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- ' .. ABSTRACT
lncongruencnes between the elementary mathematics:-curnculum and

the mathematrcs discrpllne as well as recent paradigm shifts evldent m

| other discrplrnes led the researcher to develop a model of mathematlcs o

\edL(c\atroh based on .a "Iivrng systems metaphor and -embedded in the
context of a ‘small enrlchment group Dunng the actuallzatlon of the "lwlng
systems metaphor, the desrgn of this study emerged such 'that . three
- contexts -a, regular grad,e four classroom a tutorlal" small group, and an
enrichment" small group - were accessed by the researcher Over a penod
of two and one- half months , the researcher observed the chlldren in a‘
regular classroom as well as played a teacher/researcher role |n small
group sessrons wrth a subgroup of six children.

Throughout the study, the researcher conscrously attempted to
mcorporate Pngoglnes dlSSlpatlve structures in the small group settings

although external constramts greatly affected _the evoluti

"tutorral" settlng Vldeo tapes -and researchers journgls were used
recursrvely on a daily basrs throughout the data collection’ penod to
inform the development of the research ‘t, . I /
‘Upon completron of the field \rvork in depth review of the data with,

ect to Prlgoglnes "thermodynamlc states of equrllbrlum revealed that R
th§ enrrchment setting, the regular classroom and the tutorial setting
‘ exhrbrted char“acteristlcs .similar to f r from “equilibrium, at equrllbrium

and near equrhbrium ‘systems respectlvely Data analysus per se, focused

;on the explrcatlon of autopoiesrs - both mdrvrdual and social - in each of'f

these "states of equrllbnum and through this lans the presense of a. .

- "lrvmg systems metaphor was further assessed

- of the; . B
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N From the tmdrngs it was concluded that the "lrvlng systems " :
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metaphor was actuahsed Specmc conclusnons concernmg 'bounq’anes
"heterogeneity, and other characterlstics of Iivmg syStems were: also

made.  In particular, “the researcherrconcluded that autopoiesis, although

not necessarily a whole gro/up phenomena was enhanced in a far from“

equilibrium system Overall it was evudent that the "Irvlng syster‘hs
metaphor was a vIable framework for both the development of an

altematlve mathematrcs curnculum and an alternahve research method

for the study of such currlculum issues. L
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- lnherent ina lwrng syste s metaphor ls the lnteractlve dialogue

between autoporetlo members This research gave wrtness to the lmportance""
ot communicatlon'and support ’among colleaques and | wrsh to express my
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CHAPTER |
INTRODUCTION

Influenced by what he was taught in school, the average

person regards mathematics as a series of techniques ot use

only to the scientist, theengineer and perhaps the financier,

The reaction to such tZﬁhnil(“ues is distaste for the subject
(

and a décislon dw ne,1’953,p. 3).

[ TR

School méthematics, especially }t\the elementary level, has been

-and for the most part, still is ~ dominated by arithmetic and Euclidean
geometry and viewed by rﬁost as a rigid, non-creative pursuit in precision.
As Kline indicated above, it has been a subject ﬁiled with meaningless
procedureé presentéd '.gs truths to students whd were oblivious to its
nature. In contrast, mathematics as a discipline is a growing, changing
phenomena. Its character is neither stagnant nor unidimensional; rather it

is a vast and dynamic area of knowledge.
Smith (1951), after descri;)'fng the developments in mathematics up
' ~

td”’the close. of the seventegnth century, made the f?llowing observation:

By 'that time arithmetic as we ordinarily speak of it,
referring to operations with numbers for commercial and
industrial 'use, was practically what it is today. We have
changed the way of teaching it and we have added new
anlicatIons from time to time as requirements of business
dictated; but the mathematical part of the subject has been
nearly static. We even preserve certain traditional topics and
methods that might profitably have been discarded long ago. . .
Elementary geometry as ordinarily tau?ht to beginners. .has
made no advance, although, scientitically speaking, the
foundations have been explored. . . . Euclidean geometry is:

‘ what it was then; it has been rearranged for educational
Furposes. . . . Geometry has made giant strides, but not in the
lield that teachers generally cultivate, in secondary schogls.
\. .. (pp. 444-445). : A

Since, some thirty years later, this deécriptior{ is still very fitting,
it is. evident that the subject matter intended for ieaching "in elementary

schaols does not correspond to the subject {natter des‘)‘elopéd, by . the




L]

o ‘ . 2
mathematics ,oonﬁmunity at large. However, as Freudenthal (1973)

indicated, not every advance of the mathematics discipline is appropriate

or even desirabie for learners at pérticular stages of their lives, Rather,

~
\_
\
\
a

images of "what mathematics is" to, the mathematician may  prQvide
“valuable insights into "what mathematiés might be™ to our 'studehts. That |
is, the disciplihe of mathematics and its 'curriéulum counterpart,
elemenfary school mathematics, ‘diff‘er signiticantly not only at thet
“content level", but also with resp‘l)e‘ct‘ to the underlying motiQes which
drive their development. ‘ . o e |

. Within the context of the mathematics discipline, matheﬁatics is a
dynamic, living and growing ﬁel_d of ideas and iméginétion; within the
school context, it is a static, inanifnate and completed body of ‘know.l‘edge
-~ "tacts and skills", As Kline's (1953) analogiés- suggest, mathematics is

much more than algorithms and basic facts which .are seen as ends in

y

themselves,

.. . . The subject is not a series of techniques . . .' they fall
short of reﬁresenting mathematics as color mixing does
painting. The techniques are mathematics stripped ot
motivation, reasoning, beauty and.significance. .

To describe mathematics as only a method of inquiry is to
describe de Vinci's Last Supper as an organization ot paint on
canvas. Mathematics is also a field for creative endeavour. . . .

If insight and imagination, symmetry and proportion, lack

of superfluity and exact adaption of means to ends, are -
comprehended in beauty and are characteristic of works of
art, then mathematics is an art with a beauty all its own. . . .~ -
The language of mathematics is carefully, purposefully and
often ingeniously désigned. By virtue of its compactness it
permits the * mind to carry. and werk  with ' ideas  which
expressed in ordinary language would be unwieldy. . . . '

Mathematics is more than a method, an art, and a
language. It is a body of knowledge with content . . . that has
undeniably, if sometimes imperceptibly, shaped the course of
modern history. . . . : -

) . S ‘ ‘ \

In its broadest. aspect mathematics is a spirit, a spirit ‘.
of rationality. It is this spirit that challanges, stimulates,
invigorates and drives human rm_nds )to exercise themselves to



teaching armg learning of matherhatics in the twentleth century, for use and
contlnual development in® tlfe twenty-first . century, we need to seek

alternatives in an attempt to emancipate ourselves from a curnculum and

the fullest (pp. 451,0)".

Slnce we as mathematics educators, are concerned wrth the

attitude whlch predates that of the mathematics discipline

Mathematics educators rnust rise to the challenge to develop'a

mathematics curriculum whlch attempts to ‘provide puplls with__the most

itself.

satrsfylng, fundamental and fulfilling mathematlcal experience possible.

. assumptions people. have a

A S b For Al .
A paradigm is a loose collection . of loglcally held together
assumptions, concepts or propositions, that orient thinking
and research. . . . a’ way of Jooking at the world, the
out what |s important and what
makes the world work . (Bogden and Biklen, 1982, p.30)

.

Over the past few decades, many of the scientific dlsclplunes have

experlenced a change in world view, a paradlgm shlft Numerous authors

who explicate a "new" paradigm agree that the "Newtonian legacy"’ i e. the
world view of classical physics,
- solve present day problems. Therefore these authors advocate a change in
our very way ot thinklng about and percelvmg the world. Like Capra (1982)
they feel that e o ‘

A

) .

—_— -

. . high mtlatlon and unemplo ment” energy crisis, crises in
health care,  poliution and other environmental disasters,

is no Ionger comprehensible enough to

rising wave of violence and crime . . . these are all _dlfferent o

facets, of one and the same crisis, and that crisis is

- essaentiglly a crisis of perception. Like the crisis in Physics
- in the 1920s, it derives from the fact = that we are trying to .
apply. the' concepts of an outdated world view - the
" 'mechanistic ° ‘'world view' of Cartesian- Newtonian science - to

a reality that can no longer be understood in.terms of these
concepts. We live today in a globally, interconnected world, in

 which_ biplogical, psychological social. and -environmental '

phenomena are al
appropriately we need an ecologlcal gerspectlve Wthh ‘the

Carteslan view does not otfer (pp 15-1

Jinterdependent. - To describe this world |
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As a conseouence of such global\rethlnkmg wuthln the dlscipllnes
a new dlsc1pllne called general systems: theory ‘has evolved Within this
context prmctples whrch apply to systems in general have been dertved >
As, Bertalanfty (1968), the ‘originator of general system theory, stated "we
must think in terms of systems of elements in mutualr interaction” smce
the classucal physics approach which d{%lt with |solable units acthg lr\
- one-way causallty has proved to be lnsufflclent (p. 45), As a result of such
shifts, modern scuence has come to recognize and expllcate such notions
as wholeness organlzatlon ,"‘dynamrc |nteractlon ‘and systems"
Ot particular concern is the srgnmcance whlch such a pqradlgm

@y

. shift might hold tor the figid .of edUCatlon Clark (1972) argued

-

In view of the fact - that todays ,edmator!s were reared and

educated in natural and conceptual world?owhlch are suddenly -
becoming oytmoded, it is not surprising find many schools

and colleges geared more to the past than the future. .

However, pressure stemming from threats to our civilization

are building upon us , . . to do eVerythlng possrble to help

educators become acquarnted with . general systems theory
(pp 170-171).

-~

Therefore, if for no other reason but to awaken ourselvestrom an outdated '
mode of thlnklng. educators need to explore the potential of the new J
paradrgm in a search for alternatives which are fundamentally ditferent
"from ‘the present "Newtonlan model" and congruent with the modern view".
Even more so, however since education mvolves children and teachers in
mutual rnteractlon, rather than ls‘olated parts, the systems view provrdes ‘
a #more, conducive frame of reference. Indeed, Sawada and Caleyf(1985 |
- 1986) have developed new metaphors for educatron which incorporate
~various concepts dlscussed within the "new world vrew ‘

The equwalence between mathematrcs proper and the systems‘
vlew was also a- significant consideration. lnfluenced by the creativlty,

'mterconnectlvrty and dynamlcs experrenced wrthm the mathematlcs

" ®
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discipline' a search for alternati’ves for mathematics edcrcation aptly led
to l'general system theory". Davis and Hersh (1981) ever\ suggest that "the
notion that creative mathematical work could ever be mechanized seems,
to many mathematicians, demeanlng to' their. professronal self- esteem (p<
15). Yet, in the Newtonian m‘odel perpetuated within the school |
matherhatios, *that i‘sf exactly what has }occurred. Thus, “to "seek- an.
alternative for mathematics education which com‘pares‘“ with the "essence”
‘of its parent discipline mathematics'educators need to grasp 'theq
opportunlty to participate in the current paradlgm shlft Since the seeds ot'

‘such a world vnew are inherent m mathematlcs proper n that

A sense of strong personal aesthetic delight derives from the
phenomena that can be termed order out of chaos. To some
extent the whole object of mathematics is to create order
where prevrously chaos seemed to reign,. to extract structure
and invariance from the mldst of disarray and turmoul (Davis-
and -Hersh,1981,p.- 72). . ‘

mathematucs educatlon should also incorporate the systems vtew into |ts

5

development
| " ian" " " ST
" Before pursuing the impIICations of a ‘paradigm shift in ma_thematics
‘education, we need to aS’certain the 'chara'Cterlstic‘s of the. "opposing”
world - views. What exactly constitutes this "ne\rv""paradigr'rt of \science
) currently visible in modern physics biology and‘psychotherapy? A perusalh‘
ot the - Ilterature reinforces the duverse backgrounds from which it has

evolved Capra (1982) uses the term ecologrcal perspectlve Jantsch

‘(1979) descrjbes a- "theory ‘of co evolutlon. Durkm (1981) speak’s of

general sy;tems theory Maruyama (1974b) dlscuues the mutual causal'
“paradigm Prlgoglne and Stengers (1984) deal wlth "dlssipatlve
‘.structures. and Sawada and Caley (1986) speak of recursrve
cor‘nplementarlty Although the terms drffer many:common 'thern‘efs\'

e ) ) . . W o C B3
’ o v . . " . . . ~
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pervade alt of 'these mterpretations such’ that a synthesis and elaboratlon

of the "new" paradrgm can be appropriately discussed under the umbrella
" of general systems theory Howeverh thts more recent world view‘

becomes even more strrkrng when ]uxtaposed with the "old™ paradtgm of

classical physrcs . v ‘1" - | h t’"“‘. Lo
Under the Newtonuan paradlgm an, analogy used tor the universe,
was - that ot a "well oiled achine", Thls mechantcal system was reducible '
to fundamental burldlng "blocks whose propertles and tnteractions |
determlned all natural phenomena. As wrth -any machme it was believed’
'that the . parts made up the whole, and each part could be isolated and
observed or malntalned separately and - mdependently If the machme was-
not tunctronmg well it was snmply a “matter of Iocatlng the partlcular
piece that was broken, frxmg |t and thereby mendrng the whole mechantsm
Thrs Newtonran paradigm was "also extended to |IVlng organrsms and they‘
too were’ consrdered to be snmrlar to machines. Such a mechanrstrc
technologlcal world view has led to the "well- known tragmentatron in our
academrc drscrplmes and gevernment agencres '.<. (Capra 1982, p. 40)

; The general systems theory, ‘on the .other hand focuses on the

rnterrelatedness and mterdependence of all phenomena Propertres of the

fwhole system cannot’ be reduced to those of rts mdrvtdual ‘parts. “The

emphasrs is on pnncrples of organrzatlon and process because systems
thrnkrng is a holistic, synergrstrc pornt “of vrew (Durkrn 198‘ta p. 8)
There rs a hrerarchlal structure whereln tsystems play roles of both' parts
and: wholes and whereby subsystems are parts of systems whrch are

subsystems of suprasystems and 0! on. Such a Systemrc vrew of the. world.

. leads to mterconnectlvnty and ecumenrcal global relatrons throughout our

-—

socrety S B Sl

As Doll (1986) pornted out
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In terms of curncu|um and behavnorist Iearnmg theory the‘
same snmple ‘assumptions hold : Pupils.: learn- that which is
taught;‘the curriculum is seen as a linear "course to be run".

Pri oglne and - Stengers (1984) like others who have :

criticized this . Newtonian "view, see it as more simplistic'

than wrong. ln place of thls simplicity they offer a world
whi?g) is complex self orgamzmg, and unpredlctable (pp-
11 ' LY

s |
Interestmgly, the parallellrsm between these two paradigms is

"‘reflected well in the relations between the mathematics curnculum and

ATA

|ts parent discrphne The present day curnculum is but an explicatlon of

‘the “Newtoman wprld view" wherein mathematical concepts are. ‘|so|able

units . whk:h when 1omed together at some Iater stage are expected to

v

| 6produce an understandable whole in contrast mathematlcs proper refleqts

the systems "world vrew where concepts are mterconnected and the

' whole is much more “than. the ‘sum ot the parts it seems tlmely then that

‘ we pursue the potentlal such a world vrew offers our elementary school

_ mathematlcs currriculum
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BACKGROUND TO THE STUDY
vI- . s l II .l"l‘

Since the learning of ,mathematics as well as the doing of

mathematics is a human pursuit involving active participants, the gearch
for alternatives was focused. on the developments of “"living systems"
, which have occurred under the‘umbrella of general 'systerns theoty.

The fundamental principle " of llvmg systemsj is that he
essence of being alive is isomorphic across” all Ievels
living systems: it matters not whether one is dealin lth -
. cells, elephants, planets or the unrverse the iife. of e
syésétgm gs) fundamentally the sarpe - (Caley and Sawada »

pP: 3 o = K

4

It is proposed then that the systjm ot learner and mathematncs\ mnght be
-concelved as a "Irvrng system .and that the "lrvrng systems metaphor be
an approprrate one tor mathematlcs educatton To fpursue such a

poss:bmtﬁ it |s essentlal to comprehend the characterlsttcs ot what |t

1,

medns to be "hvrng Capra (1982) aptly descnbes a llvrng organlsm |n *

terms comparable to that ot Jantsch (1929) oL B

.o A living orgamsm is a self-org amzmg system .which T
means that its order in ‘structure and function is not i Posed T
' by the environment but is establrshed by the system |tsel ’

. lerng organlsms . 'are open systems whlch means T
they . . . maintain a. contlnuous exchange of energy and matter
- with therr envrronment . SR v b

. iy
I 4

[Thrs]‘ allows. the system to remain in a state of'

‘non-equilibrium, in. which it is ‘always "at work". ¥ .  Living
organisms are open ‘systems- that contrnually operate far: from‘__

equrlrbrlum .. (pp 69-270)

‘ Hence we have a vrew of the Irvmg organrsm whrbh recogmzes nts actnve

_'—

.and dynamnc propertles and does not see it as srmply a; reactive ¥
:orgamsm Durkrn (1 981b) extends the notron of lrvrng systems stlll further‘... )

7wrth hrs model of a self referentral autonomous lrvmg structure The |

.
Y

"

"
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four characteristics such structures possess are

1) Living structure descrlbes its own structure by closrng

informational . boundaries around' itself, thus'- distinguishing
itself-from its environment and other livrng structures "

1

2) Livln structure transforms : its own" structure by _
opening its boundaries -to the flow of matter/anergy between -
itself and the . environment, as well .as batween itself - and
‘other Iiving structures P

. o
“ f )
v ¢ e

3) Living " structure generates operational configurations
. based an the basic o ening and closrng ‘operations working 'in
. ,complementanty which -achieve functions - of wholeness .

~self-regulation " and’ progresswe self—transformation .

‘ 4) lerng structure uttllze' boundarying 'operatlons to
. create -hierarchial, divisions within' itselt. ." Living 'whole

and parts freely redefine themselves through the autonomous

: ‘boundarymg operation (p, XIX) ‘ -

A key notion of this concept of llvmg systems is the "boundarying or
exchanges wrth the T-14\N ironment and othei livmg structures lt is . clear
‘that the" boundary condmons of Iivmg organisms ‘are not rlgld but are
"instead permeable structures which are. created by the \organisms; i
‘themselves They are not imposed by an outsrder When Bertalanffy (1968)' ‘
discussed "open systems he coined the term equmnailty to describe
the pr cess whereby such a system may reach the Same fmal state from -
.differet lntial condltlons and 4,n diiferent ways ‘l’his phenomenon of
equiiinality parailels the many to one mappings in mathematrcs thus
lmplymg there is. ‘more than one path Ieadlng towards a gdal Hence a-
‘living structure . improvuses ways to utrlize opportunities currently
"available as it moves toward goals which are unpredictable trom tnitral\‘
f"conditlons.,indeed the specrfic path towards the goal cannot be predrcted

,‘,either (Durkin. 1981a p. 17) The determinism of the Newtonian legacy rs el

';replaced by such improvised compensatory actions whrch anse in response”.', :

',to perturbations within .the systern

Oi particular concern when we examme open exchange phenomena o
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' ;.are the feedback mechamsms |e mteractlons mcorporated by the living

g system Proponents of the. general systems theory espouse mutual and

' rvremprocal causallty rather than one—way cause effect relatlonshlps That
‘is, Ilvmg systems samultaneously affect one another through thelr '
,'mteractions thus béth are- contlnuously changing due to mhtual caUsality
It ls not poss:ble to isolate one event whlch caused“ an outcome as was
supposed by the previous paradlgm events are too entangled to do so. Of

* specific lmportance here are thg notlons of posmve and negative feedback

o found in cybernetlcs Cybernetlcs is a field’ whlch began as one concerned

malnly wuth pontrol theory wuth .an emphasls on negattve feedback and

evolved to the pomt wherg authors such as Maruyama (1963) spoke more of

. posntlve feedback and its ampllfymg nature Wlthln Maruyamas mutual
causal paradlgm heterogenelty, symbiosis and recnprocny are key
mgredrents Through h|s notnon of devnation amplmcatlon i.e. posmve
feedback a lrvung system does not necessarily move toward dlsmtegratlon .

l —

‘but rather toward creatlon in- the 'sense that mteractlons may cause the
"/v system to Ieap to even hlgher levels of orgamzatlon As Durkln (1981a)'
o md:cates . posmve feedback wnll become a s:gnal to the members to
ampllfy their_ pafterned exchange whlle negatlve feedback wnl signal the‘
need for- changing the pattern, in line. wuth the new . goals {p- 18) ’

Therefore posmve fea ack |s often’ equated wrth generatmg actlons

gative’” ) is equated wuth regulatlng actrons ln other'
words, the formef pushes a system far-from equmbrlum whlle the latter.
' malntams t Uquwbﬂum stats. .. - o ‘:. S ';;‘72 '
“ The signmcance of posntlve feedback tor hvmg y'ste"ns{ eVen |
' ,though recogmzed by Bertalanffy (1968) d|d not recelve senous attentlon
untll the seventles when Pngogmes work m non equlllbrlum‘

-~

‘l"thermodynamlcs whereln new order called 'dlssfpatwe structures, could

DUUREN . Co Lo : \ [ p . ) . Vet
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and did emerge from chaos was wtdely recogmzed That is, he - found tha{ ‘
| open systems far- from equillbnum in a state of turbulence often gave
rise : to unexpected new structube (Sawada and Caley 1986, p6) In a'
'recent work Pngogine and Stengers (1984) not only dlscuss "dlSSlpatlve‘
‘. structures but ~also deal with the . nature of self- reterentlal systems ‘
'However before ,Jaboratlng .on these ‘concepts, a final concept used in the“
llvlng systems theory, that of autopotesus requlres mentronmg

Autopoletic systems are luvung systems which contmuously renew
themselves such that the integrity of ‘the . structure |s mamtamed
-}(Jantsch, 1979, p., 7)‘. More specmcally Gray g1981a) descnbes lt as

follows: o B /i -

The autopouettc organtzatlon is defined ‘as a umty by a
_network of production of components' which .: 1) participate
- recursively in the same network of productrons ‘of components
‘which produced these components, and 2) realize the network
of productions as a _unity. m the _space m whuch the
components exist (p 297) U

Indeed, Maturana and Varela propose" that, "autopoiesls is a necessary and .

. sufﬂcient character of the orgamzatlon ot ltving systems ;Varela 1979
pan) L t N
‘ “ D‘n° i I- ) SI § I I E I | - - - E QI ) I ) I

| The precedlng perusal of the llterature Ied this researcher to vnew‘

L3

Prlgoglnes and Maturanas theones a"fundamental to living systems
Consequently, m order to fully . explrcate the organlzatlon of a l|vung .‘
' .system thetr ldeas are dlscussed in depth. | | S
| Prigoglne and Stengers \1984) deal wrth open systems ‘which are in
"constant exchange wlth therr envnronment They speak of the
self organlzing processes "iv far f.om equulrbnum ’ systems |
fcorresponding to a "dellcate mterplay between chance and necessnty,;“

‘ d;between fluctuatrons and determmlstlc laws (p 176) It |s in thls respect,

R
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that the notlon ot "blturcatlon pomt was needed At such a pomt there
‘are numerous paths a system might tollow hence the cﬁance component
once a path is chosen lt is followed ~until another blturcatton point is
reached hence a sense of determrnrsm Under far trom equlllbrium;
‘condltlons (FFE) ', |t was clear that at such: brturcatron potnts dlss1patlver
‘ structures could emerge The term ~dissipative structures was coined to |
rndlcate the complementarlty between dtssrpatron on the' one hand. and
structure on the other Prigogine and Stengers thereby tndicate that "
entropy can be a source of creatron Turbulence or chaos rather than seen
“as a negatrve anomally was now - vlewed as- potential for the creatrvrty ot
new orgamzatnon and rt was further beheved that such posslbrlmes were 'I
_"wldespread | | B .
’ In therr dlscussmns of such,non~“equillbrium"systems they otter'by.‘
contrast a look at systems at equilibrium, (AE) and near equrllbnum (NE) .
- as well ‘In’ the latter Prigogine and Stengers (1984) illustrate . that the
‘systems parameters are set externally (as in the settlng of a thermostat)',
and organizing processes entall small correctlons to deviatlons trom such‘
preset parameters so that “the stabrllty is malntalned and the system is
_brought back to equlllbnum On the other hand the parameters of a far—
~ from- equrllbrlum system are in constant flux and even “though a steady L
‘state may be reached it is not predrctable lnstead as systems approach ‘
4 far from- equllrbnum condltlons they are sub]ect to spontaneous
lreordermg The sngmtncance ot the initial condltlons dlfter tor these types,',\
of systems as well At FFE, the initial kick tnggers but does not determine
',the outcome \Afhereas AE or NE whatever the initial condltlons the‘
system wrll tmally reach ‘the state |mposed by the boundary ‘con |ons o
ljFE an
'lndtvrdual can make a drfference whereas AE or NE the m{jlvrdual |s

3 vhors

_'/’

Prrgogme and Stengers (1984) furthergmdlcate that

e
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H‘ ”i\nsi'gnmcantv with respect to the global state. In other words, AE and NE,

molecules (components) behave as individuals unaware of the others in the
. ,é‘,.ys,'fem, ‘)/e(AFFE;,the behav;or of individual m\clnlecules (components) seems
3}%6_ be ilnformed by the overall state of the system, Also, within_ F}I?E

systems, irreversible processes occur and we witness the emergence of

"

highly specific states; whereas, within AE and NE systems, universal laws
can be applied to «’dgduce the system's overall behavior. Under FFE

. conditions "ﬂuctua;t!o‘ns may lead to new behavior, different from the
N

| ‘normal’ stablé;ﬁehaﬁor characteristic ot AE and NE systems” (p, 141). In

'_Sumrnaryh'then', as 'Prigogine and Stengers (1984) posit;
*. - The Interactien of a system with the outside .world, its
- ambedding in nonequilibrium conditions, may become . . . the,
starting point for the tormation of new dynamic states ‘of .
matter, - dissipative structures, . .'. (which) are essentially a
P reflection of the global situation of nonequilibrium producing
them (pp.143-144?. :

Interactions and relations between components is<also of major

conc_:e‘fn to . Maturana .and Varela (1980). These authors indicate that since
. O

they are interested in the organization ot living gystems, they are not

Lo . ' . L LY

: or:?emed with the "properties of components” W systems but rather .

with "“processes and relations between processéﬁf' realized through the-

components™ (p. 75). In particular, these authors ’e;EpIicate the conc'ept of

- r

autppoiesis which they define as:

- An autopoietic machine is a .machjne organized (defined as a
unity) as a network of rocessgs of production
(transtormation and. destruction) of co'mgonents that produces
the components which; (i) through their interactions and
transtormations continuously regenerate and realize the
network of processes (relations) that produced them; and (ii)
constitute . it (the machine) as a concrete unity in the space in
. which: 'they (the components? exist by specifying the
. ontological  domain of its realization as such a network
(Maturana and Varela, 1980, pp. 78-79).
. -~ Jn -essefce then an autopoietic system is a self-generating system
gemoor
X . }

AR R .
1 B
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which specifies its QWn organization by recursively producihg its own

compon'?ms so that perturbatlons are constantly compenséted for while
always maintaining its organization as an invariant. Maturana and Varela

(1980) further elaborate the consequences of autopoiesis and in doing so

"

contrast it with allopolesis :

. . (1) Autopoietic machines are autonomous;- . . . they to
subordinate all changes to the maintenance of their own '
organization, independently - of how profoundly they may
otherwise be transformed in the process . . ., allopoietic
machines have as a product of their tunctioning something
different from themselves . . . : ,
(2) Autopoietic machines have individuality; . . . by keeping
their. organization as an invariant . . . they actively maintain
an identity’ that is independent and yet makes possible their
interactions with an observer, Allopoietic machines have -an
identity that depends on the observer and is not determined
through their operation . . . Allopoietic machines do have an
externally defined individuality . . . ‘

(3) Autopoietic mathines are unities . . . their operations
specify their own boundaries in the processes  of
self-production. ., . . Allopoietic machines, whose boundaries
are defined completely by the observer, who, by specitying its
input- and output surfaces, specifies what pertains to its
operation. ‘ :
(4) Autopoietic machines do not have input or outputs. They
can be perturbed by independent events and undergo internal
struc(tural changes which compensate for these perturbations
.. . (p.80-81) ‘

The issue of perturbations is significant, and any deformation
within' an autopoietic sy§tem "is compensated for, not by bfinging the
system back to an’ ide’ﬁticaf sfate in its components” but by maintaining
the coherence -of . thé‘ system "as defined. by the relation of producﬁ.ons
that “constitutp autbpoiesis™ (p.93). That is, the system rather than
returning to some "equilibrium étate' proceeds to transform under the
p\erturbatidns while simultaneously maintaiﬁing its coherence as a 'system.l
Maturana and Varela (1980) also address the concept of coupling which is
similar to Maruyama's- (1974b) mutual causal pa'radigm. .According to
,Maturéna‘ and Varela, two or more unities are coupled when the. conduct of

Y

one is a function of the conduct of the other. Accordingly, such coupling
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results from mutual modification which interacting .unities undergo
without a loss of identity. They also propose that such coupling of
autopoietic systems may fead to the constitution of a new unity while the
individual paths of each ‘become reciprocal sources of specificaiion of
. each other (p-108).. In this light, Maturana indicates his support for the
concept of social autopoiesis which is upheld by Beer who writes in the
Preface to Maturana and Varela (1980): B

' \

.-. yes, human societies are biological systems. Moreover |
claim that this book conclusively proves the point. . .. one of
those. readings_ was exclusively devoted to validating this

~contention . . . The outcome . . . says that any cohesive social
institution is an autopoaeﬁc system- because it survives,
because its method of survival answers the autopouetlc

criteria, and because it may well change jts entire appearance .

.and its apparent - purpose In the process. As examples . . .
schools and universities . . p70)

The key ingredients then for autopoiesis include - the idea of
"component productlon processes and the generatlon of a boundary An
autopoietlc system generates its own boundary through dynamics such that
the boundary .thus created in turn creates the conditions required _for such
| dynamics. Thus this."recprsive. and nested nature ot autopoiesis"' alihough'

"antithetical to  deduction and Ilnear thnnking (Sawada and Young,1986,p.7)
is its very essence e

Overall then living systems are ‘a"uto‘nomous‘ self- orgamzmg,
'self -generating, sel feferential structures. They are "open” systems far
from equilibrium, ‘thch .through recursa‘ye mte;actpon, are able to
transform. fhemselves._ The f,orm_ation l-of .such 'dynamic structu(es ar_e~
‘ indeter‘ministic. and necessarily spontan.e‘ous;, "indeed, perturbations - serve
as the impet'us‘ tor its creaiivity.' As Bertalanfty "(196§) fecogniied,
isoniorph_isms do exist; in this case, FFE systems, autopoietic systems and

living systems, are isomorphic.
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It has been previously argued that the gap between the mathematlcs
discipline - which reflects a holistic view where relatlonshlps and
~ interdependencies between ‘the “parts” are of utmost concern- ,and school
mathematics ,- whrch represents the Newtonlan paradigm in its p'resent
fragmented form -, suggests the 'need for an orrentatlon toward a new'

_ s
paradigm. As' Rifkin (1981) indicated:

Our entire learnlng process is little more than a- 12 16 year
training program for the Newtonian World View. In school,

- emphasis is placed on quantities . . . but rarely on qualltres or
conceptions. .

o

; Learning has become fragmented into. tlnrgr and tlmer
frameworks of study on the Newtonian assumption that the .
more we know about the individual parts, the more we will be
able. to make deductions about the whole. . . . As we begin to -
make a transition . . . our current approach to education and
learning will be rendered obsolete. . . . Learnlng as progress
will be replaced with Iearnrng as the proceSs ‘of becoming (pp.

+ 226-229). r r

Certainly, the issue of "progress” deserves closer scrutiny. éecause of it,
" learning is: usu‘ally done for "someone else”; it is outwardly judged bv
others rather'than bv the learner; inner'satlsfaction, internal‘ grvowth is -
paid lip service but the concept of learnlng as 'becomrng ‘as of yet holds
little value To the contrary now seems . to be the approprrate time to
acknowledge that learnrng is a personal endeavoer its goal |s not 'to
"swallow" preces ol lnformatron to regurgltate As Laszlo (1972) warns,
"the knowledge exploslon C rnakes it imperative that newer conceptual |
r models of instruction be developed" (p 143) Even it ' we stlll believed that.
accessrng and storlng current informatron was "learmng the enormous]
’prolrleratlon of rnformatlon ln our world would render us moperable to
- fulfit the task Certarnly, then, the "lrneal model" m whrch the teacher"

taught the student learned is . obsolete Bateson (1981) suggests it

.

..became so wuth the appearance of "cybernetic clrcurts of lnteractron (p
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1'34) and instead, .Bateson. oonnects ."ev‘olution. and learning" _pointing out
‘that both 'must be "necessarily‘ divergent" (p‘ 162)- Thus, implying that
education must be an open, dynamic and personal process.

Cybernetics n as discussed by Maruyama (1963) is also relevant to
"education For.instance Maruyama maintams that creativity involvesr
opportunities and skills for "idea exchanges ‘between persons and the
mteractton ot concepts wtthm one persons mind" (p 252). He further
posns | '

‘As for the contents of the education a greater part of
" - educatiopn needs to become a process of deveioping the- ability

for exploration and skills for self-education in the student
rather than storage of information in the student’s head

! (Maruyama. 1972, p. 119)..
TRy o
To deveiop such a phiiosophy one need ascertain the relatlon of such
metaphors to socuai contexts and ‘in_ partlcular to the ciassroom Zeleny.
| . (1985) suggests that “living systems cannot be understood and should not "’
be studied apart trom the social systems they create and on whicb they
are’ dependent (p 125) In this sense |t is srgnmcant not to separate the
Iearner trom the iearnlng envrronmenL In. drscussrng Maturanas notion of a
“"‘naturai social system" Zeleny (1985) in contrast pomts out that- |n |
'artiticiai soclal systems. the imposed structure atfects 'the rules of
.conduct but the rules themseivas ‘do not generate the structure ‘The
parallelism of such artificial sociai systems with that ot the traditlonal
classroom is strlking The rmposed structure _of stralght rows of
inﬁrvrdual seats and the authoritarran teacher certaunly atfects the
conduct of the Iearners but as Zeieny (1985) suggested in such “soclal ,
systems Once the "pressure . of - the designer is removed"‘ that is, the
teacher leaves the class .or new grouping tormatrons are mtroduced the(/
whoie social- system dismtegrates (p. 125)

Doll (1986) pro_posed -a "transformatrve curricuium as an
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.edacational model which exemplitied "Prigogine's open
As Doll indicated '
‘The educational mo;(el that Tollows would be a transformative
. curriculum, with the’individual and his or her - structures . or
" levels of understanding transformed. Such a change would be
- internal and include disequilibrium as a prime. motivator, as
well as the opportunity for self-regulation to work (p. 15). =~

system paradigm”.

'Sawada and Caley (1985) also devised neV\r;,métaphors for education, using .

Prigogine's dissipative 'structure"s *.whhéfein learning js "becoming”, and -

~ crdativity is viewed as Jorder’ emerging from chaos. Within discussions of

recursive complemenitarity, Sawada and Caley (1986) suggest children

need the freerm" to participate in building tpeif "social .context  and in’

"h‘elpin,g to establish new: corhmunica’f'n)e regursions. ‘T‘ov dn ‘:"so, they.

speculate that a domain of seif-creation for teachers and students is

required, and they recognize this entails the prbcess of aufopqiesis.\ Herg

B ‘then._th‘e‘,u;.e of the living 'systems metapnor# is directly c‘on'ngt:ted'with
education. © -, . N N

Recognizing jhe opportunities offered by the Iiving,‘éystems'

paradigm, new metaphors for education, and mathematics education in

particuiar, ‘are appropriate. What 'is needed is the exblicaiion» of the living -
. . i -

systems ‘metaphor in- both mé spcial and cognitive domains of educagion; o

Living systems are organized . . . multi-leveled structures,

each level consisting of subsystems which are wholes .in

regard to parts, but parts with respect to larger wholes . . .
L ;there, are) two" tendencies: an -integrative tendency to
unction as part of the whole and a self-assertive' tendency to , -

. preserve individual autonomy... .. In a healthy system-there is . . -

~a balance . ... consisting of a dynamic interplay between the - -
© two which-makes a whble system ‘oper and. flexible (Capra,

¥ 1982, p. 43). G

’ I
’ &

' Using. s.hch. a metaphor. within the educational cantext, children and

teachers are’ seen ‘as subsystems -within. the system called "classroom”,

v’



‘which is itself a subsy}stem‘o‘f the - "'schocl" or educatlonal community,
- and so.on. H'elre m the luvmg systems metaphor Iearners are both
':.autonomous lndrvlduals and lntegrated partlcrpants of a whole such that
the dynamrc interplay between these roles is refereed by dlalogue and-‘
mutual’ feedback. | | | '

The "llving system metaphor is’ further extended when each learner.

s vlewed as a self- orgamzmg,,self generatmg, autopbuetlc system As

Sawada and Caley (1985) suggest S ;

NV

' communlcatlon ls the'vrtal process through which

/.. self-organization emerges "and the system- itself determines

' its own structure, its own size. Teachers as ‘well as students
will therefore be very . sensitive listeners,. this sensitivity

: encompasslng all forms of expressron both verbal and
non-verbal . .

o Auto-catalysls and cross catalysis amongst teachers and.
»students will become normal in thrs self- orgamzmg system

(P 16).

{ : .
\.;Therefore orgamzatlon or grouplng is not |mposed upon the partlcipants

but rather the comrng together of subsystems is by choace This does not
' necessanly exclude the lmpact of a teacher but rather as Gray (1981a) ,

' suggests

-~

N

the role of "the teacher" then is to share experience and .
understandlng in such a way so "that what he/she says will
‘become organrzmg fOCl for the self oragamzmg process in
the other (p 315) ]

The authorltanan role of the teacher or. even the role of expert necessanly‘ |

: ppears as,the teachers role of facrlrtator and medrator comes to. the"‘

foﬁ%round In thrs sense the teacher too |s an autonomous member .f

partuclpatirgg\ in the lwmg system the "teacher" is a’learner ' f;}'.: )
g Jantsch (1979) captured the self-generatmg character of a system=

Hin. the followlng descriptlon

Learning would no’ longer be adaptatlon to specmc form mto
which knowledge has been brought but the formatnon of new :



. and alrve relatlonships with the multi- faceted reallty which may
be experrenced in .many forms - learning would become' a creative

.~ game played with reality . . . creative processes would bev,f-
‘ ‘.permrtted (o] unfold and form new structures (p. 284)

a

}Thus creativity embedded in self generatidn‘ is esse'ntial to the' ‘metaphort d

but its actualrzatron is dependent on the' role of: feedback between the

rnembers or- Iearners Posrtrve feedback between Iearners in a

non hierarchlal setting where |deas mutually and recursrvely aftect.

', others’ rdeas leads to a form of knowrng In thrs metaphor Iearners

‘ mteract on an equal basrs and often serve as - precursors, i.e, supplyrng

“initial .kicks (in sensu Maruyama1963) for one another Knowrng that‘

Irvrng systems. are FFE it is recogmzed that small lekS or mrnor

,differences between the mtemrtrno components can lead to’ quantum leaps

|n the systems evolutlon whether the system be an rndlvrdual chrld or a

descnbed by Gray (1 981 b)

As the exchanges contrnue there is. considerable fluctuatlon
because each member's mput is similar to, but not identical
with;":the original one. For this reason, members are able to
exert mutual influence on.one another. They are "systeming”.
And _the result is that an emotional theme develops- and -
transformations begin to occur. .. .. Once the theme'is well
established and transformations have' taken place, the '
‘therapist waits 'to -give ~members time to reorder their .
mternal dynamlc rnteractron (p 205)

1
N

Thus we see that mformatron is not only exchanged or transferred ~but . |

N more rmportantly, is . produced by the system Thus learners not only

share"°the Iearnmg expenence but create it as welt

_ The autoporetic drmensron of» the system concerns the,'
».self~reflectron and recursrve actrvrty needed to transform ones-f,'

immediate reality and renew oneself When dealrng wrth multrple Iearners ‘

' ﬁgroup of chrldren Such -is the case of systemrng wrthm therapy groups:;

' who are each autoporetrc and. who rn turn mteract m an autoporetic )

o system. non-lmearrty rs mevrtable Determrmsm |s Iost Not only dof’
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chll'd'ren ‘renew themsalves but in" doing 'so, renew the' group o socnal
context to which they belong The classroom therefore needs be ‘a. FFE

- context in whlch Iearners may malntatn lnteractrons and communlcatton 80~

IH

that both personal autoporesis and social autoporesls ﬂounshes . |
o _ The living syst?rh\sﬂwe‘fphor thereby casts: mathemattcs Iearnmg in

e dynamlc active role. The athematlcs envnrdnment is ‘'one in WhICh the :
learner is a capable producer of knowledge and a buulder ot hls/her own .

- strugture, ‘The "Iearner and the "learmng envrronment are systems in

~co- evolutron k

C It ls approprlate also that “the - mathematlcs currlculum bevl
compatible to .the Ilvmg systems metaphor Certalnly mathematicians are .
famllar with a qmathematlcs whtch possesses the lnterrelatedness of a’
system .and also possesses the ablllty to“grow, to become Mathematlcs in
general, |s ‘a creative dlsctpltne which is both dlvergent and
lndetermlnlstlc Mathematlcs as a human endeavor is extremely
conducive to a "Ilvmg systems metaphor

The content or subject matter needs to be ﬂexlble enough to permlt
learners to- twlst and shape |t into their own’ personal works of art.

| "Broad" topics of study should be such that the lmagmatlon tenacity and

/

lngenulty many problem solvers demonstrate in today's extracurricular

, sltuations be present withnn the educatlonal context. To fultlll the

a

metaphor |t is belleved as ngglnsdn (1973) mdrcates

,tha/t the Iearmng of mathematL% has to be seen in -this way‘ -
- -as individual: creatlve or recreative).acts taking place .in .a
- social “ context.. e believe in the value of -the child's
© . .mathematics, that he. should have the freedom to- make it and
. to use lt and talk about lt (p 119) , o

v ! Lol
‘o'

Hence. the mathematrcs content must not be preset or statlc rnventlon

and mqulry are essentlal components of a‘ "Ilvlng mathematrcal
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expenence " As. Bateson (1979) suggests IR, _
- creatlve thbught must always contam a random component
The exploratory process - the endless trial and error of
" mental progress - can-achieve the new only By embarking. upon..
pathways randomly presented - some of whlch when tried are
» sSomehow selected for something Irke survrval (p 182) '

" The mathematlcs content per se then ‘witl serve mostly as an actnvatol lor
turther exploratlon and organization, whlch in its, own rtght is
mathematical, Such mathemattzmg is supported by authors ll'ke_‘l

Ffeudenlhaf (1973), Papert (1980) and. Pntzkau (1975) the latter of whom
‘descnbes it thus ' : Lo

%
l}

. . content is never settled, never lmal never complete
Sub]ects can be prydyced every day, and the learners - both
teachers. and studen{s\- are the producers . . .. one becomes
aware of meanings as\part of the process of bemg enroute to
new andm%anggd aread, of inquiry. . In ‘viewing some of the
pnmary effe of the suxrounding phenomena as he opens up

them, he begins to prder knowledge mto some form ot
personal workable meam g (p- 41).

\

. | In summary the mathematlcs curriculum |tself mu’st be
.spontaneously buult Mathematlcs must be seen as a human actrvsty as a‘
' method a Ianguage an art, a science and much more Mathematrcs must be
such that the learners are able to "live” lt and own it. ,
E”IlE Matt ‘I. EI *‘l. 'y

To capture the “essences of the Ilving systems metaphor wnthln the

- present context of schoolsng, ‘an approprlate model is that: of a small,
"enrlchment group A small number of Iearners - chlldren of vaned abnlltles ¥
"and mterests as well as one. adult - are brought together to form a small
autopoletlc commumty whose maln tocus is the exploratron of enrlched'
jmathematlcal actmtles Let us imaglne then a mythucal Mathland"‘
wherem ‘all cntlzens are lmmersed in the learmng of mathematlcal ldeas
..Th‘e ennchment lles both in the openness of the envsronment and the

‘flexlblllty and challenge of the content"‘ -

}
¢
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h 7‘ Dialogue with; peers IS the key drivmg force coupled‘ wrth the
natural" deslre of learners to .make’ sense of their world. Ideas and
_ prQects are pursued for personal fultrllment“ and sharmg of those ideas is |
initlated by “the. learners themselves and are not requrred per se. Children
rchoose the paths ot adventure they wish to follow and the adult, \whrle
_valso partlclpating, serves as a resource and a, catalyst stmilar to the other
‘learners rn ’the system A specmc currlculum |s not imposed and tempOraI
and spatial constraints are ‘minimized. . | |

4

As. Papert (1980) suggested ‘there are "no constraints on exploratlon',
the power of the envrronment is that it IS drscovery nch' " (p 162)
‘There is the attempt to permit each leatner to taste mathematlcs in the
making of independent creative work (Polya 1965 p 157) However

exploration and dlscovery are’ not held at the concrete level per se but \

rather, retlection and conscrous awareness are encouraged so that,."

learners might develop aiong several levels of thinking As Donaldsonﬁ'

w

(1978) lndicates B ' o L

‘ awareness typrcally develops when somethrng grves us pause '

- and when consequently, instead of l!'ust acting, we stop:to °
. consider the possibilities -of acting which are before us. The
claim- is that we heightén our awareness of what is actual by ST
consrdering what is possrble e (p 94) SRR " :

\

Through ongoing dralogue learners call mto question the activmes ot the'
~ other or: through errors enroute to argoal a Iearner pauses to reflect on
; }'.his/her own 'drrection It is wrth this reflexive recursnve actrvuty that the
._'vaduit may serve a key rol’e bemg a mediator for other Iearners and‘ '

;'interacting wrth them as they .each attempt to COnstruct meamng trom' g

—

_their experiences As Feuerstem (1980) posrts
CLisoa fundam al process 10.emerge as a. result of mediated
" transmission j§ the development of .co J)arative ‘behavior '
©' "4 the need to-link and ‘relate objects an events is transmltted
NS »_‘by the medlator to the child (pp 34-35) . L r

Spee .
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Thd‘ overall atmosphere ot the learnmg erwnronment encourages a ‘search

| for patterns for order Through thelr constructlons Iearners comie to know :

:specmc mathematlcal concepts as well as the human actlvtty of
'nathemattzmg Members ot the communlty serve as- lnitlators supporters

\crmbs admrrers tnends toes and averall, tellow learners They are each

autoponettc wholes rn thelr own nght but also: parts of the whole. - the |

autopmetlc commumty Both the group and each mdtvudual are far trom
equnllbnum and sensmve to fluctuattons even srlent" ones, Wthh are
ongomg throughout such a dynamlc process '

Hence thls model mathematlcs Iearnmg enwronment actualizes ‘the
_hvmg systems metaphor Its structure and evolutron is .autonomously

'determmed by the partucnpants themselves Its boundarres are generated

. 'L, by the group members and thus coherence and «unlty depend on and are

:constructed upon the relations between and interactions of the |earners

" involved The ‘children‘ and teacherv generate both “the context and the”

content Such a group would necessartly be heterogeneous nop- hrerarchral
t~e~«. k

, ‘and lnclude mutual causal processes The system would Be.- "‘ahve in that

K

the system would be tar trom equtllbrlum and each member would |

constltute |ts productlon Lo :

LT o

. o ', \
N !
. E ) . I I! " |.' I B\!! I

lnnsuch a model of mathematlcs educatlon, the subject matter rtself |

‘must be conducive to the"‘lwmg systems metaphor As shown earller tor '

*mathematlcrans mathern“atrcs is profoundly personal and extremely

flexlble Such mathematrcs rs needed here so that rdeas can be born ‘

in the students mmds and the teacher should act as the mtdwrfe (Polya
.‘-1'1965 P 103) To allow ‘a variety of adventures to allow indlvrdual
_‘r'mventron and to allow free exchange of rdeas the mathematics must not
'-*:~"’be narrow nor specmcally rule bound Many mathematlcal toptcs or-

e by “'

r; " h



branches fully qualify, -except the "traditional” algorithmic curricolum
'There is an unllmited suppiy of seeds or: "kernai activators available mr
g mathematrcs Papert (1980) chose LOGO and turtle graphtcs for his model

. Higginson (1973) chose poiytopes and poliminoes for - hIS Sawada and Caiey |

o (1985) ‘chose LOGO. pro;ects- for theirs The extremely rich content ot5

mathematics that evolved since: Euchdean geometry prov;des an array of
| ideas avallable for study

Geometry has been chosen as the tocus - for the present study,
T hroughout history it has pervaded all of mathematlcs As Freudenthal\
(1973) suggests " ”Geometry is one’ of the best opportunttles that exrsts to
‘Iearn how to mathematlze reality. It is an opportunlty to make ~discoveries. |

" (p 407) In particular with respect to thls model of mathematrcs
‘Iearntng‘ gegmetry is mtended to tocus on reiatlons, ,rnturtion and -
) qualttattve experiences I chridren are to appreCiate mathematics as a
whoie - then we must resist the tempt‘on to quantlfy oniy and to’' make

1

cthe content rigid As reported by Wirzup (1976) :

too late and then takes up the concept of ‘measurement right
away thus omitting the" qualrtative phase of tr nsformrng
spat al operations into logical ones. . (p. 1 ) R :

Piaget asserts that' traditional geometry |nstruct|c{s beglns

in this model it rs the quailtatrve phase as descrtbed above whrch is of

$

s tmost importance ‘ SR R g g
S | Such qualttatlve mathematics |s strongiy apparent in drssectlon‘
‘.*‘:f\motion geometry (DMG), a term (:ouned by Rahu‘n and Sawada (1986) DMG
‘i‘deals with piece-wrse congruency and the mvanance of area under"",
subdivision" and changed posrtion transformatrons This means that it a

r-‘,‘:shape can be -subdivrded mto smaller pleces whrch when rearranged frm a'-;

. second shape. the two shapes are- prece-wnse congruent, and th area

25 .
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covered by each shape iIs:t e same lt is a geometry wrth vast potentlal
that mcorporates paper folding, paper cuttlng, and transtormmg of pleces
of paper to create new shapes lt ts open to muc’h expenmentatlon and the
mathematlcal concepts embodled in such’ actlvmes are numerous

From such actrvrty, chlldrenfengage in valuable spatlal work they
_are exposed to the conservatlon of area they can be lnvolved in shape
recognition and namlng, they becomeﬂlntultlvely aware of . mterrelatlons ©
between shapes and they learn of 'midpoints, perpendtcularlty and
dlagonallty There s Opportunlty to make generahzatlons trom patterns »
. which wrll evolve as well as an opportunlty “for creative work with . shapes.
Such hobbles as ‘origami, statned glass art patch quilting can, be'-
connected with or emerge trom dlssectlon actlwty Chrldren could lf they
wrshed even use- dlssectlon geometry to dlscover or develop or prove
tradltlonal" formulae and algonthms The Pythagorran theorem for
instance, can be proved via: drssectlon theory, -area tormulae can be
uncovered via dlssectron theory, and so on Dlssectlon theory can apply in:
both two dlmenSlonaI and three-dlmensronal space although in the Iatter
‘ volume is not always Invarlant (Flahum and Sawada, 1986)
) Dlssection motlon ~geometry Wthh is tled strongly to concrete
manlpulatlon permlts children to "own" it and make it "theirs". Jtis unllke
the "forelgn deductrve geometry of high school and the"'forelgn
- deflnltlons of Eucltdean pomts llnes rays and so on. A chlld beglns wnth a
shape - a rectangular or trlangular plece of paper for instance - and- by
fordlng, cuttlng. turnrng, slldlng or thppmg, reconstructs anpther. shape |
" the resultant can be unexpected or- armed for.’ Both experlences have hlgh .
value. As‘ Lesh (1976) stated: " by attemptmg to |solate the
mathematlcal essence of concrete srtuatlons, y0ungsters begrn to

appreclate the real beauty and power of mathematlcal modellng (p 204)
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Dissection motion geometry is closely Iinked-fto’ the child's reality.
Hi§ paper plane eonstructlons, the "transformers” he plays with, and the
visual decisl,ons regarding shapes and sheres, all contain aspects of
dissection theory. The power of disseetidn motion geometry lies in the
fact that any collection of visual vproperti‘es tends to inQite the learner to.
organlze them which then leads to Ioglcal ordering, or deduction, It does
not have to be imposed. Children will build structures we only need to
help them make those intuitive, often unconscrous thoughts consciaus,
Dlssection motion geometry provides an opportumty tor educators to tap
the naﬂrral' capactty of human beings in general and children in

particular, to engage in active invention as well as to seek flexible

responses.

o

The breadth and depth possible wuth .topics in dlssectton theory ,

makes it highly conducive for actualizing the "living systems” mataphop of

TN

education. It is an open , dynamic subject matter, cemp’arable to the

openness of the environment in which it is met. - Likewise, DMG is a part-

whole configuration similar to the systems theory itself and thereby

embodles an "organization” isomorphic to a Irvmg systerrtg tt?@enness and

flexibility is very conducive to the coupling of child/DMG. or children/DMG
wherein such systems can be selt-generatlve Learners - the children and
‘adult : are apt to be hmazed and ehthused at the dnvergent yet
mterrelated paths they might follow. o

" Maturana and Varela (1980) indicate thatslf their characterization

B

of living systems is adequate then living systems should be possible to

make at will. Therefore an actualization of the ﬂvmg systems model
f;])rewously described is both approprlate and necessary to ascertain its

,true potenttal As they mdrcate ‘“given the proper components and the

"ti o (
s

Ay
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proper concantenation of their interactions, the system is realized" (p.95). |
Thus, given. learners and the proper opporfﬁn‘lties for them to interact, a
living system should actualize. As Prigogine and Stengers (1984) point
out, "governing the development™ of ‘a system “determined- by rhu‘ltiple
interacting elements” s difficult and quite ”unantjcipat'ed é:hanges may
result" (p.203). Doll '(1986) agrees that "ar)y_vclu’rri(:ulum which emphasizes
the active end the reflective ~ the only way to achieve internality - must
by nature run the risk of disequilibrium" (p.15). However, such ‘adventurc;us
developments' and 'spo‘ntaneous reordering' is cohducive with the living |
systems metaphor.

Researchers and theorists in other curriculum areas, indirectly,
support the implementation of the "'Iiving systems model". Holdaway

(1979), when addressing the teaching of readingfand writing, advises:

. . Any approach to literacy must allow the individual
learners 1o - pick their own way - dlways in the company ot
guiding and’ sustammg frfends p. 191), .

Certainly this must also ' be true of the needed approach to mathematics
learning. Considerable faith in thenlearner as an "autopoietic system” is
drawn from the known experiences of the young Iearner. the pre-school
“child. Young children are quite capable of learning to talk walk and much
more, many years before they ever enter a "forrqal learmng mstltutlon As
Donaldson (1978) aptly states, " we do not just sit and wait for the world
:_ to impinge on us, we ‘try actively to interpret |t to make sense of it. We
grapple with it, we construe it intellectually, we represent it to
ourselves” (p. 68). As learners we are not "naturally” passive but on th\e
.cohtrary,from the earliest days we are active theory builders 'seeking to
explain our world  and our relations in it. Therefere, ' from the belisf that
allb children and adults are fundamentally autonomous learners ‘and from

°the belief in the emergence of dissipative structures, the researcher,



29

proposed that the actualization of a living systems model for the learning |

/ Co . f
of mathliematics was a viable alternative |,

Betore discussing the actualization of the proposed model, the role- |

of the dissertation within a “living systems” paradigm requires

consideration: As Sawada and Pothier (1986) indicated "living systems are

1

neither deductive nor linear; only our linguistic descriptions sometimes

, suffer_in this vvay" (p.6). It is this difference between the "reportingv" Aandl

“living” ot an experience that warrants the writer to alert the reader to
"inconsistencies” - between the "expe‘rience" and its "description'f. Within
the data analysis, fo: instance, the individual development is discussed
separately from the group;-development; yet, during the "research

experience” these were inseparable events which could not and were not

'detected as happening after or before the other. The printed transcripts

also portray an "incomplete picture” of the conversations they describe. No

. dialogue throughout the whole experlence possessed the linear

' characteristlcs the structure of the transcripts imply. Speakers seldom

[N

spoke\m turn, or waited for others to complete their thoughts, the .

conversations within groups evolved simultanéously rather than priof to ~

other conversations pér se. As in- "every day" groupdialogu‘e, speakers

) .‘” . - . ) - . ! !
interrupted one another, carried on multiple conversations: at once,  and -

'engaged in other activities as, well,

‘Another shortcor‘mng of "descrlptron versus experi’en'ce" is the

dlfﬁculty ln relating "taCrt" knowledge and- "feelmgs embedded in the

events' as. they unfolded Even though 1 might capture and describe the'

v"tanglble behavrours through which feelings or beliets might be exhlbrted

" those feellngs and belrefs must not be equated ‘with the behavrour As "love

- is more than a hug feelings hke "group coherence were more than saymg

~
SO e o ————— ———

r,‘



encouraging words ih 5upport of one another”. To enhanc':'e the' descrlptions
.then ‘the reader must become an actrve pamcrpant and . must try to "Ilve
the descrrbed experrence in order to extract ‘as much ot the reallty as '_
possrble . ' 't | |
'k Consequently -the reader is invited to"l couple ‘with the writer
v‘(lhrough my dlssertatron) in anllautopoietlc manner. I hish reader and

wnter to dialogue with each 'other' even though due to

print, \I am unable, to respond spontaneously to a ~mutually ifteract with
Il
you, T}re document alone should serve as a precursor tor the reader -a

perturb\ ion whrch mrght Iead to conversatlons wrth hrm/herselt or wlth
colleag;s Through this - couplmg ot reader /dlssertatron it is hoped that
“the research experrence continue to be a tngger for the generation of yet
more rdeas ‘The wrrter wrshes to do more than pass on mformatlon but
: mstead through both what rs said and what is unsald she intends to
preserve the "litq" ot the actuallzed system through this perturbatron
Commernits wl\uch are made are done so in tl’le spirit of "rnrtlal kicks” which
"hang in the watmosphere of the reader/(wrrter)d|s99rtatlon syetem and
i whose pursurt depends on the autoporesrs of that very system |

Rather than separatlng the researcher from that whrch is researched'
as |s attempted n.the "Newtonian” paradlgm in. a systems paradrgm
they are seen a& a unity Therefore the reports and descrpptrons of
| 'systems research &re necessarrly part ‘of that research unrty. also ‘As.
such the drssertatlfn itselt was one part of the whole experrence
wrthout whrch _certain msrghts would not have emerged Thrs document -

¢

whrch began as a onyersatgon with the. data has evolyed into a“
' "conversatron wrth 'the reader. Just‘as the yideotapes and diaries pn’rovide a
| .lens;through which the iesearche_r was able to view the 'experience"‘ol a o
- ditférent ‘level from ‘the "actual events®, ‘so. too the data analysis and .

e
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., written discussions provided yet another visit. All of these “visits"

N

. 3

intertwined to torm the "whole" of .the research experience. To grasp' that

‘whole - lts spirit, its evolution, its relattons and“its events -

, membership is necessary The best that can now be oftered to the reader is

the sharlng of thoughts perceptlons and descrlptlons as mlrrors, through

Olson (1986) aptly stated :

Separating objects from the whole would be seen as an
anatytical Yact done by an not as: the reality of the
objects. In fact . . . ldentlfying objects at all is ﬁurely a
descriptive act. . descnptions need not destroy the unity.
indeed, descrtptlons may help uncover the phenomenon at a
deeper level . But this will only happen’'in-a deliberate way

..if we are. aware that oeur analyses are creations ot the human
' mrnd nothing more (p 4) c . g

" Tq\re;nafn true -to the‘ "systems Ipafédigfh'g. 'n ~which  this

disssertation f"couched | do not wish the conversatlon to end here ! do
[

‘ not wish the reader 4o -see what | saw only. to vrew thls report as a

completed entity. lnstead ~at . this 1uncture | |nvrte the reader to vrew this

description as a perturbatron a catalyst a begrnmng for the tfuture rather

‘than a summary of the past

4

.. which he/she mtght encounter the research experlence As Sawada and - |
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, To be true to the systemlc metaphor and in order to actualize the
model for mathematlcs learnrng and lollow its evolution, the current
" study remained open- -ended. wtth ‘a prrorlty on spontanelty.‘l- Both ‘the
outcomes of the study anq, the process ot research itself was .
unpredtctable trom the 'initial condmons L ‘ o .
'Z? The researcher - as partlcnpant in the llvrng system s exercrsed her

autonomous Ilvmg structure. ‘As Durkln (1981b) suggested S

W' l

"The workmg relatlonshrp between the screntmc knower " )and -
that which permits itself to be known inevitably becomes a ’
two-way street' with the -autonomous: résearcher engaged in a

* cooperative " effort’. at selt-description and

. self-transformation .with the ’ equally autonomous system

o ‘under investigation .. . . the rnvestlﬂa or and the mvestlgated
SN are mutually responsuble for each other (p 29) :

‘_The chlldren and the researcher were collaborators throughout the

expenence especrally wrth respect to the learnrng of mathematlcs within

" the Ilwipg systems model The mterrelatlonshlps and processes of the

- productlon of these relatlons were emphasrzed in that process overrode '

Gontent and ~the dynamrcs of the events - the interplay - between an.

mdlvrdual and-the' group, aft* mduvrdual and the matenal the group and the " - |

‘ wmaterlal or an. mdnvrdual and another rndwndual - overshadowed specitlc

;materlal products and subject matter "As’ ln current blolegy, “?9'.4'

mdrvudual was not dlspensable for the beneflt of the group (Maturana and*_‘ ) Ij‘ -

«'Varela 1980 p118) L S
: As the 'adult" member of the system the researchers imtlal_

" -functlon was to catalyze tacrlltate or stnmulate the systems potentral

K

. Lo . iy
. - 3 . . . ry: 6,
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capaclties ‘while ‘a secondary iunction was to - reg"ulate»' the 'exchanges
among the members until they develop theyr own steady states and “have
.:‘achievled autonomy" (Durkin. 1981a, pp:-19, 23) As the Iivrng system-
: evoived the r;es'earcher" became*yet another equal" member of the group.
with a comparable role to other Iearners in the. system At thrs point both
:“the researcher and other participants -played ke{ ro|es in determming the

'generation of the. processes and relatrons which emerged As Vareia (1979) ,
|ndicated o | o |

In the charactenzation of orgamzational closure nothmg'

K/grevents the observer himself from being part of the. process
y specifying the system, not :only in describing it but by -
bein one_link in the network of the process that défines the

‘ stem - The' situation is peculiar in  that the describer cannot-
sep outside of the unity to 'consider- its boundaries and

, environment simultaneously, but it is associated with the’

-, unit's: functioning always as a determining component. Such
situations, to. which. most ‘of the autonomous social systems

~ belong, are characterized by a dynamics in which -the very
- description .of the system ‘makes the system different. At
each stage, the observer relates to the system through an -

und(ersgg;tdrng which modmes his relationship to the system

P . A

‘ As an’ active particrpant rn the "l‘ivi‘ng syst‘ems" modei" v- the
researcher behaved as an autopoletic system mvolved m a. mutual causal
o paradigm wrth other autopoietlc systems namely the children A conscnous
-'7effort was’ made to shed the "traditional" roie of the "teacher"‘ . L
When consrdermg the creation of the enrlchment group wrthrn thet -
"hvmg systems metaphor Grays (1981a)'"general system precurSor;'
'f“-htormation theory provrded rnsrght m‘to how one might begm He deflned“y"‘.

?

‘ the key rngredients as. L .
' ‘ systém precursors L /"entlties which have a capacity tor 5
\ forming an..ongoing - s stem when two or more ara brought.‘-‘
;.:together ina relationa Sé o
2. system. ‘formation . he anamorphrc process that results-

‘ "f‘“-f‘f'in the: tproduction ot an ongbrng system. . . S

R sys

em_black . processes that either prevent system AR
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formation or return - (lt) to the precursor state. B
. 4. system recursor activation - usually’ accomplished by an
.organizing torce, “a catalytic agent or an initiator, -
. 8. system-formlng space - a. protectlve space of relational,
rather than geometnc type, around organizing forces and
. precursors that provides' a. necessarg degree o |solatlon tor
' -system lormtng to take place (pp 302- 303) - :

-Thls theory also corncrdes wrth Varelas (1979) notlons that to establlshvl.

autoporetlc dynamrcs it is not the molecules or components ‘which are

. |mportant but rather ' the relatrons whrch these molecules or components

- )

satrsfy (p 27) A ‘
In thls study, the precursors (components) were srx grade four

puprls three boys and three girls, ot varyrng abllrtres The chorce of the

boys was greatly mfluenced by the: classroom teachers opmlons whereas,“

the choice of the glrls was a more random one. ‘Two of the boys were

. considered "early finishers” in mathemattcs and thereby caused

,complrcatrons for the regular tedcher; the other “boy,# who in the

researchers oplmon openly asserted hts autonomy,‘} was labelled as.
learnmg disabled and- was consrdered a behavnor problem ‘One of the glrls |

chosen was. consrdered brtght by the teacher whrle the other two were.

“constdered average All three . grrls were - farrly qutet and obedient durlng'

regular classes and thereby provrded a contrast to the boys The researcher

also trted to choose children ‘whom_ she had seen workmg together or.' '

y chattrng in‘a fnendly manner. The researcher briefly descrrbed her planned

"-' ennchment group to the chtldren and gave aach of them the optron to o

refuse to parttcrpate Indeed one ot the rmtral srx.,drd not want to

partrcrpate and was then replaced by another Parental consent wa=s also"‘ ;

: ”.‘ -f'requested and obtalned

' The drssectron motron geometry descrrbed earlrer was to be the,."

mathematrcal" precursor Chrldren were grven a broad descrlptron of thei

X

‘vtoprc in termsg of paper foldrng The parameters rnvolved the loldrng of*f

. . o . e
I S S N T
LN ote LT . '
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. one shape to cut into parts which would then be taped to form another -
‘shape As the system evolved however mdtvrdual preferences of the
“children in actualizing dissectlon motion geometry overrode the
: researchers desires to have them follow a program ‘ ’

The relational time/space conscrously created by the researcher |
was such that all members of the system partlcrpated in a non evaluative |
‘collaboratlve envrronment There was no testtng involved nelther wasv
\there a strict scheldale for completlon of activities. Partrcrpants were \
;free to choose the matenals they needed and when they needed “them. The
"-physical space itself was away from the regular classroom but wrthin
view in the same ‘open area of the school The atmosphere was such that /
3 child?en could speak out when they desired and they could choose to whom

E they spoke -and‘about what. Hand rarsmg, for example was not required or’1

. encouraged Movement was not restncted wrthm the topologrcal space of

the group although they usually requested permrssron to. leave the area. At
no time Were rules overtly laid out but rather the partrcipants themselves
generated them over time _ , |
in the |n|t|al phases ot the study, the researcher attempted to
develop aJappon with the children Concurrently, attempts were made to‘»
.. medlate" ‘the mathematical expenences wrth the intent to  bring the .
f“mathemattcal precursors lnto the topologlcal space As time passed the |
.researcher became more and more lnvolved rn the mathematical actrvrtles, ‘- .
ona: -mutual basrs. thereby domg and talklng mathematlcs srmilar to other"
,"participants Researcher as partlcrpant drffered from researcher ‘as
;:.,».teacher in that in the former role chlldren mteracted w:th the researcher
."_T‘.."jon a’ more recrprocal basrs whereby they helped her wrth drfficulties as
'-"'f;-j,well as other children In the latter. role. children often requested help
V';':}”'from the researcher but dld not ,offer rt - o BT |

s-ks_,



'Spontaneity 'was prese‘nt in many | respects, | lnclud'ng the .
- researchers reactlon durlng a partlcular eplsode However such s
"spontanelty was tempered by the reflecttons ot the researcher atter
viewing the dally video tapes of the sessnohs By reviewing the video tapes
and notes collected datly, the researcher made conscuous decnsidns to try
certain actlvttles or pursue certatn |deas on a tollownng day -in an attempt
'to provtde perturbatlons or’ to accommodate unexpected perturbatlons
. which arose Therefore the retlectlons were to mform the researchers'_‘
actions . within the CIosed 'system”. 1t was an attempt to step outsude theh
v~boundar|es and vtew the envrronment srmultaneously Spontanelty was not"
crushed by such "intentions™ however for the nature ot the system was"; ,
‘ ‘such that when the researcher was totally mvolved as a parttmpant'
i immediate - mteractlons and perturbattoﬂ were dealt wrth then and there,
often wnthout much thought Spontanetty ‘was' alse present m the other -
‘part|c1pants acttons children . often’ decided "on the spot" what they ‘were-
to do ‘or how they mrght proceed At all times however thts sporttanelty
~ was tempered by the mutual mteracttons ot the pther group members and |
the material itself. : A |
o As alluded to earller since the researcher was a parttcnpant in the .
ennchment group video tapes were used to capture the dialogue and the v
actrons of all tnvolved These tapes were vrewed darly by the researcher‘f'
‘.‘,and parttcular eplsodes were htghhghted and dlalogue from these werer |
'i"transcnbed Partlcular evndence of "livmg systems meta;hor was sought,:ﬂ
';‘and |ts presencé‘or absence tnformed the ’researchers acttons m upcomlng_“‘
days Drarnes of retlections methods and sytemmg were also,"f‘.'i

mamtalned on a datly basrs These dranes contamed the researchers‘_'vv
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,thoughts with respect to her feelings of the past expenences and her-

. intentlons for future expenences Notes were made of mfluences on the

" researchers decisions as well as her: behavror Comments wlth respect to. -

influences and interactions wuthm the group were also made in diary form |

At times these entries were made prior to viewing the vrdeo tapes' '

"although other entrres ‘were made afterwards

Once the study began in the cogperatlng school “other perspectrves

[

.besrdes the actuallzation of the - Irvmg system were added ‘Due to the

" openness of the cooperating pnncrpal and teachers as. well as the physrcal |

openness of the classroom area the researcher was glven the opportunity

“to particlpate in two other roles Observatlons “of the. childien in. their,‘

"regular studies was. permltted and the researcher malntained ‘tield notes

.of the observations she made while sittlng at the back of the desrgnated o

_classroom or whrle viewmg the classes from a dlstant spot within - the

area Once again these observations dld not detail every action or

interactlon but were selectlve in terms of the "Iivmg systems metaphor

dn

iLikewise the researcher was also given the opportumty to tutor her srx

Msub]ects in a small group The tutorrals were. rmtiated iR order to help '

fchildren maintain therr regular studies which were berng missed . while' |

| ‘they attended my enrlchment group These sessions ‘were also vrdeotaped |

"" and Iater transcribed

The time-line for the study involved darly afternoon vnsuts (from A

-,12 30 pm to 4 pm. on average) to the school beglnntng late September‘

and continumg until late November Toward the end of the study a second

;'; ﬂ"'enrlchment group was chosen but due to

time restratnts only one sessron

'-_lwas held This session thereby turned r‘to an rnformal" dralogue wrth:'

t".‘jchildren who were mterested ln the groups

i

ﬁacttvmes Three school days' P

P

z‘fifollowlngithe last sessron the researcher returned to the school to” '-

8!



interview the cooperatlng teachers and the onglnal" six chlldren Two |

o

: separate mtervrews were held one wrth the two teachers present and one .
wrth the six children present The main purpose tor such mtervrews ‘was to
ascertaln the partlmpants perceptlons of, the experlences ot the . past',
months A mare detarled descnptlon ot the evolutlon ot the research'(

N

desrgn follows in the next chapter :
N : : . p ‘ Lo
The transcripts of 'the' video t‘aped ‘sessions, the field notes
, pertatnlng to the. observatlons ot the regular classroom actlvmes as . well '

A

as the research dlanes were used as the. data Video taped eplsodes were :
: "re\ésned only when clarltlcatron or elaboratlon was warranted Samples

. of the srx chrldrens enrlchment prolects as well as’ samples ot the .-
assrgned tasks used ln the other settlngs were utlllzed to enable thorough,f
'examlnatlon of the events Throughout the analysrs the researcher was

| .rntormed by the tact that she ‘had been a partrcupant wuthln the "system”

'she now sought to view . from an outsrde vantage pornt ‘ BRI

Inrtlally, the data was ‘examined tor lllustratlons of dlssrpatlve,i

. /structure wrthln the observed contexts Followmg thls the data was.‘.
analysed more specrtically wuth respect to autoporesrs in an. attempt to

| determlne alts srgnlflcance within the three settmgs studled Overall the

- analysrs ot data entarled an in- depth recurswe search ot the speciﬂc
rnteractlons as well as the general atmosphere present ln the research-.

ontexts sl
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o vital .part of the.story. = &

| _system

1- 0 CHAPTERNV
. THE DESIGN OF THE STUDY

The structure of this study emerged spontaneously from discussnons

s and negotiations (exchanges of mformation) wnth the partlcipants ot the:

.research pro;ect lmtially, the researcher sought access to a smail' group

ot children with whom she . mlght actualrze the "hvmg systems metaphor

under the guise ot an ennchment prolect The openness of the endogenous

, research design permitted the researcher to grasp other opportunmesv.

which presented themselves in this particular school context The‘

researcher/research system tended toward self-generatlon and. developed

‘h)higher coherence as these opportumtles led to three dlstinct settmgs-

;trom which valuable data could be collected Thls development |tseli is al

S

Although not overtly evtdent from the dlary excerpts this . evolution,

' 'occurred m a recursnve iashion DlScusslons wrth the school contacts as
. ‘well as others in the researchers wokd were occurrlng concurren,tly |
‘,T hus, choices’ were m{luenced by both thejpotentiai of the school mllieu as

‘, “Weil as the potential of the researcher research system As indicated .
o below my initial request ot the school /as to »vork wrth some chrldren ln |
.'an enrichment mathematics settlng Even at thls intial contact the school

Iprincipal (P) provrded valuable perturbatlons for the researcher/research f

P -

's‘ . )
.l-‘ ,

. Sept. 6 Frlday

RN f.i,,First contact wnth school spoke to pnncigal over the phone e

‘When do you want to sese, them how o

L .'\;;,fSTR Two to three times a week:

. P: How lonig, each’session?. . -
2 ‘TR What are your times llke?

l‘ " oy
ARE

P One rade or a variety?

- “\-"\‘;:";':‘]{_'TR It doesn't - feally: matter, what's ~conven|ent tor the school?

P We work |n open area - is that surtable. that IS a corner ot

I
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it or do you need a closed area?
. TR: No, open is fine, ‘

-1 also indlcated at this trme that | would like children of
vaned abilities and not just the - glfted" o , , L

. G

T he open concept was a variable not considered earlier but one.

"which now: actuallzed a higher range of permeability of the boundaries

wrth her enrichment group. Plus the open conoept provtded flexlbllity ot .

«j'alternatives

| ‘detimng the host and research systems The researcher would now have

visual and audltory access to the classroom whlle she was also involved‘

" the childrens movement to and from each settmg The next meeting with ’

X the school prlnCIpal and the prospective copperating teacher proved to be a R

source of other paths the researcher mlght consrder As can be seen from

- the followmg,excerpt-.the participants . in the research interacted on’ av“ .

) collegial basis “v‘v‘here‘valvl involv‘ed had the opportunity to s‘uggest o

)

Sept 17 Tuesday ‘ ‘ _
_First visit to mest: the prtncrpal ' ‘
she asked me if | was more clear about what I wanted.

: l b Fsuggested my ideal : To meet with 5 children every day. for

{ . an hour or so, until December

... . (Discuss other ideas) . N

+., She informed me she had spoken to the grade 4 teacher she -

seemed interested in my project. o
.We pursued possibihtles

1

’ P- .. . a lunch hour. group, this’ would not - mterfere with

studles Would it be interesting so children would 'volunteer?

- TR: . . . what about taklng them from a variety of classes to
[ 'balance the loss? ‘ , o o

-./

L tndicated I would be wrllmg to help the teacher wrth the P
* children_ if they fell behind.. e L :

P: Would 1-be interested .in team- achin
" 'At 3:30 .| met with the teacher; we. al :

about scheldule

T1: 0o . work: with-small’ grouq_ 1 project. ev éy day.,.“"
then tutor them' Tuesdays and hursdays n work misse L ‘
-~ TR ‘I 'would ‘like to see them ln regular math class o
. ,maybe I “could tutor in this context, o o
Tetgn'rt‘ teachmg was brought up agam ks Alternate lessons S
SO W er. ‘ . '
©T1: ma be- a math center, it it didn't have to e same 5 .

vchrldren ou could choose the enrichment matenals- R

‘-
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worksheets- for early finishers. . ,

At ‘this "major” biiurcation point, the choice was made to set up a
lsmall enrichment group of 'six grade 4 children (three boys, B1,B2,83;
. three girls, Gt G2,G3) who would work with me every day for one “halt hour

’and who 1 would tutor, for one hour a week in an attempt to make up tor
'iclasses they would miss while attending the enrichment project. Other
suggested options were left open as later alternatives. When some early
observations of the regular classroom _setting shovyed potential for
yaluabie data and since the openness of the physical environment itself
permitted continual observations a dlalogue with a committee member
was suiﬂcuent to cause the researcher to include observations of the |
"host group . as yet another aspect of the study. Hence, | requested that |
'use my “off" times to observe the subgroup of children and their, peers in |
their regular classes. The excerpt below describes the procedure adopted
at this time.

| ~ Oct. 8, Tuesday

Observe socnal studies class during first period. Meset my

small group during next period and- we do geometry After

recess, | meet them for "regular curnculum . . . They work on
exercises assigned to class during week;,.,

Children trequently voiced their displeasure with the number of
"required" exercises they had to complete in. the "catch-up” sessuons or do
'tor homework During the third tutorial, a discussion wnth three of the
children prompted a }turther spontaneous alteration to the make-up of
these sessions | '

. Oct 8, Tuesday
They worked on 4 ditto sheets of exercises.
_?A b'iglate thls SO much i\could die.

-
[y



B3: 1 hate it, too.

TR: Why?

B3: It's so boring, | know how to do it.

Gl Why so many?

TR: If you do well on the test, | might ask T1 it | could do it
}differently with you.

B1: Why do we have to do them all? -

| Qonsequently, with the cooperation of the regular classroom
teacher‘ the researcl'\er‘wa's permitted to adopt a more- active role du'ring

the tutorral When the new chapter was to begin the researcher took on
the responsrbility for both the aSSignment and the "teaching” ol the '
regular wcurriculum for this small group. As a result the “catch-up™
sesslons were dissolved and replaced by a ‘‘regular” small group
instructional setting. .

Simultaneously, the regular classroom itselt was undergorr\g change.

With the |ntroduct|on of an "intern" to the .school, the regular grade 4 class
would bg split and the intern (T2) would teach socral studies while the
regular classroom teacher (T1) taught mathematlg&«'Thrs provided 'the
opportunity for the researcher to continue to observe her subjects and -
their peers in regulat classroom settings as well as monitoring, from- a
distance, the activities of other children in the regular ma‘thematics class.
Since there was only one other teacher, the music teacher ‘(T3), who taught
the grade 4 children | also gained_access to her classes for observational
- purposes. Hence the observations of the regular classroom included three

[N

teachers- T1, T2, and T3- teaching the subjects of science, mathematlcs
_French socral studies, and music. _ :

| By October 15, the. desrgn had evolved to the point’ where thev
researche,r was an active player in "two” settrngs and a passive observer
in a third Thus, the desrgn : the structure- of this study emerged ‘from .:

"the interaction of a grven system wrth its- surroundmgs (Prigoglne 1984

“»:";-:



‘ ‘ ‘ 43
p12)' The three contexts whiCh evolved - the regular class;oom (S1), the
"regular” small group “(\82) and the "enrichment" ,small grou (SS)
provided three eistlnct s€ s, within which tne/(searcher cauld observe

,_/;-

.and/or particlpate in the actua\zaﬂon of the Ilvlng systems metaghor.

As indicated at the outset the physncal space in which the re;arch
~ took place ‘was also of partlcular sngnltlcance The grade 4 class was
.situated in an open area of the school shared by the grades 5/6 class, the
library, and a pre school/ after- school care. group Of partlcular relevance
to this study was the open area thCh the grade 4 class shared with- T2
and his social studles group and the researcher (TR) with her ennchment
group As Figure 1 illustrates, the physical space was such that all threen
- groups were within viewing and heanng dlstance of one another Thus the
researcher, -children and other teachers could be at all .tlmes seml-aware
of the -activities in the offier Séttings while simultaneously working in
their own groups. This hlgh permeablhty of subsystem boundaries also had\’,‘
the 'potentlal to influence chlldrens and teachers movements to and from

classes in a different manner than if dlstmct rooms were involved.

B,

N " ]
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Figure 1: Floor Plan of Open Area Classroom - BER
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* Even though the three contexts were' not desugned as experlmental

treatments, their emergence provuded such a potential To apprecnate the -

milietNof each setting, a general descriptlon is warranted, ‘ i \

The physical space’ for the enrlchment gr0up entailed a hexagonal .

table wnth seven chalrs as weli as a "Iibrarlans desk" on the side

. Children’ chose where to sit and the mltral pattern was that of three girls ,
a space, three boys and me. Later two boys sutuated themselves at either
end of the’ librarlans desk, Chlldren stood or sat whlchever was !
comtortable\ for them and the area itself was at. their drsposal The |
researcher either sat at the table wrth the chlldren and worked on the

activrtres herself or helped the chlldren dlrectly

~

\ .
In the "regular smail group, the children often chose to sit in: a’

somewhat circular tormation on the floor bn other occasrons we sat at
the hexagonal table, and ofnvone occasron the children sat at chairs in the '
social studies area Only in the Iatter occasron did the teacher stand at
' front of the children otherwise the researcher sat wuth them. There was
| also ‘one session, mvolvrng measurement actwmes where children moved
freely about the space in general Overall muchrot the actwuty‘ in this
setting was oral or active .ln‘-.,nature, utrluzung manipulativeSiand.games. o
B nga‘[ QIQSEE‘ QQ[D‘ (S]) VQQ‘DIQKI' . M _ ‘ ! o |
The regular classroom settmg drifered accordmg to the sub]ect
berng taught The mathematrcs French science and early socual studies
classes were held m the classroom area where seats were arranged in
,_rows Chlldren were assugned to thelr seats ‘and even when numbers

| decreased chrldren usually remamed in theF‘own desks There were tables
.rp . ’ ,’.. _‘ "l .“-‘ . " e‘ . .
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at the back and to the' slde that were also used at tlmes for group work
.‘-4The teacher’s . desk, Suas at the front to one side and the teaclfer ‘spent -much |
of . the time at thek front near the chalkboard The ~social studies classes.
taught by T2 were held ln a separate area to the side where a U-formation
of tables and desks had been arranged tacing the chalkboard The chrldren‘
were asslgned seats in. alphabetlcal order. In Muslc chrldren sat on
successive steps of a raised platform rn the . musrc room with one line of
‘glrls and one Ime of . boys Chrldren chose their particular spots to srtt
however. Once again the teacher stood at the front or. sat at the piano '.
which was also at the front of the room. '

In. all three contexts “the teacher provided directions ‘and/or . |

~.

instructrons as weII as belng the checker f;?)r the correct answers This -
role, although prgsent in the enrlchment group was not as prevalent as it’
was ln ‘the. other two settlngs and it was more domrnant early in-. the
.’ development ot the group rather than at later stages, The teacher as
particrpant was a role exerclsed mamly by the researcher in the 83
- géftting whereby she too as well as the chlldren carried out the actrvrtes .

Such participatlon was also observed in the Muslc clagses since the

-teacher . often sang along ‘wrth the chrldren Thrs was not’ observed in the -

. "regular- classroom that here the teacher illustrated ‘with examples but
once the work was 2 signed the teachers did not also carry out ‘the tasks.
| The teacher as authonty was also present in. all three contexts, especrally .
'with respect to the childrens behavror However the use of thrs authorrty
7 varled wlth its more frequent use in the regula'r classroom settrng and |ts' S
-less trequent use ln the ennchment context | o | |
" In the _.v'a""rious .setting's_,". the. chil’dren'sj roles ‘ranged from ,,','follower"f;-

S
&
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to creator . in the regular classroom (S1) there were some occasions
whereby chlldren did create 'thelr own storles but often they followed\ ‘
restrlctlons set down by the teacher. In the regular ‘small group (82) there
was. some opportumty for chrldrens ‘ideas but often they were to complete‘ |
» ‘preset exercrses or games In the enrichment small group (83) more of the ‘
chrldrens rdeas were utrllzed A detailed Iook at the currlculum in these‘
"v.seftlngs mrght ald in understandrng the roles ot teacher/ Chlld m the three
contexfs I ', N - o .

In the Sl« and S2 settrngs a predetermrned currlculum was used and"

the’ malor control of classroom events belonged to the teacher The

- textbook was. a ma]or lnfluence for the . teachets in the regular classroom

in- that when a chapter was’ completed a test followed and then the next
chapter was presented in much the same manner as the earlier one.
Exercrses and assrgnments were glven from text matenals or worksheets
. One pro;ect whrch | referred to as "Halloween skrts did emerge .
h‘.spontaneously from an lnformal drscussron of a scheduled party. As’
“ . illustrat d, in the excerpt below the routine o the ‘week was altered to
‘ accommodate the creatlon development and practlce of sklts durmg class
" time. j. ' ‘

vOct 21 Monday v o e

At about 3:20 T1 asks |f they want ‘to. discuss ‘heir
- Hallowe'en party. They get excited and_talk at once. T1 directs '
- "those with ideas to ralse thelr hands. They get noisy again.as
" suggestions ‘start coming. At 3 26 or so she: glves up, she's
' frustrated by the. nors l , e

A

N Ty
' .

. ,,'Oct 23 Wednesday ' oo ,
71 At recess many of the boys .were over lookmg at the'a .

camera Bt pretended to be a pop star while:others viewed - -

him in camera. . ...~} mentioned to B1 that if they do ° skrts at, a

the Hallowe en parly maybe l'd wdeo them and show them ,




R T

" " Oct. 28, Monda1y ’ ‘ .
‘Last period 1 asks me about the " video in front of the
. children. We decide Il video "their sklts early in the
_afternoon. She gives them .the period to' work in groups on the
skits.. ... T1 suggests to one group that they write it but they - -
v dlsagree .. comes in to complain to T1 that his roug is
...just running around ... T calls all of them back o their
" .seats. ‘
.Oct 29 Tuesdedy T
: She is | ing them work on their skits. . . .. The boys are

here (in my area of the room) working. on their skit. They're
loud and it seems as if they're just running around. ‘
T1. is upset with the noise and threatens she' I cancel the'
party it hey don't behave better tomorrow -

When the children presented their skits on October 31 it was.
evident that structure had emerged from the perceived chaos In 't'he'
regular classroom this re orderlng of the *usual® procedures was
tolerated only because it ‘was seen as a temporary disruptron and as T1 S
r,comments indicated class would return to normal" following the holiday
o In the S2 settrng, the researche&— in the role of teacher, sought
: alternative methods to replace the routine exercnses of the textbook
‘. These included ‘the use. ot manlpuiative aids, ‘games, and the active ‘
‘_-participation ol the children in such acttvnties as problem posmg and
| measuring However. the agenda was strll Iargely teacher-dependent and
\"'concepts were chosen from the regular curnculum smce the chlldren m
_the small group were still requrred to take the chapter tests as usual At
_times. in this context,r spontaneous suggestions made by participants like*
s "Iet's play that game agam were overlooked rn an attempt to cover the ',
;required matenal before the test" - ‘, P T S
R ln the 83 setting, the mteractions between the children and *the
‘iresearcher greatly mtl\/ nced the pro;ects whrch the partrcipants pursued

.jlnitlal vague instructions f oncernmg the dlssectron motion geometry

Q:'(DM,G) acti\nties were hon ad to restnct the paper creatio‘n“s to-

e v ‘ e AR o ! .”, ‘<‘ N . y S . . t L
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-‘creatlng shapes with paper

¢

| two dlmensronal flgures but otherwrse the. product and process were left
L to the dlscretlon of the mduvrduals with the "fold and cut” technique belng |
I encouraged as much as possrble The intended DMG actuvutles were carried

- out by some of the’ chrldren but often personal preferences of shapes..

overrode this - pnority Thus, the mmal concerns |l|ustrated by the‘,

followrng excerpts eventually gave way to chlldrens desures and ideas of :

Sept 30,,Monday : R
TR: Let's begin: by takin one sheet ot paper each and Use

o it to make a shape he ony restrlctlon is, that I want you to
use aII the paper : A ,

Oct 1, Tuesday U oo
B1: Now do we hive: to do. certam thmgs? - R
TR: Yeah I'm ‘going to get a little _more specmc today because ST

ba Do we .have to do math questlons? o

1.
1

‘ /“\ .. What | want today, whatever we make today wull
alwa s be flat. e | ,
. B3: Ohhh ' ' N ' o
' TR:“The end product will not be folded You may fold in order
; todosomethmg L S

Oct 2 Wednesday

. TR: so we' re gotng to try somethnng todag So, let's start

everybody take a (hand out sheets "of paper) tart’ thls way
- start this way . . . try"not , don't cut it 'til | ask you to 'cause
I'm gpmg to- glve you llttle brt more specrfrc dlrect|ons today

, TFt Flrst thmg 1 want you to do is see if you can fold thls o
paper in some way so you can ‘get at: least one. squar.e. ceen

TR - What l'd now like: you t0.do is to fold i as many ways
- . as. you want ‘so-when you. cut different places . . . then | want . - -
you to be able to take: two preces and make |t mto a tnangle e

Oct 3 Thursday Lo
- As. they ‘begin, "B2 asks for further dlrectrons vso I remind hlm,

" -we're- starting. with a square (I fold paper\ as I speak) or
ractangle and make ‘another shape ‘from it.:
' _1'suggest they treat.it :as a puzzle --once they ve.,cut lt how‘_ PR

~can hey put u back together? o R

' " .
T u
A S "‘”:.. - .7 , D TS AT R ) G T L
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Oct 10 Thursday

GZ has cut a sci( udre. out but is strll hesrtant I suggest she do.
. anythun? she'd: like. You've made so many (shapes) thats why
u ‘ \ .

you're nnlng out ot iideas.

B1: I'm kinda gettlng bored with thns “ , e

B3: No, its fun. .- o :

B1 I want to try somethmg dlfterent 5 W\ . B
._‘_.-——W——— ) "' L v o v ‘

TR: O.K., what'd you like to try?
B1 l dont know (contrnues wrth hrs shape)

In, response to thts pendlng blturcatton pom: and stil as an attempt
-' to dlrect the children |nto DMG actlvates “the researcher casually
“ mtroduced the concept of 'a- journey Such a goa| drrected actlwty was
4\3‘th lmposed in_an attempt to stay true to the open structure of the

ennchment group

“Oct 15, TuesdaR'

Today . i put forth two challenges One was to dg ourney -
-take a shape, chanaﬂe it to others , then back ag n wo, take .
- some, shape and make as .many other shapes. from it. '

. B3: I'm still going to make.‘funny" shapes. ‘
TRy l'd hke you to get away from- funny shapes .

.-
~ap

G2, . decrdes to make dntferent shapes

) C]-* D" A*AAAA
"‘82 pastes some. tnangles together 661 made a hexagon |

o from a tnangle

SR R AVA A P R



ot 'y . ’ BT

B3 does a journey. '(He :doesn‘t‘ta‘pe' it). !

\ ! 4

Bt dnd a 1ourney (l dld not see. the mtermedtate ttgure but
he . wrote tnangle hgure wnth 17, stdes-ttnangle)

Gt completes a joumey (l e square. trapezond square)

" 0! "W
, . v e

v : ‘ L “ Vo . t
»

' The journey actlwty was adopted by each chtld at dttterent tlmes
durtng the followmg days Two days after the hrst suggestlon B1
| excnedly announced he was going to do adventures" ‘and by the end ot thrs
L sessron they all had tried to colnplete at. least one journey
‘ The next spontaneous development m thlS settrng was |gn|ted on
: ‘October 17 when l tned to encourage the chtldren to thmk about dlsplayurtg .
f thelr 1ourneys The word dtsplay prompted Bt to, suggest that. we ,,‘e
.Halloween shapes but my tnmal reactton was to dtsagree Howe\ier—/“o/ther -
perturbattons such as: B1 becommg detealed more readtly than usual B2 E

refusmg to do much geometry ‘and., accusung the researcher of mtsleadlng

. him When "he. satd "I thought we ware gomg to’ fold . told ammals and

- ‘v‘stutt and Gt accndently creatlng a ‘cat's ‘face usmg DMG led ‘the

: researcher to. re- mtroduce the optlon ot makmg Hallowe en- tlgures on'"--]',"

o October 23 As a group we then proceeded to reflne the pro;ect whereby we’ B 5

| agreed to create a mural" tor the Hallowe en party The next alteratton to-ﬁ""f”.”‘

“'”;m'.my plans was tntluenced by a dtalogue wath my advsnor who suggested'f’,{

USan tangrams Thus aftef Hallows en, lnstead of rnslsttng on a' return to.',.

the journey theme the group was also encouraged to try tangrams They:.f:‘j‘.’

‘].'chose the latter and the curnculum now entatled solvnng tangram puzzles

“";t/ii»‘ T L R S ’: L ’
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As thls segment ot the curnculum evolved and the chlldren had trieq

e—
almost all, of the' available tangram cards st questron about how the

.l“

‘,orlglnator had ever made the puzzles in. the first place led to the .‘

f off handed suggestlon lllustrated below which. Iater blossomed lnto our
| final major pro]ect ' : |

Nov.7 Thursday L

TR: 'Would you be lnterested rn maktng your own cards? v

. B3: Yeah, yeah, yeah! . . ‘ ‘ L -~
© TR: Woul you like t0? B . R L
' G1: and cut the shapes? L Lo A

TR: You could,’ an make your own cards and challenge each

. other. Cor

l-)_

o Nov 13 Wednesday | L
B3 reminds the researcher that they had planned to make thelr
own tangrams o . o

TR: | thought once you ve made a set . maybe we could get
some in the other class to do them Would you like. that7 -

. w
PR

'Hence in, contrast to the predetermtned curriculums admlmstered in

‘ the other contexts the currlculum of the enrlchment group emerged as a
: serres of prorects , , o SR
A Once the three settmgs (S1 82 S3) had emerged |t became

' increasmgly apparent that they held the potentlal tor lllustratmg systems f'
at equllibrium (S1) near equiltbnum (82), and "far-from- equilgbrnum
jf(ss) Slnce the researcher could have a dlrect lntluence on two of the
l."fcontexts an attempt was made to conscwusly structure these two
_;,;'settings (82 and 83) as
',:_;However. because part of 'the agreement for accessmg the. enrrchment

‘mbodlments of the "thermodynamrc\ states

:‘f'group was that the srx chlldren mamtam thelr regular stlfdres;_ upressure ot




.'fully

,researcher to avord '"tradrtronal expenmental desrgns

regular mathematicsclass but wasvstill very 'similar to it. Thus partly’ by
X

‘desrgn and. partly due to external condrtrons 82 evolved as a near

‘equrlrbrium settrng On the other hand these external pressures were not

feit in the enrrchment settrng There were no tests to prepare the

"chrldren for nor - was there an outsrde authonty monrtoring their

»

success Thus the pro;ect had a tree reign and was able to evolve more o

[

In retrospect a more- precise descrrptron of the emergmg desrgn is /

‘;ppossrble Upon reexam|n°at|on |t rs evident that a quasre perlmental

'desrgn had emerged even though a conscrous effort wa ade by the -

As the study

Wunfolded three treatment groups and a control group were discerned

' wrthrn the three settrngs “Thus data was avallable on four experrmental .

R

-

groups A .'

Srnce the researcher observed grade 4 chrldren in therr regular

»classes a control group representrng the normal" classroom experrence

was avarlable From thls broader group, a subset of six - chrldren were X

lexposed to: three experrmental treatments whrch the other chlldren drd

&
for the most part access In the flrst treatment group, the six

chrldren were observed durlng thelr regular lessons ln sub]ects other than

mathematlcs At thls ‘trme the subgroup was a part of the largert control

group In the second treatment group, the same srx chrldren' jomed the

fresearcher tor tutorral sessrons on the regular mathematics curnculum ln

the thrrd treatment g‘roup, the same srx chrldren and the researcher
explored DMG ln a small grdup settrng Frgure 2 presents the desrgn in tne

ampbell and Stanley 41969) code where an X represents "the exposure of
and O refers { some ‘

a QfOUP 10 an experrmental variable or event"




process oi observatlon ory measurement (p 6) As ‘with Campbeli and .
Sténley (1969) the"'left to rlght drmensron mdrcates temporal order - and
Xs and Os vertiqal to each other are srmultaneous (p.6). | ‘ ‘

| ‘Such’ a design lends rtself well to comparatrve analysrs ot the

-_events which were observed in the varrous settlngs

” o 1\- . o DeSign\ : Settmg o
" Control Growp. . {x o . (Sta)
T (x, o VAE‘ (S1b)
}_‘.T‘reat"rnent Gr‘loups,‘ X, ‘v O | . NE. (52

U o o FE 89
Fi“gure?.? . The Emergent Quasi-ExperimentaI Design . ",

| Since the imtral mtent of the ‘research had been to actualrze an
) enrichment group wrth "far trom equrhbrrum characterrstrcs |t
- relevant fo determine if such a settrng developed erewrse srnce the
design provrded data on the other available contexts it is also pertinent to'f‘ |
‘-‘examtne these settmgs tor therr status wrth respect to at; . near‘ or"
_j,aLtLom equtlibrlum states To carry out such an exploratlon |n‘sights
‘ were drawn from Prtgogrne and Stengers (1984) who mdrcate ‘, : |

L 'A system tar from equtlbrrum may be: described as organrzed"
"~ hot 'because it realizes a plgn-alien to" elementary -activities'
.of transce ndrng .them. .but. onh. the contrary because : ‘the
_-..amplification: ‘of ‘a- mrcroscopic fluctuattdn occurrmg at' the =~
+‘right: moment: resulted in faverin, “one- reaction: path. over a
.number " of "other " equally p'ss ble - paths -Under” certain
-circumstances. ‘there ore, the: “role. Fa ‘ed by . individual . "
b 4]

‘behavior can. be detisive.. More_ generally,.the. overaiL-behavrori -

_.“.;:_g_elementary ‘Processes - constituting it Self-organi Zation . S
i racesses | in_tar fromequilibrium. conditions. correspond 1o a = .-
o " delicateinterplay - betwagn chance and n ecessrty,‘ Netogan

..-cannot. in general ' be - ‘taken as ‘dominating _in- any. way ‘the . R
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tluctuatlons and deterrmmstlc Iaws We expect "that near

~ bifurcation\ fluctuations .ar random events would play an’

~. - important role while between blturcatlons determlnlstlc
4 aspects become dommant (p 17) ‘

" Therefore to establrsh the presence or absenoe of dls3|pative structures . "

in the data the devratlons between the three contexts are revnewed

‘ Sla_ﬁnﬂ__s—lL—ALEgulllnﬂum‘ il ili iy B \‘ R : ‘ “" . ) ., ’
o The ma;onty of observatlons in the regular classroom settlng were
made of the soctal studies classes in whlch ‘the srx ‘children partlcupated‘
with thélr peers Only the later mathematlcs sessions whlch were

robseryed from a dlstance ln a cursory rnanner dld not lnvolve the six

" children. Rather than separate the data collected in these sessnons into

' 'S1a and. Slb grouplngs statements made by members of . the ennchment

‘ group are ltaI|C|zed When necessary and practlcable these grouplngs are
‘drfterentlated m the discussion. © ' ‘ o
’ ln general the teachers in S1 rutrllzed prescrlbed matenals to
; teach the subject area The chlldren sat -in,. mdlvrdual desks tor most
-actrvmes although durlng scrence expenments they worked m small
" groups in varlotzs areas around the classroom Sequences suggested in the :
'textbooks were usually tollowed closely and worksheets and exercrses' |

‘were 2 large component of the students dally workload The chllds mput‘j}

rseldom altered the planned sequence and dlverslons were often checked»‘ g
| ‘|mmedlately and were seldom followed up | o }
| Septa 24 Tuesday ST ".;I‘- S T e

Mathematlcs . Parkmg (IS the trtle) (exercrses) #1- 15

™.
s cmsyh

Tl Has.a box of Drenes blocks Chrldren say. they've worked
..« wwith them 'before. . T1 explams the relatlon between the
.- . blocks, then asks chlldren to tell her r o
B3 Bonng, bonng SR
; S C\) ,"- e R T o ‘|"
When reviewing a s ;.
: 'z{:' T1 Who thinks they mlght not havmlght whos confused?
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{

" (Children glve answers and are asked .to think aloud)

B4: This is boring. '
] .Another child: But vou have to do it, B4.
T assigns two sums written on the board

" " T1 (trlegs to check. the boys who repeatedly say it's easy)
. There mdy be some who mr t be weaker ,

Sept 30, Monday

Social studies . ..M had read about Iegends and is about to
assI%V questrons

e only have three minutes.
T1: Please cOpy th Questrons we have time for that.

" Questions rarse out the a e number . . . leads to
realization that the¥Ege was in s book. .
B9: Why don‘t you glve us the page?
T1: It's good for you to copy.
B4: It's more boring.

4

s

Indlvidual students who refused ‘to follow the agenda were often:

rsolated either physically or verbally from the class in general.

 Oct3, Thursday ®1) v ,,,-

T1: 'Are there any questions No, well, wé've already dlscussed
it. Do your own story quietly! Use two periods to write.

1 just notlced that B3 has been sent out, he's sitting .in the -
library . . . a few minutes pass and- as takes the initiative to

return .
B2 is working at a cubicle just to the side it's away frorn the (

rmmediate class but s\‘rll in "classroom territory”.

Chrldren were/usually lnstructed to work quretly>on their own"™ and
;thefe\ as little autonomy since ‘the teacher usually provnded durectuons as
}_to\rf?w an answer - wasfto b reached or how an actrvrty was to be carried
ou The parameters were externally set elther by the curriculum or by the

A, -

' teacher

‘Nov.6,. Wednesday (S1a) .
T2 (proceeds to deﬂne the assrgnment) lt's to be a diary of
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Anthony Henday. . . . Children piece together who: Anthony
Henday was . . . : e '

T2 (directs them how to start off ): Title, date, "Dear diary", .
time of entry . . . . : g : _

- T2: Enter your daily activites . . .(begins apd example) " | arose
at 5 a.m., and prepared to break'camp ... == o

They are to cover 5 days . . . L

B5: Can they make a map at the end? (not noticed)

T2 explains what he wants . . .

B7: Why cant we use different.dates?

T2: Because we need a starting point .

B6: Can we write a sto y. (he and T2 negogiate here.) . .. Can
¥e rQave a different title? :
2: Nol

There were occasions, however, Wwhen indifidualism had a greater '

influence. ’

»

Nov. 12, Tuesday’

They are to read their diaries. . . .T2 plans to go down .the
rows and they are to come to the front to read. - -
B6 tells me he's still working on Day 1 ‘cause he has details..
He shows me two pages. When G6 is asked to read, she refuses
.. .. T2 agrees to read it for her . . . N ' '
. G3 reads hers, she’'s written in the third person.. T2
compliments her. -
B6: Has it got to be 5 days?
T2: Write: shorter entries.
B6: No, Il stay up all night.

=

G1: Is it OK if | read about the day before | start out. (i.e. the,
night before "Henday" goes to-explore). T2 compliments her. '

|

Al

In..the regular small group context, children again had minor input

“into the setu;; although they had more thoice than /irn the regular classtoom--
. ] . - - } " / ) a ' .\

cont‘ggt. ‘ o , {

" Oct. 17, Thursday ‘ : ' _

.- Sintroducing a trading - game, using Dienes blocks) . .}.

TR: | want you to play with it. You can choose addition or

subtraction o *\ Y Lo

Bi: 'Vghat about, times? - N

TR: Not N " | :

I explain the addition version (They are to ‘each rojl a die to

.
N
.



this capacity.

B ‘B1:.Yeah, yeah .

[N

) )
\\ —
AN ‘

determine the number of units they may take. They add the
new amount to. the/previous ones and may trade for tens, or
hundreds wheh appropriate number of units are available.); B1
~ catches on ,’. . he's able to echo how a subtraction version
would go., ‘ ‘ C
G3: How|am | suppose to do this? o
I'm showing B2 .. . G1 explains it to G3 . . . | explain turther
G3: Can { put in (a)10, take out 5 (unit?.(She rolled a 5) -
TR: Yesl (rgis‘was what | had suggested) ‘

R

Oct. 29, “Tuesday

G1 notices we didn't do "Tune-Up". B1 asks if we're going to do
.it. | confess that the game they played last day contained
these “syms”. - ' .

G2: Yeah, | liked the game.

B3: Can we play it again? - ‘

- TR: We can as soon as B2 gets here and we get started. . .. (get
involved in intended session involving problem posing and the
game is not played.) ’ .

-
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Much of the activity was oral and children's ideas were expréssed in

-~

——

Nov. 21, Thursday

“TR: If you would look in your own books N
B3: | know this, | .Know this. ' .
TR: Good. Just find page 72. Ok, who can tell me what an even
number is? o ‘ .
- &81 and G3 provide numerical examples) . . ..
3: It's a number you can split. o '
TR: What do you mean by split?
B1: Split evenly : .
B3: Like six, 3 and 3. o,
. B1: You can divide it in half. .

!

- 'TR: OK, nthhen, B3 is doing to give us what? an odd numbe"r?“

' B3: Fifty-five thousand and six hundred
- TR: 55,600 (I'm repeating "after him)
.B1: | can give a large number.
B3:Socant = - - o
"~ TR: We're still waiting for this one.
B3: and fifteen. =~ - g
TR: 55 615, is.that odd? 55 6157

P - rpr——

. TR: (they“!_"ﬁ'ad.}’ﬁeen gi.vir{g eéxamples: of an even number'iimes
. and even number) . . . Great, looks like an even times and even .
.- - (I acknowledge B1's hand.)  ~ A S

" .
£
.-

s
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B1: 10 x 5 ‘ :
TR: 10 x 5 is what? is that an even times an
B1: 10 x 5 would: be one. (hes annoyed)
‘TR: OK, is 10 even?
B1: Yeah ‘ ' ‘
TR: Is § even?
B1:No. .
TR: 'So Kou re talking even ttmes odd now.
B1: Yeah but it ends in zero.. .
TR: Yeah, so it ends up being" an even..

The pre- determmed currtCqum stlll had a tremendous mtluence on
the concepts covered by the researcher and although there were :ewer ‘ '
exercises t0. complete the text was stlll used for this - purpose The
proxlmity of the chlldren encouraged more "talk™ - and |nteractton thari »
that observed in the regular classroom, There were also occasrons m thls

setting where mdtvnduahsm had greater mfluence on the agenda
Oct. 22, Tuesday o ‘ |
(I plan to_have them use the abacus to do exercrses wuth
larger numbers today.)
TR: Can you represent the" number in exercrse 1(a). on the
abacus?
B2 does ‘it first, but in the thousands, hundreds and tens '
columns. , .
" B1 tells him it's. Wrong . T,
B3 redoes it.- . . o
- TR: Then add 388. . o 4
Glrls do it cooperatlvely ' ‘

I ask them to do ¢, e, h: Boys share each exercise. Bt begms :
TR: Do it 'on the abacus then write it in your book. B2
makes’ suggestrons to Bt G1 does the flrst one for the glrls

, 82 does e . B1 works out h wnthout the abacus . 83 has e .
- figured out before B2 finishes. -
-B2:'You're not suppose to oahead Doh B3! R
'TR: (to B2) They've declded not to use the abacus . . (he".

© wants t0.) o

‘Girls’ work away mth abacus. grrls are ready to do number
3. They ask'if they do |t on the- abacus L , o
‘TR Up to youl : ) L L

Nov 19 Tuesday _ , o ‘
TR: (I explam what l'd lrke them to do on p. 63) Find one' :



(exercise) ‘then 'l a ' ach to ask someone one of them.
' B3: Write it down? '
TR: 'l start. G3, number 247"
. B1 knows, B3's hand is up . Gt shouts 30.
. TR: That doesn't help. |
- B1: OK, Il do the next .
TR: Do {ou know how you got 307
B3: Just add 5 onto that (points at the exercise on the board)
B3 begins to quiz- B1 : Number 16?7
.- | try to delay them. B1 gives the answer; B3 asks B1 for one
- B1” assigns number 14. | see what they re doing and | say
- that's not what | meant; is'it what they want to do? .

B1 and B3: Yes! -
“Then | ask the grls if they want to do it between them, rather ‘

than asking the boys? They agree. . Boys are well on their
way I get the girls started l tell G2 to begtn

ln ‘the ennchment group settmg. mmally,,the researcher SImply

provnded dlrecttons but |n certain later sesstons she too wa)s a learner and

1

mteracted more in this capacity.

‘Oct. 17, Thursday X

‘TR (to G3) . Let's remember we started wrth a square Why
don't you think about doing .a journey today? (I go to explain .
_journey B1's way -. ) Trace the second shape cut it,. and so
on. - .
G1: Then you have to glue that together ol

‘TR: Let me show you a ]ourney | made - N DT

' N '
TN
»

“ l come over to trace G3‘ R Coa L ST
~ G1-has. traced the- outlrne of her shape ‘she' doesn‘t know how\‘

to cut it. e
- G1: Dol have to get rt back to thus (holds her second shape) N 7\‘ 0

TR You need to 7! retum to a square

..‘:t .9“‘1‘.‘::4'! ..“‘ I IO .:‘ ' . . P
[ N N

[ONEE tl
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1'go tp have a look at-B1's and help move some pieces around .
e O
Q. /s
Nov 19 Tuesday
’ 'GS Can you help me hold these? -
- TR: Yes, while you're tryrng to trace it. ‘
G2: | can't make it! '
TR: Yes you can; I've seen you make loads of good ones
G2 asks. me to help her trace it. . She Paits for me to finish
with G3 . ‘ '
B TR will you help me trace thrs?
. laccept .
Oct. 29, Tuesday ) o
- begrn to. make my skeleton . Everyone's working at .
somethlng , : : : e _
I'm remrndrng 82 to use all hrs square ..o baok to my: .
skeleton. : C S STt
B2: That's ‘a skeleton? I SN
TR: I'm trying. o Sy
B2:Oh!. o : ; -
B3: Skeleton's are- hard. o \

" B2: That's a skeleton? Look B3t -
- B3: A funny skeleton. (They Iaugh)

B1: What's that? RO

. TR: His shoulders. - R R AR PR
., B2: Dont you know what skeletons look Irke |t has shoulder]‘ S
" blades, doesn't it? L //\\ oA

‘B1: Not that long. : P Y A o
., B3: You didn't use all ot rt “/ A | R PL S
TR Im not fmlshed A e E - SRR ,"; L
" B1 says. he cant do anythrng with. these tnangles l go to}._f‘f;f
o have a look and sug ‘Qe spread them out. ‘
- . G1, mentions: my ske eton to Gz 62 says |ts nrce and tells G1_ v

to make .one 100. "

* @G1:,Use the large trrangle for hrs head and use the others.f'“,'::'
‘.somewhere else.” T T P R

l‘/" - :m
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;?i}}strong'fsmce chlldre 'oft;/tgnored the request_

" desires.” Tl L

. . | . “' ‘," : . ' . .- : 61 |
TR: That's a good iaéa,ﬁ R
‘@ TR ‘ ' | l'l
W
-t . ! [
Nov s, Tuesday ‘»"‘ Coe T e | B N
-f;‘T'R:" [ ‘can't seem to get thrs one done e R
'B3: |-did that one it's easy ‘ s
~+ TR: With one bag? Ok, 1 got to try and hgure it out then e
B2: Here n show you. vy s

-

TR': OK give me a rnmute then rf l don't get it you

" TR: Do you know' how to do it, 82 to' show me?’

B2: |-never did it but | could probably make it anyway
TR: 'You sure you did it with just one'bag, B3?
"B3: Yeah l have to: ftnd it and show .you | drd it.

VT',“‘"TR Ooh, I got itt Alnght. ! got it with.6ne bag

B3: Look at how- eas thts one |s :

"TR::It's .a. square! Well how’ many ways could you do |t'7 Thats b
- the easiest way. - L
.B3: 1 don't want to try other ways

lm strug'ghng wnth mine. B3 and 82 say rt's easy I complaun
‘cause that's what they :always say BRI o
82 ‘Here, 16t me show. you! L - ' o,

4

v %

TFt OK showme N R _‘ D ~ -

o Ghlldren were encouraged to work together lf they chose to do so...
'and as was described earlrer their rnput“often drrectly or mdrrec,tly"

- -

’"nd folloWed therr own

s [ e A ST e e R T T N T B
e ot e LI - B AR T ey . (Y . R R o bt :

i'f_:,:_‘lntluenced the evolutron of the QFOUPS ac"‘"t'es The researcher il
B '-.‘thtempt to set parameters at vanous tlmes but usually these parameters';_'} :

*,‘fw.re" not 'Vconstant nor”necessanly consrstent nor was, the authorrty'“;"}:ﬂ -'
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4 i 4 ‘\‘v; t n
BS wants to elaborate on hrs wuzard pUt a hand zapping the
e U
i " p s £
N ‘ . . l ' e .

. I ‘mentuon GQ |s gomg to mak . stars; G2

volunteers too.. ‘ ‘ , i

" TR: You're not gom to draw a star" , X
-G2: Should | erase the pencul fines atter'? B B
G1:'| drew my maon. L :
: TR: Ohhh ‘ *

.- B2:ishows me hns tlgure -

;"GS ls that.a star" ol
“TR: You Know what'_. _
- the" grave ‘

l".ll"v?.,f‘“‘» S

b [ ‘

Oct 28\Monday . .”,
\ ‘ o

-Gt is maklng a moon She says she ll cut out the moon, .then'

cut it in’ pieces.. : l

TR: Today when' you make somethmg try to remember to make ‘
it out t pieces, rather than just ‘cutting.
~G1: Draw moon then ]ust cut it all up

&y,

(I dont flnlsh my commem to the gxrls)

“"-.'Gz tells GS to make» the stars. trom two tfnjyles overlappmg L

)



‘ . - 63
Oct 29 Tuesday ‘ “ .

G3: Can we make another one" f | - N
~'TR: Well not,quite as. big.'. - . the. cats pumpkm witch were
" made by’ foldmg and cuttlng the work I've been doing. wuthv

gou is we start wnth a rectangle or square S 4
3: That's, what 1'did. - R
~ TR: and we uséd-all of it . use to told it to cut _
- G1: That's how we_ did the cat t E
TR But, G1 admitted she drew her moon and then cut it

TR What | thought ‘rd llke to do at Ieast one Hallowe en thnng
from each*of you - like that ‘
'B1: Own little’ mural. - L *‘-

“ TR: Sort of. . e fr L C .

 TR: No just cuttlng or squnggty cuts

B3: Can we mix - up colors? e ' :

'TR: No, you have to start from one shape and use all ot it

&hls dlsappomts B3) ' ‘ 3
1: Can'we cut out what we need?

TR: 'No,. | want you ‘to use, shape, do snmethmg like -1 dnd with

the wntch | know it's’ dtfferent but. | know you can do tt

Lo

Bt rs cuttlng squnggly dragons thead c ‘,~_"

TR: Start with some shape use the whole shape You' re gomg
~ to fold to. cut. : :
B3™No we don't have to fold do we"
'B2:Yes. . .. - ‘ _
B1:'Do we have to fold? e : M
- TR: OK, you can do that . at least do one thlng on your :
gtcture by foldlng before you cut. 3 o
| cant fold t is kihd. of ‘shapes.. ‘

TR*’I kn0w thats one restrlctlon :'.'1 4 but make at Ieast one
thmg - even a snmple little thing. ORI A
B3 shows m& .what he began Wwith and fotded it T SR
- | stop at B2's seat; he seems to-be just’ cuttmg g sug?e_st‘,yve o
look tor the square he started wrth S0, he can use it al e

"”et ,

I'm gomg to ﬂmake an a|rplane and cut |t

N w' ,‘:'°. L

: rtate‘ of the research study,:i the small group rnstructuon;:ul‘,.

'i; o Vi



settmg (82) would be vnewed as near equrllbnum mamly because of the_‘

l‘-//v )

"“‘Slmrlantles in the curnculum utrllzed and ‘the' structure The enrlchment;

"

“group (SS) then /lkwould be- far from equlllbrlum both |n terms of the,"-‘

currrculum and /the structure

’

Slnce Prlgoglne and Stengers (1984) stlpulate that a ma]or"

1)

-',ﬁdetermmrng factor of the dlstAnce a system lS from equllrbrlum lles in-

n’

how fluctuatlons are etther daﬁtpened or amplmed rs essentlal to
'vexplore the\v presence or absence of fluctuatlons wathm the three settmgs“"
in order to further expllcate the settlngs thermodynamlc status",‘
: Moreover,( |t is pertment to dlscuss the effect these fluctuatrons had onv

.each system asawhole B f/_ BT }\

An overvrew “of the data revealed numerous ways to wew‘

»

;fluctuatlons tn these settmgs “There were drstlnct fluctuatrons in the .
‘ currrculum at partrcular mtervals over the three month perlod T"lere were
) :fluctuations m the physncal arrangements preferred by thel hrld at'
specrflc trmes There were dally fluctuatrons m both the chlldrens :
Tbehavror as well as the chlldrens ldeas,r T -
f »,I |' o Q . ‘,Ir , " . ,‘ .\..‘ ‘~ - o L
Over the research penod in. Sf three‘ch'ap‘ters“"we'r'e"covered rn
;“l’mathematlcs and rn socual studres ln both subject areas when a chapter
was completed a test was grven and then the next chapter was begun
"-,,[These dlst*nct dwrsrons were not vnsrble in’ the Musrc and French classes
‘Zi\}Wthh were observed and ln Scnence there was only one chapter a test and
a second chapter begun whrle the research was carrled out ln 82 the trend

"_'_was srmnlar tol the regular mathematlcs classes ln that a[though the‘;'f.




o . Sy s

[

the path followmg a bnfurdatlon pornt at %qurhbnum or near equlllbrlum'

depends largely on control parametersr If we vlew a chapters end: as a.

possnble brfurcatlon pomt we see. that what ha pens next is controlled by

what follows ln the text or at least the teache/rs gulde

r

llttle mﬂuence as to what came next ln these settlngs

: ln 83 there were no chapter demarcatrons as such As lndlcat d ln

~the earller dlscussmn of the currlculum specrhc swrtches

over the duratlon of the research What began as "do anythmg ﬁwasgfi

e chrldren hgd |

made .

restncted to "flat flgures" from- paper foldlng the lourney" theme was'_

followed by the creatlon of a "Hallowe en mural" the "tangram eprsodel_ '

was‘ the next alt'ernatlve followed by the maklng of tangrams ‘In this :

<

'settlng, then the path chosen folIowrng possrble blfurcatron pornts

depended more 'on chance andqtecessrty as Pngoglée and Stengers(1984)‘

suggest occurs far from equilibrium. - That is there were several

possmllltres the chlldren and reSearcher could have pursued but at a-'

brfuractlon pount one path was actuallzed sometlmes by aII of thi group

snmultaneously and\ sometlgnes by dlfferent |nd|V|duals over a. course of a L

few days External control parameters mrnrmally determlned _the next‘

s move As the study progressed such parameters became even Iess

determlning

experienced ln all three settlngs but the systems dealings wrth them

*fluctuatlons ln the desrred physlcal arrangements were'

drffered Dunng regular classes (S1a and Stb) for mstance, there were»,"

occasnons when chlldren deslred to work on the floor or at the back of the'lv o

‘and Bl n*partrcular were permltted these drgressions

class or to one srde‘l‘ However usually, these chrldren were asked to return'_n

ke everyone else, although on certaln occasrons certam'*-



° N '\. . . e Lote . L.

Sept 25 Wednesday FRTIERE |
B3 Ieaves seat to work at back B6 comes back as does B7.:. +-
1”(speaks to BEk You can ses. )t from your-seat. " T
@3 is spoken, to but he defends hrmself and stays.

B2 at back with B3 . T

B2: If this;is a farmer. whos tha(? (referrlng to two pictures S

‘on ‘the' French bulletin board: which look similar). :

‘When T1. calls BZs. name, he. rmmedrately provides a reason

for being at the back, even though it rs not requested L -

‘T1 .Is there a questlon’? : ,

. B2: No.' (Later) If that's the’ farmer whats that7“(ponnts to le S A

)

o

R ardmeg
. | did not grve it as' it lS on the bulletln board You should
.. . have: pald aﬁ@tlon S o .
i Co ‘ - ' ‘ T o " «
"Nov, 13 Wednesday (S1b) | | |
writin ‘@ssay on Fort Edmonton .". Bl worked on' the,floor tor
L the ole: perlod . T2 permttted hlm wrthout comment

. L , \ . .
There were other occasrons dunng classes such as scuence that,

P

chlldren lgnored ‘the. teachers lnstructlons wrth respect to staymg in. the

'classroom area yet they Wé[e not pulled back |mmedlately This always
T occurred dunngw the Iast per(od of the afternoon Lo
. 1 .\ “II » ) . . . N
oct. 30 Wednesday (Sla) . ?\.,_ RN oo
Last penod (shared. readln with . asde72) T1 passes
. back the grade 4 -stories to them.. Now' they are to find a .
L ., corner. to read, wlth each other, Some™ask if sthey can go over
Cv . to the "open -area” (autside re ular classroom boundaries) .
" they: are told to keep -in the cassroom -area.. l notlce later - that
e oo geveral boy %oups did 'go to the open area Towards the
S ‘*L,,-;.;end T1 ca s 1 em back -to their: seats

l“ AR , , '\'
. ) o ,\.\‘_ ,.\ N TR . \

ln 82 however minor ﬂuctuattons |n %eatrng were permrtted

Indeed chlldren usually chose the desrred arrangement and lt was

accomodated o T S .
a cnrcle on the flber 83 sat at the
Théy work on’ the worksh‘eets v

[

t eThe ee'ép‘i.llows"‘si't in
tablg at rs x
\ 0 G Ea

. '.."




| part also . .
.Nov 13, Wednesday .
~° B1 goes off to. the back , away from the table.
TR (mumbles): I'm" geln% to make a different tangr
B2 goes over to where 1 is . later returns to ble N
G2 ‘moves to the floor finds it too dlfflcult to work' there) C .
B2 asks B1 to trz his ‘"tangram puzzle” and goes to the back
‘ where B1 is. . . .they swap puzzles and work on them . o
Nov 20 Wednesday

B3 is seated over by B1 . 81 comes to get me to make B3

move. | speak to them about ace . B3 posmons hnmselt
. away from 81 at: the other end f the desl( ‘

i . \ R t
o “In. all three settin‘gs there were fluctuatlons of behavror exhnblted

» by the . chlldren . That ls some chrldren dld not conform to the expected‘
’;begwor assocnated wrth an assrgned task. Such non- conformuty was at'
times dtsruptlve to the assrgned task whtle at other trmes it was
"conducwe to the actuvrty There were also examples of alterr\ate behavlor : .
| ‘whnch was not notnced by the teachers mvolved Although the toleratuon of
“fluctuatlons in chtldrens behhvror varled in" the three settmgs /lt ‘was. - )'

apparent that fluctuatlons m behawor that- were percerved as - disruptive /

N
Y

' were dampened in all three contexts R .

‘Oct 2 Wednesday

o French class began well but got hectrc when B4 kept the
',v?..cheque T1 was' using “for the . demonstration. Several children
w.»+ jumped out of their-seats, .tried to get it_from him. There was.
- :shouting’ ‘and -holding. T1 waited it “out and then took it ‘from -
. -BS .who::was the one to.end up.with it. ‘The. routine was ..
-~ restored ‘again-but while .they. were repeating 'the .vocabular 1y ey
... the’cheque fell from ‘T1's' pocket and.B4 ran.up to snatch it, T1
.. grabbed it first - laughmg ensued with T1 included. The class*g -
*. was’ quigt ‘as -T1 - assigned. workbook -éxercises;: B4 and" B3 - . -,
'-M{ere ‘sent-out. of the ‘room. - to the' library to, insure that the .+ .
- class: returned to. the routine. T1 detanned them (the class) :
B ,untll work:-was flnlshed N e R




Coh
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Oct 16 Wednesday (S1‘) S . e .

Science . . T1 tries 'to begln expenment . ... First attempt to

ght started ends in Tupning and . grabbing materials, She sits
em down,’ changes the rules’ and. assigns a comb to each row,

\ They must ‘work an the asstgned groups now. . . |

Oot* V7, Thursday (S1) L
(At e beginning of social studles penod some homework
been returned and T2 |s revtewmg what corrections
sh uld be done)

A T2 s for. B3 how. extra etfort IS needed to do waell |

“for him, T ‘had already told the class (while B3 was away.)

g

B3 and B5 are sitting at opposite. sides of a U formation,  yet
they entertain each other by pretending to eat their pencrls
Even though B3 seems inattentive he answers most of the
questlons asked usually well. S

Oct 23, Monday (Stb) B - -

Musrc .. T3 tells B2 to rause has hand to talk. Atter a: couple

‘more tlmes she” tsolates htm agatn by having him sit on the .

tront step by hrmselt L § ‘ TR

"

68

Nov 12, Tuesday (82) - . / | : ‘ _

82 and B3 are not payrng attention ( B3 plays with a container

~of powder). | take the 'powder but they still attend . to it. |

threaten them  with- either they . grve ‘me. their attention or

they return to the classroom. . . .

- B3 takes the powder and dumps it. -Again a distraction. B2'[

gets up to look and talks to BS about it..
Nov"gs Tuesday (S2)

(When he finishes the sheets B1 srts on the tloor and
proceeds to rearrange the sheets in his’ blnder)

Girls are done! . . . | ask it they'd llke to play the game
G1and G2 Yeah, yeah' ‘
TR We'lt need space o

(82 and B3 jom us too. to ptay the game)

Vo
B
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Now, 21, Thursday (SS) _ , ‘ \
B2 and'B3 fly pianes oL 81 st‘arts to write on the ch'alig{oard.
As | carry B3's set to a "safe ‘Iace" . ., . B3 flies his plane
a atn B2 has returned to his cutting . .

TR: B3, I'm not going to ask you again. ‘Pleasel
? 83 Yeah, I'm gptng tostart . - )

' B2 has made another atrplane "he rises, goes to B3 and then
v . flies it towanrd "soctal /studtes olass. . . 81 asks where it
y landed. . ' ,
B2: In.the garbage. ...
B1: Thats where it belongs

B2 ... talks'to B3 aj d«then flies the plane over the divider, B1

?.i stands on a chair and flies his small plane. " ('m helping
F girls with the task.) . ‘B2's plané hits the tabie where we're - '
working . go to, sxeak fo the beys.
re you with our group or not” . | stand

/t TR Enough! (to B2)
: . and quiet them. - e : -

-~

< ' The fluc‘tuattons in tdeas which the chtldren exhibited were also
varied; sorﬁe 'were extensions to the task whtie others were unrelated. ‘
Gch fluctuations were dealt anh dtiferently in each settmg In the “
uiar class wherl dtscussmns expanded beyond thp question asked or .
/chtidren detoured tror'n the toptc they were usually brought back to the
tOptc 6y the teacher In certatn .cases the digressron was addressed and
J dlsmissed as tnvahd m others tt was |gnored and the proposed acttvrty
was. tollowed trreSpecttve ot the fluctuation S0. that the .child or children

gave up There was ltttie evidence of the teacher using the dtgresston to

gurde the- event irom that point on . o T
Oct 4- frtday o ,' R :j‘ S :
L e_.Some htidren read their legends . ... ' GS's story .of how
buttal s got thadjr horns - stimulates dtscussmn B2 and B6:
- extgnd the story. . 1. mentions. porcupines. shoot qu:lls and-

-this leads to. arguments and B3's ‘explanation’. . g
Tt permtts the extra dtscussmn (ih between sto;y readmgs)

Lol - <~
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3

Oct. 16, Wednesday

B8 brought bullets . ., . they talk about it . . . children get
excited and ' share stories. T2 doesn't let them' digress too
much. B2 brings up Bugs Bunny incident where placing a finger
in the barrel of a gun causes It to backfire, . . T2 immediately
points out\that Bugs Bunny was taken off the air because of
violence and because ‘it showed things that weren't true.

" Nov. 7, Thursday |

writing diaries ... . B2 draws a map , B6 watches and asks
uestions. . . " ‘
2 tells B2 to put it (the map) away. )

B2 protests . . . T1 encourages B6 to work on his own. .". . B6 .

! shares his ideas with B2 who provides feedback. . . .
T2 tries to get B2 back to work . . .

In the regular‘smal[ group, children’'s fluctuations ot id“e.asv were a't
ti;nes mahifested I'byi'the’ir choice to either gsé or .not use the suggested
| aids,' ie. doing the‘epxercises tﬁeir way. Towards the end of the stfudy,the
lﬂu‘ctuations‘ werk also manifested in - their personal interpretions ‘of the
as:signed task, i.e\a. carrying_Out an assigned 'acti\}ity their way. These
diqressions were accepted and at times emrouraged, although often
prefaced by "that's not what | iqténded". . N A ‘
Oct. 17 Thursday . ;‘

TR: | want you to play with it. (meaning a trading game using
Dienes blocks) You can choose addition or subtraction.
B1: What about times? S S
TR: Nol ‘ . ~

' L)

=" Oct. 22; Tuesday - , AT .
. . . B1 works (h) out.without an abacus.'. . TR starts B1 on *
‘number 3, with instructions he can use the abacus or not.
+ B2 wants to use the wbacus; girls work with the abacus. . .
Girls choose not to‘use the abacus for number three. . ¥
. B2 still using the abacus . . . TR: Don't take top.long. Cam you
.>.> do them without the abacus? . . . B2 shrugs. . . TR: it ddesn't’
-~ matter, | just thought it -was slowing you down. «* ¥ =
E S T S 3 N T A ) . R

-
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Oct. 29, Tuesday ' xa
d

G2 liked the game we played last é B3 asks if they can
play it again. TR: Yes as soon as B2 gets here and we get

started ( But, the game IS not played)

B

Nov. 19, Tuesday

TR explains. the concepts on p. 63 and instructs: Choosé one of
the exercises and then Il ask each of you to ask-someone else
one of them .
B3 begins to qulz B1 and B1 in turn quizzes B3. TR tries to -
, delay them.

TR: That's not what | meant; is it what you want to do?

ermission is granted for them to continue_their way)

irls are encouraged to do the same.

‘ J

Nov. 26, Tuesday .
B2 circles any groups f five.

TR: You're suppose the rows. ' .
B2 laughs and ignores t e task. TR threatens him with' the ',
rincipal.

3 works .out the fact 5x8 although not required on the
worksheet. He is allowed to do so, but not much
encouragement from TR. - l ‘ :

| in the enrichment srnall group‘, lndivlduai fluctuations were, for the
'rt. accepted. There were occasions when the researcher attempted“
" 'to nego}late the Chlld into doing lt "her" way but when the tluctuation was‘_
stro" ng enough, for lnstance the boys*. method . of cut, and paste without
folding, it continued to exlst ano'was .not pulled back to equilibrnum The
,count sides” episode reported below |.s an’ example where childrena |deas .

‘ mushroomed when they. digressed from the assngned task ‘,‘ |

Oct.' 3 Thursday _—
. BY :(sizes up his shape) A pyramid on its snde

TR! It's an irre ular shape. S B ..
v B1 starts counting the sndes o o - .
" B1: There.

TR: How many sides?(l count; | get 10) L
B You counted that one. (he wanted elght')

. th I've made an irrg ular shape

S B1 |s counting his si es

i



»

B1;, Hteven sided, what do you call it? .y
[NB. This pursuﬂ contmues over severai sessuons and B1's
interest in "naming” frgures grows: B3 also becomes.
interested.]. .- Lo ST

Oct. 10, Thursday ‘ .
B1: OK, let's see how many 'sides’ thus has. I'm gorng to count
all the Ilttle uneven sides and everything. S

B3 shouts: B1's got 31 sides so tar! (81 counts Iouder 32, 33,

. 45). \

B1: I'm gorng to make one with more than 45. (B3 and B1
discuss i), - /

—_— P
S~ ———

B3 claims Ke can make one with more sides than B1’s. C
B1: Can we make a figuré with the most sides in the world?

[

Noy.‘ 15, Friday

TR: Do you think you'll be able to do one by folding? ‘,
~Bi1: Probablyl dont knpw.
.TR: Maybb one of these days _you could try; ‘just means foldmg
where you would "draw”. ‘

B1: The oqe I'm domg has extra preces

- B1 fmlshes that one.’
. TR: Now are you going to do it a drﬂerent way qqam?

- B1: Yeah! . I'm gomg 1o cut out ﬁome piaces, you know like,
let's see, there was 2 ig triangles 'in_the pack, 2 little ones.

" I'm going to cut u . then .just move “em-all and and make
some sha e6. - - , , _ .“.“\ U
TR T af sounds clever' o
83 chooses an orange square <

TR: Fold it..

B3: 1 hate foldmg, | don't hke paper foldmg

~ TR:How do.you know? ,
B83;' I did it before (refernng to earher sessuons~)

» “BS has his ehape,drawn and‘wants to _trace .rt.

72
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- Nov 21, Thursday ' 1 . ‘ o
G2 asks Gt if she traced tangrams from the set; G1 admlts.

" that's what she did.
'G1:'G2, would you help me: make a sha e? I'm no good at it. |

got an ldea, I'l” use one from the box. (She heads over to the
corner to get a box of tangram cards)
G1 otters a card to G2 to. ty. ... (Glis hllrng m a card wnth‘;

her pleces Wthh when completed she then redoes on her own
paper and traces as a card or her set). : ‘

G1: TR, -could-you help me make this thing and then Il do it.
(She refers to card from the tangram sets).

o go to help. . . As Gi and | try to figure it out, G3 gets
involved too. o ‘

Data have been presented to estabhsh that the three contexts: which
emerged in thts study possessed charactenstrcs Prrgognne and Stengers
(1984) would attnbute to systems at,“near, and far from equilibrium. The
‘thlrd settlng (S3) was seen as far from the equilibrium of the regu]ar :
classroom both in content and structure At no time was there an attempt '
to draw the ennchment ‘small group back to a status comparable wnth the -
regular clasSroom Rather speclal effort wa,s made«to maintain a flexrble'
““and open system whlch in the course of actrvnty. codld deviate* even
further from the equthbrlum of the regular. class ThIS dlfference was -
also nqtlced by the chnldren ywolved who indicated . in - an mtervn@
'afterwards that a key mgredrent in the ennchmént small group was the

'mteraction betWeen them which drove the system Table 1 provndes a )

_'synopsis of t‘ e three ﬁe:tpgsx : R o
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.TABLE 1:A Synopsisbof Settings as""Them'todynemio'f States 3

Regular, = Regular small .~ .Enrichment small

classroom /o group. . group
‘ R (7)) (S3)
Individual Minimal -~ “Minimal . Maximal
~influence ' Co . o , e
Independent ‘|~ For the most - " Pair work - Coherence
entiities R part encouraged ' ‘
Control .~ External c!osely External some System wﬁ%bers
parameters |- adhered to. , flexrbrlity ; v set’para ters
| IR - o | |
~ Behavior of = -Routme,\ - ‘ A}Falrly .. ‘ppredictable
system ., predictable o predrctable ER ' . \

As Pri'gogine and’ ét’enger‘g’)(1§84) suggesf""ji‘n far_from' equilibrium
systems, individual. behavior can be decrsrve and was in, S3. Whﬂé?eas in r
S1a; S1b and S2 individual acttons were usually dampened by an authonty .
the |nd|vtdua|s in S3 largely mfluenced both rtsr dtrectton and its
develooment Chlldren did work as mdependent entltres tn aII three »~.L’.
contexts, however the chuldren in SS exhtbrted -a hrgher’ awareness. ot -and

| concern for what the others were doing. ln Sta S1b and 82 chtldren set
about to comple‘te the assrgned t’asks on their own and often when they did’

interact, it entatled checkrng what the other had done on the other hand

in SS, chrldren showed - keen mterest in one anothers ndeas. made»-_

-

suggestrons to one anothe? and even at tlmes attempted to keep the g?oup .-




.‘comment or idea mlght Iead was - Iargely depend nt on .the moment ‘In the - B

< )

up the flow of events

regular classroom and even in the regular small
.'lwas much more predlctable and routlne In the regular clairoom chrldren
“would do for the most part as’ they were told In the regula small group,

‘there was some chance mvolved but for the most part chlldren complued It )

A

_wuth aUthority and the program went falrly much as planned |
 Based’ on’ the treatment of fluctuatrons within each settmg, the .

4]
e

‘regular classroom (SJa and S1b) exhrblted the« characterlstlcs of a system |

o . )
: ;at equrlrbrium. the regular small group (82) exhlblted the charactenstlcs. :
"of a system . near equlllbnum. and the enrrchment small group (S3)

°exh|b|ted the charactenstlcs of a system far from equnlrbnumw"
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' The focus ot the data analysus was a search for the presence' of |
L absence of autoporesrs in the three settlngs of: the research desugn Both

mdrvr’dual autoporesrs and socral autoporesrs were relevant and even
though examples of these were presented separately. mdlvrdual
autoporetrc systems were -not dlstrnct from sccral autopouetlc syster‘ns“

but rather coexrsted sy\%hronously Thus eVldence ot‘ Indwrdualhf;

autopolesrs was necessarlly embedded |n ong?lng socral cpntexts .ln, ;
descnbmg thrs phenomenon orlentmg remarks [enclosed ln brackets] are .

made as asides throughout the transcnpts to provrde a possuble tocus tor

\l 1
(3 v ?

their mterpretatlon S

The mdwidual autoporetlc systems exammed were’ those mvolvmg

A}

chlld/materral systems That |s mdlvrdual chtldr%‘n mteractmg wrth the

=

. matenals were seen as. a system whlch possessed autopouetlc potentual

v y e

ln thls context matenals were generally veryl’ structured |e in the
ferm of worksheets or text exercrses and the d:rectlons for workrng wrth
the materlals were grven by the teacher or the text Thus chrldrens

mteractuons wrth the materrals were determrned largely

‘_by outsnde
g»forces ‘The chrld/matenal system 'was not. pe‘rr‘n'i,, )

f Sept 26 Thursday (Sta and'S1b)

Mathematrcs T1 corrects the ".Tune-Up exercr
‘by -~ asking - each -child -to" .‘grve ‘a’solution.: . .-, T1 talk
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*? s’ e

oy

) ditterent torms'ot.subtractiom‘jnamely‘ 67 . 6724 la]
| g R N - 1

T Whlch do’ you prefer? o *

Most choose the first; few lrke the latter. Some said they,

: ‘- could use them! all or ‘the first two. T1 assrgns 12 exercrses

and directs them to) use the chart form. . .. -
No chllq |s noted usmg an alternatlve torm or technlque)

[ At a surface Ievel the . external agent (teacher) seems to
i ermit a small  degree ' of autopoiesis (i.e. ‘preferente); -yet,
: his is. e‘radlcated y hér insistence on one: format only.

Child/material ' system . therefore controlled- by - external

. parameters of bot teacher .and algoruthm] o

Oct 28 Monday (S1a)

s

. T1 is-doin symmetncal shapes Bat Owl and Wrtch
T1 Have .you eard the word symmetry? ‘
say yes.

shows the'shadow ot 1/2 of a tlgure) What would happen"

rt this - overlaps?
The children recogmze it as a bat.’ T1 grves them the paper

they re : excited.

'T1 '(then" instructs them) Take the paper and fold it in halt .
Put him (the bat) ‘at the“top.sy we can use the paper again.

Copy the shape from the board.
: - T1 traces the .outline 'of her bat.on the’ overhead the
ghggren are to copy her movements T1 calls out each step
ead,ear, : Do :

Externat a?ent (teacher) controls productron processes

¥

S 4

\chrld/materl system develops in a determistic fashron
'."‘-‘ ' {“ ! \ ' e -‘ ‘ ) ..' - ’ ‘ ,._//
I notlce T_1 shows halt of a wntch some say Lt‘*looks hke

.a tree,
. T12 You have to put exes and add feet »

o

T1s class ls nors most are cuttmg thelr shapes Now Tt?\'," S
-traces the . original- ‘on’ the' paper for the. children to cut. T1 - '

nmplres) today bemg practrce

¢ EAH chlldrez,.f;seem to. toltowf”
‘no:d ions the'-shap, ‘\,of the products )

stem ]sm;ular to an .al

|rect|ons closely smce there,

- comments..about - getting good and,then colormg.‘»"‘_;,.'fj ;;»m

chmcallly gOOd but are outsnde the.t .
.doretrc machtne ,.;’.;.jf- r



j tells hem what colors to use to ¢

| and plans to do a follow-up T 'uses a ma to point out areas

where’ Indians .were . . . Individual children read parts  of
' passage (the handout) , T1 as.ks (oral) questlons a out the
: paragraph o : L '

[Chrld/matenal system has Ilmlted cOntroI over generatlon of
ldeas although constrained by text and teacher expectatlons]

~ Children are- then. assngned questlons on ‘the worksheet S|m||ar
' to those asked and answered orally

T1 (hands out next page) : Work c}uretly on your own, (T1 also
oor maps)

!
» R !.‘ :

Like‘wrsé in. Sl the crlterla for the chrld/materlal system were.'

also externally get and chlldren attempted to meet an outsrders

expectatlons i.e. that of the teachers, rather than 1udg|ng

= .[Chlld’s--

Nov 20 Wednesday (Sl)

¥ f’~'T2 plans to return therr essays oh Fort Edmonton T2 has’
hem and. he- wants them to wnte a good copyr

experuences on the basrs ot mternal coherence‘

Nov. 13 Wednesday (S1b)

f

Today T2 wants them to write a one' page essay on the.

miost. excmng part of their trip to' Fort Edmonton
B2: What if nothing was exciting? - :
T2: Just write about the trip.

. B3(excited): I want to wrrte about the tradmg post
. 'B2: Why a whole page? :

T2:" Because | figure that's how much you can wrrte m one
penod and'| intend to collect it. : ‘
2 telis them how to begin; children ask if they have to

, T2 writes the begmnmg sentence on the board . "The most
“.9xcrtlng L e >~
= B used fascrnatmg?

' T2: That's OK if it's spelled nght l expect no talkmg, SImply a

" ﬂurry of pen on paper : ‘

l : v

are told ]

g., 7..

red-rnked'ﬁ

thelr“.

I (Chaldren question’ T2 wnth respect to' detarls I|ke names of ““
.places, le chref factors house I R

t FEaS » Lo L -,"v P o ‘.‘.\
. autonomy surfaces br*’etly in quéstlons of external R
’crrlt /rla. however aIIoporesns dommates as., chlldren do" asr_ T
t ey y _ , S



. . -
oo . ,
. . )
[N . - RE
o 79. -
\ . Al oy

They "are. told they have 15 minutes to write the good copy a
. Then they'll read thefn to-the class I |

‘ "Very quiet now everyone WOrklng 'on their own essays

NI l(At .the end oi class T2 collects both copies in order to check" :
* ' lto see they made the reccemmended corrections ., .) N

v [External crltel“a lS the drlvm force behind task and. the ‘ AR
. internal . criteria’ oi chrld dterial  system was not | ‘
, _,consndered] S S X ' l
‘,As the excerpts lllustrate even when the potentlal ‘for - creativ'ty |
and spontaneity was . present (Oct. 28, Nov 13) the authority, i.e. the. o
' teacher played a ma]or roie _in determlnlng and 1udging the interactlons |
‘between the Chlld and the. matenal Hence, the chrld/_materral systems -
exhiblted alloporesns | oy “ RN | L |
e | However desplte the restrlctrons there were some’ episodes, m K
‘ socral studles in partlcular \wh’ere s‘ome chlld/materlal systems exhibited
autopoiesis ln the Nov 13 episode tor rnstance chrldren dld wrlte theiri.
L own . reports and.thus indlvrduallty to ‘a certarn extent was exerted on,
"-"fpaper in that they generated their own storles A “similar’ ertlng‘. )
assignment which evolved over several days proved to be an exemplary
case where the expenence permltted autopouesus for at least . some of the :
;?'chrldren One chlld/matenal system namely ledrary rn 'S1a, ~was rndeed
“"!-‘autoporetic irrespe’ct’ive ot the constramts As can be seen from theﬁ;"

| *observations, in: thrs instance, a chrld rnteractlng wrth the task"'was the -

overndmg factor Whlch drove the system the chrlds desrres and "’(bas led{"i:‘.ﬂf

to th." g eration of the event
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T2: (begins an example) I arose at 5 a. m ‘and prepared to break
camp . :

f ]
& ‘\ -\\" RIS

A\ .
They are to cover 5 days T2 wrll grve them one other class L
~ to finish , . ‘
. B6: Can we wrrte a story? (He and T2 negograte ) SN ,,\

[|nrt|al conditions, even though somewhat determrmstrc hold'
‘ potentral for mutual causatron re negogratron]

Nov7 Thursday e s C . Lo
_ﬂ.‘ ~\ ' . i L %

T2 remrnds them they have thrs perrod to work on therrﬁ‘ ;
drarres ‘ .o . . . .

L BG shares his rdeas wrth 82 82 provrdes feedback Irke an‘ 3
explorer wouldnt hunt. . - . B6 starts’ a story... g

: ‘[Child views - initial conditions as perturbations and sets rn_ X
,  motion compensatory actrons i.6. -wrrtes story without -
- teacher's’ permrssron] o L o o

T2 remrnds them he expects -them to read therr drarres on
‘HMonday 3 R ‘ RN

Nov 12, Tuesday .' T : RSN

' they will read therr drarres o f R \ A
T2 Everybod ~will read. - S

B6 (to- me):* I'm still: workrng on. day one ‘cause l have detarls\‘\ L

(he shows me- two pages) RN N

. B6:: Does it have to be flve days’) ‘ B o \ §
- T2: 'Use shorter entries. . o N A
' BG ‘No, I'll stay up all nrgbt el L VAL LT

-B6 asks to' read Wwhen he's finished that day When Tz calls on T
~him, B6 says he hasSwords togo.. v 3

,\

._\ ol

[Child/matenal system takes on autoporetrc behaviour it rs a,"i',‘- ) '

- self- generatmg ‘system. wherein’ organrzation i.e. rdentrty. rsg RO
. marnt]arned Xternal' crrterra vrewed as: perturbatrons gt
mput . : i

C Nov 13 Wednesday : g
: ‘B6" (mentions o’ Rg 1he possrbrllty of rewnting the drar ,: GO

rndrr:ating he‘-*hope o| it -a’ computer for ‘Christmas and. he'd”™ ' -

Irke 1o ;.redo. th eld T2 sets the, deadlrne of~<tomorrow for o

.'-cqrifinﬁfi!eé,‘!’tof-_g.ene'r"até'»i;ifd.ea_ B
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" Nov 18 Monday |

As B6 joins others fe says he's still workrng on his diary - -

" two days left to
'B1; You ] get zrp lt doesnt matter how Iong it is.

! lnternal criterla of the auto oretlc child/material . system
I.e self-satisfaction, superce es the external crlterna of '
grades or teacher approval] :

.erewrse thls same eplsode ot dtary wntmg permltted others '
includlng chrldren from the subgroup, to exert some autoponetlc tendencuesu
‘wsth respect to the. product" G2 for mstance,_ wrcte a very Iong dlary, '
about 13 pages but she was concerned that it was too long Other personal“

preterences were mcorporated by other mdlvrduals, too as was evrdent .

1 ’ : ' ' \

dunng the oral readmgs L v S I ; r o e

Nov 12 ‘Tuesday : L L

‘T2: l' oing tc‘ have one hour ot Socral and we're going to

fead. the iaries. -Everybody will read ( T2 wants t em - ‘
. "to come to the fromt "and read) . ST
N\ B6 (to'me): I'm still workrng on day one.‘cause | have detauls o
! (he shows me two pages) (The readrng has begun)

When BSs turn comes he doesn't know whrch (day) to- read S
‘He shows class a small map he drew in context. Others’ say, L
- they’ drew maps .. GS reads hers shes written ‘in thrrd N
S person .‘-- ‘ ‘ : o e

B1 reads . shows map. ... . G1 . has a umque start she
wntes about the nlght before Henday sets out to’explore

GB's entry is dlfferent stayed home slept and dreamed

ththm the surface constramts of the actrvrty, i.e. time,and

ormat, chald/materral systems . are . able - to- ‘generate. thelr
~own ideas.. The products i.e. the dlarres for the ‘most' part are ..: ' |

' generated from wsthln the system] R e

. v .
ey

‘roject self-generatlon oq the part

Thus wuthm,:ﬁthrs somal studle__
“ ‘ c'}" .’g wrth rdeas produced

echmque was employed but

context auto poresrs wa
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,released rather than mhlbrted However in the regular classroom settlng

(S1),” the chrld/materlal systems were for the most part’ alIoponetlc

| Even though there was Iess show and tell by the teacher (TtFt)
t'chlldren still relled on thelr earlter experlences to determr?e thelr‘
chlld/matenal mteractnons That is, chlldren were heavuly mllueqced by
- the textbook structure thereby employmg known technlques to completet
the assngned exercnses When the text ‘was not used chlldren stlll
requested outslde dlrectlon and their questlons tndlcated that they dld not
.see .themselves as. "in control" For the most part the chlld/mathlal
‘systems here too are non- generatlve non spontaneous and external '
| cntena still exertéd a large influence Even in later epnsodes Wn the l
. potentlal for creatlve aCtIVlty was greater Ilttle ot the chlldrens
organlzatlon was present ol B . .w@

. “Oct .29, Tuesday o " e

. VTR open your math book to page 45

“up. your oW ‘robem. , ' o
- Bl ‘we have- to write or do we, 51 (moves hand ln the alr as o
it writing a sum;1 C M
TR \h‘l‘ost a sum, 't ats too’ stratghtforward -a problem like on ’
age 45. ‘
'G1: Do’ you have to wnte equals? Do
' TR NO ‘ ' w .
.B3: A number dwrde by a number plus a num
g.number o ‘ ; .
... .lread one: of the problerns (m the text) R .
e Bi: ‘Do we wnte a word problem" . l;;“ R
S TR Fllghtl , R P R
A' I -, j,,jj ‘ : RO IEEIEEEI
”‘l‘R Then we’ll swap problems* B T «"«-“' e N

~.G1»-One. teacher ts h w many 7

~TR; That's the’

83 Can it. be a»._mllllon? g ‘i.‘; !; : RS RN
'B1:+Billions?:. . " A S , R IR ST o
“TR: As. large as one hundr',d thousand SRR
B2: ~Vl(hat do. you .mea We re.suppose to wrlte llke m July
‘they. shipped? : Qo
o G3 0 any: subject'7 TR




i
N

TR: Yes, anythmg

B1: Can it be 100 000's each day?

TR: What do you mean each day

B1: Monday to Friday.

TR: OK, but that means a lot of numbers.

B3: Can you tell them to ‘add, then divide, then, rnultlply?

o TR No, you're to ask a questlon’? ‘

" Nov, 5, Tuesday.

( Problems which the children write are very similar . tq those
in the text,)

[Minimalt autopoaesls exerted; children seek soxternal criteria.

and parameters in an allopoienc tradition of being determined
by outside "agents”, i.e, teacher and text|]

TR Toda we're going to work with measurement. B3’ just
mentioned centimetres, \
(We discuss ditferent metric units)

TR: Stay in the area, the instructions are on the board. Write
an estimate down, (They are to measure objects with their
rulers, using different umts) . :

G1: For number 2, can it be your whole body?
TR: Yes,

TR: Can you follow the instructlons? Ok, you have this period
to do as much as you can .

.Others are looking around for objects (to measure). B1 wants

to measure the floor; he starts to measure a box. . . . (B2 and
B3 measure each other's height) .

G2 tells me her guess and measure , .

I bring to B2's attention that when measuring parts of the
body | requested they use decimetres; he was using
centimetres, We talk about how to change it .

B3 asks about number three; he doesn’t qunte follow the
instruction. _

G2 asks for a suggestnon ‘of what to measure

TR:. . .foot..

Initial conditions rather deterministic since choice s
imited; child/material systems mainly do as they were told.
Some mdnvudual autonomy present.}

83
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It is evlde.nt.. that in the S2 setting}, child/material systems were

again largely controlled by outside expectations,if not ot the lmm’ediate
teacher then of‘the curriculum in ge‘oeral both past and present. When
assigned exercises, for instance, although no overt comments were made -
by TR as to which te}chnique to use children employed learned algonthms
,Fmt part, é It generauvehactivny was limited. As |llustrated In
the "problem posing” eiisode, each child composed only one problem as was
Anitially reqoe‘st’e/d,\end” little of the child's personality was evident in the
product, Likewkse, although children chose -what to measure, their
techniques weAre traditional and came trlom earlier experience with vruﬁ.er‘s’.
Thus, in the "regular small group” (SZf\ autopoiesis ‘ of child/mateiial
systems was often overshadowed by allopoiesis and’ 6?nsequent|y,

\

individual autopoiesis was lnhlblted I

Children at first hung tightly to the allopoisetic roles to which they
were accustomed. Initially, the children often sought the researcher’éxi
'approval and clarification of the task; as time pasSed’children,'more and
more, set their own closure and judged their progress themSeres. As the
‘study progressed, the need for external criteria was replaced by the
_child’s own preterences. l\ |
Oct.1, Tuesday ,
TR: . . . whatever shape you come up with is up to you as long
as it's . . . start from a rectangle, and you can cut it, you
know, you can paste it together
\

"B3:...Do you have to use all the paper?
TR: You could use half the paper.

B1: Can 'you make an nmagu\ary shape"

G1: Can | use my pieces agaln'?
.TR: Yes you can.

B1: Can¥e just cut out a shape and then add on? '
TR: Ok, but remember . - are you going to use all the paper?
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matte"r what it lis . so don't think tﬁere's
. Remember /’it has to be flat , so it .

TR: . . . It doesn’
anything particular \ .
doesn't stay folded.

B2: B3, 56’11 have to wse all the pa eq. 7
B3: What do you listen to her for i

(A m'inor attempt lo assert autonomy.} -

B3: Does it have to be a shape?
TR: 'What could it be it it's not a sh¥pe?
B2: It could be a picture, :

G3: TR, can 1 do this with that? | '
TR: Overlap them? OK you can -but I'd much rather you made a
shape edge to edge. .

I

l

G1:,..Can ! do that? :

TR: . . . it's a different shape, isn't’ it?

B3: See | did this shape. |

B2: See my birdie. . O/

TR: G1 has done two; shes made a triangle and. Im not sure

what you would call that shape. . | . :
B2: I'm going to make a blrdle with fangs {

B2: Can you make a birdie with big fangs?

[Child/material systems largely allopbietic; external critefia
.sought through questions; self-organization doubted by child.]

Oct. 7, Monday

TR: Let me know what yéu start with.
B3: What about 3-dimensional’7

?32 Could you show me what one's Ive done wrong so | could
ix them,
TR: Everythnr}g you ‘'ve done is fineg., There is noright or wrong.

B2: What am .| suppose to make? , e
TR: Start with some shqpe : '

B3: | like making shapes that look like nothmg .
B1: You're allowed to do that? ¢

-4

[Alloponetlc RSTe illustrated by lack of conﬂdence in one's
own generative ,capabilities. Asks an external. agent i.e. the
teacher,-to 1udge products] ‘ '



Nov 15, Friday .
| bring over B1's card to try the one he ﬁ iSs No good

gB1 has been makihg a tan{ram ‘puzzle)
1 finishes that one.

TR: Now are you going to do it a different way 3 arn"

B1: Yeah! . . I'm going to cut out some pieces, you know like,

let's see there was two big triangles in the pack, . . . then just ,

move them all around and make some shapes.

TR That sounds clever, I'll be old and grey before I solve this.
See all those pieces are awtul. (referring to his puzzle |

am trying to solve) -

,Bt is drawing shapes agair\ N

Nov, 22-Friday

f

B3 is ready for me to trace hrs (shape). He decides this |

is all he'll do_with these pieces ‘cause the trrst one is really
hard.
TR: OK! .

CG1: We never drd that one (reternng to a tangram card)
going to trace that one too. -

.\

.

G3: Oh my God, G1! ‘ '
G1: Then I'm’ gomg to make new shapes (She then asks ‘G3 it
she’ll help her ‘cause G3 makes good shapes )

G1 tells me she's finished another set . She says somethrng
about an easier one (not, qurte audrble)

Gt | dont know ‘what krnd of shapes | want. Can | get a square
to start with? . R , v

- | tind two_cards on the table as we're cleaning away

G1: They're dumb, the shapes didn't fit, | had too many shapes
( she wants them thrown away)

{Chrld/materral systems more autoporetrc by utmzrng

internal criteria to determine closure; “self-generation of

s stem evident in production of ideas which.- produce further
eas mamtested at times in actrons] o

For the most part in fSS, the child/r{taterial» systems were

86
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self-organized and selt-reterential. That is, children made decisions. and
created ideas from their 'lnteractions with the material which in turn
changed the material. Techmques were still employed but in a“l more
artrstlc way wherein choice was not rote Hence, autoporests was '
evrdent |n the’ child/paper systems whrch emerged \\m *

However it is important to note that not .only .is 'i{ dlfflcult to
lsolate the child/material system from the larger chrldten/mathematlcs
- system in the S3 setting but on many occasrons children did not vel‘balizel
their expenences choosing |nstead to work silently, and alone. Howe\rer
observations of the non- verbal activity  still’ lndncated th‘at the
child/material system evolved together: that is, the? chlld did not blmdly
follow a.series of steps to reach an end but rather rdeas were generated as
the egperrence grew. Inmal attempts were often absandoned or

restructured in order to compensate for the perturbationsé the

child/material system experienced. B1, for instance, often fiddled with g

the ‘paper pieces he‘l had cut and made numerous different shapes which he
never";taped together. Thrs continuous manlpulatlon in response to the
matenal" was also evident jn the tangram episodes where chrldren
arranged and rearranged pieces in the puzzles without verbahzrng therr‘

actions, untrl a solutlon was reached There was also one episode where
.

-such chuld/matenal autopoiesis was overt,

Nov. 7, Thursday

G1: G3, you drdnt do rt thls way did you?. Two trrangles that s
that, tha L

- G3 shakes her head. o 3

- G1: (clears card) I'm gomg to do it with one bag . -

Gi(to me) Each tlme | do mine. | have a tnangle missing.
TR: Thats lunny ‘cause the same thrng happens:to me.

| continue to suggest to G1. o

TR: Put the square in the corner. o

G1: Do this (meamn'g place. two large trrangles in the top to®
form one large trrang e) and try to get a square out of the rest
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of the pieces,

- G1 works at the square; | watch.

(Ideas are generated from -interactions within . the,
child/material system; properties of material stimulate an
‘ldea which in turn stcmulates actlon and so on}] - |
: \ I

G1 Hey I did it! | )ust need to put iton . . . Oh no it wouldn't .
work ‘'cause it's not exactly square. oo
‘TR: And that was such a goo |dea | see what you mean, It ‘
would overlap. . ‘
G1 makes a couple of tums of the square (to fry and fit it). She
removes a piece; she doesn't give up.” . . Rl

[Internal criteria used to ]udge actions and ideas.]

. G1: 1 can't do it; do you (GZ) want to help me? S
. 82 looks; (!5.1 looks away brrefly and then back. :
1: 1 get it '
G1 seems to be moving most of the pneces “But G2 makes some ,
_ suggestlons.

[
s\

e

B '.G1(responds to G3's maudrble comment) | drd rt but I'm trymg
~' - todoit wrth one bag

G1 1 know it 1 had that squ re agarn I could put it there,
down to there and then put triangles on the end.

L V[Recurswe actwuty used in selt-irgamzahon of actnvrty]

o o R “5‘?‘\ "t :
G1 asks for help as | move away from G2
' TR OK,: lets See. You have your square you frlled that in.

W

- ,G1 Tnangle doesn't frt you have to use somethnng else | .

‘ ‘We fiddle wrth the preces, .. we. frgure rt out

- . . .
L} ! . n
& . .

There were numerous eprsodes where a chalds rnmal product served

as a sprrngboard for. new ideas. which led to an even more different end



than tirst intended. oY

. Oct. 23, Wednesday

B3 ... . couldn' make a-gnowflake: then said he'd made a rnaskk-"-

then he called it a Christthas tree, then a blrdues head .
B3 now: shows off his "executioner”, '; (Note ‘The head
Ut remained folded). ' '

! )
S ’ ) 1 ! )
. . -
. ' .‘ ! '
Iy ' ' !
v . ! rob
» . . ,
~ N - ' ' - ' .
’ *

Oct. 24, Thursday -

BY makes a witch . 83 does hls dwn cuttln%. .. ‘ :
B1: | have a perfect witchie. Theres her hat, her face,". . . , her '
broom., , . ' , v

B1; lts half bird, hall wntch
T R It does took like an eagle

81 There there it's an eagle

81 glves up on his pleces to start somethlng else - ,
%omg to make a white ‘witch. .0
‘ ‘TR May e a white ghost with shredded clothes e A
' B2: A zombie. : . ‘
B1: OK,.I'l make a.zombie. (B1 cuts zugzag shapes)
B3 decides to.use two colors. .

‘¢ B1; There's a zombie: "

89

v ) ’ ‘ ( )
. B3: I -just. cut out shapes and hope they ll turn out to be

. somethmg _ X .

G2 asks for help wuth a pumpkm | sug est we' need a tnangle

- for the stem; | fold ‘" triangle to cut off. Later, 'I.fold 3 more
tnang]es to get a hexagonal shape for the pumpkm :

N 4

‘G2 cuts off the-triangles. . .,

'
“t
.
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‘ B3: See; look it, here's . 'Loopt it, here's a- phantom. See“
here's his hat, hrs head, his arms, . . . This guy's-'going to have.
a machine gun. . (Bas phantom is srmtlar to the executroner
when rt ends up wqth an axe not a. machrne gun) .

s, t - R
1

TR: A pumpkin man!

G1 That's ood G2 . ¢ ‘ BN . ’
G2 continues to add preces untrl (-l t around) ' ' T
RCh Th‘e,Grea‘t Pumpkin! ( ‘ ’ A .

W

. : ' L
Lo [lmtlal condrtrons are not etermmustnc but rather lead to-
- unpredic¢table . conglusions. Child/material . . System ' perturbed
by précursors, i.e. eometrrc paper constructuons and in turn
. generate ‘more ldeas% ‘ . ) \ ,

I h
\

p - - . . ) " ’ ' v
L CLe » ' . .
N o . . . | ——

.. Nov. 4, Monday . " . o
‘. (The hrst day for dorng tangram puzzles) St e T
T B decfdes to-.do another one . (card) although he  hasn't
T com let d the first, R T /a I
.+ B2:lt's the same. . ‘ '
";»\_Bt They re drtferent \ .
. ,:~ ,' ""82 Thrs rs snmple Lm done N . .
S B adds a piece not requrred and says he made a house Then " .
o he "builds a rectangle ‘ o
N EEUT
. _ . A

. [Selt- generatron ot chrld/matenal system evrdent in  that the
éhtld's .actions go beyond that required by overt external
parameters of the material, re the aqtual tangram puzzle]

AR R N ‘ /'.

Makrry personal decrsrons was also a promment actwrty m the S3
: settrng Childlmatenal systems usually evolved as the chrld wrshed rather ‘
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"than as mrtially drrected by the teacher or other peers The chtldrens

o - S - 91
lnterpretatrons of the journey COncept as. well as G1's independentl

decusron to comp1ete and copy the tangram cards to make her own sets are

e

UIustratlve of developments whrch came from the relattons‘ between child .

B * paste

N

and' material.':

. Oct. 17, ,Thursday ot '
. TR: So what ‘are you up to today’? : o
++ B1: Adventures! 2
- TR; Good, are, you goung to try to: do another journey’? :
.-, B1: Yes! | . , .
"‘81 shows me’ hrs shape hes made ‘from the trlangle it's
rrregular now he plans to 9o, back to the triangle; .

B1: I've gotten this so far. e o e '
. TR: Good. What dd you start wtth? B \
,‘B1 Tnangle _ ¢ S
B1: I think.that went like that. |
. TR: Can you remember your other shape?

. 'B1:.1 think. .
TR: Could you draw |t? : - \

‘81 Why” & ‘ o K i
TR: 'Cause how will | know? ° \ S
B1: No, | can't ‘ ’

FR OK! Well, you"II know you made a ]ourney

(On the prewous day when B1- had done a "journey” he had cut
pasted; a". shape’ together, traced it, and cut the’ tracmg to
t{ack into the orlgrnal shape)

{Procedures used ar‘e generated by the Chlld and are not copred

rom the teachers me‘theds] . o Lo
o i t ' Lo P :

Oct. 21 Monday L .' o L

Q(-Ear r the glrls had made journeys by usrng B1 s technrque

_ of ¢ ttmg tapmg and re- cuttrng) ,

(After cuttmg two shapes from two trrangles of the -same
~ shape and size) - ,
. G2: Since I've made 2 shapes from the same tnangle rsnt it
like a journey even though | didn't trace them? ;

| agree as long as she begins with the same trrangle she can

call |t, a journey So she decrdes to. make more shapes AR

—
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G2:7‘('explairis to G3‘) 1'start from a triangle @ach time. |

[Interaction. with materials ~influenge direction -generated . by
child; initial condition of "journey” leads ‘'to the 'use 'of
different processes by individuals.] : : :

Nov. 21, Thursday o

'G1: G2, would you help-me make a.shape? I'm not good at it. I
- . -got an idea. I'll use one from the box. (She heads to the corner
to get a tangram set). .. = . e S
G1 offers, G2acardtotry. - '

. G2:"With paper? Wait, maybe after, - _- S '
- .-G1! Do it with your shapes. . . .Oh you haven't got that kind (of
shapes), | 'forgot. .-+ . . T . '

... .'G1 is trying to complete a -tangram card; she has already .
. completed one and traced it onto’ her own paper. - o
. gG1 adopts the strategy of completing a..card with, the

‘plastic™ tarigram - ‘pieces, rebuilding. it with her “paper” -
‘pieces, and tracing a card for her set) ' o S

[Self-oraganization . and . self 'generation of . child/material -
system wherein ideas emerge from ‘the activity itself, not .
from preset rulés or.external parameters:] ; ¢

‘Ndv.22,"Fri.day e T R
(G1_voluntarily explains to TR why she copied tangram cards)

. G1: Mine is a telepﬁdnéi "I didn't make it up though.

© TR:Oh it was on-ong.ofthecards. . .. . . .
', G1: This_ is my last one with the cards.now.
. G1:'Cause | got bored of making them (her own designs) up.
- ‘cl;l:l Yggh! . ..S0 you took a rest from it for.awhile, hey?
. s 1 Ye e ey T T

-

e

Ciae Sy



. R / o . 93 .
. i ' ' ' ‘ o . ‘

Nov. 25, Monday o ‘ - S

‘(Grrls have' been filling . in tangram/cards then arrangrng the
preces to trace and make their own cards) ‘

- 62 says she 1ust needs to rr)ake one more shape ‘G3. asks
. about the time.. . , Five minutes remaln .. G2 rushes she
L wants to do one more / r r

‘GZ asks for help with' tracmg / -
G1 (to G2) Did you make it up

G2: Yes, 'cause of the. time; it takes too long to get the other
‘shapes ‘ o ‘ : -

T

i

/

[External parameter of time mterﬁreted as a perturbatnon
which is in turn compensated tor through self-organization ot
the - chlld/mater;al system i.e. make my..own shape]

v o I . .

.Thus chrldreh enter mto a coherent experlence wuth the paper SO

N

\

that the: paper task and they join to generate the possnble events whrch
emerge Each/chrld uses . |deas to . generate further |deas they are .. -
stnmulated by’ the potentral ogthe paper and wrth the paper they torm an !
autoporetrc system Creatlvuty is present chrld/paper systems are
self- referehtral in that the external observer does not play a major role m
determrnmg the evolution of the task. In the S3. settmg, then mduvrdual

L

/
~autopoiesis was released. . o y
- AR 55 ial A o S. "
‘ Socnal autoporesns entalls a composute ot autopouetnc components
hrch as a“ coherent system generate the system in an ongorng
/ devetopment toward hrgher coherence lndwrduals come together in a unrt
' and through rnteractrons and commumcatron the unrt rtselt evolves
Wnthm ‘the' three contexts observed in thls- study the opportunmes tor

autoponetrc unlts to come together to form an autoporetlc socral system
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varred Rectprocuty or Maruyamas mutual.causallty" played a Iafge part in

permrttrng the . comrng together to emerge as an autoporetrc event ‘

| The socral ‘autopoistic systems exammed in thrs section rnvoly]ed )
' ‘chlld(ren)/chtld(ren)/matenal systems and teacher/chrld(ren)/mate al

systems That is socral systems in whrch chlldren mteracted wtth'
children," a chtld tnteracted wrth another Chlld a teacher mteracted wtth.‘
chlldren or a teacher lnteracted with a Chlld regarding the materials at

hand were analysed wnthrn the . three settlngs for the presence or absencer‘
“of social autoporesrs e |

S IS~II,-S'|I!""

- In the regular classroom setttng (‘S1) most of the tasks assigned

were -done so on a whole group ‘basis wherein, chuldren worked

\ mdependently When group work" ‘was organtzed formally, there were o

‘occasrons whtcn tor the most part were allopotetlc and there were others
‘ whrch exhlblted autopmesrs That |s at times- when the settrng involved

‘ chrldren workrng in small groups or palrs the |nteractrons were restncted

in such a way" that self generatrve expenences were mhtbrted Instead o

. “\{

, chlldren completed the. assrgned task lndependently and thén _shared it .
" with: others |n the group but did - not use the group context to "burld” 'h
 task together T B T
o Sept 26, Thursday l , r
S_Tl has handed out a ltst of lndlan Plcture Wrmng Symbols)
1: Let you write a rfiéssage to a friend. - .
They get excited. : L
‘T4:-If ‘there's  order. -Sit ‘quietly pléase ‘ R :
The children talk about the sheets to each’ other .. Tl ‘quiets |
} them and then goes thr0ugh each sugn orally S ‘ oo
. gThey are to start but theres norse S0 T1 draws them back
. .86 makes up a cguck one( |e messa e); he shows it to 815
w\ghg pas;es |t to 88 is excrte about shanng hlS wrth‘ '

S ":(Chrldren quretly make up messages at therr own desk then B



“carry it to their pertner and exchange)

{Potentral socnal autoponests rs overrldden by the structure of
he class i.e."work ‘alone®; 'spontaneous dtalogue between‘
wchtldren is hampered by restnctlons] .

‘Oct‘18 Fnday ] N t

Social studtes in the llbrary today . all very qutet Each two’
students shared a book on Indians. Some wrote, others seemed
unsure. T2 tried to encourage "team work™ but the children

didn't 'seem convinced, (There was little 'discussion.) Towards

the end the boys became more t Ikatlve .. . they chatted about
grizzlys . . e o e
[Social autopoiesis - i.e. team .work - ' encouraged at the

surface "level; yet children choose allopoietic role of "getting
the job done, ] o CT N S

Yet on other occasnons rthe small group . acttvnty was such that

~children dld generate ldeas whtoh through further tnterac;tons "built” the

-

expenences of the group

~

- Oct. 24 Thurs‘day Y o : : B
g :
Last penod .Science . T1 has set up statlons, (wtth the
.necessary equnpment) T explams expectations and logistics.:
9(The experiment is on sound' and one" section requirgs the. child
to blow into a straw and. then cut the straw to see how length . -
- alters pitch.) The children .are blowing in'the straws; (it's.
~ noisy and most- seem to stay ‘at this rather than 'doing other
sections ' of the experiment). 11 calls it fooling around. B8
voluntarily explains to 15 how - to blow into ‘the straw ‘
‘ correct|y 'B12 comes  along . and demonstrates. the procedure to
- me... . T1 asks them to return to their desks . . . they disobey
and. contmue with the experiment. T1 is about to erase’ their
‘ names from the qutet workers” boatd when they comply..

neous comlng together of chtldren to share ldeas"
es mto information transfer} : :

'Y\ s
3

| ‘Oct 28 Monday e

Tt guves them the last penod to work on thetr sknts forv
the Hallowe en. party. ‘G2 asks meto. watch ‘her iroupsqaray, I

A

- sit' to- watch. they . develop it’ as the ey act,”(They discuss '
~ next ‘action. as they are performing.). They re not. happy with. it..
.T1 suggests they need to wnte it out but they don't thmk 80, ..
They al er the scene agaln - . v

. [P . . P B [ .
"\ PR ] ! PR . A
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Child/d&lld social interaction leads to the generation of
deas and éxperiences.] :

When the teacher also chose to interact with such small groups, the
resulting interactions tended to be ‘allopotetic in that the communication
" was not reciprocal, In general, the teacher monitored the group's progress
“and provided feedback, or answered duestibns rather than pursuing
discyssions with the group memb(irs. Therefore, although the teacher
"physically” entered the group ‘setting, the teacher's membership was
Incomplete, |

Nov. 4, Monday

Science , . | last period. . T1 chooses groups of three and
hands out the equipment. They work in an area around the
. classroom. Two groups of girls seated near each other join
together " . .T1 reminds them not to waste time with the

straws.

B6. comes over to TR, reads a par‘agraph on the sheet; then
asks if TR understood it . Hov asked it | would help. | a r
He began to answer questlons on the sheet he didn't loo

the equipment.

TR: Aren't you onn to do the experiment? :

B6: After, ﬂrst I o the sheset ‘cayse when | do |t in the.
other. order 1 never ?et the sheet flnished.

Once | explamed (the terms) ,he- answered each question
without dltticulty the quest’lons referred to previous
expenment exceﬁt the. one about the test tubes which he
likened to the bea er expenment

Y
\ (_}

Nov. 13 Wednesday

Social Studies . . (they' re to wnte an essay on a field trip).

B1 and then B6 ask for the name of the house where the things
were hung up . . . T2 answers Others question T2 on the
details of the 'tnp . B2 is concemed about the length and B3

+ checks to s@eif 12 meapt one page double spaced. .
‘BY: How many trappers in the Factor's house? - ,

B3: What was in the barrels? ‘ -
Several chlldren answer Bs with rum, wme ) '
T2 mermons the. Factors two .daughters when GQ mqunred
. about the rooms. :
., They, work -individually . . . Towards the end, B7 turns around
~and “he and B17 play povson darts” with the tubes of their

-
.4P' S : . . ' hd
Hn . .

PR (]
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pens. When T2 catches them, B7 asks a question,
Teacher/child interaction not mutual causal per se; more an

‘Information transfer than a dialogue. Search tor "the answers”
a major constraint,)

However, there were occasions, 'usually during "whole class”
discussions of social studies topics, whereby the teacher/children
interactions were generative. In this context, teacher's and children's

ideas were fnutually received and served as precursors for turther ideas,

‘

Oct. 8, Tuesday v
They read together . . stqp to discuss.

T2: What did the Indians take advantage ot?

B1: White man (pause) guns gave advantage against other
tribes, :

B3: So they can fight,

B2's imagination is sparked . . . machine guns , war, . . .

T2: But what's the advantage of guns?

B7. Greater advantage to defeat.

B3: Was it rapid discharge?

B1: Greater chance of surviving; they can push other Indians
oft their land,

T2: We've talked of war but what good things could guns be
used for?
B1: Hunt.
B2 draws and shares picture with B6.
B1 (reconsiders): Gun would scare animals off when you shoot
one, so you wouldn't necessarily get more.
T2: Good point, byt with the accuracy of' the gun you wouldn't
have to get so close.,
B2: They could hide behind a bush.
B3: The arrow might just stick in rather than kill.
B11: You might hgve to hit it in the heart. ‘
B1: How would they know how to take the bullet out?
- T2: They watch the white man.

They talk of killing ammals for food and warmth Someone
asks why don't bears kill man to get warm?

- T2: Bears don't have brains.
One of the boys Coyotes do

Oct. 30, Monday | —

“Social studies . . . (T2 asks questions to individual chuldren)
: gz( initiates a question): What it the Cree kept the fur?



T2 agrees and asks next question -suggests they check hand-
out for a French word.

B1: Rendevous. 3

B2: What is a rendevous? | thought it was when a man met . . .
T2: That's what Indians did was meet. . . . What did they do

when they met? A -
‘B1: Peace pipe ~

B3: -Celebrate

B1: Party ° : €

B3: Joust | OCO
T2 now directs it (questions) towar sthers

B3: What if the Indian has no family? —
T2: They'd be made to care for their grandmother or an elder,
B7 asks another question which leads to talk about individual

sharing food. . . ‘
G1 is yawning. G2 and G3 are quiet . .’. B2 and B6 are drawing

and chatting . . . B1 and B3 are attentive . . .

I

[Children's ideas serve as pr8cursors tfor the teacher and vice
versa, A reciprocal dialogue ensues; a selt-generating
conversation.] '

. Likewise, in similar discussions the teacher remained on the
periphery while children generated their own ideas, sparked by the muthal
comments of other childrén. The teacher "policed” the evolution but did not

participate as such in the discussion.

Oct. 4, Friday

. .A‘hey listen to some of the children read their legends . .
Children are very quiet. G4's story of "how buffaloes got
horns” stimulates discussion and B2 and B6 each extend it
further, using their own explanations. G1 mentions porcupines
' smgﬁng their quills which leads to arguments among some
children. o \ ‘

A child: They don't shoot quills! -

B3: Quills are loose and when they rub up against something
h .
(Tt permits these interru'ptions ‘between stories; but does not
respond to them.) ‘ : s '
- [Children's ideas serve as precursors fot other children:;
indirect interactions between children lead to ' generative
dialogues.] " -~

- In contrast to such events, there were also episodes where children

o
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attempted to intéract and collaborate but the teacher "cuts” the

B
generatlve activity short,

Oct. 3, Thursday

T1 talks to the children about legends; T1 gets them ready to
begin by soliciting examples of possible questions, "i.e,
sug ested topics. B1 is then requested. to retell what they are

to . they are permitted to start. Immediately many small
drscussrons break out- children chat to frrends about possible
stories

T1: Are there any questlons’? No, well, we've already
discussed it. Do your own story quletly »

[Spontaneous child/child dialogue unable to evolve due to
external parameters.]

Nov, 7, Thursday

: (Children are writin dlary entries as assigned on  the’
\ previous day. B2 dect es to include a map.) :

B2 is drawing a map, 86 watches and asks questions about ,
N symbolﬁ .. 2 tells him to put it away . ... T1 encourages B6 -
to work.

B6 shares ideas with 82'who responds that an’ explorer would
not hunt. . " .B6 starts a story . . . T2 tries to get.B2 back to
work. SR

otential for Child/Chlld social autopoiesis dissipates due to
’ estrictions of envrronment] _ '

| Hence, it wa's evident that most teacher-children  interactions were
hierarchial wherein "the ' teacher "policed” the “"joinind together" .of
individuals. Reciprocity whereby the child-teacher conversations were
self-generative was seldom observed. For the most part teachers
m intained a central position at the front of the class and when they did
crrculate mteractlons entailed momtormg children's progress and
relaying rnformatron Dralogue whrch amplitied the genaratlon of
‘spontaneous ideas was _r_no_stly limited to child/child interactions,
although some discussion episodes resulted in the teacher's participation-

) .
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in .such autopoietic units. Thus, social autaopoiesis was not totally‘

inhibited and was sometimes released-in the yles‘s structured atmosphere.
Otherwise, interactions were so restricted that dialogue as such was
.overshhdowed . by .the transmission and recording of information |
sz - 's » I E |" . . ’

‘In the regular~‘small group (S2), proximity encouraged interaction

" between the children in a more ihformal atmosphere, yet much of what’
-

happened did not appear autopoietic. Children conversed on personal topics
lh“while they worked but seldom provided impetus for one another with
respect to the mathematics. The group did not seem particularly coherent;
shariné id‘ees‘or products wes not ‘a rrtajor compohent. When the girls at
times worked together, it was mostty to check ansWers_; I seldom observed

ihstances where children suggested processes to aid each other. For the
" most part each child worked alone. On only one occasuon were children

dlrected to work together and this occurred near the end of the study In

~ this instance, the researcher asked an early'frmsher to help another -

child completg his work. However, the chlld/chuld exchange whrch resulted

was highly allopoietic since one child mstructed the other.

Nov. 26, Tuesday
" TR hands Qut worksheets (multlphcatlon/addutron prmcuple)

’ TR: “First example three rows of five; I want—-te—dmde-rn two
parts. . . . and describe your parts. ,
- G1; Always keep threes = -

~..  TR:No you mus keep y0ur

sl Bl Fives’

. » TR: JWhat's wrltten in words ,

: Theybegm : L e :
I suggest to BS that’ he help B2 so B2 can fmnsh
v, B2: Can-you help me B3? ’

- B3:OK, 7 -groups of eight is the: same as; put 7 groups. like
into, two . groups. -
B2: | don't know times.
B3: 4 rougs go 4
B2: Where
BS There in that space 4

-~
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B2: Three . ‘ |
B3: Just put thtngs that add up to 8, to 7!

'B2: Oh, OKl
B3: And it, has to be 2 thnngs like 5 and 2 and' 1 -and 6

BS In that box (he pounts) 5 times 8 and then 2; no not in botrt
. boxes, and then 2 times 8 right there
B2; 2 times 8 @ '

B3:5x 8is 40

B2: What's this?

B3: That's. 16

B2: No what does this one; | don't get it .

B3: Put 1, 1x8, then 6x8 and that's the samé: Dot
B2: Oh, 56'? ) , R
-B3: Yeah

)

.[Child/child tnteractton unldlrectlonal tfor the most part; non
generative. Child follows "directions given by anot er thus

sogral allopoiesis dommant] . f~ . -
N\ ~ L \

e

- On the_other hand, ‘in another session towards the end of the study,
| the two boys present -chose spontaneously to work togsther on an assngned
tgsk In this instance, social autopoiesus emerged as the children

presented ideas to each other and -thereby generated turther ideas which

eventually led to a solutton

Nov. 19 Tuesday

B3Bbeg|ns to qulz B1 on an exercrse in text . . . B1 assigns one
to B3

TR: That's not what | meant though is it what you want to do? _
B1 and B3: Yes!

| ask the girls it they want to ask each other . . . the boys have
no difficulty - . G1 suggests to G2 to use the clock to get an
answer .. later G1 suggests to G3 to count by fives .to get
'the answer . \ o '

" Boys ;umg ahead to another page (I mtercede and revrew'
‘orally wit them all the concept of multrples ). . . | assign
some exercrses , g

"1 assign the Bramtlckler RN I explaln a Irttle of what is:
'ggntse 5 whatever number, | get a two dlglt answer.

X
B1: When you times two of the same number
- B3:1x10

B1: No it has to pe a single drgtt see, smgle srngle, double
B1: | oht—oh an I'm so smart ,
B3: What is it , 37

x ' s ' : ] .
N R v . '\. .
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B1: 5 (He comes to tell me; | tell him theres two answers and

- suggest they try to find the other,)
B3:10x 10...20. |ts 100. Oh yeahl
B3:6x6

" B1: Yeah, we got the answer
B3: (to- me) We got it.

I now assrgn it to the girls .

[Dtalogue is generatnve in that one child's guesses serve as
precusors for another; ideas are generated within the social

'system | K .

4 . In the 82 setting, most of the teacher/children interactions'were
unidirectional .and includ‘ed the assignment of 'exercises or the provision of
instruction. ‘On some occagsions, the teacher and children did engage in
discus'sio‘ns of the concept o‘r‘. topic. -For the most part, the discussions
’we‘re structured by the teacher's questions‘ but in a latter session,
autoporesrs did emerge to a certain extent in—that children's spontaneous

|deas were incorporated into the development of the dtscussmn

'Nov. 21, Thursday . ‘
We orally dlscuss even and 'odd numbers
TR: Who can tell me what an even number is?

TR: No not an example but what it is.

B3: It's a_number you can spllt :
TR: What do you mean by split?

- B1: Split evenly.
B3: Like 6, 3 and 3.
B1: You can divide it in half.
TR: . Whats an odd number?

Bt:,"lt's*a number. you can't drv:de by 2.

TR: It's 1, 3, like'that . . . Can you put two into flve and
gt somethlng out" s \
' ea ‘ R . ' ‘

' TR Not in five, well |t's a decumal
‘B3; You can divide.
TR: You have somethlng left over.
G1: That's like the worksheets you did with me. '
1 don't ‘understand what she means so she shows me ‘the
division, sheets they had been given early in the term when b
‘was: observung the class * ) ) e

. t-'TR. oo ls 152 even or odd? EE
- B1: lknow . CowL
. B2:iEven.'. - B



TR: Even is he right?

B1: Yeah! R ' (
‘ TR Gi, |s 327 even or odd’7 . o
: G1 Even.

TR: Even she thlnks

B1: Odd \

TR: How'do’ you know?

B14Because it's a seven. . |
* TR: It's because of the seven Where was the 7 in 3277 °
Bt: Last one.

(I elaborate) . . . other. examples are given and clantlcatron
contmues o

TR:...B3is going to grve us what an odd number"

B3: 55 000 and 600 ’ -

B1: | can give a large number : o '
B3: Socanl. - ‘ N
TR: We're still waiting for this one. y o \
'B3: and 15. - ‘ ‘ : »
. TR: 55 615 is that odd’?

+ B1: 1 can give /you an even number

B3: One mrlhon .

B1: No, .one quintillion

TR: Its gorn? to be hard to follow
B1: three billion )

B1: 362 thousand 428 .
TR: Is it-even? . N : ' ‘ L
G1:Yes Lo ‘
We proceed to the next exercrse whrch mvolves products ot
~ even numbers .
TR: Give me two even numbers and the answer,
-B1: Times? - .
TR: Yeah L
B1:2x2 .
. TR:is .
B1: 4. |
"I ask others for examples L acknowledge B1's hand
B1:10x5 .
TR: 10 x 5 is what? Is*that even tlmes a. e
@1: 10 x 5 would be one; = t
TR: Is 10 even? | T,
B1:Yeah L T
TR: ls 5 even? . D
BT:N l RN C
- TR: So Kou re. talkrng even. times odd now . ;o
'Bi: Yeah, butit ends inzero ..~~~ - o
- TR: Yeah so it ends up belng an even B
-l ask for. further examples assrgn text exercrses

N

..

103

e

LQuestrons were. generated from the conversatron somewhat

o owever structure dnd not allow maximum. soclal autoporesrs

'-z.
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C l.imited ‘individual’ creativity permitted-.]\
- In such ‘a small group settrng, much ot the teach‘ers .interactions
. wlth the children was on a one -to- one basts Overall however these
mteractlons usually arose when a Chlld requested help with a particular
' rcise and the conversation consusted mainly. of suggested techniques o
]}Z:;ible paths. a child mightﬁto‘llow. Although, instruction was not given
dogmatically,b it was usually iv‘unidirection‘al; B . |
| ) vln.essence,‘ the‘n,"social a'utopoi.esis,was minimal in this setting.
Although,mutual_ causal interactions were encouraged in,that“chil‘dren
_were never told to work alone orto work qmetly, child/childinteractions
'i'and teacher/child lnteractlons were overly tntluenced by the - need to
ascertaln partlcular techmques to complete an. answer correctly The ‘
orgamzatton of the soclal COntexts was largely determmed by these |
: external mottvattons and dld not evolve per se. -
SE*- S‘ ial Autopoiesi
| In the enrtchment small group (SS) proxlr?nty and mformaluty were
ma;or characterlstlcs also’ but the tnteractlons in this settmg were much
" more spontaneous and relaxed. ‘Children still chatted but aiso much of thelr'

§mteracttons dealt wnth the task at hand. Here chlldren lent support'

provided suggestlons and shared processes. Slmllar mteractlons were also\ o

observed between teacher and chtld especrally when the teacher was

‘parttctpatlng in the task rather ‘than monltormg the chlldrens progress.

Recnproclty was evrdent here and the groups as. systems were often
, autopouetlc L
| The chtld/chrld systems usually mvolved two or three chlldren who

spontaneously chose to tnteract Thelr commg together and the groups S

subsequent dtssolutton were totally dependent on the chrldren mvolved

SN
: »
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Nov, 6, Wednesday . = e
G2:Look, look, look! (G1. does and they laugh) : o
G1 now reaches over for pieces and starts putting them in
G2's shape. When G2 goes to make a move, 1 tells her she
can't do-it. ‘ :

G1: Here, use this..

1. G1 and G2: Yes, Yes! .

G2: Where do you put this? ‘

G1: That goes on the other side, right here
‘ 'They continue to add pteces

)

G1: l know, | kndw . | mean ‘
G2 picks up a piece: Im gomg to. do it myselt.

G1 won't give up
G2: But they're sttckm out, G1! ' '
- G2 takes command. G1 returns to her own card and, turns it
. over.
G2 (starts agarn on hers) Oh, yes they are “Now let me do it
.myself. , ‘

[Openmg and closrng of ‘the- boundarres determtned by the
members of the system Chrld/chrld systems spontaneously C
emerge and dtssupa ‘ . :

Thus, children. moved freely in"and out of "groups” as they worked'on’

[p—,

the tasks at hand. At times, these cnild/child interactions involved one'
.chitd ‘in’structing another Chlld SO that rather. than children's udeas
complementrng one another one chrld followed the durectlons gnven In thrs

sense such social expertences were allopouetlc

Nov 5 Tuesday

G2: | don't get thrs! : ' L
TR: Keep at it cause B2 dld that one yesterday, so I know lt oo
can bedone. = L . o e
B3: Which one?

,‘82 Oh that's sumple

@

B2 Yo have 10 use both bagsG2.-
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B2 goes over and be ins to give Suggestlons (as to what
pieces to place where, 2 listens and watches)

(As B2 leaves Gz) B2: When you do that one, there's a sumple
one on the back. It's the same thing but one thmgs added to it.

N

o LChlld chooses when to enter and Ieave a daalogue thus,
: 0undary of social system flexible.]’ .

/

N

Nov. 7, Thursday

- B3: Are swans easy or hard B2? Are they hard to do? -
" B2: No they re not ,

B3: How'd you do them” \ |
. B2: It's like this, watch. (Cuts a - smaller square starts
folding; B3 watches and toys with tangram) o S
'B3: Do they have to be squares? :
. B2:Yeah! " L
-B3: | got some awesome square paper . s ‘ ,

B3: OK, how do you make them? (he takes a sheet ot paper) ‘
B2: Flrst you need a square . .
 B2: Go rnto a square nght" 4
-B3: Any size? = -
B2: Yeah any size as long as it's not tog small »
B3 was going to cut; he sees B2 fold $o he' folds hIS betore ro
.Q:cuttmg ‘ o ‘ o :
1 s

- B2: Fold it m srdes like that
- B3: Kinda’ like. a kite? - .
E 82 No (stands to Iook) Yeahl '

-~ i
L~

r\‘v'

o B2 an Ba contmue on’ swan (82 demonstrates each step ) O
- BZ and 83 fmlsh swans 82 tries. to encourage B3 to make a.

e -
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small’ one from the Ieftover paper 83 instead turns to the
tangrams. - ] SRR ‘,
l

B2 goes over to get a set‘ ot tan‘grams too. | ‘ : o

[Common tnterest generates a socnal system However since
~one' -child directs the other, conversation is somewhat
‘umdtrectronal ] . . ' ‘

s , . . ' . . foe A

P ' O‘
.In other eplsodes there was less instruction and a Chlld observed

. anothers actlons and elther carried through with a similar task or altered

' the task in some way, sometlmes to be dltterent and’ sometrmes to avond

conthct ‘
‘Oct 22, Tiesday - ' . G

. G2 : G3, what're you dorng" N ‘

. G3: Ashape! ‘ ‘ :
G2: You know what I'm doing? I'm cuttlng the rectangle then
taglng it, then I'll cut other shapes. :

o you have to do that? - '

G2: No, but I've already done one,
Gi:.l made a cat face.

G1: (to (53) lve made two thmgs thats not too bad

<Ly Y y
. f

. G3: How about gettrng it back? (moves hands in a mmng ‘
notion) ‘ : . o :

. G2: Can I use it ( the rectangle she had cut and taped together)
. .as the Iast step in my journey'7 S
4 TR OK' : o
- G387 Are you dom ~a )ourney’7 S
G1 I made a cat face. . ST

. G2 has cut a Iot of small shapes she asks for help decndmg‘ '
;.. what, to do. 1 start arrangmg then . she. adds' one; | .ask her.
\ where ] should put the: next . she asks for help to tape |t
o G1 Is that your ]ourney’7 - ' ' o o ‘
. G3: No! Are’ you gorng to make a 1ourney’7 T
.Gi:lam . -
- G3: You .don't have to trace rt : LT S
. 'G1:Yesyoudo. ‘ AR
. . @83: No. I’m?]ust startmg wrth the same thlng - o
e G1 You are? DR R BT T
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G3:Im going to ask her.what to do. ..
B3: I'm doing a journ. "Y TR I just did part of my- ]ourney

. TR: Could you draw |t

B3: Not
TR: ril be right there. "

- G1: ls lt okay ' if 1 make somethlng, trace it and start from
that. ‘ g
TR: Yes it is. ! o L '

"..G3: Can | do thns?

*TR: Yes, you certainly can.Are you domg a 1ourney Good|
G3: Yeah yl 'm dorng what G2 did. %
TR: Yeah you 're not tracrng it, you 're domg it.

@ CJZED‘A

4

[Chrld/chlld social sy stems emerge such . that
~discussion/revelation . of one child's - actions serve as
perturbations for others in \the system.] r

Oct. 28, Monday

"The children are taping therr frgures to the background (to
Create the Hallowe'en mural) ,

- B3: M wizard's going to be tlylng in the air. .

- B2: Oh, B3, I'm gomg to make mv wizard fly in the air,
B3: You can't! Oh, B2's copying.

B2: I'm not copying, -B3! e B 2

: ‘82 B1, Il make’ my w:zard surfmg

B1: suggests a jet skateboard to B2..G3 wants to make stars. . ...
.B2: (has two trtangles) Theres hIS head 1 made his arm. Ha

. Ha, . made his arm. ,

.',‘TR Excellent ‘

"BS is’ stﬂl addmg to the wrzard SR
" TR: Don't overdo it; ' make some new’ thmgs
‘B2 I'm gorng to make a wrzard skateboardmg

: G2 (to GS) Make stars trom two tnangles (overlappmg)
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‘G3: Is that a star” ‘ ‘

"rR You know what, it. looks like a flower we could put it on
the grave. . | ask G3 to help me cut some triangles to make
rny skeleton : any shape o

‘83 B2 is ;ust cutting out’ shapes he needs not usnng triangles,'
~and stuff like | did. _
B2: 1 am.

ecess . . .B2 decrdes to stay and finish, The girls - Gt in:
rticular show her shapes to 'some of the girls trom class
who come over , .

| B3's wizard ' | B2's wizard
[Intial condltlons‘ i.e. same precursor leads to dtltterent

products ' as children attempt to be ‘difterent from the other;
to assert personal autonomy to a cartain degree] . '

'
3

On other occasions a child dlrectly manrputated the task of another _
In these mteracttons chrldren sometimes adopted the . change and
contmued trom there while at other trmes they chose to rgnore the chahge

and go another route

Nov. 6 Wednesday

G2: Look, look; Iook' (Gt does and they Iaugh) L
--G1 now reaches over for pieces and- starts uttm them in
G2's shape. When GZ goes to make a move, 1 tells her she .
" can't do it. T

‘ G1'Here usethis o -'f: s

'QG1 and GZ Yes, Yes' v

G2: Where do you put, this? -
. G1: That .goes.on the other” srde rrght here -, S o ‘
S {rhey continue’to: aq,d preces e S o

G1 lknow I know tmean AT i
' sz prcks up a prece l'm gorng te do it mysett

- L . \ et
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5 won't give up. " : o
2. But they're sticking out, G1! .| N
- .'«:takes‘:pommand. a1 returns to her own card and turns it

[ ey, PR . : ' N
" GZ ';‘ s .again on -hers; Oh yes, they are, Now let me do it
myseit-

G2:; G3 you can do this ape. (G3 was taking another card.) _

G1: I'm doing that one. (G1 takes one G2 was doing.) ‘

G2: | want to get a differert one, (She takes the one G3 had
" finished) SO

G3: Yousaw me doit.” - . .

'G2: Ldid not. Ok, I'm goin’g to, do it right now,

-~

' VR-‘ . !g '
G2 have two triangles left, (She means two triangular
"apaces) 33, can ! usatwo of your triangtes? o
3 retuses. We laugh. -

!

‘ Nov'w( G3' offers advice and takes out a piece, inserts another
tor G2." She moves away, G2 tries tQ solve it ‘

[Within social system, i.e. child/child/material. system, child.
permits other child- to.simpose certain ideas but only to a-
certain limit. Based.on internal criteria, individual autonomy
is asserted and suggestions are perceived as perturbations
irgther th]an input. Compensations are made«to, maintain child's
entity. ‘ . " :

Nov, 21, 'Th’ﬁrsday 0

G1: Those ‘are your pieces? ‘ , p

. G3:Yeghy' - . . , 3 N
G1: Here ge like this! | had something done . . , no. ﬂ
G1: Are you going to make another set? ; O

G1: If you bring this over itll look better. If you move this a
- bit over so it'. . . like that, . .

G1 and G3: That's aparallellogram| .

G1: Or you could make it a tangram, it you turn that: not a

tangram, a trapezoid.

G3: Yeah, Il do it that way.

G1 returns to hers. . . . -

[Spontaneous, development of child/child system_ results .in
somewhat “unidirectional” dialogue, "yet the intent .did not
seem to be to impose- l[deas were accepted in a mutual sense.] ™

Children's int'eﬁ(g'a‘qtichs” in this setting also entailed the regulation
and 'éncquragem_e.ht'”gf one another's actions. These interactions would

correspond somewhat to Maruyama's deviation counteraction and deviation

) .<5"l§‘»m "
& L
#, R

e



amplification plocesses.

»

Nov. 6, ?hurshay-

G3 starts another (tangram card) atter completing one . , .
G3: | give up on this thing. '

G1 and G2 rally to her support, They had trouble too with it. |
rise to help her too,

G1 and G2 : When B2 ga\'/e it to us, we couldn't do it either,
G1 watches; G2 works at her own; G3 and | work away at i,

(Positive feedback supplied by children to amplify another
child's actiths,]

Nov. 25, Monday

B3: | made two sets B2! You haven't'made any,
B2: Yeah, really?. :

B3: You haven't made any sets.

B2: Yeah, well look. .

B2 i counting out his puzzles to B3,

B3: It's not sets, ‘cause you have to have more than one card
with the pieces,

N

[Deviation ' countering grocéss employed_ by one child to

regulate actions of another.]

Nov. 27, Wednesday . | -

G2: Are you tracing thosé shapes again? (the plastic tangram
. pieces) , ,

G1: Should 1?

G2: No don't, ‘cause you made@),me. Well I've traced those
shapes . .. ' ,
They pause as they try to decide how to make new cards . . .

G1: Using those again! (réfers to the tangram pie.ces)‘
G2: What? Those? . ‘

. G1: No those. ‘
G2: No I'm only going to use 2 or 3 of them.

\

[Deviation countering of other's intent.]
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G1: Those shapes are strange.

G2: (laughs) And you can’t make them.

G1: I'm using the parallelogram

G2; 'm using . . ., | need the parallella -

G2: Give me a.parallella; III use a big one
G2: a triangle . That's ‘all ‘cause then it's more easier,

G2: And I'm going to use this big one , ., . this little one, that
one, that , just want a big one (triangle) .

G1: You've used them all except one,

G2 tosses a piece back |,

G3: G1, are you using them again?

G2: No we {ust do the four and there's seven ., , , We're just
our of. them ‘

[Devlatlon amphhcatlon occurs. as one child's? ChQICGS
amplities the actions of another.}

Children also grouped- themselves spontaneously to discuss ideas

they hed or approaches they were planning.’ That is, they reflected on one

another's activities as well as their own.

Nov. 6, Wednesday

. (excited) | did it! (She completes a tangram 8uzzle)
GZ(moves quickly to try and catch it before G1 clears the

-.card): Don't wreck it. Dont wreck it. (She tnes to pick out the

pieces G1 used).

G1: Oh G2 is going to copy shapes (laughs) Clears card)
G2; Oh, G1t OK, let me make it. Just wait. (She exchanges her
card with G1). ,

G2: See G1, this is how you put this one here. (G1 is doing her
own; she glances) :

. G1: You did it an easier way. | didn't know that.

G2: Waell | thought that's how you did it.
G1: | did it a harder way.

- G3: I'did it that.way too.

G1: | did it but it wouldnt ‘work for me

Q2 See | made it.

$1 put a square there and a triangle’ thefe and a parallela b
ere

G2: Did you do this one” '
TR: | did>but it took me a while.

G2 gets- ft-quickly. , oo

G2: It's not with one set. \ , .
TR: It is different from my solution. = ' : \

"
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[Chnld/chnldlmatenal system selt- generatlve in that ideae
Produced lead to production of more ideas, i.e. the idea of
'dmerent way" led to more "difterent ways" ] "

LY

Nov, 21, Thursday

B2 returns to table, still folding an airplane,
G1: | make dumb shapes; G3 makes good shapes.
B2: | know ‘cause she uses a ruler.

G3: No | don't,

B2: Oh you call thal not a ruler

. G3:No.

G1: No, she uses her shapes, Her shapes are good line shapes
not this . ‘
B2: That's what she used

G3; ‘Cause one of my pueces on the bottom was a square ‘cause
| cut it. See that one.

l
AN

- [Child/child/material system "such that actions of one

réflected upon by the. ot er]

The teacher/child interactions were often spontaneous as well and

emerged f‘rorvn the event rather than being preblanned as part of the

"lesson”. Sometimes; a child's request was the precursor for the "coming

{

together" wmle at other times, the teacher initiated the dialogue. -

Nov 18, Monday

*G1: TR, can you find . out how I got a square trom these

because | den't know how to do it.
TR How.you got a square from . these pneces you mean. . . .

\:\qvw. A
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G1 I cut those preces oft there.
TR 0K, so that was like that do'you think?

TR OK, this one looks hke it was over there, on one of those

. sides , that looks like the bottom part of the square .
v p‘
G1:‘But S . ,
TB?': Does it tlt like anythmg" No, this wont fit in here, does
it

- G1: Thts is a prece for it (holds square) Thats the same,
+ TR: That's the same size . .

G1: | don't think it was'in “there. -

TR: Oh wasnt it sort ot m the centre?

TR: OK now how did.we’ get our parallellogram?" (G1 makes a,
move) Oh that looks nght 4 .

G Thrs one goes there . . got to make a trlangle
TR It we can get a tnangle out ot that we know we got it.

TR: You got it. L‘ttle ptece |n there looks good, square rlght
‘there, looks good, " , ,
G1: Then theres all those to make a tnangle

G1 Maybe | got this part all wrong?

TR: May Le g P ¢
Gi:. It would work an way | did it.
TR: Right, so it's just a matter of ‘
G1: What about if made that .

TR: That's right, that's right! That mnght be 1ust as easy But
then , no that wouldn't fit in there C e

. G1: That's better. § Lo '

' TR: | think so. : L

G1: That e

TR: fits there = . . : . '

G1:Yes ' - . “'
"TR: And that deflmtely fits there . . So this. should fit . . .~
supposmg it was there I|ke that v - .

G1:Ohlseeit. L |
TR: Do you see |t'? . And th‘en ‘we gan pit this back down
o~ thare. So we got it : T T R

[Chrld initiated dlalogue Ieads to Spontanedus emergence of

- child/teacher system- which is autopoietic. - Mutual 'reciprocity
at the core of conversation and |deas generated mternauy byt
components of - the system] . . .

When the teacher partlcipated in the assugned actlvrty, snm:lar to

the children, chlldren would often mmate the dualogues and’ proceed to



ofter udeas to the teacher as they would to a peer

Oct 29, Tuesday
We are making our own small murals . . l'be ;in, to' make a
skeleton (I ve folded some triangle shapes of ifferent sizes),

B2: That's a skeleton" Look B3,

* B3: 'A funny skeleton.

B1: What's that?

TR: His shoulders,

B2: Dont you know what a skeleton looks Irke
>

G1: Use the Iarge trlangle tor - his head ‘and use the others ‘

‘somewhere else.
TR: Good ndea'

G3: She hmshed her skeleton
G2: Did you tape it.

TR:No

'B3: It's crazy, it's got a big head.

.

[Children/teacher 'material system such that chldren provide:

perturbations for the teacher; spontaneous mutual dialogue
occurs.} g o . ne

Nov. 5, Tuesday -

TR: | can't seem to get “this one done. (refers to a tangram
'card? -

B3: [ can't seem to get\ this one erther

B1: | got this one. '

B2: | can't seem to get this one etther (to TR) Oh that's
simple, | can do that one.. : ' o

TR: With one bag? i '

B2: Yeah: /
B3: | did  that one, it was easy
TR: With one bag. OK, 1 got to try and trgure it out
B2: Here I'll‘show- you.

TR OK |ust gtve me ammute o e

’

B2: It won't go anywhere - '

.- B1: Those big ones (triangles) practlcally don’t go anywhere
‘B2 looks for another card.

TR: Do you know how to do it, B2 t0. show me'? .

B2: | never did:it but | could probably make: it anyway

TR: You sure you.did it with just one bag, B3?

83: Yeah, | have to find it and show you l did it.

[
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TR: Oh I got it! Alnght 1 got it, wuth one bag!
1R strugqles with ‘another card.’ " |
B2: Here let me show you.

' TR: OK, Show me. |
B2 begins to try to put it to ether. G3 and [ watch Gt comes

" over with hers. shows G walts N m watchlng B2 so G1.

- returns to her spot S

B3: | did this yesterday but | cant seem to do it.
B2: | think | need one more piece .

B1 Idld |t! See TR

TFt Oh you d“ d it'sort of looks lrke a rocket B1.
B3: Oh ldrd that one . ‘

‘B2: You're 'su \ﬁbose to fill up the space,

TR (to B2): 'We're suppose to do .my puzzle wuth 4 pteces (82
contrnues to 'try and work it out) ‘

B2: | can't get it. - (B2 tries another idea.)

B2: .Let's check’ the back to see if there's a srmrlar one we
might work out. . (There rsnt one there . G2 looks over)
G2: | did that one. = o , S
- TR: I'm having trouble with it. .‘ S O
.. G2: You just use ' SR

- TR: Just these four

‘G2 walks over . T e

B2: Cantdoit. - - o R ‘
G2: Put a square there L

. TR: Oh no that's not . 82 sard he drd it too Got anudeasﬁ

TR: Somewhere this’ has to flt and |ts 'S0 brg (refers to the
larger - -triangle) . . '
"G2: It can come right here at thrs corner (She Ieaves and asks o
: G1 for help with hers) L , , g

B ‘TR lthrnk lve got it Thanks 82



TR: OK, | tigured it out.‘

a7

. ~'
' .

-[lndnrect actlons and comments of members ot the system
- serve as "kicks" for other members. NO effort to direct 'the
-ideas of the other, but rather the' atmosphere is such that
'comments or actions ot members .serve as  important

"triggers” for the ideas and actions ot other members]

.'Durlng the occasions where the teacherf initiated the mteractlons a

vanety of. approaches evolved Sometlmes ‘there was dlrect mstructlon

)

whale on other occasnohs the' teacher assnsted the Chlld or shared ldeas,

and in other mstances she stmply provtded commentary

Oct 3, Thursday

3

B1 sizes up his :shape, says it's @ pyramld .on lts snde I agree
it's an lrregular shape. B1 starts countlng sides. }
B2 guts out a snowflake '

TR: | thought you were going to use pleces

-~ B3: Anybodys could do that

G2 plans to make a’ cross tr0m two rectangles*
TR: They'll overlap -

. G2: So? " ' o
"TR: It's OK for now, but you mlght want to thlnk how you could'
- do it without overlapplng g v

When 'G3 asks for a suggestron | remind her of the

parallellogram G2 made yesterday. ' :
R:'She-used two triangles.

G3 | could .use four triangles.

B2 has made a star by overlappmg, | suggest he try lt wuthout .

Qverlapping... . he says he will -

GS has flgured it (the: parallelograrn) out .

9

83 Put it (refers to one of the tnangles G3 ls usmg) on the

-to‘g (of. the other triangles shes posutloned)

No it's great as she has it."

- B3: She has to use all the pleces - L

TR: She will.

.. B3: But she can 'put rt on the top and get a huge trlangle
AT TR Yes, but shes done that.

o
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’[Teachers comments offered as perturbations not |mposmons
and percelved as such, Teacher not seen as authonty] "

»

Nov. 13, Wednesday

TR: I'm going to try to make a square out ol the tangram
pieces. /
'G3: To make shapes from my square can | measure with these
(relernng to tangram pteces) ‘

~TR: Fi ure. out how to get them trom your square’7
. Girls: Yeah! .
TR: Try.

G3: How do you do thrs? o

Gi: Do it the way - ' ,

G3: 'Cause like you have to get these shapes '

TR: If you want to g‘t exaclly these shapes you have to trgure \

' how he, did.he get them from a square. :
places a parallelogram on the paper square) First could |

lold ht there and cut it, fold it right there and cut it.

TR: Thats an easy way. You can do |t that way if you want but -

it's not what | was hoping. , :

G3: Good ‘cause this shapes hard.

t

| start foldlng my. own paper square .‘ .

I fold. a square into 4 trtangles (two dlagonals) 1 show G2, and
help her recognize 2 big triangles at least. _
Ga: Try to get others from the other side.
G1 watched. She then asks about cutting around each shape . :
' ThR ( tg G1) Do you want your tangrams to be the same shape as, '
"these -
G3: 1 dotoo! - .
- G2: DolnkeTRns I am. o :
TR Yeah, you fold your square
2 want all the pieces. .- ;
TR That's what Id like to show you. :
I show them the folds agaln and G2 and G1 lold thetrs

TR: G1 cut down the mrddle Then cut nt in half to get 2

trrangles o
G1 and G2 are’ stuck. . . . | look and see G1 is trymg to- put the -
square together using’ the - "plastic™ tangram - pteces | offer to

elp . we put lt together mostly my moves.




W -

TR: Now all you have to do is remember ‘
GZ& Leave this one and cut another one.,

G3 holds u parallelogram shes cut . .. comes to get another

piece- . 1 isn't'sure how to get the "second halt" divided up. .

R: Fold the corner to the edge to get a triangle.

'G1 tests to: see if it's the same size as the tnangle in the ‘
tangram set. She cuts it and | encourage her to flgure ‘out how' .

the other pleces can be lolded

[

G3: Thus might not work {She's cut two pieces and ‘can see
that the square is gemng eaten' away oddly)

TR Well, you'can try it and it it doesn't there's lots more‘

uares.
G : This might not work ‘cause"| made it too blg

| shm her plastic square over. a little so it's not over the

edge ot her paper. She's’ rnarkmg the pieces off.

q1 needs to put tangram square to\;ether agaln she sa s she
forgot how (ut proceeds to and | tell. her it's right. She
continues to oyt based on the “figure”. . . . G1 lmlshes hers

TR(to G3): ‘Do you think Sit work out? Maybe you ! get some‘

ditfferent shapes..
G3: | think 'l do what‘GZ did.

~ G3: How did you make yours”
. G1: TR showed me. 4
TR: Can you show her" ‘

G1 proceeds lo show her . they call for help . . . I'shift a
square, otherwise they get it.” G1 tells .her to fold a 'paper
square in half - to get 2 triangles .

Now G3 asks how we did the bottom half A ain | show how '

to get triangle by folding ‘the point to centre edge. Then show .

her small triangle, which gives small square. She sees it; |
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suggest she cut that and get rest after. By the time. | reach my .

chair she. has folded it one more tlme and got .the
parallelogram shape she needed ‘

l N4 % g
Ny wﬁ

vNov 18, Monday . S o

Looklng at Gss folds. l menuon tnangles and trapezords \
D Gl How can | make a trafﬂc gon" L o
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_TR: Traffic- -gon?. A trapezord you mean’? - R
G1 That thmg like thrs ‘ y R

j TR: Wetl, you gotra squ'are.‘ ‘ B .

‘G3: Oh, I know how you rake‘them, .
G1: Cut the square in half; join it on the other srde :
. TR: Yeah, or what about if (I fold, both- squares in half) you told

this here . . - Now can you see: the square in the centre.

. .T g . : i ‘ . o
Givean ‘ : L
TR: Can you somehow make trrangles out of each srde’7 ' R
G1Yeah e ) AN

[Teacher/chrldren/matenal system such that "drrectrons are
‘given but the atmosphere 'is such that child chooses what to
accept and where to go frem. there. It seems to. be more af,
mutual sharing rather than authorlty telling the chtldren what'
must be done. Social autoporesrs is present, sinceé members
have control of the groups generatlon L o ~

Jln the S3 settmg, the,.rnteractlons were, not always ~direct” in that

-

' comments wer‘e not necessarily aimed at a soecifio individual.' o

individuals, and yet such commentary |nf|uenced the actrons and rdeas of

others in"the whole group These' commumeatrons sometlmes made by the

teacher and sometrmes by other children, were ‘not commands or even

: suggesttons and yet they were used by others in: the settmg to generate

‘o B v

actwrtres and ideas. - - R o S
. ‘"Nov 5 Tuesday |

‘BS Thls is-fun. ;.
- TR: Do l\1/ou like working these out. PR
B3: Yeah. it's too easy sometimes. though A
. TR:-Maybe we can make some harder ones ‘ ,
Lo B3 Can you get harder ones'? I ‘ o
- TR: Thrs is all 1 could tmd B T P

" B2:.| wonder how’ they flgured this out? s
TRy, Yeah, | wonder Zthe ones"who made it, what do you thmk? o

ol {83 *Which one? A s
~ . B2: The guys who made thrs ‘ ‘ R e S
4_83 Whrc one? ..t T



‘B2 Thlsone e | o
B1: They re smart. Creatlve Publrcatrons o

S Thus later: led the researcher to suggest days Iater that we
‘make our own tangrams and cards] ,

l
'

B2 is not worknng on tangrams chats about gobots. | ask
~ him to pass me a card. He Iooks for me. G2 offers me one of
" hers. | take G2s card.. . o <
TR: I'll try this ‘one. . S
B2: It's. so -easy. It is! Il sho ou. See' ( He takes the card
" and. begins) ‘That goes there. ( have another card .in front of
me but | watch hlm) . c , Co
: B2 is workmg away, . B3 says: he's. trnlshed his box and
could he try the one ld started I hand it to him.. . . _
. (B2 jumps up) - B2 It's simple. (to G2) Did you use all_the
. pieces ... . in one bag or-both bags? | used one bag for- |t (He
means the one he just completed(); , ,

o,

Noy 6, Wednesday S Co ‘ \Eﬁ\ o

“ TR: 1 think | need 2' bags to do nt! . Is; that the sort of \ ay |
you did rt" ' ) A ,«‘ o \

G1: No | don't think I'did it that way o R

" TR: | had to use two bags | thtnk 'l try to do it wpth one' i

"‘TR I can do it. 1'can do rt with one bag'
‘82 (Ieans over to me) Oh | drdnt do rt that way
' B1: Bet ! cag do this in one bag.

1 pick up a card and say | saw B1 domg it. B3 sand it was he .
w o dld it. Then | ask Bt if he did it one day too; he couldn‘t‘,
‘remember so he sard he'd try it. He takes the card. .

'“G3 and | work . away ‘at'a card she is . havmg drtfrculty wnthu

~ but we are not successful. B3 pushes hrs way in. :

B3: Can I-try; can. | try? ,

-G1 leans over:. Put two trlangles in: there

~ TR: Yéah but weé don't have two’ tnangles S
“We go at: it bnefly then B3 clalms it and returns to hrs seat to

tr .
T & Return it. after cause 1 want to try it cause [ know B4 dldr o
it yesterday ‘ ‘ , , : L
.G3: And B4 ot |t7 T o

,TR B4got|t SRR S j' R

- .Gt passes GZ the card (she just flmshed)

Gz It's so easy wrth b|g trrangles G o

e .
.' o



G1 watches G2
G1: G2, you're not dorng it the way l dld
- G2: ) don't want to do rt your Way B

| return to work at mine but | am unsuccesstul

TR: Did anyone get this to work? |

B2, Gl'and B1: Yes! |

‘As 1 go to ‘make a move, B2 reaches over saymg\ No, No No!
Then he starts putting pieces in. posmon as I watch . B2
returns . to his seat; I contmue . ‘

G3 | cant do it!

G1:.G3, | did it. . - ‘
TR: Dont lve up on them Oh | thmk I figured mine
- Thank- -you See | couldnt figure it out, B2 helps me by

moving a prece and then .

v

G1: (to’ (32) Can I borrow a tnangle?
' G2 refuses and tells me what G1 had requested
- TR: I'm often mlssrng one too but when I rearrange it, it works
out.
B2 offers a trlangle G2 too. o
G1 refuses ‘cause she does want to do it. ‘

‘G1 | wasn’t mrssrng one TR, lwasnt missing one; | Just had
' to do it a different waK
TR: Look at lt yeahl T ats what I'm trymg to do now,

- B1 decides to try the one B4 had. done . . Recess . . .B1 keeps at .
it. i ‘ .

[Undlrected perturbattons and precursors i.e. usung one, bag
- "picking a particular tangram card”, hang in the atmosphere~
‘and' are chosen as "kicks" for - unpre lctable pursunts by
members ot the system] ,

| —

- One ‘further develop’ment which occurred‘ as. a result of  activities in

: ,thls settlngmas the expansuon of social’ autopouesrs to rnclude chtldren ‘

.who were not members ot the ennchment group per se. Towards the latter‘ :

122

h part of the study, Jher chnldren from the regular classrdom gathered at .

“"v‘our area dunng recess and often spontaneously became lnvolved ln the'

w‘expenence

Nov. 21 Thursday ‘ :
" Recess .. ERReS '
B3 (1 B4) You re not allowed to do them today

B4 (looklng at GS's shapes) Wnerd |t looks easy Can [ try rt’? .

AT g IR S



G3
TR;

Try lt' ‘ ‘
You shouldnt let: hnm do it yet,

B5 enters; asks B4 if he can do it)

S:

B4:

That goes there.
» No'it'doesn't, .

watches. B4 contlnues BS by his sade .

wait! Ah, ah! ‘
Kmk you found it.

: No kidding.

| think you dld find it. ,

» Yeah that's it! ‘

» No ‘cause-it' don't fit exact..

» Go like that. | know it., No not |nke that 84!
. It doesn't fit.: :

: Does so.

 How?

BS takes it and is about to place it .

Oh should have. '

BS puts it in place. B1 pulls B5 away B4 puts the next puece |

in posmon
B4:' Here we go.

BS.returns immediately. . , . B4 proceeds to do next snde -

'B4:
-G
B4:
- Gt

. B4

..BS:

Gr
. B4

~<‘¢ompletes it, moves over'to G1 .

his one.is harder,
‘That's not the w /y to do it.-.
How do you kaow
‘Well, you, could but it's not .

B4: I'm good at these things.’
G1: It's ‘not the way 1 did it
. B5 and G3 watch .
G3: It's way different than how G1 dld it.
~B5: Do, it-like this. ‘
'B4:'l know.
B5: Do it like this. Brother it's easy
'G1: That's not what l did elther
~B4: L know. . ‘
~'B5: But it's easy ‘
B4: So 1 Ilke it thus way -
BS: It won't fit . 84'
‘ Move I'm trymg to do !t Lo
. BS: Here try thls R
,B4 NO' P ' RS A
B4: Thus goes here '
Oh, he dnd ita dlfferent way

He'did? . . . Here It show you how rdld it (She redoes R)
l dnd |t a dm‘erem way - -

123
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4 B4, G3 and B5 watch G1. »
-, - B4: No wonder, | had it in the same way but wrong place. Yeah
I made it different, Thought so. Told you, I'm good at these, ‘

. N

, oal

. [Boyndaries are expanded to |nc|ude "non-members” in an
! .autpoietic social system. Children/material" system s

‘'self-generative. Also, members mutuail amplify one
‘another's ideas. individuals are also able {o maintain their
own. organization by compensating for the perturbations
introduced by oth'ers.{ oo

From such examples, it is evident that the coupling of autopoietic
units such as chnldren{and researcher,” in a setting such as S3, involves a
vast nug\ber ot potehual social configurations, /Children mteracted in
. groups of dufferent numbers, whose members sometimes varied from
moment to moment. The participants of‘ten did not ‘request the comments
of others, but th‘ey were ivolunteered anyway. The general atmosphere was
Such that even "off-handed” musings of particular individuals served as
B’recursors for further actlon or dialogue. The members possessed control“ ‘
of the generation of both the :deas and the relations which were exhibited.
Hence, social autopoiesis was amphhed in such an environment.
Summary o p BP
Social autopoaesns is not a static phenomena ‘which is eithei- preseht ‘
or absent. Rather systerns may at times be autopoietic whule ‘under
dnffermg curcumstances 'be more allopoietic. When autoponetlc units come
. together often spontaneously in dlalogoe' the resulting system may .
amplify autopovesus or may amplify allopoiesis. Children, who we see. as
autopoietio lr@terms of creative potential' can and do readily submerge
.their autopdﬁe"sis and opt for an allopoietic role under p‘“ﬁfﬂrt'icul“ar
circumstances. At other times':"th'e autopoiesis of the children in turn
enhances the autoponesus of the group However, reoiprocity, wifRin far
from equnhbnum conditionis where there exlsts a free exchange of |deei—

te\nds to pern]__vgt,.:_:the‘ release of autopoiesis more 'readlly. than hierarchial
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settings wherein dialogue_is&limited to the transmission'g! information.
Reflecti ‘I"HI ical Niche" *

Reﬂecting on the previous <‘i‘escriptio?ns-of autopoiesis, in the S3
setting in particular, a tension between the child's mathematical niche
(i.e. .child/material systems) and the "social systems" niche (i.e.
teacher/children relations tar from equilibrium) seems to be: present. That
is, as mathematics educators view S3, it might seem as_it attempts to
drive the "soéial“ system far from equilibrium, the "mathematical': niche
is destroye& or lost, As indicated in Chapter Ili, to ‘encowage thé freedom
and spontaneity of the Ieafners and t.hereby maintain the far from -
equilibrium context, the ";traight line”, "perpendicular”, "“diagonal® folding,
éomnﬁon in DMG, was all but abandoned and children pursued "paper cutting”
in their own individual ways. Even though, this “relaxation” of a
"prescribed baper folding and transformation activity” res'ﬁlted mainly
from the autopoiesis of the: children involved, educators might teel that
the cufriculum experiences in $3 expanded ‘the boundaries of . the
mathematical niche to such a point that "valid” mathematical ‘insights
could. no longer be derived. Indeed, observers ma); perceive activities such,
as the "Hallowe'en project” as those in which the mathematics is lost and
children digress into "frivolity". |

In considering this issue, there are several views to explore. On the

one hand, there is an urge to delineaté the ‘numerous mathematical- -

properties embodied in such activities. For instance, as children built
'fheir qu]owe'eh' f;igurés, transformaﬁons (flips, turns, slides) Werg u‘sed-
exhaustively fo ’position the pieces into just the right panérn. L‘i;ewise, .
these same transformations arose as -c<hildre(n. pos‘iti'on.ed their figuré on‘v

the "Mural". Inside/outside boundary issues arose when children, while

_cutting one shape from a rectangle, discovered a second shape in the
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remaining piece. '. "Traditional® shapes of triangles', squarés,
parallellograms and so on were at times utilized and therefore acted as
bertqrbationé. There‘ was even potential for building of structures és the
"zor’r;bbiesk” r;flected shapes and curvatures of the "many‘ sided figures”
some children had ﬁursﬁedkearu‘er; or the "cat and pumpkin” evq_lved frorﬁ
the same eight triangular piepes. The list could . continue nd doubt,
hdwéver, it is sufficiently clear that even Hallowe'en figures embody
mathematical concepts and properties, |

On’ another ievel, it is possible to ‘disr‘égard .th‘e presence or absence
of "mathematical. properties” per s'e, and still see such activities as
resonant with lv)ien‘es" and Piaget's "exploratory” or “play" stage of
mathématical development. As Dienes (1960) pointed out

Piaget was the first to see that the process of forming a
concept takes longer than had been believed and that much
work, seeminglr unrelated to the concept must be done before
there is any clue to the direction which the thinking is taking

(p.23).

Therefore, experiences such as the Hallowe'en Mural cbqld be seen as
explbratory ones in which children toyed with creations and ideas that
might serve as the grouhdwork for future mathematical -ideas. This playing

around with ideas is further supported by Whitney (1985).

We know that very young children explore their environment . -
and learn in manifold ways at a rate that will never be
equalled in later life; and this with no formal teaching. It is
through their play that they experiment, see
interrelationships, get some control over surroundings . . .

The broadness of -their learning is certainly largely- due to.
" their . complete freedom to think in any direction’ at any
moment, curiosity, imagination and flexibility are keys to
their rapid progress. ... (p.222) = . ‘

Since ‘children could pursue the paths.they desired, their "sense
making” was proba‘lblyuerihancéd'rather. than depleted. With control over:

"clos'uf‘e" of the task and the directions in wh'ich~they could ‘experiment,
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children had t‘he opportunity to encounter mgthematical ideas which in

recursive ways \may lead to more tormal retlection in later experiences
| As well, SUch arguments are further enhanced by the "wholeness
ontology” underlymg the systems paradtgm The debate necessarlly
transcends partrcular propertles of materials or aven processes wrm
which the children \are engaged The crux of the tssue depends largely \on
j our world view, V\>|th|n the wholeness ontology (ln sensu Sawdda an
Olson, 1986), matheKnatrcs, llke any otherlaspect - of hvrn_g, IS pervasiv
and 'cannot, no matter how hard we try to cut epv th'e world, bed'etach_ed
from ,any of our experiences whether *the‘y be jn-of Qut ot school, tormal or
intormal, conscious or unconscious. Through the interconnectedness of all
that we are and all that 'i‘rve‘do mathe\r‘ﬁ‘atlcscannot be an exception and be
seen as separate trom other activities. As Darcy and Jayaratna (19&.3.5)‘>
explain, partttronlng of | any world . view into' two components “of: the
'system of interest and th\e attendant enwronment nece‘ssarrly regulres
" the lmp_oma of some a[_b_t_tr_am separation (p.85) (my ‘emphasis) That is,
partmonlng mathematlcs as drscrete from the 'learner and the learners
/enwronment is both supertnclal and arbrtrary the result being then an
attempt to reconnect the "cut™'by suggestmg salrent features among the.
two. | | |
where chlldrgn are Ied to percetvei

5 ) .
‘mathematucs as "addmon and s btractron those - artificial boundaries

ln a Newtonlan paradrg‘

often become barriers to understanding ‘ma‘them'atics. _For those w,ho\ see
'mathematl<:'s as a discrete sUbject ep'a'rat“e" from‘ science, separate from
', art.' separate trom life in general the perceived'tension between .the
mathematrcal mche and the far from, equlllbrrum system is problemattc'.
For those who recogmze the pervasrv ness of mathematucs there is no

drchotomy between Hallowe en ftgures and mathematlcs there is no threat

A\
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of Iosmg sight of the mathematlcs because lts presence is ImpllClt Thus,

through the very autopmetlc couplmg of learner/material in the far from

: iequllibriur_n setting, “vthe "mathness” ot the experiences is further enhanced.
. , ' ‘ H } '



'CHAPTERVI ",
The tindtngs presented in the prevtous chapter are summartzed in
the form of conclusrons whtch have been organized under three broad
' headings of: context content and living . systems These conclusions are -
then embedded in retlechons on the . Itvmg systems metaphor The
dtssertatton is then closed wtth some suggesttons for turther research
i “ 1. When parameters are set externally to the system (i.e.. preset
' currlculum and text) and |mplemented by an authortty ttgure such as in S1
~and S2, systems remaln at or near equtlubnum when parameters are set
#internally through the mteracttons of the members as in S3, systems
. move far from equtltbnum
2. in contrast to the rtgtd predetermtned boundanes of AE and NE
's‘ystems the boundartes in a FFE system are more permeable and
' spontaneously created | |
= 3 Mutual causal processes are an apparent teature ot mteracttons"‘
FFE whlle NE and AE more hterarchral and untdlrecttonal processes are
engaged " . ' ‘ ‘ »
4 Perturbatlons whrch arise matnly from an authonty, as in St and "
82 .are- percenved as dictates, whtle perturbatrons which anse trom“.
"equal” members of. a system ‘are percelved as deformattons to whnch~ K
mdtviduals respond in personal ways ! ‘ )
| 5 Heterogenetty |s a common charactertstrc ot the FFE settmg
whereas homogenetty dommates the AE and NE settlngs " e '
6. In St and 32 spontanetty is Itrmted and devrattons are putled.

back to equrltbnum while in S3 dtssmatlve structures emerge .

‘r
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1 Mathematlcal content such as DMG used in 83, perturbs the

' learner and encourages creativrty whereas mathematrcal content such' as"

‘the textbook exerclses used in S1 and S2, encourages 'rote’ resppnse.

| 2. Algorlthch exerclses, ,as ‘used | in’ St and S2, /?:iscourage

equifinali‘ty;’and emphasize the "one" right way; actlviﬂties, such"as DMG,

embody equifinality and" encoUrage learners to seek the many paths to a

“solution.’ ) o | | | R o
o 3 The &peﬁtess of mathematlcs Ilke DMG used in SS allows the
Iearner to produce |deas which in turn affect the material whlch in tufn

| aftect the |‘deas, whereas mathematlcal algorlthms, as used in S1 and 32, ‘.

- are l'closed'f. ‘in“that the learner contributes little to ‘the prod’uctv'other than

'

'~ carrying out the technique.

(8

o 1.' The actuallzatlon of a llvmg systems metaphor in mathematncs
i educatrpn’*is possrble | |

' 2 ' The FFE settmg is more conducrve for the release of autopouesns’
“ | 3. There is an tnterplay between socral and mdrvrdual autoporesus
when autoponetlc systems couple to form a social umty

| 4 Heterogenelty ls vital to the malntenance of autopmesrs N |
-+ B, Autoporetic systems play alloponetlc vroles in externally
structured" socnal settlngs such as St and s2. : “ " . B
| - N A cpartrcular settmg |s not necessanly autoporetrc for all
b JnleldUﬂ'S lnvolved L EN _ B . |
_’ | K? ln ang socnal systems such as 83 Iearners compensate for .
perturbatrons m an attempt to mamtam thelr own ldentmes and
organizatron they adapt or transtorm the expenence to fulfll theur needs

8 The actuahzataon ot a’ Ilvmg systems metaphor |n educatlonal',

s
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! o

‘research is possuble

9. An autoponettc researcher/research system Is central to such an.

.educatlonal research paradtgm I oo |

Overafl then thts study revealed that the"'llvtng systems metaphor
is a vnabte one for mathematlcs educatlon m that it provuded an ennchmg
' alternatlve to. the regular classroom settlng and showed potentlal for'
altering our traditional ,approach to mathematics education in general,

E‘ ] Il o

. v
P

To dlscuss these conclusnons further and to embed them in'the .

context: from Wthh they arose we need. to reflect on the actualization of

the "living system metaphor and |ts contrast with the metaphor present :

in the other settmgs. B

" Over the 'short ttme span of the study, | (the researcher) and a small -

‘group of chtldren created a "hvmg : mathematncal experlence, for
ourselves "Seven of us mteractlng with each other using DMG as our
fmathemattcal focus generated a coherent umty, both socnal and mduvldual
that for us ‘was very distinct: At no time was there homogeneous group
acttvnty, but. rather the heterogenelty expenencecd was |n itselt a vutal
| component of the "Ilvmg system ‘The fact ‘that each of us could be true
=to ourselve% whlle in. turn bemg "true” to the group was an essentlal
. mgredlent permlttmg the groups growth As mdlvnduals we each ﬂtad
'opportumtles to choose the mteractlve moments as weII the
autonomous moments as ‘we desrred Under such condlttons we moved
f\freely m and out of conversatlonal groups somettmes as Ieaders

‘sometlmes as fotlowers and at other tlmes as observers Most tlmes we

{

'
’

"'were enﬁhusnastlc or in systems terms: far from equuhbnum and even the /.

| sumplest suggestlon or comment had more jmpact than we mtght suppose
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‘ ‘We generated a group coherence wherem even though to observers our
\ -actlons seemed rather mdependent we were constantly aware of each

other and the overall fOCuS of the' system Subtleties abounded and even‘3

undtrected "Kicks", llngermg in the atmosphere tnggered an idea or a

‘,development in another member of the group

" conversed and openly alded each other on tasks The boys on the other‘_

.

Wlth respect to the specmc dynamtcs the boys appeared to- be much |

. Mmore |ndependent than the glrls ‘I‘hroughout the study the grrls overtly

hand, did not often request rdeas or help from one another but were indeed

"Qmﬂuenced by each’ others comments . or actwmes One boy in partlcular-
appeared to be totally autonomous in that often hIS only connectlon wrthf

'others was personmed by conversatrons concernmg T.V. and movres

Indeed | trequently noted |n my drary that 83 ‘was along for. the rlde and
wrshed membershlp only as an escape from- regular -classes. Data analysrs

however revealed that thls was the surface plcture ‘only;. indeed hlS’

membershtp in the. group was much more substantlal He too was carrymg' |

out the actlvmes ln h|s own way as were the other chlldren and he was.

also - tnfuenced by "lekS |n the envnronment Thrs was overtly obvious

dunng the tangram episodes in whlch he took a keen mterest but was -

present at other tlmes as well.

The unlty of the group was a specual feellng of mterdependence and:.
, togetherness whlch developed as we worked lts place in the chlldrens |

perceptlons was vrsnble in: a vanety of ways. Thenr attempts at vanous :

tlmes to deal wnth Bz whereln they encourageg,hun to. jom the actlvmes

clpate more fully. seem to mdlcate thelr perceptlon of some global

scheme whlch they valued and whrch they belteved wasvthreatened by hus: o
behavlor Therr reactrons tO' outsrders was another rndlcator They shared

thelr experlences wuth peers outsude the group \but also took pnde in the_._f '_.' '
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exclustve membershtp they held When 1 chose a second group toward the.
end of the study, my ortgtnal group needed reassurance that they ‘would
‘_conttnue and were currous as to (what the others dld with partrcular .
concern that the second group not do what they were domg This lmplled y
that they did, not see - thernselves as ' six separate chlldren dotng the‘
‘mathemattcal tasks: but 'rather the group was seen as an entlty When the
‘ wholeness ot the group was threatened they teared the .loss ot the '

expertence they shared. » ‘ _ ., i |
Of course, - the group was not a static untty and wnthtn the ‘global
'grOUp of seven smaller groups were lormed and: dtspersed at wnll At
ttmes new subgroups formed and lasted for long penods ot tlme Whlléw,
‘other ttmes the mteractlons hol@g a ‘new subgroup qutckly dlSSlpated
The. changes in boundaries' were self generated and at tlmes mvolved the
lncorporatton ot others to attain physucal help while at other tlmes the‘
comtng together was |dea centered and resulted / because of common
interests.: The conversatlons were nonltnear and loften recursive. They at’
“times extended beyond sessions,. even over several days; at tlmes they-4
were mterrupted by other conversattons and renewed again Iater Some ,.
rconversattons even‘rew outsnders tnto the event whereby other peers \'
jwho dld not belong to the group per. se were rncluded in the dlalogues |

.Such loosening {)f the "Iarger systems boundanes was evrdent toward the

latter stages ot growth At thrs ttme chtldren chose to carry work home to_ ."j";.

_"Ycomplete and to share wuth parents they told other chlldren as well '*as"f
,‘_other teachers of therr acttvntles and thetr plans they tnwted cunous ‘
. _peers to try out some of thelr acttvmes ln thls sense then the boundarles'.
"H-were f[extble and mdeed constructed by the n'lembers o | . |
" The cohesweness of the system was felt to be strongest lor meff‘z.“""”

'When.l parttcrpated fully m the tasks at hand and thereby became a

BV

——-* . ' oo Lo . Y- -q,-.t et S ’_\ BEERR
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complete member When | worked autonomously With the materrals my
- membershlp wrthln the group dynamlcs proved to be much more "honest".
When 1 played the role ot ove;seer although a physrcal"‘member ot the: .
system I was seldom privy. to the legltrmate rnterachons and relations
~ which held the group as one lnstead 1 was vrewed éfs an authorrty ‘and
f‘jconversatlons wrth the others usually mvolved questron and answer'y
‘sesslons or requests for help end the. grvrng of drrectrons On the other
“hand as an actlve partlcrpant srmrlar to the chrldren tnteractrons
‘between the chrldren and myselt were much ‘more ' nqtural" -and
recrprocal" Now, they offered help to me as they would to other peers*j
‘lthey gave encouragement and made suggestrons Even requests made on
‘these occasrons seem to be’ srmilar to those they made of . each other My'
E conversatlons also altered m that suggestrons ‘were rnltrated on a more‘
equal" standmg as well; rather than teacher telllng chrld" ‘what to do a "
‘ 'colleague oftered |deas to other colleagues |
- The mathematrcs materlal as a precursor for interactions was a
"vrtal component of the system as well The openness of DMG became more
and more apparent as the vanety of chrldrens responses to such ‘tasks
_ ‘became ewdent Allowance for personal creatlvrty overrode the' ,
.',researchers rnrtral urges to ?mpose a’ rrgrd DMG currrCulum - The boys rn
3 general drd lrttle foldrng but lnstead preferred cut and paste methods of
‘;;‘making new shapes.‘However rn thrs settrng,. the boys strll prcked up"
".‘.numerous rdeas concernrng DMG They pursued the namrng of frgures they -
recognrzed the effects of transformatron of preces The glrls actrvmes onl‘{" |
| l.:wthe other hand rnvolved much more foldﬁgng and therr products were more‘}' "
regular then the beys shapes One of the boys spent much of the time'
“,:i“makmg anlmal" shapes whlle on,e grrl produced mostly parallelograms and
; 'v:trapezords and so on The paths followed by each ot us were rather drversev";‘

.'A
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: and partrcular goals Ilke ]ourneys or maklng tangram puzzles were |
. mterpreted dntterently by members thereby addlng to the heterogenelty

’ Such freedoms to expenment" with our own |deas led to the
' selt generatlng ch;racter ol the "‘Irvrng system Both children and
| researcher held control not only over their own individual tasks and goals
“but also wnth respect to’ contrlbutlng to the dlrection ot the group as a
‘Iwhole Expectatlons and parameters were set prtvately at tlmes but often )
‘evolved from mutual interactions among members Ideas generated';:
operated as perturbatlons to Wthh each of us responded in our own ways
i order to mamtam our own tdentmes We also generated the relatlons .
~ through which ° we partlcrpated wnth each other and from these relations, |
we, |n turn, generated more |deas thCh Ied to other: relattons and other .
ideas. - Rec1procny was a key mgredlent wuthln such relatlons and little
"'umdrrectlonal, ‘do as 1 say‘ commands were made and ‘even fewer were
“accepted o | . | DRI |
it was also apparent that the system between the learners and the ,
mathemattcal" tasks themselves were hlghly recursive. Learners drd not
manlpulate the matenals rotely nor blrndly, but rather comments by other
. chlldren as. well as reflections. on personal "moves" Ied to mterencrng and ‘

‘the.. maklng of conr{ectrons Chrldrens comments often rndlcated they .

.lmked prevrous tasks wrth the task at hand and would m,corporate rdeas‘

'.'garnered at one pomt wrthln a task ‘at another pornt later ln the task or, )
L rev:se rdeas and use them to complete a dlfferent task or alter the task‘
" Many of the |deas and connectrons were not formalnzed per se but grven | B
more tlme thls may have mdeed happened I L

Therefore |t was undenlable that these learners the researcher K

";lncluded were autoponetrc systems far from equrllbnum When such-"-ﬂf"

;fautoporettc unlts coupled through mutual rnteractlon the new umty also

\ f
N
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possessed the essentral elements of a'"hvmg system lndeed children's‘
.comments in the interview revealed thelr knowledge of the srgnrflcance of .
- the openness and mteractwe milieu which encompassed the group. One

‘child ln partlcular speculated that mdeed such should be: the experlence in -

-l school courses, . ;;‘ o e
. 'Bﬁglllﬂ[ QIE‘ES[QQ[D and ng‘ “‘la[.\‘s ma" ﬁ[Q“Q ‘(S‘] an‘q 52) D
I These same *au}opoietic" systems i.e. the children and the.'“
B researcher suppressed such characterlstlcs WIthln other settmgs ‘ln the
‘,.regular classroom the' girls in partlcular were subdued and obedrently
followed rnstructrons glven by the teachers. Indeed' early rn the study, this | .
des'i‘re‘ to do the rlght thrng was vrsrble in both the regular small grOup“"
and the enrlchment small group The boys also for the most part followed 3
’the teachers drrectlons but drd SO’ usually under protest in many S1 '
“lsessrons ln the S2 settlng they contmued to fulfil external criteria
‘although some mmor personal alteratlons were made. ln S3, ‘the boys
asserted there lnqdependence early and ‘did not seem as wrllrng to do a, task -
for the sake of the authorlty Slnce the lnteractlons between Iearners in
St and S2 were limited, chnldren seldom mmated ideas for eaf h other and
,when they did, it was often percelved as a problem (i.e. cheatmg or lack -
: of dlsclpllne) When these settlngs provrded the opportunlty for dlalogue'
lt was grasped wrlllngly and enthusrastlcally, as evrdent when they
_'worked ln small groups wrth p?é?.é, 6? were glven the freedom’ to drscuss L
: “.,On ‘the occasrons when the materlal belng studled encouraged a creatrve -
“"rapproach many chlldren arose to the challenge Hence rt would seem the‘:
jchlldren were autoporetlc systems who were adoptmg allopoletlc roles,-,,-"-‘
""*‘-jwhen the settmg requrred rt R B s R .
; It was also evrdent from experlences ln these settmgs that one-“,-f

cannot really term an eplsode as autoporetrc or alloporetlc per se Rather f'_
S . :
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a partlcular eprsode may have dlfterent effects on dltterent members
Therefore an event may encourage the release of one child’'s’ autopotests
_while curbmg another's. In the same instance, social autoponesrs rfr'—\
emerge for some members ot a whole and not tor others Thus rather than
labellmg a settmg as erther allopoletnc or autoponetlc we need to
recognrze that a. settlng possesses potentlal tor both | .

In contrast to the FFE settlng (S3) these other two setttngs were

based on an un|d|rect|onal hlerarchlal paradlgm When transmnssnon ot,
"rntormatlon was the emphasuzed mode of commumcatton l|ttle creatlvtty‘
lemerged Rather than partlcnpants building on one anothers ldeas a
vcentral authonty ‘dlctated ‘the "procedures to be followed and the“
’ information . was collected but not. recnprocated When conversatlons were'
'generatlve in settlngs S1 and 82 as. with open dlscussmns or creatlve
‘ wrrtmg, reclprocrty was present and there was no tellmg where initial |
comments or deas mlght lead. Dlgressmns were’ common "and
‘conversatlons were’ nonlmear and often spontaneous Dunng such
*eplsodes observattons revealed that . even when the teacher percreved
comments to’ be chaotlc and " off tOplC the dtscussuons were‘
self- generative and\ if. permntted to evolve mlght lndeed lead to the same o
‘rgoal as lntended by . the authonty or maybe even to an unanticupated goal
n settlng 83 such unantrcrpated paths were glven the opportunlty to;“.
‘emerge -or dlsslpate accordlng to ‘the recrprocal mteractlons of the g

T
partrcrpants and often they dld lead to a desnrable end

, ln settmgs S1 and S2 although perturbatlons were present chrldrenl
were tor the most part unable to respond such that they mlght mamtam "
‘therr ldentlty lnstead response to mathematlcal perturbatlons weret
’ ’usually in the: form of an algonthm whrch all chlldren m the class T

‘ u'employed in a slmrlar manner When contronted wrth a problem chlldren

. ' K P :
[ . : !
23
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. suprasystem wherein every level was intertwined with the other.-From the

" teacher.
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usually followed known preset procedures or requested direction from the

Summary

"_I‘tvwas\ reveated through this study that autopoietio social systems
can be'--'createo” in school ‘settlngs ~In a"far trom equilibrium setting
wherein precursors include the children, the teacher, and the materials
,sUch a system was actualized, The reciprocity among components entarled |
a ma]or aspect of the interactions and’ relatronsl needed to release both
individual and sociat autopoiesis, The organization of the "living sy’s’tIam",
the relations between_ components, took precedence over the characters ot
thew:children,'the properties of the components. It was the interactive:
heterogen'eous envirohment which was the prevalent tfactor, not the
particular children or teacher present.

b g
s

At this point,’.l must reflect'on the research experience as a whole,

-~

'rernemb‘ering how during the research experience it was difficult to
separate the research per se from that being researched.. Like Eschers
/sketch ot "hands drawmg hands”, in this study, the use of a "living system"

‘to study a "Iwrng system created an i'nterde'pendent and ﬁested research

~ Initial chaos of the "open” research process there emerged an "ordered"

research desrgn‘. Rather than adoptrng a preset design or research
methodology, this researcher entered the arena‘with the intent to
( .

ctliaborate with other partlcrpants in the study in a recrprocal fashron so

that together they might generate the research focus as well as the means

for carrying the- research’ to fruition. At all trmes durrng the éxperrence

the research paradigm Ilke the ennchment subsystem under scrutmy,

- remalned conceptuatly resonant wrth the "lrvmg systems metaphor. As a-

a
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consequence, the researcher/reseyarch system, liké' its counterpart, the
learner/material system, was autopoietic. vBot‘h the research process and.
that .being researched evolved and"changed together, each affecting the.
other as in any mutual causal relationship. Researr:h‘ declsiens were'
‘informed by general system theory but just as "precursors lingering in the
atmosphere of the enrichment group triggered unpredictable pursuits for
the learners”, likewise “precursors lingering in ‘the atmospr:e—re ot the

collaborative research experience triggered unpredictable research .

pursuits™ this was true during the field experience as well as the data

B
\ -

analysis and the writing of the report, . »
' To remain consistent with .tne "Iivin.'g system}sf metapnor,
suggestions for rurther research are to serve as preeur;dre “only for
myself and other§/fn‘ the research community, The initial "kicks" \otfered
are done so in tn‘e spirit that they lead many of us in numero’us directions
pursuing a similar goal.v As a proponent of..a "living systems research”
paradigm, | éuggest we maximize opportunities in our research where’/he ‘
autopoiesis ot all members- the teacher, the chiid, the researcher - be
enhanced. As a heterogeneous research community, we need to further
»explore and expand the potential of this "new paradigm" prevalent in other
disciplines for theory and underlying assumptions which can and should
guide us as educaters and researchers. Likewise, we need to e'xpjicate_and
actualize mbdels bof‘ education and educational reseéarch - wherein
: teacher/child/material ”sy'st'ems and researcher/research ‘slystems
respectlvely are autoporetrc and "living". ThroughAcontinued exploratien of
the "hvmg systems metaphor for which this study. serves as a precursor
educatronal researchere have an opportunrty to - generate an alternative

\
rresearch paradrgm whlch may. as Caley and Sawada (1986) mdrcate

|

>
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. ... through |ts rich dlversny, recursively engender nonlinear
forces that propel the system to new ‘levels ot greater
complexity -- new higher order knowledge (p 10).

(8
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