RE-COGNISING
TEACHING AND LEARNING
IN AN
AD MATHEMATICS PROGRAMME.

by

Neil Eddy
(EDDNEIO01)

A minor dissertation submitted in partial fulfilmesf the
requirements for the award of the
Degree of Master of Philosophy (Teaching)

School of Education
University of Cape Town
2003



Declaration:

This work has not been previously submitted in \&hok in part, for the

award of any degree. It is my own work. Each sigaiit contribution to,

and quotation in this dissertation from the wonkworks, of other people
has been attributed, and has been cited and retsten

Signature: Date: 14 February 2003




ABSTRACT

This dissertation deals with me and my practica asmthematics teacher in a high
school in Cape Town. Through the lens of my teagimran Ad (advanced,
accelerated and enriched) mathematics programeedgnise the teaching and
learning opportunities that have presented therasealver a three year period. |
attempt an understanding of these opportunitiesutitr building a theoretical
research space that blends quantitative and gtisgditaspects by drawing on the new
holistic theories of cognition inherent in enactimi.

This is a piece of work which attempts to foregrbumy voice as a teacher and draws
data, both quantitative and qualitative from myctica in a continual feedback loop
of questioning leading to data, leading to intetgiien, leading to action, leading to
guestioning.

| lean heavily on the research method known a®tkeipline of Noticing which
attempts to give practising teachers a means efrogating their practice and of
building theory from within that practice.

The statistical technique of regression discontynanalysis is employed to contrast
the results of those who have been in the Ad progra with those who have been in
regular classes. Threads from pupil and teachkctefns are used to investigate
more deeply the questions raised by this quant#atata. Video material and short-
response questionnaires are used to open up perceply my pupils of my teaching

in a number of classes.
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OVERVIEW

The study that | have attempted, by its natureearidpabout my practice, is complex
| would thus like to provide an overall map of 8gace that my work occupies and

the paths through that space, to assist you in rgading

Collection 1

My academic space occupies a tetrahedron hang)ngdrmoblle with other
tetrahedraThat tetrahedron has four pomt;vbelng the foureexés of my ,‘space -

self, pupils, school and envwonment/U“(eorlesﬂhematlcs Itis |mportant to note

that there is no path to my self, my puplls andsaiyool, except via my/envwonment
I
i

and current theoretical and ma;hematlcal paradigms.
/ /

/

/

/

/

/
My environment,
7 my theories, my
mathematics 5 |

-

Collection 2
> My School /

Collection 3

My Self ¢

Collections 4, 5

and 6
° My Pupils



As you enter the work, my story will unfold. Thenstraints of writing such a story,
force one into a linear pattern, but the experidraebeen anything but linear. This
schematic will hopefully assist you to understanthlihe complex and complicated

(Davis and Sumara, 1997) manner in which the dtasygrown for me.

As such | have grouped my research not into chejpbert into collections of thoughts
and actions that share a common space or patlakik$mo sense for me to present a
standard format of introduction, literature revienethodology, results, discussion
and conclusion, when these concepts have becomets@lly intertwined,

continually feeding back on one another. To sepatam would destroy even further

the glorious cyclic and chaotic nature of research.

Collection 1 of my thoughts and actions takes ts imy space.

Collection 2 occupies the axis linking my self tg environment / theories /
mathematics, giving a brief introduction to thduehces on my current thinking.
Collection 3 occupies the axis linking self to schand is a motivation for and
description of the Ad mathematics programmes wittinich | have worked.
Collections 4, 5 and 6 occupy the axis of self paplls and consist of reflections on
interactions, both in and outside the class enwiemt, between myself and those |
teach. Collection 4 is weighted towards the pugitdlection 5 towards my self and
collection 6 is at equilibrium.

Collection 7 occupies the space created by theevfedtahedron and is an attempt to
draw some conclusions from, and ask some questiomst the data that make up the
dissertation.

Collection 8 occupies the space of others and isishpf references and

acknowledgements.

It is within this space that | attempt to positiog teaching. If | position my teaching
too close to self, to pupils, to school or to eanment, then the space becomes
distorted and off balance. | can choose to makeéeaghing a copy of someone else,
but I am then forced to position myself outsidenyf space. It is my ideal to centre
my teaching, mathematically in line with all folements. This dissertation is about

this balancing act.



COLLECTION 1
OF MY THOUGHTS AND ACTIONS:
A WAY IN.

A section in which | explore a setting for my didagon and set the scene for my

further thoughts and actions.

“They had forgotten much, but did not know it. WAvas beyond the walls of the city
was no concern of theirs; it was something that baein shut out of their minds.
Diaspar was all that existed, all that they needdtthat they could imagine. It
mattered nothing to them that Man had once posdebgestars.”
(Arthur C. Clarke inThe City and the Star§956: 9)

“Down how many roads among the stars must man proipgself in search of the
final secret? The journey is difficult, immenseties impossible, yet that will not
deter some of us from attempting it . . . We hawvef the caravan, you might say, at
a certain point; we will travel as far as we camtlive cannot in one lifetime see all

that we would like to see or to learn all that wenger to know.”

(Loren Eiseley irThe Immense Journ¢Buscaglia, 1982: 1))




In the futuristic world created by Arthur C. Clarki956) in his novel'he City and
the StarsClarke describes the city of Diaspar. A city getto reproduce itself. No
change is possible as humans live and relive lives in a never-ending cycle
generated by the memory banks of a computer. Thearbof the citizens is ensured
by the removal of all the pain associated with geaithe removal of all the pain
associated with having to think outside the bowfdlat which is accepted - that-
which-has-always-been-done. Khedron, the jestgraisof the city and is meant to
introduce small amounts of instability for the smason of ensuring that long-term
stability is never challenged. Jeserac, the teaemsures that countless generations
are raised as they have always been raised, sththatoo retain the stability of the
city.

Humanity cannot be held rigidly in certain waydhuhking and being. Alvin, a
citizen of Diaspar, wonders what there is outsidedity of Diaspar and dares to
convert highoughts into actions By so doing he brings the city of Diaspar togethe
with its conveniently forgotten neighbour of Lyscity that seeks continual change.
The coming together of different ideas is painifwif creates a space for both to

become more whole than they were.

In a similar manner, research methods, some lotadpleshed; some more recent
additions to the landscape are currently redefitiegconcept of research in our post-

modern society.

For the ancient Greek researchers and foundeleafdientific method, a truth
outside of human experience was that which wastgpagruth that did not rely on

the senses:

“This was the Pythagoreans’ greatest contributioatilisation — a way of
achieving truth which is beyond the fallibility btiman judgement.”
(Singh, 1997: 28)



For Rene Descartes it was a case@ifgito ergo surh(“l think therefore | am.)y and
the separation of researcher and researched cedfithe separation of thought,

emotion and body became entrenched.

There were, however, Alvins in the city who bedaa querying of things as they
were. The very scientific tradition that gave bitdhthe separation, now gave birth to
the siblings of quantum, chaos and complexity tiesorFritjof Capra was one of the
voices that began to speak from the inside in ldf@amore unified thinking and
presented this in books suchTdge Tao of Physid€Capra, 1975)The Turning Point
(Capra, 1982)Jncommon WisdorfCapra, 1988) antihe Web of Lif¢Capra, 1996).

The ideas of chaos, complexity and deep ecolothiaking were popularised
(sometimes superficially) in movies suchMimdwalk Jurassic ParkandSliding
Doors

Quoting thd Ching, Capra (1982: vii) paves the path for new thought:

“After a time of decay comes the turning point There is movement. . .
The movement is natural, arising spontaneouslyiltiisireason the
transformation of the old becomes easy. The attisisarded and the new is

introduced. Both measures accord with the timaefloee no harm results.”

And so Descartes’ separation moved towards thetigrgi€to think is to know”and
“all doing is knowing, and all knowing is doin@f Maturana and Varela (1987: 26).
Davis (1996) extends enactivism to the mathemé&@shing context and suggests
that“every act is an act of cognitiorffDavis, Sumara and Luce-Kapler, 2000) and
suggests a moving of the concept of cognition afn@y ‘to think’ to ‘to know’.

In my dissertation | try to combine many things:

. the thinking, the knowing and the being are insaipiar

. the quantitative and qualitative tell overlappiragtp of a full story.

. my reviewed literature, methodology, results andifigs are continual loops

feeding back on each other and are not disjoiritiesnt



. my self, my pupils, my school, my education systamintertwined — no one

can be pulled from the equation without affecting others.

. my teaching, my learning, their teaching and thesrning are parts of a whole.

This dissertation is as much about my grapplindgpwitanging research methods as it

is about my researching my teaching.
Jane (2001: 26), in reviewing the current deepaggohotions initiated by Capra,
reinforces thatdeep ecology is a holistic, ecological worldviewave the world is

regarded as an integrated whole.”

This then is my whole story.
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COLLECTION 2
OF MY THOUGHTS AND ACTIONS:
A DETOUR TO MYSELF

A section in which | sketch my education and theflicts and experiences that have
brought me to the current academic space thatupycd search for a way to combine

the disparate parts of my education, utilisinggbsitive of each discipline.

“You've always opposed us for wanting change,” ghiel councillor of Lys, “and so

far you have won. But | don’t think the future heish either of our groups now. Lys

and Diaspar have both come to the end of an erd,vem must make the best of it.”
(Arthur C. Clarke inThe City and the Star, 195687)

“Those who investigate the phenomenon of life @ré kst in an inextricable jungle,
in the midst of a magic forest, where countlessstnenceasingly change their place
and their shape. They are crushed under a massctd,fwhich they can describe but
are incapable of defining in algebraic equations Man is an indivisible whole of
extreme complexity. No simple representation ofdambe obtained . . . In order to
analyse ourselves we are obliged to seek the Helarmus techniques and, therefore
to utilise several sciences.”

(Carrel, 1946: 15-16)

“To deny the truth of our own experience in theeatfic study of ourselves is not
only unsatisfactory, it is to render the scientgtady of ourselves without a subject
matter.”
(Varela, Thompson and Rosch, 1991: 13)

-11 -



Learning for me started and continued for a longetin the acquisition metaphor
mode described by Anna Sfard (quoted in Smith, 20@1school and at university,
my learning was about successfully producing threecd numbers and acquiring the
needed pieces of paper — much in the realm of tifigean education” mode as
suggested by Gadamer (quoted in Breen, 2000)diextuo amass knowledge, filling
my undergraduate years with as many courses agb@sill firmly trusting that one
day | would be able to add my bit to the sum tofdiluman knowledge. It was about

an arithmetic progression of human knowledge, rataotic fractal unfolding.

Late in my first postgraduate course in the envirental sciences, | started to
experience some dissatisfaction with the answeitsl tivas deriving from masses of
obscure meteorological data. There was a natudairderesting dichotomy set up in
the Environmental and Geographical Sciences depattbetween the physical
geographers (who mostly followed a quantitativeciamistic research paradigm) and

the human geographers (who followed a qualitateejal sciences paradigm).

| was researching the physical realm and the datslusing seemed to be saying
whatever | wanted it to say. But more than thahaalgh it told me things, | had
somewhere lost the reality of my world and the oedsr my research.

The data told me a story, but it only offered pdrthe story, and | could not find
myself in the story. Indeed | was required to reethe “I” from my writings and

replace it with the third person.

As planned, | moved into teaching from this verpisy mathematical and scientific

education.

Into my classroom came teacher trainers speakifigest practice” and bringing
mechanistic tools for assessing what | was doirhvamat | should be doing. The
numbers were all there, but yet again | had arfgehat the numbers were not the

whole story and | was not a part of the story.
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My feeling of dissatisfaction with purely quantiteg studies grew and, whereas |
wanted desperately to continue with my studiesgetheation courses were not

offering me what | sought.

| was trapped in the quanitity-quality dichotomiill svith the perception that it was a
case of either or. | was as uncomfortable abostahil was about pure quantification.

| taught, and thought that | taught well, but condd pin down for myself what | did
that was good and so had no means of isolatingliaatvas in need of improvement.
Maybe there was another world out there that aecemly experience and taught me

how to go about researching my practice using theleness of my own experiences.

Brian Goodwin speaks of this tension between qtyaatid quality. He accepts the
good of quantityAs a strategy for exploring an aspect of realitthe quantifiable
and mathematizeable — the restriction of moder@nsa to primary qualities is
perfectly reasonable. It has also turned out teebwarkably successful(Goodwin,
1999:1) He wants, however, a method of researabtingr aspects of the world and
proposes a science of qualitieBut is there any intrinsic reason why there shaud
be a scientific methodology that addresses aspéthe world that are connected
with qualities? Is there any reason why qualitiesutd not be reliable indicators of
‘objective’ states?(Goodwin, 1999: 6)

| heard of a Masters course offering a differenkggiophy and method of research. A
sign for me that it would be different was wheredeived a reading list, the first part

of which was material from Kunderale Unbearable Lightness of Being

Shortly after starting the masters course, | attdrad SMILE Conference in
Manchester and listened to Professor Margaret Braiwfings College lecture,
amongst other things speaking of best practicetamdearch for this Holy Grail. She
listed about one hundred aspects that had beeledtunda few thousand international
research projects and showed how, for almost efldlaspects the studies were

absolutely inconclusive or contradictory.
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Thus the search for good practice for me moved fitwerclassrooms of fine teachers
to my own classroom. Chris Breen and John Masonimnvihy masters programme
offered a course on Re-Searching Teaching (Bre@i,,2002) opened a glimmer of
possibility of a methodology that did not prescribet which rather provided tools

with which one could open one’s practice.

Articles from a variety of sources began to shoaugings of people around the
world using research methodologies that promotedrtiprovement of one’s practice,
rather than the pursuit of a global truth. Amoraseers, the enactivist movement in
Australasia and Canada (Reid, 1996; Begg, 200i@)j\ing theory advocates in
Bath (Whitehead, 1999; Larter, 1988) and the dis@pof noticing theorists in
England (Mason, 2002; Wilson, 1996), all heavilffuanced by Eastern thinking,
started to add to a picture of a research parathatrprivileged the teacher’s

experience.

The first year of the masters passed with the cetigpl of the coursework. At the
beginning of the second year | was faced with aprdeory short course required by
the School of Education on research methodologgld&nly all those exclusionary
walls of the academy that had been so effectivebodstructed during the
coursework, were bulldozed back into place — segiyiwice as high and oppressive

now that | had a view beyond them.

“If you don’t follow a set procedure for submissieryou fail.” “If you allow a chink
in your armour — you fail.” “If you do not add tbe sum of human knowledge — you
fail.” “If you haven’t started already — you're &t “Most people start a masters and
never complete it.” “Choose a small question, fbiclk data is easily obtained, write
it up and submit. Get the cloth on your back, prihag you can research, then you

can start asking the questions that truly mattgota”

Suddenly my study again became about gaining @&mépaper and | was no longer
interested in that - | was only interested in beicgm

So | did little for a year, until my practice agdanced me to think and want to know

more about what | was and could be doing.
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And so | started laying down the path in the wagkfifarela, Thompson and Rosch,
1991), but soon became uncomfortable with the gyallb was too filled with
direction for me. So instead | started to createspgce in the midst of the
dichotomies to which | had been exposed - a spaadich | could live and teach and

have my being (Figure 1).

Statistical
theories

hearies of
learning
and giftedness

ey
environmental
theories

Figure 1

The theories of learning offered by Piaget and \tsigy the theories of giftedness
from Stanleyget al, the wealth of statistical theories on offer (waurtrly those related
to regression discontinuities) and the new enviremtal theories of, amongst others,
Capra and Maturana and Varela, provided regiorxiwéme wealth that were open

for use.

Davis and Sumara (1997: 122) in a study in an ehkang school acknowledge this
web of influences’Teaching acquires its form within a complex redatl web that
seeks to affect the understandings and abilitigeeofndividual members of that

community.”

This then became my space and from this spaceld emter a variety of domains,
using from each of these domains the tools andsittest might help me to answer
guestions about my space. According to Smith (268@),:“The New Environmental

Paradigm view of systems is that the ‘elementsheasystem cannot be viewed
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separate from the system itself. They are intippat¢ners, mutually coupled in

dynamic transformation.”

And in the evocative words of Bly (1990: 175):

“To live between the opposites means that we niyt @cognise opposites,
but rejoice that they exist. To live between wetstn out our arms and push
the opposites as far apart as we can, and themlive resonating space

between them. Living in the opposites does not n@éamtifying with one
side and then belittling the other . . . Rejoicinghe opposites means
pushing the opposites apart with our imaginatioasto create a space, and

then enjoying the fantastic music coming from esidle.”

My problem was how to bring these different aspeagether into a whole that would
be accepted as a valid piece of research. | nesetiesbry that admitted disparate

elements. It is here that the literature of engtivprovided a possibility.

Maturana and Varela (1987) and Varela, ThompsorRasth (1991) took the ideas
of Merleau-Ponty and extended them into a bioldgicaerstanding of cognition and
re-united mind and body. The mind was no longen $ede situated in the brain and
thus thought and action became part of one whéledoing is knowing, and all

knowing is doing.”(Maturana and Varela, 1987: 26)

Their theories encouraged a mind-full living otldnd thatas mindfulness grows,
appreciation for the components of experience gro(Marela, Thompson and
Rosch, 1991: 122)

They proposed a new word to describe this new wtaleding — enactivism:

“the growing conviction that cognition is not thepresentation of a pregiven
world by a pregiven mind but is rather the enactneéa world and a mind
on the basis of a history of the variety of actitret a being in the world
performs.”
(Varela, Thompson and Rosch, 1991: 9).
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At a similar time Capra was working in the worldpdfysics to establish a new

understanding of the study of life along a systap@oach. He highlighted a

“crisis of ideas: the fact that most academics stilbs to narrow perceptions
of reality which are inadequate for dealing witk thajor problems of our
time. These problems are systemic problems whicdmnsiéhey are closely

interconnected and interdependent.”
(Capra, 1982: 6)

The stage was set for‘@ost-modern anti-grand-narrative critiquéBegg, 2001b:
13).

Davis (1996) and Davis, Sumara and Luce-Kapler@20@gan to engage with these
trends by incorporating them into a theory of gh&ching of mathematics.

It is within this context that | situate my workyexlapping parts of the modernist
tradition with parts of the post-modern. | tell stpry as | have experienced it, in a
way that is useful to me. Research in educatiami®, has ceased to be about adding
to that mythical body of human knowledge. It isfiaore about my growth as a
researcher, as a teacher and as a person. My asorjope that you will find,

although not in a standard format, is also notattecal — it tries to use the variety of

theories available to theorise about what | amglolinis is what is useful to me.
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COLLECTION 3
OF MY THOUGHTS AND ACTIONS:
WHERE A SOUTH AFRICAN AD MATHEMATICS
PROGRAMME BEGINS

A section in which | consider the theories of giftess that currently exist and in
which | describe the Ad mathematics programmesutjinavhich | have taught and
learned. From the confines of what | know and hdmee, | stare out, not sure
whether there is more that | could be doing, bulhwaifeeling that there are

unexplored worlds beyond those with which | am fami

“Alvin stared out towards the limits of his worl@here was nothing beyond them —
nothing at all except the aching emptiness of #sed in which a man would soon go
mad. Then why did that emptiness call to him, aalled to no one else that he had

ever met?”

(Arthur C. Clarke inThe City and the Stars, 19588)

“The only concept of an educated society whicloismerely utopian is a society of
which the members should all have reached thdiahd proper development along
the lines of their own potential excellence. Suslo@ety would certainly not be an
egalitarian one. [People] are not born equal, arehoot be trained to reach equality;
like other living things they are immensely and we#lously diverse, which is a fact
to rejoice in, not to lament or seek to obscureary society the men and women with
the best minds are, and always have been, the crealnd it is they who in all ages
have given the tone to the society in which these li@ed. | think we must admit that
to train these minds is the most vital and impartanject of any system of education.
It is by no means the only object; but if it shoiad in this, it fails altogether.”
(Aubrey de Selincourt, quoted froitne Schoolmasten de Jager, 1964:1)
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Much work on the gifted has emerged from the UnB8&ates, where programmes of
acceleration (as opposed to enrichment) have lodenved. The work at the Johns
Hopkins University (see for example Stanley, Keatmd Fox (1974) and Stanley,
George and Solano (1977)) provides numerous cadestof pupils who were
accelerated through the school educational systemthe universities at very young
ages. The work that they completed through theirgvojects, Study of
Mathematically Precocious Youth (SMPY) and thellatgually Gifted Child Study
Group (IGCSG), gives a number of insights intogbkection of pupils for such
programmes and the effect that these programmesrhttkir intellectual
development.

There is equivalent evidence for the success #djjirogrammes that follow an
enrichment methodology, i.e. teaching materialusetally contained in the syllabus
or any future syllabus, material that broadens epteusually covered in syllabi at
that level of the child’s development (Wavrik, 1980hese programmes often

emphasise and develop problem-solving skills.

Robinson and Stanley (1989) evaluated a succgasfgtamme in Arkansas that

followed a combined enrichment and acceleratiorhoétlogy.

Canadian projects, particularly the University ofdnto (Matthews, 1997; Kalchman
and Case, 1999), have continued much of this rels¢hat was based in the United
States. Their emphasis has moved away from thenatiglea of categorical
giftedness (i.e. a child being highly talented liregeas) to a domain-specific concept
of giftedness (i.e. a child being talented in gatir knowledge and emotional areas).
The research of Kalchman and Case has also emetidsesimportance of within-
class variation even within a top of the spectruouging. The need for teachers to
acknowledge this and to allow children to progistheir own pace is of relevance to
the South African context, where within-class sbe@iation is even greater than that

in the Canadian context.

Much of this work that has evaluated gifted prograes was situated in primary
schools because of the large number of other infles related to maturation that

might influence the data in high schools.
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In the South African context there is a deartheskiarch aimed at the mathematically
talented pupil. The little that is available isethtand therefore reflects information
only on the White segment of the population. Mostlg aimed at understanding
what should be taught in an Ad programme withdlitth the effects of this on those
who have been exposed to the programmes (Breefi, 1982; Gouws, 1977 and de
Jager, 1964).

When | began my teaching career, | taught at a staiool with a very well
developed ethos of Ad mathematics that had bedndwair a number of decades.
These programmes existed, in various forms, atge laumber of private schools
across South Africa, but were only found at a Vemted number of state schools.
When | moved to another school three years agbopany job was to institute an Ad

mathematics programme.

| wish to give an overview of what constitutes th@sogrammes, before going into a

motivation of the need for an increased numbehe$¢ opportunities locally.

At the end of a first year in high school (grade 83/14 year olds) a class of the most
talented mathematics pupils is selected to forrAéimathematics class. This
selection is based primarily on marks and abibitgmgage with mathematical
problems. This class is, ideally, taught by a srtghcher for the remainder of their
mathematics schooling. It is up to the individedher (and in some cases class) to

design a syllabus.

The work that they cover is of a three-fold nature:

. Ordinary work: Work usually covered by that gradeing the year.

¢ Accelerated learning: Work taken from school syl@more advanced years.

. Enrichment learning: Work that would either notmaily be covered at school,
or work that extends syllabi topics to a level thauld not normally be covered

at school level.
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All three types of work contain a strong comporamntroblem-solving, lateral
thinking and deeper thinking. The slightly odd tedescribing the class — “Ad” — is
used to describe the two types of work that aredint to ordinary, i.e. advanced
(accelerated) and additional (enrichment). It tefan expectation of the programme
that pupils in the programme should be activelywlagd in mathematics Olympiads
and competitions.

The class is run completely separately to the argistream with different tests,
projects and examinations. The assessments amalhatf a greater difficulty and
consequently the pupils expect their marks to letdhan in an ordinary grade class.

Once these children get to matric (final schookyddl 7/18 years of age) they revert
to the ordinary grade of tests and examinationsépare them for their school-
leaving certificate examinations. It is an expeotathat their marks and insight when
they revert to ordinary level working should beadtfigher level than would have
been expected if they had continued without an Adymmme. Part of the role of this

dissertation is to assess whether there is angee@to back this assertion.

Any child who wishes to remove him or herself frime programme can do so at any

stage and will slot back into the ordinary gradesses.

For those within the class who are very competemathematics, there is the
opportunity to write an extra mathematics subjedheir school-leaving
examinations. This syllabus contains material ftbmtraditional first year
mathematics courses at universities. In this diggen | have not covered aspects of
this course. It is an important component that iregufurther research. There is
anecdotal evidence from university sources for hegaffects of this on those who

study mathematics at a tertiary level.

George (1976) identifies 5 essential componentssafccessful accelerated

programme:

. Effective identification of pupils for the progranem
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Selection of a dynamic teacher.
Compatible learning styles.

Development of positive work habits.

* & & o

Self-motivated pupils who are not in the programunder duress.

In the design of the programme | offer, | have teansome of the developmental
work of Jean Piaget (Piaget, 1941, Piaget, InhedddrSzeminska, 1960) and Lev
Semenovich Vygotsky (1962, 1994) which providesisibunderstanding of the need
to acknowledge levels of development within a childr teaching to be effective, the
children must be challenged at their level. Todadevel will lead to negative self-
image, while too low a level will lead to boredowygotsky suggests a zone of

proximal development in which a pupil will learn.

Although much of Piaget’s work has been supersegedygotsky and others, Piaget
offered one of the first systematic studies oflthear development of intellect in
young children. He offered it 4an analytic study of the beginning of measurement
.. . to those who are concerned to foster an eidmed approach which is securely
based on a knowledge of the laws of mental devetmpri(Piaget, Inhelder and
Szeminska, 1960: vii)

Piaget (1941) draws interesting links between tlwdution of perception in a child
and the historical development of mathematics. Beea&f this process of intellectual
development, Piaget suggests that although itssipte to accelerate certain
concepts, others will merely be learned withoutarsthnding if they are taught at the
wrong level. True understanding will not be possiibthe child has not progressed to

the correct stage. An obvious example is the tegcbi formal axiomatic geometry.

Linked to this, Piaget also emphasises the diffezdretween the child and the adult
brain, that this difference is not quantitativet Qualitative. Expecting a child to
simply accelerate their learning, because they kgoantitatively less than the adult
is not viable. The level of their development maggiude the understanding of some

concepts.

-22-



Vygotsky, like Piaget, also distinguishes betwdenadult and the child and contends
that it is impossible for an adult to pass on ®¢hild their way of thinking.

The concept of resonance emerges frequently in ¥kgts work - that a new
concept or structure will gradually spread into dhaer concepts. As one learns
something new, it will slowly transform previousnoepts. This has enormous
implications for the teaching of an Ad mathemagiosgramme, where often a
particular topic of mathematics is visited only enim extreme depth, and not
revisited. Vygotsky’'s work suggests that returniogoncepts repeatedly at various
levels will be beneficial and allothigher order concepts [to] transform the meaning
of the lower”(Vygotsky, 1962, ix). This also suggests the neethdake overt in the
classroom the new and powerful meanings that adggives to arithmetic[T]he
adolescent who has mastered algebraic conceptgaivaed a vantage point from

which he sees arithmetical concepts in a broadsppetive.”(Vygotsky, 1962: 115).

For myself, the aims of an Ad mathematics progrartimael offer are reasonably

diverse:

. to provide an environment in which mathematiciamg those who enjoy the
subject can develop.

. to provide an environment in which future acaden(ticese who will continue
academic work, particularly as teachers, througir gdult lives) can develop.

. to produce thinkers with the tools to deeply amalyse world in which they
live.

. to allow the talented pupils a means of developimggnselves to the limit of
their ability.

. to promote the enjoyment of mathematics.

. to challenge and refresh myself as teacher.

Currently the South African education system isargding marked structural
changes towards a system of outcomes-based educhtiese changes are having a
substantial effect on both what is being taughheclassroom and how it is being
taught. The documents for the grade 8 and 9 leguouiticomes (formerly syllabi) are
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currently being implemented. The equivalent docushéor the grade 10 to 12 levels
are in rudimentary form and are under discussiahfigfd testing.

The Curriculum 2005 documents (the guidelines &dramal implementation of the
system of outcomes-based education) require teathiatlow all pupils the chance to
progress at their own pace, until they achieve emgsif relevant and stated
knowledge, skills, values and attitudeBhe Descriptors are provided to help
educators and parents . . . so that appropriageventions can be set up to help with
learner development or to provide for the rapidaliewment of gifted or highly

proficient learners(Western Cape Education Department, 2000: 3).

It is my feeling that South Africa requires of it@thematics education system two

types of people:

. firstly, those who know sufficient mathematics fgecate effectively in a highly
numerate and technologically advanced society rdwatires of its members
good, logical skills, mathematical literacy andlgem-solving ability

. secondly, those who know mathematics at a higivet End will be able to
pursue tertiary courses in the subjects that ledlde engineering, technicist,

computer, etc. professions.

It is my impression that at present a system ofifathematics that allows the

development of this latter group is desperatelydaddor a number of reasons:

. The country’s shortage of qualified professionat®wan take up positions,
particularly in the various engineering and edurel fields. This shortage is
being fuelled by the draining of a large percentaiggualified young adults to
other countries, due to the perceived political @aonomic situation in South
Africa.

. The disproportional shortage of highly qualifieddgnts from the historically
disadvantaged groups. Only ten years ago, of eM@§00 black pupils who
enrolled for the matric examination, only 1 pasa&ti exemption (a grade that
would allow entry to a university) and higher gradathematics and science.
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This population group at the time composed 76%eftotal pupil enrolment
(Department of National Education, 1991).

. The new education system requires that all puipitduding mathematically
talented ones, be afforded the means to achieveftiiepotential.

“[W]e will have to consider the long established! atientifically

observed fact that where the environment fails tesent
appropriate problems, does not come up with newireaents
and does not stimulate and create developmenteahthllect with

the help of new goals, the adolescents thinkings du# develop
according to all the available potential, and iesloot reach its
higher forms, or only achieves them at an exceptipnlate

stage.”(Vygotsky, 1994: 214)

. Through the teaching of an ad mathematics prograrteaehers will again be
required to take on the role of learners, revigitimaterial that they last
attempted at university, and possibly be inspicesttidy new material. It will
again be possible for them to become studentseaf shibject (a practice now
long neglected in the profession), not just peagle transfer certain
knowledge and procedures.

It is heartening to see that new programmes aremtly being set up in numerous
other schools by some excellent mathematics teschibere is therefore now a
pressing need for research to inform and guide punrammes.

For my dissertation | have used data from a nurobdifferent Ad programmes:

. An Ad mathematics class taught by myself at my sd&echool from 2000
(grade 10) to 2002 (grade 12 / matric).

. My current Ad mathematics class taught during 2@pade 9) and 2002 (grade
10).

This data comprises a number of forms — end of gehematics marks, interviews,
video material from my classroom, my written refieas, the written reflections of

pupils in my classes and questionnaire respofisbsse artefacts can be lumped
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together as “data”, but at the same time all ofrtlecord acts of interpretation, or a
researcher learning in co-emergence with a resesditghtion. It can be said that there
is no data, only interpretations and interpretatiohinterpretations.{Reid, 1996:
205). A reflection of mine after a lesson coulddi¢éa a questionnaire to the pupils,
whose responses therein would lead me back toesghwy video material from my

classroom and so the loop continues.
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COLLECTION 4
OF MY THOUGHTS AND ACTIONS:
RE-COGNISING THE PUPILS’ SPACE IN AN AD
MATHEMATICS PROGRAMME

A section in which | begin to re-cognise the expece of those pupils who have
experienced an Ad mathematics programme. | attengptmbination of quantitative

and qualitative data to open up the story as faslyossible.

“On rare and unforeseeable occasions, the Jestarldvturn the city upside-down by
some prank which might be no more than an elabgyedetical joke, or which might
be a calculated assault on some currently cheridiedigf or way of life.
Alvin knew with a certainty that passed all lodltat the welfare of the race
demanded the mingling of these two cultures [otcthes of Diaspar and Lys].”
(Arthur C. Clarke inThe City and the Stars, 1951, 190)

“Qualitative evaluation research, and the marriagkit to the more readily-accepted
quantitative procedures, is likely to have a dramaftfect on the quality of gifted
program evaluation.”
(Archambault, 1984: 23)
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SUB-COLLECTION 4a
OF MY THOUGHTS AND ACTIONS:
ON THE SURFACE

A sub-section in which | begin to point statistitabls at my practice. A regression
discontinuity analysis is performed to assess wdrdtiere is any noticeable

difference between the results of an Ad mathemgticap and a non-Ad mathematics

group.

“Jeserac [the teacher] could find how numbers bedtg\but he could not explain why
. . . But he was fascinated by the way in whicmtinabers he was studying were
scattered, apparently according to no laws, acribgsspectrum of the integers. He
knew the laws of distribution that had already bdestovered, but always hoped to
discover more.”

(Arthur C. Clarke inThe City and the Stars, 1950)

“Descartes’ method of thought and his view of natbave influenced all branches of
modern science and can still be very useful toBay they will be useful only if their
limitations are recognised. The acceptance of tagé3ian view as absolute truth
and of Descartes’ method as the only valid wayntmkedge has played an important
role in bringing about our current cultural imbalaa.”
(Fritjof Capra inThe Turning Point, 198213)
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When assessing the teaching and learning that ®atarclass of mathematically
talented pupils, one is faced with a difficult j@&iatistically it is difficult to compare
the performance of these pupils with the othersabse they are from different
sections of the normal distribution. By the defomtof their mathematical talent, the
results of those in an Ad mathematics programmaldhshow a statistically
significant difference with those who are not ie ffrogramme.

The fact that those in an Ad mathematics programraénvolved in testing and
assessment of a different level to those in amargimathematics programme further
complicates assessing the effectiveness of thegamge. As Archambault (1984:

12) acknowledgesThe evaluation of programs for the gifted and mééel has

become an increasingly frustrating challenge.”

Stanley and Robinson (1986) and Robinson and $t&h889) provide a means for
considering the effects of a programme on diffeedility groupings using a
statistical technique termed regression discortiiniineir methodology involves
contrasting test scores on common tests of botliftexl programme pupils and
those not involved in the programme prior to thegpamme and after the
programme. Linear regression lines are then pldtethe two populations. The
discontinuity between the two lines at the ‘cuttsugre’ (the percentage score on the
pre-test for selection into the programme) willrtlggve an indication of the

effectiveness of the programme (Figure 2).

Regression line
of programme

|

|

|

|

| candidates

|

|

|
/

B

A

Percentage on test

after the programme Regression line of

non-programme
candidates

Cutting
score

Percentage on test prior to programme

The length of AB gives an indication of the
effectiveness of the programme.

Figure 2
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Here | take the results of the grade 12 classwihaie their school leaving
examinations at the end of 2002. The one partetlass is 25 pupils who took part
in an Ad mathematics programme that | taught fged&s. Two of them are excluded
from the analysis — in the one case the pupil veasththe school in grade 8; in the
other the pupil’s matric results were not yet aafali. It is a class of both boys and
girls of mixed races at a state high school in CEpen. The other part of the class is
25 pupils who wrote the same higher grade matrrenations at the end of 2002,
but who were not members of the Ad mathematicsraragie for the full duration of

the course.

Both groups were examined under the same conditiogiade 8, and this provides a

single pre-test score for the whole sample.

Firstly | have simply plotted a scatter graph @itlgrade 8 versus their grade 12

results and drawn two separate regression linesdbas the least-squares method.

Grade 12 -2002
100 Belinda .:
2 80 < > o i
> ’0 L 4 < =
8 60 — =
(;l| 40 - _ -~ - ¢ Andrew
= -
O 20 - _ - -
0 ‘
0 20 40 60 80 100
Gr. 8 results
+ Non-ad Group = Adgroup
Linear (Non-ad Group) — — Linear (Ad group)
Figure 3

My layering of quantitative material into qualitagi material under the framework of
a Discipline of Noticing after Mason (2002) is deaith in more detail in a later

chapter.
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| acknowledge my assumption that the regressianasks will be linear, but feel that
this it is acceptable based on the work of Staaley Robinson (1986). Because of the
scatter of the data, the€ Ralues of neither graph are high. Both graphs kewelo

tell stories that are worth interrogating.

Thus | wish to attempt to allow this graph to opgnunderstandings of what

interpretations could be drawn from this situation.

Interpretation 1:

The Ad mathematics programme has substantiallyorgat the results of those who

experienced the programme.

Evidence 1:
The two regression lines are of a significantlyetént nature. The gradient of the
line of the Ad mathematics group is substantiafigager than that of the non-Ad
group, meaning that those at the top end of thenathematics class have attained
higher marks than would have been expected. Ifggeession line of the non-Ad
group is accepted as what would happen withoutdamAthematics programme, 21
of the 23 in the Ad mathematics group are attaimmagks above this expected level.

Discussion and further research 1:

Is there evidence in a larger sample of pupilsWwaild validate the positive effect of

an Ad mathematics programme on grade 12 results?

Interpretation 2:

The Ad mathematics programme would be detriment#ié marks scored at the end
of grade 12 to those in the lower end of the Adheatatics class.

-31-



Evidence 2:

The two regression lines intersect atXamwvalue of approximately 75%. Any pupils
with less than this result in grade 8 could be etgrbto be negatively influenced by

the Ad mathematics programme.

Discussion and further research 2:

Through the written reflections of those at thedownd of Ad mathematics classes,

is there evidence that they feel they are beinginegly influenced?

Kalchman and Case (1999: 326) give strong evidércine diversity of gifted
classes and that the assumteaimogeneity of ability [in these classes] shouéd b
reconsidered.My evidence shows a possibility that those whoenest above the
cutting score for inclusion in the Ad mathematicsggpamme have gained little
benefit, possibly due to an assumption in the @agne that all pupils in the class
could work and grasp concepts at an equally ragiel Further programmes should
carefully track these pupils to find out how thegrn best and should allow them the

space to move at their own pace.

Interpretation 3:

Although the Ad mathematics programme has a pesitiffuence on those in the Ad
class, it has had a negative effect on those inetieof the school.

Evidence 3:

The slightly negative gradient of the regressioe bf the non-Ad group is surprising
and not present in any other data studied of theeshool in previous years when
there had been no Ad group. The grouping on thehgtiaat has been circled is a
cause for concern. They were relatively high aakligwn grade 8, but have dropped
off significantly by grade 12.
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Discussion and further research 3:

Could this be due to negative perceptions of thérasavhen they have interacted

with the Ad mathematics grouping in other subjéasses?

Interpretation 4:

This interpretation attempts to get away from thele picture, down to a single
story. Andrew’s interpretation (throughout my digagon | have changed the names
of pupils to protect their anonymity) of the abayraph in assessing the Ad
mathematics programme could well be that the Adanmme has significantly

detrimental effects on those who leave the programm

Evidence 4:

Andrew was a high achiever in grade 8. As a rdsukintered the Ad mathematics
programme. He moved back to higher grade duringdloese of his grade 11 year,
because he felt that he was no longer coping Ww&hAd mathematics environment.
He continued to struggle with mathematics, and omyaged to obtain a result

marginally above a pass by the end of grade 12.

Discussion and further research 4:
Were there other issues in Andrew’s life that ressliin this decline that had nothing
to do with Ad mathematics, or were his poor gra?leesults somehow linked to his
participation in the Ad mathematics programme?

Interpretation 5:

Belinda’s interpretation may be that an Ad mathéesgirogramme has no effect on a
pupil. Good marks can be obtained by simply putimg lot of work during your

final matric course, cramming in the techniquesmpio writing your tests and

examinations.
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Evidence 5:

Belinda worked adequately in grade 8, but she selpashed herself, attaining a
result just below 70%. The consequence was thatvakenot invited to be a part of
the Ad mathematics class. Late in her schoolingssigelenly started to work hard to
prepare herself for her final matric examinationd acored excellent marks on these

papers.

Discussion and further research 5:

Are there non-mark-related benefits to Ad mathecsdtiat Belinda has missed out
on (particularly given the concept of a ceilinglie marks attained by high achievers
as discussed by Archambault (1984))? Archambarthdu discusses the lack of tests
that effectively evaluate higher order thinkingliskihnat may be gained in an Ad

mathematics programme.

Interpretation 6:
An Ad mathematics programme has no effect on thé&snaf pupils in grade 12.

Evidence 6:

There is no evidence to show that the above diffs¥en regression lines is not a
normal occurrence, i.e. that a normal top set,soleol where no Ad mathematics
programme occurs, usually shows a significantljedént regression to the rest of the
higher grade pupils.

Discussion and further research 6:

Do regression lines of different sets in schoolwlmich there is no Ad mathematics
programme show any significant difference to thofsthe remaining pupils?

All of these stories (and countless others) aril\iaterpretations of the graph. For

each interpretation, counter-arguments and “acsdant can be offered, but no
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absolute truth can be obtained. Bearing all therpretations in mind, while working
with further evidence through the course of thssdrtation, will allow me to more

fully understand the whole situation of an Ad mathécs programme.

| then took the exact same data and performedrassign discontinuity analysis in
the manner of Robinson and Stanley (1989). | thkedita from both groupings and

fitted a regression line of the following form tug data:

y=ax+b+cz

where: y is the score obtained in the post-test (gradeedalts)

X is the score obtained in the pre-test (grade @tss

a is the coefficient of regression (gradient)

b is a constant

Z is a dummy variable (1 in the case of those whopieted the Ad
mathematics programme and 0 in the case of thoseddnot.)

C is the mean effect that the programme has had.
An analysis of the data using this method yieldsgression line of:

y =0,5x + 26,9+ 4,82

Indicating that the programme in that year hasdradverage effect of raising the
marks of those who have been a part of the progebym,8% from what they
would have been expected to achieve given no pruge The Rvalue is, however,
only 0,26.
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A simplified schematic representation of this woléd

Regression line
of programme
candidates

W

Grade 12 | AB=4,8%

result

Regression line of A
non-programme
candidates

I
I
I
I
I
I
I
I
I
I
I
I
I
I
|

70%

Grade 8 result

Figure 4

Trochim (2002) notes théathe discontinuity could be a change in level \atiy or a

change in slope or bothThe low value of Ris, | feel a combination of two factors:

1. The scatter of the data.
2. The indication in Figure 3 that the effect of frogramme has not been to
shift the whole regression line of the Ad matheosagjroup, but rather to

steepen its gradient, thus only affecting a portibthe class.

This method of regression discontinuity | feel lsosdrong potential for use in
schools, not only to evaluate Ad mathematics prognas, but also to evaluate the
relative success of classes where streaming is useéd to perform further research
on future programmes of Ad mathematics and onubeess rates in other schools

where such programmes have been implemented.
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SUB-COLLECTION 4b
OF MY THOUGHTS AND ACTIONS:
THEN GOING DEEPER

A sub-section in which | take some first stepsafuhe number-based research
methodology with which | am comfortable. | consitiere the threads of certain
moments recognised by my pupils and | attempt-4mognise these in the light of the
statistical results of the previous sub-sectiore d@ata is more difficult to work with,

but holds the promise of something deeper.

“I am trying to find a way out the city,” Alvin sadibluntly. There must be one, and |
think you could help me find it.” Khedron [the jedtwas content with the order of
things as it was. True, he might upset that ordemftime to time — but only by a little
— he was a critic, not a revolutionary. Yet hed stilssessed that spark of curiosity that
was once Man'’s greatest gift. He was still prepa@tbke a risk.
Sympathy, for one whose loneliness must be evategtéan his own; an ennui
produced by ages of repetition; and an impish sef$en — these were the
discordant factors which prompted Khedron to attrfay be able to help you, or |
may not. | don’t wish to raise any false hopes.”

(Arthur C. Clarke inThe City and the Stars, 19567 - 58)

As Poincare would have said, there are an infinilenber of facts about the
motorcycle, and the right ones don'’t just danceangd introduce themselves. The
right facts, the ones we really need, are not @algsive, they are damned elusive,

and we’re not going to just sit back and ‘obsei®m. We're going to have to be in
therelooking for them or we’re going to be here a long timerdw@r. As Poincare
pointed out, therenustbe a subliminal choice of what facts we observeThe
difference between a good mechanic and a bad ones precisely this ability to
selectthe good facts from the bad ones on the basisalftg. He has tearée

(Robert Pirsig irzen and the Art of Motorcycle Maintenance, 19286)
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John Mason of the Open University (1995, 1998, 2@®pioneering work in a
research method which tries to establish the teaha researcher, tries to equip the

practitioner with tools to generate meaningful egsk in his or her own context.

The Discipline of Noticing involves a number of pedures:

1. During practice a researcher will mark certain ¢ses being meaningful, as
being worthy of notice.

2. He will later return to these and attempt to rea@tatief-but-vivid ‘account-of’
the occurrence. In this recording, an attempt iderta give no justification or
explanation of the occurrence. In this way, theaesher tries to train himself to
observe situations without judging them and toragtieto record, as impatrtially as
possible, these occurrences for future reflection.

3. Once a series of accounts is available, strantteds are grouped.

4. The researcher then interrogates her past pramtittee experience of others,
offering these accounts to see whether they haaamesce with others or with her
own past experience. One technique used by thanss is to construct a task
exercise — a task that is offered to another persan attempt to give that person
entry into a situation to probe for resonance.

5. Multiple interpretations of the occurrence can therconsidered. This allows the
researcher time to develop, to gather from othete 6nd in literature, gambits

(ways of reacting to similar situations) for theufe.

Lerman (1995) and Ernest (1999) have offered @itis of the discipline of noticing,
amongst others the implicit nature of the knowledgd the lack of validation of

moments attributed to the partiality of the reskarcin response to certain of these
issues | have used certain aspects of the DiseiplifNoticing and sought validation

through including a variety of techniques in myeash.

In my seeking validation | have extended Masontscept of an ‘account-of’ to

include quantitative stories.

In sub-collection 4a | have utilised the graphsrbelves as ‘accounts-of’ a situation

as envisaged by Mason (2002). They describe braeftyvividly a story without
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‘accounting for’ the situation. | was then in a pios to make multiple interpretations
of these accounts in pursuing my understandingetiieReid notes that these multiple
interpretations may be attained in a number of wayse is through multiple
revisitations of data which bring a researcher $dwation with new theories and aims

which represent the current structure of an evangimg being.(Reid, 1996: 209)

| now focus my inquiry on those 25 pupils who haiws completed the grade 10
course that | have offered in Ad mathematics. Mygtis based on two sources of

data:

. My own reflections and notes on teaching the class.
. The reflections of the pupils from written work thiaey submitted to me to be
included in their portfolios (the notion of how arffolio system was

implemented is explained later).

| used this data as my source of “accounts-of’ macfce that | then interrogated,

searching for common threads. Four of these thrasdw/hat | report here.

Preceding each set of reflections is a brief tagkase for the reader to attempt prior
to considering the story that | have experiencéxs€ will hopefully engage the
reader more fully in that experience. The analigsteen split into three parts — pupil
reflections, my reflections and a theoretical dsston of the two.

The question of the validity of such data needset@ddressed. Hardy, Hanley and
Wilson (1995: 2)*How much does this matter? | want to suggest, fiizai the
viewpoint of a reflective practitioner, the issuevalidity is much more one of
whether the retold anecdotes are recognisabler®y practitioners, resonate, are
enterable, are discussible than of whether thejtrare or not.” Validation lies in the
responses of the reader and in resonance withqugexperience that the experience
holds for the teller.
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FIRST SET OF REFLECTIONS:
COVERING TOPICS OTHER THAN MATHEMATICS

TASK EXERCISE 1:

On a sheet of paper, without any reflection, jowddhe first five things that spring t»

mind that you remember learning at school.

Now, after some reflection, jot down what you caoesito be the five most importar t
things that you learned at school.
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PUPIL REFLECTIONS

Mary:

“Why do we have to do maths?” . . . | just wish pleowvould answer the question
right . . . Because in maths you learn. But théolenm is that the average teenager
does not get excited about learning. | am very ghatl | took Ad maths, because I've
learnt so much. I've learnt how to enjoy mathskfemg more than maths and | am

really glad that | don’t not like maths anymore.

Julie:
| think [that in this class] we all learn a lot andt only about maths but also each

other and many other things.

Maria:
| have learnt many things in Ad maths about botthematics and life that | wouldn’t

even have touched in normal maths.

MY REFLECTIONS

1. | am excited about the class that is comingnéndoor — | have been thinking
through the whole summer holidays about what |¢@ahieve with them in an ideal
situation. It is my first experience with beginniag Ad mathematics group at this
school. They come in and we greet each other. Wsit @lown and there is quiet —
they are all looking at me. | say, “And so therewege . . .” When silence follows,
there is a bit of laughter. The silence becomesnast, with some pupils fidgeting
and looking down. Maria volunteers, “So how wasryeoliday, sir?” “Good,” |

reply. Silence again. The conversation continuesaspcally for the rest of the
period.

The period the next day begins. | put my handgmuméards the class and make as if to
say something. “And so there we were . . .” a cewmalunteer. Laughter follows and
then again silence. “Aren’t we going to do anythirg§janca asks. “What would you
like to do.” “Talk about things.” “Alright — what.And the rest of the period wanders

through a variety of matters.
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The third lesson begins. All now volunteer, “Andtkere we were . . .” “When are

we going to do some maths?” Mark asks.

2. Just before they leave school, | ask a groupaific pupils who have been in
my class for four years, to write down the five tmiogportant things that they think
they have learned at school. They then all volurttesr lists to the class and we
make a complete list on the board. Not a singla i@ the list has anything to do

with mathematics or any one of their other subjects

SOME THOUGHTS TO COMBINE THE TWO

To be an effective teacher it is important for meansider what | am teaching, why |
am teaching it and how | am teaching it. The Adheatatics programme opens
space, away from the constraints of a syllabusiteye issues that the pupils or |
consider to be important. This notion of completmgrk other than mathematics
does lead to some conflict with pupils and parerits consider the work to be

covered in a narrow syllabus format.
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SECOND SET OF REFLECTIONS:
FRUSTRATION WITH DIFFICULTY

TASK EXERCISE 2:

Prove that the product of two consecutive numbzedsvisible by 2.

Prove thath® + 3n + 2 is divisible by 2 ifn is a natural number.

Assess the difficulty that you experienced proweagh of these statements and tt e
enjoyment that you derived from each.
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PUPIL REFLECTIONS

Jaclyn:

| have enjoyed almost all sections of maths thetvie been taught. Sometimes | find
a section of maths difficult and have to spendng lome trying to understand it, but |
don’t think that something being difficult is arngason not to at least enjoy trying to

work it out.

Jaclyn:

Sometimes | want to run away from maths and preitemelver existed. | wonder why
it was ever invented. However, there are so maig v@asons answering my
guestion, that | know it's caused by my feelingslisippointment . . . | think that my
enjoyment of maths depends on whether | understamaot, which is a direct
contradiction to a statement in [one of my previgefections]. | can enjoy anything |

do as long as | can do it.

Jaclyn:
| feel much more confident about myself, my al@hti Instead of wanting to run away

from maths now | want to embrace it.

MY REFLECTIONS

| am speaking to Joan about her mathematics cliaid¢be following year. She wants
to drop Ad mathematics and return to higher gradsk, “Why?” She responds that
her marks have dropped too significantly. | poiat the she obtained over 70% for
Ad mathematics, which is only 10% below her presigaar’'s marks. She says that it
is because she does not want to have to work dsalsashe does to obtain those
marks. | feel myself becoming angry, not at het,dita sense of someone backing off

from a challenge.

SOME THOUGHTS TO COMBINE THE TWO

The changes in Jaclyn’s thinking over the spaceydar record for me the sense of

personal fulfilment that | would like all my pupile achieve. Her first reflection was
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written soon after she began the Ad mathematiogrprome, when the idealism and
enthusiasm of the class was still high. The secefidction was written about mid-
year just after a test on a substantial chunkf@itdlt work on factorisation. This was
the first time that | had truly pushed the clasthimlevel of difficulty of the
mathematics that | presented. Her third reflectias written just prior to the end of
the year. She has experienced the full cycle ofamraing difficulties in mathematics
and has found added enjoyment based on the diffiofithe work.

In the task exercise | was hoping that you migipiegience a similar “a-ha” when
realising that the two questions are no differbat,that the thinking and eventual
conquest of the second bears more enjoyment tlaamthhe first, because of the
level of difficulty involved. Many people get thest question, but really struggle
with the second. It is a valuable lifeskill to Heeato be able to manage this

frustration.

When presenting difficult material, one is alwagsdd with the need for a balance
between challenge and the frustration of somettaodifficult. That is to keep the
task within the zone of proximal development adteni about by Vygotsky (1962). |
need to be aware of those in the class who | aoingrout of their zone into an

uncomfortable space.
How do | ensure that all pupils experience therfartige of emotion that Jaclyn

reflects? How do | prevent them opting out of diclifit situation such as in the case

of Joan?
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THIRD SET OF REFLECTIONS:
PORTFOLIOS

TASK EXERCISE 3:

Recall a piece of work that you have completedydqda yesterday)

and consider the skills you utilised in completihgt work.

How many of those skills are
similar to those skills you developed when

. you prepared and wrote a test or examination aia@eh

. you completed some project work or self-study abst?
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PUPIL REFLECTIONS

Julie:

The portfolios are good because they can improve garks and also they give you
freedom to explore maths as much as you want addHiings out that you would not
have looked at otherwise.

Jaclyn:
| learned more and more as each [project] was thbhdek to me. | was delighted
when | received my first A . . . | then knew thatoluld achieve things — and it

inspired me to work harder.

Jaclyn:

The portfolio system teaches me much more thamé&aever could. Because | have
to find out information myself, that informationdmmes a lot more personal and
therefore easier to remember and to apply to e@grgdcurrences . . . this freedom

means that portfolio pieces are a lot more persandlspecial to me than tests are.

Paul:
[The portfolio system] tends to open your mind teetvmaths is really about, without

you even knowing it.

Julie:
If I didn’t get the mark | had hoped for | was upbkat | soon realised that | had learnt

more than any mark could ever be worth.

Jaclyn:
Some people can do very well in tests and enjoggitiiem, but | don’t think I'm one
of those people. | prefer to have my own spacetiamel That's one of the benefits of

the portfolio system.
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MY REFLECTIONS

One of my goals in the teaching of this Ad mathecsatlass was to attempt to get
them to work on their own and to navigate their avay through mathematics. At the
beginning of their grade 9 year (2001) | set thejobaof developing a portfolio of 20
pieces of work which, by the end of the year, walddhonstrate the depth and
breadth of their mathematical understandings. paitfolio would count 50% of their
final mark. What constituted an acceptable piecs ket fairly broad, but could
include reflections, solved problems, self-studiepprts on a book that they had read
that had changed their thinking, sets of exeramsework that they wanted to revise,

old mathematics competitions, etc.

Submission of a piece that was mathematically cogearanteed an initial result of
60%. They could then gain higher marks by explarifreir thinking (+10%),
extending the work (+10%), making it original (+1P&d finally presenting the
work excellently (+10%). At any point they couldtest having added to the work, re-

submit it to me for re-evaluation.

| remember many anxious moments on their partiadryo find ideas for topics, trying
to complete pieces after having left them too lateng to make their work original. |
remember anxious moments on my part as | triedatdewthrough hundreds of

submissions (many just before the end of the yaaa)give adequate responses.

| recall my frustration with a couple of pupils wH@ not submit any pieces (or very
few). | recall frustration with a boy handing irpce on the history of mathematics
that was plagiarised. | recall frustration at fimgliout that some of them were copying

multiple choice answers to mathematics competitions

| also recall being ecstatic about some incredibly pieces of work that showed a
level of mathematical understanding that | coulthve hoped to teach in an

ordinary classroom.

| was faced with whether to continue with the syste their next year. Was it worth

the effort? Would they wish to continue?
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And so at the beginning of their grade 10 year 20@sked them for a discussion of
the portfolio system. | heard about their frustras and their victories. They heard
about my frustrations and joys. We tried to lodicabnstruct the advantages and
disadvantages of the system. And then | put ihéoviote. Four of the class were
against it and the rest wanted to continue, wittag® changes. The new portfolio
system counted slightly less marks (a compromigkaeducation system which
requires examinations in the senior years (gra@es 112) to count more), would only
contain 8 pieces (their compromise between thosedidhand did not want the
system) and those pieces would be of a slightlgtgredepth (my requirement).

| also changed my marking style, because | hadrbedocreasingly uncomfortable
with the difficulty and validity of assigning a pentage to, for example, a deeply
reflective piece of work and a set of exercisesusTin the second year of the system,
only one mark was available — 100%. To attain kisisply had to accept the piece as
a complete piece of work. Each piece was givettarlef response in which | might
raise some questions that | felt could lead tonliear They could then resubmit as
often as they liked to upgrade their piece to beicceptable.

Again a large number of excellent pieces were stibchbdf an increasingly diverse
nature. My sense, however was one of some frustratinongst class members with
the system. This frustration appeared to clusisurad time constraints. | felt a large
amount of negative emotion directed towards théfqlas.

SOME THOUGHTS TO COMBINE THE TWO

What does some theory have to teach me about tleepbof a portfolio system?

Russell (1926: 152) in his ess@y Educatiomotes thatA considerable part of the
working day should be set apart for voluntary silécted study . . . but the pupill
should write an account of what he or she is saglyi. . The cleverer the pupil, the
less control is requiredlh their work with the mathematically precocionghe
United States, Stanley, Keating and Fox (1974.cb&firm the need to allow for self-

paced work:Small wonder that even with a class that seentmt@ been grouped
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strictly homogeneously some students find the viookeasy and others find it too

difficult, unless self-pacing study techniques ased.”

The portfolio system allows a lot of scope for akband forth movement where
learning co-emerges as a dialogue forms betweeheéeand pupil. Errors that occur
can be effectively “excavated and interrogated"(iBal996: 249) in an enacted

process.

The system, however, cannot be imposed and | @a&aleginning of a new year to
see whether the class wishes the system to cortimoet. Wilson (1996) relates an
experience where he encounters negative energglassroom directed at his use of
certain video footage. He reacts and later reflestiow to act in the moment in the
future to prevent negative emotion of some pugfiscéing a positive experience
enjoyed by others. The gambit he proposes is te havimaginary box in class into
which pupils can put thoughts of negative emotidieese can then be returned to out

of the immediate situation.

| am very positive about the system and would gfiyowant it to continue, but
struggle with balancing the voices in my classditsiinvolving a variety of voices
show that it is difficult not to privilege one, argroup, of those voices. In research
such as this, how does one not particularly priglene’s own voice in conclusions?
This is indeed one of the criticisms of enactividrat Fenwick (1999) highlights. It is
only through an opening of multiple interpretatidhat one can guard against this.
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FOURTH SET OF REFLECTIONS:
OTHERS BEING BRIGHTER THAN ME

TASK EXERCISE 4:

Imagine that you are teaching a class in whichadriee boys writes:

“| feel embarrassed as to how much lower my mar&s a

compared to some others in the class.”

How would you respond to such a statement?
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PUPIL REFLECTIONS

Sipho:
| ... feel embarrassed as to how much lower mgksnare compared to some others

in the class.

Lin

| have been feeling like the dumb one in my clagsladon’t pick things up very
quickly and everyone else looks like they know élyaehat is going on. But like
they say, “Don’t underestimate your worth by connmpguyourself with others. It is

because we are different that each one of us gape

Robyn:
| think that | was under the impression that adh®atould be incredibly difficult and
that | was going to be the only person doing sdybad

MY REFLECTIONS AND SOME THOUGHTS TO COMBINE THE TWO

It is a concern of mine that, even in a set of mat#tically talented pupils, there is
going to be a range of abilities. This could leadhdividuals setting up false
perceptions of themselves as being “stupid” wheliadh their levels of comparison
are being unnaturally skewed. What happens todlieesteem of these pupils is of
importance to me. Is a programme that, in all giaath, attempts to offer them

something more, negatively affecting them?

From the evidence of the previous sub-collectibwauld appear that those at the
bottom end of the class who continue the progranameegenerally re-affirmed about
their mathematical talent by the end of grade A& they are not negatively affected,

nor, however, are they perceptibly advantaged.

What happens, however, to those who leave the anoge? This is a serious concern

of mine that | investigate further in the next s&tt
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SUB-COLLECTION 4c
OF MY THOUGHTS AND ACTIONS:
AND THOSE WHO LEAVE

A sub-section in which | consider the effect thattal mathematics programme has
on those who opt out of the programme prior toehé of the course. | utilise some
further statistical tools to see what happens ésdhpupils and conduct an interview to

add to my information.

“Humanity had always been fascinated by the mystétie falling dice, the turning
card, the spin of the pointer. Machines that beldanea purely random way — events
whose outcomes could never be predicted, no mat@much information one had —
from these philosopher and gambler could deriveaégnjoyment.”
(Arthur C. Clarke inThe City and the Stars, 19563)

“None of them, however, identified the real problgnat underlies our crisis of ideas:
the fact that most academics subscribe to narromeggions of reality which are
inadequate for dealing with the major problems wf time.”
(Fritjof Capra inThe Turning Point, 198%)
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During the teaching of the Ad mathematics cladskeaye recently been concerned
about what happens to those who move out of thgranome before its completion in
grade 12. Has being a part of the programme berefib&l to them? Or do they

move out and flounder when returning to higher greldsses?
Jason’s comment (current grade 10 class) in agaribiece is relevant:

“One thing that | have picked up is that you eitherad-maths, give it your
best, work hard and never give up, or you don’it@dd all. | have seen too
many people from different ad-maths classes, dutpvih the hope that

their marks would improve and the exact oppositais”

Maturana and Varela (1987) consider the case aind being removed from a
mother for a short while after birth (and then Igeiaturned), as opposed to those who
are permanently left with the mother. The smallngehas irrevocable, negative and

significant consequences on the future of the lamb.

Jason’s comment seemed to back up my concernhiat is a perception that those
moving out of the programme are negatively affectesteded to search for evidence
to investigate this further. Are those who are nibirem a normal grade environment

to an Ad programme irrevocably and negatively déde

A small grouping of the grade 9 class from 2001yeabout of the programme for
their grade 10 year. This group of 10 children ntbwvego one class accompanied by
25 others who had been through an ordinary mathesmatogramme for their grade 9

year.

Some of the non-ad group were very competent matheiams who had been invited
to be part of the ad group, but had declined thigation. This whole grouping
therefore provided a controlled background agaautsth to monitor the

performances of those who move out of the ad progra.

Figure 5 plots a linear regression of grade 8 tesigainst their grade 10 results for

the group that had not had the ad-mathematics iexmer. (The Rvalue was 0,42.)
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The evidence suggests that 5 of those in the Agrprome were now achieving
results better than would be expected, while fiezarachieving worse results. On
average the results moving from grade 8 to gradef 1@ non-Ad group had dropped
by 13,5%, while the average of the ad-group inéidat drop of 17,1%.

To test the significance of this change, | thercwalked the amount that each pupil’s
mark had changed from grade 8 to grade 10. | coodéissume that these two sets of
data were normally distributed and so made usenoinaparametric test.

Stating a null hypothesis that there is no sigaificdifference between the two
samples, | performed a Mann Whitney U test on #ite.dBecause of the size of the
samples (24 for non-ad group and 10 for ad grogpuld not utilise tables to test

significance and so usedzaapproximation that yielded a value of 0,23.

Hence | could not reject the null hypothesis and@mlude that there is no
significant evidence to indicate that the progranaitieer negatively or positively

affects those who drop out of Ad mathematics.

The statistics, however, open numerous avenudarfitier questions.

¢  Why had some gained benefit, while others had not?
. Had their perception of mathematics changed at all?

. Had their perception of themselves and their adslichanged at all”?

It has been shown that, as time progresses, geeltie alone is not enough to ensure
future success. Terman and Oden (1959) (quotedtmidRer (2002)) performed a
longitudinal study of gifted children and demontgchhow this group succeeded
differentially in later life based on differencesa variety of attitudes (now clustered
under the umbrella of the label “emotional intedlige”). It is therefore essential that,
for an Ad mathematics programme to be successimust develop all forms of

intelligence.

-56 -



Is there evidence in these 10 candidates who doop the Ad mathematics
programme, 5 of who succeed and 5 of who do nairaitvels one would expect, for

other reasons for their performance or lack théreof

To consider some of these differences | intervied@sh — the one who appeared to
have gained most benefit from the programme ad&vihg it. Her reflections are still
positive about mathematics as a subject and shgdmskmemories of the Ad
mathematics class. When asked if she could havgrade 9 year over again whether
she would or would not do the Ad programme agdin,is sure that she would still
choose to do the one year. Her main reasons foinigavere:

. how hard she had to work to attain good marks.
. how stressed she felt at the level of difficultytioé work (more so than stress
about the amount of work that was required).

. that she did not feel comfortable being left tadgtthe work on her own.

When asked what could have been done for her yarsthe programme, she

included:

. being helped through the mathematics more gradually

¢ less jumping between different concepts in mathesat

Many of the issues raised in this section needhéurinvestigation in follow-up

studies:

. What continues to happen with these ten up urdit trade 12 year?

. What happens with the children who move out of ofke mathematics
programmes not taught by myself?

. Is there normally a portion of the mathematicallggqocious who drop out, no
matter what the system, and whose marks show disegt decline between
early and later years?

¢ What causes such a decline if indeed it exists?
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COLLECTION 5
OF MY THOUGHTS AND ACTIONS:
RE-COGNISING MY SPACE IN AN AD PROGRAMME

A section in which I consider what | am as a teaeme how the pupils perceive me.
| split the section into two sub-sections in whidbcus on two particular aspects of
my practice — firstly the perceptions of two difet classes of my teaching style and

secondly my questioning / listening skills.

“Jeserac [the Teacher] did not care to be disturbiemm his ordered way of life, and
Khedron [the Jester] represented the unpredictéble.
(Arthur C. Clarke inThe City and the Stars, 19580)
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SUB-COLLECTION 5a
OF MY THOUGHTS AND ACTIONS:
TWO ROADS DIVERGED

A sub-section in which | consider some difficult{saof my teaching. What different
roles do | play as teacher? And what happens wherrtain circumstances, | am
forced to overemphasise one of those roles? Whabigg can | possibly employ in
the future? A difficult section to write, where research instrument seems to be
giving me the “truth” or at least enough of it. Asd in the murkiness | return to the
safety of numbers

“Something was eluding Alvin, though what it wagdigenot know. Again and again
he tried to fill in the blank spaces, while thetirnment read the shifting patterns in
his mind and materialised them upon the wall. Iswa good. The lines were blurred
and uncertain, the colours muddy and dull. If thiesaédid not know his goal, even

the most miraculous of tools could not find it ham.
For his own peace of mind Alvin must return totihg, familiar world of Diaspar,
seeking its shelter while he came to grips withdnéams and his ambition; the one
who had ventured out among the stars was comingetama frightened child runs
back to its mother.”
(Arthur C. Clarke inThe City and the Stars, 19567, 225)

“The Master had never heard him speak so fervehté/walked on in silence for a
little, then said: “There is truth, my boy. But tHectrine you desire, absolute, perfect
dogma that alone provides wisdom, does not ex@tsNould you long for a perfect
doctrine, my friend. Rather, you should long far gfrerfection of yourself. The deity is

within you, not in ideas and books. Truth is livedt taught.
(Hermann Hesse ihhe Glass Bead Game, 19B0)
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My grade 10 Ad class and | were having an infordistussion about school and
what was going on at the time, when Maria said ¢p“feople say that you are nicer
outside of school than in school. We don't seefferdince, between the two, you're
the same to us in our class and outside of cldsacdy responds;That’s because
we’re special.”l paused, because the comment worried me andreed my concern

that | react differently to different classes andlifferent situations.

| wanted to see to what extent this perception stased by others, and to what extent
that was affecting my teaching of the various @as# is often the case that different
classes evoke different responses from one ashdaed&qually often the
mathematically more competent evoke more positgponses than those for whom

mathematics is fraught with difficulties and fears.

By coming to an understanding of the situation $Waping to be in a position to
make more informed choices of my behaviour pattermfferent classes and in

different situations. Equally | needed to checkwheacity of my perceptions.

| read a description of the above statement madddna to each of my classes and
then gave each child a questionnaire to completh@n perceptions of my practice. |

report here on the results of those questionnairego of the classes:

. The grade 10 (15 to 16 years of age) Ad mathemelass (Maria and Tracy
are part of this class).

. The grade 11 (16 to 17 years of age) standard giads (In South Africa those
who take mathematics opt for either a higher gadgandard grade
mathematics course depending on their ability)

Three questions on my questionnaire asked thetgprhate their perceptions of me
on a 6-point scale, from 1 being very little todry very much. | seldom choose to
use a 5-point Likert scale with my pupils, becaitige my concern that too often
respondents choose a middle option. With a 6-suale they are forced to make a
decision about going above or below the averageg.adll responses were submitted

anonymously.
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The three questions were:

On a scale of 1 (very little) to 6 (very much) geaate how much you think your

teacher:
. enjoys mathematics
. enjoys teaching

. enjoys teaching your class

The results (as percentages) from these two classdaabulated below:

Enjoyment of mathematics
Rating 1 2 3 4 5 6 Mean
Grade 10 0% 0% 0% 8% 249 68% 54
Grade 11 0% 0% 0% 0% 15% 85% 5,8
Table 1

Table 1 shows that as far as both classes weregmwttthey perceived me to enjoy
mathematics substantially, but the grade 10s Wyletly harder on me than the grade
11's. The numbers seem to indicate that my enjoymktine subject | teach is
evident in my classes. This is of course an ackedged starting point for any
competent teacher. Pupils very quickly pick up geeson teaching material about

which they are not passionate, and they quicklyaixpuch situations.
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Enjoyment of teaching
Rating 1 2 3 4 5 6 Mean
Grade 10 0% 0% 0% 32% 489 20% 4,9
Grade 11 0% 0% 0% 15% 529 33% 52
Table 2

Table 2 shows that again both classes perceivg &iongly that | enjoy teaching
generally, but that my enjoyment of the subjediightly greater than my enjoyment
of teaching of that subject. This was the beginmhmy surprise. Again the grade 10

class are slightly harsher in their estimation.

The surprise for me was that it is my feeling that reverse is true. | enjoy teaching
far more than mathematics. My subject, for me, ésety the vehicle through which |
get to act out my true enjoyment, which is teachingeed to consider carefully what
it is in my actions in class that creates a stropgeception of me as mathematician

than as teacher in my pupils.

Enjoyment of teaching your class
Rating 1 2 3 4 5 6 Mean
Grade 10 0% 0% 0% 8% 449 48% 54
Grade 11 0% 9% 27% 45% 18% 0% 3,7
Table 3
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In table 3, suddenly huge differences begin to appetween the two classes. The
grade 10 class, who had been harsher in the pieaggessments, came through
strongly of the opinion that | enjoy teaching theass. The grade 11’s are fairly

convinced that there is some problem with my enjentof teaching them as a group.

Each child may, of course, have a different peroepif what each rating on the scale
means to him or her. It is therefore useful fortméook at their individual ratings for
each of the previous two questions and see how mitem thought that | enjoyed
teaching generally more (or less) than teaching th&ss. In this way any differences
in rating scales is avoided.

Enjoys teaching
generally more

than teaching my

Enjoys teaching
generally as much
as teaching my

Enjoys teaching
my class more

than teaching

class class generally
Grade 10 16% 24% 60%
Grade 11 94% 3% 3%

Table 4

What things | am doing in these two classes to pt@uch varying responses?

With regard to the responses of the grade 11 dl&ss| resonance with the words of
Caroline Smith (2001: 38)Trust and fear are the key to understanding hoopfee
function in social systems such as classrooms. Whashis high relative to fear, the
system functions well, but when fear is high refatio trust, breakdown may occur.”
In the grade 10 (Ad mathematics) class | am abtedwee my teaching towards the
sphere of trust, but in the grade 11 class, whs@pdinary issues prevail, | operate
more in the sphere of fear. Gibb (1978) structleesls of learning environment
quality from the punitive environment throughtér alia) benevolent, participative

and emergent to a cosmic environment.
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These ideas are borne out further by the resparigbese two classes to the later

guestions of the questionnaire. | posed three éuiguestions:

1. Please describe how you generally perceive younenadtics teacher in class.

2. Are there days when he is different to this geneeateption? If so, please
describe him then. What do you think caused therdihce?

3. Please describe how you generally perceive youhenadtics teacher outside of

class.

The difference in responses to these questionsliegadarify for me where and how

the two classes had developed different perceptbngy teaching them.

The most frequent response that was made by batked was to do with my ability
to adequately explain the mathematics that we ealérhis matches with their
shared perception of my enjoyment of the subjeoer@after both groupings showed
significant numbers reflecting on their enjoymehth® discussions that were held on
subjects that broadened their view of the worldgitled reflection on this has already

been covered in sub-collection 4b).

Thereafter the responses took two different foffine grade 10 Ad class then listed
their perception of me as (amongst others) beitegeher who challenged them to
think, created an enjoyable classroom environnveas, open-minded and enjoyed

teaching and what | is doing.

The grade 11 class overwhelmingly noted that thergeived me as strict and serious.

A smaller grouping noted my desire to continualydroved right.

When faced with the question of whether | was d#if¢ outside of the classroom,

another surprising split led me to reflect on wisdtappening within my classroom.

The grade 10’s overwhelmingly had an impressiomefwhen outside the classroom
(but not interacting with them personally) as gfiitenal and strict, while the grade
11 class perceived me as more friendly outsideldmsroom than inside. In the

words of Msimi, a grade 11 pupil with whom | intetan the mathematics class and
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on the rugby field;l personally think I like my head of rugby moreathl like my

maths teacher.”

Much time needs to be spent on reflecting on tiessees of my functions in the two
classes. With my grade 10 class they perceive neenfost as their maths teacher and
in a very peripheral sense as an authority figardé school. Little else comes into
our relationship than what happens in the mathesatass. They recognise the
disciplinary role that | play in the school, but dat feel that it affects them. Most of
these pupils reflected that on certain days | wisrdnt in their class, mostly (in their
perception) when | was dealing with discipline ssuThey mentioned that they could

sense these day$ut we try to cheer him up (and usually do!(Lbren)

With the grade 11 class, | have been a head af ghade for three years, mostly
therefore prior to the time when | began to tedemnt mathematics. In the former role
| often have to deal with disciplinary issues, mahyhem involving members of my
particular mathematics class. It is this perceptitt is coming through strongly in

this class.

How does one separate oneself as a teacher? Wweqaireed to perform many roles,
not all of them pleasant. How does one create aim@ment in which pupils and

teacher are able to accept these different rolegldferentiate between them?

Possibly | am trying too hard to separate mysedf @am trying too hard not to discuss
in my mathematics classroom what | am dealing wittside of it. It is possible that
an opening up of this by telling my story more lass may well improve the

situation.

As a teacher | need to be able to act in the momany classroom to make mindful
decisions on the environment in which | choosegerate. When required to act out
different roles, | need to mindfully shift betwerrtes, not shift out of habit. | need to
build a set of gambits for separating and joinimg numerous roles. The method of
building a shared story of a moment as discussétkiprevious collection could, |

feel, be a possible starting point.
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Ad hocreflection

Why were these last few pages so difficult to vi#&hich is the true me? Or is
neither? Or are both? Why is it so difficult to apg issues for which there is no
clear solution? Why do | still feel that | am rightsteps that | have taken with regard
to the discipline of the grade 11 class? Why deel mentally exhausted? Why, as for
Alvin, are ‘the lines [so] blurred and uncertain, the coloutsldy and dull? Maybe

if I do “not know [my] goal, even the most miraculous ajltocould not find it.”
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SUB-COLLECTION 5b
OF MY THOUGHTS AND ACTIONS:
LISTENING AND QUESTIONING

A sub-section in which | consider the questioning &stening techniques | use in
class. Dialogues happen naturally, but througmareased mindfulness of what is
happening, one can take one’s natural, intuitigpoases and hone them. The rules

are there, but are flexible.

“Now listen, Alvin,” began Callistron [his friend] This is the third time you've
interrupted a saga. You broke the sequence yestebgavanting to climb out of the
Valley of Rainbows. And the day before you upsatygving by trying to get back to

the Origin in that time-track we were exploringytu don't keep the rules, you'll

have to go by yourself.”
“I can’t help it,” Alvin said a little sulkily. “I think the rules are stupid. | just behave
in the way that seems natural.”
(Arthur C. Clarke inThe City and the Stars, 19583)

-67 -



For a while my listening and questioning technigas been bothering me. | regular
wonder why | ask questions of pupils — to checlrthederstanding or to get them to
my understanding. | find myself getting tied ugkots, because of a strong current
notion of mine that | should not tell pupils, babsild try to get them to construct
their own knowledge. | am starting to get overdhéty feeling that | used to have
when | found myself in telling mode.

Clarke and Lobato (2002: 11-16) note that, “It isr@ontention, however, that the
teacher’s mathematics can also find legitimateevaicthe classroom in the interest of
stimulating the development of the student’'s mathigss.” And Davis (1996: 235),
similarly comments, “I, the teacher, can still t¢llthe teacher, can still orchestrate.
However, it is the learner, and not I, who deteesiwhether | have told or
orchestrated.” Thus I will only know whether | aetling or not telling when | open
discussion and allow open discussion in my clagard@eyond that | have to learn to

listen — without judgement.

After videotaping a number of my lessons, a momeatlesson with my grade 10
class stood out as worth interrogating in the lgfhny listening and questioning
technique.

Davis (1996) discusses three types of listening.elach | draw a brief transcript from

my lesson to illustrate the point.

Evaluative listening:

Where the purpose of the listening is to judge vidhaking said.

Teacher: Now it is so tempting to say . . . wellkkb2hr that way and 18 km/hr
this way (indicating on diagram on board) . . . éverage speed is 15
km/hr. It's very tempting, isn’t it?

Class: Yes.

Teacher: But that's wrong.
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Interpretative listening:

Where the purpose of the listening is to understaimat is being said.

Jack: Why? Because of the wind?

Teacher: No.

Francois: Because of the time taken to complete.it
Teacher: What do you mean by time taken to comjfete

Hermeneutic listening:

Where the listening is “concerned with investiggtihe conditions that make certain
understandings possible. It asks not only, Whattisat we think? but also, How is it
that we have come to think this way? — all withewtoward affecting how we act in
the world.” (Davis 1996: 18)

Francois: He is spending most of the time at thexaye speed . . .
No...err...
Teacher: Tell me more . . .

In addition to these three ideas, | use the idé&$aske and Lobato (2002) to

distinguish between telling and not telling in th#owing interaction.

A LESSON

The class had spent a couple of days working threpged, distance and time word
problems that require the use of linear equatioribeir solution. | had set a number

for homework and entered class ready to addrespratyems on these questions.

We were to start with one involving a cyclist trlivey a two-way journey of 36
kilometres each way. On the way out he is faced witvind and travels at 12 km/hr,
while on the way back he has the advantage of theé and can travel at 18 km/hr.

We needed to find his average speed.
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T: How much does it help? Is the extra energy yseigoing into the
wind equally repaid going with the wind? Is it etipaepaid or do you
wear yourself out going into the wind? Is there@ak-even point? Is

there a maximum point? What is happening?

When Clarke and Lobato (2002) write about wherelioar not to tell, they formulate
a model of initiating and eliciting. “If the mathercal idea originates with the
teacher, then the teacher is operating in an iimganode and if the mathematical
idea originates with the student(s) then the teaish@perating within an eliciting
mode.” (2002: 1I-16) Here | begin the discussiomminitiating mode, posing
guestions to which I require no answer. They ageeetiho prompt thinking in the

pupils about the reality of the situation.

T: So cycling at 12 km/hr into the wind and retmgat 18 km/hr, what is
the average speed? Now it is so tempting to sayell 12 km/hr that
way and 18 km/hr this way (indicating on diagramboiard) . . . the
average speed is 15 km/hr. It's very tempting tig@’

Class: Yes.

T: But that's wrong.

Most definitely still an initiating mode responsed an opportunity to bring them to a
point of contradiction in their own thinking is abgtely lost by a blunt statement that

they are wrong.

Von Glasersfeld (quoted in Clarke and Lobato, 20029) notes that learning can
occur with a change that “takes place when a schmstead of producing the
expected result, leads to perturbation, and peatioy, in turn, to an accommodation
that maintains or re-establishes equilibrium.” Hede not allow the perturbation to

manifest itself enough and | restore the equilioriimo quickly.

Class: Why?

Jack: Because of the wind . . .

T: No.

Francois: Well the time taken to complete it . . .
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T: What do you mean by the time taken to comptete

Francois: He is spending most of the time at trexaye speed . . . err. ..
T: Tellme more .. . (beckoning with hand)
Francois: Um...

Francois seldom offers responses in class, but atgactical problem that vaguely
has an engineering component to it comes to tlee Far is very keen to participate.
Here | think that he understands what the probkerbut is struggling to convert his
thoughts into words. He is offering me an oppotiuto switch into eliciting mode, to
play Hermes and try to understand what he is sayig | am still in initiating mode
— the knowledge and problem lie within my realm and/ianting to get to the answer
| turn to Robert who offers to put my thoughts imtords. Another opportunity has

passed.

Robert:He will be travelling at 18 km/hr faster. less . . .
T: What you are saying is he will be travellingl&km/hr for a shorter

time than he will be travelling 12 km/hr.

Maria: Why?

T: Why? Well, think about it. If he is travelling &8 km/hr, how long
will the journey take him?

Tracy: 2 hours.

Maria: Why? (intensely)

T: Because he is travelling 36 kilometres . . .

Tracy: 36 divided by 18.

Here was an opportunity to test whether Maria dtdialy understand, but it is

passed over, again in a desire to get to the end.

T: ... and he will be travelling at 12 kilometrfes 3 hours. So this
journey will take him 3 hours and this journey viélke him 2 hours
(indicating on diagram). Well, what is speed? Speed .

Class: Distance over time.
T: What is the distance?
Robert: 36.
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Others: No 72.

Teacher: 72 divided by 5is.. ..

Class: 14.,4.

T: 14,4 km/hr. So can you see? We expected 15 kimihe was
travelling at 12 km/hr for longer. He is travellify a longer time at a
slower speed. Sorry there was a hand somewhere.

Maria: Don’t worry.

Thando: Why is it 727

T: Why is it 72? There and back again (indicatimgdiagram).
Thando: OK

T: Any other queries on that?

The lesson then moved onto generalising the probdera distancex kilometres and
looking at a number of other peripheral issuesotavidh question 1 of the exercise

with which they had been busy.

T: Alright, ladies and gentlemen going onto number

Tracy: Isn’t 14,4 a very strange average to have?

T: 14,47 What's strange about it?

Tracy: It's so arbitrary. Although it's probably @v more weird if you're

going at exactly . . . Never mind what | just said.

T Whywould that be more weird?

I move into eliciting mode. “Elicitation occurs whéhe teacher wants to learn more
about the student’s images, ideas, strategiesectmgs, conceptions, and ways of
viewing mathematical situations.” (Clarke and Lalh&002: 11-21) | am employing
the hermeneutic method — wanting to find out mdxeud how Tracy understands this
problem.

I am, however, concerned with my knowledge too.en@acy started speaking of
14,0 being weird in comparison to 14,4, | immediatkink back to a perception that
I have picked up in pupils that the number O is sloow inferior to the other

numbers. This relates to work where, when solvimg@uation where the root is 0,
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many pupils will write that there is therefore rayugion. The number O regularly gets

omitted in the solution of inequalities too.

The hermeneutic method allows us to “ask not dMiat is it that we think? but also,
How is it that we have come to think this way?” {i3a1996: 18)

| feel that this What — How dichotomy links welltivithe Initiation — Elicitation
dichotomy. | am spending too much time still on Wkat (and the adjustment of that
What to fit my What) and not enough time on truhdarstanding the How. As Davis
(1996: 24), quoting Silverman, notes: “the task@fmeneutics is to raise questions
rather than to answer them, to ask about ratherd¢baclude for, and to make a place

where positiongan occurrather than spedkom positions.”

Tracy: Because it's like too . . .

T: Is it more weird to go at 14,0 km/hr or 14,4 kn®/

Maria: No 14,0 km/hr.

T: 14,4? Alright. Is the chance of getting 14,0 enor less than getting
14,47

No sooner have | moved into eliciting mode, thamolve back to initiating mode.

Class: More / less.
Loren: It doesn’t really matter, because they d&ntdw . . .
T: Right, let me ask you. I've got ten balls hdhee got ten balls here.

What is the chance of pulling a 0 out? (pause) @tys- the balls are
numbered O to 9. Alright. I've got ten balls. Withe chance of

pulling one . . . err a ball with 0 on it out?

Class: linten

T: What is the chance of my pulling a ball with@ ibout?

Class: linten.

T: What is the chance of riding at 14,0 km/ hr? Whkahe chance of
riding at 14,4 km/hr?

Linda: The same

Maria (to Tracy): But that's a different questianwhat you're saying
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T:  Whyis that a different question to what Tracgsisaying?
Maria: Because Tracy was saying that it is moresualfor you to be riding
at a perfectly exact number than to be riding atething comma

something. You don’t usually ride at exactly 14 km/

Maria gives me the opportunity to move back intoigthg mode, realising that | have
misunderstood Tracy. | continue with only a sligiadification to explain my line of
thinking.

T You'e asking me - I've got ten balls here agaithat is the chance of
pulling a 0 out? Alright — one in ten.

Linda: You cannot get 0.

Class: Laughter

T:  Sowhatis the chance of pulling a 0 out — anten. What is the
chance of pulling not a 0 out?

Class: 9in ten.

T: 9in ten?

Jack: 9 in ten chance

T: So is that what you're saying — it's more likétybe comma something
thaniit .. . But would . . . should we be surpigfeit is exactly 0?

Maria: Ja.

Tracy: But the only thing, | know on the speedométdoesn’t often like say

on ... If you're cycling then it like doesn’t Bkgo equally it like

jumps so like . . .
Jack: Ja sir, when you're riding at like 14 and goddenly go faster there’s
abigjump. ..
Tracy: It doesn't like go 14 one two three, it vgth 14 four.
And . ..
T:  Butifyoulook at it at any point would it b@gsible to see 14,07
Tracy: Ja.
T Woulditbe possible to see 14,4
Tracy: Ja.
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T: Would you be surprised if it was 14,07
Class: No.
T: Well shouldn’t it be one in ten times that yook at it that you would

expect to see a perfect number? (Tracy nods.)

Class: (General chatter.)
Tracy: It would be quite fun to cycle and keepnttbhe same thing.
T: Alright then going onto number 2.

Tracy finally offers me one last opportunity toeéake idea from the theoretical to the
practical situation. If | was truly open to pupiidwledge this was a time to join mind
and body, thought and action in understanding thblpm — why not go outside and

try it with somebody’s bike? But the pressure ofdiforces me on to number 2.

The essence of my listening must not be to look lmeca moment and report that |
was or was not listening hermeneutically as | hdwee here — simple knowledge of

hermeneutics will allow me to do that.

The essence could rather be for me to be awaleimbment that | am listening
hermeneutically, having mindfully decided to do Here | think is the essence of
linking theory and practice. The theory can tellwieat | am doing, or an ‘expert’
could point it out to me, but that theory is no d@ao me, however ardently studied,

unless | can capture myself in the moment to ahEytheory.

Theory tells me whatshould have done. | need to act in the moment of my fm@act
to realise what tould do (Pimm, 1993).
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COLLECTION 6
OF MY THOUGHTS AND ACTIONS:
RE-COGNISNG A SHARED SPACE: A HALCYON DAY

A section in which | consider one of those lessanshich things just seemed to go
right. | attempt to use the discipline of noticitogcreate a learning event for myself
and those in the class. In my dissertation | tloeeebegin to move from the space of

the pupil and the teacher to a shared space.

“They were set down gently in a large ellipticabchber, completely surrounded by
windows. Through these they could catch tantaligiimgpses of gardens ablaze with
brilliant flowers. Alystra was enchanted by theaauty.”
And yet, even while they baffled him, they arowgéun his heart a feeling he had
never known before. Alvin had met love in Diaspat,now he was learning
something equally precious. He was learning tenelesri
(Arthur C. Clarke inThe City and the Stars, 19583, 106)

“Teaching is a fabric of relationships. It is anedtity. These ideas are implicit in the
notion of pedagogy, and it thus that an understagdif the special relationship
between teachers and learners provides us an oppitytto heal the modernist

separation of life and work; it challenges the b&that we can live differently and
apart from the way we make our living. It allowstosct on Wendell Berry’s
warning: “If we do not live where we work, and whea work, we are wasting our
lives, and our work too.” It is thus that, whenadysthat | am a teacher, | am not
saying how | make my living, but how I live. | anmauncing where my work — and
therefore my life — take place.”
(Davis, 1996: 175)
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My grade 10 Ad mathematics class had been leaabiogt the solution of
simultaneous equations for a few weeks. | rementhsoene mathematically rich
work that | had discovered a few years previousiyh® solution of certain families
of simultaneous equations. | ask you to considetdkk exercise below to allow you

entry into the moments described later.

TASK EXERCISE 5:

Solve the following pairs of equations simultandgus
2x+5y =8 and 5x+7y=9

4x+6y=8 and x+6y=11

Now consider the general case of all pairs of daméous equations with coefficiens
in arithmetic progression.
Now attempt to find what happens in the case otikaneous equations with

coefficients in geometric progression.

| left the lesson wondering exactly what had gaghktrin the lesson, | sat down that
evening and tried to write an ‘account-of’ the wdtdsson. Wondering if the
experience for the pupils had been as stimulating lzad been for me, | decided to
try to introduce them to the discipline of noticingnsure how to get them to give an
‘account-of’ the lesson without having to go inb@ tmuch detail, | simply asked them

to write the first paragraph below.

And so they wrote two paragraphs for me:

1. If you had been an unseen visitor in yesterdalgss, try to record impartially
what you withessed happening in the class.

2. Try to describe your feelings and what you thdwyring the course of
yesterday’s lessons.

| then attempted to take our stories and merge thtora shared story of the lesson. It

is this that follows. Their ‘accounts-of’ are inrd@lue, their feelings in light blue

and my ‘account-of’ in purple.
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As | came into the Ad maths class, | saw a bunde@fagers,
looking forward to the weekend, with maths being lést thing
on their minds (Keshan)Valking into Maths on Friday, | was
thinking to myself, “oh no, here we go, a doubleiqet of
maths. “How was | going to survive?” (Keshanie grade 10
class was about 25 big, a mixture of boys and,qbsut 15 or
16 years old. The teacher greeted them at the hegiof the
lesson and sat on a stool at the front of the clE®s pupils sat
in groups of about 6 on chairs at individual tablgse front of
the class faced an OHP screen, on the side ofdke was a
whiteboard.

The teacher began the lesson, one on the solution o
simultaneous equations, by asking whether therebbad any
problems with the homework the night before. A vabréet
with a dozen problems had been sent with them dlyebdfore.
All the equations had been of a linear form witlefticients in
arithmetic progression. The pupils expressed hasgimith the
fact that all the answers had turned out to beséime, -1 and 2.
There was, however, general uneasiness aboutntlegfiestion
2x+5y =8 and 4x+10y =16. The teacher worked through this

on the OHP, drawing the conclusion that any valugand its
corresponding value of would satisfy the equations, one of
these sets of solutions being -1 and 2. The fitzément of the
worksheet had asked the pupils whether there wahiag that
they had noticed about their solutions and coudy prove that
for equations of this type, this would always hesft

All said that they had noticed that the solutioresavall the
same. One girl mentioned that she had noticedlleat
difference between the coefficients had been theesa both
equations, but this had only been true for somaayus, in
particular the first one. Others then said thatoaengeneral
thing had been that in any one equation the difiezdetween
the coefficients was the same. Pupils then loolkmundat the
guestions again and some contested that this wasuedor
some of the latter questions where negative coeffis
appeared, others responded that it was still beeause the
same number had been subtracted, not added icathes A
similar argument happened about some of the orils wi
fractions. The teacher and others responded thiayfchecked
the fraction work, it held here too.
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At this point, one of the boys made the commernitdhadhe
coefficients were in arithmetic progression. Thess a brief
moment of silence , the teacher asked how he khisyhe
responded that he had read it in the UCT Mathem&ligest a
little while ago. There was a cheer from everyone lae took a
bow. Out of the blue someone called out, arithmetic
progression. The teacher looked astonished andl aghkere he
had heard this, he replied, “the Maths Digest and the whole
class erupted in applause (Keshan).

The teacher asked whether anyone had managedv® thre
result. He then went to the whiteboard and saithwieaneed to
make a hypothesis about our findings, and propdJéuk,
solutions to two simultaneous equations with coedfits in
arithmetic progression will always bee and2.” He then
asked them to refine this, because problems miigd.aA
comment came that the equations had to be liné&rtdacher
then suggestedx+4y =5 and5y+7x=9. Although this
satisfied the current hypothesis, the solutionsewert correct.
On a proposal from the teacher the statement Wiagdeto
equations of the formax+by=c.

He then asked anyone to try to start the proofcy came up,
started off withax+by=c anddx+ey= f . With some
prompting, the equations were refinedator (a+ g)y=a+2g
anddx+(d+t)y=d+2t. The teacher then asked the class to try
to finish off the proofWhen I looked at the two equations on
the board | thought | would never get it right.9da) The
lesson started off normally for me, when we first the
equation | was scared, as | often am about Ad mévkheria)
The teacher kept making statements about thelatthis was
great mathematics.

They started quickly, in silencksaw a class given a difficult
hypothesis to prove. | saw some groan, some bedaad
serious, and some laugh the whole thing off. | siaprised as
dead silence crept into the class and learnergdumntently to
their books. (Jaclyn) I think people would haversksarners
hard at work and maybe thought that the teachetdiddis to
be silent. (Maria)lhe noise then steadily rose with children
working within their groups. Little peaks of noisappened as
people felt they were getting near to somethkhgre sits a
class of 25 kids; all working fairly hard on somath And
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81 while there’s definitely an atmosphere of learnitinggre’s still a

82 sense of enjoyment. Kids are sitting and discustiag work
83 and talking and laughing - but the class is focuesadl still

84 pretty quiet. The arguments and questions abouwtnk, and
85 the shouts of triumph every now and then wouldrdisfly have
86 brought a smile to any person’s face. (Robyn) Eveeywas

87 working, but everyone was talking and laughinghatsame

88 time. (Candice) When there was noise, it was aigenu

89 working noise. (Tammy) Occasionally somebody clabeir
90 book with a bang and sat up with a triumphant sroirkheir
91 face. (Jaclyn)

92 The teacher sat at his table at the back. Marizelé®ack to say
93 she could not solve the equation she had reachedtebcher
94 asked how she would normally solve a linear equatshe

95 replied that she would get’s to the one side and numbers to
96 the other. She did this quickly and then said shat was still
97 lost. The teacher asked whether what she had teauld

98 factorised. She turned back to her group and anfiewites later
99 there was a huge cry of success from that group.

100 At this point people were moving around the clasisvieen
101 groups to see whether others had something thattbee

102 missing.During the lesson, | felt mainly frustrated, asteame
103 | tried to work out the equation, | would come wuith “0=0".
104 But, towards the end of the lesson a friend shonvedvhere |

105 had made a mistake, | started feeling a lot motieusmastic

106 about the equation. (Candice) The nice thing waswie all
107 knew different parts and could help each other @mmy) At
108 this stage everybody was whispering at my tableitwds

109 very tempting to start discussing the problem wligm. But |

110 wanted this to beny proof alone, and | didn’t want anybody’s
111 help. (Jaclyn) | had to help some of my friends et

112 accomplished when | could . . . allow others toarsthnd it.
113 (Jill)

114 One group appeared to be hung up on somethingothem
115 approached the teacher, because they had reagtusok avhere
116 their equation was of the forigy - 2)(at-dg) =0. They could

117 see thaty=2 was an obvious solution, but could not explain
118 why at-dg=0 could be ignored as the other possible solution.
119 The teacher did not have an answer and sent thektdavork

120 on it, while he worked on the boatdorobably learnt more
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121 from struggling and then getting the answer thamsit getting
122 given to me. (Tammy)

123 My frustration was growing quickly. Then | triedather route,
124 but got stuck, so | asked people and they had em. ithe bell

125 rang and | was really upset | hadn’t got it, sadried on

126 through some of the second lesson and while every@s

127 working on the [next] worksheet | got it. | was ydrappy once
128 | got it. (Julie)When we were given a break at the end of the
129 [first] period my table in the back corner wasltill, but you
130 would have noticed that in the corridor the worksvgtill being
131 explained to those who still did not understandaBa)As the
132 bell rang | noticed another strange phenomenoioplpe

133 actually staying in the class and working, evenugfothey

134 could’ve been outside with their friends. (Jaclyn)

135 A little later when all groups had reached somenfof

136 satisfaction with their answer, the teacher retdrioegthe front

137 and congratulated them on the way in which theyvarked
138 on the problem and returned to the problenatof dg =0 that

139 had been brought to him. He asked whether anyoth@ ha
140 possible explanation. Nobody had one. He then asiexd to
141 relate it to the final question on the worksheet gave them
142 some hints about it.

143 Finally he took them back to the hypothesis onaiba&rd and
144 asked how they could change it and create for tebras

145 another piece of mathematics that would be them ow

146 discovery. The what-if's that were proposed inchlitiking
147 three simultaneous equations and taking non-liegaations.
148 He suggested that they might wish to pursue thagéear own.
149 He then asked the boy who had mentioned arithmetic

150 progressions, whether he had read of any otherdipe
151 progression. He had not. The teacher said thaithnaetic

152 progressions were ones in which numbers were aiddie
153 previous term, what other types could exist? Tiuppsal was
154 that numbers could be multiplied by a fixed amoiihte

155 teacher introduced the concept of a geometric pssjon and
156 handed out a second worksheet dealing with this, tgilso
157 requiring generalisations of results.

158 The first lesson on Friday, was probably the fuhaesl most

159 productive lesson for me, since I've been in thenadhs class
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(Keshan) | didn’t feel anything terribly strong thg the lesson
except some irritation and amusement at myselan(@a) It
was the most exciting thing and very rewardinggbaut an
answer. It made me realise that this year isn'hgaoo be as
scary as | thought. (Maria) | think I'm on the vergf learning
something new, but I've not figured it out yet, lbat on my
way to figuring it out. (Thando) Mathematics is atten it's so
complete and just so there. (Linda L) It was wohdeand |
suppose | can really say that cause we undersidualgs are
different when you don'’t. (Tracy)

| left the scene satisfied that learning, for thelsiédren, is
good.(Jaclyn)
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Whenever re-reading this account | gain immediaetentry to the environment that
existed in the class on that day. | wish now tcuwks certain issues that arise for me

from such a consideration of a lesson.

Davis (1996: 96 — 97) lists a number of featurea nfathematical task:

Be all-at-once (counting, locating, measuring, gieisig, playing and explaining.)
Have variable entry levels.

Be rich (diverse, unexpected and extensive)

Be open-ended.

Require more than one mode of reasoning.

Include opportunities for independent and collecstudy.

Allow emotional inquiry.

© N o g s~ w D P

Serve as a focal point for joint action.

We can find evidence in the account of the lessomiost of these being features of

the task given.

1. The first issue of being all-at-once is not comglietovered by this task, as it is
of a pure mathematics nature. There is evidenagthof pupils needing to utilise
a variety of techniques and of thinking stratedieghe solution of the problem
and for playing and explaining while they are wadk{(lines 82 — 86, 92 — 99).

2. The task has variable entry levels — those who lgisgived the equations were
honing essential skills, while Paul (lines 114 8)Iwas considering fundamental
issues about the solution of equations that othadssimply ignored.

3. The task is rich — the engagement of the pupila what they are doing is, for
me, the greatest evidence of this richness (lides 89).

4. The task led to further opportunities — one pursuezass and the others left to
the pupils in their own time (lines 143 — 157). Raantinued studying one of the
what-ifs for the next nine months, adding piecergfiece to his portfolio.

5. The task does not require more than one mode sbn@reg — it is predominantly
situated within a system of logico-deductive thauygiocesses.

6. Most pupils opted to start the problem on their glmes 71 — 77), but as time

passed and they hit hassles there was a natura tagooling their resources in

-83-



an attempt to solve it (lines 77 — 89, 100 — 1@#&hough some wanted to try to
complete the problem on their own (109-111).

7. This problem is ample evidence for the enjoymeat tan be derived from a pure
mathematics problem. The lows of bafflement andhigf triumph are recorded
in lines 78 — 79, 84 — 86, 102 — 103 and 161 — 164.

8. The movement in class between groups and outsidehia passage led to a
notion of a unified goal — one that took most meralwd the class along with it
(lines 100 — 102 and 128 — 131).

Further items open up questions about my practice:

The defining moment for me in the lesson — the fpainwvhich | was motivated to take
an ordinary lesson (double period at the end afdak!') and give it a chance to be
something special was when Keshan made his comahent arithmetic progressions
(lines 41 — 49). | had been trying to get themetadr mathematical material,
particularly theU.C.T. Mathematics Digedipr a long while. Here was evidence that |
had been partially successful. Chaos theory explai@ possibility of small
occurrences having ramifications of a far greategmitude than the original
perturbation. In that moment a small incident bmilb an ever-expanding spiral. It is
interesting to see that Keshan, in his reflectsmares this moment with me (lines
158 — 160) — a serendipitous coming together thidd®into something for everyone.
It is also noteworthy that up to this point (lin@) 4hardly any pupils have recorded
anything in their reflections of the lesson — nothis standing out for them — it is

only my voice that is heard describing what hagleapd.

The comments of Jason and Maria (lines 65 — 68)n@me of Jaclyn’s reflections
about her struggling and then overcoming problemtdllection 4b on page 44. It is

important in my teaching to try to get the pupisathieve closure on problems.

In line 92 | choose to sit at my table and notipgrate in the discussions that are
happening unless specific issues are brought td'his.is a conscious decision,
because | am afraid of spoiling the moment of discg for the pupils. In making this
choice, however, | also cut myself off from notgidiscussions in which people are

too lost in the problem to even engage with it. ©ften | remove myself in this
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manner and need to consider gambits to engage inmyseg fully in the discussions
without being tempted to give too much of my knadge. | need to develop my

ability to question and listen hermeneutically.

The co-owned story that has emerged offers me raa@gues of reflection and

would be a valuable tool to utilise in class orguiar basis for isolating snapshots of
incidents that occurred in class. It is somethipgrticularly wish to return to as a
gambit when considering the issues presented atwpgrade 11 standard grade class

in collection 5a.
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COLLECTION 7
OF MY THOUGHTS AND ACTIONS:
A PAUSE ON THE WAY ON

A section in which | try to draw the threads togetbf what | have learnt and in
which | attempt to put together a theory of wheabuld do to improve my practice.

“This was the moment of choice. Until this instdrég,had always been able to turn
back if he wished. But if he stepped inside thatavmeing door, he knew what would
happen, though not where it would lead. He wouldomger be in control of his own
destiny, but would have placed himself in the kegepf unknown forces.”
(Arthur C. Clarke inThe City and the Stars, 19584)

“The changes that result from the interaction begwéhe living being and its
environment are brought about by the disturbingradmit determined by the
structure of the disturbed system.”

(Maturana and Varela, 1987)

“Learning should not be understood in terms of guence of action, but in terms of
an ongoing structural dance — a complex choreogyaplof events which, even in
retrospect, cannot be fully disentangled and unieis, let alone reproduced.”
(Davis, Sumara and Kieren, 1996: 153)

“Thus his path had been a circle, or an ellipsespiral or whatever, but certainly not
straight; straight lines evidently belonged to gebry, not to nature and life.”
(Hermann Hesse ifihe Glass Bead Game, 198%62)
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It is a time to pause along the path that has térin the walking, in the space that
has been built in the practice and reflect on vaathappened during the course of

my research.

It has been a rich, but frustrating time. With acreased awareness of the
possibilities has also arrived an increased frtistravith catching myself after the
moment, having done something that | no longer wedhave as part of my practice.
This resonates so strongly with Davis and Sumamaggtivist study in a small
elementary schootOne of the most frustrating aspects of [our] exgeres was the
tendency each of us had to fall back on teachiigeurs that we felt were
incompatible with (and even contradictory to) timaetivist theory of learning and
understanding.{Davis and Sumara, 1997: 113) Effective changkedsiever, a slow
process and as much as red and orange can bediHisilgntiated in their extreme
forms, so also is there a spectrum in between girothich one must move before

one becomes the other.

And so | now can choose whether | do or do not woeslearn from what | have found

- to choose whether to move with the perturbatibas have been caused, or to ignore
the lessons. Maturana and Varela (1987: 245), herwysuggest that action is
inevitable once one knows that one knoWs$e knowledge of knowledge compels

It compels us to realize that the world everyoresss nothe world buta world

which we bring forth with others. It compels uss&e that the world will be different

only if we live differently.”

It is through this study of my thinking and actidhat | hope to build a mindfulness
of what has happened in the past and be equipgbdivei gambits described by
Mason to make mindful decisions in my future Ad heamhatics programmes.
“Through mindfulness [I] can begin to interrupt auiatic patterns of conditional
behaviour.”(Varela, Thompson and Rosch, 1991: 122)

My choice is about moving from what the theorygefle | should do to a mindful

awareness of my own practice and the wealth ofdsotiiat present themselves to me

in every moment in which | capture myself.
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It is difficult to take one’s practice and buildreeory from this. There is the great
danger expressed by Varela and Shear (1999:H8)v do you know that by
exploring a method you are not, in fact, deformingven creating what you
experience.’My theory needs to be based on my evidence, tidityaof which is

spoken for by a combination of shared experiendessatistical data.

Whitehead (1989: 5) backs this concept of persealadation

“In grounding my epistemology in Personal Knowledgen conscious that |
have taken a decision to understand the world frgnown point of view, as
a person claiming originality and exercising hisso@al judgement
responsibly with universal intent. This commitmeatermines the nature of
the unit of appraisal in my claim to knowledge. Tt is the individual’s

claim to know his or her own educational developtrien

| feel that it is an interesting space that | haudt — a space in which there is
potential for me to significantly alter how | leaaind teach. | took a step outside of
current research methodologies, acknowledgingeabtitset that my dissertation is as
much about my contesting current research paradagnitsis about understanding my

practice in an Ad mathematics context.

It was an aim of my research to utilise appropriatds to answer particular
guestions. These tools have been drawn from atyarigparadigms and | feel that the
blend of quantities and qualities has opened arfplicture for me than a limited use

of one or the other.

Some lessons that | have learned and questionkdkatbeen opened include:

. The top and middle achievers in an Ad mathematiocgramme appear to have
been positively influenced by the programme, botterms of the marks that
they achieve at the end of their schooling an@ims of the higher order

thinking skills that they have developed.
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The evidence for those at the bottom end of thenathematics class is
inconclusive. They do not appear to have been giegd by the programme,
nor do they seem to have been positively affectadrims of their marks.
There does not appear to be evidence to supposuspicions that those who
leave the Ad mathematics programmes are negaiivitdlyenced. This is,
however, a grouping to which | could pay differattention in my teaching of
future Ad mathematics classes. The method of hezoters may help us to
more effectively confront self-esteem issues aetirfgs of stress or lack of
understanding.

For myself the Ad mathematics programme appeacssi@e a space in which |
teach in a different manner, a space in whichavaliny humanness to present
itself more freely. | could consider the lessofesaln in this space and try to
effect similar spaces in other classes.

What happens to all of these pupils beyond schdal#z they benefited? Have
my goals of an Ad programme given earlier beenged? Where are they?

What are they? Who are they? How are they?

This is a pause for reflection in my space andyifdissertation and reasons for

attempting further formal study have been honedtapen, then the paths must

continue from here. To stop at this point wouldtaime back into the acquisition

metaphor of Sfard. What interests me still? Whatstjons do | still need to answer?

What questions do | still need to ask?

Undoubtedly | feel that | have not nearly exhaustediessons that the
statistical data of pre- and post-test results awdfer. Data from similar
programmes could yield a gamut of potential effe€tdd programmes and |
have the sense that a whole theory could be huilhis basis.

Another path that presents itself is an exploratibather teachers’ experiences
in an Ad mathematics programme. With the datalthave developed in this
dissertation, | feel that | am now in a positiorfucther explore resonance with
others using some of the task exercises developed h

Within my practice, | feel that the building of tekared story in the collection

on a halcyon day, offers me with a gambit for opgnip voices within my
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classroom (both Ad and non-Ad groupings) that bagin to balance more
effectively whose voice is privileged.

. Whether the Ad mathematics programme has had a wfligence on
participants than in the mathematics field hasbeen addressed in my study.
Whether or not there has been significant impaaitber subjects could be a
source of further information.

. A study of those who are now in tertiary instituisoand in the work place
would add another dimension that is completely rgddoy my current study. |
have a sense that there are lessons here as gkt which will more
effectively identify the lessons learnt in Ad matfaics programmes than a
mathematical school leaving certificate examinatlomould be interesting to
see whether or not significant numbers of participdnave moved into the

academic field.

The stories and reflections | have looked at, $endiboked plain to me and what
everybody else knew. Although | might have known did not know it about me.
Now | tell the story and struggle to find the vowih which to tell it. As Maxine
Greene notes (in Jipson and Paley, 1997: 6) thdtave“to shape our narratives in
ways that do not duplicate other narrativdBut when | use my words, they seem
plain and simple and not part of this great edii€éhe Academy. But | have
attempted to follow the advice of Breen (2001:2believing that it isthe practice
[that] has to be foregrounded rather the theoretigperatives of the academy.”
And | get strength from daredevil research thaivedl for my expressions to be

“everyday and practical, not foundational and etkfr{Jipson and Paley, 1997: 9)

And so if the point of hermeneutics is“toterrupt our unquestioned patterns of
acting” (Davis, 1996:20) this has been a journey along wWehmes (the trickster) and
Khedron (the jester). The journey has been a diffiene — so often | have wanted to
take the path of least resistance — follow the @V/was given. Find a small question,
find some numbers describing it, write it up andrai.

That would get me a degree, but it would be lifeles
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How much more difficult was this wanting to unpdbk whole story of my teaching,
to come to terms with what | am, what | am beconand what | might be — how

much more difficult, but how much more life-full.

BRIEF POSTSCRIPT

After writing up the majority of my dissertationmitug a long summer break, | have
now returned to my classroom and to my practiced Rieel awfully dissatisfied, as
one who was blind, but idealistic, who now canlseth good and evil within their
sight.

For the first time | truly understand the meanifd/faturana and Varela’s comment
(1987) which | now consider a warning to those wbmot really wish to improve
their practice: That the knowledge of knowledge pels us to act. This dissertation
will forever be evidence for me that | know sommgis about my practice and about

the incredible complexity of the relationships witimy classroom.
But acting, although | feel compelled to do sgadifficult when mind and body,
individually knowing the theory, find it hard to pit1into practice as mind and body,

rather than mind or body.

But that is another story . . . ..
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COLLECTION 8
OF OTHERS’ THOUGHTS AND ACTIONS:
REFERENCES AND ACKNOWLEDGEMENTS:

A section in which | acknowledge all those who hadéded to my knowledge, my
understanding and my danger. A thank-you to thanthiir courage in their time and
place and for creating spaces in which | could. [Mene only will tell which will be

left and which will fade.

“I am tempted to say that all knowledge is valualalled it cannot be denied that you
have added much to our knowledge. But you havedaahdeh to our dangers, and in
the long run which will be more important?”

(Arthur C. Clarke inThe City and the Stars, 195859)

“I have gathered a posy of other men’s flowers, anty the thread that binds them is
my own.”

(Michel de Montaigne)
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