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STRUCTURAL APPARATUS

'DHE first ogcrest\ont ask is “what . rssrucural
arat ?ﬁto ou do rous
the attpdrr)al concep ne %e S em s o

at emgdcs and ‘reou r %se reIa ron
s %s a Inter-relat shrs and concept

£ seve S a tr cture f ructura ap ara us
s]a arausw rsreaed 0. 0N or ore of
e rdeas or re at onshr s within 't e structure
wan un erline t gerc use t re rs
comden Snd iUl '“ ‘har Wee'nut“r
8Ptarn aBtrvrtres lnchalc?ren an vr)h Ihhas In
hep dae use math ematrcs earnrn%
trsaso erent from t esor 0 gam mat rr’
hfa IS used In Iearnrlnga certain “mat ema IC
tronahrps fuctura pparatus Is a. clleve]r
esrone fare Iy set out, seto .materials t
must be relate t the structure. [If it anotreIate
to the structure, then it Isnot structural materia

sl B U L R
NEEPEs WoLCh a(ena “”jut oon g h
qhe who#e 0 h s fure %v coh pts a]Xé
hoIe ot the et of relationships can earne
one se 81‘ struc ral m terhrchls Vo/%rlrjrlousbg

ra rsatron W
very r!(Fffrcu o up

The next %ue]stron to ask Is h¥ use it?”
Lhe answi e]rst IS uestron are re ascm tm
NSWers t tyou often 'ge causer
recommenged to.me,” 0 are using it n

oor or nttoalecurean/d It oo 8 ooﬁx
neshouI no 1t for those reasons.
08s sm rnrngt at theersa
rnt euca nocr renw e, | youra
want them o earn m { emarca Id
o 0 Use struct arat ee rs no
uestion ot choice. '[]US'[ 0 eus
bas hjeureaso f%rstéhtssrt’e"d talt ?hh St? temerr]ttarlr?
ae 0 ve men whrc Incidentally,
b, WL B,
nI hrea t 0SS qe Xlleam rdeas
ou w

i HDC}% ete

rovr 6 a

tunrt o mime t erdes stao g

operati ns w ‘erne K rag eq en(t
searc It ro as estan|
eyon dout at trs stag ‘exIsts, an that
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from frv {0 twere

chrIdrn as the
jw hey ss throu It .al a
E Ividua g[te and. ar rn s individua
ec%usvev Coe rC hssare aw dttE canno orn
c(hrldren are a at am concrete t?éer trona
?gren bve\lt?rujeglnSa hano? hronu IOOkue couI sa
tchat they were all ve%u Iii< Beg?th stag r}t‘

ot o o r{ache
OH as the e OW&fgS Fag{]arg ar%t ear OS\9IJH§

to te orm eratrons Whi Xh Eon
rn Whrc ﬂr esesa exRerr hce can be st
rn t nd wrt out (i realhr%

t
are a(:tart]heest%a%geeir%r@ ad“cﬂ?qmn neq rrwg %Shcre

% [he sp §e aan as

erational § Hesupver c evrw
eaartne)éou must have ‘reality It rdeas are to

The sec nd thrn that I would Ith,e to say in
ns er o ues WhY Lse it n f?f
sr%c aratus rs at ema Ica [)/
an IS not like t eenvrro
men whrc ou can arrange cert n
envrronment ex errence \k;ou can. stracture t
nvrronmen can draw attention to certarn
ements of en rronmenta]l experience, so that yqu
an come to see a mat rca rofea atlwr
tunotu te rtr rcte
r(r)u {h heoc rg\\rgr %)eea(r?tm r?d uwa
i o%ffec ron] ta rhe cant EVﬁr be y there rﬁa
It more int rs than meetsteee lt IS, mat
maticall rpp licated n\ o decr rnc% a
exoerre ce—IL 1S @ most excellen eﬁ(ﬁ?”
I et
[ﬁﬁrso gbrrsor thesuea ?]thg t?npg
ake.might diver ttentror] telmat em cs
at is Inyolved, ruc ura maerrﬁsare ma
atically “clean”; eyareamosa ma he alCﬁ
erasthe are no S clean as \rgo wrs
[ s coour Ia een rnroue
r.co |ur such as Is In the Cursenarre
0 sor e olour Factor wrths Me reasqn nrt
or coo r with. no reason In r% so on. Per aep
some other t rn S are ut In oreneral hese

n 'Hgﬁu%%s%?y on [he perrzherr?r 0t]he at?eehltt)one Ws
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diverted to the mathematrcal rdﬁa whrc Y U can
see as a result ofoperations with these actua things.

The ther re son. gvg yst use structural
ma erra IS tha as idea ﬁ;ea stract %ouBn t{
rearlyarn order o see war

@a urgseareat%antart ko h%hﬂer% ang et

u(h c%nafdreﬂ S real¥hrns g'ésetu SYa gol

Sjve?glls ufhege 021\/5 gres eb E) rea
L i °nt°mri’% riht

Lue] alhrnq ?h ¥m heartl CBF ﬁl sors of

usrn& ‘eaj 9/ ssems I[]we wa

H]eattera ro?r% eoshlmne re Pgm te?glgn Isn h r d‘easy

IS one
ctua
ma I e wr en grow bey
mime afica
gtruc?ural materrals shoulg provr enh

e are tryin build . e minds of
rIdren a Set o a stract ideas ca Fd conce ts
ese conceptF represent asse Cpe
ec nc o epresents ecas.?of ectbons
rea s7 are a in-num e

aw rs ree me ns se ar
nts rn te et reg no one Set
trgal rn Iass hat have this se
ere ore, In or

concept tﬁere are man eo 4 tﬂ geitlaﬁenera
Xperi ce ha u v dren rom whi

Stract e concep
w tvar I sh? ercpua

all sc
e r]centua consI cy IS seﬁ c%é)n%rstst%ot

set0 at?rr% fes mp% 0 Q:\(I)(?ﬁ d srac' rom one
GX?EI’IE Ce ChUSGS¥OU not geve Bé enera

nofion utaver ron assocr lon between t he
co Cer[?t an thee errene n d to the conceal
ematrs as n erI

e
0 not W?nt ssocratrve earnrn fl nee
ea, not a .seve hlg mrte one.

% eqr ela

h fe??re \are must_ consider tI Ues ron ver

L e

n ?he one hore anpdr ave I.FJ)'[ '[?] one klﬂ8¥

re We. not | nger o
assoec[r]atronarat r rt ana enera reaf a not
Eur rt/ar Xn te% oIIoc %hrs J
ac or materra u ere IS N0 dou mgru min

@ oU USe' set of mater ct}
rse re or our actor oes In a

Bres f}{[ pO% a“% (tibl\llslsr% aat”ﬁelr) esta d arrgb mé

e ‘overd one You can'. 8 fim S var
EXPErience So much that children ge Very con-
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ft%%%nfaﬂgrn‘r'etru%h“%épt atd%n”‘th d?ftﬁ phandy
LG B b ol
?8 éh f%cP {haq devEIopnﬁ)e]nat f the. concegi
egen S X on ignoring the irrelevent attributes
fierent ~ experienc ?rr ut%s cnncent atrnq

h%tv‘*@“?” Ond}P erceO ne?rnearrtnges h canO o
gnorren vnrr%a IS rrePFaraE‘z tCgercovr&c)elnsrate on aﬁ
h?e sarr]tnymf ?h u(ce R CPlsoruen Ir[<dt
Ea]r cter from fvan oe—the Fa (es dt§or some
chl ren ove[ rrdrngypower tesevenne?
IS us some ”ﬂﬁl nat" 15 sar re rofe
reéte jtion. e St Sf Fpnce #arn eﬂrs doe
rn an wa inv S essenti
vrrtealS mremeore vtv a)n taratuee Vrglaierra here
¢ %/ tPe Ideas are%ﬁrac a]rdere

¢ aregct fr
eeﬁth)epS anglactetr/s {he
cu atrn mac rne
ima rn ey ur vrs Ferce
?er rns an vrsu

égl)(he e S i hYse chrﬁé%e %e an beﬁte

a

rharsa {a rmew count
C know angwh ave reac&t the
a 6on a ursena, 0ds
a eother materrals that am talking about.

What krnd

rf is goog enou
working wit ena
e Seel 0y
Lisendire Rod RO

materrals would ou consr er to

b8uﬁ reUC uhl’sdrene ur?eso e rsnalrraosr J‘“
atera th nk r Iertq Unrtl (Eg (!
notIce. ﬁurrng IS tama?na mo

HhaE el
EPn ix 1S an extraord rna{ Hysrmrﬁ cpe}a %/(r
chnsrﬁtso ?7 t( cu] £s.0 tﬁ (I]Harter Inch edge
Wnd C rlrnhee ?r%ade rn?oac ntin ougym%rses 9 rscrei

? Iy "use ﬂ?
il terial Is. e rao Inar u

iné;‘ t ahe orr Ina ardr al Vﬁulrlﬁbgr

it

once natural um er ar N
ESCTI €S tkhe amaunt.or. th qualr
separate 0 ECtS nh IX 1S e OHITY

Yr? i Car}o[r) rsns a(he é‘uheeca?usep Yhese arrnea uenra

e ?h@?yt dit ! Se?s'%tnodh”a%" Ot haé

an orginalside, you g seriate the Ohurﬂ]ersa
them In or canrH] 0 3 l
e t‘né”tas“re? G n0lon PiAga s
Hgne some wor Idea of me suring
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grrﬁ)th ngs with a third rnde endent unit is. ver¥l
!2 %}3 come Mea uremen IS ure

grstr notro oy ma mem rte aII
Sticks— rre rre Nn ence wee er]olt%

ousrﬁr Sb n the mr at’s
our t, that snr It./ ere Was nor Ben ent
nrt 0u actually neede thethrngsto gether.

nifix obvrous rs useful \rgrth Ver oun
chd? ndrr urea 00 xercreoas
yourse atitis ﬁres pos to be teach
ot in ems of tec

ni SSES,
in ermﬁ asrc OHCEP q act % ou can
Make tnese INto. dIscrete S(%S or m ﬁ m ImP
continuous ones Is a unique Teature of this materia

merican S%érvo(rke Qa rrvaeschoohln of
rrthﬁretct&e}retwas errr1 crmea in
Qg thr(st atse% (]r\p]r

ﬁere % revo ep agoar ‘f san ecide St

materra thcrr]r(r;ldS elé?‘c dreon\rvea Motol \elgpn

”r? arcs ateria nVe?sean exa
B ge Wa r} the . Indle enéent %c oof %]e)ﬂg

g ogressrp]r(? T tates, at Fr th[?}

?1 nite

FOWGVGY the WOF

ernh argely been Linrecognis §
rrtarn an

fates Eut 15 o W ef{/ recognrse
also 1n Europe

S raaruirrr' e

Catherine Stern. aarn sed the r ea of a
cu heb she maetem ecu
now vea

rital
(ﬁ 8 she(ﬂ]e Seuboe?s .serrre IS 1N toduc o0 grne

rn 0 struct re ﬁ re—|nstea r{cture
just bein C% ecuE hers Introducing things
rnto which you put other things.

remem er the patterns
en

re atrng t0 nu gro %a wer epreva en w

Were VEry sman e rrz roun O‘re ron]
and th +ac er pointe and we all
gr%umteérz i Ole8re Wi structure Ina;EEISSWr}ChW ee
ac?ual 0ards, sﬁ cre %’a she o ﬁ“

1 R

arrangedl%em in S5 ke thige ers a5

drherr%Stern alsq had to do some Hpattern
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ere numera

o

g ot
ascr atin set er ra frays are
srmguy(ig esrx rdboarbed; Irth a rr@
P lengt )r(elen ranrea ﬁv ar rr'rS rﬁr%/
ﬁﬂr ?}n ané1 means o[F 1S ‘ra tg
om o‘ron 0 sr>% in Kerms of fo rdp "o
jemons rfrgetérree ive plus one and so on, waé

Stern alco hehrcﬁ Bumber track.. This was a

alroolvce rmaﬁdvé rgarﬁrs representrnq num era

ed a cross. on d.

umerals on, t he number . rac

a%SCé“?F'ao@r&]'eaﬁ v arrrabsrarr [Lges Ore
IH e ca era?ron he opea onr}/f

Ivision, ou rase the same
tdi ere

a{}/es?onnl ttin Instead of
\%rrtrng it KeVYrrs—g y
10

5
you could write it like this—
2
5)10
]rth P rs\(l%[rrse trgaatr thaer Ie“%rne ecgr f P telY drﬁgrent
have a you divide | ere ecﬁra!
Barts an are 2°n each part, e secon
ne says hatr you have a group of ow many
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n
e ol CO”t%h”%dof'E el o Qo o
gf eBt 0 rvr rvr ehr acc\),\rlrgse we n Srlr;
otit ron In fact parﬁ roh vrdr r srnto
rous sharin en ra u uare
eally con ér r arr out
%re usua % dp Cﬁ With quot ron ih
rso rc ar SIXDENce, & hcan
acow re t
rvr rn acrownu 0 an par 0
are findi teseﬁe contarpa

In that. %%Je!\s V%E\:%m;:é'ﬁ'gh? most In

Bdr[rcatro ou can o
a_numbper 't

num er track 1S
very e\t\egant for this.
ere rsav srm of rﬁ
deaF hese ar me Ideas an
s crent rnt es to ee tec Idren 9on
or a o ou wan to eaBal&ou f
frra rea errne e op
ren Drscove metic, whic ascrnatr

N
1S

Eoo on struc ura[ ma?errals anh In afaot was tﬂg

st one to be written.

The Cuisenaire Rods con Ist ofc lour fami e
whrc to me are not very re evan[t trs usefu
rt/ the_rods, but ovmore he reason 9{

Igﬁps%f a(re Rods have allen rnBo drsrepHe 15

e

hmetica
[t1S rat rnr?eto
N

e
Hraterraq?rs Its reirt stren?h

%arat swhrcg

ﬁﬁ%rgﬂlwrrrtrrtr)g equgterton/ss){r orrre When 1 ¢
r+jv="0
| accept this—
hich hNt(th b hb)h t
WiEh, S8 el fhe number, We;)%sstvctatestttthe
mber Wﬁ assogra
srnwhrc ave

e S
gt.rsrn s(srt/rcturau m%terral thajt IS ma'['h%

rty hands your
tely-an uttehg oy
can ruin gre great v ue qf the materra z no(t
ners(tan In nﬂ %no In \rvhah It 1S su 056
b el f e e
Skp —?hrs Was never rngen e/d

quic

Xtrca TY

0 not USF
ou Ca

uck it Up comp

ar to

The. reatvrrtue of Culs narre Is that it can sho
ou with a grea degreeo U%anoe orem

e. commutative identity. USing 't Aot
roject notation—

O X A=A Xx0O
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IR bggur;r :
[ G%hgrand '}t hrs rs knnga tecoprpmcaatrve

r( or commu ative or multiplication,
whrc s usually written—
y a, b —aX b b X a

a X bis always the same number ash X a

1S m terraIr useful for fractions. You can get
ch(!g p orng t e most drF rcu examples wqﬁr
understanding

With mdaterrals of this kdnol if chrldren reaII
r?nsdeg% at t he orn y can get 0
ou C 59

e maerra as a rnm
Yrmpo an rnswrt

ut un orunat 3/ [on an

rt more complicated.

rac ion area
Cursenarre a atteﬁ]no realised that this
a rial wa rat QU cannot l%o ana/
ur er Wit catbuaron In a Fv

umera ,on which depend s] ﬁ urs es, Upo
ace value upon ase with t mate
.seem a ho

et

re a

ﬁas of 1T IS of Its. I‘nearrt ? Were sdn%

ursen re materra serl ussy vriou ave

H]g alance mae soa traw b ces vrr]th
ans, so tha Syou could the relations

tw en the mas ) no ustt IS [inedr
am more or varying t epe cept.

V|éw ttha e chﬁg

When it comes to dealmg with the four era
tions rrvr h ace value“system, none o
aterials that | aved scr be to our v%é/
ere are some ma erra Ing,

se are _cent me re u W are_made In
astic becausec den eplas gr SOme reason.
ese 4 ub the over-riding percept Is
that ofsuper iclall yor area.

You can, of course, carry out qperations wrth
these, l?ut 'the most imp otl Hg

perce

R
eveo] thrs aterial in r]we oun
ur chjﬁ ren. atchrs/ 61rsu enrévasarrr]otorrea K%Igr%veva@
notFrngrs rrgma rsrssrmrlgrto 8 tessoH
de fthe ?rr\}athrjene owersr@/ﬁ?nhru%rr
V\%er Re over drr rnvra eperﬁ1 LIS one: éhmensrona?
i ol By e O ey
Iosver -riding percept is t ree mensronaP
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ofl ar[rnct\uer aﬁ drstuerrtltgld tg some of the faIsrff(catrﬁ
?h rparh tnttLRe m tenalsqotehe ma?enaqs have
got to Tit the

mat €maltics.

e Dr IP -Base Anthrﬂetrcal Blacks are
dren erta duns of

tron su tractr N, mutr ication vrﬁron
wrt |n a system of numeration based upon these

€0 Ieh e said that I am opposeq to
a[\/lu at/ i Sums. Eﬁosegm e

sums tor therrn%wn sake %ut |
oEvr(?us at primary educat ron has to eg
ﬁ ldren ave é)oyd‘oet nce orr]ucnat %rslatrgnseet 0
caftr):u ati nrs ¥Seou W%Iu?pth Pnonz eseCeal ome
nthe gdo |natext%o§kyﬁte deas o#wah H
ﬁtrsacea cujatrgn e'? an Cei)FPressron aére0 ver nocrona :
%ddr lon, ﬁ exa 8? é as 10 %e e%?rse t A
eIa\r{) suBe raddition ena yo fo
anu erw gs[u co f

rnran ad U (o en%ua}re
|nvo omm at e |entey

Se |

ommuafuve naureo de are
urItup rom expenenceswrt uisenaire o
ebra IS Iearned

tis mostr rtant th tthe
ewea c num
e rar urse arre o ot er
hen ou ca start |n e nu rs
or ance wr e ruIe
m ta |s a ene |se
g Cl eéas frrom ant rﬂetr e ra hen é{
the al Hg D Zh% the numbers. . |s IS .the
axrom IC Vi w a IS an aféro atic vrew

S uhuérhﬁjram o
S

atenas an 5
edéh?uttit ﬁvn(t)rrgmarge arYd ée\eisthatﬂ“[< ms[haﬁ
and mat |as

tevjals Maye a place, s my pre
gt s e S

The actu(allodoreratron |tse}fof add tronhrs highly

complicat example, 1Twe resolve this—
3
Il
ﬂnd”d that the sum Irss Z\l ver e%v ren
cou Wat y A% srmp
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tt%en ]OIﬂEd] together and had ow beco e Tl
e}/ actually were n ere( e}/ \yere et]ore
W Wwere sets of 0 jects ou Just put them

ol SR 0, S
ub-groups:

B
%

e4 in fact is ontarned in the 71, so if yo
f)e ?hetgseollﬁ{on Lf E LIS hr% Rrhc%rmitltjexgmloev%élH
}/r%un y¥n IS 0r “have any notion of It
'htntanr’tedn% g

nit { what 15 1t n en use
il g g VAo

drv@r hrrhhé' enu pe?r}fta”%hhﬁ%v'g%?th iﬂg
gnotI 9% Z%ar oneo atyHarer eres

<
cnstier i feally seven twos But Jou are not
Inereste becalse they arealequa }/o are altUSt
corien ratrnagc on_oné’ particular qua

esrzeo h group.
(aI%u]Igtrons and o eratronse aérleN é\lreriv
rt systems qusan% les o oars
see | m'a Has can to understand
ese ?our simple things.
scaled of feththﬁdvtutat & rufrnrmr " bon 8?
R
{}\]l(h% ar a L emstyua avergl
nubshoﬁ a]%tt at % ldren stym le ovg{r
ongs ho eV(/ opporunr es
ﬁarn about the op ork rn% In ase

eratb

e most dif |cut mbinatign f“ an have at

any one morren of t ers seq nee
s iS e Wa

€ an €€
SEFUC'[LYfﬂi

—h—n-

S:D_D

materials ar useg Irst 0 aI cr [en
eet er atron |ps
oet entem

the n]at(enas an
ons ru mergnapreg’p
ento ern edpuoatJ d’al scene |s one o
Sl T s b b
much ore |mportantyt an t\h Ou cah) dt
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discover the _relatl_onshlPs unless you do play.
Then you inject info the Play_snuatlon some
structured games which enable children to see the
relationships between the various pieces. | am
talking now about the M.A.B. blocks. Then you
provide children with a series ofpro?ramme cards
or instructions which tell them what fo do. But you
give them the very minimum of guidance because
you want them to feel involved and ¥ou
dellber,atel7y sag “do this”, and leave them Tree
to do it. The beauty of this material is that the
framework is provided by the material itself
Usually we provided children with boards; we asked
them ‘what they were called and they. said,
“That’s a long one”, so we accepted thaf it was
called a “Iong"' they said, “That’s a flat one”,
s0 we accepted that it was called “a flat” and we
asked them what they thought that was and the
said it was “a block™, so we called it a “block™.
Then we said, “Suppose you had three of these,
these would make one of the next kind, what
would you call that?” They replied, “It’s a Iong
block”, and the next power is a “flat block” an
the next power is a “Dlock block”. Names do not
matter, so we accepted these and we used this
nomenclature. In fact we should have base to the
zeroth power, base to the first power, hase to the
second power, base to the third power, but we
are a long way from understanding base. Concepts
take a Iong time to grow. In my innocence and
youth, | thought you could learn concepts very
quickly, but you cannot; there is always another
layer to put on top ofa concept; in my view, a growth
stage is followed by a sort of plateau which is
Opérational to a cerfain extent, and then you
suddenly{1 find something else out and you go on.
Then it'has a wider sphére of operations and"so on,
and for the whole of our lives, our concepts grow
more general. To take a ver mlee example,
the concept of any of us older than thirty or fort
of a car would have been very limited in the past.
Look at what we now accept as belongln% to the
class of things which we symbolise by the term
“car”. Itis much wider,

Children put these things out on the boards.
They first of all work with"the real situation and
then record what they have done so that their
“sums” are really records of what they have done.
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They do things with materials, _they record
faitiifully what™ they have done. Two" children
work together.

The difficulty_is that they think these S}/m_bols
are associated with bits of wood. That is all right,
but it is not good enough because you have to be
much more flexible.

_Let me tell you one or two thin%s that we have
discovered about this work. | did say at the

Pee |ﬂmgP t[hhﬁ%t g‘)’(epedr?ennc%t. yFt hkanvoeW awg%jlescttlr\]/%

view based on a number of children who have
now gone to high school, and generally sRea |n?,
because we made some gross errors in the early
stages, | cannot honestly say that the%/ are very
much better mathematically. At that time we
were bumbling along and making the most
hideous mistakes, but now we are getting rather
better. The only way in which you can really
find out what IS haPpenlng to cildren is to sit
with them individually. The application of group
tests is highly suspect.

Finally, 1 would like to quote from a research
project of a friend of mine who enquired into the
development of number concepts of children
between seven and ten years of age. She said:
“Despite the development of new mathematical
materials based on sound mathematical and
Psycholo?mal principles, unless the teachers usm%
hese materials have themselves acquired a dept
of understanding about how young_chlldren learn
and about the stages through which they move
in_ this process, then the position in connection
with the learning of mathematics is little better
than before these materials were developed.”
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