits and routines. Phenomenon D
(Hidden Assumptions) is a simple example of actually learning from experience.

Never Again is the heart of the matter of learning to teach through the act of
teaching. It is not easy to “learn from experience.” For example, despite massive
evidence from experience, it is hard to learn that acts of teaching neither cause nor
guarantee learning. Yet somehow we keep on trying.

Experience

It is commonly said that we learn by (or from) experience. My own experience
suggests that one thing we rarely learn from experience is that we do not usually
learn from experience alone. Put another way,

a succession of experiences does not add up to an experience of that succession

which resonates well with the proposal that

a succession of feelings is not, in itself, a feeling of succession (James, 1890, p. 628
paraphrasing Immanuel Kant).

Just because I engage in mathematical activity, it does not follow that I am aware of
the activity itself as a whole. As many teacher educators have found, some people
are disposed to reflect on their experience, to pick out moments and ponder them,
and others seem not to be so disposed. That does not mean that they do not process
their experience, but if they do, they do it in some subtle manner which is hard to
detect.

The sentiment is backed up by a plethora of wise utterances through the ages.
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What experience and history teach is this – that nations and governments have never learned
anything from history, or acted upon any lessons they might have drawn from it. (Hegel,
1830/1975)

If men could learn from history, what lessons it might teach us! But passion and party
blind our eyes, and the light which experience gives is a lantern on the stern, which shines
only on the waves behind us. (Coleridge, 1835, 20 Jan 1834)

An almost lone voice can be found in Roger Ascham, a medieval schoolmaster:

Learning teacheth more in one year than experience in twenty: Ascham (1570).

We might rephrase this as real learning integrates experience and includes making
sense of it, which is more informative than a lifetime of experience alone. Most
generally, Oscar Wilde beautifully captures the whole point:

Experience is the name [everyone] gives to their mistakes: Wilde (1893 act 3).

Phenomena A (Own World) summarizes examples of situations in which it is
erroneously assumed that engagement or immersion in activity will produce a trans-
formatory action which, in turn, will result in what is commonly referred to as
learning, evidenced through changed behavior in the future. Something more is
needed. In order for experience in the past to inform actions in the future, some
transformation of attention, intention, and disposition is required.

Reflection

In mathematics education, one transformatory action has been variously referred
to as reflective abstraction (Piaget, 1970, 2001), reification (Sfard, 1991, 1994),
compression (Thurston, 1994), retrospective learning (Freudenthal, 1991, p. 118),
looking back (Pólya, 1945), reflection-on-action (Schön, 1983), and so on and traced
back to Locke (1710, Chapter VI) by von Glasersfeld (1991). But before all this
retrospective work can be done, there has to be some data. Something has to be dis-
cerned and noticed in order to be recalled “in tranquillity.” Tranquillity, or at least
a change of state from local goal-oriented activity to a more global perspective is
at least advantageous and often necessary for there to be any lasting impression.
In order to provide energy for this transformation, a disposition to reflect or other-
wise process past experience also seems necessary. Attention has to draw back from
immersion in immediate action.

Distanciation

Distanciation appears to be a term coined by Bertolt Brecht (1948), which has crept
into biblical exegesis (Carson, 1996) and which is currently infiltrating educational
discourse. The essence, as the word suggests, is a pulling back from immersion in
action in the moment, what Schön (1983) referred to as reflection-in-action as dis-
tinct from retrospective reflection-on-action. In mathematics education it seems to
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capture the state of awareness-in-the-moment when something triggers the awaken-
ing of attention and you participate in a mathematical or pedagogical choice. The
best way to prepare for distanciation in the midst of a teaching situation is through
retrospective distanciation. An articulation of a systematic approach to this can be
found in Mason (2002).

Construal Through Story Telling

One form of transformatory action which supports learning from experience is re-
expressing things for yourself, as in phenomenon B (Expressing to Others). There is
a commonplace adage that you only really learn when you try to teach, which I take
as an articulation of the insight that it is when trying to express things for and from
yourself that you really make contact with the content and clarify your own think-
ing. This fits with two of the six modes of interaction: Expressing and expounding.
In expressing, there is something about the content (and your affective state) which
simply has to be told to someone. Here the content can be seen as taking the ini-
tiative, the teacher as respected and experienced other mediates through being the
reason as respected audience, and the student comes to appreciate more clearly. In
expounding, you try to draw your audience into your own world of perceptions and
conceptions. The fact of the audience (students or colleagues) amplifies the need to
get things sorted out for yourself as teacher, so their presence (virtual, imminent, or
actual) helps to bring you in contact with the subject matter, hopefully in a fresh way.
When students take on an expository role, they are taking the role of teacher. Note
that the usual meaning of explaining (to make plain) overlooks an important feature
of this form of interaction, because it involves the teacher endeavoring to enter the
world of the student by means of common concern about the content (Leinhardt,
2001). In effective explanation, the content mediates an interaction between student
and teacher in which the teacher is drawn into the world of the student.

Two sets of distinctions (frameworks) which can inform pedagogical choices
concerning learning from experience through story telling are Do–Talk–Record
and Manipulating–Getting-a-sense-of–Articulating (Floyd et al., 1981; Mason &
Johnston-Wilder, 2004). The first can act as a reminder that doing is amplified by
talking about what you are doing (whether to yourself or to others) and talking
clarifies so that recording becomes easier. Rushing to written records can actually
obstruct meaning-making. The second can act as a reminder that the purpose of
manipulating material objects, diagrams symbols, or virtual objects is to get a sense
of relationships which may be instantiations of general properties. The goal is not
to achieve the manipulation but to make contact with underlying generalities in the
form of mathematical structure. Another way of approaching this is through the
slogans going with the grain and going across the grain (Watson, 2000), which sim-
ilarly act as a reminder that recognizing a pattern (going with the grain) is only a
precursor to sense-making by examining what structure is revealed (going across
the grain).
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It is one thing to see students’ manipulation of various objects as part of activity
which may act as fodder for sense-making through constructing personal stories to
account for what happens. It is perhaps another to see acts of teaching as fodder
for teacher sense-making through trying to bring to expression, to articulate what
is observed about student behavior, mathematical topics, mathematics more gener-
ally, and the management of effective interactions with students. Careful observation
reveals that there can be moments of collective consciousness (Davis op cit.) as well
as individual insights. The latter are of course notoriously unstable over time.

Construal through story telling is an age-old phenomenon. Egan (1986) used it
explicitly to propose an alternative stance to teaching in primary schools; Bruner
(1990, 1991) put forward the case that human beings are narrative animals and
Norretranders (op cit.) exploits it in his critique of our illusions about the role of
consciousness. We tell stories to ourselves and to other people. Most human nar-
ratives involve accounting-for actions (Mason, 2002) and are intended to reinforce
the coherence of personal identity through the justification of acts. As Norretranders
suggests, consciousness as the director of actions and the maker of choices is (often)
an illusion. Consciousness lags behind enaction and affect in reacting to events. It
takes explicit and significant work to bring consciousness or awareness into play
in the moment when a choice is possible. The term accounts-of is intended to
act as a reminder that what is most valuable is description which is sufficiently
brief-but-vivid that others can recognize similar situations in their own experi-
ence. Explanations and theory-based accounting-for can be indulged in later once
colleagues recognize the data they are being offered (accounts-of ). As Husserl inti-
mated “describe don’t explain” is a basis for phenomenological enquiry. Perhaps the
struggle to develop a scientific method within mathematics education could be seen
as an attempt to disentangle accounts-of observations and accounting-for them.

Attention

At the heart of the matter of learning from experience is the person’s attention. What
is attended to, in what ways, and with what intention and disposition? (Mason 1982)
If I am attending to the specifics of some sequence of actions, I may not be in a posi-
tion to be aware of the fact of those actions or of that sequence, especially when I am
being directed by a worksheet or following a prepared lesson plan. Here the didac-
tic transposition beautifully captures part of the gap between teaching and learning,
and the didactic tension describes how attention is directed towards accomplishing
tasks as set, rather than using tasks to engage in activity which may promote experi-
ence from which it is possible to learn, whether as student or as teacher. Phenomena
A (Own World) and D (Hidden Assumptions) provide access to specific examples.
Teachers whose attention is fully occupied by organizing resources and manag-
ing classroom behavior are in a similar position. In order to learn about teaching
through their teaching, they need to extract some of their attention to form an inner
witness.
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Most teachers will have experienced frustration that students don’t seem to learn
from experience, or that any such learning is short lived, as Spencer (op cit) observed
in phenomenon C (Training Behavior). One way to account for this failure to learn
from experience is to blame institutional factors (assessment, organization, curricu-
lum pressures, etc.) or even to blame others (students, parents, policy makers). A
more productive approach is to attempt to change what can be changed. What can
be changed is yourself, because all other components in the auto-poetic system are
even more problematic.

One issue is what to do about frustration. In parallel with students, it is most
natural for teachers to be caught up in the details of getting through the day, set-
ting tasks, sustaining activity, evaluating and assessing and keeping discipline, as
in phenomena A (Own World). The result is that they too end the day with only a
succession of experiences rather than an experience of that succession. Alerted to
issues in student learning, and informed by distinctions such as those mentioned
here, augmented by many others available in the literature it is always possible to
work on changing the conditions in which students are learning. But it takes more
than further instances of Never Again!

An intelligently designed educational system would recognize that the com-
munity as a whole, and the people involved in various roles, all need both time
and stimulus to reflect, to reconstruct, and re-enter a succession of experiences
in order to locate where their attention could most effectively be concentrated so
as to break out of the many stable cycles which constitute what we currently call
teaching.

This is where the human being as narrative animal is so important. The negative
aspect is that because our psyche is fragmented, and because awareness is the slow
mover compared to enaction and affect, we spin stories to account for the func-
tioning of our multiple selves so as to make “our-selves” feel better, feel coherent,
and unified. One explanation for the Never Again phenomenon is that the self who
formulates the intention is not the self in charge later when the change is needed.
A positive aspect is that it is possible to learn from experience by engaging all
aspects of the psyche: Enaction, affect, awareness, attention, and intention. This
requires work on self-integration, including the development of an inner witness or
monitor who observes without acting, yet is able to divert attention out of immer-
sion in activity. Again the roots go back to ancient times, such as this stanza from
the Rg Veda:

Two birds, close-yoked companions, both clasp the self-same tree.
One eats of the sweet fruit; the other looks on without eating (Bennett, 1964, p. 108).

While some interpretations see the tree as the tree of immortality with people ignor-
ing the potential by failing to eat of the sweet fruit, the tree can also be seen as the
human psyche with immersion in action (eating of the sweet fruit) accompanied by
an inner witness or monitor who merely comments on the action (the bird looking
on). As with most Eastern teaching stories, multiple and conflicting interpretations
are the source of significance and richness of meaning.
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Story telling is one of the best ways to coordinate experiences, to draw back
from immersion in activity, to reflect upon rather than simply engage in. By try-
ing to articulate what has been noticed, by trying to re-enter salient moments,
by trying to express connections, similarities, and differences between otherwise
apparently disparate objects (mathematical concepts, objects, etc.; classroom inci-
dents, mathematical obstacles, pedagogical and didactic choices, etc.), in short by
assembling narratives, we can indeed withdraw from the action sufficiently in order
to learn from experience. However, it is vital to avoid the negative side of nar-
ratives: Self justification, self-calming, and self-promotion. Explaining why some
action was impossible or inappropriate so easily degenerates into draining away the
energy that comes from noticing, from having attention suddenly sharpened through
making distinctions, recognizing relationships and perceiving properties which are
instantiated as relationships among particulars.

Reacting and Responding; Habit and Choice

Since learning through teaching involves experiencing some sort of disturbance to
the flow of internalized and habitual actions, it is useful, as indicated in the intro-
duction, to distinguish between reacting and responding. To respond is to make an
intentional, conscious, considered choice of action. It is very rare. Usually we react.
Something in a situation may trigger a metonymic association, and there may be
resonance with some past experiences. Together these produce action. The body
acts before consciousness is even aware. Evidence for this can be found in the most
ancient of psychological studies such as the Upanishads, through personal investi-
gation (see, for example, Mason, 2002, Chapter 12), or through neurological studies
(Norretranders, 1998). Response requires awareness in addition to action.

Habits are the repetition of choices made previously, often a long time previ-
ously. The more deeply ingrained or internalized, the harder they are to counteract.
But they only need to be counteracted if they are working against desire and inten-
tion. Indeed, sometimes they take place because desire and intention are in conflict.
For example, the automaticities of arithmetic facts (e.g. single digit additions, mul-
tiplication tables, use of associativity, commutativity and distributivity, factoring)
and algebraic manipulation are essential for making progress in mathematics. So
too is the flexibility to move with facility between process and object (as in 3/4 as a
division and as the answer to a division). The same applies to acts of teaching such
as using placement in the classroom to calm or quieten potentially noisy students,
or waiting after asking a question. Habits and automaticities are essential, which
is why Skinnerian stimulus-response (I prefer stimulus-reaction) works so well for
training behavior.

Teaching which focuses on internalizing actions, so as to create automaticities
is essentially training behavior. The trouble with training behavior alone is that it
tends not to be flexible when conditions change. For example, training children to
react to specific language patterns in word problems is more likely to blinker them
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than to enrich their problem solving flexibility and creativity. Training behavior
in concert with educating awareness, including “integration through subordina-
tion” (in Gattegno’s memorable phrase, 1970), is much more powerful than either
dimension alone. The procedural-conceptual dichotomy (Hiebert op cit.) arises from
imbalanced evocation of the human psyche.

Various constructs have arisen as a result of failure to train behavior successfully.
For example, the rise of constructs such as transfer (Detterman & Sternberg, 1993),
situated cognition (Lave & Wenger, 1991; Watson & Winbourne, 2008), and situ-
ated abstraction (Noss & Hoyles, 1996) are attempts to account for why what seems
to be learned in one context is not called upon or made use of in another (Marton,
2006).

Complication

Any impression that habits are necessarily bad and that flexibility is necessarily
good need to be challenged. We cannot function without habits because the effort
required to process every stimulus consciously and freshly would overwhelm even
our complex brains. It is absolutely vital to internalize responses in order to be
able to react quickly and effectively to common situations. If you have to pause
and divert attention in order to carry out a simple computation or to simplify an
algebraic expression, you are unlikely to plumb the depths of subtle structural rela-
tionships. However it is equally important to be able to question and modify some of
these internalized automaticities, especially when they begin to obstruct rather than
facilitate. One of the weaknesses of our current educational system is that we do
not support adolescents in developing techniques for and dispositions to interrogate
habits and reactions.

In mathematics, for example, it is vital when manipulating arithmetic or algebra
to have a monitor awake to slips and ready to ask “Why are we doing this?” when the
going gets tough and perhaps something has gone wrong. The same applies to trying
out some new pedagogic strategy: Just because everything does not go swimmingly
(notice the metaphor of immersion), there is no reason to abandon ship and conclude
that the strategy cannot work, only that it did not work fully in that instance. This,
in turn, parallels the way students label themselves and their efforts: “Did not” is
much more helpful that “could not,” which all too readily turns into “will not,”
creating mathematics-refusal behavior and affect (Dweck, 2000). Teachers working
on their own teaching can also fall into this cycle of decline, by allowing “could
not” to displace “did not,” leading to “will not” and disaffection with trying to push
boundaries and to respond sensitively to students.

Intention and Will

Attention is often described as the manifestation of will. Whatever we are attending
to is “where we are” in that moment (James, 1890). It is what “we will it to be,”
though the experience is very often of being at the mercy of some outside influences
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which attract our attention and tempt our horses. Intention is a major component
of the psyche and a major factor in the effectiveness of teaching and learning, yet
curiously difficult to get a handle on (Anscome, 1957). Seen as the means through
which the will directs attention, intention is the guide behind the making of choices
and the changing of habits, propensities, and dispositions to act, which are compo-
nents of affect. In the metaphor of the human psyche as a chariot, will is the owner
who sets goals for the driver (cognition) who manifests intention through the use of
the reins to direct the horses, the sources of motive power.

Intention can usefully be seen as related to affect in the same way that aware-
ness is related to enaction: Awareness guides enaction and enables actions to come
to mind in response to problems when they arise; intention guides or flavors affect
as energy arising from emotions so as to be directed productively. On the other
hand, intention provides a cognitive component to accompany or to challenge desire,
which is how energy is accessed and harnessed to make things happen. In that sense,
intention is a cognitive dimension of will. Intention is often weaker than the flow of
energies of desire, however. The best of intentions may be submerged or diverted
by perceived exigencies; ideals may be compromised by pragmatic response to
perceived conditions.

For example, everyone recognizes how resolutions (such as those made at New
Year) are so quickly forgotten or over-ridden. This can be accounted for by see-
ing the self that made the resolution as being superseded by other selves with no
such commitment. This is probably the most controversial dimension because it
challenges the very notion of identity. Deeply embedded in ancient and modern
psychology is the notion that the psyche of human beings is not single but com-
posite. Versions can be found in Minsky (1975) and Hudson (1968), as well as in
more esoteric sources such as Bennett (1964), Shah (1978), and many others. The
idea is that in response to different local environments, we each develop distinct
persona or selves. These selves then compete for control of the whole organism. For
example, the self who is in charge when chairing a meeting at work is not the self
who cooks dinner for the family: There are different dispositions and propensities,
different sensitivities as to what is noticed and attended to, different actions skil-
fully executed, even different epistemological stances. Each self can be thought of
as a network of energy flows, directing energy through different channels, thereby
activating different collections of habits and actions (see also De Geest, 2006). In
Plato’s version of the chariot, the servants of a mansion compete to play the role
of butler, or even try to usurp the role of the owner (will) who is away; the owner
cannot return until the organization of the house is in order and functioning properly.

In order to strengthen the guidance of intention, people have long realized that
it is necessary to provide some discipline, whether externally (and not usually
effective in the long run) or internally.

The Rg Veda metaphor of the two birds suggests that one of the ways that the
will–intention link can be strengthened is through the growth of an inner witness
or monitor who, as it were, sits on your shoulder and asks “Why are we doing
this?” or “What are we doing?” This, in turn, is fostered by intentional prepara-
tion by prospective planning based on retrospective reflection. The Discipline of
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Noticing (Mason, 2002) is an articulation of techniques for enhancing the possi-
bility of noticing opportunities in the moment and participating in a choice to act
freshly.

Disciplined Development

The core issue in learning from any experience, and particularly in learning about
teaching through teaching, is how to participate in actual choices rather than being
dragged by the horses in whatever direction attracts them. Put more sharply, how
can one be present in the moment when a choice is being made, an action initiated?
Applied to teachers, an answer would shed light on why it is that despite espousing
some stance towards teaching and learning, what is observed being enacted is often
in considerable contrast. Applied to learners, it would shed light on why it is that
despite having been shown or taught some technique or concept, students often do
not make use of it when appropriate. This is the age-old problem of transfer: Just
because I see the possibility of using technique T or concept C in some situation,
what is it that could enable students to be similarly aware (Detterman & Sternberg,
1993, Marton, 2006)?

The chariot metaphor suggests that mental imagery (the reins) is important,
together with maintenance of the chariot and the harness and contact between will
and awareness. Put another way, attention and intention are crucial elements, the
whole of which is encompassed in the Discipline of Noticing. As George Bernard
Shaw put it:

We are made wise not by the recollection of our past, but by the responsibility for our future.
(Shaw, 1921, p. 250).

It is the desire to act differently “next time” that drives personal and professional
development, but that desire (part of affect) has to be amplified in order to influence
intention beyond the particular “self ” experiencing the desire in the moment.

In brief, what is required is sufficient discipline to engage in three actions in order
to facilitate the important action:

Collecting pedagogic strategies, didactic tactics and other awarenesses that could inform
practice if only they came to mind when needed.
Engaging in retro-spective distanciation/reflection in order to amplify the energy released by
noticing a missed opportunity, including intentionally re-entering moments as fully as pos-
sible without judgement or explaining away what happened, in order to locate actions that
you wish in retrospect you had tried, or to locate specific relationships that seem problematic
(Tripp, 1993);
Engaging in pro-spective preparation by intensely imaging yourself in some future situation
acting in some desired or intended manner.

The latter two actions call upon that fundamental human power of mental imagery:
The ability to place ourselves in a remembered past and in an imagined future.
The third is how will power is developed, slowly building on fragments of energy
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released through noticing. Together all three actions contribute to enriching the pos-
sibility of having something “come to mind” through a combination of metonymic
triggering and metaphoric resonance.

Externalizing and labeling salient moments in retrospect is part of bringing to
expression, of story telling. Labels act as axes or foci around which experiences can
gather (Mason, 1999). They can come to be associated with distinctions that might
be informative, actions that might be relevant, and stances that might be fruitful. The
value-laden terms being used here are of course relative to the value system of the
individual within the encompassing institutional and hence socio-political milieu.

The combination of these three actions to produce the fourth is the essence of the
Discipline of Noticing (Mason, 2002) which provides a detailed structure, method,
and philosophical justification.

Maintenance

Following the chariot metaphor, the chariot or carriage, harness, shafts, and reins
all require maintenance in order to function efficiently, and, of course, the horses
themselves need looking after. Much could be made of this aspect of the metaphor,
but suffice it to say here that work on dispositions and propensities (the horses)
arises from work on developing the inner witness associated with awareness in
conjunction with the strengthening of mental imagery (the reins). The components
of the psyche are complexly inter-related beyond what is revealed by the carriage
metaphor.

Skills need to be rehearsed because they may atrophy through lack of use. Habits
need to be inspected and renewed or replaced as conditions change. This applies
to dominantly cognitive skills such as specialized techniques in mathematics and
topic specific didactic tactics, to dominantly affective skills such as holding still or
poker-facing when a student makes a good conjecture and asks for validation, and
to dominantly enactive skills such as classroom behavior management.

When pedagogic strategies and didactic tactics are tried, modified, and found to
have potential, they need to be integrated into functioning. In the words of Gattegno
(1970) “to integrate through subordination” is achieved through drawing attention
out of and away from the carrying out of the skill. In this way, it truly becomes
habit. If awareness is not extended and enriched (educated) then training provides
a habit on which to call, but may not be sufficiently flexible to cope with changed
conditions such as non-routine problems.

One message from this is that a regular practice of working on mathematics at
your own level for yourself and with colleagues is an excellent way to rehearse
skills, refresh awarenesses, and maintain the chariot! In a sense this is the companion
to learning about teaching from and through teaching, because it provides a library
of recent personal experience on which to draw and through which to be reminded
about what students may be experiencing at their own level.



42 J. Mason

What Can Teachers Do?

Teachers are expected to do many things, but what is the core of what they can
hope to do? I consider this question in relation to students and then in relation to
themselves and their teaching apropos of learning about teaching from and through
teaching.

What Can Teachers Do for Students?

Teachers can edit and amplify what students do and say (Hewitt, 1996). They do
this by how they respond to students through reformulating and rephrasing, through
reflecting specific elements, phrases, and objects back to a group of learners. They
can pick out some expressions while ignoring others, and by using the same expres-
sions over a period of time in order to enculturate students into using the discourse
to express their own awareness. A conjecturing atmosphere, an ethos of enquiry and
collegiality is one way to support and amplify this editorial role of a teacher.

By stressing and consequently ignoring teachers can direct student attention in
ways which are indicative or representative of the way that mathematicians use their
attention. It is a reasonable conjecture that each technical term, each definition, each
technique, or method arose originally through a shift in what people attended to and
how they attended to it (otherwise, there would neither have been nor be any strug-
gle, any problematicity). Students usually have to experience some similar shift in
attention in order to internalize and exploit the new concept or approach. So what
a teacher offers is a more sophisticated awareness, more discerning distinctions,
wider recognition of relationships, and more insightful perception of properties
which are instantiated as relationships. They also display the kind of attention and
the kind of reasoning that marks out mathematical thinking from other types of
thinking.

Put another way, teachers display higher psychological processes (sometimes
called “modeling behavior” but this is problematic because of what people attend
to) which over time may be internalized by students, and there are various ped-
agogic devices for fostering and promoting internalization, including scaffolding
and fading and the use of a range of pedagogic constructs (see Mason & Johnston-
Wilder, 2006). One popular device for drawing student attention out of immersion
in activity, and useful as a contribution to the fading aspect of scaffolding, is meta-
questioning such as asking “What question am I going to ask you?” or “What am
I going to suggest you do?” If, after a period of using the same or similar prompt,
one of these meta-questions is used, student attention can be diverted to experience
of the prompt rather than immediately reacting to it.

To learn about teaching through teaching is in large part to work on becom-
ing ever more aware of what as a teacher it is possible to do for students, and to
withdraw from trying to do things for students that actually block their learning.
Examples include trying to do for students what they can already do for themselves,
and usurping their powers in the name of efficiency by specializing and generalizing,
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conjecturing and reasoning for them. This is not to say that the teacher never does
these things, but rather, that when the teacher does these things, not to assume
that the students can consequently now repeat them for themselves. Learning about
teaching from teaching is a lifetime process of refining sensitivities to students and
to the conditions in which learning is fostered and sustained.

What Can Teachers Do for Themselves?

There are parallel actions that teachers can do for themselves. First and fore-
most, they can maintain their interest and pleasure in mathematics by engaging in
mathematics for themselves at their own level. The purpose is not to “learn more
mathematics” but to sensitize themselves to the struggles that students experience.
Working on mathematics for themselves is an instance of a more general program
of engaging in retro-spection and pro-spection in order to support spection. This is
both a process of alerting oneself to issues that may need probing and actions to
take in order to promote responding freshly and more sensitively to situations that
emerge when teaching, whether when planning or when engaging with students.

What Can Teachers Do for Each Other?

By collaborating in their enquiries, teachers can display higher psychological pro-
cesses to and with each other so that as a collective they grow in and into community.
They can, for example, edit and amplify descriptions of incidents so as to enrich
labels that can serve as triggers to awaken their inner monitor and enable participa-
tion in choices in the moment. They can reflect specific elements back to each other
or to themselves, drawing them out of the specific action and into states in which
mental imagery can be used to prepare for future action. They can direct each other’s
attention to salient features so that finer distinctions can be made. The power and
value of distinctions needs to be tested again and again, especially those that have
become so ingrained that they activate even when not appropriate. It is easy to make
distinctions, but distinctions which inform future effective action are not so readily
located.

Conclusion

For me, Alfred Tennyson (1842) beautifully sums up the role and importance of
experience:

I am a part of all that I have met;
Yet all experience is an arch wherethro’
Gleams that untravell’d world whose margin fades
Forever and forever when I move. [Ulysses lines 18–21]
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To learn from or attend to experience in this way is to strive to move beyond that
arch, an intention which re-inspires:

And this gray spirit yearning in desire
To follow knowledge like a sinking star,
Beyond the utmost bound of human thought. [Lines 30–33]

By working together on mathematics and on pedagogical and didactic choices in
a conjecturing and collegial atmosphere, teachers can indeed learn about teaching
from and through teaching. But no one says that it is easy!
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