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Foreword 
By W.H . Cockcrof t 

G.F. Grant , Professor o f Mathematics , University o f Hull , 
and Chairman o f the Conferenc e 

It is a pleasure to commend this report t o al l who are concerned wit h mathematica l 
education. Two weeks is all too shor t a  period o f time fo r delegate s from a  variety o f 
countries t o b e abl e t o lif t thei r eye s fro m thei r ow n pressin g problems , t o loo k a t 
those o f thei r fello w delegates , an d the n t o com e togethe r i n a n understandin g o f 
common aim s an d objective s i n their various educational programmes . I t i s a tribute 
to the educationa l tie s which bind u s in the Commonwealth , an d t o al l the individua l 
delegates, tha t i n tw o week s no t onl y wa s there fel t t o b e a common purpos e i n the 
work o f the Conference , bu t als o that th e groundwork o f thi s report coul d b e laid so 
firmly. 

Naturally mos t commo n groun d wa s foun d i n practic e a t th e bas e o f ou r educa -
tional pyramid , i n primar y education . Thi s i s reflecte d i n th e dept h t o whic h th e 
Conference wa s abl e t o g o i n considerin g wor k a t thi s level . Secondar y mode s o f 
education diffe r markedl y fro m on e par t o f th e Commonwealt h t o another , bu t a s 
the Secretary-Genera l o f th e Commonwealt h Secretaria t ha s remarke d elsewhere , 
the Commonwealt h i s no t concentric , bu t polycentric ; a s th e chapte r o n Common -
wealth Co-operatio n i n thi s repor t shows , w e ca n dra w strengt h fro m ou r wealt h o f 
differing pattern s a t secondar y leve l rather tha n seein g weakening divisions in them . 

It wa s no t th e purpos e o f th e Conferenc e t o g o beyon d a  settin g ou t o f basi c 
principles: th e prescriptio n o f administrativ e actio n wa s no t i n its brief. I t wa s con-
cerned t o produce , jus t a s othe r conference s o f thi s kin d hav e produced, a  guide t o 
action unde r th e ver y differen t condition s whic h exis t i n ou r variou s countries . I f 
the reade r eve r think s th e Conferenc e wa s unaware o f th e har d fact s o f lif e i n de -
veloping countries he should read the background papers submitted t o the Conferenc e 
by Governments . Delegate s wer e onl y to o wel l awar e o f th e practica l problem s 
involved, in any country , i f their suggeste d principle s were to be acted on . 

Not th e leas t o f th e scarc e resources, exacerbating th e problems which exis t i n all 
our educationa l programmes , i s the huma n one , the trained competen t teacher . Th e 
need t o hel p presen t an d futur e teacher s i n today' s climat e o f curriculu m renewa l 
and developmen t wa s a  matte r o f dee p concer n t o delegates . Thi s concer n wa s 
reflected i n thei r practica l suggestion s fo r th e developmen t o f the principle o f joint 
effort i n introducin g ne w materia l int o th e classroom , s o tha t individua l teacher s 
can rely o n the suppor t an d help o f thei r peer s in centres set aside for thi s purpose . 



Such thinkin g reflecte d th e convictio n o f al l delegate s that educatio n i s above al l 
a practical human activit y involvin g men an d women , and childre n wh o rightly com e 
into ou r school s i n large r and large r numbers , in all their shape s and sizes , with thei r 
advantages an d limitations , wit h bot h hope s an d fears . I f i n dealin g wit h mathe -
matical educationa l principle s thi s repor t reflect s thi s broade r conviction , the n 
delegates will be well satisfied . 

It wa s th e hop e o f th e Conference tha t th e repor t woul d hel p those concerne d t o 
further mathematica l education , a t al l levels , i n al l our countries . The effort s o f th e 
Conference wer e directe d wholl y toward s tha t end . I  kno w tha t delegates , author s 
and editor s woul d wis h th e repor t t o b e judged b y it s influence i n practice a s much 
as, i f no t mor e than , fo r it s intrinsi c meri t a s a  documen t abou t mathematica l 
education. 
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TEXT OF THE OPENING SPEECH 
BY DR. THE RT. HONOURABLE ERIC WILLIAMS, 

PRIME MINISTER OF TRINIDAD AND TOBAGO 

It i s a  rar e pleasur e an d a  ver y rea l on e tha t I  hav e thi s mornin g -  tha t o f 
addressing thi s distinguishe d gatherin g o n th e occasio n o f th e Openin g o f th e 
Commonwealth Conferenc e o n Mathematic s i n School s t o whic h Trinida d an d 
Tobago ha s th e honou r t o b e host . Thi s honou r i s on e tha t th e Governmen t an d 
people o f thi s countr y fee l deeply , an d o n thei r behal f I  wis h t o expres s no w ou r 
sincere appreciation t o the Commonwealth Secretariat , an d t o offe r a  warm welcom e 
to al l ou r visitor s fro m th e variou s countrie s o f th e Commonwealth . I  trus t tha t 
along wit h th e benefit s yo u wil l deriv e fro m you r deliberation s here , yo u wil l tak e 
back wit h you , afte r you r to o shor t sta y amon g u s pleasan t memorie s o f ou r lan d 
and our people . 

The Commonwealt h ha s i n recen t years , an d fo r obviou s reasons, been subjec t t o 
a numbe r o f interna l stresse s an d strains , but i t i s clear that whateve r the tendencie s 
to disunit y an d disharmony , an d howeve r stron g ma y b e th e force s workin g in thi s 
direction, th e machiner y organise d fo r Commonwealt h co-operatio n i n Educatio n 
ever sinc e th e origina l Conferenc e i n Oxfor d i n 195 9 ha s serve d a s a  powerful link , 
binding the various member countrie s together , t o thei r mutua l advantage . 

The Specialis t Conference s whic h hav e bee n hel d ove r th e year s hav e bee n o f 
particular interes t an d benefi t t o th e developin g countries , an d i f yo u wis h t o se e 
monuments t o th e developmen t takin g plac e i n thi s countr y I  invit e yo u t o loo k 
around you . 

For this University campus has grown and i s growing out o f the Imperia l College of 
Tropical Agriculture , a n Institutio n whic h serve d th e Empir e o f yesteryear . Man y 
of th e countrie s represente d her e toda y hav e ha d som e for m o f contac t wit h u s 
through th e ol d Imperia l College , bu t toda y w e mee t o n a  ne w leve l ami d ne w 
buildings serving new purposes . 

What wa s onc e a  smal l college , imperia l i n scop e bu t limite d i n th e service s i t 
offered, ha s no w becom e a  spreadin g branc h o f th e Universit y o f th e Wes t Indie s 
offering course s i n Agriculture , Engineering , Natura l Sciences , Arts , Socia l Science , 
Management Studies , an d Afro-Asia n Studies . I t ha s als o sproute d a n Institut e o f 
Education an d a n Institute o f Internationa l Relations . 

In thi s respec t w e ar e no t unique . Al l o f th e countrie s o f th e Commonwealth , 
including thos e wh o ar e unfortunatel y no t represente d her e today an d including th e 
older, develope d countrie s ar e eithe r achievin g simila r expansio n o f facilitie s fo r 
higher education o r are having it thrus t upon the m b y the force o f circumstances . 

These circumstance s ar e basicall y ver y muc h th e sam e i n all countries, develope d 
or developing , an d th e pressure s diffe r rathe r i n degre e an d intensit y tha n i n kind , 
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for fundamentall y th e problem s ar e thos e o f shapin g societ y t o mee t ever-changin g 
needs. Th e solutions wil l be differen t fro m countr y t o country , bu t th e problems are 
the same . And i t i s clear tha t educatio n ha s a central role to play . 

While i n al l countrie s universitie s ar e expanding , ne w one s bein g created , othe r 
institutions o f highe r learnin g bein g incorporate d int o existin g universitie s o r bein g 
upgraded t o universit y statu s i n orde r t o mee t th e deman d fo r highl y skille d man -
power i n al l fields , th e pressures from belo w to provid e more and bette r facilitie s fo r 
primary an d secondar y educatio n are , to pu t i t mildly , a t leas t as great. 

From a  quantitativ e poin t o f view , th e poore r countrie s suffe r th e greates t hard -
ships, fo r educatio n ha s t o compet e wit h othe r service s fo r a  shar e o f th e slende r 
budgetary resources , an d the n th e problem s aris e ove r ho w bes t t o distribut e thi s 
slender shar e amon g th e differen t level s o f educatio n i n orde r t o effec t a  prope r 
balance. A n educate d citizenr y i s necessary i n order t o mak e any economic develop -
ment, an d economi c developmen t i s necessar y i n orde r t o provid e th e facilitie s fo r 
education. Thi s i s th e viciou s circl e i n whic h s o man y countrie s fin d themselve s 
trapped. 

From th e poin t o f vie w o f th e conten t o f th e curriculu m an d teachin g methods , 
this is particularly a n area where differen t approache s an d differen t solution s have t o 
be sough t accordin g t o th e social , political, and economi c circumstance s o f th e indi-
vidual countries. However , i t i s equally clea r that a  pooling and a  sharing of experien -
ces, interchange s o f personne l an d othe r form s o f technica l assistanc e ca n be of th e 
utmost valu e in pointing a  way towards possible solutions . 

This i s th e justificatio n fo r th e Commonwealt h Educatio n Conference s an d th e 
Specialist Conference s organise d b y th e Commonwealt h Educatio n Liaiso n Com -
mittee. Thes e conference s mus t b e mor e tha n expensiv e academi c exercises . The y 
must bea r fruit . Thi s i s wh y th e Educatio n Divisio n o f th e Commonwealt h Secre -
tariat i s expanding i n scop e an d i n personne l a s wa s agree d t o a t th e recent Fourt h 
Commonwealth Conference . 

In particular , th e us e o f loca l material s a s teaching aids , th e teachin g o f Englis h 
either a s a  firs t o r a s a  secon d language , th e developmen t o f programme s i n socia l 
studies, th e rol e o f th e fol k cultur e i n th e creativ e subject s i n th e curriculu m ar e 
illustrations o f individua l problem s whic h ar e mor e easily solve d by an open sharin g 
of ideas , experiences, and information . I n this way most countrie s wil l be better abl e 
to avoi d th e pitfall s o f expensiv e procedure s o f tria l and erro r o n the one hand , an d 
of slavis h imitation o n the other . 

At firs t glance , mathematic s migh t appea r t o som e t o b e a  universa l languag e 
cutting acros s al l barrier s o f nationality , an d independen t o f th e stag e o f develop -
ment o f an y particula r country . Thus , i t migh t b e argue d tha t th e problem s o f 
mathematics an d th e teachin g o f mathematic s i n a n advance d countr y ar e the sam e 
as thos e in an under-developed country . Thi s is plausible, and clearl y contain s a  large 
element o f truth . 
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But i f w e g o a  littl e beneat h th e surfac e i t become s obviou s tha t th e cultura l 
patterns o f a  communit y exer t a  determining forc e o n mathematics in the school s -
the content , th e teachin g methods , th e dept h o f knowledge necessary o r even desir -
able. An d th e politica l an d economi c realitie s likewis e hel p t o determin e wha t i s 
practicable. 

In short , eve n a  subjec t suc h a s mathematic s canno t b e divorce d fro m it s socia l 
context, an d s o all the tim e tha t w e are looking a t mathematics in the school s we are 
also lookin g a t th e school s themselves, the educatio n syste m an d the whol e comple x 
of political , economic an d socia l institutions tha t combin e t o for m th e cultur e o f th e 
community. 

To illustrat e thi s a  littl e further , withou t wishin g to labour a  point tha t ma y see m 
obvious t o you ; i t i s impossibl e t o hav e a  meaningfu l discussio n o n mathematic s 
teaching withou t payin g particula r attentio n t o suc h consideration s a s the rol e an d 
status o f wome n i n th e society , th e degre e o f industrializatio n o r th e genera l 
sophisitication o f al l levels of the community . 

The histor y o f th e developmen t o f mathematic s show s quit e clearl y th e exten t 
to whic h i t i s just on e face t o f cultura l expression . However , you wil l be concerne d 
in th e nex t fe w week s not wit h the pas t bu t wit h the presen t an d mor e particularly I 
hope wit h the future . 

The twenty-firs t centur y i s bearing dow n har d upo n u s i n the present-day world , 
while som e countrie s hav e hardly begu n to ente r th e twentieth . Tim e does not stan d 
still, nor do the aspirations of the people, as those wh o serve in the politica l fiel d kno w 
only too well . 

I thin k al l developin g countries , governmen t an d peopl e alike , realis e tha t 
economic developmen t depend s largel y o n th e developmen t o f huma n resources , 
hence th e centra l rol e o f education . Everywher e ther e ha s bee n a  realisation o f th e 
importance o f communicatio n throug h al l media , and the printed wor d remains one 
of th e mos t powerfu l o f these. Campaigns against illiteracy have been waged and ar e 
being wage d o n nationa l an d internationa l scale s i n orde r t o remov e thi s barrie r t o 
progress. 

The tim e ha s com e fo r simila r onslaught s t o b e mad e agains t innumeracy , whic h 
increasingly i n th e worl d toda y an d inexorably i n the worl d tomorro w i s and wil l be 
as much a  crime as illiteracy ha s been up to now . 

I d o no t nee d t o dea l at length wit h the vocational aspect s of education i n mathe-
matics. I t i s obviou s tha t mor e and more people wil l need t o use the tools of mathe-
matics i n th e cours e of thei r employment . Th e growing need i n all societies for tech -
nicians, engineers , economists , statisticians , expert s i n th e variou s technologies , (t o 
name a few) bears ample testimony t o this . Gone are the days-when virtuall y th e onl y 
purpose o f mathematics i n the school s was to produce a  steady suppl y o f teachers of 
mathematics i n th e schools . I t i s smal l wonde r tha t thi s self-perpetuating proces s of 
in-breeding, withou t a  large r ai m an d purpos e behin d it , serve d t o insti l int o mos t 
pupils th e ide a tha t mathematic s wa s largely a  for m o f magi c use d b y th e initiate d 
to selec t the fe w fo r furthe r initiatio n rite s and to bamboozle th e many . 
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The so-calle d Ne w Mathematic s an d a n enlightene d approac h generall y t o th e 
content an d purpos e o f mathematic s wil l g o fa r toward s removing man y absurditie s 
and misconception s fro m th e mind s o f educator s an d fear s an d mystifications fro m 
the mind s of pupils . 

And thi s i s no t merel y necessary ; i t i s urgent . Fo r quit e apar t fro m th e nee d t o 
train skille d manpowe r i n th e us e o f mathematica l tools , i t i s becoming mor e an d 
more obviou s tha t scienc e an d mathematic s for m a n essentia l par t o f th e genera l 
education o f al l people , i f the y ar e t o understan d th e worl d aroun d the m a t all . We 
can n o longe r thin k o f a  soun d genera l educatio n i f th e mas s o f th e populatio n i s 
disqualified fro m a  simpl e appreciatio n o f th e mathematic s o f th e econom y (a t th e 
domestic an d th e governmenta l levels) , o f th e statistica l dat a wit h whic h the y ar e 
continually bombarded , o f th e mathematica l base s o f mos t o f th e buildin g con -
struction an d domesti c equipment wit h which they ar e in dail y contact . 

Further, th e ide a i s being demolishe d tha t mathematica l abilit y an d aptitud e ar e 
gifts conferre d b y th e Creato r o n a  favoured few . Exceptiona l geniuse s there alway s 
will be , wh o wil l come when they wil l come and wher e they wil l come, but ther e ar e 
many mor e fis h i n the se a than wer e once thought . 

This conferenc e ha s bee n calle d becaus e ther e ha s bee n recognitio n o f th e point s 
I hav e bee n tryin g t o make , an d o f others , equally o r more important , whic h I  have 
not dare d t o touc h upo n fo r fea r o f revealing the exten t o f my own innumeracy . 

Your programm e is , t o sa y th e least , exciting , an d al l aspect s o f mathematic s i n 
schools ar e covere d i n a  practica l ye t imaginativ e manner . I  do not nee d to sa y tha t 
conferences o f thi s sor t ar e a  beginning , no t a n end , fo r th e work you wil l be doing 
over th e nex t tw o week s i s bu t a  spar k tha t I  hope wil l resul t i n firin g wit h enthu -
siasm al l thos e wh o ar e concerne d wit h educatio n i n genera l an d wit h mathematic s 
in particular . 

Before I  conclude , Mr . Chairman, I  should lik e to repeat m y word s of welcom e t o 
our visitors from th e othe r land s of the Commonwealth , an d t o stres s the deep appre -
ciation o f th e Governmen t an d peopl e o f Trinida d an d Tobag o o f th e honou r o f 
hosting thi s Conference , a s wel l as my ow n personal appreciatio n o f the honour yo u 
have done me in asking me to addres s you . 

It no w give s m e th e greates t pleasur e t o declar e ope n thi s Conferenc e o n Mathe-
matics i n School s an d t o wis h tha t you r deliberation s wil l b e bot h pleasan t an d 
fruitful. 
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TEXT OF THE CLOSING SPEECH 
BY SENATOR THE HON. DONALD PIERRE, 
MINISTER OF EDUCATION AND CULTURE, 
GOVERNMENT OF TRINIDAD AND TOBAGO 

We hav e no w com e t o th e en d o f thi s tw o wee k conferenc e whic h ha s bee n 
exhaustive a s wel l as , I  a m afrai d fo r man y o f you , exhausting . However , physica l 
tiredness resultin g fro m prolonge d an d intensiv e effort s i s easily relieve d b y a short 
rest fro m labour , an d I  a m sur e that , howeve r muc h yo u ma y b e feelin g no w th e 
strain of your efforts durin g the last few weeks , the proces s of recovery wil l be a short 
one eve n i f you had t o pic k up again almost immediatel y th e threads of your routin e 
duties. O n th e othe r hand , I  a m also confiden t tha t th e menta l stimulation ha s been 
such tha t i t wil l las t a  lon g tim e an d wil l b e reflected i n the wor k you wil l be doing 
for year s to come . 

Your programm e ha s bee n very ful l an d has included ever y aspec t o f mathematic s 
in bot h primar y an d secondar y schools . I t woul d b e idl e an d perhap s dangerou s t o 
single ou t an y on e topi c a s mor e importan t tha n th e others . Bu t I  hop e yo u wil l 
pardon m e fo r makin g specia l referenc e t o th e trainin g o f teacher s sinc e thi s seems 
to me to b e the basi c topic. It i s the bedroc k o n whic h a  sound superstructur e ca n be 
erected, o r els e th e quicksan d o n whic h i t wil l flounder. Fo r i t is generally accepte d 
that ther e i s n o greater fea r o f th e child in school than th e fea r o f mathematics . And 
this fea r i s no t innate , no r i s i t inspire d b y itself . I t i s a  fea r whic h i s instilled un -
consciously an d sometime s even , I  regre t t o say , consciousl y b y thos e wh o profes s 
to teac h mathematics . 

I d o no t thin k I  hav e overstate d th e cas e a t leas t a s fa r a s th e recen t pas t i s con-
cerned fo r th e ways of enthusiasm fo r th e New Mathematics and fo r ne w approache s 
to th e teachin g of mathematics . Indeed th e ver y fact o f thi s conference suggest s tha t 
there has been recognition o f th e need fo r ne w attitudes on th e par t o f teachers . You 
will remembe r th e centra l characte r i n Molière' s pla y wh o discovere d wit h deligh t 
that h e had bee n speakin g prose al l his life withou t realizin g it . 

Perhaps th e firs t ste p t o succes s i n mathematic s teachin g i n th e school s wil l b e 
shown whe n th e childre n discove r wit h equa l deligh t tha t the y hav e bee n doin g 
mathematics al l th e tim e withou t realizin g it . But , first , th e teacher s mus t them -
selves fin d deligh t i n th e subject . I n fact , I  ventur e t o sugges t tha t succes s depend s 
finally o n thos e tw o word s -  discover y an d delight . The insight tha t th e teache r ha s 
into th e nature , an d th e purpose , an d th e structur e o f mathematic s has to b e trans-
mitted t o th e children . I n fact , i f thing s continu e a s the y hav e bee n goin g o n 
recently, w e ma y hav e t o fin d a  ne w wor d t o replac e th e wor d teache r a s th e 
emphasis ha s shifte d s o muc h fro m teachin g t o creatin g situation s in which learnin g 
best take s place. 

I d o no t wis h t o dwel l o n detail s o f th e programm e fo r I  kno w tha t yo u wil l be 
leaving her e wit h notes , wit h ideas and wit h good intentions . But let me remind yo u 
also that th e road t o hel l is paved wit h good intentions . 
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The conferenc e ha s serve d othe r purpose s tha n th e centra l one of providin g a set-
ting fo r thes e ideas . First , it has served to brin g together peopl e fro m al l parts of th e 
Commonwealth, wh o hav e worke d an d live d togethe r harmoniousl y o n this campu s 
for tw o weeks . I t i s impossible t o exaggerat e th e importanc e o f thi s especiall y i n a 
world wher e war s and rumours o f war s are more tha n mer e words . 

Next, the personal friendships made here will, I hope survive over the years and ove r 
the mile s whic h wil l soo n b e separatin g u s again , just a s th e professiona l idea s an d 
insights wil l survive . 

Finally, an d equall y important , ther e has been a  coming together, and a  sharing of 
experiences o f peopl e a t al l level s i n th e educatio n system , primary , secondar y an d 
intermediate. Too often i n the past have these three level s gone thei r own swee t ways; 
too ofte n i n contrar y directions . I f thi s conferenc e ha s done no more tha n t o foste r 
the recognitio n o f th e nee d fo r seein g mathematic s whole , and seein g the educatio n 
system whole , it woul d hav e done a  tremendous amoun t o f good . 

This specialist conference , organize d b y the Commonwealth Secretaria t ha s ended . 
I suspec t tha t th e Secretaria t wil l begi n plannin g th e nex t on e fro m thi s afternoon . 
Indeed, th e succes s o f th e conferenc e rest s largel y o n th e carefu l detaile d plannin g 
that ha s gon e int o it . I  congratulat e th e organiser s an d al l thos e who have slaved t o 
make i t a  reality . I t ha s bee n a n honou r t o my countr y t o hos t thi s conference, an d 
it ha s bee n a  pleasur e t o hav e s o man y visitor s fro m s o man y differen t lands . Th e 
weather ha s no t bee n to o unkin d t o you , an d I  hope tha t i n the few hour s in whic h 
you hav e been fre e fro m th e rigors of a  two-week exercise , you have been able to see 
something o f ou r countr y an d ou r people . We shall always retain pleasan t memorie s 
of your sta y here and I  hope tha t you r memorie s wil l be as pleasant . 

In conclusion , Mr . Chairman, I should lik e to express thanks to you first , fo r you r 
very affabl e manne r which , n o doubt , ha s playe d a n importan t par t i n makin g thi s 
conference th e succes s tha t i t is . I  als o wan t t o expres s thank s o n behal f o f th e 
Government an d peopl e o f Trinida d an d Tobago to al l the delegate s here assembled , 
who hav e expresse d war m feeling s fo r ou r Government an d ou r people , and particu -
larly t o th e delegat e fro m Africa . I  wil l communicat e t o the Prime Minister his very 
warm tiding s and greetings . 

May I  close , therefore , Mr . Chairman , b y agai n expressin g th e gratitud e o f th e 
Government o f Trinida d an d Tobag o fo r hostin g thi s conference . I t wa s indee d a 
privilege an d I  d o hop e tha t i n th e ver y nea r futur e w e shall be able to play hos t t o 
other conferences . Onc e again , than k you , Ladie s an d Gentlemen , fo r spendin g thi s 
stay wit h us in Trinidad an d Tobago fo r tw o weeks . 

Mr. Chairman, do not believe that I  was negligent in expressing thanks to th e dono r 
countries whic h hav e bee n s o kind a s to leave these books , which formed par t o f th e 
book exhibition , fo r th e benefi t o f th e Universit y o f th e Wes t Indies . I believe tha t 
my Professo r frien d wh o i s on stag e would have been th e person more competent t o 
express thanks on behalf o f th e University . But in as much as I happened t o represen t 
the Governmen t o f Trinida d an d Tobag o an d th e Counci l o f th e University , ma y I 
play thi s par t fo r m y Professo r friend , an d expres s o n behal f o f th e Universit y 
thanks t o al l th e countrie s tha t hav e bee n s o kin d i n leavin g thes e book s fo r th e 
benefit o f the students , who are going to stud y a t the University o f the West Indies. 
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CHAPTER 1 

Conference Arrangement s 
The Background o f th e Conferenc e 

1. The Firs t Commonwealt h Educatio n Conferenc e hel d a t Oxford , England , i n 
1959, wa s followed , i n 1961 , b y a  Conferenc e o f Commonwealt h expert s o n Th e 
Teaching o f Englis h a s a  Secon d Language . I t wa s hel d a t wha t wa s the n Makerer e 
College i n Uganda . I n vie w o f th e succes s o f thi s Conference, th e Secon d Common -
wealth Educatio n Conference , hel d i n Ne w Delh i i n Januar y 1962 , considere d 
whether, an d o n wha t terms , it was desirable to hold conference s o f experts in othe r 
subjects. The Delhi Conference agreed that this was a suitable form o f Commonwealt h 
co-operation i n educatio n provide d th e followin g principle s an d criteri a wer e take n 
into account : 

(a) th e conferenc e mus t offe r reasonabl e assuranc e o f providin g significan t an d 
worthwhile result s of value to th e participants and t o thei r countries ; 

(b) i t mus t assis t in raising the standards of teaching and education i n the specia -
list field concerned ; 

(c) i n determining priorities, preference shoul d b e given to conference s whic h are 
designed to meet th e needs of developin g countries and which concentrate o n 
areas wher e th e nee d fo r th e trainin g of key peopl e is of specia l importance ; 
and 

(d) car e mus t b e take n no t t o duplicat e th e wor k o f internationa l agencie s an d 
to consider in each case whether a proble m requirin g attention migh t be take n 
up by countrie s outside a s well as inside the Commonwealth . 

The Conferenc e furthe r recommende d tha t th e Commonwealt h Educatio n Liaiso n 
Committee shoul d b e responsibl e fo r considerin g subject s fo r furthe r exper t con -
ferences, an d referre d t o th e Liaiso n Committee th e suggestion tha t a  conference o n 
the teachin g o f scienc e an d mathematic s woul d b e o f immediat e importanc e t o 
developing countries . 

2. Following th e deliberation s o f th e Commonwealt h Educatio n Liaiso n Com -
mittee, an d afte r consultatio n wit h Governments , a  conference o f expert s on Schoo l 
Science Teachin g wa s hel d a t th e Universit y o f Ceylon , Peradeniya , i n 1963 . The 
Report o f thi s Conferenc e wa s unanimousl y adopte d an d commende d t o Govern -
ments fo r appropriat e actio n b y the Third Commonwealth Educatio n Conferenc e i n 
Ottawa i n 1964 . Thi s Conferenc e adde d th e furthe r criterio n tha t subject s fo r suc h 
conferences o f expert s shoul d b e o f clearl y define d scope , an d wen t o n t o recom -
mend that the Commonwealth Education Liaiso n Committee shoul d consider holdin g 
Specialist conference s o n mathematic s i n school s and o n the trainin g of technicians . 
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A Conferenc e o n Th e Educatio n an d Trainin g o f Technician s wa s hel d a t th e 
Huddersfield Colleg e of Educatio n (Technical) , England, in 1966 . 

3. I n 1966 , th e Commonwealt h Educatio n Liaiso n Committe e reviewe d al l sub -
jects fo r Specialis t Conference s whic h ha d bee n suggeste d up to tha t time , either b y 
Commonwealth Educatio n Conference s o r b y individua l governments , an d a  clea r 
consensus emerge d tha t ther e shoul d b e a  conferenc e o n Th e Teachin g o f Mathe -
matics i n Schools , confine d t o teachin g a t th e primar y an d secondar y levels . It wa s 
considered tha t i t woul d b e mos t usefu l i f som e assessmen t coul d b e mad e o f th e 
different programme s an d project s bein g develope d i n thi s fiel d sinc e mathematic s 
forms th e basi s o f scienc e upo n whic h developmen t depend s an d n o countr y ca n 
afford no t t o striv e for bette r way s of educatin g it s people an d fo r usin g educationa l 
resources t o bette r advantage . I t appeare d tha t a  Commonwealt h initiativ e i n th e 
field o f schoo l mathematic s woul d serv e thes e ends . Further , i t wa s th e vie w o f 
professional bodie s tha t ne w method s i n teachin g mathematic s ha d reache d a  stag e 
in thei r developmen t wher e Commonwealt h educationist s woul d benefi t greatl y 
from a n exchang e o f idea s an d experience . Accordingly , member s o f th e Common -
wealth Liaiso n Committee , afte r carefu l deliberatio n an d consultatio n wit h thei r 
Governments, agree d tha t a  Commonwealth Specialis t Conferenc e o f Mathematic s in 
Schools b e arranged , tha t i t b e confine d t o teachin g a t th e primar y an d secondar y 
levels, an d tha t i t b e primaril y a  conferenc e o f specialist s i n tha t field . A t th e sam e 
time, th e Liaiso n Committe e se t u p a  Plannin g Committe e t o investigat e an d mak e 
recommendations o n suc h matter s a s th e aims, scope and agenda o f th e Conference , 
and thereafter dea l with its detailed planning, time, location an d finance . (Later , whe n 
the Commonwealt h Educatio n Liaiso n Unit , whic h ha d hithert o acte d a s the Secre -
tariat fo r th e Commonwealt h Educatio n Liaiso n Committee , becam e integrated wit h 
the Commonwealt h Secretaria t a s it s Educatio n Division , financia l responsibilit y 
passed t o th e Financ e Committe e o f th e Commonwealth Secretariat) . 

4. Professor W.H . Cockcroft , G.F . Gran t Professo r o f Mathematic s a t th e Univer -
sity o f Hull , England , wa s invite d t o serv e a s Chairma n o f the Planning Committee , 
and th e Directo r o f th e Educatio n Divisio n o f the Commonwealth Secretaria t acte d 
as it s Secretary . Th e origina l Plannin g Committe e comprise d Mr . N.R . Edward s 
(Australia), Mr . H . Houghto n an d Mr . D.H . Christi e (Britain) , Mr . J.C.A . Core a 
(Ceylon), Mr . P . Cotto n (Ne w Zealand) , Mrs . L.S . Dorse t (Trinida d an d Tobago) , 
Mr. A.J. Kisub i (Uganda) and Dr . H.W. Springer (Assistan t Secretary-General) . Later , 
as the resul t o f change s in the Australian High Commission an d in the Britis h Ministr y 
of Oversea s Development , Mr . Edward s wa s replace d b y Mr . P . Bowler , an d Mr . 
Christie b y Mr. H.D. Moisley. A panel o f mathematics expert s was co-opted t o advise 
in thei r variou s fields ; thi s comprise d Mis s E.E . Biggs , Mr. D.G . Chisman , Dr . A.G . 
Howson, Mr . R.C. Lyness , Mr. J.B. Morgan, Mr. G.C. Nobbs , Mrs. E.M. Williams, and 
Professor J . Wrigley. During the late r stages of planning , and in Professor Cockcroft' s 
absence i n th e Unite d States , Mr . J.B . Morga n acte d a s Chairma n o f th e Organisin g 
Committee. 

5. In considerin g an d consultin g wit h Government s abou t th e venu e o f th e Con -
ference, th e Plannin g Committe e an d th e Commonwealt h Educatio n Liaiso n Com -
mittee ha d regar d t o th e locatio n o f previou s Commonwealt h o r Specialis t Educa -
tion Conferences , a s geographica l an d regiona l rotatio n i n these matters is desirable. 
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It wa s als o agree d tha t i t woul d b e advantageou s i f th e hos t countr y ha d bee n 
engaged i n developmen t project s i n th e fiel d o f mathematics , o r wa s convenientl y 
located i n relatio n t o othe r countrie s engage d i n suc h work . An invitation fro m th e 
Government o f Trinidad an d Tobago to hol d th e Conference i n the University o f th e 
West Indies , St . Augustine , Trinidad , fro m 2n d t o 14t h Septembe r 1968 , wa s 
warmly accepted . 

6. In Septembe r 1967 , invitatio n t o participat e i n th e Conferenc e wer e extende d 
to al l Commonwealt h Government s b y th e Commonwealt h Secretary-General , Mr . 
Arnold Smith , i n associatio n wit h th e Governmen t o f Trinida d an d Tobago . I n hi s 
letter o f invitation, Mr . Smith expressed th e aims of the Conferenc e a s follows: -

(i) T o surve y curren t practic e i n schoo l mathematical educatio n a t primary an d 
secondary level , both in teaching methods and procedures and in content ; 

(ii) T o consider the principles on which contemporary course s should be planne d 
and executed fo r th e differen t level s of children' s developmen t an d abilities ; 

(iii) T o examin e the problems which must b e met i f courses are to be appropriat e 
to th e differin g cultural , scientific , an d economi c need s o f th e countrie s 
concerned. 

7. "Clearly," h e said , "th e scop e o f th e Conferenc e wil l need t o b e limited i f it is 
to achiev e it s maximu m usefulnes s fo r th e schoo l systems of the differen t countrie s 
of th e Commonwealth . I t ha s bee n decided , therefore , t o confin e th e agenda to th e 
teaching of school mathematics . It wil l restrict it s study o f th e subjec t t o primary an d 
secondary schools , thus eliminating both pre-schoo l and post-secondar y education" . 

Participation 
8. The Conferenc e wa s attende d b y ninety-four delegate s from twenty-nin e coun -

tries an d territorie s o f th e Commonwealth . A  ful l lis t of the delegate s and observer s 
is included o n Appendix I V of thi s report . 

The Conference Programm e 
9. The Campu s o f th e Universit y o f th e Wes t Indie s a t St . Augustin e provide d a 

very attractive settin g fo r th e Conference whic h was opened b y the Prime Minister of 
Trinidad an d Tobago , Dr . th e Righ t Honourabl e Eri c Williams , who was introduced 
by th e Chairma n o f th e Conference, Professo r W.H . Cockcroft. A  vote o f thanks was 
proposed b y Dr . H.W. Springer , Assistan t Commonwealt h Secretary-General . 

In conducting th e Conference th e Chairman wa s ably assisted b y the Co-chairman , 
Dr. K.A . Julien , Dea n o f th e Facult y o f Engineerin g i n th e Universit y o f th e Wes t 
Indies. 

10. Th e mai n theme s o f th e Conferenc e an d th e gues t speakers , wh o presente d 
papers at Plenary Session s on them were: -

(1 ) Fundamental  ideas  and objectives  of  mathematical  education 
Professor G . Polya (Stanfor d University ) 

9 



(2) The  teaching  of  mathematics  at  primary  level,  including  both  method  and 
content 

Miss E.E . Bigg s (Departmen t o f Educatio n an d Science , London ) 

(3) The  teaching  of  mathematics  at  secondary  level  —  (a)  as  a  general  'core' 
subject, and  (b)  as  a  subject  for  those  with  specialist  requirements 

Professor W.W . Sawye r (Universit y o f Toronto ) 

(4) Assessment  of  children's  progress  and  evaluation  of  programmes:  purpose 
and method 

Professor J . Wrigle y (Universit y o f Reading ) 

(5) Teachers:  Selection;  initial  and  subsequent  training 
Mr. D.A. Perera (Ministr y o f Education an d Cultura l Affairs, Colombo ) 

(6) Resources  for  learning  mathematics,  including  textbooks,  films,  radio,  tele-
vision, programmed  learning,  etc. 

Professor A.L . Blakers (University o f Western Australia ) 

11. Commonwealt h Government s wer e invite d t o contribut e paper s o n topic s 
related t o thos e deal t wit h i n th e lea d paper s an d o n thei r programme s i n Schoo l 
Mathematics. A  lis t o f the contribute d paper s appears in Appendix II I o f thi s report . 
In addition , internationa l organisation s involve d i n assistin g programme s o f mathe -
matics educatio n i n developin g countrie s wer e invite d t o sen d observers , an d 
to contribut e papers , an d tw o session s o f th e Conferenc e wer e devote d t o studyin g 
Commonwealth an d Internationa l Co-operatio n i n this field . 

12. Afte r th e presentatio n a t Plenar y Session s o f th e mai n topic s th e theme s 
were considere d i n detai l b y tw o Workin g Groups , A and B , which then reported t o 
the Conferenc e o n thei r discussion s an d recommendations o r suggestions for action . 
Working Grou p A  concerne d itsel f wit h primary an d secondar y educatio n an d work -
ing Grou p B  wit h teache r training , assessmen t an d evaluatio n an d resource s fo r 
teaching mathematics . Th e programm e wa s s o arranged tha t i t was possible fo r dele -
gates to take par t i n the wor k o f one Working Group i n each category . 

13. A  notable featur e o f the Conference wa s a very fin e displa y o f textbook s an d 
teaching materials . Th e Plannin g Committe e ha d invite d Commonwealt h Govern -
ments t o arrang e t o sen d fro m thei r countrie s sample s o f textbook s an d teachin g 
materials use d i n thei r schools , an d a  numbe r o f countrie s responde d t o this invita-
tion. I n addition , Professo r A.L . Blakers , o f th e Universit y o f Wester n Australia , 
arranged fo r a  wid e variet y o f publisher s t o sen d specime n copie s o f thei r publica -
tions. A s a  result, on e of th e most comprehensive collection s of schoo l textbooks o n 
mathematics eve r displaye d wa s availabl e t o th e delegate s a t th e Conference . A t it s 
conclusion, Professo r Blakers , an d the representatives o f the Governments o f Britai n 
and Canada , announce d tha t th e book s o n displa y wer e bein g presente d t o th e 
University of the West Indies. A bibliography of the books exhibited a t the Conferenc e 
is given in Appendix I . 

14. Arrangement s wer e mad e fo r delegate s t o visi t a  fe w school s an d teache r 
training colleges , and two afternoons i n the programme wer e devoted t o this . 
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15. Th e closin g sessio n o f th e Conferenc e wa s addresse d b y th e Ministe r o f 
Education an d Cultur e i n th e Governmen t o f Trinida d an d Tobago , Senato r th e 
Honourable D.P . Pierre. 

16. Delegate s wer e impresse d b y th e cordiality , warmt h an d hospitalit y the y 
encountered throughou t thei r brie f sta y in Trinidad. Th e Pro Vice-Chancello r o f th e 
University o f th e Wes t Indies , Dr . H.D . Huggins , wa s hos t t o the participants o f th e 
Conference o n the firs t day . Late r in the week the Governor Genera l o f Trinidad an d 
Tobago, Si r Solomo n Hocho y an d Lad y Hocho y receive d th e delegates . A  variet y 
show organised b y the Ministry o f Education an d Cultur e wa s highly appreciated . 

Acknowledgements 
17. Th e Commonwealt h Educatio n Liaiso n Committe e an d th e Commonwealt h 

Secretariat wis h t o plac e on record thei r dee p gratitude t o al l those who contribute d 
to th e succes s o f th e Conference . Whil e i t i s difficul t t o enumerat e th e person s 
who hav e give n s o muc h o f thei r tim e an d wit h unflaggin g devotio n hav e worke d 
for th e Conference , th e Commonwealt h Secretaria t i s particularl y appreciativ e 
of th e concer n show n b y Dr . Eri c William s i n th e problem s th e Conferenc e wa s 
tackling an d th e interes t an d assistanc e give n b y th e Ministe r fo r Educatio n an d 
Culture, Senator the Honourable Donald Pierre. Special indebtedness i s acknowledged 
to th e Permanen t Secretar y fo r Education , Governmen t o f Trinida d an d Tobago , 
Dr. Romain , Mr . Walte r Jones , th e Liaiso n Office r o f th e Conference , th e Adminis -
trative Officers , Committe e Secretaries , and Verbati m Reporter s who contributed t o 
the smoot h workin g o f th e Conference . A  special word o f thank s goes to th e Super -
visor of the typing pool and the typists , Transport Office r an d driver s for th e cheerfu l 
willingness an d gracefu l co-operatio n i n meetin g the demands o f a  tight schedule , to 
the Pro Vice-Chancellor of th e Universit y o f th e West Indies, Dr. Huggins, the staf f o f 
the Institut e o f Education , th e Schoo l o f Engineerin g an d Milne r Hal l fo r thei r 
personal interest in the welfar e an d comfor t o f the delegates . 

18. Th e suppor t give n by Commonwealth Government s and internationa l organi -
sations i s gratefully acknowledged . Th e Conferenc e owe d much o f its success to th e 
skilful chainnanshi p o f Professo r Cockcroft , t o th e co-operatio n an d wise counsel o f 
the Planning Committee, t o the discussion stimulate d b y the high standard o f paper s 
delivered by the various experts, and to the exchange o f views by delegate s leading t o 
constructive thinking and better mutual understanding. Thanks for th e preparation o f 
this repor t ar e du e t o th e members of the Editoria l Committee Professo r Cockcroft , 
Mrs. Williams, Miss Biggs, Mr. Floyd, Professor Wrigley , Dr. Howson an d Mr. Lyness, 
who assiste d i n compilin g th e chapters , t o Mrs . A . Krishnaswamy , Researc h Office r 
of th e Commonwealt h Secretaria t fo r he r wor k i n organising , editing , an d proo f 
reading, an d i n particula r t o Mrs . E.M . Williams , wh o a s Editor-in-Chie f ha s bee n 
mainly responsible fo r th e preparation o f the manuscript . 
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CHAPTER II 

The Wor k o f th e Conferenc e 
Introduction 

l .The selectio n o f mathematic s a s th e subjec t o f th e 196 8 Commonwealt h 
Conference wa s particularl y timely . School mathematics is passing through a n epoc h 
of chang e unprecedente d i n it s rang e an d pace . I t involve s mor e tha n a  few innova -
tions. It is a far-reaching movemen t whic h affects th e role of the teacher , the materia l 
to b e taught an d the nature o f the end-product . In some parts of th e Commonwealt h 
new scheme s o f wor k ar e alread y i n use , thoug h subjec t t o revision ; in some place s 
schemes ar e bein g trie d ou t o n a  limite d scale ; in othe r area s th e adoptio n o f a  re-
vised programm e i s unde r discussion . Ther e i s stil l a n elemen t o f experimentation , 
and th e situatio n i s open . I n al l countrie s ther e appear s t o b e a  desir e t o brin g th e 
teaching o f mathematics into lin e with the needs of th e day . In such circumstances i t 
seemed t o delegate s tha t th e Conferenc e coul d pla y a  useful par t in discussing wha t 
developments are desirable and th e means by whic h they ca n be encouraged . 

The nature of  the  changes 
2. Before th e Conferenc e began , Government s submitte d twent y fou r paper s o n 

the presen t practice s an d planne d development s i n mathematica l educatio n i n thei r 
countries. Fro m thes e account s i t i s eviden t tha t change s are being considered i n all 
aspects o f schoo l mathematics. Of these the mos t widel y influentia l coul d ultimatel y 
be th e decreasin g us e o f direc t instructio n b y the teache r and a  greater stres s on th e 
creation o f classroo m situation s in which pupil s enquire, investigate, experiment an d 
draw conclusions for themselves. Such a mode o f learning emphasises both th e origin s 
of mathematics in practical experiences and it s development throug h th e active think -
ing of the individual learner . The function o f th e teache r i s more complicate d an d n o 
less onerous , bu t delegate s endorse d th e view that pupil s learn more thoroughl y an d 
understand mor e deepl y whe n the y explor e mathematic s i n thi s way . Thi s funda -
mentally differen t approac h t o learnin g mathematic s wa s initiate d b y group s o f 
teachers wh o wishe d t o brin g th e subjec t int o lin e wit h th e educationa l principle s 
underlying th e res t o f thei r teaching . Nevertheless , th e traditiona l formalit y o f 
mathematics lesson s i s s o firml y roote d tha t i t coul d tak e a  lon g tim e t o modify . 
The Conferenc e wa s s o convince d tha t givin g pupil s opportunitie s t o us e thei r 
initiative an d inventivenes s i n mathematica l enquirie s result s i n a  happie r an d mor e 
confident attitud e tha t th e them e recur s throughou t thi s Report . I t i s take n u p 
fully i n Chapter I V and again in Chapter V . 

3. The othe r majo r chang e t o whic h th e Conferenc e gav e detaile d attentio n wa s 
the modernisatio n o f th e conten t o f mathematic s courses . Tw o distinc t pressure s 
were discerne d here , on e i n th e directio n o f relatin g th e syllabu s mor e closel y t o 
the need s o f industry , agricultur e an d commerce , th e othe r urgin g th e inclusio n o f 
more recent mathematic s and a  greater stres s on structure an d logic . This duality wil l 
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be see n in many section s of th e Report . There need b e no contradiction i n these tw o 
influences; bot h sprin g fro m th e wis h t o sui t mathematic s course s to contemporar y 
conditions o f wor k an d thought . Ye t i t i s no t a n eas y tas k t o giv e bot h thei r due . 
The problems are faced i n Chapter V . 

The Scope of the Report 
4. In considerin g th e problem s create d b y th e tid e o f chang e the Conference ha d 

to tak e accoun t o f th e grea t diversit y i n materia l an d social  condition s amon g th e 
countries represented . Earl y discussion s wer e muc h concerne d wit h th e obstacle s 
which hinde r an y enlargemen t o f th e learning programme in mathematics whethe r i t 
be a n extension o f th e topic s to be taught o r the provision of materials and apparatu s 
for pupils' use. Background papers sent in by some Governments made the difficultie s 
dramatically plain . As instances, three very differen t paper s may b e quoted . 

Professor C.O . Taiw o o f th e Universit y o f Lago s i n hi s pape r Primar y Schoo l 
Mathematics i n a n Africa n Societ y says : " . . . no t al l Yoruba childre n atten d school . 
Of thos e wh o do , mos t leav e eithe r durin g o r a t th e en d o f th e primar y schoo l 
course . .. I n counting , the Yoruba hav e a name for ever y countin g number , howeve r 
large. The nam e ma y b e lon g an d involve d bu t i t i s precise .  . . The Yoruba hav e no 
numerals an d n o symbol s fo r th e mathematica l operation s s o evident in the numbe r 
words an d calculation s .  .  .  Strokes ar e sometime s chalke d o n th e wall s to register a 
count o f periodica l occurrence s . . . I n th e us e o f Yorub a a s a  mediu m o f teachin g 
mathematics .  .  .  ther e i s th e proble m o f evolvin g a  decima l syste m base d o n th e 
numerals 0, 1 , 2, 3, 4, 5 , 6, 7, 8, 9. " 

Mr. Davi d P . Ambros e o f th e Universit y o f Botswana , Lesoth o an d Swazilan d 
writes in his paper Mathematics Teaching in Botswana , Lesotho and Swaziland : 

"The Republi c o f Botswan a . . . i s almos t entirel y deser t o r semi-deser t wit h 
isolated village s nea r water-hole s an d borehole s .  . .  Years o f drough t hav e reduce d 
Botswana to extreme poverty. In Lesotho many school-childre n an d som e adults have 
never seen a car or a jeep, though aeroplanes are familiar .  . .  Lesotho, with the highes t 
literacy rat e o f an y sub-Sahara n Africa n countr y .  .  .  doe s no t hav e th e financia l 
resources for furthe r larg e scale improvement. " 

A pape r submitte d b y th e Governmen t o f Indi a include s thes e comments : "Th e 
syllabus i n mathematic s a t al l .  .  .  levels i n ou r countr y ha s remaine d almos t com -
pletely unchanged since the time when a modern educationa l syste m wa s introduced" . 

"Teaching aid s in middl e an d secondar y school s ar e practicall y absent . Eve n th e 
chalk an d chalkboar d ma y no t b e availabl e . . . I f ther e ar e an y teachin g aid s i n 
these school s th e teacher s ar e no t usin g the m . . . I n primar y school s the conditio n 
is a  littl e better , bu t ther e als o i t i s equall y disappointin g lookin g a t thei r nee d .  . . 
Many suc h aid s ar e necessar y fo r introducin g th e ol d an d ne w concepts . Indi a i s a 
vast countr y an d th e numbe r o f primary , middl e an d secondar y school s i s abou t a 
million." 

It should b e added tha t al l three papers go on t o describ e th e energetic planning of 
new mathematics schemes in progress in thei r countries . 
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5. In vie w o f th e cos t o f commerciall y produce d equipmen t Grou p A. l gav e close 
attention t o th e us e o f loca l material s i n an y typ e o f environmen t bu t ami d suc h 
variety th e Conferenc e coul d no t wor k ou t ful l detail s i n th e tim e available . Onl y 
general guidanc e coul d b e give n o n exploitin g th e resource s o f th e home , th e 
natural surroundings an d loca l usages, thus enabling school s even in th e most limitin g 
conditions t o embar k o n a  mathematica l schem e o f activ e investigation . Mor e 
sophisticated materia l requirin g organise d productio n i s an imperativ e need an d ca n 
only b e provide d i n som e countrie s i f externa l ai d an d co-operatio n continu e t o b e 
given. (See Chapters V I and VIII) . 

6. Defining th e scop e o f th e differen t section s o f th e Repor t i s difficult i n face o f 
the many variations in the organisatio n o f education fro m countr y t o country o r even 
from on e regio n t o another . Th e minimu m ag e o f entr y t o schoo l ma y b e 5 , 6 , 7 , 
years o r older . Th e nam e primar y ma y no t b e used ; if i t is , it may denot e schoolin g 
for an y perio d fro m 5  t o 8  year s i n length . Fo r it s ow n purpose s th e Conferenc e 
defined primar y schoo l a s consisting o f th e firs t 6  year s o f school . Secondai y ma y 
follow 'primary ' o r ther e ma y b e a n intermediat e stag e sometimes known a s middle 
school. Th e Conference include d i n secondary th e years at schoo l after primary , tha t 
is afte r th e firs t 6  years . I t wa s expecte d tha t Grou p A. 2 woul d direc t it s attentio n 
chiefly t o th e perio d u p t o a  Secondar y Schoo l Certificate . I n th e even t thei r dis -
cussions were concentrated on the first three secondar y years , considering th e conten t 
of a  'common core ' o f wha t i s desirable fo r pupil s in general. This limitation o f rang e 
is significant. There wer e severa l reasons for th e decision : som e areas have an examin -
ation a t th e en d o f th e thir d year ; wher e som e secondar y schoolin g i s compulsory , 
the statutor y perio d i s likely t o b e thre e year s o f longer : wher e i t i s selective som e 
common groun d fo r variou s type s o f schoo l makes for flexibility.  I t i s clear that th e 
intention wa s t o giv e maximu m though t t o the years with th e larges t schoo l popula -
tion wher e th e problems are more difficul t an d thei r solution mor e urgent . 

7. The coming of radica l changes in mathematics courses poses the question o f thei r 
value. Mean s mus t b e foun d t o asses s thei r result s an d thi s is the more urgent whe n 
differences betwee n th e ol d an d th e ne w programme s ar e fundamental . Establishe d 
examinations mus t themselve s b e examined an d teachers ' own testing of thei r pupil s 
must b e reconsidered . Whe n teachin g become s concerne d mor e wit h understandin g 
and wit h individua l developmen t o f ideas , forme r mode s o f assessmen t ma y be use-
less. Chapte r V I deal s wit h th e evaluatio n o f ne w courses , change s i n th e for m an d 
syllabus of standar d examination s and new types of checkin g on pupils ' progress. 

8. In al l countrie s th e greates t obstacl e t o progres s i n mathematica l educatio n i s 
the shortag e o f teacher s abl e t o fac e th e ne w demands . Thi s proble m wit h it s 
different facet s i n variou s part s o f th e Commonwealt h wa s unde r constan t dis -
cussion. Inadequat e a s an y suggeste d remedie s ma y be , the Conferenc e though t i t 
necessary t o giv e al l possibl e hel p b y presentin g th e man y way s i n whic h solution s 
are bein g sought , bot h i n countrie s wher e al l teachers have had professiona l trainin g 
and in those areas where unqualified teacher s form a  large proportion o f schoo l staffs . 
References t o thi s crucia l matte r wil l b e foun d i n Chapter s I V an d V . A  ful l treat -
ment i s reported i n Chapte r VI I wher e bot h initia l trainin g an d course s fo r servin g 
teachers ar e discussed . 
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9. The greate r emphasi s o n pupils ' practica l experienc e a s a  basi s fo r learnin g 
requires tha t a  classroo m shal l b e wel l stocke d wit h equipmen t an d variou s sources 
of information . Unde r th e headin g o f resource s Grou p B. 3 studie d th e suppl y o f 
books an d material s whic h shoul d b e accepted a s essential in al l schools. One impor -
tant facto r i n spreadin g ne w idea s an d attitude s i s th e developmen t o f suc h ne w 
means o f communicatio n a s film , radio , televisio n an d video-tape . Chapte r VII I 
examines realisticall y th e possibl e suppl y o f learnin g aids where resources are scarce 
and school s ar e widel y scattered . Thi s them e i s develope d mor e full y o n a  basi s o f 
mutual hel p withi n th e Commonwealt h i n th e chapte r o n Commonwealt h Co -
operation i n Schoo l Mathematics . 

Fundamental Ideas and Objectives 
10. Whe n change s o f suc h magnitud e ar e takin g plac e o n s o extensiv e a  scal e i t 

seems likel y tha t th e ultimate aim s of schoo l mathematics ar e influencing th e choic e 
of innovation s an d i n tur n ar e bein g modifie d i n th e proces s o f shapin g ne w 
programmes. 

11. Som e of the backgroun d paper s showed tha t th e objective s o f a  mathematica l 
education had been carefull y considere d b y the planners of new courses . Two strand s 
can b e distinguishe d ami d th e variet y o f statement s o f aims . Followin g Professo r 
Polya's analysi s i n hi s Lea d Pape r w e ca n sa y that th e firs t stresse s the usefulness o f 
mathematics; th e secon d look s fo r som e enhancemen t o f th e personalit y o f th e 
learner. Dr . Brya n Thwaites , i n th e pape r h e submitte d o n Th e Wa y Ahead , hope s 
"that mathematics will be taught in the futur e s o as to maximise it s usefulness i n each 
particular country" . I t wa s frequently sai d during the Conference tha t eac h countr y 
should selec t fro m suggeste d topics , interpretin g the m t o sui t it s economi c an d 
scientific needs , an d shoul d develo p a  cours e o n th e basi s o f it s distinctiv e culture . 
Dr. Thwaites goes on to speak o f basin g "mathematica l educatio n o n situations whic h 
the pupils understand an d appreciat e fro m thei r own persona l experience" and giving 
them "th e satisfactio n o f origina l and creativ e work" . This theme o f individual learn -
ing is echoed in the paper from Canada in the statemen t o f the aim o f curren t develop -
ments a s "adaptin g curricula , method s an d organizatio n t o th e individua l chil d b y 
means o f continuou s progress , learnin g b y inquir y an d th e provisio n o f multipl e 
options". Th e twi n goal s o f usefulnes s an d individua l stimulu s ar e see n again in th e 
objectives se t ou t i n a  pape r fro m India : t o develo p problem-solvin g skills ; to hel p 
an individua l t o selec t a  suitable caree r in life ; to develo p a healthy citize n usefu l fo r 
home, societ y an d nation ; t o develo p th e personalit y o f th e chil d throug h clear , 
logical an d critica l thinking , an d th e powe r o f concentration . Wit h th e developin g 
intellectual power s see n i n pupil s a t the secondary stage , enquiries wil l often exten d 
beyond immediat e practica l investigation s int o problem s whic h aris e fro m mathe -
matical idea s and structure s tha t pupil s have already met . The searc h for solution s t o 
such problem s become s on e o f th e chie f mean s o f extendin g mathematica l abilitie s 
and o f shapin g a systematised bod y o f knowledge . 

12. Certai n principles emerge from thes e aims and ca n be seen worked ou t b y th e 
various Groups . Mathematic s i s fo r all  pupil s whateve r thei r leve l o f abilit y o r 
maturity. Th e limitatio n o f primar y course s to arithmetic is fast disappearin g and a t 
the secondar y stag e a  ful l i f simplifie d schem e o f mathematic s i s suggested fo r th e 
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lessable pupils . The method o f inquiry an d experiment implie s the priority o f under -
standing th e phenomen a an d relationship s see n i n the environmen t an d include s th e 
useful acquisitio n o f insights and skills . It i s here tha t metho d an d conten t ar e foun d 
to b e interdependent . Investigatio n o f th e environmen t involve s th e metho d o f 
pupil's discover y an d als o require s suc h idea s a s sets , relations, graph s an d simpl e 
statistics. Thi s explorator y aspec t o f mathematica l activit y als o develop s a n indi -
vidual's confidenc e i n his ability t o thin k thing s out fo r himsel f an d a t th e sam e tim e 
shows hi m th e power o f mathematics in wider fields . In thi s way he enlarges hi s view 
of himself an d o f men' s achievements in the contro l and prediction o f natura l events . 
Instances of suc h experiences wil l be found i n the Repor t o f the primar y group . 

13. Th e centra l position give n to problem-solving draw s attention t o th e develop -
ments tha t sprin g fro m th e inquir y method . I t implie s a  searc h fo r relation s withi n 
the situatio n bein g investigated ; i t ma y mea n shapin g a  hypothesi s o r hunch ; it ca n 
lead t o devisin g a programme fo r findin g a  solution. Professor Poly a draws a  valuable 
distinction betwee n th e routin e problem , whic h i s essentiall y repetitive , an d th e 
novel problem , whic h call s o n previou s experience , orderl y thinkin g an d sustaine d 
effort. 

14. A  backgroun d pape r from Scotlan d include s among objectives th e trainin g of 
pupils i n mathematica l languag e a s i t i s used today . The ability t o read mathematic s 
whether i n words , symbol s o r diagram s i s given prominence in the Report . I t i s seen 
as a  requiremen t fo r th e ordinar y citizen ; bu t als o th e languag e o f mathematic s i s 
the mean s o f clarifyin g a  pupil' s finding s an d communicatin g the m t o others . I n 
particular th e us e o f diagram s ha s com e t o occup y a n importan t plac e i n al l stage s 
of schoo l mathematics . A s Professor Poly a says : "Learnin g begin s wit h actio n an d 
perception, proceeds from thenc e t o word s and concepts , and shoul d en d in desirabl e 
mental habits" . 

The Teaching of Mathematics at Primary Level includin g both Method and Content 

Method 
15. I t wa s agree d tha t th e mos t importan t ne w principl e a t th e primar y stag e is 

that mathematica l educatio n shoul d b e based  a s fa r a s possibl e o n pupils ' practica l 
investigation an d experimen t unde r th e teacher' s general guidance. Two reservation s 
were made : basi c computational skill s must b e established an d th e necessary nomen -
clature an d symbol s mus t b e give n to th e pupils . A movement toward s the adoptio n 
of mor e practica l method s i s unde r wa y i n som e countries . Fo r instanc e Singapor e 
reports ne w teachin g method s an d include s i n th e primar y syllabu s 'experienc e 
through individua l an d grou p activities ' wit h a  larg e rang e o f materials . Th e Wes t 
Indies ca n sho w development s throug h suc h publication s a s 'Idea s i n Mathematics' , 
which "relate s man y o f th e 'Ne w Mathematics ' concept s t o concret e situations " i n 
Trinidad an d Tobago ; Barbado s ha s produce d a  Curriculum Bulletin , 'Junio r Schoo l 
Mathematics' whic h present s article s o n Moder n Trends , Hint s an d Suggestion s fo r 
Teachers. Malaw i i s experimentin g wit h a  schem e whic h draw s o n an y materia l 
relevant t o Malaw i condition s and traditions . India has a project whic h aims "to give 
training i n recognitio n o f pattern s i n numbe r an d space , t o popularis e th e us e o f 
Cuisenaire rods , geo-boards , flanne l graphs , an d othe r teachin g aids" . Australi a an d 
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Canada bot h repor t pilo t projects . Bu t th e paper s fro m a  majorit y o f Government s 
showed tha t progres s i s slow . Thi s i s du e i n par t t o a  stron g tradition , sometime s 
linked wit h a  selectio n examination , an d t o shortage s o f spac e an d materials ; bu t 
it i s mainl y becaus e man y teacher s ar e no t familia r wit h thi s typ e o f classroo m 
programme an d ar e no t ye t read y t o effec t th e change . Th e report s fro m som e 
countries sugges t tha t ne w plan s t o revis e th e primar y mathematic s curriculu m ar e 
concerned chiefl y wit h introducin g som e o f th e mor e abstrac t o f th e ne w way s o f 
teaching numbe r an d tak e littl e accoun t o f th e pupils ' nee d fo r practica l activities . 
It was therefore decide d t o discus s fully an d t o report i n some detai l on the necessit y 
of personal experience as the foundation fo r children's thinking and o n the opportuni -
ties for suc h experience t o b e found eve n in difficul t conditions . 

16. Th e Report contain s suggestions on making the transition t o thi s kind o f pro -
gramme which should help enterprising teachers; but delegates made it clea r that muc h 
has to be done by way of teachers' courses, visits to schools , discussions among groups 
of teachers , etc . i f thi s importan t chang e i s t o gai n momentum . I n a  usefu l lis t o f 
classroom requirement s loca l an d improvise d material s ar e a prominent feature . Ye t 
these alon e canno t b e sufficient; suc h things as measuring instruments, various types 
of grap h paper , book s fo r reference , etc . ar e als o necessar y i n a n investigationa l 
programme. 
Content 

17. Activ e learnin g method s ca n b e use d whethe r th e mathematics to b e learned 
is new or traditional . The traditiona l conten t ha s a long history an d new fundamenta l 
ideas ar e likel y t o sprea d onl y gradually . As a paper fro m Britia n indicates, it i s only 
recently tha t programme s wit h a  ne w basi s hav e bee n full y worke d ou t i n tha t 
country fo r th e primar y years . Th e earl y stage s o f th e ne w foundationa l wor k i n 
number ar e discusse d full y i n Chapte r IV . 

18. Throug h th e handlin g o f everyda y object s an d an y availabl e structure d 
material, a  sequenc e o f developmen t fro m th e sortin g and matchin g o f pre-countin g 
days lead s b y wa y o f set s and correspondences , relations and sequence s to counting , 
notation an d operations . A s wa s brough t ou t vividl y in Miss E.E. Biggs' Lead Paper , 
the searc h fo r patter n i s th e startin g poin t fo r th e growt h o f the idea o f a  function . 
Tabulations an d graph s ar e suggeste d a s aids t o pupils ' recognition o f relationships . 
The us e o f th e idea o f movement o n the number lin e was considered an d was related 
to transformations , whic h ar e also approached throug h pattern-making . The value of 
various kind s o f diagrammati c representatio n o f mathematica l relation s fro m th e 
earliest day s wa s stresse d b y delegates . This was linked wit h the stud y o f movement , 
change and growth . 

19. Th e lightenin g o f the computationa l loa d whe n metric measures are used wa s 
welcomed, particularl y becaus e i t allow s mor e tim e fo r othe r studies . Fo r instance , 
the growt h o f geometrica l ideas through constructiona l activitie s was worked ou t b y 
the group . Suc h topic s a s statistic s an d graph s aros e i n considerin g environmenta l 
studies and th e place of mathematics in relation t o other subject s o f th e curriculum . 

20. Delegate s wer e impresse d wit h th e nee d fo r a  broad programm e o f thi s kind 
but they realised that many primary teacher s know little o f som e of th e mathematica l 
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ideas an d technique s whic h have been pu t forwar d an d foun d t o b e within th e scop e 
of primar y pupils . Course s t o dea l wit h thi s ne w materia l ar e require d bot h i n 
Teachers' College s an d fo r teacher s i n service . 

21. Suggestion s fo r Actio n 
(1) All  those  concerned  with  education  should  be  made aware of the  new  develop-

ments: supervisors,  head-teachers,  lecturers  in Teachers'  Colleges,  and parents. 
They can  be given opportunities  to  try  out  the  new  ideas  for themselves. 

(2) A  programme  to  introduce  teachers  to  modern  ways  of  learning  and to  give 
them experience  of  learning  new  mathematical  topics  by  active  means  is 
essential. 

(3) The  new  kind  of  programme  demands  more  and  different  basic  materials 
and equipment,  some  of  which  will  need  large-scale  local or  commercial 
production. 

(4) A  local  teachers'  centre,  set  up  in  a  school  or  college,  can  provide oppor-
tunities for  teachers  to  discuss  classroom  experiments,  to  make  some  of  the 
things needed  for  children's  activities,  and  to  share  ideas  about the  use  of 
local materials. 

(5) In  planning new school buildings  it should be  borne  in  mind that  a  programme 
of children's  practical  activities  requires  different  kinds  of  furniture,  equip-
ment and  buildings: for example,  flat-topped  desks  for all  grades, extra tables, 
shelves and storage cupboards  (steel  where  necessary),  display  space  for child-
ren 's work. 

(6) Where  the mother tongue  used for teaching  in  the  early  years does  not  contain 
words required  in  mathematical experiences  the  necessary  vocabulary  should 
be given in  the  ultimate  language  of instruction. 

( 7) Where  it is still necessary to select for secondary  education  by  an  examination, 
the form  and  scope  of  the  examination  should  take  account  of  the  new 
emphasis on  understanding,  on  individual  learning  and on  non-arithmetical 
content. 

(8) It  is  hoped  that  countries  which  do  not  use  the  metric  system  will  make 
definite plans  for its  adoption. 

The Teaching of Mathematics at Secondary Leve l 
22. I t is not only in the length o f secondar y courses , in the proportion o f childre n 

for who m secondar y educatio n i s provided an d in the examinations taken tha t ther e 
is wid e divergenc e fro m on e countr y t o another . Th e exten t t o whic h mathematic s 
courses hav e bee n modernise d varie s too . Backgroun d paper s sho w tha t a  fe w 
countries ar e stil l a t th e plannin g stage ; som e hav e well-establishe d projects ; th e 
majority hav e ne w course s i n progres s at a  limited number o f schools . In general th e 
School Mathematic s ne w scheme s deriv e fro m project s initiate d i n Britia n o r th e 
U.S.A. o r fro m th e Report : Ne w Thinkin g i n Organisatio n fo r Europea n Economi c 
Co-operation. I n severa l territories , fo r instanc e i n Australia , Canad a an d Ghana , 
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individual scheme s hav e bee n produced . I n th e searc h fo r commo n groun d ami d 
such variety , Grou p A. 2 decide d t o discus s particula r topic s in the expectation tha t 
general principles and suggestion s for th e future woul d emerge . 

The transition from  primary  schools 
23. Consideratio n wa s given firs t t o the problems created b y new primary mathe -

matics programmes . A s Professo r W.W . Sawye r say s i n hi s Lea d Paper , "secondar y 
teachers should be preparing fo r a  steady transfe r o f algebra an d geometry t o primar y 
schools". Th e maintenanc e o f continuit y i n method s o f approac h an d i n subjec t 
matter wa s delegates ' mai n concern . An y entranc e examinatio n mus t tak e accoun t 
of recent developments . 

Planning a new syllabus 
24. Whe n syllabuse s ar e being reconstituted, freedom o f choic e for th e teache r is 

important; bu t i t wa s recognise d tha t man y teacher s ar e no t ye t read y t o tak e thi s 
responsibility. Widel y based syllabu s committees wit h substantia l teache r representa -
tion wer e though t t o b e desirable . 

25. Th e wid e rang e o f abilit y a t the secondary leve l demands a range of teachin g 
methods. I t wa s suggested tha t eac h year o f pupil s could b e arranged in 'sets ' accord-
ing t o ability , and taugh t a t th e sam e time. This allows more practica l methods to be 
used fo r th e les s abl e group s an d make s an y necessar y transitio n easier . Suitabl e 
provision fo r practica l work is clearly required . 
Essential elements of  general  mathematical education 

26. Th e possibility of a common core in mathematics fo r th e firs t thre e secondar y 
years wa s carefull y examined . I t wa s stresse d tha t onl y a  skeleto n o f mathematica l 
ideas an d procedure s coul d b e give n sinc e i t i s essentia l tha t eac h countr y shoul d 
plan course s suited t o its own needs and resources . On the foundations o f a  common 
core, course s ca n b e devise d t o matc h th e abilitie s of pupils , both th e academic and 
the mor e practicall y minded . O n th e on e han d th e course s mus t b e relate d t o th e 
various type s o f job tha t ar e no w availabl e o r ar e likel y t o b e create d b y industria l 
and agricultura l advance s i n the next fe w years . On the othe r han d th e basic conten t 
in th e earl y year s ca n b e sufficientl y alik e t o enabl e transfe r fro m on e cours e t o 
another t o b e mad e smoothly . Ther e wa s a strong plea from som e delegates that th e 
underlying mathematic s shoul d b e th e sam e i n al l Commonwealth countries . Group 
A.2 submitte d a  possibl e commo n cor e i n whic h traditiona l an d moder n element s 
are fused . 
Courses to School  Certificate  level  for those  with  specialist  needs 

27. Fo r th e fourt h an d fift h secondar y year s suggestion s wer e mad e fo r th e 
inclusion o f moder n topic s whic h hav e socia l an d economi c value s a s wel l a s thos e 
needed fo r th e biologica l an d physica l science s an d fo r futur e technicians . I t wa s 
emphasised tha t a  wid e programm e i s necessar y becaus e fo r man y pupil s mathe -
matical educatio n wil l ceas e a t thi s point . 

Higher level  secondary  work 
28. I n th e stag e beyon d Schoo l Certificat e th e demand s o f specialist s i n man y 

fields nee d t o b e met , includin g thos e fo r who m mathematic s wil l be a main study . 
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Stress wa s lai d o n th e importance , a t thi s leve l in particular , o f the developmen t o f 
logical an d systemati c thinkin g an d th e tactic s o f problem-solving . On this basis the 
principles o n whic h th e subject-matte r shoul d b e chose n an d treate d wer e se t ou t 
rather tha n detail s o f possibl e courses . 

Flexibility 
29. Th e employability o f secondary schoo l leavers was one of the main theme s in 

discussion. I t wa s stresse d tha t flexibility  i n plannin g course s wa s all-importan t i f 
employment demand s ar e t o b e me t an d al l pupils found jobs . Equally importan t i n 
an epoc h o f chang e i s th e nee d t o produc e flexibility  o f min d i n secondar y pupil s 
through thei r stud y o f mathematics . 

30. Suggestion s for Actio n 
(1) Links  between  primary  and  secondary schools  should  be  established to  ensure 

that transition  is  as smooth as  possible. 

(2) Teachers  should  be  given considerable  freedom  in  deciding syllabus  content. 
It is  often desirable  to  set  up  a  syllabus committee  on  which  teachers  play a 
major role  and both  industry  and  Government  are  represented. 

(3) Secondary  courses  should  be  relevant  to  the  various  mathematical  needs  of 
the community  in  which  they  operate. 

(4) In  the  first  three  years  of  secondary  schooling  mathematics  courses  should 
have a  common  core;  thereafter  they  should  be  varied  to  suit  the  needs  of 
particular groups. 

(5) Mathematics  and  other  subjects  of  the  curriculum  should  be  inter-related so 
that the  contribution  of  each  subject can  be used to  the  best  advantage. 

(6) Timetables  should  be  planned  to  allow  simultaneous  teaching  of  different 
ability groups  within  a  particular year. 

(7) To  facilitate  group  working  and  practical  classroom  activities,  suitable 
furniture should  be  chosen. 

(8) It  is  essential  to  provide  a  mathematics  room  and,  where  possible,  a  suitably 
equipped mathematics  laboratory. 

Assessment and Evaluation 
31. On e of th e effect s o f th e curren t change s has been t o stimulat e assessment o f 

new programme s i n regar d bot h t o th e individual pupil' s progress and t o the succes s 
of a  programm e i n achievin g it s declare d objects . Th e grou p whic h discusse d th e 
problems of assessment agreed on two principles . In any schem e o f testin g the welfar e 
of th e pupi l must b e the firs t consideration . The effect s o f the testing situation mus t 
be beneficent,  causin g no hindrance t o th e pupil' s mathematical o r personal develop-
ment. Secondly , th e teacher' s rol e should b e enlarged t o include the detaile d da y by 
day recordin g o f eac h pupil' s work , necessar y i n mor e individualise d programmes , 
and also substantial contribution s t o various external form s o f assessment . 
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32. Man y form s o f assessmen t ar e no w available . Thes e are described an d usefu l 
examples give n i n Professo r Wrigley' s Lea d Paper . Th e selectio n o f a  tes t fo r an y 
occasion depend s o n th e purpos e o f th e assessment . Tests may be required t o assess 
the leve l o f a  pupil' s understanding ; a  situatio n tes t o f th e Piage t typ e may the n b e 
chosen. Examination s t o determin e th e achievemen t o f a  candidat e wil l requir e 
different tes t item s fro m a  selective examination. The group discussed th e particula r 
uses of multiple choice , multi-facet, open-boo k an d othe r types of item . 

33. Evaluatin g ne w mode s o f learnin g an d ne w conten t i s th e subjec t o f man y 
investigations. Fo r an y projec t delegate s agree d tha t aim s must b e stated befor e an y 
assessment coul d b e planned. Comparison o f th e result s of differen t project s i s being 
undertaken i n severa l countrie s wher e projec t school s an d contro l school s ca n b e 
tested an d compared . 

34. Delegate s emphasised that very many teachers have little knowledge of moder n 
testing technique s an d urge d th e nee d fo r furthe r trainin g if they ar e to b e ready fo r 
their new responsibilities in testing and in providing assessments for externa l uses. 

35. Suggestion s fo r Actio n 
(1) a.  The  understanding  of  mathematical  language  should  be  tested,  among 

young children  in  particular. 
b. The  language  used  in  verbal  tests  should  be  such  as  the  pupils  can  be 
expected to  understand. 

(2) Constant  evaluation  of  each  pupil's  progress  and  the  suitability  of  the  pro-
gramme should  be  made  by  a  teacher  and  appropriate  records  kept. 

(3) Teachers  need  to  use  a variety  of  forms  of  test  in  assessing  their pupils  and 
should be  given help  in  acquiring the  techniques. 

(4) The  objectives  of  a  programme should  be  clearly  defined  so  that  they  may 
form the  basis of assessment. Comparisons  of  results  from similar  programmes 
should be  encouraged. 

(5) Where  a  selective  or  an  achievement  test  is  necessary,  it  should  include 
multiple-choice, multi-facet  and  traditional  types  of  item,  and  where  possible 
an assessment  of  course  work  and  a  practical test.  A  high  rating  should  be 
accorded to  the  opinion  of  a  teacher who  has  the necessary  skills  in assessing. 

(6) When  an externally  set  test  has  to  be  used teachers  should play  a  substantial 
part in  devising the  content  and  method  of  the  test. 

(7) Further  opportunities  should  be  found for  sharing  experience  in  assessment 
and evaluation  between  countries  of  the  Commonwealth. 

TEACHERS, Selection ; Initial an d Subsequen t Trainin g 
Supply 

36. Fro m al l part s o f th e Commonwealt h cam e evidence o f a  serious shortage of 
competent teachers of mathematics. In some instances the deficienc y wa s in qualifie d 
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teachers, particularl y i n primar y schools . Som e countrie s ha d a  large number o f un -
trained primar y teacher s becaus e mone y wa s no t availabl e t o pa y th e salarie s tha t 
would b e du e t o suc h teacher s i f the y wer e trained. The Conference strongl y depre -
cated th e genera l employmen t o f unqualified teachers . Everywhere to o fe w teacher s 
have sufficient knowledg e of the topics and methods now being introduced a s essential 
elements in a modern mathematic s course . Group B. 2 recognized th e drai n o f mathe -
matically trained personnel away from teachin g to career s in industry, administration , 
etc. an d delegate s wer e particularl y concerne d tha t teachin g should b e accorded th e 
status and rewards that woul d enable the profession t o attract a  higher proportion o f 
able mathematicians int o it s ranks. 

Selection 
37. Ne w mode s o f learning , i n primar y school s particularly , requir e som e 

personal qualities that wer e not though t t o b e requirements in more forma l teaching . 
But, as Professor Perera pointed out in his valuable Lea d Paper , we are stil l remarkably 
ignorant of the qualities that mak e a  good teacher ; we cannot therefor e identif y the m 
accurately in candidates for training. An attempt t o for m a  judgement i s usually mad e 
at a n individua l o r grou p intervie w an d experience d selector s place reliance on suc h 
interviews a s providin g necessar y evidenc e t o plac e alongsid e examination qualifica -
tions an d schoo l records . Candidate s fo r primar y trainin g ma y hav e scant y know -
ledge of mathematics bu t thi s can usually b e remedied durin g training. For secondar y 
teachers delegate s regarde d a  soun d knowledg e o f mathematic s a s essential; yet the y 
were agree d tha t candidate s wit h onl y moderat e mathematica l qualification s coul d 
make valuabl e teachers . 

Initial training 
38. Sinc e al l primar y teacher s hav e t o teac h mathematic s Teachers ' College s 

should provid e fo r al l student s a  substantia l cours e i n mathematics , which woul d 
give the m a  fundamenta l understandin g bot h o f th e mathematic s the y wil l b e ex -
pected t o teac h an d o f th e valu e o f learnin g throug h investigatio n an d experiment . 
Students wit h a  specia l interes t i n mathematic s shoul d b e offere d a  furthe r cours e 
so tha t the y develo p som e expertis e i n thi s fiel d an d i n du e tim e ma y becom e 
leaders. Qualification s fo r secondar y teacher s fal l int o tw o mai n types : a  degre e 
followed b y professional training , and a  degree incorporating training . The extensio n 
of opportunitie s fo r degree s wit h a  bia s toward s educatio n wa s welcomed b y dele -
gates; they regarde d professiona l trainin g a s essential . Th e suppl y positio n coul d b e 
improved i f som e Teachers ' Colleges could offe r secondar y course s to suitabl e candi -
dates withou t a  universit y degre e bu t wit h promisin g mathematica l ability . Clearl y 
the college s nee d t o se e tha t tutor s hav e adequat e knowledg e o f new development s 
and tha t thei r facilitie s i n buildings and equipmen t ar e suited t o modern needs . 

Subsequent training 
39. Th e urgen t nee d t o provid e mathematic s course s fo r servin g teacher s is well 

expressed in a report fro m Quebe c (Canada) . "O f al l the subjects i n the (curriculum) , 
mathematics probabl y require s mor e tha n an y othe r a  profoun d redevelopmen t o f 
the teachin g aspect . Th e chang e neede d i s s o thoroug h that , t o thos e wh o hav e 
studied traditiona l mathematics , i t wil l appea r a s thoug h a  ne w subjec t ha s bee n 
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included". T o deal with the situation thi s Province describe s an intensive programm e 
of furthe r training , expandin g ove r a  perio d o f severa l years . The proble m i s bein g 
tackled vigorousl y an d i n man y ingeniou s way s i n thos e countrie s whic h hav e th e 
personnel t o embar k o n large-scal e programmes . Th e course s var y fro m th e wide -
spread one-da y o r two-day session s reported i n a  pape r fro m Victori a (Australia ) t o 
three- or four-week course s for smaller numbers of teachers . Delegates were impresse d 
with the part-time courses that coul d b e held a t universities and teachers ' colleges and 
fitted int o teacher' s timetable . Workshops , correspondence courses , television, radio 
and local mathematics centre s were among the means being tried out . The number o f 
teachers involve d i s immens e an d inter-Commonwealt h ai d wil l b e neede d o n a 
correspondingly large r scale . 

40. Suggestion s fo r Actio n 
(1) Efforts  should  be  made  in  each  country  to  examine  further  the  reasons  for 

the shortage of competent  teachers  of mathematics  and  practical steps  should 
be taken to  ensure and retain  a  good supply  of  able  teachers  in the profession. 

(2) Entry  qualifications  to  Teacher  Training  Colleges  should ultimately  be  the 
Secondary School  Certificate  or  several  passes in  the  General  Certificate  of 
Education or  its  equivalent. 

(3) The  final selection  of  entrants  should  be  in the  hands  of  the  Training  College 
or Education Department. 

(4) For  all  students  in  Training  Colleges  there  should  be  a  mathematics  course 
which should  give  them  insight  into  both  new  content  and  new  methods  of 
teaching. Some  colleges  should  provide  courses  for  students  intending  to 
teach mathematics  in  secondary  schools. 

(5) Opportunities  should  be  given  to  college  tutors  to  keep  abreast  of  modern 
developments through  attendance  at  courses  and  study  leave  at home  and 
overseas. 

(6) In  planning  new  buildings  for  colleges  and  other  training  institutions  pro-
vision should be  made for mathematical  laboratories  and equipment. 

(7) Teachers  with  little  knowledge  of  mathematics  should  be  helped  at  local 
centres and  special  courses.  Universities,  colleges  and  professional  bodies 
should be  asked  to  assist  in  the  provision  of  courses. 

(8) Universities  and  Training  Colleges  should be  encouraged  to  provide  evening 
courses in  mathematics. 

(9) Facilities  for further training  in mathematics and  in  modern teaching  methods 
should be  made widely  known. 

Resources for Learning Mathematics 
41. I n a n ag e o f technologica l development s i n mean s o f communicatio n i t i s 

worth notin g tha t th e Conferenc e wa s convince d tha t th e teache r i s th e mos t 
important resourc e an d "th e mai n channe l fo r th e communicatio n o f mathematica l 
ideas t o th e student" , a s Professor Blaker s says in his comprehensive Lea d Paper . He 
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also speak s o f teacher s wh o ar e excite d abou t thei r subjec t an d communicat e thi s 
excitement t o thei r pupils. The Repor t o f Group B. 3 shows that th e pupil's response 
was their main criterio n a s different resource s were considered . 

42. Professo r Blaker s an d th e delegate s also agreed on th e high rating to b e given 
to book s a s a  resourc e fo r teacher s a s wel l a s pupil s i n th e learnin g situation . Th e 
value of a  good accessibl e collectio n o f book s was stressed repeatedly an d high praise 
was given to the outstanding boo k displa y tha t wa s arranged fo r th e Conference. Th e 
Bibliography o n p . 159 give s a  lis t o f the books displayed an d includes Prof. Blakers ' 
recommendations o f book s that shoul d b e readily available fo r teacher s to consult . 

43. Th e use s o f photographs , slide s an d overhea d projector s wer e discussed ; 
critical consideration was given to recent experiment s with television , films and radio . 
The stil l pictur e an d th e radi o voic e wer e though t t o b e generall y to o limited t o b e 
mathematically interesting . Suc h importan t element s i n mathematic s a s movement , 
change, sequenc e an d developmen t ar e no t easil y conveye d b y thes e means . Mor e 
success ca n b e obtaine d wit h television , film s an d a n overhea d projecto r wher e 
sequences ca n b e buil t up . Suc h learnin g aid s ar e costl y thoug h the y migh t b e 
valuable i n countrie s wher e goo d teacher s o f mathematic s ar e i n ver y shor t supply . 
The extensio n o f thei r us e mus t depen d o n financia l resources . A  televisio n pro -
gramme achieve s interestin g result s whe n teachers ' classroom contributions , pamph -
lets and notes are used t o supplemen t th e broadcast . 

44. Programme d learnin g a s a  mod e o f individualise d stud y wa s see n a s havin g 
many forms , bot h ol d an d new . Th e recen t attentio n give n t o i t extend s beyon d 
programmed textbooks , correspondenc e course s an d work-card s t o machine s which 
are a t presen t to o costl y fo r genera l use . Th e valu e o f suc h tightl y programme d 
devices wa s thought t o li e in remedying individual gaps in knowledge and in develop-
ing specific techniques and skills. Designing programmes i s the greatest difficulty whic h 
has still to b e overcome . 

45. Low-cos t aid s hav e a  universa l importance. Chapters IV and V  contain man y 
suggestions. Grou p B. 3 gav e it s attentio n t o essentia l form s o f equipmen t an d th e 
priorities whic h shoul d gover n th e productio n an d selectio n o f aid s a t primar y an d 
secondary levels . 

46. Suggestion s fo r Actio n 
(1) Modern  methods  of  teaching,  using  all  available means, should  be  developed 

alongside the  modernisation  of  content. 

(2) Textbooks  should  be  provided  (and  perhaps written)  to  suit  particular  areas. 
Collections of  books  of  many  kinds  should  be  provided and  countries  should 
co-operate in  arranging interchanges. 
A good  collection  of  books  should  be  circulated  among  Commonwealth 
countries. 

(3) Authorities  should  encourage  local  production of  aids  and  equipment  such 
as types  of  graph  paper,  geoboards,  wooden  models. 
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(4) Each  country  should  develop  a  multi  media  approach  to  visual  aids, making 
the fullest use  of such  aids  as become available. 

Commonwealth Co-operation in Education 
47. Th e las t topi c t o b e discusse d b y th e Conferenc e wa s Commonwealt h Co -

operation, fittingly , sinc e thi s them e ha d recurre d i n ever y sessio n whe n futur e 
developments wer e bein g considered . Chapte r I X set s ou t i n detai l th e impressiv e 
record o f programme s o f co-operatio n i n Commonwealt h countries . The experienc e 
gained i n suc h co-operatio n wa s a n importan t elemen t i n th e plannin g o f th e 
Conference. Th e intentio n wa s to bring together representative s fro m al l parts of th e 
Commonwealth to exchange information an d opinions on the present positio n o f new 
mathematics curricula . Fro m suc h interchang e an d th e discussio n o f problem s tha t 
have arise n i n attemptin g th e refor m o f schoo l mathematics , i t wa s hoped t o ad d 
strength t o th e movemen t fo r refor m an d t o discove r ho w mutua l hel p coul d bes t 
be given . 

48. Tw o major result s seem to have been achieved . First , delegates came to kno w 
the conditions , th e difficultie s an d th e possibilitie s i n mathematica l educatio n i n 
countries ver y differen t fro m thei r own . Fro m thi s ne w knowledg e ca n com e a 
fuller participatio n i n ai d base d o n deepe r understanding . Secondly , delegates came 
to the Conference wit h different view s about the changes in mathematics programmes . 
Some peopl e regarde d th e stud y o f mathematica l structure s as the essentia l elemen t 
in ne w schemes ; other s though t tha t th e mai n objectiv e wa s t o secur e a  basi s o f 
individual practica l experienc e fro m whic h mathematica l idea s woul d emerge . 
Conference discussion s showed tha t thes e two point s of view were not incompatible . 
They wer e see n t o b e complementary , an d i t i s o n thi s enlarge d concep t o f wha t 
the 'new ' mathematic s mean s tha t futur e plannin g shoul d b e based . Th e practica l 
and intellectua l value s of th e subjec t ca n both b e realised t o th e economic advantag e 
of th e countrie s concerne d an d th e greate r appreciatio n o f mathematica l thinkin g 
among thei r peoples . 

49. Furthe r developments in co-operation, both in carrying through improvement s 
in mathematic s teachin g throughou t th e Commonwealt h an d i n providin g ai d fo r 
countries wit h inadequat e resources , wer e considere d t o depen d o n som e centra l 
agency whic h coul d readily pu t countrie s into touch wit h one another in connectio n 
with an y topi c o r enterpris e o f commo n concern . Delegate s expresse d strongl y th e 
hope tha t th e Commonwealth Secretaria t woul d b e enabled t o undertake thi s impor-
tant function . 

50. Suggestion s for Actio n 

(1) To  encourage the  spread  of  the  most  effective  current  trends  in  mathematical 
education, definite  plans  should  be  made for inter-Commonwealth  exchange 
of information,  publications  and  personnel. 

(2) The  cooperation  of  all  Commonwealth  countries  in  promoting  inter-
communication should  be  sought  and  the  Commonwealth  Secretariat  be 
enabled to  provide  the  necessary  facilities. 
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(3) Professional  Associations  of  mathematics  teachers  in  the  various  countries 
should establish  closer  links,  perhaps  through  a  system of  reciprocal  affilia-
tions, and  thus  become  agencies  through  which  the  exchange  of  new  ideas 
and the  results  of  experiments  could  take  place. 

(4) In  addition to  the bilateral schemes now  operating, countries  with  the  required 
resources should co-operate  with  one  another  in  providing aid  in  material and 
personnel to  a  developing  country  which  is  planning to  inaugurate,  or  carry 
further, a  new  programme  in  mathematics  entailing  extensive  courses  for 
teachers, and additional  accommodation,  material  and books  for  the  schools. 

(5) The  role  of  the  Commonwealth  Secretariat  in  implementing  the  suggestions 
made by  the  Conference  will  be  an  important  factor  in  the  improvement 
of mathematical  education  in  the  Commonwealth. 

Conclusions 
There wa s genera l agreemen t tha t th e chie f value s o f th e Conferenc e ha d bee n 
(1) th e delegates ' increase d appreciatio n o f th e achievement s an d problem s o f 

countries othe r tha n thei r ow n 

(2) th e realisatio n o f th e unanimit y o f delegate s abou t th e element s o f mathe -
matics i t i s desirabl e t o includ e i n mathematic s programmes , an d abou t th e 
advisability of pupils' learning them i n relation t o thei r ow n surroundings and 
the needs of thei r countr y 

(3) th e awarenes s o f th e benefit s t o b e gaine d fro m hearin g a t firs t han d abou t 
the usefu l diversitie s t o b e foun d amon g th e countrie s represente d a t th e 
Conference. 
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CHAPTER II I 

Fundamental Idea s an d Objective s 
of Mathematica l Educatio n 
Lead pape r by Professor G . Polya, Ph.D. (Maths), 

Stanford University , California, U.S.A . 

I. Introductio n 
1. I  am deepl y indebte d t o th e organizer s o f thi s Commonwealt h Conferenc e o n 

Mathematics i n School s fo r havin g invite d m e t o presen t th e lea d pape r in this firs t 
session. I  regar d thi s invitatio n a s a  grea t honour , a  grea t challenge , an d a  grea t 
opportunity. Yet , I  mus t confess , I  am also very much embarrassed b y it . I  see great 
difficulties inheren t i n m y tas k an d I  don' t kno w whethe r I  a m goo d enoug h t o 
master them . 

2. First o f all , th e ai m o f thi s conferenc e i s eminentl y practical . Eac h o f u s ha s 
urgent practica l problem s a t home , an d expect s som e contributio n fro m thi s con -
ference t o thei r solution . Ye t th e them e o f today' s sessio n is : "Fundamenta l idea s 
and objective s o f mathematica l education" . Yo u ma y hav e th e impressio n tha t thi s 
theme is too remote fro m th e concret e practica l difficulties yo u hav e at home . 

3. Secondly , I  a m embarrasse d becaus e yo u ma y expec t m e to tel l you abou t th e 
latest result s o f th e scienc e o f education . Now , I  mus t confes s tha t I  do not believ e 
that there is such a thing as "the scienc e o f education" . In my opinio n teachin g is not 
a scienc e bu t a n art . Or , le t m e pu t i t a  littl e mor e carefull y (ther e i s no time fo r a 
very carefu l statement) : Teachin g is , for th e tim e being , muc h mor e a n ar t tha n a 
science. Yet, if this is so, I cannot tel l you scientifi c truths , just my persona l opinion s 
and i t i s embarrassing fo r a  mathematician t o asser t things he canno t prove . 

4. Here I  am , however , and , a s fa r a s I  ca n see , I  ca n d o nothin g bette r tha n tel l 
you m y persona l opinion s whic h I  acquire d i n doin g mathematics , i n teachin g 
mathematics, an d i n thinkin g about th e ways of doin g and teachin g mathematics fo r 
a goo d bi t mor e tha n hal f a  century . I  woul d b e glad , o f course , i f I  coul d fin d 
among you kindred souls who hold simila r opinions . Yet i t is, in fact , mor e importan t 
to rous e thos e amon g yo u wh o hav e differen t opinions , becaus e th e tas k o f thi s 
opening address is to star t a  debate . 

5.1 mus t discus s generalities , bu t I  shal l tr y t o avoid empty generalitie s and kee p 
as clos e t o mor e concret e practica l questions as I can. Generalities are needed t o pu t 
the detail s int o th e right  perspective . I  wis h t o presen t yo u a  "philosophy" , bu t I 
shall emphasiz e simpl e point s an d obviou s commo n sense . Afte r all , I  a m not quit e 
a philosopher . D o yo u kno w wha t a  philosophe r is ? A  philosophe r know s EVERY-
THING but nothing else . 
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II. General objectives of the Schoo l 
6. The family sends the child to the state supporte d school . What should th e schoo l 

do? Th e state , th e family , th e neighbours , th e publi c opinion , everybod y agrees , 
sometimes eve n th e chil d himself : Th e schoo l shoul d enabl e the chil d t o have a job, 
to earn a  living. So it is in the Unite d States , in other highl y industrialized capitalisti c 
countries, even in communisti c countries . 

7. In an y socia l syste m th e chil d shoul d develo p int o a n adul t wh o can take car e 
of himsel f an d i s wel l adapte d t o th e community . Th e tas k o f th e schoo l i s t o 
contribute its  share  to  the  child's  development.  I n a  ver y primitiv e an d ver y stabl e 
community ther e i s no nee d o f schools : Th e chil d i s sufficientl y educate d a t hom e 
and b y unplanne d contact s wit h othe r member s o f th e tribe . I n general , th e mor e 
complex th e community' s economi c structur e an d th e mor e rapi d it s technologica l 
or social change, the greater become s the share o f th e school in the child' s education . 
In the Unite d State s there is a definite trend : Th e young people stay in school longer 
and longe r an d th e taxpayer s vot e highe r an d highe r sum s fo r th e schools . An d w e 
can observe a  similar tren d almos t everywhere . 

8. To tur n th e chil d int o a n employabl e adul t i s a  crude and narrow aim . In fact , 
if w e conceiv e thi s aim too narrowly w e are almost boun d t o miss it. Observe that in 
a comple x economi c syste m ther e ar e man y differen t kind s o f jobs . Th e individua l 
should fin d th e job fo r whic h h e i s th e mos t suitable ; this is not onl y in his interest 
but als o i n th e interes t o f th e community . Yet , to choos e the most suitabl e he mus t 
know al l th e possibilitie s an d s o h e mus t hav e som e knowledg e o f th e whol e worl d 
around him , some sor t o f general culture . 

9. Moreover, to fill his job well , he must b e wel l developed. Yet w e do not kno w in 
advance wha t kin d o f jo b th e growin g chil d wil l eventuall y have , an d s o w e mus t 
develop him a s far a s possible in all respects. 

10. An d so, beyond the crude and narrow objective "tur n ou t employabl e adults" , 
there appear higher and wider objectives of the school : Develop all  the inner  resources 
of the  child.  Give  him general  culture. 

11. I  thin k tha t th e ol d Gree k philosophe r Plat o woul d no t disapprov e o f thes e 
wider aims . I hope tha t yo u don' t disapprov e o f them . 

III. Narrow objectives of mathematical education 
12. I n a n economi c syste m tha t i s above a certain primitiv e leve l analphabets are 

scarcely employable . Henc e ther e arise s th e obviou s nee d o f a  primar y schoo l tha t 
should teac h ever y chil d th e thre e R's , reading , writing , arithmetic . Le t m e us e (i n 
this general introductory talk) the term "primary school " in a  not to o sharpl y circum -
scribed sens e whic h i s roughly th e following : Th e schoo l that ever y chil d o f th e age 
6 t o 1 2 shoul d attend . T o teac h th e rudiment s o f arithmeti c (th e natura l number s 
and th e fou r basi c operation s wit h natura l numbers ) i s an obviou s crud e minimu m 
task o f th e primar y school . Let me add tw o items which are almost a s necessary an d 
then w e arriv e a t a  somewha t enlarged , bu t stil l very modest ai m o f primary mathe -
matical education : 
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Primary narrow objective: 
(1) Arithmeti c o f natural numbers (+ , — , X , ÷) 
(2) Length , area, volume 
(3) Fractions , percentag e 

Also th e ter m "secondar y school " shoul d b e used in this talk in a not to o sharpl y 
defined sense : A school that som e childre n o f the age 1 2 to 1 8 should attend . An d le t 
us consider a  corresponding modes t ai m o f mathematica l education : 

Secondary narrow  objective: 
Professional preparatio n of prospective technica l personne l (technicians , engineers , 

scientists, managers). 

13. Le t m e emphasiz e tha t th e tw o objective s jus t formulate d ar e severel y 
restricted, narrow , minimum goals , dictated b y obvious economic needs. I think tha t 
there i s littl e doub t tha t th e school s shoul d attai n thes e narro w objectives . Ye t I 
think too , an d I  hop e tha t mos t o f yo u wil l agree , tha t th e schools should d o mor e 
and also attain som e wider and highe r objectives . 

14. Le t me point ou t tha t thos e narrow objective s themselve s may lead t o certai n 
wider objectives . 

15. Ther e i s n o doub t tha t th e primar y schoo l should teac h arithmetic . Now, fo r 
all practica l purposes , i t i s sufficien t tha t peopl e d o thei r arithmeti c mechanically; 
only som e spee d an d accurac y matters . Ye t th e schoo l shoul d d o more : W e should 
teach th e childre n t o d o thei r arithmeti c insightfully.  Why ? Becaus e teachin g the m 
so w e ma y ge t result s faste r an d mor e permanen t results . Insightfu l knowledg e i s a 
more ambitiou s ai m tha n mechanica l knowledge . Yet , i n teachin g a s i n othe r 
activities, the mor e ambitious aim may have more chance s of success . 

16. Now , le t u s loo k a t th e secondar y school . Mathematic s abov e th e primar y 
level is strictly mandatory, immediately necessar y only for prospectiv e user s of mathe -
matics, fo r certai n kind s o f technica l personnel . Ye t whe n th e chil d enter s th e 
secondary schoo l w e don' t kno w ye t whethe r h e wil l or wil l not exercis e a  technica l 
profession late r an d s o w e ar e oblige d t o teac h mathematic s to al l entrants. Now, it 
would b e a  sa d thin g i f the futur e non-technicians , who may b e the majority , woul d 
derive n o benefi t fro m year s of mathematica l study . Therefore w e must fin d a  wider 
objective fo r th e teachin g o f mathematic s i n th e secondar y schoo l s o that i t shoul d 
offer somethin g t o bot h kind s o f students , t o those wh o will , and t o those wh o wil l 
not, use mathematics in thei r late r studie s or profession . 

IV. General Wider Objectives 
17. I  have trie d har d t o sho w you tha t startin g from narrowl y restricte d goal s of 

education w e may arrive at wide r objectives an d higher ideals: 

Serve the individua l and th e community . 
Develop al l the inne r resources o f the child . 
Several such general objectives o f education hav e been proposed , from Plato down -
ward, in various formulations. Her e are a few : 
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General culture . 
Discipline o f the mind . 
Desirable habits of thinking . 
Mental and emotiona l maturity . 
A well balanced personality . 
Which one of thes e aims do you prefer ? Whic h one deserves to b e preferred ? 

18. I  don' t know . I  thin k tha t al l thes e aim s ar e respectable , I  believe that the y 
are al l desirable , bu t I  don' t kno w whic h on e i s th e mos t desirabl e —  an d i f I  di d 
know I  woul d no t tak e th e tim e t o discus s i t here . Because , u p t o a  certai n point , 
it doe s no t matter . Thes e objective s certainl y overla p a  good dea l an d eve n thos e 
sounding rathe r differen t ma y lead , i f reasonabl y interpreted , t o th e sam e practica l 
consequences. 

19. Eac h ai m mentione d embodie s som e hig h idea l worth striving for. Ye t ever y 
one ma y b e worthles s i f yo u pa y onl y li p servic e t o it , an d i t ma y b e wors e tha n 
worthless i f i t i s used as a cheap and empt y sloga n by pretentious incompetents wh o 
are usually the more pretentious the more incompetent the y are . Each of those ideals 
is worthwhile provided tha t yo u honestl y believ e in it. And i t is really valuable if yo u 
earnestly tr y t o liv e u p t o it , i f yo u translat e i t int o th e everyda y practic e o f th e 
school. 

20. You r ideal, whatever it is , should b e somehow presen t i n your min d wheneve r 
you ar e plannin g th e curriculum , o r preparin g yoursel f fo r th e nex t lesson , o r 
choosing a  proble m fo r homework . Doe s th e ite m yo u ar e considerin g contribut e 
to som e practical , clearl y define d narro w objective ? O r doe s i t contribut e t o som e 
wider objectiv e suc h a s genera l cultur e o r menta l discipline ? I f i t doe s not , wh y 
should yo u bothe r o r wh y shoul d yo u bothe r th e childre n wit h it ? A  chil d i n 
your clas s o r hi s fathe r coul d as k you : "But , teacher , wha t i s it good for?" Can yo u 
answer thi s question t o your ow n satisfaction ? 

21. M y opinio n is : Hav e som e ideal , se e th e detail s o f you r professio n i n th e 
light of your ideal , and realize that an y detai l may raise the questio n "Wha t i s it goo d 
for?" The n you wil l become a better teacher . 

V. O n learning: Two simple rules 
22. I  have t o sa y no w a  fe w word s o n th e proces s o f learning . Thi s i s a  subjec t 

about whic h ol d philosopher s an d moder n psychologist s said and wrot e and printe d 
more tha n an y on e o f u s coul d read . Ye t whateve r w e rea d w e shoul d rea d wit h 
attention an d accep t onl y wha t w e ca n confir m o n th e basi s o f ou r ow n wel l 
digested experience . 

23. I  wis h t o concentrat e upo n tw o point s whic h a  teache r shoul d neve r dis -
regard an d whic h ma y easil y aris e i n ou r late r discussion . The y ar e simple , ca n b e 
formulated i n everyda y language , the y ar e essentiall y classical , and pretty generally , 
if no t universally , accepted . I  wil l cal l the m "principle s o f learning" but i f you wis h 
to cal l them "rule s of thumb " instead o f "principles " I  shal l no t b e offende d a t all . 
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24. (1 ) Active  learning.  I t ha s bee n sai d again and again tha t learnin g should b e 
active, no t merel y passiv e o r receptive . I t ha s als o bee n said , alon g th e 
same line , tha t th e bes t wa y t o learn anything is to discove r i t b y your -
self. This idea is very old, it can be traced bac k to Socrate s who expresse d 
it b y a  picturesque metaphor : Th e ideas should b e born i n the student' s 
mind an d th e teacher shoul d ac t onl y a s midwife . 
Yet tim e i s limited , th e teache r canno t wai t whe n th e labo r o f child -
birth i s to o lon g an d difficult . Moreover , w e canno t expec t tha t hig h 
school kid s wil l rediscove r th e whol e o f human science , and s o we must 
settle fo r somethin g less : Let  the  students  discover  by  themselves  as 
much as  feasible under  the  given circumstances. 

(2) Consecutive  phases.  I t ha s bee n sai d agai n an d agai n that , i n learning , 
things shoul d com e befor e words , th e concret e befor e th e abstract , 
doing an d seein g befor e verba l expression , an d s o on . I  thin k tha t yo u 
can fin d quotation s t o som e suc h effec t i n th e writing s o f al l famou s 
educators, from Comeniu s to Montessor i and after , bu t le t me quote just 
one, a sentence by Kant: Thus  all human cognition  begins  with intuitions, 
proceeds from  thence  to  conceptions,  and  ends  with  ideas. 
It seem s to me that thi s sentence suggest s at leas t some , if not all , of th e 
more importan t prioritie s t o whic h we , as teachers, must pa y attention . 
Yet le t m e paraphras e it , restat e i t i n mor e down-to-eart h language : 
Learning begins  with  action  and  perception,  proceeds  from  thence  to 
words and concepts,  and  should end  in  desirable mental habits. 
I hop e tha t thi s sentenc e touche s th e righ t chor d wit h you. To explai n 
it thoroughl y woul d nee d clos e consideratio n o f severa l example s fo r 
which w e obviousl y hav e no time . I believe, however, that th e tw o rule s 
formulated her e ca n yiel d valuabl e guideline s t o teacher s wh o under -
stand them seriously, intimately, on the basis of their own well considered 
personal experience . 

VI. On problems, problem-solving, and the tactics of problem-solvin g 
25. I  expec t tha t yo u hav e essentiall y know n al l o r mos t o f th e objective s o f 

education an d mathematica l educatio n an d als o th e principle s o f learnin g I  hav e 
mentioned s o far , bu t I  though t tha t i t migh t b e usefu l t o remind yo u o f them an d 
emphasize suc h points as may aris e in one way o r another in our late r discussions . 

26. I  a m gla d tha t I  ca n say something less well-known an d mor e personal abou t 
the next topic . 

(a) Fro m an y on e of th e general objectives mentione d yo u ca n get down t o 
concrete detail s o f th e curriculu m i n man y differen t ways : There i s no 
scientifically guarantee d bes t wa y o f teaching , ther e ar e a s many goo d 
ways of teaching as there are good teachers . 
Yet ther e i s one specific poin t abou t whic h there i s little dissension : Al l 
experts agre e tha t mer e possessio n o f informatio n i s o f littl e valu e i n 
mathematics. To know mathematics means to be able to do mathematics: 
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To us e mathematica l language , t o fin d th e unknown , to check a proof, 
and s o on . Therefore , t o teac h mathematic s w e mus t giv e opportunit y 
to the studen t t o d o mathematics . 
There are many ways of doing mathematics but , from severa l viewpoints, 
solving problem s appear s a s th e mos t cardina l mathematica l activity . 
"The solution o f problem s is the most characteristi c and peculia r sor t o f 
voluntary thinking", wrote the renowned America n psychologis t Willia m 
James. I n fact , solvin g problem s ma y b e considere d a s th e specifi c 
achievement o f intelligence , an d intelligenc e i s th e specifi c gif t o f man -
kind. Adult s ar e workin g a t thei r problem s an d worryin g abou t them , 
and children' s play , whic h is an anticipation o f adul t life , is often a  sort 
of problem-solving . Solvin g mathematica l problem s at thei r level comes 
early an d quit e spontaneousl y t o som e children , an d I  thin k tha t al l 
children coul d b e made ready fo r i t pretty earl y by the right approach . 
At an y rate , highe r mathematica l activitie s (suc h a s framin g ne w con -
cepts, buildin g theories , constructin g axiomati c systems ) presuppos e 
considerable mathematica l experienc e whic h mus t b e acquire d mainl y 
by solvin g problems . 
Hence i t i s wel l justifie d tha t al l mathematica l textbooks , beginnin g 
with th e Rhin d papyrus , contai n problems . Th e problem s may even be 
regarded a s th e mos t essentia l content s o f a  textboo k an d problem -
solving b y th e student s a s th e mos t essentia l par t o f mathematica l 
instruction. 

Yet "problem-solving" , whic h becam e a  sor t o f sloga n recently , mean s 
different thing s to differen t people . 
One thin g i s t o teac h a  specifi c procedur e t o solv e a  specifi c kin d o f 
problem, fo r instanc e th e usua l formul a t o solv e quadrati c equations . 
This ma y b e usefu l fo r certai n student s wh o nee d suc h specifi c skil l in 
their futur e professio n o r in later studies , perhaps for a n examination — 
yet i t i s hardly usefu l in  itself  fo r th e genera l student . Wh y should th e 
future lawye r o r the future truckdrive r solv e quadratic equations ? 
A ver y differen t thin g i s t o le t th e student s d o mathematical problem s 
in the hope that desirabl e menta l habits wil l result fro m thei r work , suc h 
as orderliness, precision, ability to concentrate , ability to handle abstrac t 
concepts, t o name som e of th e more popularly know n objective s o f thi s 
kind. 
There are problems and problems . We must b e especially concerne d her e 
with the difference betwee n routine problems and non-routine problems. 
A routine proble m ha s a specific aim, it should teac h the studen t t o us e 
correctly thi s o r that particula r rule o r procedure o r definition , i t offer s 
drill an d practice , an d i t doe s no t deman d an y invention o r originality . 
To solv e a  quadrati c equatio n wit h give n numerica l coefficient s i s a 
routine problem for a student wh o has been show n th e genera l formula . 
On th e contrary , a  non-routin e proble m challenge s th e student' s 
inventiveness an d originality , i t shoul d ai m a t som e mor e genera l an d 
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higher objective , an d I  believ e tha t n o highe r objectiv e o f secondar y 
mathematical educatio n ca n b e attaine d withou t th e judiciou s us e o f 
non-routine problems . 
I mus t confes s t o you tha t I  feel uncomfortabl e whe n I have to listen t o 
a speaker on problem-solving who does not discriminat e betwee n routin e 
and non-routin e problems . An d I  fee l particularly uncomfortabl e whe n 
the whol e behaviou r o f th e speake r arouse s th e suspicio n tha t h e ha s 
never solved a  non-routine proble m himself . 
Yet I  ma y b e prejudiced : Non-routin e problem s ar e crucia l fo r tha t 
objective o f secondar y mathematica l educatio n tha t I  personally prefe r 
to all others. My favourite ai m is: Mathematical problems should b e used 
to implan t i n th e students ' mind s whateve r attitude s an d procedure s 
may b e generall y usefu l fo r solvin g an y kin d o f problem, the tactics  of 
problem-solving. 

(c) I  hav e now arrived a t my favourite topic . Of course , I would lik e to tal k 
about i t a  lot , bu t ther e i s time onl y fo r a  brie f an d rathe r imperfec t 
sketch. 
In teachin g problem-solvin g i n the mathematics clas s we quite naturall y 
come acros s attitude s an d pattern s o f thought , th e usefulness o f whic h 
is not restricte d t o mathematica l problems . 
You al l know tha t widesprea d ba d habi t o f students : When they hav e t o 
solve a  problem , especiall y i n a n examination , the y div e int o compu -
tations or constructions without having quite realized wha t th e propose d 
problem actuall y is . Yet th e righ t attitud e i s just th e opposite : Firs t o f 
all, understand you r problem. Distinguish its principal part s and see each 
of the m a s clearl y a s yo u can . Tr y t o forese e th e resul t —  ther e i s 
perhaps a n eas y wa y t o estimat e th e unknown . Yet , abov e all , tr y t o 
conceive a  plan befor e yo u div e into details . 
What I  hav e trie d t o describ e here is an attitude th e usefulness o f whic h 
extends fa r beyon d elementar y mathematica l problems , ye t w e ca n 
impress it o n th e students ' minds in the mathematics class . This attitud e 
(which woul d deserv e a  mor e carefu l an d mor e detaile d descriptio n 
illustrated b y example) belongs to the tactic s of problem-solving . 
I hav e troubl e tearin g mysel f awa y fro m thi s topic . Ye t le t m e jus t 
mention a  problem-solvin g procedure , develope d o n elementary mathe -
matical problems , th e interes t o f which , however , extend s fa r beyon d 
them. It s discover y wa s attribute d t o th e philosophe r Plat o b y som e 
ancient authors. It wa s certainly develope d b y the Greek geometers who 
called i t "analysis " whic h mean s "solutio n backward " in Greek. As the 
word "analysis" is used today in several different meaning s it is preferabl e 
to us e som e othe r ter m suc h a s "regressiv e argument " o r simpl y 
"working backward" . Th e procedur e i s mentioned i n mos t olde r text -
books o f geometry : W e begi n b y "takin g fo r granted " th e result , th e 
conclusion that we have to prove o r the figure tha t w e have to construct . 
Then w e deriv e fro m i t som e othe r conclusio n o r figure , henc e stil l 
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another one , an d s o on , unti l w e arriv e a t th e hypothesi s o r th e dat a 
proposed. A fuller descriptio n illustrated b y appropriate example s woul d 
show tha t thi s procedur e o f "workin g backward " i s b y n o mean s 
restricted t o geometry , bu t ha s a wider interest; it belongs in fac t t o th e 
tactics of problem-solving . 
The foregoin g examples , t o whic h I  a m no t allowe d t o ad d more here , 
should giv e you a  first ide a of th e "tactic s o f problem-solving". 1 

It i s m y convictio n whic h I  wis h t o expres s her e a s strongl y a s I  can : 
The teachin g o f mathematic s in the  secondary  school  should  emphasize 
the tactics  of  problem-solving. 
Some o f th e student s will , others wil l not, use mathematics afte r leavin g 
the secondar y school . Fo r user s o f mathematics th e tactic s of problem -
solving may be the beginning of their professiona l attitude . For non-user s 
it ma y easil y b e th e mos t usefu l thin g that remain s with them fro m th e 
mathematics o f th e secondar y school . 
There i s much more t o sa y about problems , problem-solving, th e tactic s 
of problem-solving , and th e relation o f these things to th e general objec -
tives o f mathematica l educatio n an d th e curriculum . Perhaps there wil l 
be a n opportunit y later , i n a  workin g group , fo r a  conversatio n o n th e 
details of certai n question s raised . 

VII. Conclusion 
27. Th e time has arrived fo r lookin g back a t the discussio n o f the pas t hour . 
I hav e talke d t o you abou t problems , problem-solving, and th e tactics of problem -

solving. Ye t I  di d no t urg e yo u t o adop t m y views . I f ther e wa s anythin g in what I 
have sai d tha t wil l star t yo u reconsiderin g thi s o r tha t poin t o f you r teachin g it wil l 
be enough and a  great satisfactio n t o me . 

28. M y view s o n problem-solvin g i n th e school s sprin g fro m a  genera l outloo k 
which yo u ma y cal l m y "educationa l philosophy" . I t i s a  ver y informal , down-to -
earth philosoph y an d I  presente d it , or , rather , hinte d it , t o yo u ver y informall y 
just "betwee n th e lines" . An d certainl y I  di d no t urg e yo u t o adop t it . In teaching , 
you see , a s in man y othe r things , i t doe s not matte r muc h wha t your philosoph y is; 
it matter s mor e tha t yo u have  a  philosophy ; bu t i t matter s very much whethe r yo u 
do or don' t liv e up to your philosophy . 

29. Ma y I  repea t it : I  hop e tha t ther e i s som e highe r objectiv e o f your teachin g 
and tha t yo u tr y t o se e th e detail s of you r everyday wor k in the ligh t of tha t highe r 
objective. Whe n som e ite m come s u p fo r decision , you r firs t questio n mus t be , o f 
course: Doe s i t serv e som e narro w objectiv e prescribe d b y th e need s o f th e 
community? I f i t doe s not , wha t i s i t goo d for? Doe s it serv e your wide r and highe r 
objective? 

30. I t woul d help , I  think , i f w e approache d th e comin g discussion s o f thi s 
conference i n the spiri t o f these questions . 

1 Which is better calle d "heuristics " in other contexts : I  used th e latte r ter m i n my books : 
How to  Solve  It,  Princetow n Universit y Press , 1945 ; 2nd edition , Doubleda y an d Co. , 1957 . 
Mathematics and  Plausible  Reasoning,  vol . 1  and 2 , Princetown Universit y Press , 1954 . 
Mathematical Discovery,  vol . 1  and 2 , John Wile y an d Sons , 1962/65 . 



CHAPTER I V 

The Teachin g o f Mathematic s 
at Primar y Leve l 

Lead paper by Mis s E.E. Biggs , H.M. Inspector o f Schools , 
Department o f Education an d Science , London . 

Introduction 
* "In  mathematics  there's  always  a  pattern — 

you've only  got  to  look  for  it" 

1. Mathematics i s an abstrac t subject , an d becaus e o f this , i n th e past , i t induce d 
fear i n bot h youn g childre n an d students . Bu t i n th e las t te n year s there ha s been a 
fundamental chang e o f outloo k an d th e ne w generatio n i s no longe r condemne d t o 
a complet e die t o f instructio n b y teacher s (howeve r good) . Nowadays , pupil s ar e 
encouraged fa r mor e t o thin k fo r themselve s an d the y investigat e mathematica l 
problems i n individua l an d sometime s highl y origina l ways . The etho s o f thi s ne w 
era i s embodie d i n Professo r Polya' s words : "Abstraction s ar e important ; us e al l 
means t o mak e the m tangible . Nothin g i s too goo d o r to o bad , to o poetica l o r to o 
trivial t o clarif y you r abstractions" . Th e approac h t o mathematics , th e wa y w e 
present thi s subjec t t o ou r pupil s o f al l age s (includin g universit y students , a s 
Professor Poly a ha s so successfully show n us ) is all-important . Fo r thi s reason I  shall 
consider approac h firs t an d leave content unti l later . 

2. Here m y mai n concer n i s wit h childre n betwee n th e age s o f 5  and 12 . For th e 
more fortunat e childre n o f pre-schoo l age , learning has proceeded naturall y withou t 
effort o r interruption . Th e newe r method s i n th e infan t schoo l ( 5 to 7  years) begin 
in th e sam e wa y wit h th e direc t impac t o f th e environmen t an d th e child' s ow n 
response t o it . Thi s permissiv e wa y o f working , wit h childre n i n smal l groups , wa s 
relatively eas y t o introduc e i n Britis h school s sinc e syllabuse s ar e no t externall y 
imposed an d hea d teacher s ca n devis e thei r ow n scheme s o f wor k an d classroo m 
methods. 

Historical Background of Changes in Britain 
3. The change s i n classroo m procedur e i n ou r infan t school s bega n mor e tha n 

thirty year s ago . Teacher s concerne d themselve s firs t wit h th e qualit y an d scop e of 
the material s the y provide d (ofte n th e norma l material s o f the environment suc h as 
clay, water , sand , scrap s of textiles , leaves and shells ) and secondl y wit h the learnin g 
situations themselves . Th e qualit y o f children' s ar t and craft , movemen t an d writin g 
became mor e individua l an d imaginative ; the narro w numbe r syllabu s was extende d 
to includ e purposefu l countin g an d measurin g experiences . Bu t unti l twent y year s 
ago there wa s a marked contras t betwee n th e teaching methods o f infant school s and 
*See pag e 5 0 
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those o f junior schools . At tha t tim e junior school s were influenced b y examination s 
at th e ag e o f eleve n fo r allocatio n t o grammar (academic ) schools . In these examina -
tions th e emphasi s wa s o n grammar an d comprehensio n i n English and o n speed  an d 
accuracy o f computatio n i n arithmetic . I t i s no t surprisin g tha t th e firs t curricula r 
experiments i n junior school s wer e i n ar t an d craf t an d physica l education , subject s 
which wer e no t examined . However , in due course the emphasis in English, too , was 
gradually shifte d fro m forma l exercise s t o creativ e an d imaginativ e writin g wit h n o 
loss of accuracy an d muc h gain in fluency an d vocabulary b y th e age of ten . 

4. Experiments i n th e teachin g o f mathematic s bega n abou t te n year s ago. These 
changes wer e al l th e mor e far-reachin g becaus e the y wer e brough t abou t no t a s a 
result o f externa l pressur e fro m Universitie s o r Educatio n Authorities , bu t b y th e 
pioneer wor k o f teacher s i n thei r ow n classrooms . The y wer e part o f a  wider move-
ment whic h had alread y affecte d man y othe r aspect s of the curriculum . Mathematic s 
and scienc e wer e n o longe r isolate d ; they no w mad e a  vital contribution t o learnin g 
as a whole. 

Discovery Learnin g i n Mathematic s 
5. Le t u s tak e a  close r loo k a t "discovery " learnin g a s thi s affect s mathematics . 

"In som e ways it resembles the bes t moder n universit y practice". 1 I  should b e happ y 
to thin k tha t mos t universitie s followe d thi s practice ! Thi s is what Piage t has to say 
about it : "Th e goa l i n educatio n i s no t t o increas e th e amoun t o f knowledg e bu t 
to creat e opportunitie s fo r a  chil d t o inven t an d discover . Teachin g mean s creatin g 
situations wher e structure s ca n b e discovered" . Whe n w e sa y that initia l curiosity i s 
often stimulate d b y th e environmen t th e teache r provides , w e ar e admittin g tha t 
the teache r select s an d structure s th e programme . Sometime s a  worthwhile piec e of 
mathematics wil l b e initiate d b y a  chil d wit h a  specia l interest . Mor e usuall y th e 
environment and the teacher's questions wil l catch th e child' s imagination an d sustai n 
his enthusiasm . Bu t th e permissiv e classroo m i n which childre n ar e working in smal l 
groups, ofte n o n quit e differen t problems , make s heav y demand s o n teacher s an d 
especially o n inexperience d teachers . Bot h childre n an d teacher s hav e t o accep t 
considerable responsibility . Man y teacher s mak e a  gradua l transition . Mos t o f th e 
class wor k fro m a  textboo k whil e on e grou p i s provide d wit h ne w materials ; th e 
teacher observes the children an d asks questions. Fro m mont h t o month sh e increases 
the number of children working with materials until a t las t the whol e class is involved. 

6. What ar e th e aim s o f "discovery " learning ? First , t o se t childre n fre e t o thin k 
for themselves . Secondly , t o giv e the m opportunitie s t o discove r th e orde r an d pat -
tern which is the very essence of mathematic s an d which i s to be found i n the natura l 
as wel l a s in th e man-mad e world . Thirdly, to give children th e skills . Here I  want t o 
put a  persona l an d perhap s extrem e poin t o f vie w I  believ e tha t wit h experienc e 
teachers ca n pla n eac h child' s learnin g s o tha t h e discover s himsel f al l th e mathe -
matics w e want him to learn , even the skills . Our success in this wil l depend no t onl y 
on th e experience s w e provide bu t als o on the questions we ask. I also beleive that i t 
is jus t a s importan t fo r childre n t o b e encourage d t o devis e thei r ow n method s i n 
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written calculation s a s i t i s fo r the m t o mak e discoverie s wit h shape s an d patterns . 
Later i n thi s pape r yo u wil l se e ho w childre n lear n fro m on e another t o refine thei r 
methods. 

7.1 am convinced, from m y own experience gained from workin g with childre n an d 
teachers i n man y part s o f th e word , tha t th e approac h I  a m describin g i s no t fo r 
"enrichment" only . I t i s a n approac h whic h ca n an d shoul d b e used in every aspec t 
of mathematics , a t ever y stag e an d wit h childre n o f al l abilities. This does not mea n 
that ever y chil d require s th e sam e kin d o f experienc e —  fa r fro m it . There ar e thos e 
who nee d littl e experienc e wit h rea l material s an d wh o enjo y workin g abstrac t 
problems whic h develo p fro m brie f initia l experiences . Othe r childre n requir e a 
lengthy perio d wit h rea l material s befor e the y ar e abl e t o abstrac t a  singl e ide a o r 
concept. Ther e ar e som e childre n wh o wil l respon d t o ope n questions , an d other s 
who requir e mor e direction . No r doe s discover y learnin g alway s requir e th e us e o f 
concrete materials ; it i s the for m o f questio n w e as k whic h determine s whethe r w e 
are challenging a child to think for himself —  o r telling him th e answer . Dr . Schweitze r 
wrote: "Onl y those who respect the personality o f other s can be of rea l use to them" . 
We mus t respec t th e independen t personalit y o f eac h child , an d encourag e hi m s o 
that h e take s th e fina l step , howeve r small , fo r himself . I t i s thi s independen t dis -
covery whic h give s him th e satisfactio n o f succes s —  and whic h requires al l our skil l 
to engineer . I f we find ourselve s telling the answer i t is either because the chil d i s not 
ready fo r th e experience o r because w e have not planned th e wor k t o sui t th e abilit y 
of tha t particula r child . 

8. I shoul d lik e to quote on e example fro m a n African schoo l in Rhodesi a becaus e 
I believ e tha t discover y method s woul d b e a s usefu l i n developin g countrie s a s in 
Britain. Her e I  foun d tha t teachin g method s wer e almos t entirel y instructional . I 
introduced simple materials , for example , congruent boxes , squared pape r an d string . 
At firs t children an d teacher s found i t very strang e tha t thes e should b e used t o make 
mathematical discoveries . Later , however , wit h adequat e experienc e the y becam e 
quick t o se e th e possibilities , particularl y th e younge r children . 

9. Older students found no difficulty i n making discoveries with number patterns -
indeed, the y ha d a  strong sense of pattern . We had been workin g with the patter n o f 
the 9 times tables. I wrote: 3 , 12 , 21, o n the blackboard an d asked  the m t o con -
tinue th e sequenc e an d t o construc t simila r sequences . The y soo n discovere d tha t 
the fina l su m o f th e digit s wa s alway s three . I  the n wrot e severa l larg e number s o n 
the boar d an d aske d the m t o tes t thes e fo r divisibilit y b y 9 . "But , madam , they al l 
'refuse' " , the y sai d wit h som e excitemen t an d wer e quick t o discover why. I  see no 
reason wh y developin g countrie s shoul d no t b e abl e t o tak e advantag e o f thes e 
methods. 

10. Becaus e th e for m o f th e question s w e as k —  open-ende d o r directe d —  is so 
important, I  should lik e to give you tw o contrasting examples: -

For several  years I  had  given  considerable  direction  to  children  and  teachers  in 
isolating the  variables  when working  with  a  pendulum. For  example,  one  assign-
ment was:  "Time  the  pendulum  for  30  swings  for lengths  6",  12",  18"  as  far as 
48". Draw  a  graph.  Can  you  find  from  your  graph  the  length  of  a  pendulum 
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which beats  seconds?"  A  group  of  ten  year  olds  performed  the  experiment  care-
fully and  obtained  a  reasonable  result.  A  month  later  I  discussed  the  pendulum 
with the  same  group.  "What  did  you discover?",  I  asked. Their  recollections were 
so hazy and  confused  that  we  had to  start  at  the  beginning  once  more. 

Last summer I  was  working with  a  group of  nine  and ten  year old  boys  in  down-
town New  York.  We  had  decided  to  time  various  objects  which  the  boys  had 
chosen to  roll  down  a  long  slope  in  the  corridor.  We  had no stop  watch,  so  I had 
added a  length  of  fine  string  and  a  piece of  plasticine  to  our  collection.  When  the 
boys asked  for  a  stop watch,  I  asked  them  if  they  could  devise  a means of  timing 
from the  materials  I had  provided. On  seeing these  Richard immediately  suggested 
making a  pendulum. It  so  happened  that  there  was  a large hook fixed  at  a height 
of 7  feet above  the  slope,  to  which  the  boys  attached  the  longest  pendulum they 
could make.  "Where  shall  we  start?",  I  asked.  "Up  at  the  ceiling,  straight  out", 
Earl replied,  "Does  it  matter  where  we  start?",  I  questioned.  They  decided  that 
it did  matter  and  we  set  the  pendulum  swinging,  "Does  it  beat  regularly?",  I 
asked, "Let's  count",  they  replied.  But  the  boys  decided  that  the  pendulum was 
swinging too  slowly  for  effective  timing,  "How  shall  we  change  the  beat?",  I 
asked. "Shorten  the  string",  suggested  Richard,  "Lengthen  the  string",  said 
Adrian. "Add  more  plasticine",  said  Robert.  They  experimented  with  different 
lengths until  they  were  satisfied  with  the  beat.  "How  shall  we  count?",  I  asked. 
"Number of  swings  in  half  a  minute",  said  Mervyn, I  gave  him  my  watch  with  a 
second hand  and  he  was  soon timing  confidently  from  any  starting  point  of  the 
second hand,  "It  swings  much  faster  when  we  shorten  the  string",  they  com-
mented as  they  continued  their  experiments  with  different  lengths,  "but  it 
doesn't change  when  we  alter  the  weight".  These  experiments  were  rough  and 
ready and  needed  a  careful  follow-up with  a  good point  of  suspension,  but  I  want 
to stress  that  all  the  thinking  had  been  done  by  the  boys  themselves  and  the 
suggestions came  from them  and  not  from  me.  "The  sense  of  personal  discovery 
influenced the  intensity  of  their  experience  and  vividness  of  their  memory". 1 

We were so engrossed that  we  forgot all  about the  purpose of  the  timing! 

But th e initia l impuls e need s t o aris e fro m som e experienc e i n whic h th e 
children ar e interested . For  example,  the  assignment:  "Find  the  length  and 
breadth of  this  room",  may  seem  pointless  to  children,  especially  if  they  have 
done this  already  the  previous  year.  But  some  nine  year  olds  were  enthusiastic 
when the  question  was  worded:  "Do  you  think  this  room  is  twice  as  long as it is 
wide? In  how  many  ways  can  you  find  out  without  actually  measuring?"  One 
girl counted  the  bricks  round  the  wall,  a  second counted  the  square  tiles  on  the 
floor and  a  third  counted  the  ceiling  tiles.  The  others  decided  to  pace  the  width 
and the  length.  They  were  at first puzzled  and  then  amused  when  they  discovered 
that each  took  a  different  number  of  paces.  This  investigation led  to  a  discussion 
of 'normal'  and  'average'  pace, approximation  and  ratio.  It  also  resulted in  several 
oral calculations and  was  in all a most worthwhile  investigation. 

1 op.cit . 
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Discovery Learnin g in Arithmetic 
11. I  have sai d tha t i t i s important tha t childre n shoul d b e given th e opportunit y 

to devis e thei r ow n method s o f writte n calculatio n whe n the y ca n n o longe r cop e 
with th e complexitie s i n thei r heads . Le t m e explain ho w thi s can be done. Firs t we 
must giv e youn g childre n (betwee n th e age s o f 5  an d 8 ) preliminar y experience s 
which wil l enabl e the m t o lear n wha t arithmeti c i s about. These experiences shoul d 
include: 

(a) Matchin g set s (one-on e correspondence) : settin g a  tabl e fo r a  meal , straw s 
to milk containers , spoons to bowls , chairs to children . 

(b) Counting , matchin g a  numbe r nam e t o eac h object . Cardina l numbers . 
Numbers in sequence ; the number line . 

(c) Measuring ; length , weight , capacity , time , area , usin g simpl e instruments . 
Learning t o measur e i s a  length y proces s involvin g severa l stages . Fo r 
example, i n considerin g lengt h a  chil d a t on e stag e think s tha t a  penci l 
changes it s lengt h whe n i t i s place d i n differen t positions . Eigh t an d nin e 
year old s wh o hav e no t ha d th e necessar y experienc e sa y tha t a  squar e 
geoboard turn s int o a  diamon d o f differen t shap e whe n i t i s rotated int o a 
new position . 

It i s onl y b y mean s o f sufficien t firs t han d experienc e tha t childre n com e 
to understan d tha t th e lengt h o f line s doe s no t chang e whe n thei r positio n 
is changed . I n children' s firs t experienc e o f measurin g the y d o no t realis e 
the nee d fo r equa l units . 
A class  of  eight  year  olds  in  Ontario  had  had  their  first  experience  of 
measuring. They  told  me  excitedly,  that  the  width  of  the  room  was  6V2 
bodies. "Whose  body?",  I  asked.  Three  friends  stood  up,  two  of  the  same 
height and  one,  Roger,  a  head  taller  than  the  other  two.  "Would  it  have 
made a  difference  if  you  had  used  Roger  only?",  I  questioned.  "Yes,  he 
would have  got  tired",  was  the  amusing  reply,  which  gave  me  the  clue  to 
their method.  "Would  your  answer  have  been  6½ Rogers?",  I  asked.  After 
some thought  a  girl  said  there  would  have  been  fewer  Rogers,  because  he 
was taller.  But  the  others  maintained  that  the  answer  would  be  the  same 
because it  was  the  same  room!  I t i s onl y b y mean s o f extensiv e measurin g 
experiences that childre n develo p understanding an d confidence i n all aspects 
of measuring . 

(d) Operation s of addition, subtraction , multiplicatio n an d division with number , 
length, weight , capacity , money , time . 
It i s interesting t o not e that , i n th e rea l environment , subtractio n an d bot h 
aspects of division  usually preced e addition an d multiplication . 
For example,  using  two  ribbons  of  different  lengths,  children  first  notice 
that one  is  longer than  the  other,  and  eventually  may  measure  the  difference 
(by complementary  addition).  One  child  asked,  "How  many  ribbons  of 
the short  length  can  I cut  from the  long  piece?" (the  subtracting  or  grouping 
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aspect of  division).  Another  child  halved  and  quartered  the  long  piece  (the 
sharing aspect of  division). 

12. Wha t knowledg e d o childre n nee d o f numbe r relationships , includin g multi -
plication tables ? I f w e believ e tha t childre n shoul d b e abl e t o perfor m reasonabl e 
calculations efficiently , the y nee d t o memoris e (a ) th e additio n an d subtractio n 
number trios , e.g . 3+ 5 =  8 , 5+ 3 =  8 , 8- 5 =  3 , 8- 3 =  5 ; (b) th e multiplicatio n an d 
division numbe r trios , e.g. , 6 X 8 =  48 , 8 X 6 =  48, 48+6 = 8, 48+8 = 6. Once childre n 
have discovere d th e commutativ e law s of addition an d multiplication , memorisatio n 
of thes e numbe r relationship s i s halved. Whe n the y tr y t o se e whethe r subtractio n 
and division  ar e reversibl e (o r commutative ) the y ca n be encouraged t o extend thei r 
number knowledg e t o includ e th e negativ e integers , usin g an extended numbe r line , 
and fraction s (o r rational numbers) . Bu t w e cannot escap e this necessity fo r childre n 
to memorise the number relationships; first and foremost th e addition an d subtractio n 
facts u p t o 20 , then th e extension t o thes e fact s t o 100 . For thi s extension a  number 
line (10 0 unit s long ) an d strip s (1 to 1 0 units long) are extremely helpfu l i f childre n 
are t o discove r th e repetitiv e pattern s e.g. , 9+7 , 19+7 , 89+7 , an d als o 96—7, 86—7, 
etc. an d als o 96-9 , 86-9 , etc . Thes e patterns must b e known befor e childre n begi n 
written calculations . 

13. Whe n childre n hav e thi s knowledg e o f number , wha t experienc e d o we need 
to giv e the m whic h wil l encourag e the m t o devis e thei r ow n method s o f lon g 
multiplication an d lon g division? Here , once more, are two contrastin g examples: -

The first  is  of a  group of  'disadvantaged'  ten  year old  girls in California. They  had 
estimated the  number  of  pieces  of  cereal  in a jar and were  checking  their  estimates 
by filling  identical  mugs  until  the  jar  was  empty.  The  first  mug  contained  59 
pieces and  there  were  40  mugs  in  all  The  girls  had no  idea  how  to  perform  the 
calculation, until  one  girl  made  an  attempt  to  write  forty  59s  on  the  blackboard 
and add  them  up.  The  bell  released  her!  Next  day  the  teacher  gave  the  girls  six 
multiplication examples  to  do,  one  of  which  was  40X59.  Each  girl  performed 
this successfully.  These  girls  knew  how  to  perform  mechanical  multiplication 
examples but  had  no  idea  of circumstances  in  which multiplication  would  arise. 

My second  example  is  of  a  seven  year  old  class  in  Ontario.  Their  teacher  had 
experimented for  the  first  time  in  giving  her  class  first hand  experience  with 
volume. They  had  made  a  most  varied  collection  of  containers.  I  picked up  a bag 
of macaroni  and  asked them  to  guess the  number  of  pieces  in  the  bag.  We all made 
wild guesses.  I asked if  anyone could  suggest  how we  could  check  our  guesses with-
out counting  every  piece.  "Count  in  twos  or  tens"  was  the  first  idea.  A girl  then 
said that if  we could halve  the bag, we could count  one  half  and double  the  number, 
I showed the  class  a small cup and  asked if  this  would  help.  Immediately  I  received 
two suggestions  from  boys.  One  said,  "Fill  the  cup  and  count  the  pieces. Fill  the 
cup until  there  is  no  more  left  and  count  the  cups  full".  As  soon  as  I left  the 
teacher let the children try  this  suggestion.  The  cup  held  110  pieces  and  there  were 
6½ cups.  She  wondered  whether  the  children  could  solve  the  problem  with  this 
information since  they had  never tackled figures of  this  magnitude before.  "Put  two 
together and  that  makes  220",  said  one. "220,  440,  660",  they  counted.  "I  know 
half of  100  is  50 and  half  of  10  is  5, that  makes  55.  That's  715  altogether", said 
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another. The  teacher  was  surprised  at  the  confidence  the  children  showed  in 
attempting a  problem entirely  new  to  them.  She  realised  that  these  children  had 
encountered a  situation  in  which  multiplication  was  required.  But  they  would 
need further  experiments  to  prepare  them  for  recording  their  own  methods; 
gradually they  would  refine  these  as they had  more  experience. 
14. I t i s importan t t o realis e tha t mathematica l symbol s shoul d b e introduce d 

after varie d experiments. The sequence o f events is: experience, discussion , recordin g 
in the child's own words , introduction o f mathematica l symbol s as a shorthand form , 
written calculations devised by the child himself, (and gradually refined, wit h guidanc e 
from th e teacher), practice as necessary. I t ha s been interesting to notice tha t childre n 
who ar e bein g educate d i n thi s wa y requir e fa r les s practic e t o maintai n efficienc y 
than childre n brough t u p o n traditiona l methods . On e perio d (4 0 minutes ) a  fort -
night i s ofte n foun d t o b e sufficient . 

15. Her e is an example showin g how childre n firs t devis e and then refine method s 
of long division whe n the need arise s :-

A group  of  eight  year olds  had  been  working  with  a  calendar. How many  weeks  in 
50 days?  80  days?  110  days?  asked  the  teacher.  One  hundred and  ten  days  drove 
them to  paper  and  pencil.  Each  child  produced  a  different  method  and,  when  all 
had finished, methods  were  compared. The  most  rudimentary  method  was:-
days days 
110 110 

7 1  week The  most  efficient  was  _70_  10  weeks 
103 40 

7 1  week 35  5  weeks 
etc. 5  day's 15  weeks 

All the  children  were  attracted  to  the  most  efficient  method  and  began  to  adopt 
it. One  by  one  they  refined  the  method  still  further,  showing  that  they  under-
stood what  they  were  doing and  appreciated the  need  for efficiency. 

16. I  coul d quot e man y mor e example s o f children' s discoverie s i n measuring , 
fractions, an d multibas e arithmetic , bu t spac e prevents this . I should b e delighted t o 
expand thes e ideas in workin g sessions to anyon e wh o is interested. 

17. Wha t i s th e plac e o f commercia l structura l materia l in the learning o f mathe -
matics? I  believ e tha t childre n shoul d firs t hav e extensive experience o f the environ -
ment, but when, for example, they ar e beginning to organise their basi c number facts , 
or a t anothe r stag e thei r knowledg e o f fractions , th e introductio n o f structura l 
material wil l hel p the m t o d o this . For example , when childre n ca n deal with simpl e 
fractions i n practica l situation s an d ca n fin d on e quarte r (an d late r thre e quarters ) 
of varie d material s suc h a s a  lengt h o f ribbon , a  bowl o f rice , a  jug o f wate r an d a 
sum o f money , the y ar e read y t o us e structura l materia l t o summaris e an d gai n 
further insigh t int o thei r experiences . Late r stil l the y wil l mee t fraction s a s rational 
numbers on the number line . 

18. Learnin g b y investigationa l method s ha s no t le d t o an y los s o f efficiency i n 
computation. Th e firs t school s i n Britai n t o adop t th e ne w method s wer e i n urba n 
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areas wher e classe s wer e o f ove r 4 0 an d a  selectio n tes t a t 11 + wa s i n operation . 
These school s kep t carefu l record s o f th e results at 11 . It wa s found tha t i n the firs t 
year ther e wa s n o change . Afte r this , yea r by year , the percentag e o f childre n quali -
fying fo r place s a t gramma r school s increase d until , i n on e school , i t wa s 5 0 pe r 
cent. Thi s loca l educatio n authorit y ha s no w abolishe d th e 11 + examination ! O f 
course the schools gave the childre n some  writte n computationa l practic e (on e perio d 
every tw o weeks ) bu t thi s wa s a considerable reduction o n former methods , and ye t 
the standard o f computatio n ha d improved . 

Mathematical Conten t 
19. Mathematica l content, has two aspects : mathematics in the classroo m an d th e 

mathematical backgroun d whic h primar y teacher s requir e i f the y ar e t o mak e th e 
most o f th e situation s which arise and are to give children th e help they require . 

20. Ther e ar e certai n topic s whic h wil l aris e i n th e classroo m whethe r w e pla n 
these o r not . I  refe r t o statistics , three-dimensiona l an d two-dimensiona l shapes , 
symmetry, similarit y an d limits . I n children' s attempt s a t communicatio n the y wil l 
use languag e (ora l o r written) , tabula r forms , diagrams , including mapping , pictoria l 
representation of various kinds including block and colum n graphs , and line (relation -
ship) graphs . Th e introductio n o f thes e topic s require s an d extensiv e knowledg e o f 
mathematics o n th e par t o f th e teacher . I  shal l no t attemp t t o develo p eac h topi c 
in detail ; tha t i s the tas k o f th e workin g parties . I  shal l quot e on e o r two example s 
of children' s wor k t o illustrat e children' s difficultie s an d potentialitie s an d t o sho w 
how numbe r relationship s an d spatia l relationship s ar e interrelate d an d reinforc e 
each other: -

(a) Volum e 
The first  is  an investigation by  some  six  year olds  who  had  made a  collection 
of small  rectangular  boxes.  Their  teacher  asked  if  they  could  find  the  box 
which held  most  After  some  discussion  the  children  filled  each  box  with 
sand and  weighed  box  and  sand.  They  set  out  the  boxes  in  order  but  sand 
ran out  at  the  corners,  so  they  decided  to  fill the  boxes  with  something  else. 
This was  not  so  easy  and  it  was  some time  before  a  boy found  that  a  cubical 
bead of  a  certain size  would  fit  into  all  the boxes.  The  cubes  were  then  taken 
out and  arranged  in  a  column above  each  box. At  this  stage no child  noticed 
that the  volumes  could  not  be  compared  without  counting  because  the 
starting points  were  different . Fortunately  the  classroom  was  overcrowded 
and a  child bumped  into  the  table  and disarranged  the cubes.  This  gave a boy 
an idea. He took a  large sheet of  ½" squared  paper, arranged  the boxes  in  order 
of volume,  and  coloured  in  a  column  of  squares  for each  box, matching  one 
square to  each  cube.  This  time  he  started,  on  his  own  initiative,  from  a 
common base  line  so  that  comparison  was  easy.  "Can  you see,"  he  wrote, 
"that boxes  7  and 8  hold  the  same  number  of  cubes?  But  they  are  very 
different shapes".  This  comment  started  a  further  investigation.  Here  we 
see the  process  of  abstraction  from  boxes  filled  with  sand  (and  weighed)  to 
cubes, symbolising  the  volume,  and  finally to  squares,  by  a  matching process. 
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Shapes 
This exampl e illustrate s anothe r importan t point . W e liv e i n a  three -
dimensional world, and two-dimensiona l shape s are abstractions fro m th e rea l 
world. Therefor e w e shoul d giv e childre n abundan t experienc e wit h three -
dimensional shape s befor e w e expect the m t o abstrac t th e properties o f two-
dimensional shape s suc h a s squares , rectangles, triangles and circles . Before a 
child ca n recognis e a  squar e h e need s t o b e abl e t o sor t a  se t of cube s fro m 
a se t o f cuboid s an d t o put int o words what he has done. There i s no reason , 
of course , wh y w e shoul d no t us e two - an d three-dimensiona l shape s 
simultaneously, a s the following exampl e shows : 
Some deaf  five  year  olds  had  made  a  collection  of  containers  of  very  varied 
shapes. Their  teacher  drew  a  square,  a  rectangle,  and  a  circle  on  the  floor 
and watched  to  see  what  the  children  would  do.  They  sorted  cubes  into 
the square,  cuboids  into  the  rectangle,  and  cylinders  into  the  circle.  It took 
one girl  some time  to  decide  whether  a  packet of  tea  with  two  square  ends 
should go  inside  the  square  or  the  rectangle.  Eventually  she  decided  on  the 
rectangle because  the  packet  had  four rectangular  faces and  only  two  square 
faces. 

(c) Transformations , Spatia l and Number Pattern s 
Most of the spatial discoveries of young childre n ar e made a s a result o f move-
ment an d transformations . Patter n ha s a strong appeal t o them . 
I asked  some  nine  and  ten  year  olds  in  Philadelphia to  make  themselves  a 
halo with  a  strip of  coloured  paper  and then  to  experiment  with  this  to  find 
out whether  they  could  change  the  area  enclosed. They  experimented  with 
many shapes  before  they  decided,  by  counting  squares,  that  the  circle  was 
the largest  shape.  At  the  other  extremity,  a  nine  year  old  boy  said  he could 
squash out all  the area!  I then  directed  their  attention to  rectangles and asked 
them to  draw  me  the  complete  sequence  of  rectangles  whose  perimeter  was 
20 units  and  whose  sides  were  in  whole  units.  They  first  drew  these  on  the 
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floor in  any  order.  I  next  asked  them  to  cut  the  rectangles  from 1"  squared 
paper, to  put  these  in  order  of  width,  and  to  mount  the  sequence  on  a piece 
of coloured  paper.  The  paper  was  small so  the  children  had  to  overlap  the 
rectangles —  and  they  were  delighted  to  discover  the  "staircase"  which  a  ten 
year old  had  predicted  (fig.1) 

I asked  them  to  make  tables  of  the  width  and  length  and  area to see  if they 
could discover  why  the  rectangles  formed a  staircase. They  soon  discovered 
the pattern  of  the  set  of  ordered  pairs  (W,L), W  + L =  10, although  they  did 
not at  first  arrange  these  in  order of  width.  When  they  came  to  make  a  table 
to show  the  patterns  they  decided  that  there  must  be  a  pattern in  the  area 
column because  both  the  width  and  length  columns  showed  definite 
patterns (fig.  2). 

Excitement ran  high  when  they  discovered  the  odd  number  difference  of  the 
areas. I  followed  this  by  suggesting  that  the  children  cut  out  the  sequence 
of squares  with  integral  sides. The  squares  were mounted in  various patterns. 
The perimeter  and  area  patterns  were  recognised  as  soon  as  these  were 
arranged in sequence (fig  3).  Zero  values  were added later. 

When, after  some  discussion,  continuous  graphs  were  drawn,  the  children's 
immediate reaction  to  the  area/width  graph  of  rectangles  of  constant  peri-
meter and  the  area/width  graph  of  the  squares  was  to  ask:  "Where  is  the 
other half  of  the  squares  graph?" I  suggested  that  they  should  count  back-
wards and see. 
Later I  asked  the  children  to  reverse  the  constant-perimeter  problem.  "Fix 
the number  of  squares",  they  replied.  I  suggested  that  each  child  should 
choose a  number  of  squares  and  make  as  many  rectangles  with  these  as 
possible. Once  more  they  decided  to  use  the  square  tiles  on the  floor and  to 
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draw round  these.  But  a  boy  who  chose  5  squares  found my  suggestion  too 
limiting and  began  experimenting  on  his  own.  He  showed  me  the  largest 
perimeter ("with  squares  as  spread out  as  possible") (fig.4)  and  the  smallest 
(''squares as  close together  as  possible") (fig.5):-

FIG.4 FIG.5 

and then  set  out  to  "fill"  the  interval  between  10  and 20  units  with  as  many 
different perimeters  as  he could. We all became fascinated by  this  new problem 
and forgot our  rectangles. Some time  later  I gave the boy's  problem  to  a group 
of teachers  in  Ontario.  Two  teachers  from secondary  schools  spent  a  morning 
on this  problem,  investigating  all  the  possibilities,  and  discovered  a  group 
structure. They  found  this  problem as  intriguing as  did the  boy  who  invented 
it. This  example emphasises  another  important  point:  open  situations  provide 
more possibilities  for  discovery  than  closed  situations. 
It was  some time  before  we  returned to  our  original  problem: the  pattern of 
rectangles of constant area(  12 squares, 16 squares, 36  squares were eventually 
chosen by  the  children).  This  time  the  relationship  of  corresponding  dimen-
sions (3,  4),  (2, 6),  (12,  1)  etc.  was  discovered before  successive  rectangles 
were cut  out  and  arranged  in  a  pattern.  This  constant  product  pattern 
W X  L =  12, and  later  the  continuous  graph,  delighted  the  children  because 
the graph was  so different from  the  constant-sum  graph. 

(d) Symmetr y 
Many normal classroom activitie s (paper folding an d cutting , painting an d ink 
blots, tracings) lead children to make symmetrical shape s and t o discove r thei r 
properties bu t unles s teacher s kno w somethin g o f th e mathematica l signifi -
cance of symmetry, they may miss opportunities fo r developin g this . Children 
recognise symmetry a t an early age . 
Stephen, just  five,  was  a very shy  boy.  His  favourite occupation  was  painting. 
One day  he  dropped  a  splash of  paint  on  his  large  sheet of  paper  just  as  he 
was about  to  paint  a  picture.  He  folded the  paper  to  get  it  into  the  waste 
paper basket,  and  then  it  fell  open.  He  was  so excited by  the  pattern he  saw 
that he  took  it  to  show  his  teacher.  "Stephen's  patterns"  began  to cover  the 
walls of  the  school.  Children's  collections  included  leaves  and flowers  "like 
Stephen's pattern",  and  other  flowers  showing  a  different kind  of  symmetry. 
A six  year  old  had  been  struggling  to  fit  the  lid  on  a  nearly  square  biscuit 
tin. As  he  came  away his  teacher  asked him:  "In  how many  ways  can  you fit 
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the lid  on  the  biscuit  box?"  The  boy  turned  to  find  out,  and  then,  without 
further experience,  replied,  "Two  ways  it  will,  two  ways  it  won't".  That 
teacher realised  the  mathematical  potential  of  the  boy's  struggles  with  the 
box and  lid. 
A large class of ten  year olds had been  experimenting  with  regular  symmetrical 
shapes. They  discovered  that  the  angles  of  a  regular  triangle  were  60°;  they 
calculated the  angles of a hexagon (made  with  regular  triangles) at 120°. "Three 
sides 60°,  six  sides  120°".  The  symmetry  of  this  appealed  to  them.  "Is  this 
a pattern?",  they  asked.  This  sparked off  an  enquiry concerning  the  relation-
ship between  the  number  of  sides  a  regular  shape has,  and its  angle.  They 
plotted a  graph  showing  how  the  angle  changed  with  the  number  of  sides. 
The line  joining  the  discrete  points  was  in  a  curve  (fig.  6), so  the  children 
decided to  look  for  a  turning  point. 

Their teacher  was  absent for  several  days,  so  they  worked  without  interrup-
tion or  supervision  and  plotted  the  graph  to  240  sides.  The  line  joining the 
points showed  no  sign  of  turning  but  they  continued,  calculating  angles  of 
sequences of  regular  polygons.  The  last  entry was  450 million  sides.  "When 
we saw the pattern, we  realised we never should reach  180° or  turn  the  graph", 
they wrote.  Throughout,  these  children  were  aware of pattern  and  symmetry 
in shape and in  number. 

46 

FIG.6 



(e) Similarit y 
I wan t t o tel l yo u on e exampl e o f similarit y fro m many , becaus e thi s 
illustrates how easily mathematics can arise in other aspect s of th e curriculum . 
A class  of ten  year  olds  who  kept  many  classroom  pets had  noticed that  the 
mouse seemed  to  feed  for  longer  periods then  any  other  animal.  The  teacher 
suggested that  they  should  find  out  how  much  the  mouse  ate.  So  the  children 
kept careful  records  daily  for  a  month  and  discovered  that  their  one-ounce 
mouse ate,  on  an  average, half an  ounce each  day. Mark,  with  a  baby brother 
of weight  8lb.,  found  out  that  the  baby  had  6  feeds a  day  of  5  oz.  "That's 
nearly one  quarter  of  his  weight,  " Mark wrote,  He  then  kept  a  record of  the 
food he  ate  himself.  He found this  to  be  about 1/25  of  his  weight. "Why  do 
babies and  mice,  both  small  creatures,  need  more  food?" the  children  asked. 
After much  discussion  with  the  teacher  they  decided  that  skin  area  and loss 
of heat  might  be  part  of  the  reason.  The  teacher  (who had  been doing  some 
reading on the  subject)  suggested  that  the  children  should  use  a mathematical 
shape to  find  the  relationship  between  skin  area  and  weight  (or  volume). 
They chose  inch  cubes  and  used  these  to  build  a  set of  cubes  of  edges  1, 2, 3 
etc. inches.  They  made  a  table  showing  the  skin  area/volume  relationship. 
Here is  the  beginning:-

This showed  that  the  skin  area/volume  rate  was  halved when  the  edge  was 
doubled, and  a  graph helped to  clarify  this  still further. Some  of  the  children 
found this  idea  difficult  and  repeated  the  experience  using  identical cuboids 
instead of  unit  cubes.  Using  the cubes  the  children  discovered  several  other 
sequences and  patterns  concerning  the  perimeter  and  area of one  face. From 
the number  patterns  they  predicted  the  type  of  graph (straight line  or curve). 
They found,  too,  that  there  were  several other applications  of  these  relation-
ships in  biology.  (Geography  provides  many  other  important  applications: 
scale maps  and  the  globe,  surveying,  etc.) 

(f) Limit s 
The last topic I want t o consider i s limits. I  have already given many example s 
of thi s i n th e constant-perimete r an d are a section , an d i n symmetry . Th e 
children who continued thei r investigation t o 450 million side s had first-han d 
experience o f a  mathematica l limi t whe n the y realise d that , eve n wit h tha t 
polygon, the y woul d neve r reac h 180 ° fo r th e angle . Bu t th e concep t o f a 
limit can b e experienced an d understood b y younger children . 
I asked a group of  8 year olds in  Ontario  to  make  the  largest  square they  could 
from a  sheet of  paper. After some  false starts this  was  done and  the  extra  piece 
removed. But  in  doing  this  the  children  had  folded  the  square  along  one 
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diagonal and obtained a  triangle. "What  shape is  it?", I  asked. "A  right  angled 
triangle" they  replied.  "How do you know  it  is  a right angle?" "It's  the  corner 
of a  square", was  the answer  (showing  that  the  children,  too,  understood  the 
difference between  intuition  and  mathematical  proof).  "Its  two  sides  are 
equal", said  Cathy.  "How  do  you  know?",  I  asked.  "Because  they  match", 
"Because they are  sides of a  square", were  the  two  answers  given. In  matching 
the equal  sides  the  children  had  made another  isosceles  right angled triangle. 
"It's the  same  shape  as  the  other".  "It's  half  the  other  triangle  and  one 
quarter of the  square" said  another. With  mounting excitement  they  continued 
to fold  saying  (words  failed  them  after  this).  "What 
will happen  eventually?",  I  asked.  "You  will  get  a  very  wee  triangle  but we 
shan't ever  get to  the  centre",  said  Cathy. Scott  remarked  that  as  the triangle 
got smaller  the  paper  got  thicker  until  it  was  too thick  to  fold. At  this  stage 
I asked  them  to  unfold  their  paper.  Many  comments  were  made  on  the 
pattern of  triangles  and squares.  I  asked them  to  cut  the  square  in  two  along 
the diagonal and make  the  next  larger  triangle in the  sequence.  (This  was  very 
quickly done.)  "Now  join  with  a  friend and  make  the  next  in  the  sequence, 
using four triangles".  Before  I  could  do  this  myself  Janet  shouted,  "Me  and 
Scott will  do it  and we  can go on and  on  till  we fill the  room". 
This exampl e exhibit s severa l characteristic s I  wan t t o emphasise . First , th e 
children ha d a n ide a o f a  limiting sequenc e o f number s a s well as of shapes . 
Also, th e concept s o f symmetr y an d similarit y wer e introduced . Bu t th e 
material itsel f wa s simple . Th e wor k wa s no t planne d an d I  wa s carrie d o n 
by th e rising interest o f th e children . 

In-Service Trainin g 
21. I  hav e alread y referre d t o th e nee d fo r teacher s to kno w mor e mathematics , 

but importan t thoug h thi s is , i t i s no t enough . I f teacher s are to provide thei r child -
ren wit h opportunitie s fo r discoverin g mathematica l idea s the y mus t b e convince d 
that thi s i s possibl e fro m thei r ow n firs t han d experience . W e have , therefore , 
developed ou r in-servic e training t o provide teachers with opportunitie s fo r discover -
ing b y investigatio n th e mathematic s the y nee d t o know . The y wor k i n group s o f 
eight, eac h wit h a  tuto r (ofte n a  leader, teache r o r lecturer fro m a  teachers' college) . 
Each grou p contain s infant , junio r an d secondar y teachers . Thi s contac t i s ver y 
helpful. Ther e ar e variou s pattern s o f in-servic e training , fo r example , an initial 3  or 
5 da y cours e followe d u p a t teachers ' centre s on e sessio n a  wee k (afternoo n o r 
evening) fo r 8  t o 1 6 sessions . It i s important tha t mos t o f the teachers ' time i s spent 
in workin g eithe r a t thei r ow n level , o r i n preparin g wor k fo r th e classroom . Ofte n 
each group wil l cover the age range 5  to 16 . 

22. Teachers ' centre s wer e firs t se t u p i n Britai n earl y i n 1963 . These wer e pro-
vided b y Educatio n Authoritie s t o giv e teacher s opportunitie s o f meetin g i n smal l 
groups a t regula r interval s t o stud y mathematic s an d othe r subjects . Nearl y 10 0 
centres wer e se t u p i n area s associate d wit h th e Nuffiel d Mathematic s Teachin g 
Project o r th e Junio r Scienc e Project , whe n thes e bega n i n 1964/5 . Toda y ther e 
are mor e tha n 30 0 centres ; man y o f thes e no w provid e fo r th e stud y o f othe r 
subjects a s well . Som e o f th e centre s ar e use d a s classroom s b y da y an d a s centre s 
in th e evening ; other s hav e bee n speciall y equipped . 
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23. Teacher s fro m infant , junio r an d secondar y school s frequently mee t a t thes e 
centres t o stud y variou s topic s i n mathematics , t o prepar e wor k fo r th e classroo m 
and late r t o brin g children' s wor k t o compar e an d discuss . In this way they ar e able 
to cove r differen t aspect s o f mathematic s an d t o lear n from eac h other . Frequentl y 
the leader s ar e teacher s althoug h lecturer s fro m college s o f educatio n ar e usuall y 
called i n t o help . 

Modern Mathematic s 
24. I  hav e no t mentione d s o calle d "moder n mathematics" . Th e ne w idea s 

emphasise bot h th e structur e an d the unity o f mathematics and have helped us , too, 
to tak e a  ne w loo k a t more traditiona l topic s in arithmetic, geometry an d algebra . A 
knowledge o f th e foundation s o f numbe r i s o f importanc e t o al l teachers . Man y of 
the new ideas are already included in the curriculum because these are natural activitie s 
of young children, e.g., matching one-to-one, sorting (into sub sets), ordering relations . 
Communication o f result s ha s become surprisingl y varied ; language, mapping (a very 
useful wa y o f recording) , tabula r forms , representation s usin g three-dimensiona l 
material o r pictures , an d graph s o f man y kinds . Thes e topic s d o no t hav e t o b e 
specially introduce d an d give n a  ne w vocabular y an d symbolis m (excep t perhap s t o 
use th e wor d 'set ' instead o f group o r collection) . The formalisation o f the ne w ideas 
is surel y a n activit y whic h shoul d occu r a t th e secondar y stag e fo r mos t pupil s bu t 
the concept s themselves , an d a  knowledg e o f the m b y teachers , are highly desirabl e 
if soun d foundation s ar e t o b e laid . I n brief , a  knowledg e o f moder n mathematic s 
is very usefu l fo r u s bu t ou r childre n wil l com e t o n o har m i f the y d o not mee t it s 
more forma l aspect s until the secondar y stage . It i s essential that teacher s should no t 
be encouraged to experiment with new material unless the y hav e sufficient knowledg e 
and confidence . 

25. I n Britai n th e Nuffiel d Mathematic s Teachin g Projec t i s experimenting wit h 
topics fro m moder n mathematic s i n school s i n more than a  hundred areas . A t thei r 
local centres teachers are asked t o commen t o n their experiences o f these topics . 

Parents 
26. Bu t ther e ar e other s concerne d i n ne w way s o f learning , fo r example , 

parents an d lecturer s a t college s o f education . Th e bes t wa y to initiate parents is to 
let the m lear n a s w e ar e encouragin g thei r childre n t o learn —  actively , through rea l 
experience an d b y mean s o f challengin g questions . Man y teachers ' centre s have ful -
filled thei r function a s parents' centres also. 

Colleges of Educatio n 
27. I t i s fortunat e tha t i n Britai n He r Majesty' s Inspector s an d lecturer s fro m 

colleges hav e ha d annua l join t conferenc e o n mathematic s sinc e 1956 . W e hav e 
worked together , too , o n a  number o f teachers ' courses . Many lecturers feel , a s I do, 
that students , lik e full y fledged  teachers , requir e t o lear n mathematic s i n th e sam e 
active way as the children the y teach . This is time-consuming an d som e principals are 
not ye t awar e o f th e tim e require d t o d o thi s an d t o help to remedy deficiencie s i n 
the students ' mathematical background . We still have a long way to go. 

49 



Conclusion 
28. I  want t o en d wit h my favourit e stor y o f children . 

It concerns  Peter, a ten year old,  whose  IQ  was  said to be  110  and  who  would 
not normally  have  been  transferred  to  one  of  our  grammar schools.  Until  he 
was ten  Peter  and  some 40  others  in  his class had had a traditional education 
in arithmetic.  In  his  last year in  the  junior school  he  was  taught mathematics 
by a pioneer teacher.  At first  the  children were  hesitant and  insecure.  One  day, 
however, Peter  asked:  "If  I  run a  truck down  the  ramp and  time  it,  then  jack 
the ramp  up twice  as  high, would  the  time  be  halved?" The  teacher  suggested 
that Peter  and  two  friends  should  investigate  the  problem  which  occupied 
them for  a  whole  morning.  This  was  the  first  time  Peter  had  taken  the 
initiative. Some  time  later  Peter brought  the  teacher  his  graph of how  squares 
grow (y  =  x2 )  and  said  he  wanted  to  find two  patterns.  One  was the pattern 
of areas  under the  curve  at  1  unit  intervals.  The  teacher  was  very  surprised 
and asked,  "But  why  do  you  think  there  is  a pattern, Peter?"  He  replied, 
"In mathematic s there' s alway s a  pattern , you'v e onl y go t t o loo k fo r it" . 
This started  a  six months'  piece  of  work  during  which  Peter,  like  Archimedes 
before him,  discovered  the  calculus  (both  integral  and  differential).  Peter 
had only  one  method  at  his  disposal:  he  drew  the  curve  (y  =  x2 )  carefully, 
counted squares  and  approximated  to  find  successive  areas.  At one  stage  he 
was faced by  the  sequence: 

This held him up  until he  decided to  multiply  by  3  — when  he  saw the pattern 
immediately. Peter's  excited  cry:  "It's  x  cubed  over  3",  was  reminiscent of 
Archimedes' "Eureka". 
Peter's parents  were  totally  unable  to  help  him  at  home,  where  much  of  his 
work was  done.  Indeed,  Peter  developed  too  much  independence  to  have 
allowed this.  When  his  work  was  complete I  talked  to  Peter about it.  He had 
studied the  sequence  y  =  x2, y  =  x3, y  =  x4. I asked  him  if  his  findings would 
apply if  he continued  the  sequence  in  the other  direction.  He  replied, "y  = x, 
y =  1", then  said,  with mounting  excitement,  "I  am going  away  to  try  this 
myself. I  am  afraid  you will  tell  me",  and  he rushed out  of  the  room  until  he 
had completed  the  problem.  When  he  returned he  said, "Smashing morning! 
It works  that  way  too". 

29. Thi s stor y i s significan t fo r man y reasons . Peter was not th e mos t intelligen t 
in hi s class,  bu t onc e hi s imaginatio n wa s fire d h e had the creativit y an d persistenc e 
to complete an outstanding piec e of abstrac t mathematics . The problem wa s his own, 
therefore Peter was intensely intereste d i n solving it, but he would no t have asked th e 
question ha d h e no t learn t mathematic s i n a  creative , an d permissiv e way . Hi s firs t 
hand experienc e ha d mad e hi m awar e o f th e orde r an d patter n i n mathematics . He 
possessed th e skill s h e require d t o complet e th e solution . So Peter's work fulfil s m y 
three aims : releasin g childre n t o think , lettin g the m discove r th e patterns in mathe-
matics, giving them the skills. This way of learning mathematics i s causing a revolutio n 
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in Britain, at all levels and with all abilities. We have a long way t o go, but w e shall no t 
fail if we can convince al l our teachers and equip the m t o wor k i n this way . 

REPORT OF WORKING GROUP A.1. 

Chairman: Mrs . E.M. Williams (Britain ) 

Introduction 
30. Grou p A. l face d a  doubl e tas k i n considerin g both metho d an d content . T o 

achieve both aims the group concentrate d o n the chang e o f approac h withou t specifi c 
regard to content and the introduction of new material, which woul d b e taught b y th e 
newer methods . There wa s a ready acceptanc e o f the chang e o f approach fro m a  pre-
dominance of clas s instruction t o a  proportion o f active investigation b y the childre n 
themselves. Thes e change s ar e i n lin e wit h moder n thinkin g i n educatio n generall y 
and thei r successfu l applicatio n i n mathematic s may lea d to simila r changes in othe r 
aspects of the curriculum . 

31. Ther e ar e majo r difficultie s t o b e face d i n adoptin g mor e moder n methods . 
First ther e i s a  shortag e o f teacher s adequatel y qualifie d fo r th e ne w mathematic s 
programmes; secondl y ther e i s a  shortag e o f speciall y designe d materials . Thirdly , 
where selection for secondary educatio n depend s on an examination th e mathematic s 
syllabus in primary schools may b e restricted t o the requirements o f the examination . 
This report therefore present s a compromise betwee n th e desirabl e goal for th e futur e 
and wha t i s practicable a t th e present stag e in different countries . 

32. I n definin g th e range of the enquir y th e group analysed th e limit s of primar y 
education i n the areas represented. I t wa s found tha t th e majorit y primar y educatio n 
extended fro m 5/ 6 t o 11/1 2 year s of age . Some countrie s stil l have schools coverin g 
the age range 5 to 15 . For the purposes of this report only the firs t si x years of primar y 
education wil l be considered . 

Active Experience as the Basis for Learning Mathematics 
33. I n activ e learnin g th e emphasi s i s shifte d fro m instructio n b y teacher s t o 

investigation b y childre n themselves . Th e teache r create s opportunitie s fo r childre n 
to inven t an d discove r b y providin g material s fo r the m t o handl e whic h h e o r sh e 
knows from persona l experienc e wil l cause them t o ask questions and to initiat e thei r 
own explorations. Bu t i t is not alway s necessary t o give children rea l materials; some-
times the y wil l b e stirre d t o as k abou t thing s the y hav e observe d an d t o pursu e 
enquiries withou t promptin g fro m th e teacher . A t othe r times their investigation o f 
problems associate d wit h shapes or numbers wil l lead them t o invent a  new problem . 
In brief , method s o f activ e learnin g hav e cause d a  shif t fro m over-emphasi s o n 
computation t o a  discover y o f pattern s an d relation s whic h wil l b e foun d i n 
experiences o f spac e an d number , i n measuremen t o f man y kinds , i n mechanica l 
devices an d i n natura l forms . 

Arguments advanced  in  support  of  active  learning 
34. (a ) Classroo m experienc e i n man y part s o f th e worl d ha s indicate d tha t 

children learnin g b y mean s o f thei r ow n exploration s lear n mor e 
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thoroughly. "Ever y teache r know s tha t a  youn g chil d wil l lear n mor e 
readily whe n h e i s engrosse d i n a n activity" . (Introductio n t o a  Wes t 
Indian Guid e fo r teachers) . 

(b) Childre n o f al l age s an d o f al l abilitie s fro m th e leas t t o th e mos t abl e 
profit fro m thes e methods . Childre n wh o ar e slo w a t calculation s ma y 
readily se e spatia l relation s whic h will , i n turn , hel p the m t o recognis e 
number patterns . 

(c) Childre n enjo y mathematic s brough t t o the m i n this way and wor k wit h 
enthusiasm. Th e feelin g o f certaint y tha t wha t the y hav e discovere d i s 
right give s them confidenc e i n their ow n powers . 

(d) Whe n thes e method s ar e applie d t o arithmeti c and childre n ar e encour -
aged t o devis e thei r ow n method s fo r writte n calculations , they under -
stand wha t the y ar e doin g an d fa r les s tim e i s required fo r practic e i n 
isolation fro m experience . 

(e) Sinc e childre n ar e learnin g throug h question s an d investigation s th e 
emphasis i s o n proble m situations . Th e transitio n fro m th e us e o f rea l 
materials t o the consideratio n o f verbal problems is an easy one becaus e 
children hav e forme d vivi d menta l image s bot h o f pattern s the y hav e 
encountered an d o f the way s in which they foun d o r made them . 

The teacher's  role 
35. Childre n need t o handle real material; sensory experienc e i s valuable i n arous-

ing thei r curiosity . Th e teache r select s materia l whic h ha s mathematica l potential , 
observes the child's use of thi s and asks questions, when necessary , t o help th e child' s 
thinking. Sometime s childre n star t thei r ow n enquiries , a t othe r time s th e teache r 
will nee d t o as k a n open-ende d questio n o r sugges t a n experimen t t o star t the m 
thinking. Th e for m o f th e questio n aske d i s important . Open-ende d question s 
stimulate a  variet y o f suggestions . Directe d question s rarel y allo w opportunit y fo r 
inventiveness. (Se e Th e Teachin g o f Mathematic s a t Primar y Level , Lea d Pape r b y 
Miss E.E. Biggs, paragraph 10 , for example s of directed an d open-ended questions) . 

The value of discussion 
36. Whe n childre n ar e deepl y involve d i n a n investigatio n the y wil l wan t t o 

communicate thei r findings t o thei r teache r an d to thei r companions . Although ther e 
are variou s mean s o f communicatio n suc h a s drawing , makin g model s an d writing , 
it i s importan t tha t childre n shoul d hav e opportunitie s t o tal k t o othe r children a s 
well a s t o thei r teacher s eithe r abou t thei r successe s o r abou t thei r perplexities . 
Such discussio n ma y revea l languag e difficulties . Thi s ma y b e du e t o lac k o f 
opportunities fo r conversatio n i n th e home ; o r i t ma y b e tha t th e mediu m o f 
instruction i s no t th e vernacular . I f th e mothe r tongu e doe s no t hav e th e relevan t 
mathematical phras e i t ma y b e necessar y t o provid e th e appropriat e phras e i n th e 
ultimate language of instruction. Fo r al l children firs t han d experienc e and discussio n 
will exten d thei r vocabulary , enlargin g th e numbe r o f word s the y understan d an d 
words the y ca n us e spontaneously . 
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37. I n som e countrie s ther e i s a  traditio n tha t childre n ar e no t expecte d t o 
speak unles s the y ar e spoken to ; talking may eve n be regarded a s a form o f rudeness . 
In suc h circumstances free discussio n wil l only occu r if conversation i s encouraged i n 
the classroom . Sinc e b y discussio n childre n clarif y thei r thought s and increase thei r 
command o f language , such conversation i s essential. This implies a freer atmospher e 
in the classroo m tha n i s found i n formal clas s teaching. 

The necessary  materials 
38. Th e material s required fo r a n active programme ar e selected b y teachers wit h 

the children' s mathematica l need s i n mind . Throug h thei r choic e th e teacher s ar e 
providing guide lines for thei r children' s development . Som e of the things needed wil l 
be foun d i n th e immediat e environmen t an d bot h childre n an d teache r may be con-
cerned i n collecting these . But no t al l material ca n be provided i n this way and i t was 
strongly urge d tha t Authoritie s shoul d mak e mone y availabl e fo r certai n basi c 
materials an d equipment . 

39. I t i s no t likel y tha t fund s wil l be sufficient fo r al l requirements. I t wa s there-
fore suggeste d tha t teacher s shoul d b e encourage d t o make or improvise as many o f 
the thing s they nee d a s possible. If accommodation an d facilitie s fo r thi s purpose ar e 
provided teacher s wil l b e abl e t o share , possibl y a t a  specia l centre , ideas about th e 
use o f loca l materials . Variou s ingeniou s scheme s hav e bee n devise d i n severa l 
countries i n Afric a an d elsewher e t o produc e equipmen t fro m loca l material s o n a 
large scale . 

40. O f cours e book s ar e important . Ther e ar e man y book s o n th e marke t fo r 
teachers an d fo r children , includin g referenc e book s o f information . Thes e ca n be a 
useful sourc e o f idea s fo r teacher s a s wel l a s children . Eac h schoo l shoul d ai m a t 
making a  varied collectio n usin g al l availabl e funds . Man y teachers wil l require text -
books t o hel p the m t o provide the varied activitie s which children wil l need an d also 
for practic e in computation . 

A suggested  list  of  useful  materials 
41. (a)  Shape s 

Boxes, round  tins  and  other  containers;  leaves,  shells,  fruits,  seeds, 
flowers, inch  and centimetre  cubes,  beads,  balls,  globe, mirrors. 

(b) Sorting , matching and countin g materials , structural material s 
Seeds, stones,  shells,  small  plastic  toys,  cubes,  rods  (length  1  to  10 
units), number  track,  a  number  line  painted  on  the  wall  or  marked 
on the  ground  in  a  variety  of  relevant  units,  beads  on a  taut horizontal 
string. 

(c) Measuremen t 
Length :  Canes  or  softwood,  string  or  fibre, homemade  trundle  wheel 
(yard or  metre  in  circumference). 
Weight :  Balance scales, springs coiled wire  (hair rollers, extension springs 
tendrils of  climbing  plants). 
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Lever: straight  stick  or  rod  to  suspend,  or  to  balance  on a  small wedge 
of wood,  metal  washers. 
Capacity: Pots, gourds,  cocoanut  shells,  pails, tins. 
Time: String and  bob  for pendulum. 
Area :  Various materials  to  cover  a plane (or  curved)  surface  or  a model, 
e.g. textiles,  newsprint,  leaves,  seeds,  squares,  identical  triangles,  etc., 
mats, geo-boards  or  peg boards  made of  softwood  with  pins  or  pegs. 
Rotation :  compass, geared  wheels,  protractor,  homemade  clinometer. 

(d) Constructiona l Material s 
Commercially produced  strips  and  bolts  or  drinking  straws,  building 
blocks of  various  shapes and sizes  (off-cuts),  homemade  level. 

(e) Material s for Communicatio n an d Recordin g 
Squared paper  (in  inch  and  centimetre  uints),  coloured  paper  and  card, 
newsprint or  other cheap  paper, paints  or  dyes, brushes,  coloured  pencils 
or felt-tipped pens,  abacus  and rings  of dough  or  paper beads,  scissors. 

Introducing Active  Learning  Situations  in  the Classroom 
42. (1 ) Th e headteache r i s a  key perso n i n th e introductio n o f ne w idea s an d 

could giv e a  lead i n hi s school . Exchange o f ideas among the staf f i n the schoo l is of 
first importance . T o gai n confidenc e teacher s nee d t o star t wit h a  smal l grou p o f 
children. I t woul d b e idea l i f th e headteache r too k th e remainde r o f th e class ; 
alternatively thes e childre n coul d b e se t mor e forma l wor k whil e th e teache r wa s 
working wit h th e selecte d group . Th e teache r ha s t o convinc e himsel f tha t childre n 
using materials can discover mathematica l pattern s and relations fo r themselve s with -
out bein g give n precis e instruction . On e metho d o f organisatio n i s t o initiat e a 
different grou p eac h da y unti l teache r an d childre n fee l confiden t i n thi s wa y o f 
learning. The numbe r o f childre n include d eac h day ca n then b e extended . 

(2) Teacher s shoul d b e full y awar e o f th e reason s fo r introducin g ne w method s 
before the y tr y these . The y nee d t o experienc e th e activ e learnin g o f mathematic s 
themselves befor e the y attemp t thi s approac h i n thei r ow n classes . Afte r teacher s 
have attende d a n initia l cours e whic h provide s suc h opportunities , the y nee d con -
tinued hel p whil e stil l experimenting i n their classrooms . This help coul d com e fro m 
leader-teachers, lecturer s fro m teachers ' colleges or advisory teachers . In some o f th e 
countries represente d a t th e Conferenc e full-tim e advisor y teacher s hav e bee n 
appointed t o hel p i n primar y schools . 

(3) Teacher s embarking on a  new syllabus find hel p in guides issued b y educatio n 
authorities and others . In some countries the syllabus and guides have been draw n u p 
by groups of teachers , tried ou t i n their classrooms , subsequently amended , an d the n 
approved fo r use . When introducing ne w methods i t woul d b e a great help i f teacher s 
could visi t school s where good teacher s were already using these methods . 

(4) Al l thos e concerne d wit h educatio n shoul d b e mad e awar e o f th e ne w 
methods: supervisors , headteachers , lecturer s i n teachers ' college s an d parents . Th e 
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best wa y to hel p them i s to organis e meetings in which they ar e able to tr y fo r them -
selves, to learn new ideas by the new ways. 

(5) Whe n learnin g fro m experience s childre n canno t b e kep t i n rigi d rows . I f 
classrooms ar e over-crowde d childre n ca n wor k out-of-door s whe n condition s ar e 
suitable. Fo r th e future , movabl e flat-topped  desk s shoul d b e provide d fo r olde r 
as wel l a s younge r grades . Extr a tables , shelves , an d a  cupboar d (stee l wher e 
necessary) woul d b e neede d fo r displa y an d storage . Additiona l displa y spac e 
is required for children's finished work . In planning new school buildings, Authoritie s 
should bea r i n min d tha t a  classroo m programm e whic h involve s considerabl e 
activity fo r th e childre n require s differen t kind s of buildings and equipment . 

Fundamental Content 
43. Children' s firs t experience s o f mathematic s shoul d include opportunitie s fo r 

imaginative constructio n wit h object s whic h attrac t them . Throug h suc h activitie s 
they gro w awar e o f th e characteristic s whic h thing s possess , suc h a s colour , shape , 
heaviness an d texture , an d o f likenes s and differenc e i n the things they ar e handling . 
Relevant vocabular y shoul d develo p easily . Th e rang e o f activitie s offere d a t th e 
early stage s provide s th e basi s o f earl y idea s of number an d spatia l relations and th e 
measurement o f continuou s quantities . The y wil l als o hel p a  chil d t o for m menta l 
pictures o f hi s action s whic h wil l later make mental operations possible . The various 
aspects o f mathematic s shoul d develo p sid e b y sid e although, for convenience , they 
are considered separatel y in subsequent paragraphs . 

Foundations of  Number 
( 1 ) Th e pre-counting stag e 

44. A t th e pre-countin g stag e man y opportunitie s fo r th e necessar y sortin g an d 
matching experience s wil l aris e naturall y a t hom e an d ca n easil y b e contrive d a t 
school; fo r example : sortin g bowls , pebble s o r package s fo r colour , shape , siz e etc . 
Children usuall y notic e tha t on e o f th e set s ha s mor e thing s i n i t tha n anothe r an d 
the ide a o f comparin g arises . Matching wil l also have arisen naturally a t home and in 
school e.g . i n settin g ou t bowl s fo r a  family mea l and in arranging mats or chairs fo r 
each child . Matchin g (one-to-on e correspondence ) ca n therefore b e used to compar e 
the sets . Durin g thes e experience s th e languag e whic h expresse s th e relatio n o f 
inequality wil l normally arise before that of equality an d wil l be used more frequentl y 
e.g. more  and  fewer  befor e as  many as  (an d late r more  and  less  before as  much as 
when dealin g wit h quantities) . Othe r idea s o f correspondenc e aris e whe n talkin g 
about pair s of sandal s and th e peopl e they belon g to , and th e childre n belongin g to a 
family (man y t o one) ; a cat and her kittens or a hen and her chicks (one t o many) . 

(2) Beginning s of countin g 
45. A t thi s stag e children wil l recognise th e smalle r numbers , perhaps 1  to 5 , and 

will us e thei r names , matchin g thes e numbe r name s t o set s o f rea l objects . Befor e 
children ca n reall y coun t object s the y mus t hav e experienc e o f order ; for example : 
heavier an d lighter , longe r an d shorter , arrangin g thre e childre n i n orde r o f height . 

46. Th e ide a o f cardina l numbe r ca n b e extende d beyon d th e easil y recognise d 
numbers whe n childre n ca n mak e a  sequenc e o f set s (beginnin g wit h on e object) , 
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each o f the m wit h on e mor e membe r tha n th e previou s set . For example , a class of 
children arrange d themselve s i n orde r accordin g t o th e numbe r o f childre n i n thei r 
families. Eac h chil d dre w al l th e childre n i n hi s family , namin g eac h chil d an d 
including himself . Th e familie s wer e arrange d i n sequenc e wit h equivalen t set s 
(families wit h th e sam e numbe r o f children ) place d together . Childre n wh o ca n 
recognise equivalen t set s mus t alread y hav e realise d tha t th e numbe r o f object s in a 
set does not depen d o n thei r arrangement . 

47. Experience s of order also occur whe n childre n ar e comparing the content s (i n 
spoonsful o r cupsful ) o f a  se t o f utensils , th e weigh t o f a  se t o f stones (show n o n a 
stretched sprin g o r b y usin g identical washer s on balance scales) , the lengths of thei r 
own fee t (marke d o n a  stri p o f paper) , s o tha t the y for m a  sequence . Afte r thi s 
children ar e soo n abl e t o coun t i n spoonsful , washer s o r unit strips . Further experi -
ence shoul d includ e keepin g a  recor d o f th e weigh t o f a  growin g anima l an d th e 
height of a growing plant. This, too, can be done by direc t transfe r o f th e dail y heigh t 
to a  vertical strip . 

(3) Sequence s 
48. Th e namin g o f position s i n a  sequence : first , second , third , etc. , arise s i n 

dealing wit h quantitie s a s well as with sets , e.g. order o f entering o r leaving the class-
room, the orde r o f childre n scorin g points in a game. 

49. I n addition to arrangin g a  set o f object s in sequence , children shoul d b e asked 
to mak e a  variety o f pattern s wit h them. They wil l then discove r the patterns whic h 
are characteristi c o f an y particula r number , e.g . the rectangular patter n mad e b y th e 
even numbers o r the pattern mad e b y packing seven disc s close together . 

A sequenc e o f set s with cardina l numbers 1,2,3,4 , etc. is well illustrated b y a child 
stepping alon g a  line and markin g his steps as he goes. Such movement ca n be shown 
on a  graduate d numbe r lin e whic h wil l the n b e availabl e t o exten d th e child' s 
counting. 

(4) Operation s 
50. Th e handlin g o f set s o f objects , o f continuou s quantitie s (length , weight , 

capacity, time ) an d o f money , als o gives rise to operations with numbers . These wil l 
include matchin g an d comparin g (b y subtractio n an d division) ; combinin g an d 
separating wil l involv e al l fou r basi c operations . Thes e operation s ma y aris e i n an y 
order. Fo r example , findin g one-hal f (o r one-quarter ) o f a  yard o f fibr e illustrate s 
the sharin g o r fractiona l aspect s o f division . Findin g ho w man y 9"length s ca n b e 
cut fro m a  yar d o f fibr e involve s th e measurin g o r subtractio n aspec t o f division . 
Both thes e experience s ca n b e reverse d b y th e teache r b y askin g th e question : 
"What lengt h o f fibre  d o yo u nee d altogethe r t o giv e a  9 " lengt h t o eac h o f 
4 children? " 

51. A t first , recordin g wil l b e i n picture s o r i n th e child' s ow n word s orall y o r 
in writing . Late r th e teache r ca n introduc e th e shorthan d mathematica l wa y o f 
recording, e.g . 9 + 5 = 1 4 to match th e experience o f 5  more childre n joining a  set of 
9. 
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52. A  numbe r trac k an d rod s ( 1 t o 1 0 unit s long ) offe r furthe r opportunitie s 
for experienc e wit h th e operation s whic h wil l no w b e mor e closel y concerne d wit h 
the number s themselves . Movemen t alon g th e numbe r lin e illustrates the operation s 
of additio n an d subtraction , multiplication an d divisio n and thei r inter-relationships . 

(5) Tabulatio n 
53. Th e tabulatio n o f result s foun d fro m a  numbe r lin e (and fro m othe r experi -

ences) give s an ordered menta l picture whic h helps children t o recal l the pattern o f a 
sequence and makes a contribution to the memorisation of number facts. A confiden t 
knowledge of such facts (additio n an d subtractio n befor e multiplicatio n an d division ) 
is essentia l befor e childre n ca n undertak e th e calculation s which they nee d t o write . 
By carefu l plannin g o f experience s an d question s a  teache r ca n allo w childre n t o 
devise thei r ow n method s fo r writte n calculations , fo r example , i n lon g multiplica -
tion an d division . 

54. Th e relation s show n i n th e tabulatio n o f a  sequence , fo r exampl e th e se t of 
multiples 0,3,6,9, etc. , can be represented : 

(1 ) b y arrangin g uni t cube s and rods ; 
(2) b y a  block graph ; 
(3) b y a  column graph . 

Finally, th e relationshi p ca n b e extende d an d ca n b e represente d eithe r b y joinin g 
any pai r o f correspondin g point s o n tw o paralle l numbe r line s o r b y a  continuous 
line referred t o tw o number line s at right angles . 

(6) Laws of Arithmeti c 

55. Awarenes s o f thes e law s ma y gro w 
from examinin g tabulations . Fo r instance , 
addition o r multiplicatio n fact s ca n b e orga -
nised a s a  squar e arra y o r tabl e (Fig . 1 ) fro m 
which symmetr y abou t th e diagona l wil l show 
the commutative la w of addition : 

56. The corresponding multiplication squar e 
(Fig. 2 ) wil l sho w th e same law for th e opera -
tion o f multiplication . Thi s bring s ou t th e 
rectangular pattern characteristic of a multiple. 

(7) Systems of notatio n 
57. Experienc e wit h othe r numbe r base s 

helps childre n t o understan d th e structur e 
underlying th e denar y syste m a s well . Th e 
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first encounte r wit h suc h base s may be through packin g a set of objects into squar e 
trays e.g . 5 by 5 , rows of 5 and any odd ones. The use of unit cubes , rods and layers 
(as i n multibas e blocks ) give s childre n on e type o f manipulativ e experienc e whic h 
leads int o th e more abstrac t representatio n o n an abacus . The binary scal e wit h its 
two digits , 0  and 1 , has a specia l fascinatio n fo r childre n (an d adults); the fact tha t 
it i s associated wit h th e action o f a  compute r give s a  further attraction . Experienc e 
with thi s notatio n give s childre n a  delighte d appreciatio n o f som e o f th e numbe r 
patterns which can be discovered. 

58. Th e lon g sequenc e o f power s o f a  smal l bas e suc h a s four : 4 , 4  X  4 , 
4X 4 X 4 , 4  X  4 X 4 X 4,.. . may lea d childre n t o inven t a  shorthand notatio n 
related t o the number o f factor s i n eac h power . The conventional exponentia l for m 
4 1 , 4 2 , 4 3 , 4 4 ,...... will t h e n b e use d 

Extensions to  the use of numbers 
( 1 ) Fractions , decimals, ratio 

59. Th e more experienc e childre n hav e of measuring, the more likely they are to 
be familia r wit h fractiona l part s of a unit. Measurement o f the quantities mentione d 
earlier provid e instance s o f "th e bit over" . Th e division o f a  quantit y b y a number 
such a s 4 (findin g a  quarter of ) leads rapidl y t o the idea o f a  fraction writte n a s . 
A wid e variet y o f experience s o f pape r foldin g an d cutting, of sharing a quantity or 
partitioning a  set, is needed t o establish the equivalence of fractions, a  relation whic h 
is required fo r any calculations necessary. Children can devise their own methods for 
these calculations . Th e method s childre n inven t ar e usually simple r tha n thos e we 
teach them . 

60. Becaus e w e have t o use two numbers t o express a fraction othe r approache s 
have bee n trie d out . Some teacher s us e the notation o f fraction s t o mean th e two 
operations multiplicatio n an d division; e.g. mean s divid e b y 4 and multiply b y 3. 
Alternatively, i f the two numbers ar e shown a s co-ordinates o n a graph w e see the 
fraction represente d b y the ratio o f the two numbers 3  and 4 o r as the ratio of the 
co-ordinates (4,3) . Th e ordere d pai r (4,3 ) is then use d t o represen t th e fraction . 
(3,4) is sometimes written t o represent th e fraction . 

61. Th e equivalent valu e o f 1 0 cents an d a dime i s a good introduction t o both 
the ide a o f an d t o th e decima l notation . 10 0 cent s t o a  dolla r extend s th e 
notation. Th e use o f metri c measure s carrie s th e notatio n furthe r an d it i s hoped 
that countrie s whic h d o not use the metric syste m wil l make plans for its adoption. 
The calculatio n an d interpretatio n o f percentage s i s eas y whe n decimal s ar e used. 
Integral percentage s ar e hundredth s an d can be read immediatel y fro m th e secon d 
decimal place . A representation o n squared pape r give s a  useful read y reckone r fo r 
finding a  percentag e (e.g . 37/45) o n two axes a t righ t angles , provided th e idea of 
ratio is understood. 

62. On e of the most valuabl e use s o f fractions i s to express a ratio, for example, 
the representativ e fractio n use d t o sho w th e scal e o f a  map. Children fro m abou t 
6 year s o f age will spontaneousl y us e a rough scale in the models and drawings the y 
make. Whe n buildin g tw o corresponding model s usin g centimetre cube s for one and 
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inch cube s fo r th e other , childre n wil l expec t correspondin g length s i n th e tw o 
models to be in the same ratio and wil l verify this . (The volumes and areas of the tw o 
models wil l not  b e i n th e rati o o f thei r lengths!) . Whe n accurate drawing s are made 
the rati o o f correspondin g length s ca n b e expresse d i n fractiona l form . Thi s give s 
rise t o th e wor d rational  use d t o describ e number s expresse d i n thi s way . Whe n 
rational number s ar e represente d o n a  numbe r lin e childre n realis e tha t an y natura l 
number ca n be divided b y anothe r number . 

(2) Positive and negative number s 
63. Whe n children tr y t o se e whethe r subtractio n i s commutative the y sometime s 

think o f extendin g th e numbe r lin e t o th e lef t o f zer o an d s o inven t th e negativ e 
numbers. Th e ide a o f positiv e an d negativ e number s ma y aris e earlie r through suc h 
practical experience s a s readin g temperature s abov e an d belo w zero , findin g th e 
height abov e an d th e dept h belo w wate r level , walking up and dow n stair s from th e 
first floor  or noticing the correspondin g distance s of reflected point s from th e axis of 
reflection. 

(3) Statistic s and Average s 
64. Man y enquirie s initiate d b y childre n com e from situation s in and around th e 

school, e.g . th e numbe r o f childre n wearin g certai n type s o f clothin g (blu e shirts , 
etc.), th e numbe r of vehicles passing the schoo l in a given interval of time , the size of 
shoe o r lengt h o f foot . Usuall y th e enquirie s begi n wit h a  smal l grou p o f children , 
then exten d t o th e clas s an d late r ma y involv e severa l classe s an d mak e th e us e o f 
large numbers inevitable . 

65. A  bloc k grap h i n whic h th e childre n themselve s ar e th e unit s ca n b e made , 
for example , whe n childre n choosin g coloure d rod s fro m a  containe r arrang e them -
selves i n row s accordin g t o th e colou r chosen . Representatio n o f informatio n col -
lected i n these enquiries should include :-

(a) bloc k grap h (i n whic h th e space s ar e labelled) . Th e numbe r (frequency ) o f 
children i n eac h se t i s marked o n th e vertica l axi s an d heights of block s can 
be compared . 

(b) colum n grap h (i n whic h vertica l line s replac e th e blocks , th e point s o n th e 
horizontal axi s must b e labelled) . 

(c) point s marke d a t th e top s of th e columns . In a  statistical enquiry involvin g a 
large numbe r o f childre n th e point s ma y b e joined t o sho w a  trend. A clear 
distinction should be made between such a distribution graph and a continuou s 
growth o r relationship . 

66. Fro m thes e representation s childre n usuall y commen t o n th e mos t popula r 
colour (calle d th e mode)  an d o n the range of the distribution . In some enquiries, fo r 
example into shoe sizes, the mode has relevance wherea s the arithmetic mean (usuall y 
called th e average) does not . 

67. Wher e th e arithmeti c mea n i s relevan t childre n ca n b e aske d t o mak e a 
careful gues s a t thi s an d to chec k thei r guess by calculating the deviations above and 
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below. Children sometimes use + and —  spontaneously t o denot e quantitie s above and 
below both th e estimate d an d th e calculate d mean . 

Space and Shape 
68. Th e stud y o f movement , chang e an d developmen t i s basi c t o th e child' s 

understanding o f th e rea l worl d aroun d him . Th e transformatio n o f th e se t o f 
numbers (1,2,3,4, ) int o th e se t (3,4,5,6) b y the operation o f adding 2  is matched b y 
the transformation o f the point s representing the numbers by a  movement o f 2  along 
a numbe r line . Th e ide a o f transformatio n als o give s a n openin g fo r imaginativ e 
pattern-making whe n a  unit shap e is translated alon g a line to make a  border pattern . 

69. Childre n wil l becom e familia r wit h certai n basi c two-dimensiona l shape s 
(e.g. squares , rectangles , circles , triangles) by handling a  variety o f three-dimensiona l 
objects whic h the y shoul d b e encourage d t o collect . B y handlin g an d comparin g 
various shapes , childre n discove r thei r distinctiv e properties , fo r exampl e th e 
likenesses o f an d difference s betwee n cube s an d cuboids ; squares , rectangle s an d 
rhombuses (diamonds) ; cylinders, spheres and cones . 

70. Th e following activitie s give varied opportunitie s fo r investigation . 

( 1 ) Constructional activitie s 

(a) buildin g structures with uni t cube s and uni t cuboids , 

(b) makin g patterns wit h uni t squares , unit rectangles , unit triangle s etc . 

(c) makin g frameworks wit h spli t bambo o canes , drinking straws or meccano, 

(d) model-makin g i n car d an d othe r materials : shed s and building s as well as the 
regular solid s (tetrahedron , cube , etc.). 

Interesting shape s suc h a s bandstands , drums , balls , ic e crea m cones , th e 
scoop fo r servin g ic e cream , pyramid s coul d b e mad e i n th e classroo m an d 
their propertie s investigated . 

(e) makin g or investigating toys , for exampl e kites , tops and hoops , doll-dressing . 
Mechanical toys and device s are not easil y available in al l countries, but som e 
could b e home-made , fo r exampl e mode l aeroplanes , wheele d toy s an d a n 
inclined plan e (fo r experiment) , go-carts, slings. 

(f) Game s suc h a s cricket , football , baske t bal l an d tenni s ca n mak e childre n 
aware o f the path o f a  moving object . 

(g) A  geo-board i s useful fo r discoverin g relations of areas of differen t shapes . 

(h) Pape r folding , experiment s wit h pain t an d mirror s lea d t o investigation s o f 
symmetry an d enlargemen t (similarity) . Childre n sometime s inven t "co -
ordinates" fo r themselve s whe n the y describ e th e position o f buried treasur e 
on a n imaginar y islan d the y hav e drawn . Whe n tryin g t o fin d th e treasur e 
they realis e th e valu e o f orde r i n th e pair s o f distance s use d t o fi x th e 
position o f th e treasur e an d ordere d numbe r pair s ar e the n accepted . Co -
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ordinates ca n als o b e use d i n symmetrica l reflection s an d othe r transforma -
tions. 

(2) Mathematical idea s derived fro m thes e activities . 

(a) Th e propertie s o f various two-dimensional shapes , from makin g and handlin g 
frameworks wit h 3 , 4 , 5  etc . sides , usin g firs t equa l the n unequa l strips ; 
the rigidit y o f th e triangle . Sequence s o f number s fro m a  serie s o f frame -
works of regular polygon s made rigid by longer struts . 

(b) Idea s of angles from a  child's own observations o f th e hands of a  clock and of 
other change s o f direction . Angl e propertie s o f paralle l line s an d angl e su m 
of a triangle from pattern s made in paper folding. Rotation an d gear ratio fro m 
cog wheels of differen t sizes . 

(c) Mathematica l similarit y (enlargemen t o f scale ) i n thre e dimensions , b y 
building a  sequenc e o f cube s fro m uni t cubes . Paths on the globe and on th e 
earth. Similarit y i n tw o dimension s b y buildin g a  sequenc e o f square s fro m 
unit square s (an d othe r shapes) . Maps . Recognitio n tha t som e shape s (e.g . 
cubes, spheres, squares) are always similar . 

(d) Volum e o f cubes , spheres , cylinders , cone s an d pyramid s fro m practica l 
experience, fo r example , compariso n o f th e weight s o f cla y use d t o mak e 
the objects , or of the wate r containe d b y o r displaced b y them . 

(e) Area : approac h throug h irregula r shapes , fo r exampl e comparin g the area of 
two leaves ; counting th e numbe r o f ya m heap s coverin g eac h o f tw o fields . 
Many activitie s lea d t o th e understandin g an d applicatio n o f area , suc h a s 
gardening, weavin g mats , doll dressing, making picture s with scraps of fabric . 
The makin g o f net s o f solid s give s a  usefu l lin k betwee n tw o an d thre e 
dimensions. 

(f) Th e speed s o f variou s movin g objects compare d wit h the child' s own speeds . 

(g) Transformation : Th e makin g o f decorativ e pattern s lead s t o a n awarenes s 
of th e various movements o f a  unit shap e required t o make differen t type s of 
pattern: translatio n alon g a  line , rotation abou t a  point , reflection . Corres -
pondences o f points , an d relation s betwee n Une s an d angles , ca n b e inves -
tigated. Th e basi c ide a o f congruenc e ca n b e firml y establishe d b y means of 
these experiences . 

Graphical representation 
71. Representatio n o n tw o numbe r line s (axes ) a t righ t angle s ha s alread y bee n 

mentioned. Certai n type s o f relation s occu r frequentl y s o tha t childre n com e t o 
associate th e shap e o f a  continuou s grap h wit h th e correspondin g numbe r pattern . 
These include : 

(1) Straight line s 
(i) Th e patter n o f th e graph s o f multiplicatio n table s o f 2 , 3 , 4, etc. as straight 

Unes o f increasin g steepness . (Sometime s childre n as k i f table s mus t sto p a t 
zero and s o invent th e negative numbers and exten d th e axes) . 
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(ii) Th e perimeter/side grap h for squares . 

(iii) Th e circumference/diamete r grap h fo r circles . 

(iv) A  graph showing constant speed . 

(v) Th e extension o f a  spring as weights are added t o on e end . 

Children sometime s predic t tha t th e graph o f the multiplication table s or perimeter s 
of squares wil l be straight lin e because o f th e equal differences . 

Edge of Square s 1 2 3  4  5 
Perimeter 4  8  1 2 1 6 2 0 
Differences 4  4  4  4 

(2) Graphs of squares and cube s 
(i) Th e area/edge graph fo r th e squares . 

(ii) Th e area/diamete r (o r radius ) relatio n fo r circle s foun d approximatel y b y 
counting squares . Th e numbe r patter n o f th e are a o f square s i s soo n recog -
nised. 

Edge of Square s 
Area o f Square s 
Differences 

0 1 2 3  4  5 
0 1  4  9  1 6 2 5 

1 3 5  7  9 

Some childre n realis e tha t becaus e thes e differences ar e not equal , the grap h 
will no t b e a  straigh t line . Becaus e th e difference s increas e an d for m th e 
odd numbe r patter n the y expec t a  rising curve. 

(iii) Th e volum e o f cube s an d o f sphere s wil l b e investigate d an d wil l lea d i n a 
similar wa y to a  curve. 

(3) Constant produc t curv e 
(i) Example s o f th e constan t produc t pair s hav e alread y arisen , e.g . i n th e 

multiplication square . 

(ii) Dimension s o f rectangle s mad e wit h 2 4 squares . Th e complet e se t o f rec -
tangles wit h integra l dimension s ca n b e cu t ou t an d pu t i n order : 1  by 24 , 
2 b y 12 , 3  b y 8 , 2 4 b y 1 . Whe n childre n ar e aske d t o arrang e thes e i n 
order takin g u p th e leas t possibl e space , the y sometime s overla p the m an d 
then recognise the similarit y t o th e pattern i n the multiplication square . 

Ordered pairs , (1,24) , (2,12) , ... . ,  (24,1) , wit h th e relatio n w l =  2 4 giv e a 
continuous curve . 

Links with  other  Subjects 
72. Severa l ver y interestin g project s wer e describe d b y variou s delegates . Suc h 

projects gav e childre n mor e confidenc e i n thei r ow n power s particularl y whe n th e 
work wa s displayed . Thes e topic s normall y aris e i n othe r aspect s of the curriculum , 
e.g. social  studies , science , ar t an d crafts . Teacher s wit h a  sufficien t knowledg e o f 
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mathematics ca n fully exploi t th e mathematical possibilitie s in activities of thi s kind. 
These shoul d b e carefull y followe d u p an d developed . The following example s were 
quoted; 

(i) Socia l Studies : Th e banan a industr y ha d bee n studie d i n differen t way s 
according t o th e countr y o f origin . Mode l makin g (sheds , trucks , boats) . 
Different packin g methods led to differen t development s in the classroom . 

(ii) Ar t an d Crafts : Fo r example , constructio n o f bir d cage s wit h pal m pith ; 
patterns designe d fo r decorativ e purpose s in craf t o f various kinds. 

PLENARY DISCUSSIO N O F REPORT OF WORKING GROUP A. l 

Survey and Comment s 
73. Th e Chairma n introduce d th e repor t wit h explanatio n o f it s considerabl e 

length. Th e earl y year s wer e b y fa r th e mos t important , partl y becaus e many mor e 
children wer e i n primar y school s tha n i n secondar y school s an d partl y becaus e th e 
only educatio n som e thousand s o f childre n woul d receive  woul d b e a  primar y one . 
For this reason primary education was not only a preparation for secondar y education ; 
it must have its own particular goals. It was at th e primary stage , also, that th e greates t 
impact o f th e presen t change s woul d b e felt . A n emphasi s o n th e developmen t o f 
children's thinkin g migh t hav e a n appreciabl e influenc e o n man' s futur e powe r o f 
decision-making. 

74. Th e firs t par t o f th e repor t deal s wit h th e changin g approach . The n th e 
content fo r th e earl y year s i s discusse d i n som e detail . Finally ther e i s an outline of 
topics suitabl e fo r th e late r stage s whic h wil l exten d th e rang e o f mathematica l 
thinking. 

75. Subsequen t discussio n o n the report centre d o n 

(1) th e problem s arisin g whe n th e mothe r tongu e di d no t contai n word s 
appropriate t o certai n mathematica l experience s 

(2) th e influenc e o n th e primar y stag e exerte d b y selectio n examination s fo r 
secondary education . Thes e examination s aggravate d th e difficultie s o f 
adopting a  fundamentally differen t mathematica l programm e sinc e too muc h 
time wa s often devote d t o preparatio n fo r suc h examinations . 

76. Delegate s expresse d som e anxiet y les t th e emphasi s o n children' s practica l 
experiences should lead some teachers to treat practical activities as ends in themselves . 
It wa s pointed ou t tha t th e early sections of th e report stresse d th e thinking tha t ca n 
emerge from children' s individual experience an d the need fo r teacher s to guide thei r 
pupils —  b y questions , discussio n an d variou s form s o f representatio n —  t o a  clea r 
awareness of the mathematica l pattern s that hav e been disclose d b y thei r actions . 

77. I t wa s agree d a t thi s plenar y sessio n tha t th e editor s shoul d d o som e re -
editing o f th e pape r i n th e ligh t o f th e discussion , an d som e modification s wer e 
made. 
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CHAPTER V 

Mathematics i n Secondar y School s 
Lead pape r by Professor W.W . Sawyer, M.A.(Camb.) , 

Department o f Mathematic s an d Colleg e of Education , 
University o f Toronto , Canada . 

1. Mathematics teacher s ar e a t presen t doin g wha t philosopher s urg e -  askin g 
what w e do , wh y an d whethe r w e should . I n a n ag e o f calculatin g machine s nee d 
children kno w multiplicatio n tables ? Shoul d w e teac h manipulatio n i n algebra ? 
If so , ho w much ? Ar e logarithm s obsolete ? Shoul d w e teac h trigonometr y a t all ? 
If so , why ? Wha t part s o f recen t mathematic s ough t t o com e int o th e schoo l 
syllabus? Wha t shoul d g o ou t t o mak e roo m fo r ne w topics ? Mor e fundamental , 
what consideration s shoul d determin e ou r choice of syllabus ? 

2. Such question s dea l wit h what  i s taught . Perhap s eve n mor e importan t i s how 
we teach . Shoul d mathematic s fus e wit h scienc e an d th e stud y o f the environment , 
or shoul d i t b e taugh t a s abstractl y a s possible ? Shoul d i t b e forma l o r informal , 
rigorous or intuitive? I n what proportion s shoul d discover y an d "telling " be mixed ? 

3. A thir d typ e o f questio n deal s wit h ho w w e achiev e ou r objectives . I t i s easy 
to delive r a  ver y inspirin g sermo n o n th e idea l schoo l withou t explainin g ho w t o 
get there . I n orde r t o avoi d a  sens e o f unrealit y I  will begin wit h some notes on th e 
mechanics o f educationa l advance . 

4. I  suppos e tha t i f yo u sen t a  watc h t o b e repaire d an d i t cam e bac k wit h th e 
mainspring broken , whateve r improvements the watchmake r migh t have made in th e 
gear trai n yo u woul d fee l h e ha d don e a  ba d job . Bu t to o ofte n somethin g o f tha t 
kind happen s i n mathematica l education . Mos t adult s afte r leavin g schoo l no t onl y 
know ver y littl e mathematics ; the y ar e incapabl e o f thinkin g abou t i t an d afrai d t o 
try. Mis s Bigg s wil l surel y stres s i n he r talk tha t youn g children d o not star t ou t lik e 
that; the y ar e intereste d i n mathematic s an d willin g t o thin k abou t it . Accordingly , 
even fo r a  chil d o f rathe r lo w intelligence , th e mai n difficult y i n mathematic s lie s 
neither i n the nature o f th e subjec t no r in the limitation s o f the learner , bu t rathe r i n 
the attitud e o f the adult s around him . 

5. I t i s ofte n though t tha t th e solutio n lie s with teache r trainin g colleges . Bu t thi s 
is somewha t naive . I f a  studen t come s t o a  college feeling critica l of his own school -
ing, th e colleg e ma y b e able to help him. Bu t many student s by 1 8 years of ag e have 
already a  fir m pictur e o f wha t educatio n is ; it i s wha t the y ha d a s pupils. They wil l 
return t o schoo l and teach a s they wer e taught . 

6. One o f th e mos t obviou s (an d leas t recognized ) fact s i s the interlocking o f th e 
entire educationa l system . Whe n universitie s criticiz e secondar y school s the y see m 
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only partl y awar e o f the immense responsibility o f universities fo r th e stat e o f secon -
dary education . Whe n secondar y schoo l teacher s criticiz e elementar y school s the y 
do not alway s stress that elementar y teacher s are the products o f secondar y schools . 

7. Mathematics i s a n activit y an d depend s greatl y o n th e attitud e o f th e learner . 
Attitudes ar e forme d young . Th e greates t influenc e o n th e futur e teache r i s th e 
elementary school ; th e nex t greatest , th e secondar y school . 

8. One wa y i n whic h elementar y educatio n concern s secondar y teacher s i s that , 
in mos t countries , ther e i s a  movemen t o f mathematica l topic s downwards . Secon -
dary teacher s complai n the y hav e no t tim e t o handl e al l th e topics the university i s 
handling ove r t o them . Th e mai n reaso n i s ofte n a  mathematica l vacuu m i n th e 
elementary schools . A.P . Rollett , i n a n articl e o n Englis h schools , mentione d able r 
children wh o di d no t star t a n intensiv e attac k o n algebr a an d geometr y unti l the y 
were 1 1 year s old ; h e sai d the y endure d "mathematica l stagnation" . I n Nort h 
America, wher e a  much milde r exposure t o mathematics used t o begin a t 1 4 years of 
age, thes e childre n woul d hav e bee n describe d a s fiercely  "accelerated" . I t i s 
extremely desirabl e tha t a  muc h riche r conten t shoul d b e available to childre n 9-1 3 
years o f age , no t merel y t o eas e th e secondar y syllabus , bu t becaus e thes e ar e th e 
years i n whic h th e stimulu s o f ne w idea s mos t readil y create s lastin g intellectua l 
interests. Secondar y teacher s shoul d therefor e b e preparin g fo r a  stead y transfe r o f 
serious algebra and geometry t o elementar y schools . 

9. Secondary teacher s wil l objec t tha t elementar y teacher s canno t handl e suc h 
topics properly . Bu t thi s ignore s th e fac t tha t th e futur e elementar y teacher s ar e 
to-day sittin g i n secondar y classrooms . I  woul d sugges t a s a  minimum programme 
for secondar y mathematic s tha t ever y pupi l shoul d leav e schoo l wit h th e basi c 
equipment o f a  good elementar y schoo l mathematics teacher . 

10. Thi s mean s th e followin g objectives , i n th e followin g orde r o f importance . 
(1) Th e pupi l shoul d enjo y mathematic s an d no t b e afrai d o f thinkin g abou t it . 
(2) H e shoul d b e abl e t o gras p mathematica l result s informally , pictoriall y o r i n 
terms o f a  concret e situation . (3 ) H e shoul d hav e worke d wit h mathematics i n con-
nection wit h simpl e scientifi c law s an d wit h th e environmen t generally . (4 ) I n thi s 
way h e shoul d hav e acquire d a s much knowledg e an d understandin g o f arithmetic , 
algebra, geometry (an d perhap s other mathematica l subjects ) a s possible. 

11. Th e applicatio n o f thi s ide a wil l naturally vary fro m countr y t o countr y an d 
from plac e t o place . I f elementar y school s ar e alread y producin g enthusiasti c an d 
active mathematicians , the secondar y schoo l should mak e sur e it does not spoi l what 
has bee n achieved , an d shoul d fin d i t eas y t o buil d further . I f childre n ente r 
secondary schoo l alread y dislikin g mathematics , a  ver y radica l rehabilitatio n pro -
cedure ma y b e calle d for . I f the secondar y schoo l was able to improve thei r attitud e 
and giv e the m a  confiden t gras p o f th e topic s mentioned i n Mathematics in  Primary 
Schools* i t could fee l wel l pleased wit h itself . 

*Schools Council; Curriculum Bulletin No.l. H.M.S.O. 1965 
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12. Som e secondar y teacher s hav e a  very forma l approac h t o mathematic s an d 
would b e incapabl e o f carryin g ou t suc h a  programme . Th e wor k shoul d b e don e 
wherever ther e ar e teacher s capabl e o f it , an d th e authoritie s should emphasiz e tha t 
this i s wor k o f firs t importance , an d th e ke y t o th e whol e nationa l advanc e i n 
mathematical education . 

13. Mathematic s involves general intelligence. The accomplishments o f individua l 
children wil l naturall y vary . Complet e succes s woul d mea n tha t a  chil d showe d th e 
same leve l o f interest , confidence , initiative , originalit y an d ingenuit y i n tacklin g 
mathematical an d scientifi c problem s a s h e di d i n an y othe r departmen t o f wor k 
or play . Succes s woul d b e judged no t b y multipl e choic e test s but b y observin g th e 
child in a  real situation . 

14. Children , o f course , woul d hav e t o wor k a t thei r ow n pace . I  onc e ra n a 
mathematics clu b i n Ne w Zealan d wher e childre n coul d pas s littl e test s rathe r lik e 
those fo r scou t badges . Man y o f thes e wer e fo r basic  understanding  of  an  idea, 
e.g. "understand s th e us e o f x" . I n som e America n schools , eac h chil d ha s a  folde r 
which record s hi s advanc e i n reading . Th e sam e coul d b e don e wit h mathematics . 
This idea i s elaborated somewha t i n the Ontario repor t o n Geometry, K-13. 

15. Thi s bring s m e t o a n administrativ e point . Whe n I  cam e to North America I 
saw something I had never seen before , a  textbook labelle d "Grad e 9  Mathematics" -
a schem e o f wor k t o b e covere d b y al l childre n i n a  certai n typ e o f clas s (e.g . 
academic, technical) ; a  schem e lai d dow n b y th e educatio n authorit y an d ofte n 
enforced b y inspectors . A  teache r wa s thu s unde r pressur e t o "cove r th e course" , 
regardless o f th e fac t tha t th e slowe r pupil s wer e bewildere d an d th e quicke r one s 
bored. Goo d teachin g o f mathematic s i n suc h a n administrativ e settin g i s nex t t o 
impossible. A real teacher i s forced t o becom e a n underground worker . 

16. Uniformit y i s particularl y ou t o f plac e whe n attempt s ar e bein g mad e t o 
change o r t o enlarg e th e syllabus . Inevitably , ther e wil l only b e a limited numbe r o f 
schools wher e teacher s are able to teac h the new materia l effectively an d inspiringly . 
These shoul d no t b e hel d bac k unti l th e whol e city , provinc e o r country i s ready -
which it never will be. Rather, th e strongest centres should go ahead an d th e influenc e 
allowed t o sprea d graduall y t o others . 

17. I n a  transitiona l perio d al l kind s o f informa l measure s ma y b e necessary . A 
secondary schoo l migh t (a s ha s bee n trie d i n some places) offe r a  mathematics club , 
say onc e ever y 2  weeks , t o th e ables t an d mos t intereste d pupil s i n th e elementar y 
schools nea r it . Secondar y schoo l pupil s ma y mee t tw o o r thre e elementar y schoo l 
children an d hel p the m wit h algebr a an d geometry ; i n thi s way teaching talent ma y 
become recognize d an d a n excellen t trainin g give n t o th e futur e teacher . The ables t 
children i n elementar y school s shoul d b e encourage d t o read ahead o n their own . A 
survey shoul d b e mad e o f wha t book s childre n i n fact ca n read successfully . O n th e 
analogy o f musi c teachers , a  goo d mathematic s teache r migh t tou r a  numbe r o f 
elementary schools , givin g on e lesso n a  wee k i n eac h t o promot e interes t i n th e 
subject. 
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18. I  have spent som e time here discussing ages 9-13 becaus e I  am more an d mor e 
convinced tha t thi s i s the vita l strategi c are a i n whic h goo d teacher s should b e con-
centrated. Th e age s 0- 8 ar e o f cours e ver y important . Howeve r I  am here discussin g 
the rol e o f th e very bes t secondary teachers , those wit h a  good knowledg e o f mathe -
matics and th e ability t o brin g out it s interest an d simplicity . I  do not thin k the y ca n 
do muc h b y spendin g tim e wit h childre n belo w 9  year s o f age . Th e beginning s o f 
arithmetic mov e ver y slowly . Als o th e wor k i s simple ; elementary schoo l teacher s 
can cop e wit h it , onc e the y hav e bee n persuade d tha t arithmeti c i s somethin g yo u 
can experimen t wit h an d thin k abou t rathe r than lear n purely b y rote . On the othe r 
hand, i f childre n fro m 9  t o 1 3 ar e full y extended , man y o f the m wil l get dee p int o 
fairly technica l mathematics . Muc h o f i t the y ma y rea d an d d o fo r themselves , bu t 
from tim e t o tim e the y wil l nee d advic e which , i n muc h o f th e worl d to-day , ele -
mentary teacher s ar e no t abl e t o give . Occasiona l contac t wit h th e bes t secondar y 
teachers wil l enabl e a t an y rat e th e stronges t pupil s t o forg e ahead . I n th e futur e 
some o f the m wil l becom e teacher s and the y wil l then regar d i t as normal t o cove r a 
substantial par t o f th e presen t secondar y curriculu m (o f man y countries ) i n ele -
mentary school . I n thi s wa y a  riche r syllabu s wil l graduall y sprea d an d becom e 
established. 

19, Incidentally , these ideas are not pu t forwar d a s pure theory. My book, Vision 
in Elementary  Mathematics,  wa s base d o n experienc e wit h childre n i n the ag e range 
9-13. I n m y travels , I  hav e foun d abundan t evidenc e o f childre n bein g able to cop e 
with a  far riche r die t than anythin g tha t wa s being offered t o them . Fo r co-operatio n 
between secondar y an d elementar y teachers , Barrie , Ontario , woul d b e a  goo d 
example o f a  place where thi s has been going on fo r severa l years. 

Manipulation, Logarithms , Trigonometry 
20. I n a n ag e o f calculatin g device s th e questio n arise s a t ever y leve l fro m 

arithmetic t o calculu s -  ho w fa r nee d w e teac h onl y basi c understandin g an d ho w 
far nee d w e be concerned wit h slicknes s in manipulation ? 

21. Th e answe r certainl y lie s somewher e betwee n th e extrem e positions . 

22. First , w e shoul d certainl y ge t ri d o f th e ol d ide a tha t th e use of any helpfu l 
device i s cheating . Whe n I  se e o n examinatio n papers , "Slid e rules not permitted " I 
wonder i f the nex t lin e wil l read, "Al l calculations to be in Roman numerals" . 

23. I n general , we should b e prepared t o use , when appropriate , ready reckoners , 
slide rules , table s o f integrals , graph s an d an y mechanica l device s w e ca n bu y o r 
make. 

24. Som e British examinations used to include very tricky an d awkward integrals . 
I see little point i n this . A course on calculus should cove r the standard processe s and 
the simple r result s o f integration . I t shoul d poin t ou t tha t certai n expressions , 
such a s (1—x 4) an d e—x 2 d o no t hav e elementar y integrals , an d then se t out th e 
4 mai n classe s tha t ar e tractable —  rational functions , rationa l functions o f si n x and 
cos x, and s o forth. Th e arrangement o f tables of integrals should be explained . 
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25. Now , a s to th e nee d fo r som e skil l i n manipulation . A  new concept i s ofte n 
best introduce d b y som e simpl e exampl e involvin g a  certai n amoun t o f calculation . 
In U.S.A. , wher e eve n th e teacher s i n secondar y school s ar e ver y wea k a t algebrai c 
manipulation, I  sometime s trie d t o introduc e calculu s o r matrice s b y a  piec e o f 
algebra. Ofte n I  foun d th e teachers ' menta l energ y wa s completel y absorbe d i n 
understanding th e algebra , an d the y ha d non e fo r understandin g th e ne w concept . 
Clearly thi s i s a n undesirabl e situation . Th e sam e applie s a t a  lowe r level . Algebr a 
itself ca n b e interestingl y introduce d b y studyin g som e "coincidence " in arithmeti c 
or throug h som e simpl e scientifi c law . Th e pupil s ar e expecte d t o discove r th e 
regularity involved . Clearl y thi s usefu l metho d o f teachin g i s exclude d i f th e 
children's arithmetic i s too weak . 

26. A  calculatin g machin e o r a  ready reckone r wil l giv e th e answe r to a  specifi c 
problem bu t i t doe s no t hel p u s t o observ e a  law . I t wil l giv e u s th e squar e o f a 
particular numbe r o r fin d a  particula r produc t bu t i t doe s not, whe n presented wit h 
a collectio n o f figures,  exclai m "Why , thes e ar e al l squares " o r "Thi s i s the 7  times 
table". Pupil s nee d t o becom e sufficientl y familia r wit h multiplicatio n tables , 
algebraic formula e an d s o fort h t o recogniz e situation s i n whic h thes e occu r o r t o 
which the y ar e relevant . Pattern recognitio n fortunatel y i s an activity childre n enjo y 
and on e that help s to fi x th e individua l fact s in the memory . 

27. Eve n fo r proble m solvin g certain materia l aids can be useful. Fo r instance, t o 
attack a  proble m i n a  traditiona l geometr y course , a  systemati c approac h i s helpe d 
by a  diagra m showin g th e mai n theorem s o f Euclid . Generall y pupil s shoul d b e 
encouraged t o make , an d use , summarie s o f the information a t thei r disposal . (Eve n 
many universit y student s d o not d o this) . 

28. A n approac h tha t bot h save s tim e an d create s interes t i s t o us e futur e 
theorems a s exercises . (Theorem s generall y shoul d b e presente d a s problems , an d 
not though t o f a s a separate category) . For instance , in calculus to evaluat e 

dx fo r n  =  0 , 1 , 2 . .  .  is a reasonable exercise . But thi s integral is still 

meaningful whe n n  i s a fraction an d allow s us to defin e n  ! for fractiona l n. 

29. I n trigonometry , derivin g th e formula s fo r si n 2 A an d co s 2 A ca n b e 
presented a s a  proble m i n co-ordinat e geometry ; i f (c , s ) i s the poin t o n th e uni t 
circle at angl e A, what ar e the co-ordinate s o f the poin t a t angle 2A ? 

30. Conversely , mor e advance d topic s giv e a  goo d excus e fo r takin g anothe r 
look a t earlie r question s an d treatin g the m mor e efficiently . I t i s really remarkabl e 
that simpl e formula s shoul d exis t fo r th e sin e an d cosin e o f a  sum ; fo r mos t func -
tions, f(A+B ) i s no t a t al l simpl y relate d t o f(A ) an d f(B) . Matrices give one way o f 
seeing wh y suc h formula s exis t an d derivin g them . Wit h calculu s on e ca n mak e 
plausible th e connectio n o f sin e an d cosin e wit h e ix an d thu s reduc e al l trigono -
metric identitie s t o algebra . 

31. Ther e i s th e utmos t diversit y o f view s o n th e statu s o f trigonometry . Som e 
topologists, wh o neve r us e it , regar d i t a s a  wast e o f time . A t th e othe r extreme , 
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most practica l peopl e stil l hav e t o dea l wit h soli d object s tha t hav e definit e shape s 
and sizes . I n it s traditiona l for m trigonometr y i s stil l relevan t fo r a n architec t o r an 
astronomer. Th e trigonometrica l function s ar e relevan t t o mechanica l an d electrica l 
oscillations, to comple x variabl e and t o Fourie r series . 

32. I  believ e ther e i s genera l agreemen t tha t wor k o n th e solutio n o f triangle s 
can b e prune d drastically , particularl y numerica l wor k wit h logarithm s an d th e 
related formulae . A s a  metho d o f calculation , logarithm s are nearly obsolete . (The y 
may stil l b e usefu l fo r findin g a n wit h larg e n) . Th e logarithmi c scal e i s stil l o f 
significance an d i s readily introduce d i n connectio n wit h the slid e rule. Incidentall y 
the 17t h centur y approac h t o logarithm s wa s muc h simple r tha n th e moder n one , 
as logarithm s precede d fractiona l indice s b y abou t hal f a  century . Ther e ar e con -
siderable teachin g advantage s i n definin g logarithm s first , an d the n definin g x k, fo r 
any k , a s th e numbe r tha t occur s k  time s a s fa r alon g th e slid e rul e a s x . Childre n 
are willing to conced e tha t suc h a number exists , while they ma y hav e serious doubt s 
whether 10 0'301 mean s anything a t all . 

33. I  a m incline d t o regard algebra , co-ordinate geometr y o f 2  and 3  dimensions, 
and trigonometr y a s a n indissolubl e whole . Trigonometr y enter s naturall y a s th e 
means whereb y " a distanc e r  a t a n angl e 0 " i s translate d int o co-ordinat e form . 
Co-ordinate geometr y o f 3  dimension s sound s ver y imposing , bu t i n fac t ca n b e 
taught t o youn g childre n o f limite d abilit y i f i t i s presente d concretel y -  wit h 
vertical straw s o n a  perforate d board , or , in an agricultural setting , sticks driven int o 
a mudd y piec e o f ground . Three-dimensiona l co-ordinate s are an effective devic e fo r 
the desig n o f an y complicate d soli d objec t —  a n aeroplane , a  building , a  piece o f 
metal work . A t a  mor e advance d level , co-ordinate s provid e a  framewor k fo r mos t 
physical problem s an d als o a s a  wa y o f representin g purel y mathematica l ideas ; 
vectors, Hilber t space , etc . 

"New" Mathematics: Errors and Possibilities 
34. I  do no t mysel f accep t an y meanin g o f th e "ne w mathematics " or "moder n 

mathematics" other than the research advance s since 1900 . As commonly misapplied , 
these phrase s ar e use d t o giv e prestig e t o an y teachin g innovation , good , ba d o r in-
different. I n U.S.A . "traditional " i s used t o describe thei r traditio n o f very bad , rot e 
teaching an d thenc e (b y doubl e speak ) t o smea r an y topi c previousl y taught . I t i s 
therefore necessar y t o discus s eac h innovatio n individually , an d t o apprais e i t a s 
good o r bad . 

35. Ontario , lyin g uncomfortabl y clos e to U.S.A. , has suffered o n occasion fro m 
an uncritica l acceptanc e o f America n ideas . A n officia l curriculu m introduce d a 
few year s ag o organise d th e wor k o f eac h yea r aroun d suc h topic s a s th e se t o f 
natural numbers , th e se t o f integers , th e se t o f rational s an d s o forth . Thi s i s an 
entirely incorrec t basi s o n whic h t o build , reflectin g th e procedur e o f th e graduat e 
school rathe r tha n th e need s o f th e child . I n th e kin d o f approac h visualize d b y 
Miss Bigg s (whos e prestige , I  a m gla d t o say , is steadily growing in Ontario) a  young 
child ma y mee t whol e number s an d fraction s i n hi s firs t fe w encounter s wit h 
measurement. Th e abstrac t approac h ha s drive n schoo l mathematic s an d schoo l 
science farthe r apar t —  th e opposit e o f wha t i s needed bot h o n educationa l an d o n 
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technological grounds . Th e effect s hav e bee n mos t disastrou s fo r th e les s academi c 
but mor e activ e an d practicall y minde d child . I n a  cours e fo r suc h pupil s (15 year s 
old) great stress was laid on "th e se t o f irrationa l numbers" . One over-zealous teache r 
had t o b e restraine d fro m settin g a n examinatio n questio n "Prov e tha t th e se t o f 
irrational number s i s no t close d unde r addition" . I  canno t imagin e ho w a  teache r 
would hop e t o ge t technica l student s excite d abou t suc h a  topi c whic h i s com -
pletely irrelevan t t o thei r purpose s an d interests . Wha t make s suc h regulations even 
more tragi c i s tha t al l th e relevan t informatio n abou t irrational s woul d arise , 
naturally an d incidentally , a s a  passing commen t o n Pythagora s Theorem , whic h i s 
of rea l an d immediat e concer n t o technica l classes . The diagona l o f a  square involve s 

2. A  teache r ca n poin t ou t tha t table s giv e approximat e value s o f 2,  bu t yo u 
will no t ge t 2  i f yo u squar e these , since in fac t ther e i s no fraction p/ q whos e squar e 
is exactl y 2 . Th e reaso n migh t b e indicated ; squarin g cause s eac h prim e facto r t o 
occur an even number o f times , a single factor 2  cannot b e obtained . 

36. Excessiv e logica l analysis can inhibit mathematica l thinking . This was demon-
strated lon g ag o o n th e larges t possibl e scale , tha t o f worl d history . Th e followin g 
passage i s fro m Cajori , A  History  of  Mathematics-,  th e fina l sentenc e i s quoted b y 
Cajori fro m th e mathematician Hankel ; — 

"The Hindu s neve r discerne d th e dividin g lin e betwee n number s and magnitudes , 
set u p b y th e Greeks , which , thoug h th e produc t o f a  scientifi c spirit , greatly 
retarded the  progress  of  mathematics.  The y passe d fro m magnitude s t o number s 
and fro m number s t o magnitude s withou t anticipatin g tha t ga p whic h t o a  sharp 
discriminating min d exist s betwee n th e continuou s and th e discontinuous . Yet b y 
doing s o th e Indian s greatl y aide d th e genera l progres s o f mathematics . "Indeed , 
if on e understand s b y algebr a th e applicatio n o f arithmetica l operation s t o com -
plex magnitude s o f al l sorts , whethe r rationa l o r irrationa l number s o r space -
magnitudes, the n th e learne d Brahmin s o f Hindusta n ar e th e rea l inventor s o f 
algebra" " . 

The Indians , incidentally , wer e applie d mathematicians . The y wante d mathe -
matics i n orde r t o d o astronom y an d (lik e th e 17t h centur y discoverer s of calculus ) 
did no t hav e the inhibitions o f th e Greeks , who were not tryin g to go anywhere. 

37. Goo d mathematic s require s a  balanc e betwee n th e India n an d th e Gree k 
approaches. Goo d teachin g select s whateve r mixtur e o f thes e i s mos t appropriat e 
to th e pupi l bein g taught . 

38. No w o f cours e th e America n colleg e professor s wh o create d th e vogu e fo r 
the se t o f irrational s hav e a  perfectly soun d poin t i n logic . I f fo r instanc e w e deter -
mine x  =  co s 72 0 b y solvin g th e 5t h degre e equatio n tha t expresse s cos 5A = 1 , we 
are assumin g tha t th e usua l algebrai c procedure s ma y b e applie d t o th e irrationa l 
number x. No doubt a t som e stage, for som e students , the implications o f this shoul d 
be analyze d and , s o fa r a s possible , justified . Wha t i s overlooke d i s this . Fo r a 
teacher i n a  neighbourhoo d o f boisterou s children , th e firs t consideratio n i s no t 
the logica l precisio n o f hi s lessons ; rather , i t i s th e dramati c impact , ho w fa r th e 
pupils wil l loo k forwar d t o th e lesson s an d fee l tha t the y ar e learnin g somethin g 
exciting an d worthwhile . I f a  cours e i s dull , i t doe s no t matte r ho w soun d i t i s in 
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other respects ; pupil s wil l no t pa y muc h attentio n t o it . I n plannin g course s muc h 
more attentio n shoul d b e give n t o thi s question . A t frequen t interval s i t shoul d b e 
clear t o th e pupi l tha t th e las t chapte r ha s enable d hi m t o design , o r make , o r 
understand, o r d o somethin g h e coul d no t d o before. Th e firs t thin g a  teacher mus t 
prove t o hi s clas s i s tha t th e cours e i s no t a  wast e o f time , an d th e proo f mus t b e 
a spontaneou s reactio n i n their hearts , not a n argument grudgingl y accepte d b y thei r 
heads. 

39. I n passing , I  believ e a n excellen t for m o f teache r trainin g i s t o g o int o a 
street o r par k o r publi c plac e wher e ther e ar e childre n ove r who m yo u hav e n o 
disciplinary powers, and start doin g something to se e how man y childre n com e roun d 
you, how long they stay , and wha t question s they ask . 

40. T o retur n t o th e questio n o f logic ; a "preview " approac h i n mathematic s is 
perfectly justifiabl e —  tha t is , firs t t o develo p a  subjec t informally , i n a  wa y tha t 
commands th e intuitiv e assen t o f the learner , an d to sho w wha t ca n be done with it ; 
at a  late r stage , a n analysi s o f th e logica l foundation s ma y b e undertaken . Thi s i s 
generally recognize d (withi n th e Commonwealth ) i n th e teachin g o f calculus ; a n 
intuitive treatmen t shoul d preced e a  cours e i n analysis . I n th e sam e way , I  woul d 
explain ho w Eule r arrive d a t th e connectio n betwee n trigonometr y an d e ix befor e 
discussing th e Argan d diagra m o r th e logica l accoun t o f comple x numbers . Firs t 
show tha t a  metho d lead s t o interesting results , they tid y u p the logic . For i f i t doe s 
not lea d anywhere , wh y shoul d th e learne r spen d tim e o n it ? O f cours e i t i s good 
to prepar e th e groun d fo r th e late r development s b y indicatin g tha t loos e us e o f 
infinite serie s ca n lea d t o fallacies , tha t picture s ca n deceive , an d s o on. How muc h 
this is done mus t depen d o n the teacher' s estimate o f the clas s he is teaching. 

41. I n recen t year s w e hav e hear d a  lo t abou t commutative , associativ e an d 
distributive (C.A.D. ) properties . I t seem s natura l t o as k —  wha t i s the rol e o f thes e 
concepts i n mathematics ? —  ho w di d peopl e com e t o thin k o f them ? Thes e term s 
appeared firs t i n th e perio d 1800-1840 , shortl y afte r Gauss , Argand and Wesse l had 
given a  geometri c interpretatio n o f -1.  Th e entity i  had alway s been somethin g o f 
a puzzle ; i t wa s no t a  number , an d ye t algebraicall y i t seeme d t o behav e lik e a 
number. Whe n additio n an d multiplicatio n o f comple x number s wer e define d 
geometrically, th e questio n naturall y aros e —  wha t propertie s o f thes e operation s 
must w e establish , i n orde r t o prov e tha t ordinar y algebr a work s fo r them ? I t 
emerged tha t mos t o f th e thing s don e i n algebr a wer e logica l consequence s o f th e 
C.A.D. properties ; an y syste m wit h thes e propertie s coul d b e handle d as  if  it  con -
sisted o f numbers . Hamilton , tryin g t o generaliz e comple x numbers , foun d quater -
nions with properties A. and D . but no t C . Matrices followed soo n after . 

42. Grea t mystificatio n i s cause d i f teacher s an d pupil s ar e tol d tha t som e 
concept is important bu t are not show n significan t application s o f this . That certainl y 
happened i n th e U.S.A . wher e word s suc h a s Se t an d Commutativ e receive d a  kind 
of religiou s veneration . I  therefor e distinguis h betwee n th e unobtrusive  mentioning 
of an  idea  (whic h i s a n excellen t wa y t o prepar e pupil s fo r futur e work ) an d th e 
stressing of it,  whic h indicate s tha t yo u ar e abou t t o us e i t i n derivin g theorem s of 
some substance . 
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43. Th e American s were , I  think , quit e correc t i n holdin g that , fro m th e ver y 
first lesso n i n arithmetic , w e shoul d b e preparin g childre n t o d o algebr a on e day . 
The earl y mentio n o f th e C.A.D . propertie s i s i n order . Thu s w e woul d no t merel y 
teach particula r fact s suc h a s 2  +  3  =  5  bu t rais e question s o f more genera l import , 
such as "When numbers are added, doe s the orde r matter?" , "And fo r multiplication , 
does orde r matter?" , "Wha t i s th e crafties t wa y o f workin g out 5 8 X  3  + 58 X  7?". 
A goo d pupi l i n a  traditiona l arithmeti c clas s understoo d al l thes e things ; howeve r 
it i s quit e soun d t o mak e sur e the y ar e brought t o the attentio n o f every pupil . The 
ideas involved ar e evidently helpfu l i n arithmetic and in beginning algebra . 

44. Th e C.A.D . propertie s ca n b e use d t o introduc e negativ e numbers , a s i n 
Durell, Palme r an d Wright' s boo k o f 192 0 an d late r i n American S.M.S.G . schemes , 
though I  woul d no t regar d i t a s goo d teachin g t o rel y solel y o n thi s approach . 
Formal propertie s ar e singularly unrea l to man y children , and in fact d o not clea r up 
all th e logica l question s involved . Pictoria l an d inductiv e argument s shoul d als o b e 
used t o establis h confidenc e i n the use of negative numbers . 

45. C.A.D . mos t properl y take s the centr e o f the stage when pupil s have met an d 
used system s othe r tha n number s (notabl y matrice s and comple x numbers ) an d hav e 
met new features, such as, in matrices, quadratics wit h an infinity o f solutions . At thi s 
stage th e question o f whic h algebraic processes and theorem s remain valid arise s very 
naturally, an d th e justificatio n o f algebr a b y th e C.A.D . propertie s make s sens e t o 
learners. 

46. I  hav e alway s though t tha t th e splittin g o f th e "in-any-orde r rule " int o th e 
pair o f properties , commutativ e an d associative , i s a  somewha t subtl e affair , an d 
some though t migh t b e give n a s t o how , an d a t wha t stage , this might bes t b e done . 
The qualification s o f th e teacher s ar e relevant . I n som e places , teacher s ar e no w 
making incorrec t statement s abou t set s wher e befor e the y onl y mad e incorrec t 
statements abou t numbers . 

Modern Mathematics Proper 
47. I t seem s reasonabl e t o suppos e that , a s tim e passes , som e mathematica l 

results o f th e presen t centur y wil l fin d thei r wa y int o schools . Ther e i s a  difficult y 
in recognizin g whic h result s thes e shoul d be . Wit h classica l mathematics , w e hav e 
a fai r ide a o f ho w eac h topi c relate s t o othe r part s o f mathematic s an d t o applica -
tions. Recen t mathematic s i s spli t int o s o many specialitie s an d i s so abstractly pre -
sented tha t i t i s often difficul t t o realize the inter-relations o r to recognize tha t som e 
paper i s helpful fo r a  problem on e want s to solve . Associations and institutes shoul d 
encourage mathematicians and users of mathematics to writ e understandable account s 
of th e origin s and application s o f recent mathematics . To some extent thi s is already 
happening. 

48. A  singl e example , take n fro m topology , wil l perhap s illustrat e wha t I  mean. 
It i s a  generalizatio n o f a  classica l result , i n comple x variable . Suppos e w e hav e a 
polynomial f(z)  an d wan t t o kno w how many solution s f (z) =  0 has inside a  curve C. 
An interestin g theore m give s the answer . Suppos e that , a s z goes round th e curv e C, 
the poin t f (z) goe s roun d th e curv e K , which , i n ou r figure , make s 2  circuits of th e 
origin. Then w e can asser t there are 2  zeros (or 1  double zero ) of f (z) insid e C. 
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49. No w complex numbers are an extraordinary an d uniqu e system . Our theore m 
seems a  very specia l an d limite d one . But in fact , b y pickin g out it s essential basis , it 
can be made very general. Suppose w e consider no t merel y th e contou r C  but imagin e 
a membran e coverin g its interior. This membrane wil l transform t o a  membrane wit h 
boundary K , an d ther e wil l be 2  layers of i t ove r the origin . If , instea d o f requiring f 
to b e a polynomial w e simply require f  t o b e continuous, the transformed membran e 
may hav e fold s i n it , bu t w e ca n stil l asser t ther e wil l b e at  least  2  sheet s o f th e 
membrane ove r 0 , henc e 2  zero s o f f  insid e C . Thi s theore m generalize s t o highe r 
dimensions, an d give s a  useful wa y o f locatin g the solution s o f a  complicated syste m 
of equations . Incidentall y thi s metho d meet s the criterio n give n by Professo r A.J.M . 
Spencer i n hi s articl e The  Education  of  Mathematicians  for  Industry  (Mathematica l 
Gazette, Octobe r 1967) ; it allows us to fin d approximat e solution s of real problems, 
rather tha n neat , exac t solution s o f unreal problems . 

Mathematics and Utility 
50. Wha t mathematic s d o peopl e actuall y us e i n life ? I n principl e thi s ough t t o 

be on e o f th e easies t question s t o answer , for , unlik e mos t educationa l question s i t 
does no t involv e th e natur e o f th e huma n mind , abou t whic h w e kno w almos t 
nothing. I t i s relativel y eas y t o coun t ho w man y peopl e d o a  particula r jo b an d 
what mathematic s is , coul d o r shoul d b e use d i n suc h work . O f cours e ther e i s th e 
difficulty o f forecastin g futur e developments . Ye t a t leas t w e coul d establis h shor t 
term trend s -  automatio n i s wipin g ou t th e deman d fo r a  certai n skil l a t s o man y 
thousand job s a  year , an d i s creatin g th e deman d fo r som e othe r skil l a t suc h an d 
such rate . 

51. I t i s necessary t o maintain a  mind a t onc e open and sceptical . An educationa l 
system i s lik e a n army ; i t take s tim e t o mov e i t fro m on e spo t t o another , an d stil l 
longer t o brin g i t bac k i f you r firs t decisio n wa s wrong . I  have bee n struc k b y th e 
loose thinkin g abou t educatio n o f many , includin g mathematicians . Someon e wil l 
say a  certai n topi c i s importan t whe n al l h e reall y know s i s tha t i t i s much use d in 
his ow n (non-applicable ) research . Someon e proposes a  topic fo r th e schoo l syllabu s 
on th e ground s tha t i t i s use d i n electroni c computing , bu t h e omit s t o mentio n 
whether i t arise s i n research , manufacture , maintenanc e o r programmin g o f com -
puters. A  mathematicia n i n lov e wit h hi s specialit y ma y clai m i t is practical becaus e 
it has been used i n a  single scientific paper . 

52. M y othe r activitie s hav e neve r allowe d m e t o giv e mor e tha n fragmentar y 
attention t o surveyin g th e use s o f mathematics . An d i n fac t a n adequat e treatmen t 
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requires fa r mor e tha n ca n b e give n b y on e individual . I  hav e suggeste d o n variou s 
occasions tha t th e user s o f mathematic s ough t t o mak e a  periodical report , availabl e 
to teachers , o n trend s i n th e application s o f mathematics . Eve n a  smal l journal , 
abstracting th e mos t importan t publishe d information , woul d b e helpful. Th e report s 
should mak e clea r whethe r th e development s affecte d industria l o r agricultura l 
countries, man y o r fe w workers , scientists or technicians, skille d o r unskilled. Vagu e 
general statement s would b e forbidden , an d concret e example s would b e given o f th e 
problems involved . Suc h a  periodica l repor t woul d b e of great value to many peopl e 
besides teachers , an d th e Commonwealt h probabl y ha s th e resource s t o arrang e i t 
without settin g up an y elaborat e ne w organisation . 

53. O f cours e w e canno t predic t fa r ahead . Fort y year s ago (when teacher s no w 
retiring wer e jus t beginning ) scoffin g woul d hav e greete d a  forecas t tha t i n 196 8 
unemployment woul d hav e bee n relieve d becaus e man y peopl e wer e gainfull y 
employed tryin g t o pu t a  man o n th e moon . N o doub t 200 8 wil l prove equally un -
expected. M y proposa l i s no t intende d t o provid e teacher s wit h a  crysta l bal l t o 
see th e future ; i t simpl y trie s t o provid e the m wit h eye s t o se e wha t i s happenin g 
now, s o tha t w e ma y mak e a n intelligent gues s what t o expec t to-morrow , an d kee p 
correcting ou r guesse s a t th e firs t opportunity . Needles s t o say , school s shoul d no t 
try t o teac h th e details  o f to-day' s technolog y (whic h wil l soo n be out o f date ) bu t 
general principles  tha t ar e likel y t o endure . Howeve r to-day' s examples , properl y 
used, giv e realit y an d interes t t o lessons . 

54. I n 1945- 7 th e Colleg e o f Technolog y i n Leiceste r collecte d example s of th e 
use o f mathematics in the city . Sinc e then o f cours e computers an d automation hav e 
brought man y changes , bu t on e conclusio n stil l stands ; th e wides t us e o f mathe -
matics i s no t t o solv e problems , bu t a s a  language i n whic h on e learn s scienc e an d 
technology. Mor e recently , I  mad e a  small sampling o f books on various subjects, t o 
see the kind o f mathematics used . Books are not alway s good indicator s o f ne w idea s 
(since author s and reader s alike are usually unawar e o f recent mathematics ) bu t the y 
give som e indicatio n whic h traditiona l topic s retai n vitality . Elementar y algebr a i s 
certainly on e o f these . I t i s hard t o se e how any developmen t i n higher mathematic s 
can supersed e th e us e o f algebr a fo r statin g simpl e scientifi c laws , an d makin g 
deductions b y combinin g suc h statements . Fluenc y i n readin g algebra , th e abilit y 
to appreciat e th e meanin g o f a n equatio n o r a  grap h an d t o associat e i t wit h it s 
applications, i s an d wil l remai n a  mos t valuable asset , in everything from electronic s 
to ecology . 

55. I n agricultura l countries , interes t ma y centr e aroun d th e science s relate d t o 
biology; i n thes e (a s als o i n man y industria l questions ) statistic s play s a  larg e role . 
Accordingly, i t seem s tha t fo r biologists , an d fo r other s wh o d o no t inten d t o tak e 
very muc h mathematics , a n attemp t shoul d b e mad e t o giv e familiarit y wit h th e 
binomial coefficient s an d thei r rol e in probability. I n view of the normal erro r curv e 
and th e Poisso n distributio n (bot h o f biologica l significance ) enoug h calculu s t o 
understand e x seem s indicated . T o trea t e x b y algebr a (a s i n Hal l an d Knight ) i s 
appalling. I t i s mos t undesirabl e t o hav e peopl e workin g wit h a  symbo l lik e e  an d 
having n o ide a o f it s meanin g o r derivation . I n Calculus  Made  Easy,  Sylvanu s P . 
Thompson slippe d e  i n ver y earl y an d easily . I t woul d b e goo d i f some such simpl e 
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treatment o f a  limite d par t o f calculu s coul d b e taugh t a s soo n a s a  pupi l ha d a 
grip on the basic ideas of algebra; calculus could the n be used righ t throug h secondar y 
school, fo r instanc e wheneve r a  grap h ha d t o b e sketched . It s idea s woul d thu s 
become very familiar . 

56. Th e abilit y t o rea d scienc e i s o f concer n t o al l citizens , no t merel y t o som e 
employees. Ther e wa s a  scar e recentl y abou t possibl e harmfu l effect s o f radiatio n 
from colou r televisio n sets . Her e a n everyda y questio n involve s tw o profoun d 
scientific topic s —  radiatio n an d Mendelia n genetic s (probabilit y an d binomia l co -
efficients again) . I n th e newspaper s ther e hav e bee n discussion s o f ho w man y part s 
of sulphu r dioxid e pe r millio n part s o f ai r industr y ca n safel y subjec t cit y dweller s 
to; whethe r th e sprea d o f industr y wil l reduc e th e oxyge n conten t o f th e air below 
that necessar y t o sustai n lif e or , more conservatively , whethe r th e increase of carbo n 
dioxide i n th e atmospher e wil l caus e th e pola r cap s t o mel t an d rais e th e sea-leve l 
by 18 0 feet ; th e poisonin g o f animal s an d huma n being s b y th e unwis e us e o f 
pesticides; al l kind s o f unexpecte d an d undesirabl e effect s o f substance s sol d i n 
chemists' shops ; and o f cours e nuclea r fusion . No t al l the fear s ma y b e justified, bu t 
the ver y raisin g o f thes e question s i s a  sympto n o f th e enormou s increas e o f man' s 
power t o interfer e wit h nature . W e are i n th e positio n o f th e sorcerer' s apprentice ; 
we have much mor e powe r than sense . 

57. I t ma y b e though t tha t mos t peopl e ar e incapabl e o f appreciatin g th e 
scientific issue s tha t no w permeate ou r lives . Indeed I  do not believ e that geneticall y 
mankind i s an y mor e intelligen t tha n i t wa s hal f a  millio n year s ago . Bu t under -
standing i s no t a  purel y individua l achievement . Literac y onc e mean t th e abilit y t o 
master severa l thousan d Chines e characters ; to-day i t mean s th e abilit y t o lear n 2 6 
letters an d t o cop e wit h som e odditie s i n Englis h spelling , whil e i n Ghana i t simpl y 
means th e powe r t o maste r a  full y phoneti c alphabet . A n ancien t Gree k neede d 
something lik e geniu s t o recogniz e tha t th e eart h wa s round ; to-da y a  child , to o 
young t o g o t o school , ma y se e o n televisio n a  pictur e o f th e eart h take n fro m 
space, an d gro w u p neve r doubtin g tha t th e eart h i s round. Ther e ar e alway s way s 
to mak e idea s clear ; ou r tas k i s t o fin d them . Earlie r generation s woul d hav e bee n 
astonished a t th e ide a o f ever y chil d learning to read . I t ma y no t b e very lon g befor e 
we take fo r grante d tha t ever y chil d ca n read mathematics . 
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REPORT OF WORKING GROUP A.2. 

Chairman: B . Noonan, Ph.D. (Canada) 

Introduction 
58. Becaus e o f th e grea t variet y o f form s o f curricul a throughou t th e Common -

wealth, fo r teachin g mathematics a t secondar y level , it wa s the opinion o f thi s group 
that it s wor k coul d bes t b e carrie d ou t b y initia l discussio n o f detai l whic h woul d 
lead to the enunciation o f principle s and recommendations whic h would b e represen -
tative o f th e wealt h o f experienc e o f attendin g delegates . Suc h principle s an d 
recommendations coul d the n serv e a s guides , with al l the reliability tha t experience , 
training and considere d opinio n ca n give. 

59. Secondar y educatio n ha s differen t meaning s i n th e variou s countrie s 
represented an d th e effec t of , say , a n externa l examinatio n take n a t th e end o f th e 
third yea r canno t b e ignored . Nevertheless , i t wa s fel t tha t th e difference s resultin g 
from thes e variations were not s o great a s to inhibit a  general discussion . 

The transition from primary schoo l 
60. Th e firs t proble m considere d wa s tha t o f transitio n fro m th e primar y schoo l 

and delegate s discusse d th e knowledg e an d skil l which one would expec t o f entrant s 
to th e secondar y school . It wa s agreed that : 

Any attemp t t o over-loa d th e primar y schoo l syllabus should b e avoided an d that , 
although certai n elementar y skill s wer e essential , th e attitude s wit h whic h th e 
child approaches mathematics were all-important. It wa s stressed tha t examination s 
should concer n themselve s not onl y wit h the acquisition o f skill s but als o with th e 
development o f understandin g an d attitude , particularl y i n those countrie s wher e 
some selection fo r secondar y educatio n ha s to b e made. 

Planning a  new syllabu s 
61. Th e provisio n o f syllabuses in secondary school s was considered. The genera l 

view was that : 

It was desirable that teachers should have considerable freedo m i n deciding syllabu s 
content, althoug h i t woul d b e unrealisti c t o thin k tha t al l teacher s ar e ye t read y 
for thi s responsibility . Th e settin g u p o f Syllabu s Committee s in countries wher e 
they d o no t exist , shoul d b e encouraged . O n thes e committee s teacher s shoul d 
play a  dominan t role , bu t personne l fro m industr y an d Governmen t shoul d b e 
included. I n case s wher e externa l examination s ar e se t fo r oversea s students. , th e 
examining bodie s should b e guided b y local requests. 

Organisation 
62. Th e grou p discusse d schoo l an d classroo m organisatio n an d recommende d 

that: 

76 



(a) Schoo l principals should arrang e timetables to permi t settin g in mathematics . 
Under thi s arrangemen t a  grou p o f classe s i n a  particula r yea r hav e mathe -
matics simultaneously , th e student s bein g assigne d t o classe s accordin g t o 
ability i n mathematics . Thi s arrangemen t allow s a  studen t t o transfe r a t an y 
time during the year t o a  class which accommodates hi s ability . 

(b) Classroo m furnitur e shoul d b e chose n s o a s t o facilitat e grou p workin g an d 
classroom activitie s which are inhibited b y traditiona l patterns . 

(c) Wher e possible , mathematic s teacher s shoul d hav e individua l classroom s t o 
which classe s ma y g o i n turn . Failin g this , a  minimu m requiremen t i s a 
mathematics roo m o r a  laboratory suitabl y equipped . 

The common core 
63. Th e desirabilit y o f providin g a  commo n cor e syllabu s i n th e earl y year s o f 

secondary schoo l was considered. I t wa s agreed that : 

All childre n i n th e firs t fe w year s o f thei r secondar y educatio n shoul d pursu e 
courses wit h a  commo n core . Thos e childre n mor e able in mathematics shoul d b e 
given th e opportunit y t o stud y topic s i n greate r dept h and t o conside r additiona l 
topics. A t th e othe r en d o f thi s abilit y range , topic s shoul d b e treate d i n a more 
informal manner , bu t a t th e sam e time, such childre n shoul d no t b e deprived o f an 
enrichment programme . 
64. Th e followin g principle s fo r th e desig n o f a  mathematic s cours e wer e 

recommended: 

(i) Th e establishment of a natural link with primary schoo l teaching which shoul d 
make the transitio n fro m primar y t o secondar y schoo l as smooth a s possible. 

(ii) I n som e situation s a  practica l approac h involvin g studen t activit y woul d b e 
a usefu l teachin g techniqu e t o use . Teacher s o f mathematic s i n secondar y 
schools shoul d b e familia r wit h an d tak e a n interes t i n primar y schoo l 
methods and encourag e th e continuanc e o f thes e where appropriate . 

(iii) I n secondar y schoo l ther e shoul d b e a shift o f emphasi s to systematisin g an d 
formalising, as well as expanding, the concept s and experience o f th e primar y 
school. 

(iv) T o mak e th e cours e relevan t t o th e Communit y an d it s mathematical need s 
as far a s they ca n be identified . 

(v) Th e schoo l curriculu m shoul d b e integrate d s o tha t th e contributio n o f a 
subject t o eac h o f it s relate d subject s ca n b e use d t o th e bes t advantage e.g . 
the mathematica l concept s necessar y t o physic s should b e co-ordinated wit h 
the physic s programm e and , o n th e othe r hand , aspect s o f physic s whic h 
could serv e t o illuminat e th e nee d fo r mathematica l concept s shoul d b e co-
ordinated wit h the mathematics programme . 

(vi) Proo f o r som e othe r for m o f justification shoul d b e give n fo r al l formulae , 
algorithms and theorem s considered . 
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(vii) I n case s wher e th e child' s forma l educatio n i s t o terminat e afte r 3  years, he 
must leav e schoo l no t onl y wit h a n acceptabl e degre e o f numerac y (i.e . in -
sight int o mathematica l thinkin g i n genera l an d int o al l basi c arithmetica l 
techniques) bu t als o wit h tha t flexibilit y o f min d whic h woul d enabl e hi m 
to apply himsel f t o problem s he wil l meet a s a member o f hi s community . 

The first thre e years 
65. I n considerin g th e need s o f pupil s i n thei r firs t thre e year s o f secondar y 

education n o attemp t wa s mad e t o la y dow n a  syllabu s o r t o sugges t th e orde r i n 
which topic s shoul d b e taught . Th e dept h o f treatmen t o f these items, and th e wa y 
in whic h the y woul d b e introduced woul d vary from countr y t o countr y an d indee d 
from clas s t o clas s o r eve n pupi l to pupil . For example , although al l pupils would b e 
expected t o b e able to solv e linear equations , quadratic equations would b e include d 
only whe n ther e wa s a  clea r need . I n th e opinio n o f th e group, the following topic s 
are those whic h should b e encountered b y al l students . 

Number 
number line , extension t o negative numbers, rationals, irrationals, and real s 
place value, scientific notatio n (e.g . 2.3 8 X 10- 6 ) 
computational aid s (e.g. the slide rule) 
percentage, ratio, approximation an d erro r estimatio n 

Algebra 
variable, function s 
algebraic expressions and operation s 
relations, equivalence relation s 
inequalities, identities, formula e 
equations, solution o f equation s 
graphical representatio n 

Geometry 
area and volume , the theorem o f Pythagora s 

similarity, angle measure and angle properties , 

elementary trigonometr y 

plans and elevation s 

co-ordinate geometry . 
Identity element s an d invers e elements should b e studied i n geometrical as well as 

in numerical and algebrai c contexts . 

Statistics and  Probability 
It was suggested tha t consideratio n o f probabilit y shoul d sprin g from th e pupil' s own 
experiments, an d tha t th e statistic s studie d shoul d b e confine d t o representing dat a 
by means of graphs or tabulation, th e interpretation o f dat a exhibited i n these forms , 
and th e use of th e measures , mean, mode and median . 
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66. Term s suc h a s equivalence relatio n wer e no t expecte d t o b e use d b y pupils , 
or necessarily to b e defined explicitly , bu t nevertheles s the ideas should permeat e th e 
teaching. Fo r example , childre n shoul d realis e th e similarit y betwee n 'i s equa l to ' 
'is paralle l to ' an d 'wa s bor n i n th e sam e yea r as' . 

67. I t mus t b e stresse d tha t thi s skeletal plan mus t b e supported b y a  full enrich -
ment programm e appropriat e t o th e pupil s concerned , fo r example , matrice s migh t 
be studie d no t onl y fo r thei r ow n sak e but als o to increase the pupil' s understandin g 
of suc h item s a s operations , equations , invers e element s an d co-ordinat e geometry ; 
while th e stud y o f transformatio n o r vecto r geometr y would , amongst othe r things , 
greatly increas e a  child' s experienc e o f spatia l relations . Th e grou p fel t tha t th e 
choice o f suc h topics should b e left t o individual countrie s o r teachers . 

Fourth and Fifth Years 
68. Whe n considerin g th e syllabu s fo r th e fourt h an d fift h years , the group pai d 

special attentio n t o the fac t tha t fo r man y student s this would mark th e end o f thei r 
formal educatio n i n mathematics. For suc h students topic s wit h socia l and economi c 
relevance should be given particular consideration . The following topic s were though t 
to b e appropriate : 

(a) Linea r programmin g 
(b) Statistic s u p t o sampl e theor y an d significanc e (includin g project s o f a n 

experimental nature ) 
(c) Co-ordinat e geometr y an d vector s 
(d) Operative s i n system s othe r tha n th e rea l numbers e.g . matrices, geometrica l 

transformations 
(e) Computing , flow charts, programming in some sub-set s of high level language, 

Computer appreciatio n 
(f) Socia l arithmetic e.g . income-tax, hire-purchase etc . 

Sixth and Seventh Years 
69. Th e choic e o f topic s a t thi s leve l shoul d b e sufficientl y wid e t o satisf y th e 

needs of : 

(i) thos e whos e forma l educatio n i n mathematic s wil l terminat e a t th e en d o f 
this stage ; 

(ii) futur e social  an d biologica l scientists ; 
(iii) futur e physica l scientist s an d engineers ; 
(iv) futur e specialist s i n mathematics . 

70. Ther e wa s considerabl e discussio n o f th e conten t o f moder n sixth-for m 
syllabuses. I t wa s agree d tha t som e o f th e principle s whic h shoul d guid e the choic e 
of conten t are : 

(i) th e nee d t o systematis e part s o f mathematics , fo r instance ; co-ordinat e 
geometry, properties o f polynomials , elementary numbe r theory ; 

(ii) th e nee d fo r refinin g th e idea s o f proo f an d th e us e o f axiomati c processe s 
where possible . Fo r example , elementar y abstrac t algebr a ca n b e use d t o 
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justify rigorousl y result s presente d informall y i n th e earlie r grades . O n th e 
other hand , th e introductio n t o th e calculu s shoul d b e based o n an intuitiv e 
approach t o limits ; 

(iii) th e need t o mak e mathematica l model s of physica l situations : i.e . abstractin g 
from a  physical situatio n b y symbolisin g quantitie s and relations , and arrivin g 
at mathematica l conclusion s i n th e mode l whic h ca n be interpreted i n term s 
of th e physica l situation . Such illustrations ar e to b e found i n mechanics an d 
probability; 

(iv) th e nee d t o develo p facilit y i n th e us e o f mathematica l methods . 

71. I t i s recommended tha t student s shoul d be familiar wit h some of the precis e 
language of mathematics , including contemporar y terminolog y relevan t t o the cours e 
they are pursuing . 

PLENARY DISCUSSIO N OF REPORT OF WORKING GROUP A.2 

Survey and Comment s 

72. I n th e organisatio n o f th e Conference , th e Plannin g Committee , whe n 
discussing secondar y educatio n experience d difficult y eve n whe n onl y som e si x 
countries wer e represented . I n th e rang e covere d b y the Conference , th e difficultie s 
were magnifie d i n tha t ther e wa s a  wide r sprea d o f aims , objective s an d degre e o f 
selection fo r secondar y education . I n th e Unite d Kingdom , fo r example , ther e wa s 
secondary educatio n fo r al l pupil s u p t o th e ag e of fiftee n year s (soon t o b e sixteen 
years). Such a non-selective pattern did not apply to most o f th e developing countries , 
but some delegates reported experiences with various versions of secondar y educatio n 
such a s vocationa l schools , secondar y moder n school s an d communit y college s fo r 
some pupil s i n additio n t o th e strictl y academi c school s o f th e "gramma r school " 
type. I n mos t o f the countrie s represented, secondar y educatio n wa s highly selectiv e 
and wa s influence d b y th e requirement s o f a  strictl y academi c Schoo l Certificate , 
GCE "O " o r "A " level , a s th e cas e ma y be . 

73. Evidenc e a s t o th e climat e o f though t an d consequen t actio n wa s give n b y 
delegates from a  number o f the developin g countrie s when they said: -

(i) " I think the kin d o f secondar y educatio n tha t i s given in developing countrie s 
is always geared towards examinations" .. . "I f yo u loo k u p the advertisement s 
you wil l se e tha t a  Schoo l Certificat e i s always require d an d th e childre n in 
the secondar y school s are just aimin g for this" . 

(ii) "Th e 'secondar y modern ' school s answered ou r problems in terms of keepin g 
children of f th e streets , bu t the n th e childre n coul d no t ge t job s afte r 
completing th e course , so these school s are no longer popula r .. . the gramma r 
school stil l holds the suprem e spot" . 

(iii) ".. . w e hav e a  new trad e schoo l for childre n wh o have ended thei r educatio n 
at the age of fourteen. The objective of the trad e schoo l is to provide technica l 
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education to the age of sixtee n year s for th e skille d labour my countr y needs . 
There will be a further developmen t beyond the age of sixtee n in a communit y 
college. Wha t mathematic s i s t o b e taugh t a t thes e tw o place s i s a  bi g 
question". 

(iv) "W e hav e foun d tha t parent s understan d secondar y educatio n t o mea n th e 
traditional for m o f educatio n whic h lead s t o wha t i s sometime s describe d 
as a  "whit e colla r job" . Ther e ar e no t enoug h job s o f thi s kind ; w e nee d 
technicians .. . and s o our Ministe r directe d tha t th e basi c education shoul d b e 
broader b y th e inclusio n o f suc h subject s a s woodwork , metalwork , ar t an d 
music". 

74. Thi s delegat e the n pointe d ou t tha t suc h pupils often wen t o n to a  technica l 
school for vocational training and they were often place d in jobs long before th e end of 
their course . 

75. I n reply to a suggestion tha t an y marked expansio n o f secondar y educatio n a s 
currently practise d i n man y countrie s woul d no t o f necessit y b e a  goo d thing , 
it wa s though t tha t mor e secondar y educatio n o f a  differen t kin d i s necessary bu t 
that th e whol e proble m i s linke d wit h th e question s o f teache r suppl y an d training , 
of resource s fo r educatio n generall y an d th e economi c positio n o f th e countr y 
concerned. 

76. Th e advic e an d recommendation s o f th e report , bein g couche d i n rathe r 
general terms , place s th e dut y o f implementatio n wit h th e countr y concerne d 
according t o it s particula r need s an d problems . No specific attemp t wa s made t o lay 
down a  workin g syllabus , o r t o orde r th e item s listed ; still less to dea l with detaile d 
teaching techniques . Th e outcome s woul d b e differen t i n differen t countries . Suc h 
a possibility o f variety wa s welcomed a s being a desirable thing . 

77. A  common  core  for  the  first  three  years  of  secondary  education  receive d 
considerable support . Delegate s fel t tha t th e commo n cor e outline d i n th e repor t 
could wel l serv e th e purpose s both o f th e academi c pupil s and o f th e remainder wh o 
had no t th e sam e academi c aspiration s —  an d althoug h i t represente d a  desirabl e 
minimum it should be interpreted and enlarged by an enrichment programm e designe d 
to mee t th e needs of th e pupil s concerned . A note o f caution , however, wa s sounded 
when i t wa s pointe d ou t tha t th e crucia l matter wa s the manner in which th e topic s 
were t o b e introduced , discusse d an d handle d i n th e classroom . Th e existenc e o f a 
list o f desirabl e topic s woul d no t o f itsel f ensur e th e interes t an d involvemen t o f 
many o f th e pupils . 

78. An y common core,  since it represents the skeleton of a desirable minimum, ca n 
be criticise d a s unimaginativ e an d lacking in bia s towards the needs of any particula r 
community. The poin t a t issue is surely whethe r o r not suc h a course leads the pupil s 
to a  soun d gras p o f th e basi c idea s an d structure s o f mathematics ; for i t i s on thes e 
that an y vocationall y biasse d addition s ca n b e subsequentl y made . Furthermore , i t 
is thes e basi c ideas , provide d tha t the y hav e bee n suitabl y presented , whic h wil l 
enable th e pupi l t o hav e a  desir e t o continu e learnin g mathematic s an d t o fin d 
pleasure an d profi t i n s o doing . 
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79. Sinc e in many o f the developin g countries , agriculture i n one form o r anothe r 
was a staple industry, the question wa s raised a s to the par t a  mathematical educatio n 
could pla y in these circumstances . Whilst a t presen t man y o f the agricultura l worker s 
were illiterate , o r perhap s wit h a  primar y schoo l educatio n a t most , thi s doe s no t 
lessen th e dut y an d responsibilit y o f th e authorities t o provide thes e worker s with a 
mathematical education . T o quot e a  delegat e ".. . eve n o n a  far m on e mus t kno w 
some elementar y mathematics , on e ha s t o mak e decisions , decision s fo r exampl e as 
to wha t siz e of chicken s to sell" . The speaker claime d tha t a  mathematical educatio n 
contributed t o this , and h e advocated a  continuance o f th e kind o f approach given in 
the Primary Schoo l Repor t Group , as being suitable fo r suc h secondary pupils . 

The limitation s o f a  specifi c "agricultura l mathematics " cours e a t th e secondar y 
level wer e mentioned . Som e countrie s had rejecte d suc h courses on the grounds tha t 
they di d no t provid e fo r thei r growing needs and aspiration s fo r wide r technologica l 
development. Thought s o f suc h a  restricted mathematica l curriculu m di d no t prov e 
acceptable t o th e conference , an d s o further suppor t wa s given to a  "common core" . 

80. Sinc e this Secondary Repor t suggested forms of  specialist  mathematics  rooms, 
and th e Primar y Repor t (A.l ) mad e n o suc h suggestions , th e distinctio n wa s 
questioned. It wa s pointed ou t tha t i n a primary schoo l the usua l pattern wa s for on e 
teacher t o tak e one clas s for al l the time in one place , and tha t i n such circumstance s 
it wa s easie r t o dra w material s fro m a  stor e an d fee d them , possibl y b y a trolley t o 
the require d plac e a t th e require d time . I n a  secondar y schoo l staffe d b y specialis t 
or semi-specialist  mathematicians , th e cas e fo r mathematic s room s o r centre s wa s 
considered a  stronge r one . 

81. Th e recommendation s o f th e Repor t relatin g t o facilitie s fo r mathematic s 
learning foun d genera l acceptance , a s di d th e suggestion s fo r suitabl e approache s t o 
be used , an d pattern s o f schoo l organisatio n though t t o b e appropriate . Sporadi c 
references continued to emphasise "practical approach", "continuing the experimenta l 
work begun in the primary schools " and th e continuance o f science and mathematic s 
being studie d together . Th e philosoph y an d th e approache s foun d i n th e Primar y 
School Repor t shoul d exten d t o th e secondar y school s t o a  greater measur e than a t 
the presen t time . 

82. Th e absence in the Report o f an y reference t o the history of  mathematics  wa s 
deplored b y on e delegate . Th e meetin g fel t tha t a  seriou s stud y o f mathematica l 
history wa s mor e appropriat e t o olde r student s sa y a t a  Teache r Trainin g College ; 
nevertheless a s on e delegat e sai d "perhap s every chil d shoul d b e made aware o f ho w 
mathematics ha d develope d an d i s developing : thi s i s just a  par t o f good teaching" . 
Another delegat e sai d tha t ther e wa s a  dange r o f th e histor y o f mathematic s 
deteriorating int o a  lis t o f name s an d dates , ye t i t wa s importan t t o includ e a  well-
devised cours e becaus e man y peopl e appea r t o believ e tha t th e bod y o f knowledg e 
they acquir e alway s existe d an d tha t the y d o not realis e tha t ther e wer e times whe n 
it di d not exist . 

83. Patterns  of  collaboration  with  industrialists  and  technologists  wer e discusse d 
and served to highlight the necessity in some regions for form s o f secondary educatio n 
other tha n th e strictl y academic . I n th e word s o f a  delegat e "sittin g aroun d a  table 

82 



with a  numbe r o f industrialist s writin g u p a  schoo l syllabu s doe s no t see m t o b e a 
practical proposition" . Whils t thi s wa s agreed , i t wa s fel t tha t th e user s o f mathe -
matics ha d pertinen t view s t o express , an d member s fro m widel y differen t area s 
outlined pattern s o f operatio n whic h ha d been , o r wer e t o be , used . T o tak e som e 
examples:-

(i) I n a n Africa n countr y a  seminar lasting a week or so in which representative s 
of industry an d o f educatio n agree d on desirabl e aims . Having established th e 
objectives, i t wa s lef t t o th e teacher s t o desig n a  syllabu s an d introduce th e 
content int o th e schools . 

(ii) I n a West Indian country a National Council exists for th e contro l o f technica l 
examinations. Thi s wa s state d t o wor k fairl y satisfactoril y a t th e craftsman' s 
level bu t tha t i t wa s beset wit h problems a t th e technician' s level , in that th e 
courses a t tha t leve l tende d t o correspon d wit h GC E "O" and "A " levels . A 
student who successfully passe d these, felt himsel f t o b e a potential universit y 
entrant, an d s o man y o f th e student s joined academi c university course s and 
thus dropped a  technological course . 

(iii) Not e wa s take n o f th e existenc e o f a n Englis h project , Mathematics  in 
Education and  Industry. Thi s project wa s based o n the wor k o f th e Industria l 
Committee of the Mathematical Association: it seeks to effec t liaiso n betwee n 
industry an d educatio n an d t o develo p syllabuse s i n the light o f experience s 
gained. Revise d GC E examinatio n syllabuse s hav e bee n prepared . Furthe r 
information ca n b e obtaine d fro m Th e Mathematica l Association , 2 2 
Bloomsbury Square , London , W.C.I . 

For thos e wishin g t o mak e fulle r stud y o f vocationa l educatio n a  suitable sourc e 
book woul d be: -

Vocational and  Technical  Education  b y Hug h Warren , Unesc o (1967) . Thi s i s a 
comparative stud y o f presen t practic e an d futur e trend s i n te n countrie s (U.S.A. , 
U.S.S.R., an d eigh t Europea n countries) . 

Another for m o f collaboratio n exemplifie d wa s wher e th e representative s o f 
industry cam e into th e school s and college s and becam e par t time instructors in thei r 
particular specialism . I n som e regions , i t was reported, the student s go into industr y 
for thei r practica l training . 

Vocational an d technologica l educatio n wer e importan t growin g point s fo r al l 
countries, bu t n o matte r wha t for m the y take , the y ca n onl y b e base d o n soun d 
mathematical learnin g i n th e primar y an d earl y secondar y years . 

84. The  relationship  between  the  curriculum  and  the  examination  wa s though t 
to b e important . I t wa s stresse d tha t i t wa s necessary tha t th e examinatio n shoul d 
follow th e curriculu m an d not , a s s o ofte n happen s a t present , th e curriculu m b e 
exclusively base d o n a n examinatio n syllabus . Th e settin g u p i n Englan d an d Wales 
of th e School s Counci l fo r Curriculu m an d Examination s wa s instanced a s a signifi -
cant attemp t t o lin k thes e aspect s o f education . "I t make s us, when we think abou t 
curricula, think about examination s and vice versa", said one delegate . 
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Delegates wer e ver y intereste d t o hea r o f th e objective s o f CRED O (Curriculu m 
Renewal an d Educationa l Developmen t Overseas) , particularl y tha t i t sough t t o 
support rathe r tha n t o initiat e curriculu m development . 

85. Th e view was expressed tha t th e rather cautiou s wording of th e Repor t faile d 
generally t o communicat e th e thril l an d sens e o f excitemen t o f thos e teacher s an d 
pupils wh o ar e involve d i n ne w mathematica l developments . Thi s feelin g o f adven -
ture wa s eviden t fro m man y o f th e countrie s whic h ha d made a  start o n a  new line. 
It wa s hope d tha t teacher s an d authoritie s woul d us e th e freedo m offere d b y th e 
report t o experimen t bot h wit h approac h an d wit h content , bearin g i n min d th e 
needs o f thei r countr y an d th e powe r o f mathematic s no t onl y a s an intellectua l 
exercise, bu t als o a s an instrumen t fo r th e genera l educatio n o f th e person . I n thi s 
respect i t i s hope d tha t th e repor t wil l ac t a s a  broa d guide . Th e conten t o f th e 
"common core" , i f treate d suitably , coul d b e regarde d a s th e mean s o f developin g 
in pupil s th e powe r t o discove r an d maste r proble m situation s togethe r wit h th e 
techniques an d skill s arisin g fro m them . A t th e sam e tim e i t forms a  broad basi s on 
which further programme s can be buil t accordin g t o the needs of a  particular countr y 
or o f a  particula r situation . Th e Repor t shoul d no t the n b e take n a s a  polic y o f 
despair, bu t a s an expression o f optimisti c hope capabl e o f realisation . 
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CHAPTER VI 

Assessment o f Children' s Progress , 
and Evaluatio n o f Programmes : 

Purpose an d Metho d 
Lead pape r b y Professor J . Wrigley, B.Sc, M.Ed., Ph.D , 

F.B.Ps.S., University o f Reading , England . 

Introduction 
1. A few years ago it was apparently easy to examine candidate s in mathematics an d 

it seeme d comparativel y simpl e t o evaluat e th e mathematic s curriculum . Twent y 
years ag o a t th e primar y schoo l leve l th e conten t o f th e teachin g wa s confine d t o 
arithmetic an d th e debat e wa s i n term s o f conventiona l testin g o f mechanica l an d 
problem arithmeti c contraste d wit h objective , multiple choic e tests . The latte r coul d 
be demonstrate d t o b e mor e consisten t an d reliabl e tha n th e forme r bu t bot h kind s 
of examinatio n i n mathematic s appeared t o b e more reliable than simila r procedure s 
in othe r subjects , particularl y English . Th e situatio n a t th e secondar y leve l wa s 
equally stable . Ther e wa s a n interestin g an d valuabl e mov e awa y fro m examinin g 
mathematics i n separat e compartment s b y mean s o f paper s i n algebra , geometry , 
arithmetic, an d trigonometr y toward s paper s i n mathematic s a s a  whole . Eve n thi s 
highly desirabl e chang e too k man y year s t o com e t o ful l fruitio n i n conservativ e 
England. A t th e eightee n yea r ol d leve l eve n les s chang e too k plac e unti l ver y 
recently. 

2. The situatio n toda y i n Englan d i s somewha t differen t an d wil l becom e eve n 
more comple x i n th e year s ahead. Three development s have taken plac e recently, al l 
in m y judgemen t desirable , bu t al l calculate d t o mak e th e proble m o f examination , 
assessment, an d evaluatio n mor e complex . The firs t i s the developmen t o f new way s 
of examining which place much more emphasi s on th e assessment o f course wor k an d 
the opinio n o f th e teacher . I n Englan d thes e developments have taken plac e aroun d 
the ne w examinatio n take n a t th e ag e o f sixtee n years , the Certificate o f Secondar y 
Education (C.S.E.) . The change has come wit h regard t o al l subjects, bu t mathematic s 
has bee n a t th e forefron t i n th e variou s experiment s whic h hav e take n place . Th e 
second i s th e developmen t o f ne w way s o f learnin g an d teachin g whic h hav e com e 
into existence in the primar y school s and which , before long , will begin t o sprea d up -
wards t o th e secondar y schools . The tren d i s towards the abolition o f rigid streamin g 
by abilit y an d th e formin g o f classe s o f widel y varyin g capability , particularl y i n 
mathematics. Efficien t clas s teachin g i s almost impossible in such circumstances and 
the goo d teache r i s force d t o conside r th e formatio n o f smal l group s withi n th e 
larger class , and eve n th e adoptio n o f individualise d learnin g b y mean s o f piece s of 
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work set for pupils to wor k o n thei r own . Although I  say tha t th e teache r is forced t o 
adopt thes e method s thi s doe s no t mea n tha t ther e ar e no t goo d pedagogica l an d 
psychological reason s fo r adoptin g more active ways of learning . There are , and the y 
are well demonstrated in Curriculum Bulleti n No.1 , 'Mathematics in Primary Schools ' 
(1965 H.M.S.O.) . 

3. The thir d tren d i s th e developmen t o f ne w conten t a t bot h th e primar y an d 
secondary levels . A t th e primar y leve l w e ar e n o longe r conten t t o teac h th e ol d 
arithmetic; mathematic s ha s take n it s place . Sometime s thi s mathematic s take s a 
quite traditiona l form , suc h a s simpl e geometr y an d trigonometry , o r th e us e o f 
graphical methods ; sometime s th e chang e i s more radica l i n term s o f sets , transfor -
mation geometr y etc . Particularl y i n ou r primar y schools , th e developmen t o f ne w 
mathematics an d ne w teachin g and learnin g procedures are often combine d togethe r 
in such a way tha t thei r effect s canno t b e separated. In the secondary schools , so far , 
the chang e ha s been , i n th e mai n bu t no t entirely , toward s ne w content . W e have 
now, i n England , wel l establishe d ne w course s i n mathematics , th e School s Mathe -
matics Project, the Midlands Mathematics Experiment , th e Mathematics in Educatio n 
and Industry etc . A real breakthrough i n examining came when the S.M.P . persuade d 
the G.C.E . examinin g board s t o examin e it s wor k i n it s ow n terms . Ther e wa s n o 
questions of examining the pupils who had followed a  new course b y the examination s 
set fo r traditiona l courses . I t seem s obviou s enoug h no w bu t a t th e tim e i t wa s a 
considerable ste p forward . Mor e an d more specia l courses , in many othe r subject s as 
well a s i n mathematics , ar e bein g develope d an d ar e bein g examine d i n thei r ow n 
right by specia l papers . 

4. All thes e development s lea d t o considerabl e problem s i n examinatio n an d 
evaluation. Although the examination o f candidate s and th e evaluatio n o f curriculu m 
are ofte n considere d a s separat e problem s a  littl e consideratio n readil y show s tha t 
they ar e inextricabl y interwoven . A n examinatio n firs t differentiate s betwee n th e 
candidates an d the n fixe s a  genera l standar d o f achievement . I f w e ar e examinin g 
pupils wh o hav e bee n taugh t t o a  new and radically differen t syllabu s it is compara -
tively eas y t o grad e th e pupil s i n a n orde r o f meri t (th e firs t functio n o f a n 
examination) bu t i t i s muc h mor e difficul t t o mak e judgement s abou t standards . 
Questions o f comparabilit y wit h th e ol d standard s arise ; sometimes they ca n hardl y 
be immediatel y answered . A s soo n a s w e mak e statement s abou t standard s w e ar e 
also evaluatin g th e curriculu m a s wel l a s th e teaching and th e pupils . So our presen t 
task wit h regar d t o examination , assessmen t an d evaluatio n i s a t onc e bot h mor e 
interesting an d mor e difficul t tha n i t use d t o be . An d i n th e immediat e futur e th e 
difficulties ar e likely t o increase rather tha n b e resolved . 

Examinations 
5. For a  lon g tim e i n th e Unite d Kingdo m examination s o f a  conventiona l kin d 

have playe d a n importan t rol e i n ensurin g th e maintenanc e an d enhancemen t o f 
standards an d i n providin g a n externa l measurin g rod whic h coul d b e seen t o b e fai r 
to all candidates from whateve r strata o f societ y the y came . The examinations a t 11+ , 
16, and 1 8 have al l played a n important par t i n the democratisatio n o f societ y an d in 
making i t possibl e fo r al l childre n i n ou r countr y t o hav e opportunit y fo r advance -
ment. Th e fac t tha t w e now know tha t th e opportunitie s have never been equa l does 
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not alte r th e fac t tha t externa l examination s hav e playe d a n importan t par t i n 
encouraging socia l mobility . Th e troubl e wit h mos t examination s i s tha t w e as k o f 
them to o much . W e expec t the m t o differentiat e betwee n candidates , t o provid e 
evidence of standards, to ac t a s guides to good teaching , and t o provide incentives fo r 
both pupil s an d teachers . W e expect the m t o predic t futur e performanc e a s wel l as 
to certif y tha t a  candidate ha s completed satisfactoril y a  course o f recognised study . 
Add t o al l thi s th e fac t tha t w e examine candidate s in their tens of thousands and i t 
is not surprising that we run into difficulties . Ideally , we should separat e thes e various 
functions, askin g ourselve s exactl y wha t w e ai m t o do , and desig n instrument s t o 
carry ou t ou r aims . But we are rarely abl e to d o this . 

6. The mos t interestin g developmen t i n th e real m o f examinin g in recent year s in 
England an d Wale s i s th e adven t o f th e C.S.E . I t wa s se t u p a  fe w year s ag o t o 
provide a n examinatio n suitabl e t o th e needs of pupil s in our secondary school s who 
were no t i n th e to p abilit y groups . I t wa s designe d roughl y fo r pupil s betwee n th e 
80th an d 40t h percentil e o f th e abilit y grouping . Thu s i t wa s o f a  lowe r standar d 
than th e G.C.E . Ordinar y leve l an d intende d t o sui t averag e childre n an d above . I t 
was to tak e the place of a  number o f external examination s whic h had bee n take n b y 
these pupil s an d whic h ha d becom e rathe r remot e fro m th e need s o f th e pupil s i n 
school. To ensure that th e new examination wa s relevant teacher s were put i n contro l 
of al l th e importan t committee s an d fourtee n C.S.E . Boards were se t up throughou t 
the country. The philosophy of C.S.E. is that teacher s and examiner s should coincide , 
should often b e the same people, that a  teacher know s best the capabilit y an d calibr e 
of hi s ow n pupil s bu t tha t h e need s th e hel p an d guidanc e o f externa l examiner s in 
the fina l determinatio n o f nationa l standards . Fo r man y subjects , an d fo r pupil s of 
average abilit y i t wa s clea r tha t conventiona l method s o f examinatio n wer e n o 
longer adequate so the C.S.E. was designed s o that i t coul d b e taken in three differen t 
ways o r modes . Mod e I  i s a  conventiona l externa l examination , Mod e I I i s a n 
examination se t externall y o n a  syllabu s designe d b y th e pupil s ow n schoo l an d 
teacher, Mod e II I i s a n interna l examinatio n externall y moderated . Th e latte r i s a 
means b y whic h a n enterprisin g teache r ca n examin e hi s ow n wor k an d hi s ow n 
syllabus i n th e wa y h e think s bes t withi n hi s ow n class,  thoug h o f cours e h e i s 
subject t o th e check s o f a n externa l moderator . Th e C.S.E . Boar d ha s th e fina l res-
ponsibility o f makin g sur e tha t wor k unde r Mod e II I i s comparabl e i n scope and in 
standard wit h work under eithe r Mode I  or Mode II . 

7. The developmen t o f Mod e II I examination s wit h th e associate d tren d t o con -
tinuous assessmen t an d th e evaluatio n o f cours e an d projec t wor k ha s bee n uneve n 
throughout th e countr y an d ha s depende d upo n th e polic y o f th e individua l 
examining boards . Certai n subject s o f th e curriculu m suc h a s rura l studies , hom e 
economics, musi c seeme d t o cr y ou t fo r th e imaginative use of Mode III procedures , 
but a  simila r developmen t ha s take n plac e i n th e mor e traditiona l an d academi c 
subjects, an d mathematic s ha s bee n on e o f these . I n particular , thos e teacher s wh o 
have bee n quic k t o se e th e valu e o f ne w conten t i n mathematic s and/o r th e open -
ended wa y o f teachin g hav e wante d t o experimen t wit h Mod e III . The intention o f 
many o f thes e peopl e ha s bee n t o tr y t o reproduce , albei t a t a  lower level , the kin d 
of activit y o f a  professiona l mathematician . Thi s demand s projec t work , essay-typ e 
questions, open-ende d situations , an d a  whol e ne w styl e o f teaching , learnin g an d 
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examining. Th e numbe r o f thes e avant-garde  teachers is not necessaril y larg e but i t is 
growing. Th e problem s raise d fo r th e moderato r i n such a situation ar e considerable . 
How i s he to make sur e tha t standard s have been maintained , tha t th e subjec t taugh t 
is stil l recognisabl y mathematics ? M y ow n vie w i s that give n tac t an d understandin g 
a reasonabl e assessmen t an d evaluatio n ca n tak e place . Th e teache r mus t b e truste d 
to asses s hi s ow n pupil s t o a  larg e exten t especiall y a s regard s a n orde r o f meri t 
within the class. But the moderato r migh t expect , even wit h the most esoteri c subjec t 
matter and the mos t fre e an d eas y learnin g situations , that o n som e aspects of mathe -
matics traditional questions could be asked abou t certai n ke y aspect s of mathematics . 
It i s eviden t thoug h tha t thi s kin d o f compromis e doe s no t completel y solv e th e 
problem o f comparabilit y —  th e trustworthines s o f th e teache r an d th e wisdo m o f 
the moderato r ar e essential element s in the situation . 

8. I have bee n discussin g rathe r extrem e examples . The new ideas of teacher s and 
examiners comin g together , i n on e person , o f ratificatio n o f progres s rathe r tha n 
external examination, of continuous assessment rather than a once-and-for-all externa l 
examination, of th e assessment o f cours e and projec t wor k are present t o a  greater o r 
lesser exten t i n al l th e thre e Mode s o f examinatio n an d i n al l th e C.S.E . Boards . 
Similar procedure s hav e bee n adopte d i n Colleg e o f Educatio n examination s fo r a 
long time . I t remain s t o b e see n whethe r a  simila r movemen t wil l tak e plac e i n th e 
universities an d a t th e Advance d leve l o f G.C.E . A  system o f interna l examinations , 
continuous assessment , projec t work , open-book typ e examinations has not ye t bee n 
extensively trie d ou t i n highl y competitiv e situations . Wit h mos t o f thes e way s o f 
examining th e interactio n betwee n teache r an d pupi l become s rathe r obvious . I n 
examining a  dissertatio n o r a  lon g essa y th e influenc e o f th e tuto r o n th e wor k i s 
considerable an d i t i s sometime s difficul t t o kno w ho w t o allo w fo r thi s t o giv e a 
'fair' assessment . Th e fac t tha t a  simila r situatio n exist s i n an externa l conventiona l 
examination (anyon e wh o ha s examine d larg e number s o f mathematic s script s a t 
G.C.E. 'A ' and 'O'  level s will know tha t h e is examining school s and teacher s as much 
as candidates) doe s not mea n tha t w e have a solution t o the problem . 

9. The kin d o f developmen t i n examinin g tha t I  hav e bee n tryin g t o describ e i s 
comparatively sophisticated . It takes the risk of bringing in the teache r a s an examiner , 
it admit s openl y th e possibilit y o f bias . I t woul d perhap s hav e bee n a n impossibl e 
development 5 0 years ago in the Unite d Kingdom , it is still difficul t t o accomplish i n 
a highl y competitiv e situation . Suc h method s wil l flourish  bes t i n a  syste m whic h 
provides expandin g opportunitie s fo r educatio n wher e th e effect s o f failur e ca n b e 
retrieved a t a  late r date . I t i s an interestin g questio n a s t o whethe r a  simila r move -
ment i s suitabl e fo r under-develope d an d emergin g countries . Sinc e thes e new way s 
of examinin g (a t thei r best ) lea d t o mor e relevan t an d les s artificia l teachin g an d 
learning perhap s the y ar e al l th e mor e essential . Bu t the y deman d wel l qualifie d 
teachers wh o kno w exactl y wher e the y ar e goin g an d wha t the y ar e doing . The ex-
ternal Londo n G.C.E . (an d eve n degre e examinations ) se t a  standard fo r th e whol e 
Commonwealth, bu t sometime s at the expense o f som e unreality. Perhaps a  compro-
mise i s necessary . Par t o f th e examinatio n i n mathematic s coul d b e a  conventiona l 
two o r thre e hou r writte n paper ; thi s woul d tak e car e o f th e essential s and provid e 
an externa l yardstick . Par t coul d b e a n assessmen t o f cours e work , and open-ende d 
examination —  thi s would encourag e rea l mathematics i n our schools . 

88 



The Psychometric movemen t 
10. Examination s an d test s ar e bot h form s o f assessment . Ye t i n Englan d ther e 

has bee n unti l recentl y a  shar p divisio n betwee n th e two . Objective multipl e choic e 
tests hav e bee n viewe d wit h suspicio n b y man y o f th e peopl e wh o operat e ou r 
examination system . Ther e ar e tw o mai n reason s fo r thi s suspicio n —  firs t tha t 
objective testin g b y mean s o f on e wor d answer s canno t eve r be an adequate for m o f 
assessment an d secon d tha t eve n i f th e multipl e choic e activit y wer e efficien t a s a 
test procedur e th e backwas h effec t o n th e teachin g woul d b e almos t wholl y bad . 
Memories o f th e coachin g fo r th e eleven plus examinations di e hard i n England. The 
first reaso n fo r suspicio n i s i n m y vie w no t wel l founded . Goo d objectiv e test s ca n 
examine eve n hig h leve l mode s o f thinkin g efficiently . Th e secon d reaso n i s muc h 
more soundl y base d —  unti l th e competitiv e elemen t i n ou r examinations i s reduced 
the backwas h effec t o f an y examinatio n wil l b e considerabl e —  if we are to make i t 
beneficial w e ma y hav e t o continu e wit h th e kin d o f interestin g innovation s I  have 
described i n th e las t section . Th e pressur e o f examinin g large numbers o f pupil s will 
force u s i n on e o f tw o direction s —  eithe r toward s mor e teache r an d school-base d 
assessments o r toward s mor e multipl e choic e test s which ca n be scored b y machine . 
The examinin g board s i n Englan d ar e beginnin g t o experimen t wit h objectiv e test s 
both i n the C.S.E . and G.C.E . sectors . 

11. Althoug h m y persona l vie w i s incline d toward s th e developmen t o f mor e 
school base d examination s ye t ther e ar e some interesting development s in the realm 
of multiple choice examinations. In mathematics on e of th e mos t interesting ha s been 
with regard t o 'multi-facet ' test s as opposed t o multiple-choice ones . The idea is full y 
described i n Examination s Bulletin s No. 2 an d No. 7 -  Th e Certificate o f Secondar y 
Education : Experimental Examinations - Mathematic s - Mathematics  (Bulletin  No.  2) 
H.M.S.O. 1964 . Mathematics 2  (Bulletin No.  7)  H.M.S.O. 1965 . The normal multipl e 
choice situatio n set s a  candidat e th e tas k o f selectin g a  correc t answe r o r answer s 
from among the alternatives offered. Suc h tests derive only on e question fro m a  given 
situation and therefore cal l for only one independent decision . It is however frequentl y 
possible t o conside r th e sam e mathematica l situatio n fro m a  variety o f facet s an d 
consequently t o requir e fro m i t a  variety o f decisions . In exploiting thi s multi-face t 
idea statement s wer e phrase d s o tha t som e wer e tru e an d som e wer e fals e an d th e 
candidates wer e require d t o decid e th e trut h o r falsenes s o f eac h statemen t mad e 
about eac h situation . 

Two examples wil l make th e method clear: -

(1) I f a  he n 

(A) 
A 

B 

C 

D 

E 

True 

x 

x 

False 

x 

x 

x 
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(2) C and S  are concentri c circle s with 
radii 3  cm and 5  cm 

(A) Th e area o f C is o f th e area 
of S 

(B) Th e circumferenc e o f S  is o f th e 

A 

B 

C 

D 

E 

True 

X 

X 

False 

X 

X 

X 

circumference o f C 

(C) Th e circumference o f C < twic e th e 
diameter o f S 

(D) Al l tangents to S  are chords o f C 

(E) An y chor d o f S  which i s tangent 
to C is 8 cm long. 

12. Th e decisio n makin g situatio n combine d wit h th e obviou s mathematica l 
quality o f th e tes t describe d i n th e Examinatio n Bulletin s le d t o th e metho d bein g 
adopted quit e widel y i n England i n the C.S.E. examinations . One of the criticism s of 
the metho d wa s tha t ther e wa s a  guessing elemen t involve d i n True-Fals e answers . 
These criticism s wer e no t entirel y me t b y scoring the results of th e tes t b y means of 
a formul a involvin g Right-Wron g answers . Howeve r th e True/Fals e elemen t i n th e 
multi-facet situatio n i s no t essentia l —  multi-face t question s coul d jus t a s easil y b e 
phrased in such a way as to require the answers to be found and stated in a conventional 
way. For exampl e (fro m Examination s Bulleti n No.7): -

(1) Situation  Yo u are given the followin g information : 
Answer 

(A) Plac e a , b, c, d, e, f, i n orde r o f size , the 
greatest firs t 

(B) Fin d th e value of ( c — a) — ( e — c ) 
(C) I s the averag e value o f b , d, and f  equal to , 

greater tha n o r less than th e average value 
of d  and f ? 

o 

(D) Ho w great i s the differenc e betwee n - an d 
(E) Wha t is the value of th e produc t abd ? 

13. Psychometri c techniques have been develope d fo r measurin g the performanc e 
of item s i n tests . Goo d test s ar e trie d ou t befor e actua l us e an d ite m statistic s 
calculated. Measure s o f ite m difficult y an d ite m discriminatio n enabl e th e tes t con -
structor t o construc t test s whic h ar e technicall y efficien t i n tha t the y discriminat e 
between candidate s an d the y ar e reasonabl y reliabl e an d consistent . Providin g th e 
test constructo r als o consider s carefull y hi s aims and objectives , prepares a blueprin t 
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which make s sur e tha t hi s aim s ar e realise d throug h a n adequat e samplin g o f th e 
course o f instruction , a  thoroughl y efficien t tes t ca n b e constructed . I t i s howeve r 
very importan t t o kee p i n th e forefron t o f one' s min d th e ai m o f th e test . I f i t i s 
required t o differentiat e betwee n candidate s ove r a  larg e rang e o f abilit y the n eac h 
item shoul d discriminat e —  i n a  shor t tes t w e canno t affor d th e luxur y o f item s 
which al l candidates either answer correctl y o r incorrectly. Hence the concern o f th e 
test constructor s fo r ite m statistics . Bu t no t al l tests , an d certainl y no t al l examin -
ations, ar e o f thi s kind . A teacher may need t o use a test t o se e whether wha t he has 
taught ha s bee n understoo d an d assimilated . I n particular , ther e wil l b e certain ke y 
things i n an y mathematic s syllabu s whic h mus t b e understoo d an d certai n ke y 
operations whic h mus t b e performe d automaticall y an d accurately . I n th e stress on 
teaching fo r understandin g th e nee d fo r automati c an d accurat e respons e i s some-
times forgotten . I n testin g fo r suc h qualitie s w e want a  completely correc t respons e 
from al l our pupils. We are thus quite conten t t o have items which d o not discriminat e 
and d o no t hav e any incorrect answers . In this situation, whic h ough t t o be commo n 
in teaching, item statistics are almost irrelevent . Similarly i n curriculum evaluatio n w e 
may b e intereste d t o kno w whethe r o r no t th e childre n hav e understoo d ke y 
concepts. Her e w e ma y nee d item s whic h measur e understanding o f these concepts . 
The item s assemble d fo r thi s purpos e ma y b e o f th e kin d i n whic h th e respons e i s 
either correc t o r incorrec t an d a  whol e tes t coul d b e constructed s o that somethin g 
like a  90 % correct respons e i s required i f th e teachin g an d learnin g situation ca n be 
considered satisfactory . Simila r consideration s appl y i n programme d learning . Th e 
moral o f al l thi s i s tha t th e whol e apparatu s an d theor y o f menta l testin g mus t b e 
looked a t carefull y an d th e aim s o f th e tes t o r th e examinatio n mus t neve r b e for -
gotten. 

Curriculum Evaluation 
14. Quit e th e mos t difficul t tas k o f thos e o f u s intereste d i n assessmen t an d 

evaluation i s t o evolv e way s o f evaluatin g ne w curricula . Whateve r th e problem s 
involved i n testin g an d examinin g childre n i n traditiona l situation s ther e i s a  vas t 
store o f soun d theor y an d good practic e whic h has been buil t up over the years . But 
the questio n o f ho w t o evaluat e a  ne w curriculu m ha s hardl y bee n tackle d a s yet . 
Indeed som e o f ou r mos t inspire d curriculu m developer s see m unabl e t o accept th e 
need fo r evaluatio n excep t i n a  ver y roug h an d read y fashion . Th e patter n o f 
curriculum developmen t i n both th e Unite d State s and the United Kingdo m ove r th e 
past decade has been one of acts of fait h an d tria l and error . This has been particularl y 
so i n mathematic s an d science . Men an d wome n o f abilit y an d visio n hav e becom e 
increasingly dissatisfie d wit h th e conten t o f traditiona l mathematic s bot h a s regards 
its intrinsi c mathematica l valu e i n thi s moder n ag e an d fo r it s impac t i n term s o f 
relevance, interes t an d difficult y o n th e pupil s i n ou r schools . The y hav e ha d a n 
unshakeable belief tha t ne w conten t shoul d b e introduced, and they hav e gone ahead 
and experimented with it. Sometimes the most interestin g new ideas and new conten t 
have bee n suggeste d b y professiona l mathematician s wit h littl e experienc e i n th e 
classroom. In Great Britai n however w e have avoided th e unreality whic h might ste m 
from a  lac k o f practica l experience o f childre n b y organising elaborate and extensiv e 
trials o f th e ne w material s an d th e ne w method s i n school . W e have brough t i n t o 
the development s man y teacher s an d man y school s an d mad e sur e b y feed-bac k 
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procedures tha t th e lesson s learne d wer e used t o modify th e new materials . W e have 
used a  system o f tria l and erro r tha t i s in itself a  kind o f curriculu m evaluatio n whic h 
should no t b e despise d o r under-valued. Nevertheless we certainly nee d t o go a good 
deal further . Curriculu m developmen t project s cos t mone y an d w e nee d t o kno w 
whether the money has been well spent an d ho w t o spen d ou r money mor e efficientl y 
on th e nex t project . Mor e importantl y though , children' s live s and experience s ar e 
affected b y wha t the y learn ; how ca n w e b e sur e tha t th e ne w curricul a ar e worth -
while? S o fa r w e hav e hire d th e bes t me n availabl e an d give n the m tria l an d erro r 
apparatus to make sure that the y ca n chec k thei r hunches and thei r practices . Can we 
do more ? 

15. Th e conventiona l answe r t o thi s questio n i s a s follows . Th e aim s an d ob -
jectives o f a  ne w developmen t i n curriculu m shoul d b e se t out , firs t i n genera l an d 
then i n particular . Th e specifi c objective s whic h follo w fro m th e general aims should 
be abl e t o b e interprete d i n term s o f behaviour . "Down with non-behavioural objec -
tives" i s a  sloga n whic h ha s bee n see n o n bot h side s o f th e Atlantic . Onc e th e 
behavioural change s ar e know n tes t situation s can be devised t o measure the change . 
Thus the success of the curriculum in terms of th e developer s own aims and objective s 
can b e measured . I t i s the n a  separat e issue , bes t don e independently , t o evaluat e 
the intrinsi c valu e o f th e origina l intentio n o f th e projec t a s a  whole . Suc h a  pro -
gramme fo r curriculu m evaluatio n i s logica l —  i t migh t see m quit e appropriat e i n a 
subject suc h a s mathematics. It i s however highly unpopula r wit h many teacher s an d 
with man y creativ e curriculu m constructors . I t ha s rarel y bee n carrie d ou t i n it s 
entirety. Th e reaso n fo r th e oppositio n i s two-fold . First , th e mos t creativ e mind s 
simply d o no t wor k i n thi s logical, analytical fashion . I f othe r minds are set t o work 
alongside th e creativ e developer s tension s immediatel y form . Second , th e logica l 
process o f analysi s see m t o exclud e a  numbe r o f importan t intangibl e thing s whic h 
people fee l t o b e importan t —  th e flai r o f th e teacher , th e hunc h o f th e developer , 
the interes t o f th e chil d -  goo d teachin g jus t doe s no t wor k i n th e logica l wa y 
suggested above . 

16. I n Britai n th e bes t w e hav e bee n abl e t o d o so far i s to develo p a  distinction 
between on-goin g an d fina l evaluation . We are beginning to attach t o any curriculu m 
development tea m a n individua l whos e rol e i s t o as k pertinen t question s o f hi s 
colleagues, to get them t o clarif y thei r aims and objectives , t o organis e tests of pupil s 
understanding an d o f change s i n behaviour , an d t o mak e sur e tha t th e feed-bac k o f 
information derive d fro m trial s is efficient, adequate , and acted upon . Ideally suc h a 
man woul d b e skilled in measurement technique s and sympatheti c t o th e aims of th e 
project. Ideall y th e tensio n whic h migh t develo p betwee n th e evaluato r an d th e 
developer woul d b e health y —  thi s is most likel y t o occu r whe n th e individuals wor k 
closely together . 

17. W e have mad e les s progres s wit h large-scal e independen t evaluation . Fo r th e 
Nuffield Ordinar y leve l G.C.E . Scienc e developmen t a  research projec t ha s been se t 
up t o produc e instruments t o measure th e knowledge and ability o f pupil s in scienc e 
at th e appropriat e level . Suc h instruments , chiefl y i n th e for m o f objectiv e tests , 
have bee n designe d t o measur e performanc e i n scienc e o f pupil s wh o hav e bee n 
subjected t o bot h traditiona l an d ne w scienc e schemes . I t i s in this connection tha t 
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the differen t kind s o f tes t constructio n mentione d previousl y ca n be employed. Th e 
tests wil l no t b e use d t o simpl y differentiat e children' s ability , nor wil l they b e used 
to compar e tota l scor e o n th e tes t betwee n groups . Wha t wil l b e importan t i s th e 
pattern o f score s obtaine d fo r differin g section s o f th e tes t —  both i n term s o f 
content an d i n term s o f understandin g o f concepts . Th e instruments , whe n finall y 
constructed, coul d b e use d as part o f a  national evaluation o f scienc e teachin g in th e 
country. 

18. Tw o othe r development s ar e wort h mentioning . Fo r th e Nuffiel d Primar y 
Mathematics Projec t th e assistanc e o f th e Institu t de s Science s d e l'Educatio n a t 
Geneva usin g Piaget-typ e tes t situation s ha s bee n enlisted . A  serie s of "Chec k Ups " 
have bee n designe d speciall y fo r th e project . Th e intentio n i s t o tes t th e pupi l 
individually in a reasonably well-structure d an d standardise d situatio n t o se e if he has 
really understoo d a  particula r concept . Th e check-up s ar e no t test s an d ther e i s n o 
question o f 'right ' o r 'wrong ' marking . The y ar e give n t o th e childre n a s an d whe n 
the teache r feel s th e nee d t o kno w ho w fa r thei r thinkin g ha s progressed . Th e 
methods follo w th e usua l Piage t situatio n an d contribut e a n interestin g exampl e o f 
curriculum evaluation . Nevertheles s the y canno t b e regarded a s an independent fina l 
evaluation designed to see if th e projec t i s carrying ou t it s aims and objectives . Rathe r 
they hel p th e on-goin g evaluatio n an d provid e evidenc e o f satisfactor y progres s o n 
the par t o f th e children . 

19. Som e people in Britai n ar e worried in case the 'Check-ups' , like examination s 
and test s before them , should b e abused. One hears stories of th e check-u p situation s 
being mistake n fo r th e teachin g and learnin g situation . The teache r coul d b e conten t 
to teac h simpl y fo r succes s i n th e check-u p situation . Bu t anything ca n be abused — 
the pressure on check-ups should surel y no t b e particularly sever e in a primary schoo l 
situation i n whic h th e competitiv e elemen t i n mathematic s i s les s tha n i t ha s eve r 
been before . An d th e procedur e remain s a  mos t interestin g an d promisin g develop -
ment in evaluating the success of teaching and learning in an intrinsic and fundamenta l 
way via the master y o f concepts . 

Conclusion 
20. Th e underlyin g them e o f thi s pape r i s tha t examinations , tests , assessments, 

and th e evaluatio n o f curricul a ar e al l inter-related . I n assessin g an d examinin g 
children we are t o som e exten t evaluatin g ou r curricula , new and old , and w e are also 
measuring ou r succes s as teachers. Traditional an d modern mathematic s exis t sid e by 
side —  indeed al l sensible peopl e are already synthesisin g th e two . For ou r traditiona l 
procedures w e had almos t forgotte n th e need t o evaluate thei r intrinsi c worth , rathe r 
taking i t fo r granted . W e ha d simpl y examine d children , relyin g o n accumulate d 
wisdom t o se t ou r standards . I n th e ne w situatio n th e tw o task s loo m larg e o n ou r 
horizon. Ou r proble m i s complicate d b y a  doubl e chang e —  firs t i n term s o f ne w 
content and second in the developmen t o f differen t mode s o f learning . Examinations , 
both externa l and internal , stil l have an important par t t o play in the maintenance o f 
standards, i n th e guidanc e o f teachers , perhaps in acting a s incentives for pupils , and 
for qualifyin g an d selectio n purposes . Th e bes t examination s i n th e futur e wil l be a 
compromise betwee n th e 'teac h and test ' procedures which al l good teacher s need t o 
employ, an d th e externa l check s whic h ar e stil l necessary . Th e ne w examination s 
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must no t b e allowe d t o inhibi t th e mos t enterprisin g teachin g an d the y mus t allo w 
intrinsic goo d teachin g o f al l tha t i s bes t i n mathematic s t o tak e place . The bes t 
psychometric procedure s shoul d b e adopted t o make the examination a s reliable and 
valid as possible. 

21. Similarly , i n term s o f curriculu m evaluatio n w e ar e onl y a t th e beginnin g of 
inventing ne w procedures . Althoug h w e shoul d strive  t o mak e ou r evaluation s a s 
scientific as possible we must also recognise the meri t o f rough and ready procedures . 
It ma y b e tha t w e could emplo y a  whole serie s of measures to determin e th e succes s 
of ou r work , som e o f whic h a t firs t sigh t hav e onl y a  tangentia l relationship t o ou r 
work. Fo r example , measure s o f truancy , lateness , disobedience , proportio n o f 
children stayin g a t school , increasing (o r decreasing ) numbers studying mathematics , 
threatening statement s i n th e classroom , delinquency , number s o f book s rea d etc . 
etc. Al l thes e coul d b e quantified ; take n together , wit h additions , th e su m tota l 
could add up to a  kind o f evaluation . 

22. Th e tensio n betwee n examiners , testers, and evaluators on the one hand wit h 
inspired teacher s an d dedicate d curriculu m developer s o n th e othe r i s perhap s 
inevitable. Wha t w e nee d ar e inspired examiner s and imaginative evaluator s and suc h 
people are in shor t supply . The most hopefu l lon g term solutio n t o ou r problem i s to 
make th e teacher s an d th e tester s coincid e i n th e sam e people , an d t o similarl y 
combine th e developer s an d th e evaluator s i f no t int o th e sam e peopl e a t leas t int o 
the same team o f people . 

23. I n mathematics , w e hav e no w ha d a  good ru n fo r th e developmen t o f ne w 
content an d ne w way s o f learning . Muc h remain s t o b e don e i n term s of extendin g 
the idea s an d th e method s t o mor e pupil s an d mor e teachers . And muc h remains in 
rationalising, analysing, and sifting th e bes t in the new. In doin g just thi s we examine, 
assess and evaluate . We must tak e car e not t o become arid in the process . 

REPORT OF WORKING GROUP B.1 

Chairman: Mr. Victor Matthews (Barbados ) 

Introduction 
24. Teacher s o f mathematic s ar e challenge d t o hav e highe r aims . Refinement o f 

aims affects th e methods both o f teachin g and o f assessment . 

25. I t i s importan t tha t ever y "uni t o f teaching " shoul d hav e a n aim . I t i s 
appreciated tha t i n a  programm e o f experimentatio n th e aim s ca n b e revise d as the 
children discove r unexpecte d patterns , relationship s etc . However , childre n ma y b e 
involved i n a  grea t dea l o f activity , ye t i t doe s no t necessaril y follo w tha t the y ar e 
learning any mathematics . 

26. Whateve r th e programme , i t i s indeed importan t fo r th e teache r t o asses s the 
progress o f th e pupils . Th e children' s knowledge and skill s must b e tested fro m tim e 
to time . Thei r individua l potentia l an d attitude s shoul d a s fa r a s possibl e be ascer-
tained. 
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The Classroom 
27. Th e teacher' s checks or tests should help him t o avoid wastin g his own o r th e 

pupils' time . H e mus t tr y t o ensur e tha t th e chil d i s ready t o go on t o the nex t ste p 
or to a  new experience . 

28. Frequen t informa l assessmen t o n th e par t o f th e teache r ma y be one wa y of 
cutting dow n o n to o muc h forma l assessment . However , fro m tim e t o tim e th e 
evaluation mus t b e both searchin g and objective . 

29. Opportunit y should be provided fo r eac h pupi l to measure up to somethin g — 
the objectiv e i s fo r eac h pupi l to achieve as much as he is able. One should tak e int o 
account al l aspect s o f th e situatio n e.g . th e tota l performanc e o f th e pupi l i n th e 
school's overal l curriculum . 

30. A  goo d teacher-pupi l relationshi p i s importan t i n assessmen t s o tha t th e 
interest an d progres s of th e individual pupi l may no t b e impeded . 

31. Ther e shoul d b e a continuing evaluatio n o f al l pupils and programmes . 

Tests and Checks 
32. W e should rel y o n th e expertis e an d knowledge o f th e Piaget Schoo l as their 

ideas ar e relevan t t o th e proble m o f tryin g t o evaluat e th e leve l o f a  pupil' s under -
standing. Th e check s use d i n th e Nuffiel d Projec t ar e usefu l i n thi s context . Thes e 
will howeve r hav e t o b e adapte d fo r us e i n othe r countries . I n particular the y mus t 
be based  o n a  good leve l of understanding o f the language used betwee n teache r an d 
pupil. Th e introduction o f Piaget-typ e testin g should b e gradual. Confidence i n using 
these method s wil l var y accordin g t o th e individual . In-servic e trainin g o f teacher s 
should includ e testin g procedures . Th e developmen t o f th e us e o f suc h check s i n a 
school coul d b e helped b y a  teaming of teachers . 

33. W e hav e advocate d a  continuou s evaluatio n o f pupils . Thi s evaluatio n wil l 
include verba l an d writte n test s som e o f whic h ma y b e competitive . However , a 
pupil i s to o ofte n evaluate d o n a  poo r fina l pape r hi s earl y enthusias m o r inter -
mediate better performanc e gainin g him no credit . Comments on course work shoul d 
be recorde d an d no t jus t th e marks gained in tests . Work done on a  unit o r a projec t 
should b e noted . 

34. Easil y teste d topic s or repetition o f experiences which are easy t o creat e lead 
to boredom. This could caus e an apparent fallin g of f i n the child' s performance . 

35. Parent s may b e worried abou t th e value of new approaches in the teaching of 
young children . Th e school , throug h suc h organisation s a s Parent-Teache r associ -
ations, shoul d hel p parent s t o understand moder n method s and th e attitudes o f new 
programmes. Experiences a t home and schoo l can be complementary . 

Selection 
36. Som e for m o f selectio n o f pupil s o n th e basi s o f examinatio n exist s i n al l 

countries. Som e countrie s have been able to postpon e thi s type o f selection unti l th e 
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end o f th e Secondar y Schoo l Course . I n mos t developin g countries , howeve r ther e 
are limite d facilitie s fo r secondar y education . Appreciatin g th e nee d t o encourag e 
social mobility these countries have to select pupils for secondary level, usually at 11+ . 

37. Th e typ e o f examinatio n use d fo r selectio n varie s according t o th e country' s 
needs. B y an d large , however , the y ar e externally se t although ther e ar e examples in 
some countrie s o f teachers ' control in the desig n and conten t o f thes e examinations . 
The prevalent tendenc y i s to use standardised test s capable o f bein g machine-scored . 

38. Ther e i s no doub t tha t suc h examination s hav e considerabl e influenc e upo n 
the teachin g i n th e schools . It i s most desirabl e tha t teacher s and externa l examiner s 
should wor k togethe r i n devising the conten t an d metho d o f suc h examinations . 

39. I t i s desirabl e tha t teachers ' opinio n shoul d b e considere d an d tha t a  verbal 
test suite d t o th e particula r countr y b e used along with the mathematica l test . 

Purpose and Method 
40. Th e Grou p considere d th e variou s purpose s an d method s o f testing . Tim e 

was spen t rankin g th e suitabilit y o f variou s type s o f test s fo r servin g differen t 
objectives. 

Specially considere d wer e the followin g purposes : 
Diagnosis, Selection an d Prediction , 
Motivation, Qualification an d Spee d 

and th e following type s of tes t o r assessment : 
Multiple-Choice, Multi-Facet, Oral Formal , 
Traditional, Practical, Open ended , Course Work , 
Open Book , Teacher Opinion . 

Examples of examinations whic h require test s for qualificatio n ar e those fo r whic h 
a certificate i s awarded (e.g . G.C.E.). The Group considere d tha t type s of testin g pre-
ferred fo r selectio n wer e not th e sam e as those preferred fo r 'motivating' . 

41. Ther e was consensus that : 
Teachers shoul d mak e us e o f a  wid e variet y o f type s of test s or tes t item s 
in assessin g thei r student s an d tha t wher e teacher s ar e abl e i t i s desirabl e 
that teache r opinio n b e give n hig h ratin g i n th e externa l assessmen t o f 
students for achievemen t o r selection . 

42. I t was reiterated time and again that it was important t o have in-service courses 
for teacher s an d tha t suc h course s shoul d pa y regar d t o problem s o f assessment . 
Enthusiasm alon e is not enough . 

Secondary Leve l 
43. Th e type s o f test s use d i n the new programmes a t Secondar y leve l were con-

sidered an d th e tren d t o involve a multiple-choice tes t wa s noted. 

44. I t wa s fel t tha t th e multi-face t typ e o f questio n woul d hel p to cove r a  good 
deal of ground and thinkin g bu t tha t ideall y examinations shoul d no t b e of on e form . 
The majority fel t tha t ther e mus t b e a  time limi t o n al l written tests . The C.S.E. type 
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of examinatio n i n Britai n wa s favourabl y considere d an d i t wa s fel t tha t teacher -
involvement shoul d b e encourage d i n examination s wit h simila r objective s i n othe r 
countries. 

45. A  delegat e fro m on e countr y describe d a n examinatio n syste m u p t o th e 
Matriculation leve l i n on e Stat e whic h depende d almos t entirel y o n interna l assess -
ment. Thi s wa s regarde d a s highl y desirabl e bu t i t wa s recognise d tha t fo r man y 
countries i t wa s a s ye t a n impossibl e ideal . Throughou t thi s country scholarship s t o 
enable pupil s t o complet e thei r secondar y educatio n wer e awarded o n th e result s of 
an examinatio n involvin g a  pape r o n Quantitative Thinkin g with consideratio n give n 
to schoo l assessment . 

46. Th e involvemen t o f Cours e Wor k i n assessmen t wa s considere d mos t appro -
priate in a  stable situation . 

Evaluation of New Programmes and Curricula 
47. W e are challenge d t o ensur e tha t ne w curricul a ar e satisfactory . Th e expens e 

of developmen t project s an d mor e importantly welfar e o f th e childre n involved mus t 
be considered . Th e grou p concerne d wit h th e assessmen t an d evaluatio n o f Ne w 
Programmes submitte d tha t 'New ' and 'Old ' Programmes cannot b e easily compared . 
The objective s ar e different . Eac h programm e ca n howeve r b e assesse d i n term s o f 
its own specifi c objectives . 

48. I f teacher s in the classroom s are involved i n developing and plannin g the new 
programme, other teacher s will be more confiden t i n adopting it . 

49. Teache r opinio n i s o f prim e importance . Th e nee d t o evaluat e continuall y 
and t o modif y wher e necessar y canno t b e to o highl y stressed . Th e opinion s o f 
teachers wil l nee d t o b e supplemented b y test s and examination s from tim e t o time . 
These test s mus t b e carefull y devise d and i t i s necessary tha t teacher s and evaluator s 
should clearl y understan d ho w to proceed . 

50. I n certai n project s centra l school s ma y b e carefull y chose n t o tak e som e of 
the tests . There are examples o f thi s kind o f evaluation o n both side s of th e Atlantic . 
Standards ca n b e checke d b y a  tes t includin g item s based  o n mathematica l conten t 
common t o bot h programme s i n conjunctio n wit h som e kin d o f independen t para -
meter suc h a s a n intelligenc e tes t o r a  pape r o n quantitiv e thinking . Check s mad e 
in projec t school s an d contro l school s hav e als o attempte d t o compar e th e leve l o f 
pupils' interest an d th e attitudes o f teachers . 

Conclusion 
51. I t i s importan t tha t a n understandin g o f mathematica l languag e be properl y 

assessed especiall y wit h young children . 

52. Continuou s evaluation by the teacher is of th e utmos t importanc e an d record s 
should b e kept . No t onl y wil l thi s hel p th e teache r t o asses s th e pupil s bu t als o t o 
assess hi s own procedures . 

53. Th e value of trying to ascertain th e level of understanding o f pupil s cannot b e 
underestimated. Piaget-typ e check s should b e given to pupil s when th e teacher need s 
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to know how far thei r thinking has progressed. Other form s o f evaluation , formal an d 
informal, must stil l be applied. Traditional type test s with marking schemes awardin g 
marks fo r metho d an d accurac y ar e stil l considere d appropriat e fo r testin g achieve-
ment althoug h i t i s doubtfu l ho w the y affec t motivation . W e recommen d tha t 
teachers use a variety o f test s in assessing their students . 

54. Overal l aims , a s wel l a s aim s within stage s of a  programme, should b e clearl y 
stated an d th e programm e o r projec t ca n the n b e evaluated i n terms of thos e objec -
tives. A sharing of opinions about an d compariso n o f result s from simila r programme s 
in differen t countrie s i s t o b e encouraged . A  col d assessmen t o f ne w programme s 
must b e done a t som e time . 

55. I n countrie s wher e a  selectiv e or an achievement tes t is necessary, such a test 
should includ e multiple-choice , multi-facet , an d traditiona l type s o f items . Wher e 
possible, cours e wor k an d practica l test s should also be included. Where teachers are 
able, i t i s desirabl e tha t teache r opinio n b e give n hig h ratin g i n th e assessmen t o f 
students. 

56. Wher e a  qualifyin g o r selectiv e tes t ha s t o b e se t externall y w e hav e recom-
mended that teachers should be involved as much as is possible in devising the conten t 
and metho d o f examination . I t i s encouraging t o not e tha t CRED O ha s offere d t o 
assist countrie s in problems of examinatio n fo r selection . 

57. Finall y it is desirable that ther e b e a further sharin g of expertis e and literatur e 
about assessmen t an d evaluatio n betwee n countrie s of th e Commonwealth . 

PLENARY DISCUSSIO N OF REPORT OF WORKING GROUP B.1 

Survey and Comment s 

58. Discussio n centred around the statement in Paragraph 2 5 "I t i s important tha t 
every uni t o f teachin g shoul d hav e a n aim" . Som e delegate s questione d th e desira -
bility o f thi s statemen t an d wer e particularl y anxiou s to know wha t wa s implied b y 
the wor d 'unit' . I t wa s accepte d tha t i n th e plannin g of a  series of lesson s in mathe-
matics aim s an d objective s shoul d b e bot h clea r an d explicit . Bu t fo r a n individua l 
isolated lesso n i t wa s important t o retain th e freedom o f th e teache r t o be adaptabl e 
and flexible . Delegate s wer e reminde d o f th e discussio n o n thi s matte r i n Professo r 
Wrigley's lea d pape r wher e th e poin t i s made tha t goo d teacher s d o no t necessaril y 
work i n a  completel y logica l manner ; the y d o no t alway s procee d fro m aim s an d 
objectives t o consequen t behavioura l change s and thei r subsequen t evaluation . 

59. I t wa s fel t b y som e delegate s tha t th e firs t statemen t i n Paragrap h 3 2 con -
cerning th e us e o f Piaget-typ e check s i n th e teachin g o f mathematic s wa s rathe r 
strong. It was pointed ou t tha t th e Geneva schoo l o f Psychology ha d it s critics as well 
as it s supporters . The general feeling o f th e delegate s was perhaps represented b y th e 
later part of the paragraph. The use of Piaget-type testin g in the Nuffield Mathematic s 
Project ha d bee n a  bol d experiment , wa s stil l controversial , bu t th e metho d ha d 
certainly prove d useful . Suc h methods , i f use d i n othe r situation s an d i n othe r 
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countries, shoul d certainl y b e introduce d gradually , wit h caution , an d wit h a  ful l 
understanding b y teacher s which would probabl y onl y com e with in-service training . 
Otherwise ther e woul d b e many dangers . 

60. Ther e wa s a n interestin g an d importan t discussio n o n Selection . I t wa s firs t 
noted tha t i n designin g selectio n procedure s thos e responsibl e shoul d hav e clea r 
objectives i n min d whe n the y ar e devisin g conten t an d method . I t wa s furthe r fel t 
that th e phras e in Paragraph 3 8 "Ther e i s no doubt tha t suc h examinations hav e con-
siderable influenc e upo n th e teachin g i n th e schools " wa s a n under-statement . 
Delegates wer e reminde d o f th e discussio n whic h followe d th e lea d pape r whe n i n 
addition t o th e usua l concept s o f reliabilit y an d validit y a  ne w idea was introduced 
by th e wor d beneficence.  B y thi s was meant al l the possible good an d ba d effect s o f 
an extraneou s natur e whic h follo w fro m an y importan t examination . Th e backwas h 
effects o n teachin g i n school s whic h follo w fro m a  selectio n examinatio n shoul d 
never b e ignored . A s a  resul t i t i s important t o include questions of intrinsic mathe-
matical value in the selectio n test . 

61. Ther e was some confusion a s to wha t wa s meant i n the report b y a verbal tes t 
and th e situatio n wa s clarifie d b y a  delegat e fro m Trinidad . H e pointe d ou t tha t 
selection materia l i n hi s countr y ha d bee n importe d fro m Grea t Britain . Among th e 
tests used wa s a verbal reasoning test . Psychologically thi s had bee n attacked becaus e 
it wa s fel t tha t th e languag e o f test s constructe d an d standardise d i n on e countr y 
might no t b e suite d t o th e cultur e patter n o f anothe r country . S o the report mean t 
that th e verba l tes t (writte n no t oral ) shoul d b e on e whic h wa s suited , no t t o th e 
country i n whic h i t wa s manufactured an d standardise d bu t t o th e country i n which 
it was to b e administered . 

62. A n interestin g discussio n develope d aroun d th e recommendatio n i n Para -
graph 4 6 tha t "ideall y examination s shoul d no t b e o f on e form " an d i n Paragrap h 
55 tha t test s "shoul d includ e multiple-choice , multi-face t an d traditiona l type s o f 
items". Thes e recommendation s ha d bee n mad e becaus e th e workin g grou p ha d 
recognised th e importanc e o f firs t decidin g o n th e function o f th e tes t befor e de -
ciding on the type o f test . In some situations o f a  qualifying kin d item s and question s 
which coul d b e answere d b y nearl y al l candidate s wer e appropriate . Bu t i n highl y 
selective situation s wher e discriminatio n amongs t th e bes t candidate s wa s neede d 
then difficul t item s wer e needed . Consideration s o f beneficenc e an d good backwas h 
effects als o suggested tha t a  variety o f forms o f tes t wer e needed s o that th e teachin g 
would no t becom e stereotyped . Thes e argument s were not accepte d b y al l delegate s 
in th e plenar y session . I n particula r th e implie d criticis m o f th e possible over-use of 
multiple choic e test s wa s no t accepte d b y a  Canadia n delegat e wh o said "Ther e ar e 
those i n m y countr y wh o woul d strongl y disagre e wit h tha t statemen t an d amon g 
those I  would numbe r myself" . 

99 



CHAPTER VI I 

Teachers: Selection ; Initia l an d 
Subsequent Trainin g 

Lead Paper by Mr . D.A. Perera, B.Sc.,  Dip.Ed., M.Ed. , 
Ministry o f Educatio n an d Cultura l Affairs , 

Colombo, Ceylon . 

Introductory comment s including the delineation of the concept of training 
1. The wor d "training " is used no t onl y in such contexts as "teacher training " bu t 

also i n othe r context s suc h a s "trainin g o f doctor s an d engineers " o n th e on e hand 
and "training of semi-skilled craftmen" on the other. In many o f these situation s ther e 
is a  period o f training , very often i n special institutions. A person completin g a  period 
of trainin g successfull y i s believe d t o b e capabl e o f operatin g a t higher levels of th e 
cognitive, psychomotor and affective domain s with an enhanced stor e of knowledge 1. 
It is also believed tha t thi s development canno t b e adequately an d economicall y don e 
otherwise. I f i t wer e no t s o ther e i s no justification fo r specia l institutional arrange -
ments providin g period s o f training . Henc e "training " a s use d above , implie s th e 
existence, at any given point o f time , of level s of achievement wit h respec t t o a  body 
of knowledg e tha t th e traine e i s to attain , ove r a period o f time spen t a t a n institut e 
set up fo r th e purpose . 

2. Training ' ha s another connotatio n a s the following excerp t indicates . 

...Training suggest s th e acquisitio n o f appropriat e habit s o f respons e i n a  limite d 
situation. I t lack s the wider cognitiv e implications o f 'education' 2. 

3. The phras e "teache r education " whic h i s currentl y use d seem s to indicate tha t 
'teaching' i s no t a  routinise d serie s o f response s calle d fort h b y 'limite d situations' . 
A teache r dealin g wit h a  se t o f pupil s i s i n a  comple x an d variabl e situation . Bu t 
nevertheless ther e ma y b e man y commo n element s in a changing and comple x situa -
tion a s t o warran t th e assumptio n tha t som e o f th e skill s a  teacher i s to achieve are 
nothing more than the executio n o f "appropriat e habit s of response" . 

4. One metho d o f examinin g th e validit y o f th e abov e assumptio n i s t o analys e 
the tas k o r functio n o f th e teacher . Thi s woul d als o help in identifying th e body o f 
knowledge an d the relevant level s of achievement tha t th e novice is to attain . 

A framewor k t o vie w th e mai n processe s performe d b y th e teache r i n a  cycle o f 
teaching 

5. In considerin g th e tas k o f a  teache r on e must conside r the syste m in which th e 
teacher operates . T o fai l t o d o so is to ignore a factor whic h exerts a very, significant 
influence o n th e teacher . Henc e a  comprehensiv e framewor k shoul d permi t th e 
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recognition o f th e fac t tha t a  teache r (o f th e kin d tha t i s the concern o f thi s paper ) 
is on e elemen t o f a n educatio n system . Anothe r facto r tha t ha s t o b e considered i s 
that a  teacher , t o perfor m hi s major tas k o f teaching , may hav e to perform ancillar y 
roles within th e syste m whic h are differen t fro m hi s major role . 

6. I t is not claime d tha t th e framewor k abou t t o be described i s either an ideal on e 
or eve n a n origina l one . Th e attemp t i s t o combin e on e framework 3 whic h permit s 
the task of the teacher to be viewed fro m a  wide stand-point an d anothe r framework 4 

which permit s th e teacher' s majo r rol e t o b e analyse d wit h greate r specificit y an d 
concreteness. 

7. The framewor k tha t i s presented postulate s tha t th e personne l involve d i n a n 
education syste m operate s a t differen t level s bu t tha t i n eac h leve l th e 'processes ' 
which take place are essentially th e same 5. 

8. The differen t level s are named a s follows : 

Level I 
Level II 
Level II I 
Level IV 
Level V 

Teacher —  Pupi l Leve l 
The Principal —  Teacher Leve l 
The Field Supervisor y Staf f —  Principal Leve l 
Directorate —  Fiel d Supervisor y Staf f Leve l 
Ministry -  Directorat e Level 6 

9. I t wil l b e notice d tha t th e personne l involve d i n th e abov e schem e operat e a t 
two differen t level s excep t fo r 'Pupils ' an d 'Ministry' . Th e teacher' s major rol e is at 
Level I . I n Alies ' word s thi s is , "th e basi c leve l o f operation , an d th e mos t funda -
mental one in relation t o th e educationa l system...Al l th e levels justify thei r existenc e 
only i n s o fa r a s the y suppor t an d activel y stimulat e Leve l I 7 t o operat e wit h 
adequacy". 

10. Th e leader at Level I is the teacher and his field o f operatio n i s the 'classroom' . 
The teache r participate s a t Leve l II but no t a s a leader. At Leve l II the teacher i s but 
one elemen t o f a  se t o f teacher s whic h ma y includ e th e hea d o f th e schoo l as well. 
Therefore th e teache r shoul d no t onl y b e an effective leade r a t on e leve l but als o an 
effective participan t a t another . A  consciou s awarenes s o f hi s rol e i s more likely t o 
lead t o an adequate performance . 

11. I t wil l b e observe d tha t differen t socia l units are the concer n a t the differen t 
Levels. A t Level s IV and V  the thinkin g must b e not i n terms of the particular pupil s 
that individua l teacher s hav e t o thin k of , bu t i n terms of much large r unit s such as a 
nation's children . A t Level s I  an d I I o n th e othe r han d a  particula r se t o f pupils , 
a particula r se t o f teacher s an d a  particula r communit y ar e th e mai n concern . A n 
advantage o f th e framewor k tha t i s being discussed i s that i t permits a consideratio n 
of the particula r withou t losin g sight o f the large r groups . 

12. I t wa s state d earlie r tha t a t eac h leve l essentiall y th e sam e 'processes ' wer e 
performed. Alle s presents them a s follows : 

"In thi s analysis it i s postulated that : 
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(i) Notwithstandin g th e differenc e i n th e level s an d th e natur e o f th e assign -
ment, at each of these level s the major "uni t processes" used to order mean s 
to end s remain essentiall y th e same . 

(ii) Th e majo r "uni t process " tha t ma y b e sai d t o operat e a t eac h o f thes e 
levels ma y b e describe d briefl y b y the followin g terms : 
1. Decision-making 
2. Plannin g 
3. Communication an d Executio n 
4. Assistance, guidance an d supervisio n 
5. Evaluation an d assessmen t 
Ideally thes e majo r uni t processe s may be considered a s quite distinc t an d 
separate; an d ma y b e assume d t o occu r cyclically . I n practic e thi s i s no t 
always the case and it is not always that they are followed in this sequence" 8 

In th e remainde r o f thi s pape r i t wil l b e assume d tha t th e title s o f th e 'uni t 
processes' ar e self-explanator y an d henc e n o attemp t wil l be made to describ e the m 
further. 

Specific components  of  the  teacher's  task 
13. Th e concept of a teacher performing th e processes Decision-making; Planning; 

Communication an d Execution ; Assistance , Guidanc e an d Supervision ; Evaluatio n 
and Assessmen t woul d b e mor e usefu l i f w e could give some answer to the questio n 
"Decision-making an d plannin g abou t what?" , othe r tha n t o say , "Decision-makin g 
and plannin g about teaching" . 

14. Teachin g i s a  ter m wit h a  very wid e connotation . Th e ver y environmen t i s 
sometimes suppose d 't o teach' . Th e concer n o f thi s sectio n o f th e paper i s with th e 
teaching a t Leve l I . Bu t th e relationshi p betwee n a  teache r an d a  pupi l ma y b e o f 
many differen t kinds . T o isolat e th e relationshi p tha t i s under stud y th e followin g 
definition advocate d b y Herber t i s adopted. 

"...An instructiona l relationshi p exist s whe n teacher an d studen t ar e in communi -
cation abou t subjec t matter" 9. 

15. Thoug h thi s definitio n limit s th e possibl e relationship s i t include s suc h 
instances a s a student doin g his assignments a t home. In such a  situation, th e studen t 
and teacher are in communication about subject matter 10. Bu t i t i s generally regarde d 
that i n suc h situations , th e teache r i s no t givin g a  lesso n t o th e student . Accordin g 
to Herbert a further conditio n is necessary fo r a n instructional relationshi p t o becom e 
a lesson . Th e conditio n ca n b e interprete d onl y in terms of wha t h e call s th e essen-
tial components o f a  lesson. 

"... Si x suc h component s see m t o mak e u p th e lesson : subjec t matter , th e for m 
of the subject matter , th e for m o f the lesson , the media o f the lesson , the groupin g 
and locatio n o f student s an d teacher , an d th e influenc e technique s th e teache r 
uses"11. 
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The conditio n fo r a n instructiona l relationshi p t o becom e a  lesso n i s state d as : 
"A lesson  occurs  whenever  there  is  an  instructional  relationship  between  students 
and a teacher who  controls  all  six essential  components'' 12. 

Subject matter 
16. Herber t make s a  distinctio n betwee n subjec t matte r an d subject . "Th e sub -

ject matte r o f a  lesso n i s wha t i s being taugh t throug h th e givin g o f th e lesson" 13 . 
What i s bein g taugh t ca n relat e t o man y differen t subjects . I t i s assumed  tha t i n 
planning a  lesson , th e teache r i s taking step s t o teach a  small portion o f a  particula r 
subject an d fo r tha t purpos e select s suitabl e subject-matter . I n othe r words , i t i s 
assumed tha t a  teache r plannin g a  mathematic s lesso n ha s th e intention o f teachin g 
mathematics although in the course o f executing tha t plan , he may for exampl e teac h 
art, language , values, etc. 

Subject matter  form 
17. "Subjec t matte r for m i s th e orderin g o r shapin g o f subjec t matter" 14. I t i s 

the for m i n whic h the subjec t matte r i s presented t o the pupils . Consider the subjec t 
matter topi c 'th e su m o f the magnitudes of the interior angle s of a  triangle'. Som e of 
the differen t form s i n which i t coul d b e presented t o student s are as follows : 

(a) Stat e th e property . 
(b) Deduc e the property usin g the chal k board t o present th e argument . 
(c) Dra w differen t triangle s on the chalk board , measure th e angles and stat e th e 

property a s a reasonable generalisation . 
(d) Wit h suitable questions and explanations get students to deduc e the property . 
(e) Wit h suitabl e question s an d explanations get students to obtai n th e propert y 

inductively. 

The question ca n be for differen t purpose s such as getting pupils to recal l previous 
learnings, to refine a  definition, t o rephrase an answer, to predict , etc . Subject matte r 
form i s (alon g wit h som e o f th e othe r components ) a  par t o f wha t i s generall y 
called th e teachin g method . I t attempt s t o isolate , fo r analytica l purposes , th e 
character o f tha t communicatio n whic h the existence o f an instructional relationshi p 
pre-supposes. 

Lesson form 
18. Lesso n for m i s tha t componen t o f a  lesso n whic h i s concerne d wit h th e 

direction i n whic h th e communicatio n o f subjec t matte r take s place . Thi s too , i s 
an aspect that would normally have been considere d unde r teaching method. "Lesso n 
form differ s from subjec t matter form in that it relates to the ordering of the behaviou r 
of thos e wh o ar e i n communication , rathe r tha n to the orderin g of the matter t o be 
communicated"15. Herber t postulate s thre e type s o f lesso n form s a t the firs t stage , 
each o f whic h i s furthe r subdivide d a t tw o othe r stage s resultin g i n seventee n 
different lesso n forms . A t th e firs t stag e the differentiatio n i s in terms of the person s 
contributing th e subjec t matter . Al l thos e lesson s wer e the flow of subjec t matte r i s 
unidirectional fro m teache r t o student s belong to on e category calle d Type 1 . At th e 
other extrem e ar e th e lesson s (calle d Typ e 3 ) wher e th e communicatio n o f subjec t 
matter i s betwee n student s wit h n o over t communicatio n wit h th e teacher , a s fo r 
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example whe n a  group o f student s discus s a suitable scal e for a  graph. Betwee n thes e 
two extreme s i s the othe r categor y (calle d Type 2) , where both studen t an d teache r 
modify subjec t matter 16. Withi n (say ) a  forty minut e perio d ther e coul d b e al l three 
types of lesso n form s repeate d perhap s many times . 

Media 
19. Thes e refe r t o th e resource s use d t o communicate . Th e voic e i s perhaps th e 

medium most frequently use d by teachers. Others such as books, charts , models, clay , 
projectors, chal k board , sprin g quickl y t o th e mind . Th e bodil y movement s o f 
teachers and pupils, the equipment used by a science teacher, the tests used b y teacher s 
are also used t o communicat e subjec t matter . 

Grouping and location 
20. "Locatio n refer s t o th e distributio n an d physica l movemen t o f teacher s and 

pupils i n th e settin g i n whic h a  lesso n i s carrie d on . Groupin g refer s t o th e puttin g 
into effec t o f criteri a b y whic h student s o f a  lesson are classified fo r participatio n i n 
the lesson" 17. Teacher s ma y no t hav e a  wide choice o f 'th e settin g in which a  lesson 
is carried on'. For most of the yea r the settin g may b e the same classroom. Bu t withi n 
the physica l spac e ther e ar e man y possibl e choice s fo r th e locatio n o f teacher s and 
students and th e groupin g o f students . 

Influence Techniques 
21. Thes e are the technique s (par t o f teaching method) whic h enable a  teacher t o 

maintain hi s leadershi p rol e whic h implie s maintaining contro l ove r the component s 
of the lesson. A possible se t o f categorie s fo r influenc e technique s are "cues , selectio n 
of components , an d technique s whic h ar e externa l t o th e components" 18. Cue s are 
the mean s b y whic h th e teache r let s the student s know o f impending changes in th e 
flow o f th e lesson . A  cu e ma y b e verba l suc h a s "Ca n yo u remember...? " o r i t may 
be non-verba l suc h a s a  signa l t o ge t the textbook s opened . Herber t refer s t o cue s as 
follows: 

"By suc h mean s student s lear n wha t i s coming , wha t t o expect , an d wha t wil l be 
expected o f them . I n tur n th e student s develo p a  languag e whic h give s feedbac k 
to th e teacher . Togethe r teache r an d student s creat e an d maintai n a n orderl y 
situation i n which the teacher may contro l th e component s o f th e lesson" 19. 

Control o f the component s o f th e lesson gives the teache r anothe r se t o f influenc e 
techniques. Ne w media may b e introduced, th e grouping may b e altered an d perhap s 
even th e subjec t matter . Th e thir d categor y o f influenc e technique s includ e suc h 
items as "threats, praise, promises, traditions, personal relations , competition, exhor -
tation, class-roo m opinion , routines , rule s o f th e classroo m o r school , an d explici t 
commands"20. 

An examinatio n o f th e teacher' s tas k usin g th e abov e framewor k wit h a  vie w t o 
obtaining some guide-lines for teacher education and selection 

22. I t i s propose d t o us e th e followin g frame-wor k fo r a n analysis of a  teacher' s 
task. 
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A Teachers'  Task 

Decision-Making and  Planning 
23. Decision-makin g implie s th e freedo m t o selec t on e o r mor e ou t o f a  given 

number o f choices . It i s worthwhile reflecting o n the exten t t o whic h a teacher in an 
education syste m i s free . B y virtu e o f th e fac t tha t h e i s a  teache r a t a  particula r 
school man y decision s are already mad e fo r him . In general, he wil l be teaching in an 
allotted curriculu m area , t o a  give n se t o f pupils , a t an d fo r predetermine d times , 
within a given locality. In certain situations his decision-making spher e may b e furthe r 
circumscribed by the provision o f approve d syllabuse s of instruction , cours e outlines , 
curriculum guides , textbooks , etc . Clearl y th e spher e o f decision-makin g ma y var y 
from teache r t o teache r i n th e sam e school , fro m schoo l t o schoo l o r fro m schoo l 
system t o schoo l system . I n th e tas k o f teache r educatio n on e aspec t tha t ha s to be 
considered i s how fa r th e teachers are free t o d o decision-making . 

24. Ho w fre e shoul d a  teache r b e t o mak e decision s abou t subjec t matter ? I s 
there suc h a  thin g a s complet e freedo m t o selec t subjec t matter ? I t wil l be recalled 
that the teache r i s only on e o f th e human element s involved in the education system . 
In particula r ther e ar e other s functionin g a t Level s I I t o V . Al l ar e engage d i n exe -
cuting, within the resources available to th e system , the policy enunciated a t Leve l V. 
If w e believ e wit h Peter s that , "  'Education ' involve s essentiall y processe s whic h 
intentionally transmi t wha t i s valuable..."21 the n i t ha s t o b e concede d tha t ther e 
must b e som e concensu s as to "wha t i s valuable". Selectin g subject matte r i s making 
a decisio n a s to wha t i s valuable. Hence if individual teachers are left completel y fre e 
to choos e th e subjec t matte r ther e ma y b e littl e agreemen t a s t o wha t i s valuable . 
National aspiration s reflecte d i n polic y decision s a t Leve l V  ma y no t b e guiding, as 
they should , th e actions of those a t Leve l I. 
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25. O n th e othe r han d i t wil l be agreed tha t complet e restriction , i n the sense of 
stipulating th e subjec t matte r fo r ever y lesso n tha t th e teache r ha s t o give , i s no t 
practicable. Teacher s hav e t o b e give n som e guide-line s a s t o wha t subjec t matte r i s 
appropriate. A s state d earlie r thes e guide-line s tak e a  variety o f form s suc h as sylla-
buses, textbooks , handbook s base d o n th e texts , scheme s o f work fo r teachers , etc. 
In th e Ceylo n situatio n i t ha s bee n decide d tha t examinatio n syllabuse s ar e no t 
specific-enough guide-line s even so far as subject matte r i s concerned. Thes e syllabuse s 
have bee n supplemente d wit h wha t ar e calle d detaile d scheme s of work and furthe r 
exemplified b y pupi l text s base d o n th e scheme s o f work . I t ma y b e that fo r othe r 
countries th e leve l o f detai l i n th e scheme s o f wor k ma y no t b e required. Whateve r 
the leve l o f detai l tha t i s regarded a s being appropriate, on e criterion the guide-line s 
should satisf y i s tha t the y shoul d indicat e to the teacher-education institutes , withi n 
the determined limit s of practicability an d desirability , wha t subjec t matte r ha s to be 
handled b y teacher s onc e the y complet e thei r initia l training . Thi s no t onl y doe s 
not impl y tha t th e subjec t matte r i s unvarying but implie s a continuing effor t bein g 
made to examine it s suitability . 

26. Th e subjec t matte r identifie d b y th e guide-line s i s on e o f th e factor s t o b e 
considered i n selectin g novices . Is the subjec t matte r suc h that novice s require a  firs t 
degree i n mathematic s a s a  pre-requisite? Fo r many countries , so stringent a  require-
ment ma y indicat e tha t i n selectin g th e subjec t matte r adequat e attentio n ha s no t 
been pai d t o th e availabl e huma n resources . Thi s i s no t t o sugges t tha t th e mathe -
matical knowledg e o f th e poo l fro m whic h recruitmen t ca n b e mad e i s th e uppe r 
limit of the content of a  school mathematics curriculum . The minimum mathematica l 
background tha t ca n b e stipulate d depend s amon g othe r factor s o n th e amoun t o f 
time available in the teache r education programm e fo r teachin g mathematics . 

27. Wit h respec t t o subjec t matte r form s question s suc h a s th e followin g arise : 

Are teachers aware o f the differen t form s available ? 
Are they abl e to decid e which form i s appropriate i n a particular context ? 

The amoun t o f guidanc e tha t i s necessary i s very likel y t o var y fro m countr y t o 
country. I n Ceylo n i t ha s bee n considere d necessar y t o giv e relativel y explici t 
suggestions i n thi s regard . Th e schem e o f wor k i n mathematic s referre d t o earlie r 
indicate whethe r th e teache r shoul d stat e o r explai n som e fac t o r principle , ge t 
pupils to discove r some generalisation throug h a  selected se t o f activities , etc . 

While th e givin g o f suggestion s i s a  necessar y stop , i t i s by no means sufficient t o 
ensure tha t the y ar e mad e us e of . Teacher s i n fac t ma y no t b e receptiv e t o th e 
suggestions. I t devolve s upo n teache r educatio n programme s t o develo p a n under -
standing and a n appreciation o f subjec t matte r form s an d skil l in practising them . 

28. Wit h regar d t o selectio n i t wil l b e agree d tha t a n explici t awarenes s o f thi s 
component i s no t generall y expecte d fro m th e novices . I n fac t teache r educatio n 
programmes ma y lik e t o assum e tha t wit h respec t t o knowledg e abou t thi s com -
ponent th e cognitive , affectiv e an d psychomoto r potential s ar e zero . I n practice , 
this ma y no t b e th e case . I t ma y wel l b e tha t th e potential s ar e negative 22. Thei r 
sojourn a s student s i n th e educatio n syste m ma y have , fo r example , le d t o th e 

106 



development o f undesirable attitude s abou t a  particular typ e o f subjec t matte r form . 
They migh t b e too prone t o generalise o n the basi s of thei r ow n narrow experience . 

29. Simila r remark s woul d appl y t o th e othe r components . Knowledg e o f th e 
components of a lesson, except subjec t matter , ca n be regarded a s being characteristi c 
of teachers . Henc e suc h knowledg e shoul d b e develope d throug h teacher-educatio n 
programmes. 

30. Th e deliberat e choic e o f lesson forms ca n only b e advantageous to th e giving 
of the lesson . 

Undoubtedly teacher s practis e thes e differen t forms , perhap s withou t a n explici t 
awareness o f them . A n explici t awarenes s ca n resul t i n their bein g used wit h greate r 
effectiveness. Teacher s shoul d kno w tha t ther e ar e differen t type s o f lesso n form s 
and furthe r tha t durin g th e sam e lesson , th e lesso n for m coul d chang e rapidly fro m 
one typ e t o another . Agains t th e backgroun d o f suc h knowledge , teacher s ma y 
decide wha t i s the bes t for m t o us e fo r th e expecte d situatio n withi n th e resource s 
available. 

31. Medi a ar e mor e easil y identifie d tha n othe r component s o f a  lesson , but , 
perhaps, teacher s ma y no t b e awar e o f th e man y choice s possible even with limite d 
resources. Whil e instruction s abou t medi a i n genera l i s desirable , a t leas t i n tha t 
teachers woul d kno w wha t ar e possibl e eve n i f the y ar e no t available , a  proble m 
to conside r i s th e exten t t o whic h suc h instructio n i s helpfu l i n givin g th e kin d o f 
lessons that teacher s are actually calle d upon t o give. 

32. Locatio n an d groupin g forc e themselve s upo n th e attentio n o f th e teache r 
when h e i s planning lesson s abou t suc h subjec t matte r topic s a s "plan-drawing " o r 
"measuring inaccessibl e heights" . Bu t eve n i f th e subjec t matte r topi c i s t o b e 
"solution o f linea r equation s i n on e variable " an d th e subjec t matte r for m i s t o 
be "drill" , t o kno w tha t differen t grouping s ar e possibl e ma y lea d t o a  mor e 
effective utilisatio n o f tim e an d othe r resources . Perhap s insufficien t attentio n ha s 
been paid t o the contributio n fro m thi s component . 

33. Tha t student s shoul d ge t a n inklin g o f wha t i s t o follow , a n awarenes s o f 
the directio n i n which the teache r i s leading them, has been recognized a s an elemen t 
of goo d teaching . Selectio n o f cues , however , i s no t th e whol e o f th e selectio n o f 
influence techniques . Knowledg e tha t othe r component s ca n b e varie d ove r a  wider 
range tha n wa s earlie r though t possibl e add s a  ne w dimensio n t o th e teacher' s 
repertoire. The other categor y o f influence technique s including incidental evaluatin g 
techniques suc h a s bein g sensitiv e t o a  perplexe d look , ar e perhap s no t selecte d 
beforehand. Skille d teacher s use them a s part o f thei r routinised skill. 23 

Communication and  Execution 
34. A t Leve l I  th e mai n purpos e i n plannin g a  lesso n i s t o effec t a  successfu l 

communication o f subjec t matter . (I f th e lesso n i s a  demonstratio n lesso n fo r th e 
benefit o f would-b e teacher s then th e attempt i s not mainl y t o communicat e subjec t 
matter bu t mostl y t o communicat e th e othe r components) . Al l o f th e previou s 
activity i s judged b y th e adequac y o f thi s performance . I t wil l be accepted withou t 
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argument that explici t plannin g is not a  sufficient conditio n fo r successfu l execution . 
Some ma y eve n asser t tha t explici t plannin g is not eve n a  necessary condition . Whil e 
there migh t b e individua l teacher s fo r who m thi s i s apparentl y true , i t i s assume d 
that suc h i s no t th e cas e fo r a  teache r i n a n educatio n system . Wha t the n ar e 
sufficient condition s fo r a  successfu l performance ? A s fa r a s th e presen t write r i s 
aware th e answe r t o thi s i s no t completel y know n partl y fo r th e reaso n tha t 
"successful performance " i s still but vaguely defined . 

35. Plannin g as described in the previous section implie s a considerable knowledg e 
of th e component s o f a  lesson. Communication an d executio n impl y tha t thi s know-
ledge b e usable . Recalling , durin g th e lesson , tha t th e chal k boar d shoul d b e used is 
not sufficient . Eve n bein g abl e t o assess , a t tha t poin t o f th e lesson , whethe r th e 
chalk boar d i s th e appropriat e mediu m t o us e i s no t sufficient . Th e teache r shoul d 
have th e skil l o f usin g i t (i f required ) raise d t o suc h a  leve l tha t h e i s no t eve n 
conscious o f usin g it . Fo r example , a s a  matte r o f routin e hi s writin g wil l b e bi g 
enough fo r al l student s t o se e an d th e diagram s wil l highligh t onl y th e relevan t 
features. Eve n thi s howeve r i s no t sufficien t i f th e behaviou r i s manifeste d onl y 
occasionally. Suc h behaviou r shoul d b e characteristi c o f th e teacher . T o stat e thi s 
more precisely , knowledg e o f th e chal k boar d shoul d b e raise d t o th e highes t level s 
of cognitiv e operation , psychomoto r executio n an d affectiv e involvement 24 .  Fo r 
other knowledg e tha t th e teache r ha s t o achiev e th e specification s woul d indee d 
be different . Thes e mus t b e known i f the training is to succeed . 

36. Th e period s o f practice-teachin g whic h ar e a  par t o f presen t pre-servic e 
programme ar e n o doub t mean t t o develo p th e skil l o f teaching . A  par t o f trainin g 
programmes in other fields is to stage quality performance s fo r th e novices to observe , 
analyse an d perhap s imitate . Th e would-b e doctor , lon g befor e hi s period o f intern -
ship see s master s a t work . Th e master s seek to la y bare their thinkin g fo r thos e wh o 
may profi t b y it . Should no t would-b e teachers be given an opportunity o f observin g 
a master a t work ? 

Control and  Guide 
37. Som e time after th e teacher has begun to pu t hi s plan into practice , he would 

find i t necessary to take further step s to maintain th e effectiveness o f the communica -
tion. Th e subjec t matte r for m planne d b y th e teache r ma y hav e envisage d certai n 
responses t o b e mad e b y students . Fo r exampl e a  teacher may have expected pupil s 
to sugges t tha t the y investigat e th e angle-su m propert y o f quadrilaterals . I f th e 
expected suggestio n i s no t forthcomin g th e teache r wil l hav e t o eithe r chang e th e 
subject matte r o r chang e th e subjec t matte r for m b y statin g th e resul t an d askin g 
pupils t o verif y i t o r us e som e demonstratio n (ne w media ) suc h a s forming a  fou r 
sided figur e wit h triangula r framework s t o encourag e pupi l suggestions , o r tak e 
some simila r step . A  pre-requisit e t o necessar y actio n o f thi s sor t i s a  sensitivit y t o 
what i s happenin g i n th e classroom . Th e teache r mus t b e abl e t o obtai n feedbac k 
and tak e whateve r actio n necessary . A  proble m fo r teache r educatio n programme s 
is t o develo p th e skill . 
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Evaluation and  Assessment 
38. Th e importanc e o f thi s proces s an d it s relatio n t o decision-makin g an d 

planning d o no t nee d t o b e emphasized . Thi s proces s i s no t likel y t o occu r unles s 
the objectives of the lesson are formulated i n terms of the expecte d studen t behaviour . 
Indeed th e plannin g o f a  lesso n pre-suppose s suc h a  formulation . I t i s o f cours e 
highly probable that in teaching, the initial formulation ma y b e modified o r amended . 
But nevertheles s th e formulatio n o f objective s i n terms o f expected pupi l behaviou r 
is a  necessar y step . Thi s i s admittedly n o eas y task . Bu t i f i t i s demande d o f ever y 
teacher fo r ever y lesso n tha t i s given and moreove r i t i s regarded a s a critical proces s 
in a  teacher' s tas k the n teacher-educatio n programme s shoul d conside r whether , 
in th e ligh t o f wha t i s currentl y known , the y ar e givin g th e maximu m assistanc e t o 
teachers i n th e formulatio n o f specifi c objectives . Significan t contribution s t o thi s 
aspect, i n recen t times , hav e bee n th e taxonomie s o f th e cognitiv e an d affectiv e 
domains evolve d b y Bloom , Krathwho l et  al  an d th e wor k o f Mechner . 25,  2 6 , 2 7 , 

Since the n analyse s o f th e psychomoto r domai n hav e als o bee n published . 2 8 , 2 9 . 

The suggestio n i s no t tha t thes e taxonomies be adopted i n toto. The suggestio n i s to 
consider whethe r teacher-educatio n programme s ar e a s concerned wit h th e formula -
tion o f objective s a s the y ar e apparentl y wit h technique s an d instrument s o f 
evaluation. 

Some Significant Problem s in Respect of the Practice of Teacher Education and 
Some Possible Lines of Approach to the Seeking of Solution s 
The Teacher's  task  is  not adequately  specified 

39. Th e fac t tha t teache r educatio n programme s are often classifie d accordin g t o 
subject an d grad e leve l i s a n admissio n o f th e belie f tha t som e informatio n abou t 
what the teache r has to d o should b e available, if he is to b e educated t o d o that . Bu t 
do teacher educatio n programme s know enoug h abou t wha t the teacher has to do ? 

Can the y answe r question s suc h a s th e followin g whic h relat e t o aspect s that ar e 
not directl y unde r thei r control ? 

What mathematics (subjec t matter ) ar e teachers expected t o teach ? 
What ar e they expecte d t o achiev e by teaching tha t subjec t matter ? 
What resource s (bot h tim e an d material ) ar e likel y t o b e availabl e t o d o thi s 
teaching? 

40. Fo r th e momen t i t i s assume d tha t subjec t matte r ca n b e relativel y easil y 
identified usin g suc h material s a s syllabuses , approve d textbooks , evaluatio n 
instruments, etc. What is to be achieved by teaching that content i s not easil y foun d i n 
sufficiently specifi c terms . Fo r exampl e conside r the subjec t matte r topi c "Theore m 
of Pythagoras" . Som e possibl e outcome s fro m teachin g th e theore m o f Pythagora s 
are as follows : 

(i) Student s ca n recal l the verbal statement o f the theorem . 
(ii) Give n a right-angled triangle they ca n apply th e theorem t o calculat e th e mag-

nitude o f on e side given the magnitude s o f the othe r tw o sides . 
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(iii) I n additio n t o (ii) , student s ca n selec t th e instance s wher e th e theore m o f 
Pythagoras is the appropriate on e to use . 

(iv) I n additio n t o (iii) , student s ca n prov e th e theorem . 
(v) I n additio n t o (iv) , student s appreciat e wha t i t i s t o prov e a  theorem . 

Still other outcomes may b e given or those stated abov e may b e more finely resolved . 
But the y ar e sufficien t t o dra w attentio n t o th e fac t tha t the y requir e lesson s o f 
different types . Fo r exampl e a  subjec t matte r for m (exposition , drill ) an d a  lesso n 
form (teache r communicate s subjec t matter ) whic h migh t b e ver y appropriat e fo r 
achieving outcom e (i ) above are undoubtedly no t th e mos t appropriat e fo r achievin g 
outcome (v) . 

41. Th e abov e illustratio n i s intended t o show that knowledg e o f subjec t matter , 
divorced fro m th e objective s th e teachin g o f the m i s expecte d t o achieve , doe s not 
provide a  sufficientl y clea r idea of wha t teacher s are actually expecte d t o do . This in 
turn makes teacher education difficult becaus e wha t i s wanted i s not alway s perceive d 
by the teacher educatio n staf f wit h sufficien t clarity . 

42. Ther e are possibly many ways of specifying th e task o f the teacher s o that no t 
only wil l h e ge t a  bette r ide a o f wha t h e ha s t o do , bu t als o th e teacher-educatio n 
programmes wil l hav e thei r objective s se t ou t i n a  behavioura l idiom . Th e leve l o f 
specificity an d the amoun t o f detai l may possibl y vary fro m countr y t o country . I t is 
suggested tha t a n adequate specificatio n satisf y th e followin g requirements : 

(a) Th e subjec t matte r shoul d b e identified . 
(b) A  preferred sequenc e o f teaching the subject-matte r shoul d b e indicated . 
(c) Guide-line s a s t o preferre d method s o f teachin g th e selecte d subjec t matte r 

(subject matte r form , lesso n form, media , grouping) should b e provided . 
(d) Outcome s o f eac h unit o f teaching should b e stated . 
(e) Evaluatio n instrument s fo r eac h unit o f teaching should b e provided . 

It i s onl y whe n suc h specification s ar e availabl e tha t teache r educatio n programme s 
can mak e tentative decision s as to wha t knowledge o f wha t component s are require d 
at wha t levels . 

43. Apar t fro m hi s rol e a s leade r a t Leve l I , th e teache r i s als o a  participan t a t 
Level I I o f th e educatio n system . Adapting and  modifying  the  specifications  of  his 
task to  suit  the  local  requirements  ca n tak e plac e throug h effectiv e participatio n a t 
this level . Teache r educatio n programme s shoul d conside r whethe r the y hav e take n 
adequate notic e o f thi s role. 

Inadequate co-operation  between  curriculum-design  staff  and  teacher-education  staff 

44. A  major part of the output of a  curriculum-design staf f ca n in fact b e regarde d 
as specifications for teaching. Ideally i t woul d appea r that th e curriculum-desig n staf f 
and th e teacher-educatio n staf f shoul d b e on e an d th e same . This i s practically no t 
possible sinc e th e curriculum-desig n staf f require s personne l suc h a s subjec t matte r 
specialists, etc. Invariably th e curriculum-design staf f i s the very much smalle r group. 
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Failure t o communicat e ca n affec t bot h group s adversely . A  possibl e solution , o f 
course, i s t o hav e som e individual s wh o ar e member s o f bot h groups . Thi s woul d 
still leav e ou t a  larg e par t o f th e teacher-educatio n staff . A  better solutio n migh t b e 
for th e teache r educatio n staf f an d curriculum-desig n staf f t o assum e th e Leve l I 
role a t regula r intervals . 

Problem of  selecting  novices 
45. Ther e i s a  genera l belie f tha t th e mor e intelligen t an d mor e abl e peopl e d o 

not tak e t o teaching . Assumin g tha t thi s i s true , fo r th e hig h abilit y group s a s 
currently identified , th e reason s fo r thi s stat e o f affair s migh t b e an y on e o r bot h 
of th e following : 

(i) Th e role of a  school teache r ha s no attraction fo r th e high ability group . 
(ii) Th e salar y o f a  school teacher ha s no attraction fo r th e high ability group . 

46. A t firs t sigh t possibl e solution s see m t o b e t o mak e th e function s o f th e 
teacher an d hi s salar y mor e attractive . In examining thi s rather obviou s solution i t is 
relevant t o not e tha t schoo l teacher s ar e require d i n larg e number s an d i n widel y 
scattered locations . Th e proble m i s no t th e staffin g o f a  particula r clas s o r schoo l 
but th e whol e o f a  nation' s schools . Th e solutio n o f makin g th e role of th e teache r 
sufficiently attractiv e doe s no t appea r t o b e a  practicable on e considerin g th e large 
number o f teacher s required . Ther e i s n o doub t tha t ever y countr y ha s it s quot a 
of abl e me n an d wome n wh o have taken t o teachin g despit e the financia l los s it may 
have entailed . Bu t i t i s th e fac t tha t th e numbe r o f suc h peopl e i s no t a  significan t 
proportion o f the teacher population that has led to the problem unde r consideration . 
The othe r solutio n o f makin g th e salar y attractiv e i s no t directl y withi n th e com -
petency o f teacher-educatio n institutes . I f teacher s are paid a  lower salary it may not 
be entirel y a  question o f larg e numbers but a  lack of genuine appreciation b y societ y 
of th e difficult y an d importanc e o f a  teacher' s task . A  lon g ter m solutio n i s fo r 
teacher-education programme s to see k to develo p thi s appreciation . 

In th e abov e submission s i t ha s bee n assume d tha t th e hig h abilit y grou p a s 
currently identifie d i s the bes t sourc e fro m whic h t o recruit . A  specific exampl e o f 
this is the belie f tha t a  person wit h a  good honours degree in mathematics i s likely t o 
be a  bette r mathematic s teache r fo r a  particula r grad e tha n anothe r wit h perhap s 
no mathematic s a t th e degre e level . I f thi s belie f mean s tha t th e perso n wit h 
the highe r academi c qualificatio n ha s th e bette r potentia l t o acquir e the othe r com -
petencies tha t th e skil l o f teachin g demands , the n th e belie f i s a  reasonable basi s 
for action . I f on th e othe r hand i t i s believed tha t th e on e who has a good knowledg e 
of th e subjec t ca n somehow o r other , withou t professiona l training , 'pu t i t across ' to 
students suc h a  belie f ca n onl y retar d th e growth o f teaching as a profession. Henc e 
even i f recruitmen t t o th e teachin g professio n i s fro m th e hig h abilit y grou p a n 
examination o f teacher-educatio n programme s i s calle d fo r t o ascertai n ho w 
adequately the y ca n discharge thei r function . I t woul d see m therefore , tha t a  reason-
able cours e t o pursu e i s to asses s whether teacher-educatio n programme s ar e making 
the bes t use of whateve r resources are currently availabl e t o them . 
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Concluding Commen t 
48. Tha t systemati c improvement o f teache r education programme s mus t b e pre-

ceded b y a  clea r recognitio n o f wha t the y ar e t o achiev e i s almos t a  truism . Thi s 
paper attempt s t o presen t th e vie w tha t th e objective s o f a  teacher-education pro -
gramme b e interprete d i n term s o f th e expecte d behaviou r o f teachers , describe d 
with th e appropriat e degre e o f specificit y an d concreteness . A n analytica l frame -
work ha s bee n propose d t o stud y th e tas k o f th e teacher . Thi s coul d b e use d b y 
teacher-education staf f t o decid e wha t knowledg e i s required a t wha t levels . Such a 
step i s on e o f th e essentia l preliminar y step s t o a n effective programm e o f selectio n 
and educatio n o f teachers . 
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Supplementary materia l provide d b y Mr . D.A . Perer a 

Suggested Mathematic s Conten t fo r Pre-Servic e Trainin g o f Teacher s 
Assumed Background 

1. It i s assumed tha t thos e wh o are recruited t o th e pre-service training cours e fo r 
primary schoo l mathematic s teacher s hav e complete d a t leas t a  secondar y schoo l 
course i n wha t i s generall y regarde d a s traditiona l mathematics . Recruit s fo r th e 
secondary schoo l teachers ' course , i t i s assumed , have completed a t leas t an A-Leve l 
course o f a  simila r type . Mos t secondar y schoo l mathematic s course s woul d hav e 
been geared t o the developmen t o f computationa l skill s such as the following : 

(i) fundamenta l operation s on rational numbers ; 
(ii) operation s involving percentages, averages, ratio, proportion ; 
(iii) operation s o n number s wher e th e number s ar e use d (alon g wit h th e appro -

priate units ) t o represen t quantitie s suc h a s time , money , length , area , etc ; 
(iv) transformin g give n arithmetic and algebraic expressions with such technique s 

as simplifying, factoring ; 
(v) solvin g linea r equation s i n on e o r tw o variables , secon d degre e equation s i n 

one variable, graphical solution o f equations ; 
(vi) expressin g give n informatio n usin g mathematica l symbolism , solvin g verba l 

problems; 
(vii) usin g mathematical instruments , constructions using straight-edge and pai r o f 

compasses; 
(viii) proving selecte d theorem s fro m Eucli d an d doin g original exercises based o n 

them; 
(ix) usin g sine , cosin e an d tangen t t o solv e right-angle d triangles , skil l i n usin g 

mathematical tables . 
2. These skill s woul d hav e bee n develope d i n term s o f a  larg e bod y o f conten t 

such a s propertie s o f plan e geometri c figures , table s o f weight s an d measures , 
formulae fo r area , volume , perimeter , etc . A n understandin g o f the structure o f th e 
subject ma y no t hav e receive d du e attention . I n additio n t o th e above , a n A-Leve l 
course woul d hav e deal t wit h co-ordinat e geometr y o f two dimensions , integral and 
differential calculu s an d mor e advance d algebr a an d trigonometry . Syntheti c soli d 
geometry o f thre e dimension s would also have been done . 

Some Assumed  Objectives  of  a  Subject-matter Course  at a Training Institute 
3. (i ) Awarenes s and appreciation of the development o f mathematics and mathe -

matical modes of though t a s a part o f the developmen t o f human culture . 
(ii) Understandin g o f fundamenta l mathematica l concept s suc h a s sets , rela -

tions, number, operations , numeration system , variable, proof, etc . 
(iii) Awarenes s o f the abstract natur e o f mathematica l concepts . Understandin g 

of a  mathematical model . 
(iv) Acquisitio n of a unified view of some of the differen t area s of mathematics . 
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Suggested Content 
4. A  difficult y i n specifying  conten t i n th e for m o f subjec t matte r topic s i s tha t 

the latter are open t o bein g interpreted ove r a very wid e spectrum. Another difficult y 
is tha t eve n i f th e conten t wer e t o be made fairly specific , th e same conten t ma y b e 
taught a t differen t level s o f cognitiv e operation . Howeve r a  formulation o f th e con -
tent in terms of subject-matter topic s could be a step in the evolving of more adequat e 
guide-lines. 

a. Fo r primar y schoo l mathematic s teacher s 
idea o f a  set . Subset , disjoin t sets , nul l set . Ven n Diagrams . Correspondences . 
Equal and Equivalen t sets . Cardinality o f a  set. Set operations . 

Counting numbers , integers , rationa l numbers . Operation s o n numbers . Ordere d 
pairs. Mappings on rational numbers . Operations as mappings. Idea o f the develop -
ment o f th e numbe r system . Awarenes s o f irrationa l an d comple x numbers . 
Modular arithmetic . 

Variable, domain. Relation and function. Rang e of a  relation. Argument an d value . 
Equivalence relations . Invers e relation . Ope n sentences . Propositions . Equation s 
and inequations . Conditiona l equations , inequations . Solutio n sets . Identities . 
Graphing a s a  one-to-on e mapping . Graphin g o n th e numbe r lin e and co-ordinat e 
plane. Graphs o f solutions , set o f equations and inequations . 

Geometrical figure s a s set s o f point s an d lines . Element s o f Euclidea n geometr y 
including th e theore m o f Pythagoras . Intuitiv e stud y o f transformation s o f 
geometric figures . Invariant s unde r transformations . Symmetr y an d similarity . 
Elementary trigonometri c functions. Elementary ideas of probability an d statistics . 

b. For Secondar y Schoo l Mathematics Teacher s 
In additio n t o th e conten t liste d i n 4a , th e following : 
Algebra o f sets . Boolean algebra . Equivalence and orde r relations. Algebraic opera -
tions an d thei r inverse . Semi-group , group , rin g an d field . Understandin g o f 
algebraic structure . 

Set o f positiv e integers . Principl e o f mathematica l induction . Integers , rationa l 
numbers, irrational numbers , real numbers, complex numbers . 

Simple series , finite an d infinite , e x, e ix, lo g x, si n x, co s x. 

Solution o f a  syste m o f linea r equations . Matrices , determinants . Approximat e 
solutions of equations o f highe r degrees . 

Historical developmen t o f Euclidea n geometry . Geometri c figure s a s model s fo r 
physical objects . Element s o f a  deductiv e system . Awarenes s o f othe r geometri c 
systems. Use of matrice s in studying transformations . 

Euclidean vector . Elementary ide a o f a  vector space . 

Upper an d lowe r bounds . Infinit e limit s an d finit e limit s a s x  +  00 , -  00 , 
a — o , a + o, a . 
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Neighbourhoods. Simpl e theorems o n limits . 

Differentiation. Differentiabilit y a t a  point . Differentiabilit y i n a n interval . 
Differential. Theorem s on differentiation . Maxim a and Minima as local properties . 
Integration a s th e invers e o f differentiation . Areas . Extensio n o f th e concep t o f 
integration. 

Elements o f a  deductiv e system . Categorica l an d hypothetica l propositions . 
Converse, invers e an d contrapositive , etc . Logica l connectives . Trut h tables . 
Syllogisms. Valid Inference . 

c. For teacher s of othe r subject s a t th e secondar y schoo l leve l 
(It is assumed that these teachers have completed a t leas t a  secondary schoo l cours e 

in mathematic s a s describe d earlier . Wit h respec t t o objective s i t i s suggeste d tha t 
the main emphasi s be on 3(iii ) and 3(ii)) . 

Idea o f positiv e integer s i n term s o f equivalen t sets . Developmen t o f the numbe r 
system. Numeration syste m wit h non-decimal base . 

Variable, domain. Relation and function. Rang e of a relation. Equivalence relations . 
Open sentences . Propositions . Conditiona l sentences . Identities . Awarenes s o f a n 
algebraic system. Elements of a deductive system. Categorical and hypothetica l pro -
positions. Converse , invers e an d contrapositiv e etc . Logica l connectives . Trut h 
Tables. Syllogism. Valid Inference . 

REPORT OF WORKING GROUP B.2 

Chairman: Professo r CO . Taiwo (Nigeria ) 

Supply 
49. Th e member s o f th e group firs t discusse d curren t practice s in their respectiv e 

countries wit h regar d t o th e suppl y an d trainin g o f teacher s o f mathematics . I t wa s 
recognised tha t ther e i s a  shortag e o f competen t teacher s of thi s subject a t al l levels. 
In som e countries , th e shortag e i s o f qualifie d teachers ; in al l ther e i s a  deart h o f 
good teachers , competen t i n action . I n severa l developin g countries , there are many 
teachers wh o hav e no t bee n expose d t o th e ne w idea s and ye t have to teac h mathe -
matics. I n particular , ther e ar e primar y schoo l teacher s wh o hav e littl e o r n o 
knowledge o f th e subjec t matte r o r o f th e approac h whic h i s now recommended i n 
the teachin g o f mathematic s i n th e primar y school . Ther e ar e tutor s i n the trainin g 
colleges who themselves need to become acquainted wit h the new ideas and approach . 

50. Variou s reason s wer e suggeste d fo r th e shortag e o f teacher s of mathematics . 
Throughout th e worl d ther e i s an increasing demand fo r mathematician s in adminis-
tration, industr y an d commerce , wher e condition s o f servic e ar e mor e attractive . 
The statu s an d salar y o f th e schoo l teacher ar e less favourable tha n tha t accorde d t o 
comparable position s ope n t o mathematician s outsid e teaching . The role of a  school 
teacher appear s t o hav e littl e attractio n fo r th e hig h abilit y group , som e o f whos e 
members might mak e good teacher s of mathematics . 
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In developin g countrie s som e teacher s receiv e n o initia l trainin g a t all . Thi s i s 
because o f th e expense t o th e countrie s not onl y o f th e trainin g itself bu t als o of th e 
higher salar y scal e o n whic h traine d teacher s mus t b e paid . Ther e i s als o som e 
'brain-drain' arisin g fro m student s wh o fin d thei r wa y t o develope d countries , 
achieve highe r qualifications , an d remai n i n thos e countrie s wher e condition s o f 
employment ar e mor e favourable . Los s als o occur s whe n qualifie d teacher s o f 
mathematics no w i n servic e i n thei r ow n countrie s see k mor e lucrativ e form s o f 
employment. 

It wa s recognise d tha t ther e i s a  cor e o f abl e an d competen t me n an d wome n in 
every countr y wh o hav e remaine d i n th e professio n despit e financia l loss . It i s clear 
that effort s shoul d b e mad e t o examine furthe r th e reasons for th e shortage o f com -
petent teacher s o f mathematics , an d tha t practica l step s should b e taken t o ensure a 
good suppl y o f suc h teachers and t o retain the m i n the profession . 

51. Th e tendenc y o f som e o f th e able r student s i n mathematic s t o g o int o 
professions othe r tha n teachin g was discussed. Careful consideratio n shoul d b e given 
to the training of those students who have so far no t demonstrate d th e highest mathe -
matical ability , provided the y hav e the qualitie s required o f prospective teachers . 

Selection procedure s 
52. Entr y qualification s int o th e trainin g college s fo r primar y schoo l teacher s 

vary. In some countrie s a  secondary schoo l certificat e (usuall y followin g eleve n year s 
of successful schooling ) is required; in other s slightly lowe r qualifications ar e required 
and th e lengt h o f professiona l trainin g i s prolonge d t o thre e o r fou r years . In othe r 
countries, the Primary Schoo l Leaving Certificate (obtaine d afte r si x to eight year s of 
schooling) i s th e require d minimu m qualification . Th e Grou p considere d tha t a 
desirable entr y qualificatio n a t which to aim for al l teachers is the Secondar y Schoo l 
Certificate o r passes  i n severa l subject s a t the Genera l Certificate o f Education ("O " 
Level). A  pas s i n mathematics , whil e desirable , i s no t essential . I n countrie s wher e 
the averag e studen t applyin g t o ente r th e Trainin g Colleg e doe s no t posses s th e 
desirable minimu m entr y qualification , i t i s al l th e mor e importan t t o hav e tutor s 
competent t o handl e mathematic s i n th e manne r recommende d i n th e Conferenc e 
Report. 

53. Method s o f selectio n i n th e differen t countrie s were discussed. I t was agreed 
that som e for m o f interview in addition t o a n examination wa s desirable in selectio n 
for training . I t wa s suggeste d tha t th e intervie w procedur e migh t consis t o f tw o 
parts: 

(i) a  personal interview; and 
(ii) a  grou p interview , whic h woul d giv e a n opportunit y t o se e ho w candidate s 

react individuall y an d in groups. 

54. I t wa s recognised tha t som e countrie s found i t convenien t t o allow Principal s 
of school s t o administe r a  standardised intervie w to thei r pupil s who wished t o ente r 
a Teachin g Training College ; the comment s are then passe d t o the respective Teache r 
Training Colleg e fo r fina l selection . Bu t i t wa s strongl y urge d tha t th e Trainin g 
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Colleges shoul d b e wel l represente d i n an y selectio n procedur e fo r students , an d 
that th e fina l selectio n o f candidate s should b e in the hands o f th e Training College . 

55. It  wa s agree d tha t candidate s wh o ar e olde r an d hav e ha d som e responsibl e 
experience sinc e leavin g school , wer e likely t o prove good candidate s fo r a  course of 
training. 

56. I t wa s agree d tha t professiona l trainin g fo r universit y graduate s i s highl y 
desirable. Amon g othe r things , i t assiste d the m t o for m goo d attitude s t o thei r 
profession, t o lear n abou t childre n an d thei r way s o f learnin g an d t o communicat e 
meaningfully an d effectivel y wit h thei r pupils . It shoul d lea d t o a  deeper understand -
ing both o f th e aims of teachin g and o f the problems usually me t i n the classroom . 

Initial training 
57. Trainin g i n college s fo r primar y schoo l teacher s usuall y incorporate s profes -

sional trainin g wit h academi c stud y o f a  number o f subject s including mathematics . 
There shoul d b e a  mathematic s cours e fo r al l students which would giv e them a  new 
insight int o th e mathematic s tha t the y woul d b e expected t o teac h and th e method s 
they migh t use , an d a  familiarit y wit h experience s throug h whic h childre n learn . 
There shoul d als o b e a n optiona l specialis t cours e designe d t o stimulat e student s in 
their ow n mathematica l pursuits . 

58. A t leas t som e trainin g college s shoul d provid e course s fo r student s withou t 
a universit y degre e wh o inten d t o teac h mathematic s a t a  secondar y school . Such a 
course coul d b e a  straight three-yea r cours e (a s in some countries) , which migh t lea d 
on, immediatel y o r a t a  late r stage , t o a  Degre e Course ; o r i t coul d b e a  two-yea r 
course followe d b y a  Mathematics Specialis t Cours e of one year . Other variation s are 
possible. Courses might be organised in which students specialise in two main subjects , 
one o f whic h migh t b e mathematic s an d th e othe r a  languag e (English , French , a 
local language, etc.) o r some othe r Art s or Science subject . 

59. Tw o scheme s wer e discusse d fo r trainin g universit y graduate s t o teac h 
mathematics. Th e firs t wa s a  degree followed b y professiona l training ; the othe r wa s 
a degre e incorporatin g professiona l trainin g suc h a s the B . Ed., B.A. , (Education) o r 
B. Sc . (Education) , wher e th e precis e qualification depend s on th e university regula -
tions applicabl e t o th e candidate . I t wa s considere d tha t eac h schem e ha d it s ow n 
advantages. Bot h scheme s ar e alread y bein g offere d i n a  number o f Universitie s and 
Institutes o f Education . Som e degre e course s migh t b e structure d t o cove r mathe -
matics an d som e Art s subjec t i n orde r t o offse t th e shortag e cause d whe n scienc e 
graduates wit h mathematics move into othe r form s o f employment . 

60. Consultatio n betwee n mathematic s tutor s i n different college s and countrie s 
is highl y desirable . I t i s therefor e suggeste d tha t opportunitie s b e give n t o thos e 
teaching mathematics at colleges to benefi t fro m bursarie s or study leav e periodically , 
in order t o stud y new methods and new topics in teaching mathematics . 
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61. Peopl e wit h experienc e o f experimenta l teachin g coul d b e invited t o discus s 
their methods wit h the tutor s of Training Colleges . Such discussions could b e accom-
panied b y demonstration s usin g loca l pupils , and material s availabl e i n th e environ -
ment. 

62. I n plannin g ne w colleg e buildings , provisio n shoul d b e mad e fo r specia l 
mathematics rooms, mathematical laboratorie s and appropriat e storag e spaces . In th e 
same way, furniture suc h as tables and chairs , flat  topped desks , should b e designed t o 
permit practica l work and give mobility . 

Subsequent training 
63. Teacher s wit h littl e knowledg e o f mathematic s coul d b e assiste d t o lear n 

more o f th e subjec t an d newe r teachin g method s throug h subsequen t trainin g 
courses spread ove r a reasonable perio d (on e o r two years) . There ar e various ways in 
which teacher s coul d receiv e the help they need : 

(i) A t centre s wher e the y coul d mee t t o receiv e guidance , exchang e view s an d 
experience an d discus s the problems which arise in their classrooms . 

(ii) B y workin g wit h on e another , observin g how the more experienced teacher s 
handle thei r clas s groups. 

(iii) B y meetin g t o mak e simpl e apparatu s an d t o experimen t wit h loca l mate -
rials. 

(iv) B y readin g book s i n orde r t o kee p up-to-dat e wit h recen t development s i n 
mathematics teaching . Fo r thi s purpos e th e establishmen t o f collection s o f 
mathematical book s i n schoo l an d clas s librarie s i s essential . Suc h reading is 
particularly importan t fo r secondar y schoo l teachers . 

(v) Publications , especiall y teachers ' journal s o r bulletins , shoul d b e use d mor e 
widely a s a  means of informing teacher s of any new ideas in approach t o an d 
content o f mathematics . 

64. Secondar y Schoo l Teacher s o f mathematic s hav e specia l need s whic h coul d 
be met i n various ways: 

(i) The y shoul d continu e readin g mathematic s a s wel l a s reading abou t recen t 
developments in teaching . 

(ii) Facilitie s fo r furthe r trainin g course s whic h som e teachers require shoul d b e 
made widel y known . Example s o f examination s availabl e ar e th e Mathe -
matical Association's Diplom a in Mathematics organise d b y the Mathematica l 
Association o f Britain , and th e Externa l Degree o f th e Universit y o f London . 

(iii) Universitie s an d Teacher s College s shoul d b e encourage d t o provid e suitabl e 
evening course s o r othe r part-tim e course s i n mathematics . Suc h course s 
should ai m a t assisting teachers to acquire a  greater knowledg e o f the subjec t 
and t o enable them t o teac h mathematic s mor e effectively an d meaningfully . 
Where feasible, university courses biassed towards Education should be offere d 
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to teachers. Teachers could apply for entr y t o these course s under the Matur e 
Student Admissio n Regulation s whic h ar e a  featur e o f mos t universities . 
Such regulations should give special consideration t o teaching experience . 

(iv) Universit y graduate s i n Art s subject s wh o fin d themselve s havin g t o teac h 
mathematics shoul d b e assiste d b y mean s o f suitabl e course s t o acquir e a 
knowledge o f bot h th e subjec t matte r an d th e newe r approac h t o th e 
teaching of mathematics . 

(v) Journal s specialising in mathematics coul d b e of grea t assistance to secondar y 
teachers, an d i t i s urge d tha t effort s shoul d b e mad e b y teacher s t o hav e 
such journals established i n countrie s where they d o not exist . 

(vi) Wher e practicable , effort s shoul d b e mad e t o mak e publication s fro m othe r 
countries available to teachers in order t o stimulat e and introduce new ideas. 

(vii) Mathematica l Association s shoul d encourag e imaginativ e teacher s t o ge t 
together, discus s ideas , an d influenc e development s a s wa s suggeste d i n a 
paper submitte d b y Britain . 

(viii) Exchange programme s b y whic h teacher s fro m othe r countrie s wor k wit h 
local staf f an d student s shoul d b e encouraged . Car e shoul d b e take n t o 
ensure tha t exchang e teacher s becom e familia r wit h th e environmen t o f th e 
pupils and ca n make us e of loca l materials . 

Conferences and  workshops  in  mathematics 
65. Workshop s i n mathematic s provid e opportunitie s fo r teacher s of various age 

groups t o mee t togethe r t o lear n mathematic s i n a n activ e wa y themselves , t o pla n 
work fo r thei r classrooms , an d subsequentl y t o mee t an d discus s th e pupils ' wor k 
resulting. 

Central plannin g i s needed t o organise workshops for tutor s and leader-teacher s in 
the firs t instance . Thes e peopl e woul d the n ac t a s leaders in workshops for teachers . 
Success o f suc h workshop s depende d o n th e co-operatio n o f th e supervisors , 
principals an d inspector s o f school s wh o shoul d a t al l time s b e mad e awar e o f th e 
plan i n orde r t o enlis t thei r support . "Follow-up " after th e completio n o f course s is 
very importan t an d shoul d b e incorporate d int o an y genera l plan . Sometime s 
authorities neede d t o provid e incentives , suc h a s paymen t o f cos t o f travellin g i n 
order t o generat e initia l interes t i n suc h workshops . Wher e necessary, experts coul d 
be invited from develope d countrie s for period s of si x months to on e year t o assis t in 
conducting suc h workshops . 

Another for m o f subsequen t trainin g i s the singl e Schoo l Trainin g Sessio n whic h 
concerns onl y th e teacher s i n on e school . Thi s i s especiall y usefu l wher e grou p 
centres are not feasible on account o f lon g distances involved o r transport difficulties . 
The da y commence s wit h a  preliminary discussio n b y the entire staf f o f the school' s 
mathematics cours e i n outlin e an d o f th e underlyin g philosoph y o f th e cours e a s a 
whole. Attentio n i s the n focuse d o n a  serie s o f differen t classes . Each tim e the clas s 
teacher i s i n action , teacher s o f th e classe s immediatel y abov e and below , as well as 
the principa l and an y exper t available , are present . 
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PLENARY DISCUSSIO N O F REPORT OF WORKING GROUP B.2 
Survey an d Comment s 

66. Discussio n centre d o n th e difference s i n th e opportunitie s ope n t o primar y 
and secondary teachers , in regard bot h t o trainin g and t o salaries . In severa l countrie s 
expense mad e i t virtuall y impossibl e t o giv e initia l trainin g t o al l primar y teacher s 
because i n additio n t o th e cos t o f th e trainin g th e countrie s coul d no t affor d th e 
higher salarie s payabl e t o traine d teachers . Usuall y salar y depend s o n qualification s 
and no t o n th e typ e o f schoo l i n whic h th e teache r i s engaged . Th e mor e highl y 
qualified teacher s ar e t o b e found i n secondary schools ; the untrained ar e appointe d 
to dea l wit h th e larg e number s enterin g primar y schools . Delegation s stresse d th e 
importance o f investin g i n primar y educatio n an d employin g traine d teacher s if th e 
educational level of a  country i s to b e raised, because a t tha t stag e teachers ar e laying 
the foundations o f al l future learnin g whether academi c o r practical . 

67. Method s o f selectio n var y considerably . Delegate s wer e anxiou s t o ensur e 
that, a t entr y t o training , primar y teacher s ha d a n adequat e genera l educatio n an d 
secondary teacher s o f mathematic s ha d goo d mathematica l knowledge . I n spit e o f 
the difficultie s i n listin g th e qualitie s require d i n a  teacher , delegate s believe d tha t 
the fina l decisio n o n a  candidate's suitabilit y shoul d b e made b y th e colleg e staff . 

68. Delegate s emphasise d th e importanc e o f mathematic s course s durin g th e 
initial training of primary teachers . The basi c ideas of modern mathematic s shoul d b e 
included bu t i t wa s also essential tha t student s should themselve s experience learnin g 
mathematics throug h exploratio n an d experiment . Attentio n wa s draw n t o the pos-
sibilities of apprenticeship scheme s in which student s alternate betwee n pai d employ -
ment i n a  school and stud y term s in a Department o f Education . 

69. Man y differen t idea s fo r th e necessary subsequen t mathematic s course s were 
mentioned. I t wa s recognised tha t al l resources woul d have to be utilised t o provid e 
the workshops , mathematic s centres , handbooks , etc . neede d t o prepare teacher s t o 
introduce ne w methods and content . 
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CHAPTER VII I 

Resources fo r Learnin g Mathematic s 
(Including textbooks, films, radio, television, programmed learning, etc.) 

Lead Pape r by Professor A.L . Blakers , M.A., Ph.D., B.Sc , 
Professor o f Mathematics and Chairma n o f th e 

Department o f Mathematics , 
University o f Western Australia . 

Introduction 
1. I am bot h please d an d mystifie d b y the invitation o f th e Organising Committe e 

to addres s thi s Conferenc e o n th e topi c "Resource s fo r Learnin g Mathematics" . 
I a m pleased , becaus e th e invitatio n ha s give n m e th e stimulu s t o gathe r togethe r 
and thin k abou t som e o f th e man y book s an d paper s o n thi s topic , and becaus e o f 
the unexpecte d opportunit y t o mee t an d exchang e idea s wit h s o man y Common -
wealth leader s i n mathematica l education ; I  a m mystified , becaus e I  d o not believ e 
that I  hav e eve r mad e an y significan t contributio n t o th e development , use , o r 
assessment o f an y o f th e resource s mentione d i n the titl e o f my topic , and I  canno t 
imagine wh y I  shoul d hav e bee n asked  t o spea k o n thi s topi c t o a  conferenc e o f 
experts. 

2. It i s inevitable tha t som e of wha t I  say wil l overlap wit h othe r prepared papers . 
This i s s o becaus e th e trainin g o f teachers , an d evaluation , ar e th e topic s o f othe r 
plenary sessions . Bu t teacher s ar e amon g th e mos t importan t o f ou r resources , and 
the usefulnes s o f a  teache r a s a  resourc e i s obviousl y relate d t o hi s training ; more -
over th e effectivenes s o f an y resourc e mus t b e determine d b y evaluation , an d i t i s 
difficult t o divorc e the evaluatio n o f programs from th e evaluatio n o f resources . 

3. I t i s als o inevitabl e that , du e t o th e nee d t o prepar e thi s pape r i n a  fe w brie f 
months, ther e wil l b e significan t omission s o f importan t material . This , however, i s 
no caus e fo r concern , an d ca n b e considere d a s a  stimulu s t o th e appropriat e 
Working Party t o pu t thing s right by filling i n the gaps. 

Terms of Referenc e 
4. When approache d t o prepar e thi s pape r o n resources , m y "brief " consiste d 

solely o f th e assigne d title , an d a  suggestio n tha t I  giv e relativel y les s attentio n t o 
the mor e sophisticate d an d expensiv e ne w technologica l developments . I  hav e 
interpreted m y brie f ver y liberally , takin g advantag e o f the "etc. " which cam e with 
the title , an d als o o f th e fac t tha t th e titl e use s th e expressio n "learning  mathe -
matics", rathe r tha n th e expressio n "teaching  mathematics" . Thu s i n additio n t o 
the specifi c resource s liste d i n th e title , I  inten d t o includ e ou r environmenta l 
resources (physical , biological , socio-economic , technological , cultural , etc.) ; book s 
other tha n textbooks ; computers ; an d tha t mos t importan t resource , th e teacher . 
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This extende d lis t i s b y n o means complete (w e haven't eve n listed "money"!) ; nor, 
of course , are the items in i t independent . 

Educational Media 
5. Many o f th e resource s I  hav e mentione d abov e (possibl y al l o f them ) ar e 

included i n th e currentl y popula r ter m "media" . Perhap s I  shoul d hav e sai d 
"educational media" , bu t th e adjectiv e i s probably redundant : surel y al l medi a ar e 
capable o f bein g use d fo r educationa l purposes . I n thi s connectio n I  woul d lik e t o 
refer yo u t o th e recen t boo k Understanding  Media 1 b y Marshal l McLuhan . Th e 
title notwithstanding , I  d o no t kno w anyon e wh o claim s to understand a  great dea l 
of wha t McLuha n i s tryin g t o say , an d ye t I  hav e th e feelin g tha t i t i s important , 
and tha t i t wil l stimulat e furthe r though t an d wor k whic h wil l b e highl y relevan t 
to the topi c o f thi s paper . 

Resources and Learning Theory 
6. In comparativel y recen t time s psychologist s hav e mad e grea t stride s i n thei r 

studies o f huma n personality ; anthropologist s an d psychologist s hav e mad e u s very 
aware o f th e relationship betwee n persona l developmen t an d environment ; scientist s 
and technologist s hav e steadil y increase d ou r abilit y t o modif y ou r environment ; 
and educationa l researcher s have been activel y exploring the relationship o f environ -
ment an d personalit y t o th e learnin g process . A  variet y o f learnin g theorie s hav e 
been formulated , an d seriou s attempt s hav e bee n mad e t o evaluat e them . Som e o f 
these theorie s (e.g . th e theories o f B.F . Skinner: se e below), have had a  considerable 
influence o n th e developmen t an d us e o f som e o f th e mos t "modern " learnin g 
resources: i n particular , programme d instruction . N o doub t thi s situatio n wil l con -
tinue, wit h ou r understandin g o f th e learnin g process , an d a  mor e sophisticate d 
and successfu l us e of resources, developin g han d i n hand . 

Resources for learning Mathematics 
7. We hav e no t com e t o thi s Conferenc e i n orde r t o speculat e abou t th e un -

certain future , bu t rathe r t o fac e u p t o th e realitie s o f th e present . W e wis h t o 
exchange information , experience s an d opinion s o n thos e resource s fo r learnin g 
mathematics whic h alread y exist , o r ar e likel y t o exis t i n th e nea r future . I n intro-
ducing thes e discussions , i t therefor e fall s t o m e t o sa y somethin g abou t a  numbe r 
of specifi c resources . I n discussin g thes e separately , I  wil l attemp t t o sa y a  littl e 
about thei r curren t stat e o f developmen t an d use , and to include opinion s as well as 
facts, i n th e expectatio n o f provokin g som e o f yo u t o disagre e wit h me . Th e lis t is 
not intende d t o b e categorical , nor ar e the items in i t independen t o f on e another . 

Our Natural Environment 
8. All o f th e specifi c resource s whic h w e shal l conside r belo w for m par t o f ou r 

total environment . Thi s environmen t i s b y n o means the same for al l of us — in fac t 
every on e o f u s i s a  geneticall y uniqu e individual , an d eac h o f u s i s subjec t fro m 
birth t o a  persona l an d uniqu e se t o f environmenta l factors . Thu s a t ever y stag e of 
our developmen t ou r potentialit y fo r learnin g (i n mathematic s a s i n al l else ) i s 
unique, and , ideally , thi s shoul d b e exploited b y a  unique use of availabl e resources . 
However al l existin g system s o f educatio n operat e b y considerin g categorie s o f 
individuals, groupin g the m b y th e us e o f suc h criteri a a s geographical location , age, 
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sex, apparen t succes s in previous education, an d s o on. I t i s convenient t o conside r a 
rough divisio n o f ou r tota l environmen t int o tha t par t whic h i s natural , an d tha t 
part whic h i s man-made . Th e "mathematica l content " o f ou r natura l environmen t 
is much the sam e for al l of us , wherever we happen t o b e located o n thi s little planet . 
The shape o f th e sun ; the apparentl y changin g shape of the moon; daily an d seasona l 
patterns o f shadows ; regularity an d symmetr y i n crystals , leaves, flowers, an d seeds ; 
experiences wit h water , suc h a s reflections , wave s an d ripples ; —  thes e ar e freel y 
available t o all . W e know tha t man y o f thes e thing s have had a  significant effec t o n 
the historica l developmen t o f mathematics , an d i t i s no t unreasonabl e t o believ e 
that w e should b e able to exploi t the m a s resources fo r th e learnin g of mathematics . 

9. Although i t i s probabl y no t relevan t t o th e topi c o f thi s paper , w e shoul d 
remind ourselve s tha t ther e i s a  deepe r relationshi p betwee n mathematic s an d th e 
natural environment , an d that unti l very recently thi s environment ha s been virtuall y 
unchanged durin g th e evolutio n o f man . Ther e i s littl e doub t tha t amon g thos e 
genetic variation s o f prehistori c ma n (an d hi s ancestors ) whic h had surviva l value in 
relation t o th e environment , ther e mus t hav e bee n variation s relate d t o abilitie s 
which w e woul d conside r t o b e essentiall y mathematical . I n othe r words , th e fac t 
that ma n ha s evolve d a s a n anima l wit h considerabl e mathematica l capabilit y 
probably reflect s th e valu e whic h thi s typ e o f abilit y ha s ha d fo r surviva l i n a 
competitive environment . 

Our Man-Made Environmen t 
10. Unde r thi s headin g w e includ e al l aspect s o f ou r tota l environmen t whic h 

are, directl y o r indirectly , th e creatio n o f man. This includes not onl y those specifi c 
products o f ou r manufacturin g technolog y whic h ar e mentione d i n th e titl e o f thi s 
paper, bu t als o suc h othe r man-mad e creation s a s ou r homes ; ou r cities ; our social , 
political an d economi c system s (includin g ou r us e o f money) ; our many device s fo r 
the transportatio n o f goods , informatio n an d ideas ; and, of course , the many usefu l 
and useles s gadget s whic h flo w fro m th e applicatio n o f ou r advancin g scienc e an d 
technology. Th e natura l environmen t ha s playe d a  well-know n an d significan t rol e 
in th e historica l developmen t o f mathematics , bu t th e man-mad e aspect s o f ou r 
environment (an d ou r nee d t o understan d an d furthe r develo p them ) hav e no w 
assumed a  fa r greate r significance i n relation t o curren t mathematica l developments , 
and t o curren t curriculu m developments . Whil e w e seem to b e moving slowly in the 
direction o f greate r uniformit y i n th e technologica l aspect s o f ou r societies , ther e 
are stil l very grea t difference s fro m on e place to another . Whethe r o r no t thi s implies 
the nee d fo r difference s i n mathematic s curriculu m will , n o doubt , b e discusse d i n 
other sessions ; bu t ther e seem s littl e doub t tha t thes e environmenta l difference s 
deserve seriou s consideratio n i n relatio n t o th e us e o f resource s fo r implementin g 
whatever curriculu m i s used. 

11. Le t m e giv e a  simpl e example . I n m y country , i t ha s bee n pointe d ou t t o 
me tha t th e mathematica l progres s o f childre n i n rura l area s i s indistinguishabl e 
from tha t o f cit y childre n throug h th e primar y grades , wher e th e mathematic s 
studied i s almos t wholl y arithmetic ; bu t tha t apparentl y significan t difference s 
begin t o appea r a t th e secondar y level , with urban childre n achievin g greater succes s 
than rura l children . I t i s conjectured tha t th e environment o f urban childre n (includ -
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ing, o f course , th e attitud e o f parents , friend s an d especially , th e pee r group ) 
makes th e acquisitio n o f mathematica l knowledg e mor e desirable , an d apparentl y 
more obviousl y relevan t t o th e need s o f th e community . Th e sam e curriculu m i s 
almost certainl y neede d fo r al l o f thes e children , i n vie w o f th e uncertaint y con -
cerning thei r futur e careers . Bu t one naturally wonder s whethe r o r not th e differen t 
environmental influence s coul d b e compensate d fo r b y th e use of differen t teachin g 
strategies. 

12. Th e profound influenc e of our cultura l environmen t o n our persona l develop -
ment is , of course , well known t o psychologist s and t o anthropologist s bu t w e some-
times tend to overlook it in relation t o the learning of suc h a  universal and apparentl y 
culture-free subjec t as mathematics. I t is my personal belie f tha t no t enoug h attentio n 
has bee n pai d t o cultura l differences , bot h i n th e desig n o f curricula , and i n the use 
of variou s resource s fo r learnin g mathematics . I t migh t b e hopelessl y visionar y t o 
contemplate a  time when the design o f mathematics curricul a an d th e use of learnin g 
resources wil l b e full y adapte d t o th e need s an d potentialitie s o f eac h individual , 
but i t i s no t quit e s o unrealisti c t o sugges t tha t mor e attentio n (especiall y i n th e 
use o f resources ) shoul d b e pai d t o som e o f th e mor e obviou s cultura l differences . 
This implies , fo r example , tha t book s designe d fo r us e i n on e societ y shoul d b e 
"culturally translated" , a s wel l a s verball y translated , i n orde r t o adap t the m fo r 
the need s o f anothe r —  a n innovatio n whic h has already bee n found worthwhil e fo r 
culturally distinguishabl e group s withi n on e country , a s wel l a s betwee n countrie s 
with obviou s cultura l differences . (Se e fo r example 2, an d man y othe r America n 
reports o n program s fo r culturall y disadvantage d children) . O f course , man y othe r 
dichotomies are possible in addition t o suc h wel l known one s as rural-urban, affluent -
poor, an d culturall y "normal"-culturall y deprived . On e whic h ha s receive d a  grea t 
deal o f attentio n i n recen t year s i s relate d t o th e relativ e stat e o f technologica l 
advancement, classifyin g countrie s rather roughl y a s "developed" an d "developing" . 
I recentl y rea d a  charming book 3 abou t th e experiences o f tw o teacher s from on e of 
the mos t technologicall y develope d countrie s (th e Unite d State s o f America ) i n 
teaching elementar y mathematic s t o childre n fro m a  particula r triba l grou p i n 
Liberia. Thi s delightfu l an d thought-provokin g stud y ha s implication s whic h g o fa r 
beyond th e immediat e experience s o f th e authors : i t suggest s most strongl y tha t th e 
teacher shoul d understan d th e cultur e i n whic h h e i s working , an d ho w thi s affect s 
not onl y th e suitabilit y o f wha t i s taugh t (th e curriculum ) bu t als o th e choic e o f a 
teaching strateg y (includin g th e us e o f learnin g resources ) whic h i s likel y t o prov e 
most effective . 

13. Thi s attentio n t o cultura l difference s i s importan t i n time , a s wel l a s i n 
place: th e cultura l environmen t o f an y par t o f th e worl d varies in time , and i n mos t 
areas th e positio n toda y i s ver y differen t t o wha t i t wa s fift y (o r eve n twenty ) 
years ago . Dr . Rober t Davi s ha s draw n attentio n t o th e tremendou s significanc e o f 
these time-linke d cultura l changes , i n hi s fascinatin g an d provocativ e booklet 4, 
Mathematics: The  Changing  Curriculum. Thi s booklet i s essential reading fo r anyon e 
who i s interested no t onl y i n seein g wher e w e ar e (in mathematical education) , bu t 
who i s als o intereste d i n seein g som e o f th e direction s i n whic h w e ar e heading . 
Dr. Davi s point s ou t tha t th e technolog y o f th e 1960' s an d th e use of mathematic s 
in it , ar e vastl y differen t t o wha t the y wer e in the 1940's , and he suggests that al l of 
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our recen t "reform " efforts , eve n i f successful , migh t onl y resul t i n makin g ou r 
curricula relevan t t o th e need s o f th e 1940's . H e suggest s tha t th e technologica l 
development o f (American ) societ y require s a  rat e o f chang e o f mathematic s 
curriculum an d learnin g procedure s whic h i s considerabl y greate r tha n th e presen t 
rate. 

14. I  shal l no t carr y furthe r thi s discussio n o f environmenta l factors , bu t I  hope 
that wha t I  hav e sai d wil l mak e clea r my belie f tha t ou r man-made environmen t ha s 
had, an d wil l continu e t o have , a  grea t influenc e o n th e developin g natur e o f ou r 
mathematics, on the choic e o f curriculum , an d o n the choic e o f strateg y for teachin g 
(learning) thi s curriculum , an d m y stron g convictio n tha t bot h th e choic e o f cur -
riculum an d th e us e o f availabl e learnin g resource s shoul d tak e int o accoun t th e 
nature, an d th e changin g nature , o f th e cultura l background o f ou r students , and o f 
the futur e environmen t i n whic h the y wil l live . I f w e ca n discove r ho w t o d o thi s 
successfully, the n i t wil l b e possibl e t o exploi t th e environmen t itsel f muc h mor e 
than w e d o a s a  resource fo r learnin g mathematics . 

15. O f course , i t i s rather eas y to asser t wha t shoul d b e done. We might al l agree 
on th e importanc e o f cultura l factor s i n curriculu m desig n an d in learning strategy , 
but fin d grea t difficult y i n turning thi s agreement int o action . However , the report 2 

referred t o earlier , indicate s tha t som e progres s i s being mad e i n on e countr y (th e 
United States ) i n th e understandin g an d amelioratio n o f th e cultura l deprivatio n 
which result s fro m relativ e poverty . I  recentl y rea d i n the Annual Repor t (1967 ) o f 
the Carnegi e Corporatio n o f Ne w York , o f a  quit e differen t projec t ( a joint projec t 
of Syracus e Universit y an d Makerer e College ) designe d t o discove r whethe r o r no t 
current psychologica l theorie s o f chil d developmen t an d learnin g (whic h hav e been 
predominantly base d o n studie s o f childre n in Western societies ) are. , in fact, applic -
able t o non-Wester n cultures . Studie s suc h a s thes e indicat e tha t som e progres s i s 
possible, and they hol d muc h promise fo r th e future . 

Specific Resources : The Teacher 
16. Durin g th e pas t fiftee n o r twent y year s ther e ha s bee n a n almos t un -

precedented amoun t o f activit y aime d a t th e "improvement " o f schoo l mathe -
matics. Initiall y muc h o f thi s activit y wa s directe d toward s curriculu m reform , 
with suc h landmark s a s th e creatio n o f th e Commissio n o n Mathematic s i n 1955 , 
and th e publicatio n o f it s report 5 i n 1959 ; the establishmen t o f th e Schoo l Mathe-
matics Stud y Group , i n 1958 ; the Royaumon t Semina r (1959 ) o f th e Organisatio n 
for Europea n Economi c Co-operation , an d it s controversia l report 6 New  Thinking 
in School  Mathematics;  th e cal l t o arm s b y Professo r Brya n Thwaite s (1961 ) i n his 
Inaugural Address 7, leadin g t o th e Southampto n Mathematic s Conference 8, an d t o 
the Schoo l Mathematic s Project ; the imaginative wor k o f the Cambridge Conferenc e 
on Schoo l Mathematic s (1963 ) an d it s stimulatin g report 9 Goals  for School  Mathe-
matics; and , mor e recentl y (1966 ) th e Ditchley Conference 10 ,  a joint Conferenc e o f 
the Schoo l Mathematics Projec t an d th e Cambridg e Conference . 

17. Thi s listin g is , o f course , ver y incomplete . Refor m movement s exis t i n 
virtually ever y country , an d ther e ca n scarcel y b e a  schoo l anywhere whos e mathe-
matics progra m ha s no t bee n affecte d b y th e activit y o f th e las t decade . ( A fulle r 
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picture i s given b y th e recen t UNESC O publication 11 New  Trends  in  Mathematics 
Teaching). I n mos t o f th e abov e mentione d report s there i s relatively littl e mentio n 
of th e rol e o f teacher s an d othe r resources . Howeve r i t wa s earl y realise d b y man y 
of th e leader s o f th e refor m movement s tha t th e best-conceive d curriculu m woul d 
founder i f du e attentio n wer e no t pai d t o th e crucia l rol e o f th e teache r an d to th e 
improvement o f teacher s themselves , a s wel l a s th e improvement o f othe r resource s 
such as textbooks an d teachers ' guides. 

18. Th e event s of the las t te n year s have fully justified th e initia l concern (whic h 
is eviden t i n man y o f th e publication s referre d t o above) tha t a  major barrie r to th e 
successful implementatio n o f an y ne w curriculu m woul d b e th e mathematica l an d 
pedagogical competenc e o f th e teacher . I  a m sur e tha t man y o f u s wh o ar e here a t 
this Conferenc e wil l have independently reache d th e conclusio n tha t i t i s the teache r 
on who m w e mus t concentrat e muc h o f ou r attention , i f genuin e progres s i s t o b e 
made. Thi s i s no t reall y surprising . Fo r i t i s the teache r (wh o is often referre d t o as 
"a filter , throug h whic h mathematica l idea s percolat e t o th e student" ; o r a s " a 
mirror —  sometime s cloudy ! —  i n whic h th e studen t perceive s mathematica l con -
cepts") wh o i s stil l th e mai n channe l fo r th e communicatio n o f mathematica l idea s 
to th e student , n o matter wha t curriculu m i s being studied. This statement i s as true 
for classe s usin g th e man y fin e ne w textbook s tha t hav e recentl y appeared , a s i t i s 
for classe s usin g olde r book s o r havin g n o textbook s a t all . And , a s fa r a s we ca n 
tell a t present , th e rol e o f th e teache r i s likel y t o b e just a s significan t (eve n i f dif-
ferent i n detail ) i n conjunctio n wit h suc h "automated " teachin g method s a s pro -
grammed learnin g and compute r assiste d learning . 

19. I t i s my ow n convictio n tha t th e teache r is , in many ways , the critica l class-
room resource , an d tha t th e teache r set s a  limi t t o th e effectiv e us e o f ever y othe r 
resource —  textbooks , film s an d fil m strips, programme d materials , attribute blocks , 
calculators, overhea d projectors , numbe r rod s an d othe r analog y devices , mathe -
matical games  an d puzzles , an d th e many othe r "teachin g aids " which are appearin g 
in ou r classrooms . Fo r thi s reaso n I  loo k forwar d wit h interes t t o th e worksho p 
discussions o n th e vita l topi c o f teache r selectio n an d training . Unfortunatel y i t i s 
extremely eas y t o convinc e ourselve s o f th e crucia l rol e o f th e teacher , bu t i t i s 
vastly mor e difficul t t o kno w jus t wha t t o d o about it . We know tha t th e successfu l 
teacher mus t hav e a n adequat e knowledg e an d understandin g o f th e relevan t 
mathematics, an d a s much skil l an d understandin g o f th e processe s o f learnin g and 
of pedagog y a s w e ca n currentl y provide : thes e ar e th e traditiona l component s o f 
teacher training . Bu t ther e i s muc h mor e t o i t tha n this . Mos t o f u s wil l recal l 
personal learning experiences in mathematics (and in other subjects) wher e we became 
excited about a particular topic, and this excitement acte d a s a catalyst i n the learnin g 
of the topic , to the extent tha t w e were not consciou s a t al l of any "effort " t o learn . 
We woul d lik e t o b e abl e t o excit e al l o f ou r teacher s abou t thei r subjec t an d it s 
teaching, an d t o hav e the m communicat e thi s excitement t o thei r students . Perhap s 
one day w e shall discover how to d o this . 

Books 
20. Le t m e confes s a t th e outse t wha t wil l probabl y becom e apparen t a s I 

proceed: tha t I  a m a  boo k lover . Book s hav e bee n wit h u s fo r a  very lon g time , 
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and thei r rol e a s carrier s o f variou s aspect s o f ou r huma n cultur e i s wel l known . 
(Consider, fo r example , th e historica l significanc e o f suc h book s a s th e Bible , th e 
Koran, an d Euclid' s Elements) . The two grea t storehouse s fo r th e accumulatio n an d 
transmission o f mathematica l knowledg e hav e been people an d books . 

21. I n considerin g th e significanc e o f book s a s a  resourc e fo r learnin g mathe -
matics, i t i s necessar y t o remin d ourselve s o f th e dramati c chang e i n th e statu s 
of book s brough t abou t b y th e developmen t o f modern , movable-typ e printin g 
in Wester n Europ e i n the fifteent h century . This technological breakthroug h mad e i t 
possible t o produc e man y identica l copie s o f th e sam e boo k a t a  great reduction i n 
cost a s compare d wit h earlier methods. I t also made possible a  rapid developmen t o f 
mass education . Th e reason s wh y suc h a  developmen t di d no t occu r fo r severa l 
hundred year s ar e complex, an d beyon d th e scope of thi s discussion; but i t i s safe t o 
say that , ha d printin g no t bee n invented , th e developmen t o f mass education i n th e 
last hundre d year s woul d hav e bee n ver y differen t fro m wha t i t has been. To realise 
this w e hav e onl y t o reflec t o n th e exten t t o whic h ou r personal developmen t -  i n 
mathematics a s i n othe r area s —  ha s bee n assiste d b y ou r us e o f books : textbooks , 
reference books , journals, and s o on. 

22. Book s an d printin g hav e bee n wit h u s fo r s o lon g tha t i t migh t b e though t 
that, excep t fo r change s i n content , nothin g o f curren t significanc e coul d b e sai d 
about th e rol e o f books . Bu t I  do not believ e tha t thi s is the case : authors and boo k 
publishers hav e no t stoo d still . On e interestin g developmen t o f th e las t decad e 
(closely associate d wit h curriculu m reform ) ha s bee n th e growin g tendenc y fo r th e 
use o f fairl y larg e group s o f writers , rathe r tha n th e more traditiona l authorshi p b y 
one, o r b y a  smal l numbe r o f writers . This group writing is seen in the work o f suc h 
bodies a s th e Schoo l Mathematic s Stud y Group , th e Schoo l Mathematic s Project , 
the African (Entebbe ) Mathematic s Project , and , o f course , many others . There i s no 
doubt tha t suc h grou p writin g ca n resul t i n a  very critica l selection an d appraisa l of 
material, althoug h i t sometime s run s int o problem s o f style . I  a m sur e tha t th e 
potentialities o f grou p writin g hav e no t bee n full y realise d i n mos t o f th e recen t 
projects, du e to rathe r sever e restrictions of time and money . But , given an adequat e 
supply o f both , i t seem s saf e t o conjectur e tha t man y o f th e bes t textbooks o f th e 
future wil l b e produce d b y th e co-operativ e effort s o f mathematicians , teachers , 
learning theorists , an d publishers ; assisted, o f course , by feedbac k fro m th e student s 
on who m th e text s ar e evaluated . I n thi s connectio n se e th e remark s o f Rober t 
Davis on "Experimentin g wit h Textbook Style" 4 . 

23. Ther e hav e als o bee n significan t change s i n recen t year s i n th e ar t an d 
technique o f boo k production . Fo r example , conside r the attractive use of ar t wor k 
and colou r i n th e books 12 o f th e Nuffiel d Mathematic s Project : thes e book s ar e 
a fa r cr y fro m th e generally dra b textbooks o f a  generation ago . Another innovatio n 
has bee n i n th e us e o f transparen t overlays ; for a n exampl e o f thi s see 13 .  It i s no t 
clear just ho w muc h effec t a  more attractive production ca n have on the learning of 
mathematics, quit e apar t fro m th e aestheti c pleasur e whic h i t may give us, but I  am 
inclined to think that it could be significant fo r som e students; it would b e interestin g 
to se e some wel l planned educationa l researc h on thi s question . 
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24. Whil e talking textbooks, there i s one matter whic h simply mus t b e discussed : 
that is , ho w significan t i s an y textboo k i n th e learnin g proces s fo r th e individua l 
student, othe r tha n a s a  course-guide fo r th e teacher? I n my country , unti l recently , 
mathematics textbooks for th e primar y schoo l (and , to a  lesser extent, th e secondar y 
school) were little else than collection s of problems . The "textbook " (i f any ) was not 
generally designe d t o presen t th e subjec t i n a n orderl y wa y whic h coul d (i n theor y 
at least ) b e rea d b y th e studen t a s a  supplemen t t o hi s clas s instruction . Ther e ar e 
signs tha t thi s situatio n i s changing significantly , an d I  will be most intereste d t o se e 
whether thes e student s (wh o ar e no w bein g encourage d t o rea d mathematic s book s 
at bot h primar y an d secondar y levels ) wil l impres s us , wh o late r teac h the m a t th e 
tertiary level, as being significantly mor e successfu l tha n ou r presen t student s in thei r 
ability t o lear n mathematics , by themselves , from book s and journals. 

25. A t thi s stag e I  hop e tha t yo u wil l forgiv e m e i f I  injec t a  somewha t mor e 
personal note , an d tel l yo u o f a  projec t o n whic h I  hav e bee n engage d fo r th e pas t 
seven o r eigh t years . Abou t te n year s ago , a s a  resul t o f m y increasing involvemen t 
with mathematic s educatio n i n schools , I  becam e awar e tha t mos t school s i n th e 
region wher e I  liv e (Perth , Australia ) ha d virtuall y n o worthwhil e mathematic s 
holdings i n thei r libraries . ( A typica l situatio n wa s for a  school to have a few must y 
and out-date d textbooks , frequentl y bequeathe d b y som e lon g forgotte n teacher) . 
I als o becam e awar e tha t ver y fe w teacher s o f mathematic s ha d an y significan t 
number o f mathematic s book s i n thei r persona l libraries . I n vie w o f th e rapidl y 
growing numbe r o f suitabl e book s (fo r bot h teacher s an d schools ) which I  knew t o 
exist, it seemed to me that I  should b e able to d o something to improve thi s situation . 
My firs t approac h wa s t o gathe r togethe r a  lis t o f a  littl e ove r a  hundred suitabl e 
books, an d I  circulate d thi s lis t t o teacher s (a s member s o f ou r Mathematica l 
Association) an d t o schoo l librarians . Afte r a  yea r o r s o I  mad e som e attemp t t o 
assess wha t effec t thi s ha d had . Unfortunatel y i t appeare d tha t an y improvemen t 
was ver y smal l indeed . Afte r furthe r discussion s wit h teachers , I  suddenl y realise d 
that neithe r teacher s no r librarian s wer e likel y t o bu y an y significan t numbe r o f 
mathematics book s which they ha d n o opportunity t o inspec t i n advance. And Pert h 
bookshops (including ou r Universit y Bookshop ) rarely stoc k very many mathematic s 
books which are suitable fo r th e librarie s of school s and o f teachers . 

26. Havin g thu s clarifie d m y problem , th e solutio n wa s relativel y simple . I  se t 
about collecting a  "standing display " of suc h books , housed i n a location wher e the y 
could b e readil y inspecte d (includin g limite d borrowing ) b y an y interested teacher . 
In addition , an d wit h th e co-operatio n o f the Stat e Departmen t o f Education , thes e 
books ar e regularl y circulate d (fo r a  limite d inspection period ) in boxes of 20-3 0 t o 
any intereste d school . (Yo u migh t b e intereste d t o kno w tha t th e Stat e o f Wester n 
Australia occupie s almos t a  millio n squar e miles , an d tha t som e school s ar e ove r 
1,000 mile s from Perth . Thus not ever y teacher ca n drop i n at th e University —  wher e 
the books are normally house d — after school! ) Finally , a  list of recent acquisition s is 
sent regularly t o al l members of the Association . 

27. Thi s collection has now grown to abou t 70 0 books. In case you ar e intereste d 
in starting such a project fo r yourselve s (and I  strongly recommend tha t suc h "schoo l 
mathematics collections" should be established in every major centre ) I  have arrange d 
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to suppl y eac h o f yo u wit h a  fairl y complet e lis t o f our curren t holdings . No doub t 
some o f thi s materia l wil l b e familia r t o you , bu t I  a m sur e tha t yo u wil l b e a s 
surprised a s I was just ho w much i s available, and how rapidly thi s is increasing. 

28. Perhap s I  shoul d sa y somethin g abou t th e selectio n o f materia l fo r thi s 
collection. I  bega n originall y wit h th e ide a o f sendin g ou t a  brie f "review " o f eac h 
book, wit h eac h lis t o f acquisitions . Bu t almos t fro m th e beginnin g I  ha d request s 
from teacher s t o pu t th e books in some sor t o f orde r o f preference ; and thi s worrie d 
me, becaus e I  wa s no t convince d o f th e infallibilit y o f m y judgment (o r o f anyon e 
else's), an d I  di d no t lik e th e though t tha t ever y schoo l might en d up wit h th e sam e 
little subset of my collection. My concern abou t possibl y playin g the role of "censor " 
soon became irrelevant , because the books came in much faste r tha n I  could possibl y 
read an d commen t o n them , an d th e onl y book s whic h I  hav e exclude d hav e bee n 
quite routine standar d texts . 

29. A s a  resul t o f al l this , teacher s an d school s hav e mad e thei r ow n selections , 
and thes e hav e show n a  gratifyin g diversity . Som e o f the m hav e certainl y bough t 
books which I would neve r have recommended. Bu t thi s doesn' t worr y me , especially 
as teachers have told m e of particula r book s which have aroused th e interes t o f som e 
of thei r students , an d I  hav e realise d tha t I  woul d hav e delete d thes e book s i n any 
censoring process. I am more tha n satisfie d i f a  book whic h I  consider dull , inelegant , 
and eve n inaccurate , ca n arous e th e interes t o f an y studen t i n mathematics: interes t 
acts as a powerful catalys t i n the learning process. 

30. S o tha t som e o f yo u ca n se e som e o f thes e book s fo r yourselves , I  hav e 
arranged t o hav e a s man y o f the m a s possible brought togethe r i n Trinidad.* I  hope 
that som e o f yo u migh t b e influence d t o wor k toward s th e establishmen t o f suc h 
collections a t suitabl e centre s i n you r ow n countries , and , i f so , m y experienc e 
might provid e yo u wit h a  startin g point . O f cours e i f suc h a  collection i s started, i t 
should b e kep t up-to-dat e b y th e regula r additio n o f ne w material . Amon g th e 
sources whic h I  fin d usefu l i n helpin g t o locat e suitabl e book s ar e th e reviews , 
advertisements, an d bibliographie s i n suc h journal s a s The  Mathematics  Teacher, 
The Arithmetic  Teacher,  The  Scientific American,  School  Science  and  Mathematics, 
Mathematics Magazine,  The  Mathematical  Gazette,  Mathematics  Teaching,  an d 
Teaching Arithmetic.  I n additio n annotate d list s hav e bee n publishe d b y th e 
Association o f Teacher s o f Mathematic s (U.K.) , an d b y th e Nationa l Counci l o f 
Teachers o f Mathematics (U.S.A.) . 

Programmed Learnin g 
31. I t i s fairl y saf e t o sa y that programme d instructio n ha s been one of the mos t 

controversial educationa l innovation s of th e past decade . The recent wav e of interes t 
and activit y i n thi s technique ha s its origin in the work o f S.L . Pressey , who pointe d 
out i n tw o article s publishe d i n 192 6 (A  Simple  Apparatus  Which  Gives  Tests  and 
Scores -  And  Teaches  an d A  Machine  For  Automatic  Teaching  of  Drill  Material; 
reprinted in 14, pp . 35-4 1 an d pp . 42-46 ) tha t a  multiple-choic e testin g machin e 
also performe d a  teachin g function . However , th e root s o f th e ide a ar e a s ol d a s 
education itself, and are certainly present in the didacti c methods o f Socrates . In fact , 

*These title s are included i n the bibliography . 
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as Kenneth Ma y ha s pointe d ou t i n hi s masterl y studie s Programmed Learning  and 
Mathematical Education 15 ,  an d Programming  and  Automation 16 ,  programme d 
instruction i n th e modern specifi c sens e can be considered a s a particular instanc e o f 
educational programming , whic h he defines a s the schedulin g and contro l o f studen t 
behaviour i n th e learnin g process . Thu s al l educationa l procedure s involv e pro -
gramming (including self-programming) t o a  greater o r lesser extent . 

32. Pressey' s wor k doe s no t appea r t o hav e mad e an y significan t impac t a t th e 
time o f it s publication , bu t thi s canno t b e sai d o f th e late r wor k o f B.F . Skinner . 
Following th e appearanc e o f Skinner' s paper s The  Science  of  Learning  and  The  Art 
of Teaching  an d Teaching  Machines (whic h appeared i n 195 4 and 195 8 respectively ; 
these ar e reprinte d in 14 ,  pp . 99-113 , an d pp . 137-172 ) ther e ha s appeare d a n 
enormous amount o f programmed materia l in a variety o f modes , and on a  very wid e 
range of topics . 

33. Fro m th e beginnin g mathematic s ha s bee n considere d (b y th e promoter s 
of programme d learning ; no t necessaril y b y mathematicians ) a s a  suitabl e subjec t 
for programming , and program s on mathematica l topic s soon bega n to appea r o n th e 
scene. I  thin k tha t i t is fair t o sa y that mathematician s hav e largely been sceptica l o f 
the man y optimisti c claim s whic h hav e bee n mad e fo r thi s new technique, and tha t 
May's tw o paper s referre d t o abov e give a fair impressio n o f the views of the mathe -
matical fraternity . Th e reason s fo r thes e doubt s ar e many : fro m th e beginnin g th e 
technique wa s oversold , bot h b y educationa l enthusiast s an d b y commercia l 
promoters; i t wa s no t a t al l obviou s tha t wor k don e o n animal s woul d hav e direc t 
application t o th e learnin g o f huma n beings ; the styl e o f productio n make s i t ver y 
difficult fo r a  mathematicia n t o ge t a  quic k feelin g fo r a  program , a s he ca n fo r a 
book, b y skimmin g th e conten t an d samplin g a  few passages ; and whe n he took th e 
trouble -  a n extremel y borin g procedur e -  t o examin e carefull y a  programme d 
mathematics tex t b y followin g i t throug h i n detail , h e wa s ofte n appalle d b y th e 
mathematics h e found . (Thi s i s no t ver y surprising , sinc e mos t o f th e earl y mathe -
matics program s wer e writte n b y peopl e wit h n o establishe d standin g a s mathe -
maticians o r a s mathematic s teacher s —  peopl e wh o would hav e been mos t unlikel y 
to writ e a  norma l mathematic s text) . I n an y event , mathematician s hav e a  health y 
cynicism wit h regar d t o an y notio n tha t th e learnin g o f mathematic s ca n b e mad e 
quickly an d dramaticall y easier . Thi s long-standin g attitud e i s typifie d b y Euclid' s 
oft-quoted repl y t o Kin g Ptolem y whe n aske d to simplif y th e learning of geometry , 
"there i s no Roya l road t o geometry" . 

34. Th e doubt s o f mathematician s concernin g th e rathe r extravagan t claim s o f 
some of the earl y promoter s o f programmed learning , resulted i n their determinatio n 
to tr y ou t th e mediu m fo r themselves . A s a  resul t man y ver y substantia l project s 
have bee n carrie d throug h i n th e preparatio n an d testin g o f mathematic s programs . 
I shall mention a  few o f them . 

35. I n 1961 , the Schoo l Mathematic s Stud y Grou p inaugurated a n experimenta l 
"Programmed Learnin g Project" , designe d t o produce an d tes t a  variety o f program s 
on a  single clearly-defined cours e (beginnin g algebra) fo r whic h S.M.S.G . ha d alread y 
prepared an d teste d tw o differen t standar d textbooks . Thi s projec t ha s bee n full y 
reported. (Se e 17 ; thi s repor t als o contain s a  very usefu l Manual  for  Programmers). 
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The writin g team s containe d experience d mathematic s teacher s an d universit y 
mathematicians, a s wel l a s psychologists who were experts in programming. Initiall y 
two program s wer e prepared , using the Skinne r (constructe d response ) and Crowde r 
(multiple choice ) modes . I t i s interesting t o not e tha t a  book o f abou t 50 0 pages in 
standard textboo k form , occupie d ove r 1,70 0 page s whe n programme d i n "con -
structed response " form , an d ove r 2,30 0 page s i n "multipl e choice " form . A  late r 
"hybrid" for m (usin g bot h o f th e abov e forms , togethe r wit h som e passage s o f 
standard text ) occupie d abou t 1,00 0 pages . Thi s developmen t o f a  hybri d for m 
resulted from experience s durin g the projec t i n the use of the olde r forms , especially 
the apparen t nee d t o overcom e th e tendenc y t o boredo m cause d b y the unrelieve d 
use o f a  singl e form . Hybri d programmin g ca n b e considere d a s an S.M.S.G . con -
tribution t o th e ar t o f programming . Th e result s o f th e S.M.S.G . experimen t ar e 
given i n detai l i n th e repor t cited . Roughl y speaking , the y sugges t tha t (insofa r a s 
these thing s ca n b e measured) , a  wel l prepare d progra m ca n b e a  usefu l learnin g 
device, an d tha t it s effectivenes s a s compare d wit h th e us e o f a  standar d textboo k 
is likel y t o b e neithe r dramaticall y bette r no r dramaticall y worse , whe n use d i n a 
reasonably sensibl e way . Anothe r conclusio n wa s tha t th e hybri d for m wa s mor e 
effective tha n eithe r o f the "pure " forms, giving the student s more confidenc e i n the 
use of terminology as well as improved performance , an d giving greater satisfaction t o 
the program writers . Perhaps the mos t significan t singl e conclusion t o b e drawn fro m 
the S.M.S.G . stud y i s tha t programme d learnin g deserves , an d needs , a  grea t dea l 
more investigation and experimentation , i n order to determin e the bes t way s of com -
bining differen t mode s (includin g possibl e ne w modes ) i n orde r t o maintai n th e 
student's interes t an d challeng e hi s ability , a s wel l a s t o conditio n hi m t o certai n 
desired responses . Ther e is , o f course , muc h mor e o f valu e i n th e report , whic h I 
strongly recommen d t o anyon e seriousl y intereste d i n th e us e o f programme d 
instruction fo r th e improvement o f schoo l mathematics . 

36. Programme d learnin g ha s mushroome d enormousl y i n it s ver y shor t spa n of 
existence, and while it has not live d up to some of the claims of th e early enthusiasts , 
there i s littl e doub t tha t i t ha s mad e (an d wil l continu e t o make ) a  worthwhil e 
contribution t o ou r armour y o f learnin g resources , an d t o ou r understanding o f th e 
learning process. A great deal of experimental work is now in progress, but muc h mor e 
will need to be done before the ful l potentialitie s o f thi s medium ar e realised. Bu t i t is 
safe t o conjectur e tha t i t wil l eventuall y establis h itsel f a s on e o f man y usefu l 
resources, an d not , a s som e o f it s early promoters saw it, as the solutio n t o man y o f 
our problem s o f teache r suppl y an d training . Al l th e evidenc e t o dat e suggest s tha t 
programmed materia l wil l onl y b e a n ai d t o th e mathematic s teacher , an d wil l no t 
supplant him . 

37. Thi s i s al l tha t I  wis h t o sa y i n orde r t o introduc e thi s topic, which will , no 
doubt, b e widel y discusse d i n ou r workin g parties . Bu t befor e goin g on , I  shoul d 
point out that programmed learning is strongly linked with computer-assisted learning , 
about whic h I  shal l hav e more t o sa y later in this paper. I  conclude by giving a short 
reading lis t o f som e o f th e man y book s an d paper s whic h ar e relevan t t o th e dis -
cussion o f programme d learnin g i n mathematics . T o thi s lis t shoul d b e adde d th e 
references alread y given , an d th e ver y usefu l referenc e list s whic h the y themselve s 
contain. 
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Leedham, J. , an d Unwin , D . Programmed  Learning  in  the  Schools.  London , 
Longmans, 1965 . 
Fincher, G.E. , an d Fillmer , H.T . "Programme d Instructio n i n Elementar y Arith -
metic", Arithmetic Teacher,  January , 1965 . 
Smith, M.D . "Som e Consideration s i n Teachin g Mathematic s b y Programme d 
Instruction", Mathematics Teacher,  May , 1962 . 
Kalin, R . "Som e Guideline s fo r Selectin g a  Programmed Tex t i n Mathematics" , 
Mathematics Teacher,  January , 1966 . 
Smith, L.W . "Th e Us e an d Abus e o f Programme d Instruction" , Mathematics 
Teacher, December , 1965 . 
Heimer, R.T . "Design s Fo r Futur e Exploratio n i n Programme d Instruction" , 
Mathematics Teacher,  February , 1966 . 
School Mathematics Study Group. Programmed First  Course  in Algebra, (Student' s 
Text, Part s I  &  II , Student' s Respons e Booklet ; Teacher' s Commentary) . Ne w 
Haven, Yale U.P., 1965 . 
Mathematical Associatio n o f America , Committe e o n Educationa l Media . A 
Programmed Calculus.  New York, W.A. Benjamin, 1968 . 

Television and Films 
38. I t i s convenien t t o conside r thes e tw o media together . Anything tha t ca n be 

put on film ca n be televised (includin g colou r fil m o n colou r television —  at a  price!); 
and an y televisio n progra m ca n b e recorded o n fil m an d used through a  normal fil m 
projector. However , ther e ar e a  number o f importan t difference s i n the use of thes e 
media. Film s hav e th e potentia l fo r fa r greate r visua l quality ; bu t televisio n ha s the 
advantage i n flexibilit y o f transmission , an d i n permittin g widesprea d simultaneou s 
use —  sometime s b y million s o f student s a t th e sam e time , a s happened wit h th e 
well-known "Continenta l Classroom " series in the United States . 

39. I t i s likel y tha t ever y countr y whic h ha s publi c televisio n ha s use d (o r wil l 
use) thi s mediu m a t som e tim e o r othe r fo r educationa l purposes , and tha t thi s will 
include the teaching of mathematics. A few years ago some educational administrator s 
were enthusiastically hailin g television a s the future "solution " to th e teacher suppl y 
problem, bu t thi s ha s no t happened . A s fa r a s mathematic s i s concerned , ther e ar e 
severe limitation s to the use of television . By far th e greatest amoun t o f communica -
tion i n th e mathematic s classroo m i s b y mean s o f a  mixtur e o f visua l an d aura l 
stimuli, wit h th e visua l predominating . Excep t i n th e ver y simples t situation s i t i s 
necessary t o hav e i n vie w (o r availabl e fo r bein g viewe d a t a  glance ) mor e visua l 
information tha n ca n b e carrie d o n a  standar d (2 5 inc h o r less ) televisio n screen . 
And th e us e o f som e o f th e very larg e screen television projection device s which are 
now availabl e (a t considerabl e cost ) doe s no t help , becaus e o f th e natur e o f th e 
television pictur e wit h it s relativel y smal l numbe r o f pictur e line s t o th e fram e -
usually i n th e neighbourhoo d o f fiv e hundre d t o seve n hundred . When this image is 
enlarged u p t o theatre-scree n siz e th e lin e spacin g i s increased , an d i n orde r t o 
smooth ou t thes e discontinuitie s th e viewe r mus t increas e hi s distanc e fro m th e 
screen. Al l tha t i s gaine d i s th e possibilit y o f havin g man y peopl e vie w th e sam e 
screen a t once , instea d o f havin g a  larg e clas s grouped fo r viewing around a  number 
of smal l screens. 
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40. I t i s wel l know n tha t seemingl y irrelevan t psychologica l factor s ca n be very 
important i n th e learnin g process. For example , many educator s have suggested tha t 
the effectiv e us e o f televisio n fo r educationa l purpose s i s hampered b y the fac t tha t 
we ar e conditione d t o it s dominant us e for entertainment . I t woul d b e interesting t o 
see carefu l experimentatio n i n th e us e o f televisio n fo r education , i n societie s tha t 
have no t alread y bee n "contaminated " b y it s us e fo r othe r purposes . This is not t o 
suggest tha t th e us e o f thi s medium fo r it s present (largel y entertainmen t an d adver -
tising) purposes might be curtailed, but if we are to try to understand th e potentialitie s 
of television for education we might learn something from th e study o f the "extreme " 
situation i n which i t i s not use d fo r an y othe r purpose . 

41. Lik e man y o f you , w e i n Australi a hav e experimente d wit h th e productio n 
and us e o f mathematic s program s o n television . I t i s possible by carefu l plannin g t o 
adjust t o th e sever e restrictio n o n writte n visua l material, but I  do not kno w o f an y 
television teache r o f mathematic s wh o di d no t fee l tha t thi s limitatio n hampere d 
his effectiveness . Th e limitatio n become s mor e seriou s a s th e leve l o f instructio n 
increases, an d a t th e tertiar y leve l (wher e on e frequentl y cover s man y chalkboard s 
with a single mathematical development , wit h frequen t referenc e bac k t o earlie r part s 
of the development ) th e medium ha s very littl e value at all . 

42. I n considerin g th e potentialit y o f televisio n fo r mathematic s instruction th e 
limitation o f writin g spac e i s the aspec t whic h immediately strike s the mathematic s 
teacher, an d thi s i s probabl y th e singl e mos t importan t reaso n fo r th e lac k o f 
enthusiasm whic h mos t mathematician s hav e fo r th e medium . I t i s instructiv e t o 
compare thi s wit h th e enthusias m o f som e of ou r scientis t colleagues , and t o remin d 
ourselves of some of the reasons. Scientist s like television fo r it s ability t o sho w wha t 
is happening i n som e inaccessibl e place ; for it s ability t o magnify fo r th e clas s some 
detail o f a n experiment , suc h a s th e behaviou r o f bacteri a a s viewed unde r a  micro-
scope; for its ability t o provid e a  close-up picture in a  potentially dangerou s situatio n 
— as in chemistry, or in dealing with radioactive materials ; for it s ability t o show wha t 
is happenin g i n a n environmen t whic h mus t b e kep t steril e —  as i n a  surgica l 
operation; an d s o on . Bu t non e o f thes e specia l use s i s relevan t t o mathematics : a 
mathematical derivatio n o r formul a i s no t dangerous ; i t doe s no t nee d t o b e kep t 
in a  steril e environment ; an d i t gains nothing in logical clarity b y being magnified o r 
viewed i n clos e up . Thu s no t onl y doe s televisio n "cram p th e style " o f a  mathe -
matics teacher , bu t ther e i s n o eas y wa y i n whic h th e mathematic s teache r —  i n 
contrast t o th e teache r o f scienc e —  ca n significantl y exploi t man y o f the potentia -
lities of th e medium . 

43. Thi s is not t o sa y tha t televisio n ha s no place in the teaching of mathematics . 
Much elementar y mathematic s teachin g i s related t o the rea l world . Demonstration s 
with concrete materials , relevant experiments , animation , an d s o on, can be recorde d 
and use d vi a televisio n (jus t a s they ca n vi a film ) i n orde r to supplemen t classroo m 
experiences. When used fo r thi s purpose th e television pictur e los s in quality , a s com-
pared wit h film , bu t i t ha s th e advantag e o f bein g abl e t o sho w a  situatio n i n rea l 
time (i.e . whil e i t i s happening) ; an d i t has the advantag e i n the eas e with whic h th e 
number o f simultaneou s viewer s ca n b e multiplie d indefinitely , usin g close d circui t 
or broadcast transmission . 
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44. A  few year s ago, in the Stat e in which I  live, a new mathematics program wa s 
being introduce d i n th e secondar y schools . Wit h th e technica l assistanc e o f th e 
Australian Broadcasting Commission, our Mathematical Association produce d a  series 
of thirt y half-hou r televisio n programs . Eac h o f thes e wa s broadcas t t o school s o n 
three separat e occasions , s o tha t th e school s coul d choos e thei r own viewing times. 
These program s wer e ostensibl y directe d a t students . But i t wa s the opinio n o f mos t 
of thos e wh o wer e associate d wit h thi s projec t tha t it s greates t valu e la y i n th e 
assistance whic h i t gav e t o teachers , a s indirec t inservic e training . A  correspondin g 
conclusion ha s been reached b y other s in similar situations . 

45. Lookin g ahead , i t seem s saf e t o sa y tha t th e usefulnes s o f televisio n fo r 
allowing larg e number s o f simultaneou s users , for th e exploitation o f visual materia l 
other tha n mer e writin g or printing , and fo r teache r inservice training, together wit h 
the possibilit y o f recordin g an d re-usin g material , wil l resul t i n a steadily increasin g 
use o f th e mediu m a s a n ai d t o th e learnin g o f mathematics . I t i s t o be hoped tha t 
this us e wil l b e bot h critica l an d selective , an d tha t way s might b e found t o exploi t 
the rea l potentialitie s o f th e mediu m —  thos e thing s whic h ca n b e bette r don e b y 
television than i n any othe r way . 

46. A  usefu l overvie w o f th e us e o f televisio n i n mathematica l educatio n i n the 
United State s i s given i n a  recent report 18 o f a  conference o n "Televisio n i n Mathe-
matics Education" , sponsore d b y th e Nationa l Cente r fo r Schoo l an d Colleg e 
Television. After viewing much of the very considerabl e volume o f recorded televisio n 
material (fo r mathematics ) whic h i s available in the Unite d States , it wa s the opinio n 
of th e viewin g pane l tha t negligibl e us e ha d bee n mad e o f th e rea l potentialitie s o f 
the mediu m an d that , o n presen t evidence , televisio n shoul d no t b e use d a s a basic 
resource fo r mathematic s instruction , bu t onl y a s a  specia l purpos e supplementar y 
resource. Bu t ther e i s much mor e to thi s report , and I  strongly recommend tha t yo u 
read i t yourselves . 

47. Ther e i s one furthe r us e of television tha t I  wish to mention . Thi s is as an aid 
in th e pedagogi c trainin g o f teachers . A  coupl e o f year s ago , whe n a t Stanfor d 
University, I  saw relatively chea p videotape recordin g and playback equipmen t bein g 
used i n connectio n wit h teache r training , i n muc h the sam e way that tape s are used 
in a  languag e laboratory . Videotap e wa s use d t o recor d practic e lessons , or parts of 
lessons. (Th e "students " wer e fello w trainees , bu t rea l classes coul d b e used , wit h 
some modifications) . Thes e wer e the n playe d bac k an d discusse d an d criticise d i n a 
seminar situation . Playbac k coul d b e immediate ; i t coul d b e stoppe d a t an y point , 
repeated, an d s o on . Thi s appeale d t o m e a s an immensely valuable tool fo r teache r 
training. Mos t o f u s ar e rathe r appalle d a t th e qualit y o f ou r ow n voic e o n a  tap e 
recorder. I am sure that we would be even more humbled by the pedagogic deficiencie s 
which woul d b e disclosed b y videotape recordings of ou r clas s teaching. 

48. Wit h films , a s wit h television , i t i s relatively eas y t o record a  standard class -
room situation, and thi s has been don e extensively . Mos t o f the offering s i n the 196 3 
listing an d review 19 o f mathematic s films , an d i n th e 196 7 listing 20 o f broadcas t 
television offering s i n mathematic s (bot h sponsore d b y th e Nationa l Counci l o f 
Teachers o f Mathematics ) ar e o f thi s type . Bu t thi s simpl e an d direc t approac h 
makes n o significan t us e o f th e rea l potentia l o f th e fil m medium , an d a  number o f 
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projects hav e bee n undertake n i n an effor t t o d o better . The common experienc e o f 
most o f th e group s whic h have attempted t o com e t o grips with thi s problem i s that 
it i s enormously difficul t an d costl y t o produce a  really satisfyin g product . 

49. On e o f th e mos t informative , an d bes t documented 21 fil m project s i s th e 
so-called "Leve l I  Project" o f the Mathematica l Associatio n o f America' s Committe e 
on Educationa l Media . Th e origina l objective s o f thi s projec t wer e to prepare 5 0 t o 
60 forty-fiv e minut e film s whic h woul d provid e th e majo r expositor y portio n o f an 
undergraduate colleg e cours e i n numbe r systems , designe d primaril y fo r us e i n th e 
pre-service trainin g o f elementary schoo l teachers of mathematics . The film s wer e t o 
be accompanie d b y tex t materials , proble m sets , sample examinations, programme d 
material, and s o on, (a true multi-media approach) , and t o b e supplemented b y class-
room discussions , proble m sessions , an d examinations . Ever y effor t wa s to be mad e 
to "us e th e potentia l o f the fil m mediu m fo r animatio n an d specia l effects" an d du e 
attention wa s t o b e pai d t o "th e importanc e o f th e individua l teacher , whos e 
personality and enthusiasm must shine out throug h th e fil m i n a way that i t canno t i n 
a text" . 

50. A s the projec t developed , fro m th e summe r o f 1964 , the member s began t o 
appreciate th e enormit y o f th e tas k the y ha d undertaken . The origina l scope of th e 
project wa s significantl y reduced , an d i t wa s onl y du e t o th e dedicate d effort s o f a 
few individual s —  suc h wel l know n me n a s Car l Allendoerfe r an d Juliu s Hlavat y -
that th e reduce d projec t wa s brough t t o completion . Durin g the Conference I  hope 
to sho w som e o f th e film s (whic h ar e availabl e fo r purchas e o r fo r rental : see 22 ) 
from thi s project . 

51. Th e repor t o f thi s projec t shoul d b e require d readin g fo r an y grou p con -
templating th e productio n o f mathematic s film s an d fil m strip s a s par t o f a  multi -
media approac h t o th e teachin g o f mathematics . Whil e th e diminishe d projec t was , 
in a  sense , completed , th e wor k don e suggeste d man y mor e line s o f activit y whic h 
could no t b e pursue d becaus e o f limite d resources . N o attemp t wa s mad e to deter -
mine th e bes t mi x o f th e medi a use d (films , fil m strips , text, programmed material , 
live teacher ) —  indee d th e repor t suggest s tha t wha t i s "best " i s likely to vary fro m 
class t o class , an d eve n fro m studen t t o student . A s fa r a s films ar e concerned , a 
major conclusio n o f th e repor t i s that th e cos t o f making a polished productio n o f a 
full serie s o f lon g film s (essentiall y a s filme d lectures , supplemente d wit h variou s 
props) woul d b e ver y high , and tha t th e money coul d b e better spen t in other ways . 
On th e othe r hand , som e value is seen in the use of shorte r film s fo r motivation , an d 
as aid s t o th e intuition ; bu t th e author o f the report i s careful t o poin t ou t tha t thi s 
tentative conclusio n ha s no t bee n carefull y an d objectivel y evaluated . Animation i s 
seen a s highly suitabl e fo r mos t mathematic s films;  but film s o f "stand-u p lectures " 
are see n a s largely ineffectiv e fo r th e learnin g o f mathematics , although they migh t 
be o f grea t valu e fo r othe r —  e.g . archiva l —  reasons . (Conside r th e valu e o f a  fil m 
showing Gauss or Newton —  or even, alas, Einstein —  as a teacher). 

52. Th e M.A.A . Projec t i s a  pionee r i n it s attemp t t o exploi t th e ful l poten -
tialities o f th e fil m medium , a s par t o f a  multi-medi a approach . Ther e i s n o doub t 
that muc h mor e wil l b e hear d abou t thi s typ e o f approach ; bu t i t i s alread y clea r 
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that a  grea t dea l o f wor k wil l hav e t o b e don e befor e w e are in a position t o under -
stand an d exploi t i t fully . 

Radio 
53. A  fe w month s ag o I  wa s awar e o f onl y tw o recen t project s concernin g th e 

use o f radi o a s a  resourc e fo r learnin g mathematics . Th e firs t (whic h i s run b y th e 
University of New South Wales , using its campus radio station ) has two components : 
one o f thes e i s a  remedia l cours e designe d t o bridg e som e gaps in the mathematica l 
education o f student s wh o ar e abou t t o ente r th e University ; th e othe r i s a n in -
service cours e fo r teachers . The broadcasts are keyed t o writte n material s (whic h ar e 
sent out in advance t o enrolled students) , and i t is not likel y tha t the y hav e any value 
for thos e no t i n possessio n o f th e writte n materials . M y colleague s i n Sydney see m 
to b e reasonabl y satisfie d tha t thes e programs are useful fo r th e specia l purposes fo r 
which the y ar e planned : tha t is , to reac h a  large audienc e a t ver y lo w cost ; an d t o 
give the m a  somewha t mor e persona l stimulu s tha n the y woul d obtai n fro m usin g 
written material s alone . Excep t fo r th e differenc e i n cost , thi s two-media approac h 
(radio an d keye d text ) woul d see m t o hav e n o advantage s ove r television , an d thi s 
is, no doubt , the reason wh y thi s sor t o f program ha s received very littl e attention . 

54. A  secon d exampl e o f a  projec t whic h use s radi o and supplementar y writte n 
materials, i s th e fairl y recen t introduction , i n Australia , o f "School s o f th e Air" . 
In th e stat e o f Wester n Australi a abou t 500,00 0 squar e mile s (roughl y hal f o f th e 
area o f th e state ) i s covere d b y broadcast s fro m fou r transmittin g schoo l centres . 
These broadcast s ar e designe d t o assis t th e correspondenc e schoo l educatio n o f 
children wh o liv e i n suc h isolatio n tha t ther e ar e no t enoug h o f the m livin g i n a n 
area of many thousand square miles to justify th e establishment o f eve n a  one-teacher 
primary school . I n additio n t o th e correspondenc e wor k (whic h ha s bee n operate d 
by th e Stat e Education Departmen t ove r a long period o f time) , "School o f th e Air " 
broadcasts (usin g 2-wa y radi o transceivers ) wer e begun in 1959 , in conjunction wit h 
the us e o f th e sam e radi o equipmen t a s par t o f th e Roya l Flyin g Docto r Service . 
These broadcasts , whic h ru n fo r 2½  hour s o n eac h schoo l day , cove r th e whol e o f 
the primar y schoo l program , includin g mathematics . Thei r two-wa y characte r i s 
an importan t par t o f th e project , permittin g a  significan t amoun t o f direc t "fee d 
back" fro m studen t t o teacher . As the number o f student s a t any on e point (usuall y 
a cattl e station ) i s generally les s tha n five , th e per studen t capita l cos t o f the equip -
ment i s relativel y high . Bu t th e cos t i s partl y justifie d b y th e paralle l us e o f th e 
equipment fo r medica l services . Th e whol e operatio n cover s abou t 20 0 student s 
spread ove r seve n grades . I t involve s abou t 1 0 teachers , wh o also handle the corres -
pondence work . Som e of th e othe r Australia n state s have similar projects . 

55. Jus t recentl y I  cam e acros s anothe r report 23 o f a n experimen t i n th e us e 
of radi o a s a n ai d i n th e teachin g o f mathematic s i n Wisconsin , U.S.A . This experi-
ment consiste d o f a  fifteen-minut e broadcast , no t keye d t o an y particula r writte n 
material (i.e . it was self-contained), an d neither the topic nor the scrip t wa s available 
in advance . Th e experimenter s reache d th e conclusio n (base d o n replie s t o a 
questionnaire) tha t thi s procedur e coul d b e a  usefu l supplemen t t o th e regula r in -
class teaching program. I t i s difficult t o se e that radio , as such, played an y significan t 
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role i n th e experiment ; possibly th e sam e result coul d hav e been achieved b y the use 
of a  tape o r phonograph recording . 

Structured Aids , Analogy Device s and other Classroom Materials 
56. Th e material s whic h com e unde r thi s headin g are , presumably , covere d b y 

the "etc. " i n m y term s o f reference . Thei r relevance i s greatest a t (bu t b y n o mean s 
confined to ) th e primar y level , an d fo r thi s reaso n I  have no t ha d an y significan t 
involvement with any of them, except , o f course , those whic h w e also use extensivel y 
at th e tertiar y level . (e.g . chalkboards , computer s an d othe r calculatin g devices , 
overhead projectors) . I  a m sur e tha t man y o f you wil l be much mor e familia r tha n I 
am wit h th e ever-growin g variet y o f structure d aid s no w available . Cuisenair e rods , 
Stern materials , attribut e blocks , Dienes ' multibas e arithmeti c blocks , pegboards , 
number balances , mirro r cards , discover y boards , geoboards , abaci , slid e rules, desk 
calculators, an d s o on . Man y o f thes e device s hav e thei r origi n i n th e imaginativ e 
ideas o f gifte d teachers , an d i n th e discoverie s an d theorie s o f chil d psychologist s 
concerning th e learnin g processe s o f children . I n additio n t o th e wel l know n (an d 
commercially available) devices , there ar e undoubtedly thousand s o f home mad e and 
readily availabl e material s whic h ar e bein g exploite d b y imaginative teacher s as aids 
in th e learnin g o f mathematics . Th e Nuffiel d Mathematic s Project 12 place s grea t 
emphasis o n th e us e o f commonl y availabl e resource s i n the schoo l and in the com -
munity: a  grea t man y o f th e "mathematic s tasks " designe d b y it s teacher s fo r th e 
early (an d fo r th e not-so-early ) schoo l years , involv e th e handlin g o f physica l 
materials. Man y o f th e leader s i n mathematic s educatio n fo r th e primar y grade s 
(e.g. Rober t Davis 4 ) believ e tha t th e Nuffiel d Projec t i s carvin g ou t a  pat h whic h 
will b e increasingl y followe d i n th e future . Thi s is not reall y surprisin g i f we believe 
that th e environmen t i n which we live has present significanc e i n relation t o persona l 
mathematical development , a s wel l a s it s wel l know n historica l rol e i n the develop -
ment o f mathematics . 

57. I t seem s safe t o predic t that , along with an increasing use of the environmen t 
(possibly throug h integrate d scienc e an d mathematic s programs) , w e wil l se e a n 
increasing us e o f specific , carefull y devised , analogy-devices , suc h a s th e Stern , 
Cuisenaire, an d Diene s materials , an d tha t th e mos t effectiv e teachin g wil l make use 
of al l of thes e and the many othe r teaching aids which are , or wil l become, available . 
It i s mos t unlikel y tha t th e pat h t o succes s will lie in the exclusive use of an y singl e 
device. 

58. I  conclud e thi s sectio n wit h a  short readin g list o f som e of the bette r know n 
books on the us e of concret e materials : 

Stern, C. Children Discover  Arithmetic.  London , Harrap , 1958 . 
Stern, C. Experimenting with  Numbers.  Ne w York, Houghton Mifflin , 1954 . 
Cuisenaire, G., & Gattegno, C. Numbers in  Colour.  London , Heinemann , 1954 . 
Dienes, Z.P. Building Up  Mathematics. London , Hutchinson , 1960 . 
Dienes, Z.P. The  Power of  Mathematics.  London , Hutchinson , 1963 . 
Dienes, Z.P . An Experimental  Study  of  Mathematics Learning.  London , Hutchin -
son, 1963 . 
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Dienes, Z.P. Mathematics in  the  Primary School  Melbourne , Macmillan, 1964 . 
Sealey, L.G.W . The  Creative  Use  of  Mathematics  in  the  Junior  School  Oxford , 
Blackwell, 1960 . 

Computer-Assisted Learnin g 
59. N o discussio n o f th e resource s fo r learnin g mathematic s ca n ignor e th e 

exciting ne w development s o f th e las t fe w year s in the use of computer s a s learning 
aids. Thi s i s th e secon d wa y i n whic h computer s ar e goin g t o hav e a  majo r impac t 
on mathematic s education . (Th e first , whic h wil l undoubtedly b e discussed i n othe r 
plenary sessions , is the impac t o f th e compute r o n the curriculu m itself) . 

60. Amon g th e bes t known experimenta l project s whic h use digita l computers as 
teaching aid s ar e thos e o f Dr . Patric k Suppes , a t Stanford ; an d Projec t Plato , a t th e 
University of Illinois . (See Reference 4  ). Roughly speaking , the compute r i s used a s a 
programmed learnin g device . A  larg e time-share d compute r ca n b e programme d t o 
give a  degre e o f flexibility  whic h woul d requir e man y thousand s o f page s of printe d 
matter, and which would b e forbiddingly difficul t t o follow . Th e compute r ca n make 
virtually instantaneou s shift s t o differen t part s o f th e program , guide d b y the mos t 
recent answe r whic h th e studen t give s (o r eve n b y a  larg e numbe r o f previou s 
answers). Moreove r th e growin g capacit y o f computer s makes it possibl e to envisag e 
(as in Project Plato) as many a s 6,000 simultaneou s users (located i n schools , universi-
ties, o r eve n i n thei r ow n home s an d offices ) o f th e on e progra m o n th e sam e 
computer. An d whil e doin g al l thi s th e compute r ca n stor e complet e records of th e 
responses o f ever y individual , an d prin t ou t thes e (o r any pre-determine d analysi s of 
them) on command . 

61. Thu s th e compute r hold s ou t th e prospec t o f providin g a  vastl y greate r 
individualisation o f teaching , limite d onl y b y th e capacit y o f th e compute r an d b y 
the imaginatio n an d skil l o f th e teacher-programmers . Moreove r i t promise s t o give 
the teache r a n almos t unlimite d capacit y fo r keepin g record s i n immediately acces -
sible for m o n eac h individua l student . Whil e i t i s no t likel y tha t an y foreseeabl e 
computer wil l achiev e th e flexibilit y o f respons e o f a  superior teacher wh o has only 
one student , computer-assiste d instructio n hold s ou t grea t promis e fo r significan t 
progress i n th e directio n o f tailorin g the education o f each individual studen t t o sui t 
his own capabilitie s and hi s personal requirements ; and, properly programmed , i t ca n 
even assist in determining thes e capacitie s and needs . 

62. A t th e presen t tim e th e wor k bein g don e i s almos t entirel y experimental , 
and the cost i s high. But thi s is falling steadil y wit h technologica l advances , and ther e 
is littl e doub t tha t computer-assiste d learnin g wil l be increasingly use d in our educa -
tional systems . A t least , a s Rober t Davi s ha s pointe d out , thi s seem s t o b e th e 
view o f severa l o f th e larg e America n companie s wit h compute r interests , man y o f 
whom hav e recentl y bought , o r merge d with , book publisher s and manufacturer s o f 
other educationa l materials . 

Evaluation 
63. Evaluatio n o f th e effectivenes s o f an y educationa l program , curriculu m o r 

learning resourc e i s enormousl y difficult , an d ye t enormousl y important . Probabl y 
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no on e ha s bee n mor e awar e o f th e nee d fo r som e measure s o f effectivenes s tha n 
Dr. E.G . Begle , Directo r o f th e Schoo l Mathematic s Stud y Group . Ye t i n a  recen t 
issue (March , 1968 ) o f The  Mathematics  Teacher,  i n reference (inte r alia ) to investi-
gations b y hi s ow n grou p o f th e effectivenes s o f a  programmed algebr a course , h e 
writes "Non e o f th e abov e ca n b e considere d t o b e properly designe d an d execute d 
experiments .. . important variable s were either ignored o r left unmeasure d .. . contro l 
over treatment s wa s no t alway s feasibl e .. . th e purpos e o f the studie s was to obtai n 
rough estimates.. . . " 

64. I t i s safe t o sa y tha t th e same comments could b e made abou t virtually ever y 
effort whic h ha s bee n mad e t o evaluat e th e effectivenes s o f ne w curricula , o r th e 
usefulness of the growing number o f teaching aids and othe r learning resources. Som e 
idea o f th e difficult y an d th e cos t o f a  fairly wel l designed an d wel l executed experi -
mental program ca n be gauged fro m tw o recen t majo r studie s concerned wit h mathe -
matics education . On e o f thes e i s th e twelve-countr y UNESCO-sponsore d "Inter -
national Stud y o f Achievemen t i n Mathematics" , whos e tw o volum e report 24 i s 
notable for what it discloses about the difficulties an d shortcoming s o f suc h a  venture, 
and fo r th e modest y o f it s claim s concernin g wha t ha s been "proved" . Th e othe r is 
the Nationa l Longitudina l Stud y o f Mathematica l Abilities , a  projec t o f the Schoo l 
Mathematics Stud y Group . This was designed (i n 1962 ) as a five yea r study t o assess 
the effectivenes s o f ne w mathematic s curricula . Th e repor t o f thi s massiv e projec t 
(involving well over 100,00 0 students , from som e 1,30 0 schools , at a  cost o f million s 
of dollars ) is awaited wit h great interest . 

65. Th e lesso n t o b e learn t fro m thes e majo r project s i s not  tha t evaluatio n 
is so difficul t tha t w e should no t bothe r t o attempt it . I t i s essential tha t thos e using 
new learnin g resource s shoul d adop t a n experimenta l an d critica l attitude , and tha t 
they shoul d attemp t t o for m som e idea of the effectiveness o f the resource fo r the m 
and fo r thei r ow n students ; but a t the sam e time they shoul d b e aware o f the largel y 
subjective character , an d th e limitations , o f presen t method s o f evaluation . I n view 
of thes e limitations , i t i s particularl y importan t t o bewar e o f thos e educationa l 
conservatives wh o refus e t o participat e i n an y kin d o f innovation unti l its effective -
ness has been "proved" . I t i s safe t o sa y that absolut e "proof " wil l never be possible, 
and ye t innovation s mus t b e made , guide d b y the collectiv e wisdo m an d experienc e 
of mathematicians, teachers and educationa l administrators . 

Summing u p 
66. Wha t doe s thi s al l ad d up to? I t seem s to me that ther e wil l be a  growing use 

of physica l an d othe r "rea l world " aid s t o instructio n (bot h i n th e classroo m an d 
outside it ) a t th e elementar y level , and tha t thi s wil l be more closel y associated tha n 
it ha s bee n wit h experience s i n "science" . Thi s wil l no t supplan t th e curren t an d 
growing emphasi s o n "structure" , bu t rathe r i t wil l provide the concret e experience s 
from whic h t o abstract , and i t wil l provide tha t evidenc e o f "usefulness " whic h mos t 
children see m t o desire . At al l levels this wil l be increasingly supporte d b y a  growing 
sophistication i n th e desig n o f textbook s an d programme d materials , and i n the use 
of ne w an d existin g communications media o f al l types -  teachers , books, overhead -
projector transparencies , film s an d fil m strips , television , computer s etc . I  d o no t 
see an y particula r resourc e o r mediu m a s predominating , bu t rathe r tha t ther e wil l 
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be a  wide r an d mor e carefull y planne d multi-resourc e an d multi-medi a approac h — 
the kin d o f approach tha t goo d teacher s have always used wit h th e limited resource s 
and medi a availabl e t o them . Perhap s i n som e distan t generation , whe n w e migh t 
have reache d agreemen t o n th e aim s o f mathematica l educatio n (individualise d 
to th e need , th e abilit y an d th e personalit y o f eac h student) , an d whe n w e migh t 
have mastere d th e problem s o f measurin g th e effectivenes s o f differen t curricula , 
resources, an d medi a i n achievin g thes e aims , w e wil l b e abl e t o pu t ou r computer s 
to wor k t o devis e an d contro l th e optimu m educationa l mi x fo r eac h student . Bu t 
this possibilit y i s s o remot e tha t w e shoul d no t le t i t spoi l our pleasan t anticipatio n 
of many mor e Conferences suc h as this. 

References 
McLuhan, M . Understanding  Media.  London , Routledg e &  Kegan Paul , 1964 . 
Leiderman, G.F. , Chinn , W.G . &  Dunkley , M.F . The  Special  Curriculum  Project:  Pilot  Program  on  Mathe-
matics Learning  of  Culturally  Disadvantaged  Primary  School  Children.  Pal o Alto , Schoo l Mathematic s 
Study Group , 1966 . 
Gay, J. , &  Cole , M . The  New  Mathematics  and  An  Old  Culture,  ( A Stud y o f Learnin g Among th e Kpell e o f 
Liberia). Ne w York . Holt , Rinehar t &  Winston, 1967 . 
Davis, R . Mathematics:  The  Changing  Curriculum.  Washington , Associatio n fo r Supervisio n &  Curriculu m 
Development, N.E.A. , 1967 . 
Commission o n Mathematics . Program  for  College  Preparatory  Mathematics  (Report  and  Appendices).  Ne w 
York, College Entranc e Examinatio n Board , 1959 . 
O.E.E.C. New Thinking  in  School  Mathematics  (Report  and  Synopses).  Paris , 1961 , O.E.E.C. 
Thwaites, Bryan . Education: Divisible  or  Indivisible. Inaugura l Lecture , Southampton , Th e University , 1961 . 
Thwaites, Bryan. On  Teaching  Mathematics.  London , Pergamo n Press , 1961. 
Cambridge Conferenc e o n Schoo l Mathematics . Goals  For  School  Mathematics.  Boston , Houghto n Miffli n 
Co., 1963 . 
School Mathematic s Project . The  Ditchley  Mathematical  Conference.  London , S.M.P. , 1966 . 
UNESCO. New Trends  in  Mathematics  Teaching,  Volume  I.  Paris , UNESCO , 1967 . 
Nuffield Mathematic s Project . I Do  and  I  Understand;  Pictorial  Representation;  Shape  and  Size;  Com-
putation and  Structure,  etc.  London , Joh n Murray , 1967 . 
Dolciani e t al . Modern Algebra  and  Trigonometry,  Book  2,  Boston , Houghto n Mifflin , 1965 . 
Lumsdaine, A.A. , & Glaser, R . Teaching  Machines  and  Programmed  Learning.  Washington , N.E.A. , 1960 . 
May, Kennet h O . Programmed  Learning  and  Mathematical  Education.  Mathematica l Associatio n o f America , 
1964. 
May, Kennet h O . "Programmin g an d Automation" . The  Mathematics  Teacher,  1966,  pp.44 4 -  454 . 
Chinn, W.G. , e t al . The  Programmed  Learning  Project,  S.M.S.G . Repor t No.l . Pal o Alto , Schoo l Mathematic s 
Study Group , 1966 . 
National Center fo r Schoo l an d Colleg e Television . "Televisio n i n Mathematic s Education" . The  Arithmetic 
Teacher, November , 1967 . 
Johnson, R . (Ed.) . "Reviews o f Films" . The  Mathematics Teacher,  December , 1963 . 
Clary, R.C. "Offering s i n Mathematics by NE T Stations , 1965-1967" . The  Arithmetic Teacher,  April , 1967 . 
Allendoerfer, C.B . Final  Report  of  the  Level  I  Project. Mathematica l Association o f Americ a (Committe e o n 
Educational Media ) ,1968. 
M.A.A. Arithmetic Films.  Ne w York , Modern Learnin g Aids . 
Henderson, G.L . "Mathematic s via Radio in Wisconsin". The  Mathematics Teacher,  January , 1968 . 
Husen, T. (Ed.) . International Study  of  Achievement  in  Mathematics, 2  Vols.  Ne w York , John Wiley , 1967 . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 



REPORT OF WORKING GROUP B.3 

Chairman: Professo r R.S . Varma (India ) 

67. Resource s fo r learnin g mathematic s a s discussed b y Group B. 3 are presente d 
in the followin g orde r -

(a) Book s 
(b) Audio-Visua l Aids -  Films , Film Strips , T.V., Radio , etc. 
(c) Programme d Learnin g 
(d) Lo w Cost Teaching Aids and Demonstratio n Equipmen t 
(e) Resource s involved i n Mathematical Educatio n a t differen t level s 
(f) Som e Additional Resource s 

Books 
68. Som e criticis m wa s expressed as to the typ e and ag e of som e of th e textbook s 

in us e i n som e developin g countries . Th e genera l feelin g wa s tha t withi n a  regio n 
attempts shoul d b e mad e t o us e an d i f necessar y t o writ e textbook s writte n alon g 
modern line s appropriat e t o thei r needs , an d i t wa s pleasin g t o hea r report s fro m 
some area s tha t thi s wa s alread y i n hand , an d wa s being successfully pursued . It was 
thought tha t eac h countr y shoul d procee d a s i t though t fit , seekin g hel p fro m th e 
developed countrie s i f necessary . Ther e migh t wel l b e a  need fo r internationa l co -
operation, for example , in the disseminatio n o f knowledge abou t availabl e book s and 
it wa s considere d desirabl e t o pu t o n tou r collection s o f ne w books which coul d b e 
circulated fro m countr y t o countr y an d even within a  country itself . 

69. Member s emphasized th e need fo r varyin g categories of books : -

(i) Book s mean t fo r pupils . Thes e coul d b e eithe r textbooks , o r smal l topi c 
books, o r book s o f referenc e t o which student s could refer , a s well as attrac-
tive reading books on mathematica l topics . 

(ii) Ther e i s need fo r book s o f referenc e fo r teacher s bot h o n the purely mathe -
matical fron t an d o n th e teachin g fron t whic h would sugges t suc h things as: 
(a) moder n teachin g —  approaches , (b ) suggestion s for th e making and usin g 
of apparatus . 

The vie w wa s expresse d tha t ther e wa s a  place fo r book s o n moder n method s of 
teaching mathematics as well as modern content . 

70. Th e nee d fo r backgroun d book s whic h woul d enric h th e mathematica l 
imagination o f pupil s an d teacher s wa s emphasized Book s o f thi s kin d suitabl e fo r 
pupils below th e standar d o f th e ordinary leve l examination wer e now available . 

Audio Visual Aids -  Film , Film Strips , Television, Radio 
71. Th e Oversea Visual Aids Centre (O.V.A.C. ) Tavistock House , South Tavistoc k 

Square, London , W.C.1. , wa s establishe d som e five years ago in orde r t o disseminat e 
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information abou t visua l aids , thei r consideratio n an d use . I t publishe s a  bulletin , 
details of whic h ca n b e had from th e above address . 

72. Th e us e o f slides , colou r o r otherwise , wa s discussed , bu t i t wa s fel t tha t i n 
the contex t o f mathematic s teaching , a  slid e projecto r wa s o f ver y limite d use , and 
was i n fac t bein g supersede d b y th e overhead projector . Th e advantages of th e over -
head projecto r wer e said to be: -

(a) Tha t no t onl y coul d straigh t picture s b e pu t on , bu t a  sequenc e o f trans -
parencies could b e used t o buil d u p a composite pictur e a s a lesson proceeds . 

(b) Th e structur e o f suc h overhea d projector s make s i t possibl e fo r shadow s o f 
solid objects to be cast on th e screen . In the teachin g o f motion geometr y thi s 
would prov e a  very valuable visual aid. 

73. Th e rol e o f Television i n mathematics teachin g was discussed a t som e length . 
In thi s respec t televisio n i s stil l evolvin g an d thi s mediu m ha s no t ye t bee n full y 
exploited. That televisio n certainl y canno t replac e a  teacher bu t ca n help to compen -
sate for th e shortag e o f qualified teachers  wa s emphasized . 

Television ca n be used fo r th e following purposes : 

(a) T o explor e region s o f mathematic s whic h len d themselve s (or  could  lend 
themselves) t o visua l interpretation, especiall y o f a  type tha t teacher s canno t 
easily cop e wit h fo r on e reaso n o r another . Th e mean s t o thi s en d ar e ver y 
varied bu t usuall y involv e fil m animation , electroni c wizardry , model s an d 
animated captions . 

(b) T o explor e fres h area s o f mathematic s wit h whic h mos t pupil s an d man y 
teachers migh t no t b e familiar . Thi s ofte n mean s re-interpreting rathe r diffi -
cult book s an d invitin g universit y an d colleg e lecturer s t o th e studio . 
Occasionally i t involve s extensiv e actualit y filmin g (e.g . o f computer s i n 
operation). 

(c) Linke d wit h (b ) is the tas k to explor e the mathematics al l around b y drawin g 
on example s from everyda y lif e and b y showing applications in science, tech-
nology, sociology , etc. Apart fro m th e techniques already mentioned , photo -
graphs are often o f value here . 

(d) T o us e th e mediu m t o "pipe " al l kind s of mathematic s t o school s whic h are 
short o f qualifie d staff . Thi s ca n allo w mor e effectiv e us e o f th e tim e o f 
qualified teacher s either b y themselve s or in some form o f team-teaching . 

(e) T o encourage an d advanc e th e work of slo w learning pupils . Programmes pro -
duced by the B.B.C . for slo w readers using the ful l gamu t o f visua l technique s 
have bee n particularl y successfu l an d i t wa s though t tha t thi s might provid e 
a paralle l fo r th e learning of mathematics b y the slo w learning pupils . One of 
the mos t surprisingl y successfu l device s used fo r encouragin g children' s wor k 
at al l level s o f abilit y ha s bee n tha t o f showin g film s o f othe r childre n 
working. 

(f) T o inform teacher s of development s in the subjec t matte r an d teachin g of th e 
subject usin g all the technique s mentioned above . 

(g) T o act a s a source o f secondar y materia l in the form o f books , films, etc . 
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74. Possibl e uses of video tap e t o record an d supplemen t transmitte d programme s 
were also considered . 

75. I n some areas the programmes were supplemented b y correspondenc e course s 
based o n th e programme material . 

76. Thi s Committe e coul d fin d ver y littl e experienc e o f radi o bein g use d a s a n 
agency fo r mathematic s teaching , bu t i t wa s posed a s a possibility tha t i t might wel l 
be use d i n th e contex t o f th e in-service training of teacher s for critica l discussions of 
television o r other programmes . 

77. I t wa s fel t tha t on e o f th e advantage s o f usin g television and radio , was that 
the wide r audienc e o f parent s an d othe r intereste d partie s coul d b e reache d a s well 
as th e pupil s an d teacher s t o who m th e programm e wa s reall y directed . Thi s wa s 
considered a  grea t advantag e whe n considerin g an y for m o f educationa l chang e 
whether o f mathematical conten t o r of approach . 

78. Som e interestin g experiment s wer e reporte d b y wa y o f two-wa y telephoni c 
links sometime s supporte d b y ingenious electronic visual devices, but i t wa s felt tha t 
these had not ye t realised thei r ful l potentia l an d wer e very experimenta l i n nature . 

Programmed Learnin g 
79. I t wa s pointed ou t tha t th e ideas underlying programme d learnin g had bee n a 

valuable teachin g techniqu e fo r man y years . What , however, was new. was an influ x 
of hardware and/o r book s which were specifically tightl y programmed . Th e view was 
expressed tha t mos t o f thes e approache s wer e ofte n deadl y dul l i n thei r impac t o n 
pupils, bu t nevertheles s the y ma y fin d a  positiv e us e particularl y i n remedia l 
situations, e.g . t o remed y a  gap in learning due to absence o r some such other cause . 
The poin t wa s mad e tha t n o machine i s better tha n th e programme whic h is fed int o 
it an d i t wa s fel t tha t man y o f th e commercia l programme s di d no t measur e u p t o 
our requirements . I t wa s felt tha t a t bes t suc h machines would facilitat e th e learnin g 
and practic e o f skill s rather tha n th e understanding o f concepts . 

Low Cost Teaching Aids and Demonstration Equipmen t 
80. Wit h regar d t o th e production o f lo w cost teaching aids, the firs t matte r con -

sidered wa s wha t shoul d b e produced , an d i t wa s pointe d ou t tha t mathematica l 
teaching journal s i n th e develope d countrie s ofte n containe d article s and reference s 
about makin g an d usin g suc h aid s an d demonstratio n equipment ; fo r example , 
Mathematics Teachin g No . 18, Journa l o f th e Associatio n o f Teacher s o f Mathe -
matics (U.K. ) i s devote d t o this . A  furthe r sourc e woul d b e th e commercia l cata -
logues fro m schoo l equipmen t firms . I t wa s fel t tha t Ministrie s concerne d i n th e 
various countrie s shoul d encourag e th e loca l productio n o f suc h teachin g aid s an d 
equipment b y whateve r loca l mean s ar e foun d t o b e appropriat e i n thei r circum -
stances. 

81. Som e suggestions (minimal ) with regards to equipment wer e made:-

(1) Squared  Paper:  Variou s problem s woul d deman d square d pape r o f differen t 
unit square s and , therefore , a  variety  o f square d paper s shoul d b e available. 
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A blackboar d o r othe r boar d rule d i n square s t o b e use d fo r demonstratio n 
purposes should als o be available . 

(2) Physical  Apparatus:  I t wa s fel t tha t som e for m o f co-ordinate s boar d wa s a 
very usefu l feature . Nail s a t th e corner s o f congruen t square s coverin g a 
board for m a  pi n boar d (pe g board , ge o board , lattic e board ) whic h ca n b e 
used throughou t al l school grades. 

(3) Squares  and  Cubes:  A  larg e collectio n o f square s an d o f cube s fo r us e b y 
pupils wa s essential . Som e o f thes e shoul d b e uni t squares , e.g . square inch ; 
and uni t cubes , e.g. cubic inch. 

(4) Fraction-boards:  Variou s forms o f fraction-board s fo r developin g th e concep t 
of fractiona l parts . 

This list must b e regarded a s an absolute minimum . 

82. Th e item s ar e capabl e o f bein g mad e locally fro m existin g materials and are , 
therefore, lo w in cost . 

Resources Involved in Mathematical Education at Different Level s 

83. I t was pointed out tha t i n the United Kingdo m a  project wa s in hand t o stud y 
ways an d means of organisin g work in schools so as to make th e bes t use of teachers ' 
skills an d ne w development s i n metho d an d equipment . Th e project wa s established 
in 196 6 an d i s finance d b y Nuffiel d Foundatio n i n co-operatio n wit h th e School s 
Council. Furthe r informatio n ca n b e obtaine d fro m Mr . T . McMullen . Tavistoc k 
House, South Tavistoc k Square , London, W.C.l . 

The group fel t th e necessity t o stat e prioritie s in matters o f resources : 

Primary School : th e prioritie s were thought t o be: -
( 1 ) Qualifie d Teachers . 
(2) Material s arisin g fro m environment . Thi s variousl y coul d b e se a shells , 

mangoes, etc. 
(3) Book s (text , reading, reference) . 

Secondary School : th e prioritie s wer e ordered rathe r differentl y as : 
( 1 ) Qualifie d Teachers . 
(2) Book s (text , reading, reference) . 
(3) Physica l Equipment . 

Some Additional Resource s 
84. Buildings , des k calculator s an d compute r assiste d learnin g wer e mentioned , 

but coul d no t b e discussed fo r wan t o f time . 

85. Th e grou p was unanimous that th e most importan t resourc e fo r teachin g was 
the teacher . 
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PLENARY DISCUSSIO N OF REPORT OF WORKING GROUP B.3 
Comments an d Surve y 

86. A s wa s pointe d ou t b y Professo r Varm a whe n presentin g th e repor t t o th e 
plenary session , s o vas t a  topi c resulte d i n th e discussio n covering  onl y par t o f th e 
field. 

Resources coul d b e see n t o serv e Primar y Education , Secondar y Educatio n an d 
Teacher Training . Reference s t o specifi c resource s wer e containe d i n th e report s of 
groups A.1, A.2 and B.2. This to som e extent helpe d t o narrow th e discussion s under -
taken. 

87. Attentio n wa s draw n t o Moder n Curriculu m Development s i n Britai n pub -
lished b y CRED O i n 1968 . Thi s wa s regarde d a s a  usefu l sourc e boo k fo r thos e 
seeking detail s of Britis h educationa l projects , mathematical an d otherwise . 

88. Educationa l technolog y i s advancin g a t a  pac e comparabl e t o othe r techno -
logical developments . I t wa s in the spiri t o f "Wha t i s new and strang e toda y become s 
an everyday affair ver y quickly", that delegates heard with interes t o f the "hardware" , 
being introduce d i n som e countries . Fo r variou s reasons , including th e econom y o f 
the country, th e lac k of electric power an d th e depredation s o f som e tropical insects , 
many delegate s fel t tha t an y immediat e applicatio n o f much o f the "hardware " was 
not fo r them . I t was , however , note d tha t i n som e developin g countries , televisio n 
had bee n introduce d a s a n educationa l medium , an d tha t severa l countrie s ha d 
instituted centre s fo r audio-visua l aids . I t wa s no t s o muc h i n regar d t o th e medi a 
themselves bu t i n th e us e made o f them tha t fear s wer e expressed. These fears coul d 
be placed in two classes: -

(i) Tha t availabl e material , eithe r goo d o r bad , suitabl e o r unsuitable , would b e 
uncritically accepte d i n the schools . Such uncritical acceptance woul d no t b e 
in th e bes t interest s eithe r o f th e pupil s o r th e teachers . Th e sam e ca n o f 
course be said fo r th e manner i n which some textbooks ar e used o r misused . 

(ii) Tha t th e radi o o r televisio n voic e woul d b e regarde d a s "th e voic e o f 
authority", an d som e teacher s woul d ten d t o si t bac k an d "le t th e machin e 
do th e work" . Th e teache r bein g replace d b y th e machin e v/a s a n ofte n 
expressed fear ; bu t a s on e delegat e remarke d "Th e teache r wh o ca n b e 
replaced b y a  machine deserve s to b e replaced b y a  machine". 

The remedies for thes e doubt s woul d appea r t o be: -
(i) Tha t teacher s themselve s contro l th e conten t o f th e programmes . Thi s wil l 

later b e discussed a t greate r lengt h whe n considerin g television . 
(ii) Tha t b y initia l an d in-servic e training , teacher s ca n b e helped t o us e moder n 

devices wisel y a s productiv e tool s o f thei r trad e rathe r tha n a s ends in them -
selves. 

It wa s though t tha t i n mathematic s teachin g a  multi-medi a approac h wa s th e 
desirable one ; it wa s for eac h country t o fin d way s of making optimum us e o f al l the 
resources available t o it . 
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A detaile d historica l accoun t o f development s i n th e U.S.A . wil l b e foun d i n 
A History  of  Instructional  Technology,  Pau l Seitler, McGraw Hil l (1968). 

Note was made o f th e existence i n the United Kingdo m o f th e National Council  of 
Educational Technology  operatin g fro m 16 0 Grea t Portlan d Street , London , W.l . 
One o f it s function s i s t o bridg e whateve r ga p ther e ma y b e betwee n th e user s and 
the makers of such teaching aids . 

89. Desk  Calculators  wer e regarde d a s desirabl e bu t expensive . A s calculatin g 
devices, many fel t tha t i t would b e a very long time before the y woul d supersed e th e 
slide-rule o r the logarithm table . More hope wa s held ou t fo r the m a s teaching aids in 
the primar y an d lowe r secondar y school . I t wa s claime d tha t a s wel l a s motivatin g 
learning, th e pupil s wer e helpe d i n graspin g th e concep t o f plac e value ; tha t th e 
relationships betwee n additio n an d subtraction , additio n an d multiplication , sub -
traction an d divisio n wer e clarified , i n tha t the y wer e operativ e procedure s o n th e 
machine. 

90. Computers  and  Computer-assisted Learning.  Where computer studies had bee n 
introduced th e interes t o f th e student s wa s phenomenal . Compute r scienc e experi -
ments wer e reporte d fro m Ontario , Wale s an d England . I n th e cas e o f th e Wels h 
experiment, a telex link had been made between the school and a  university computer . 
The aim o f th e operatio n wa s twofold: -

(i) Usin g th e compute r a s a  computin g too l a t th e V I for m (6t h an d 7t h yea r 
secondary) level . 

(ii) Helpin g pupils of all ability ranges to understand th e applications , implication s 
and limitation s o f computer s rathe r tha n t o lea d pupil s towar d compute r 
programming. 

It wa s though t tha t wor k o n compute r assiste d learnin g wa s no t ye t sufficientl y 
developed fo r it s worth t o b e properly evaluated . Some fear s wer e expressed tha t w e 
might rever t t o th e sor t o f teachin g an d learnin g situatio n fro m whic h w e are no w 
struggling t o escape . Car e woul d b e neede d les t a  straitjacke t o f on e patter n b e re -
placed b y a  straitjacke t o f anothe r pattern . Eve n so , i t wa s fel t tha t th e metho d 
might hav e considerable potentia l fo r certai n aspect s of mathematics . 

91. Television  fo r school s has two separat e connotations: -

(a) Programme s broadcas t o n ope n nationa l networks . 
(b) Close d circui t televisio n withi n a  colleg e o r school , a  group o f schools , 

or perhap s throughou t th e school s o f a  particula r area . A  numbe r o f 
teacher trainin g college s i n Britai n ar e equippe d wit h close d circui t 
television, a s ar e school s i n Glasgow , Leicester , London an d Plymouth , 
to name a  few authoritie s using this medium . 

In th e secon d cas e th e responsibilit y fo r content , programm e making , productio n 
and transmissio n ar e entirel y i n th e hand s o f th e teacher s an d educationa l adviser s 
concerned. Suc h a  se t u p shoul d alla y th e fear s o f thos e wh o ar e critica l o f pro -
grammes being imposed fro m outsid e th e schools . 
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On th e nationa l network s i n th e Unite d Kingdom , th e genera l polic y fo r schoo l 
programmes an d th e scop e an d purpos e o f eac h serie s of programmes are laid dow n 
by council s o n whic h si t representative s o f th e professiona l association s of teachers , 
local educatio n authorities , th e Departmen t o f Educatio n an d Scienc e an d othe r 
educational organisations . Productio n o f programme s an d transmissio n ar e matter s 
for th e broadcastin g authorities . Practisin g teacher s ofte n presen t th e programmes . 
The teacher link s here are again strong . 

The conferenc e backgroun d pape r The  Role of  Television  in  Mathematical Educa-
tion gav e a n expositio n i n som e detai l o f th e curren t situatio n in Britain . I t also dis-
cussed some detail of the Maths Today  serie s of the B.B.C. The 2 0 minute programme s 
are aime d a t firs t an d secon d yea r secondar y pupil s an d eac h programm e i s 
transmitted a t fou r differen t time s i n a  fortnight ; sid e b y sid e wit h thes e pro -
grammes fo r th e pupil s ar e fortnightl y supportin g programme s fo r teacher s i n th e 
Teaching Maths  Today  series . This work i s further supporte d b y the written wor d in 
the for m o f guide s fo r th e teacher s an d work/stud y sheet s fo r th e pupils . Al l thi s 
can b e augmente d b y 8  mm . fil m loop s in cassette s which are on sale. Evaluation o f 
such a multi-media approac h has yet t o b e made. 

It woul d b e difficul t eithe r fo r teache r o r pupi l t o b e a  non-participant i n such a 
widely base d operation . Participatio n wa s perhaps eve n easie r i n a  Scottis h experi -
ment, reporte d b y a  delegat e wher e th e televisio n programme s consiste d o f direc t 
teaching t o pupils . Th e programme s wer e interrupte d a t appropriat e point s —  a t a 
question perhaps, or a point fo r brie f discussio n wit h the teache r in the room . During 
these shor t break s th e teache r too k over , and the n th e programme proceede d t o th e 
next phase . Th e delegat e continue d "Wha t thes e programme s hav e don e t o th e 
teachers ha s bee n remarkabl e -  i t i s perhap s th e bes t trainin g devic e I  hav e eve r 
seen. What it has done for th e childre n I  shall know nex t year" . 

92. Film  loops  wer e though t t o hav e considerabl e potentia l i n tha t ther e wa s 
flexibility i n th e selectio n t o b e mad e an d the y wer e less expensive tha n lon g films . 
Furthermore, individua l wor k assignment s a t varyin g level s coul d b e base d o n a 
suitable fil m loop . Fil m loop s wer e though t mor e usefu l tha n a  norma l film, whic h 
was considere d t o b e bette r fro m th e backgroun d o r enrichment poin t o f vie w tha n 
from th e direc t learnin g viewpoint . 

93. I t wa s natura l tha t th e newe r an d perhap s therefor e mor e excitin g forms o f 
educational tool should , in such free discussion , take precedence ove r the more tradi -
tional, humbler , les s expensiv e tool s suc h a s books, blackboards, environmental an d 
other physica l materials . I n th e realisti c spiri t o f th e conference , i t wa s felt tha t fo r 
many countries , way s an d mean s o f makin g optimum us e of th e resources currentl y 
available t o the m shoul d continu e t o exercis e al l thei r powers . Th e lea d pape r an d 
report unde r discussio n rightl y emphasize d thes e humble r features , bu t perhap s 
equally rightl y th e discussio n complemente d thi s b y dealin g wit h th e mor e nove l 
resources. 

Since learnin g i s a n individua l affair , an y artefac t whic h wil l stimulate and ensur e 
sound individua l learning is worthy o f serious consideration b y al l educators . 
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CHAPTER I X 

Commonwealth Co-operatio n i n Educatio n 
1. Nationa l boundarie s hav e neve r bee n iro n curtain s fo r education . The cross-

fertilization o f educationa l idea s ha s been a  feature o f scholarshi p ove r the centurie s 
but wherea s i n medieva l time s mos t o f thi s cross-fertilizatio n occure d throug h th e 
involuntary journey s whic h scholar s ofte n foun d themselve s compelle d t o tak e fo r 
the preservatio n o f knowledge , the last few decade s have seen developed a  consciou s 
and planne d effor t a t international co-operation . 

UNESCO's work in the field o f mathematic s 
2. Th e major instrument now spearheading thi s development a t th e internationa l 

level i s th e U.N . Educational , Scientifi c an d Cultura l Organisation . Th e Conferenc e 
in Trinida d wa s fortunat e i n havin g a s an observer fro m UNESC O Professor G . Soos 
of it s Divisio n o f Scienc e Teachin g i n Paris . With Professo r Soo s was associated Mr . 
H.L. Rudstrom o f the UNESCO Teacher Training Project in Jamaica. Within UNESCO , 
mathematics i s on e o f th e subject s handle d i n th e Divisio n o f Scienc e Education . 
At a  sessio n o f th e Conferenc e devote d t o Commonwealt h Co-operatio n Professo r 
Soos gav e a n accoun t o f UNESCO' s wor k i n thi s field . Thi s has included th e collec -
tion an d exchang e o f informatio n wit h membe r states , th e publicatio n o f survey s 
and ne w trends , th e desig n an d implementatio n o f experimenta l programme s i n 
different region s o f th e world , and programmes o f lectures , fellowships, etc . Current 
projects i n mathematics include a  postgraduate cours e o n Topology an d th e Founda -
tions o f Mathematic s i n Poland , a  Functiona l Analysi s cours e i n Denmark, a  course 
on Probabilit y an d Statistic s in Budapes t an d a  European meetin g of mathematician s 
in Buchares t t o tackl e som e problem s o f mathematic s educatio n a t th e secondar y 
school an d universit y levels . The wor k o f th e Organisatio n i n Africa , i n Asia and in 
Latin Americ a i n teacher-trainin g an d curriculu m developmen t involve s improvin g 
mathematics teaching . I n hi s addres s t o th e Conferenc e Professo r Soo s describe d a 
UNESCO projec t fo r th e improvemen t o f mathematic s instructio n i n the secondar y 
field i n countrie s o f th e Middl e East , launche d a  yea r ago . Fo r thi s projec t a  study 
group fo r th e modernisatio n o f mathematica l educatio n ha s bee n se t u p i n eac h o f 
the eight participating countries . 

Bilateral aid within the Commonwealth 
3. Commonwealt h co-operatio n i n th e developmen t o f improve d method s an d 

new idea s i n the teaching o f mathematics has up to the present bee n mainly bilatera l 
in character . Som e o f thes e bilatera l arrangement s hav e prove d a  majo r facto r i n 
developing new programmes and projects . 

At the Third Commonwealt h Educatio n Conferenc e a t Ottawa in 196 4 (which had 
recommended a  Commonwealt h Conferenc e o n th e teachin g o f mathematics ) th e 
British delegatio n indicate d tha t Britai n woul d b e prepared , i f th e conferenc e s o 
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wished, t o conside r securin g the services of a  team o r teams of expert s in curriculu m 
planning an d researc h wh o coul d mak e thei r advic e availabl e t o othe r Common -
wealth countries on request. It was as a result o f th e interest show n b y other countrie s 
in participatio n i n thi s kin d o f programm e tha t i n Octobe r 196 6 tha t Britai n se t u p 
in Londo n th e Centr e fo r Curriculu m Researc h an d Educationa l Developmen t 
Overseas (CREDO) . Referenc e t o th e wor k o f CRED O i s mad e i n th e sectio n o f 
this chapte r whic h deal s wit h th e Britis h programme . Th e Fourt h Commonwealt h 
Education Conferenc e a t Lago s i n 1968 , i n reviewin g thes e development s an d th e 
work o f curriculu m unit s i n othe r Commonwealt h countries , dre w attentio n t o th e 
need fo r mor e interchang e o f informatio n abou t them . I t als o emphasize d th e 
importance fo r educatio n generally , that th e reasons for succes s or failure o f project s 
or experiment s i n curriculu m developmen t shoul d b e assesse d an d conveye d t o al l 
member countries . Th e Lago s Conferenc e clearl y envisage d th e Educatio n Divisio n 
of th e Commonwealt h Secretaria t bein g strengthene d t o enabl e i t t o pla y a  mor e 
effective rol e i n aiding programmes o f curriculu m developmen t an d in working more 
closely wit h nationa l organization s i n this field. Summarie s o f th e bilatera l program -
mes o f th e develope d countrie s o f th e Commonwealt h wh o were represented a t th e 
Conference follow . 

Britain 
4. Th e assistanc e Britai n give s t o th e developmen t o f mathematica l educatio n 

in othe r Commonwealt h countrie s take s tw o mai n forms : th e provisio n o f infor -
mation an d exper t knowledg e throug h th e suppl y o f book s an d equipment , th e 
interchange o f personne l etc. , and help with training and teachin g by means of shor t 
or long-term exchang e visits . 

5. Th e majo r agenc y involve d i n th e provisio n o f assistanc e i s th e Ministr y o f 
Overseas Developmen t bu t supplementin g th e Ministry' s effort s ar e thos e o f th e 
British Council , th e Centr e fo r Curriculu m Researc h an d Educationa l Developmen t 
Overseas (CREDO) , th e Centr e o f Educationa l Televisio n Oversea s (CETO) , th e 
Oversea Visua l Aid s Centr e (OVAC) , th e Inter-Universit y Council , th e Associatio n 
of Commonwealt h Universities , th e Nuffiel d Foundation , Britis h publisher s an d 
many othe r privat e an d professiona l bodies . 

Teachers and Teacher  Training 
6. I n term s o f finance an d th e number o f peopl e involved, a large proportion o f 

Britain's contributio n t o th e developmen t o f mathematica l educatio n i n othe r 
Commonwealth countrie s is the provisio n o f schoo l teachers and lecturers in Colleges 
and Department s o f Education . Thi s kin d o f hel p ha s bee n give n b y Britai n fo r 
many year s bu t th e condition s o f wor k an d th e term s whic h ca n b e offere d hav e 
radically changed . Nearl y al l thos e no w appointe d ar e o n a  contrac t basis , many o f 
them fo r relativel y shor t period s of tw o o r three year s in the firs t instance . 

7. I n 196 7 th e Ministr y o f Oversea s Developmen t mad e 145 9 appointments in 
education, som e 7 0 pe r cen t o f thes e bein g concerne d wit h English , mathematic s 
and science , an d probabl y abou t 2 0 per cen t bein g concerned i n one wa y or anothe r 
with mathematics . 
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Voluntary Service  Overseas 
8. Th e programm e o f servic e overseas by graduate volunteers and schoo l leavers 

continues t o b e operated b y th e voluntary societie s with th e financia l backin g of th e 
Ministry o f Oversea s Development . Th e growt h o f th e schem e sinc e 196 2 ha s bee n 
impressive. Unde r th e 1962/6 3 programm e 32 0 volunteers , o f who m onl y 3 2 wer e 
graduates, worke d i n 5 2 countries . B y th e en d o f 196 7 almos t 2,00 0 volunteers , of 
whom abou t two-third s wer e teachers , wer e servin g i n 7 5 countries . Stres s i s no w 
being place d o n th e recruitmen t o f volunteer s fo r longe r periods . I t i s realized tha t 
any schem e employin g youn g an d inexperience d teacher s i s boun d t o hav e it s 
drawbacks, bu t nevertheless , wit h mathematic s teacher s o f an y kin d i n suc h shor t 
supply, the voluntee r teache r ca n be of grea t assistance and ther e are instances of th e 
gifted an d enthusiasti c voluntee r playin g a  majo r rol e i n th e establishmen t o f lively 
centres of mathematica l reform . 

Serving Teachers 
9. On e importan t aspec t o f teache r trainin g i s tha t give n to teacher s already in 

service. Systemati c hel p wit h teache r vacatio n course s oversea s wa s institute d i n 
1961, an d i n 196 7 ove r 13 0 teacher s fro m Britis h college s of education an d school s 
conducted course s i n 2 0 countrie s fo r som e 1,70 0 loca l teachers under th e Ministry 
of Oversea s Development' s Teache r Vacatio n Cours e scheme . Course s on secondar y 
mathematics wer e hel d i n Ceylon , Kenya , Swazilan d an d Ugand a an d o n primar y 
mathematics in British Honduras, the Gambia, Lesotho, Nigeria, Swaziland, Tanzania , 
Uganda an d Zambia . I n additio n t o th e assistanc e provide d b y th e Ministry , th e 
British Counci l an d CRED O provide d tutor s fo r mathematic s course s i n Ghana , 
Tanzania, Malawi and Mauritius . In 196 8 for th e firs t tim e Britain ha s supplied tutor s 
to an Indian Summe r Institut e in mathematics . 

10. I n man y countrie s thes e teache r vacation course s are now established annua l 
events which can play a  most effectiv e par t in the introduction o f new syllabuses and 
teaching methods into schools . 
Schemes for  Study  in  Britain 

11. Assistanc e o f thi s type , however , mus t b e viewe d a s a  stop-ga p unti l indige-
nous mathematic s teacher s ca n tak e ove r th e post s a t presen t fille d b y expatriates . 
A majo r contributio n t o tha t desire d en d i s mad e b y thos e scheme s designe d t o 
encourage study and trainin g in Britain . Over 3,000 student s and trainee s are brough t 
to Britai n annuall y b y th e Minstr y o f Oversea s Development. O f these some 60 0 are 
Commonwealth Scholar s o r Teache r Trainin g Bursar s wh o ar e finance d unde r th e 
Commonwealth Education Co-operation Scheme, the remainder bein g financed unde r 
Regional Technica l Assistanc e Programmes . Th e trainin g give n cover s man y aspect s 
in additio n t o education , bu t course s of specia l interest t o mathematicians ar e those 
provided a t th e Universitie s o f Hul l an d Southampto n (an d tha t whic h wil l shortl y 
be provide d b y th e Universit y o f Leeds ) fo r Commonwealt h Bursars . Th e valu e o f 
this schem e i s amply demonstrate d b y th e numbe r o f forme r bursar s wh o ar e no w 
holding positions of great responsibility as inspectors, heads of departmen t i n teacher -
training colleges , an d headmasters . Thos e bursar s fro m primar y school s who are no t 
specialising i n mathematic s ar e als o give n som e insight into curren t development s in 
primary schoo l mathematics , an d a n opportunit y fo r bursar s t o mee t som e o f th e 
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leading personalitie s involve d i n th e revisio n o f th e primar y schoo l curriculu m wa s 
provided a t a  CREDO-sponsored vacatio n cours e held in March 1968 . 

12. Trainin g o f a  mor e specialise d natur e i s provided fo r oversea s students a t th e 
Oversea Visua l Aid s Centr e an d th e Centr e fo r Educationa l Televisio n Overseas , 
which, i n additio n t o undertakin g pioneerin g wor k in the production o f educationa l 
programmes designe d fo r us e oversea s (it s algebr a ki t ha s been purchase d b y Ghana , 
Nigeria, Singapor e an d Uganda , an d als o b y non-Commonwealt h countries) , als o 
gives two course s annually . 

The Exchange of  Expert  Knowledge  and  Information 
13. Th e developmen t o f th e curriculum , of improved teachin g techniques and of 

methods o f assessmen t mus t continu e an d mus t increasingl y becom e a  matte r o f 
international concern . Indeed , evidenc e o f thi s concer n i s provide d b y th e recen t 
establishment of an International Journal of Mathematica l Education . A t th e momen t 
attention is naturally focussed on those countries in which the curren t wav e of refor m 
was initiated , bu t mor e countrie s are now carryin g out experiment s in mathematica l 
education an d i t i s onl y reasonabl e t o assum e therefor e tha t th e traffi c i n ideas will 
become mor e reciprocal . 

The Work  of CREDO 
14. I t wa s partl y thi s deman d fro m oversea s countrie s fo r informatio n abou t 

what wa s happenin g in Britain tha t le d to th e founding o f the Centre fo r Curriculu m 
Research and Educationa l Developmen t Oversea s (CREDO) which was established i n 
October 1966 . CREDO has already bee n able to provide severa l types of assistance in 
the fiel d o f mathematic s education . Fo r instance , i t ha s arrange d visit s by Britis h 
experts t o othe r Commonwealt h countrie s t o wor k alongsid e developer s there . Fo r 
example, Dr . Geoffre y Matthew s o f th e Nuffiel d Mathematic s Projec t spen t severa l 
weeks i n Ceylo n i n Sprin g 1968 . I t ha s also provided tutor s fo r teachers ' workshop s 
(Zambia, Guyana, Malawi, etc.), presented set s of text s and teacher s guides to school s 
and trainin g college s (fo r example , in Uganda and Tanzania) , given financial suppor t 
to a  loca l projec t (Th e Join t School s Projec t o f th e Mathematica l Associatio n o f 
Ghana), helpe d provid e apparatu s fo r us e i n primar y school s (Mauritius) , mad e i t 
possible fo r teacher s fro m Lesotho , Botswan a an d Swazilan d t o atten d a  teachers ' 
course i n Malaw i an d arrange d t o hav e draf t textbook s an d syllabuse s criticise d b y 
experts. 

A Co-operative  Scheme  in  Ghana 
15. Ho w variou s agencie s ca n unit e i n a  large-scal e developmen t pla n i s exem -

plified b y tha t recentl y begu n i n Ghana . I n 196 7 th e Ghan a Ministr y o f Educatio n 
established a  uni t fo r curriculu m developmen t an d research . Thi s wa s don e afte r i t 
had receive d th e repor t o f a  consultant , whos e visi t t o Ghan a ha d bee n jointl y 
sponsored b y CRED O an d th e Britis h Council , and had had furthe r talk s with a rep-
resentative o f Canad a whos e Government ha d also promised assistance . The develop-
ment o f primar y mathematic s is only on e part o f the overal l plan bu t i t is interesting 
to se e ho w thi s developmen t i s proceeding . Fo r som e year s no w th e Ministr y o f 
Education ha s organised a  three wee k vacation cours e for som e of its teacher trainin g 
college tutors , loca l educatio n officer s an d primar y schoo l headmasters . A t each of 

151 



these workshop s tw o tutor s hav e bee n provide d b y th e Britis h Counci l an d i n a n 
attempt t o secur e continuit y an d a  uniformity o f approach thes e have recently bee n 
drawn from Leicestershire . These workshops provided a bridgehead an d now th e wor k 
is being extended. Four colleges are to take part in a pilot experiment to reform teache r 
training an d a  larg e scal e attemp t i s bein g mad e t o giv e additiona l trainin g t o th e 
local educatio n officer s wh o wil l obviousl y hav e a  ke y rol e t o pla y i n an y develop -
ments i n th e primar y schools . Specia l arrangements have been made fo r te n o f thes e 
officers t o come to Britai n annually fo r th e next thre e years . The officers , whos e visi t 
will b e finance d unde r th e Commonwealt h Educatio n Co-operatio n Scheme , wil l 
attend a  special course a t the Universit y o f Hull . 

16. Thes e ar e som e example s o f th e project s whic h ar e helpin g t o mak e th e 
teaching o f mathematic s mor e effective . Som e o f th e majo r project s i n Britai n fo r 
reform i n thi s field , suc h a s th e Southampto n Mathematic s Project , th e Midland s 
Mathematics Experimen t an d th e Nuffiel d Primar y Mathematic s Project , hav e 
attracted worl d wid e attention an d in thei r ow n ways contributed t o co-operation . 

Canada 
Responsive Assistance  by  Canada 

17. Educatio n programme s finance d b y Canadia n developmen t assistanc e ar e 
responsive i n nature , tha t i s t o sa y educationa l assistanc e i s onl y give n i n respons e 
to a  specifi c reques t fo r suc h assistance . Th e type s o f person s servin g abroad unde r 
this programm e includ e Adviser s t o Ministrie s o f Education , Teache r Trainers , 
Teachers at the senior grades (forms) o f Secondar y Schools , Technical and Vocationa l 
Teachers and Universit y Professors . 

The Extent of  Aid  from  Canada 
18. I n Septembe r 196 8 approximatel y 70 0 Canadia n educationist s wer e servin g 

overseas in 46 countries. Of this number 374 were serving in English-speaking countrie s 
of Africa , South-Eas t Asi a an d th e Caribbea n whil e 32 9 wer e servin g i n Franco -
phone countrie s o f Afric a an d South-Eas t Asia . 

19. I n the programme for English-speaking countries 87 teachers and 1 7 professor s 
were servin g i n th e Wes t Indie s an d Guyan a unde r th e Commonwealt h Caribbea n 
Assistance Programme . Servin g unde r th e Colomb o Plan , i n Sout h an d South-Eas t 
Asia, wer e 2 7 teachers , 5  technica l an d vocationa l instructor s an d 7  professors . I n 
the specia l Commonwealt h Afric a Ai d Programm e ther e wer e 17 3 teachers , 2 0 
technical an d vocationa l instructor s an d 3 7 professor s servin g i n Eas t an d Wes t 
Africa. Ther e is also one teache r in Western Samoa . 

20. I n th e French-speakin g programm e are a ther e wer e 24 9 teachers , 20 teacher 
trainers and 44 professors serving in the Francophone countries of Africa; in Cambodi a 
and Laos , ther e wer e 9  teachers , 3  teache r trainer s an d on e professo r currentl y 
serving in the area . 

21. Befor e 196 0 onl y a  smal l numbe r o f educationist s wer e assigne d abroa d 
under th e Government o f Canada' s programmes of educationa l assistance . That year , 
however, marke d th e beginnin g o f th e curren t comprehensiv e programm e throug h 
which teachers , universit y professor s an d educationa l adviser s ar e provide d fo r th e 
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developing countries . Th e increasin g numbe r o f request s fo r educationist s receive d 
from th e Government s o f thes e countrie s i s th e reflectio n o f th e priorit y tha t the y 
give t o th e expansio n an d improvemen t o f thei r educationa l facilitie s i n the ligh t o f 
the critical importance to economic growth of adequate supplies of traine d manpower . 

The Project Approach  to  Aid 
22. I n th e pas t teacher s hav e bee n sen t t o th e fiel d o n individual assignment s in 

response t o specifi c request s fo r educationist s a t al l level s bu t particularl y i n th e 
fields o f scienc e an d mathematic s an d industria l arts . However , whil e teacher s wil l 
continue t o g o oversea s o n individua l assignments , increasin g emphasi s i s bein g 
placed o n th e "projec t approach " t o Aid , wher e Canad a provide s no t onl y th e 
services o f educationa l adviser s but , equall y important , als o trains counterparts wh o 
will replac e th e Canadians at th e conclusio n o f thei r assignments . In addition Canad a 
provides, when and where desirable, capital assistance in the for m o f constructin g an d 
equipping schools . 

The following ar e examples of thi s project approach : 

(i) The  University  of  the  West  Indies Programme 
involves th e suppl y o f Canadia n professors , th e provisio n o f award s fo r stud y i n 
Canada t o senio r UWI teaching staf f members , and undergraduat e trainin g awards , 
tenable a t th e UWI , fo r student s fro m th e smalle r territories . Capital assistance is 
also provide d fo r th e UW I buildin g programme. The Canadian programm e fo r th e 
UWI a s a  whol e extend s ove r fiv e year s an d i s financed b y a  $5 million Canadia n 
grant. I t i s expecte d tha t abou t one-thir d o f th e fund s wil l b e use d fo r capita l 
assistance, one-thir d fo r scholarship s i n Canad a and a t the UWI , and one-third fo r 
the provision o f Canadia n professor s 
(ii) The  Thailand  Comprehensive  School  Project 
under whic h th e Universit y o f Albert a provide s expertise in term s of educationist s 
currently servin g i n Thailand , while , a t th e sam e time , counterpar t Tha i student s 
are studying in Canada. This project als o includes the provision o f equipment . 

(iii) The  Accra Trades  Training  Centre 
where Canad a no t onl y supplie d th e adviser s bu t als o aide d i n th e buildin g an d 
equipping o f th e Centre . Th e presen t Principa l o f th e Accr a Trade s Trainin g 
Centre i s a  Canadia n an d i t i s expected tha t no t onl y he but als o the othe r Cana -
dians currentl y servin g ther e wil l b e replace d b y Ghanaia n student s presentl y 
studying in Canada . 

23. Th e Canadian s servin g oversea s unde r Canada' s Educationa l Assistanc e 
Programmes ar e al l universit y graduate s and professionall y traine d wit h a  number o f 
years o f experienc e i n th e teachin g profession . Normall y the y serv e oversea s fo r a 
minimum perio d o f tw o year s whic h ma y b e extende d t o a  maximu m o f fiv e year s 
by mutua l agreement . 

24. Th e Canadia n vie w i s tha t educationa l assistanc e t o developin g countrie s ca n 
benefit Canad a a s muc h a s th e recipien t countr y an d tha t Canadia n educationist s 
who hav e serve d oversea s hav e com e bac k t o Canad a bette r teachers , with a  greater 
degree of understanding o f othe r nations , their hopes and aspirations . 
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Australia 
25. Australi a provides educational assistance on a bilateral basis to Commonwealt h 

countries i n Africa , Sout h an d South-Eas t Asia , th e Pacifi c regio n an d th e Wes t 
Indies unde r a  numbe r o f programmes . Thes e programme s ar e th e Colomb o Plan , 
the schem e o f Commonwealt h Co-operatio n i n Education , th e Specia l Common -
wealth African Assistanc e Plan and th e Australian Sout h Pacific Technica l Assistanc e 
Programme. Wit h the exception o f Commonwealth Co-operatio n i n Education, thes e 
programmes offe r technica l assistanc e i n a  wid e variet y o f fields which may includ e 
education i f the Government requestin g assistance give priority t o tha t field . 

26. Th e oldest of these programmes , the Colombo Plan , was inaugurated i n 1950 , 
and i s concerne d wit h th e provisio n o f economi c ai d an d technica l assistanc e t o 
countries o f Sout h an d South-Eas t Asia , includin g th e Commonwealt h countrie s i n 
that area . 

27. Wit h the establishment in 195 9 of the scheme of Commonwealth  Co-operation 
in Education,  whic h include s Australia n participatio n i n th e Commonwealt h 
Scholarship and Fellowship Plan , Australia bega n to provid e educationa l assistanc e t o 
Commonwealth countrie s outsid e th e Colombo Pla n area . Since resources unde r thi s 
programme ar e fairl y limited , however , i t wa s no t possibl e t o offe r educationa l 
assistance t o al l developin g Commonwealt h countrie s no t covere d b y th e Colomb o 
Plan. A  selectio n ha s therefor e bee n mad e eac h yea r o f th e countrie s invite d t o 
nominate candidate s fo r trainin g o r experienc e i n Australia . A t firs t thes e wer e 
countries i n Afric a an d th e Pacific , bu t sinc e 196 6 award s hav e als o bee n availabl e 
to som e countrie s in the West Indies area . 

28. Australia n educationa l assistanc e unde r th e abov e programme s take s tw o 
main forms , firstly , award s t o provid e trainin g i n teachin g an d othe r aspect s o f 
education; an d secondly , the suppl y o f Australian educationa l personne l t o staf f ke y 
posts in developing countries . 

Awards to  provide training 
29. I t i s th e Australia n vie w tha t basi c teacher-trainin g i s bes t conducte d i n the 

home environment . Where insufficient facilitie s ar e available in the nominating coun -
tries concerned , however , nomination s ar e accepte d fo r basi c teacher-trainin g 
especially secondar y teacher-trainin g consistin g o f a  degre e cours e followe d b y a 
postgraduate diplom a i n education . Suc h nomination s ar e mad e principall y unde r 
the Colombo Plan . 

30. Trainin g Award s unde r th e schem e o f Commonwealt h Co-operatio n i n 
Education ar e intende d t o provid e mainl y eithe r specialis t trainin g for teacher s wh o 
have complete d thei r basi c training , o r trainin g i n administrativ e o r supervisor y 
aspects o f education . Normall y th e lengt h o f cours e undertake n i s one yea r o r less. 
Similar course s ma y b e mad e availabl e unde r th e Colomb o Plan and othe r technica l 
assistance programme s if requested . 

31. Whe n nomination s ar e invite d fo r Australia n awards , no restriction i s placed 
on th e field s o f educatio n i n whic h a  nominatin g countr y ma y reques t trainin g and 
places ar e no t reserve d i n advanc e fo r particula r course s in universities and colleges . 
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The field s chose n therefor e reflec t th e interest s o f nominatin g countrie s an d th e 
aspects o f Australia n educatio n whic h the y regar d a s mos t relevan t t o thei r ow n 
needs. 

32. I n recen t year s a  hig h proportio n o f th e awards made under Commonwealt h 
Co-operation i n Educatio n hav e bee n fo r th e specia l course s organise d unde r th e 
scheme. Apar t fro m thes e specia l courses , majo r field s o f interes t hav e bee n th e 
teaching o f trad e subjects , domesti c science , music , infan t teachin g methods , 
agriculture an d teachin g Englis h a s a  secon d language . A  numbe r o f nomination s 
have bee n linke d wit h th e assignment s carrie d ou t unde r th e schem e b y ke y 
Australian educationa l personnel . Request s fo r trainin g specificall y i n th e teachin g 
of mathematic s hav e no t bee n common , although th e primary method s cours e men -
tioned belo w has proved ver y popular . 

33. T o provid e specificall y fo r th e interes t show n b y nominatin g countrie s i n 
particular field s o f study , a  number o f specia l course s hav e fro m tim e to tim e bee n 
arranged i n Australia , varyin g i n lengt h fro m thre e month s t o on e academi c year . 
These course s hav e include d th e teachin g o f Englis h a s a  secon d language , schoo l 
broadcasting, teacher-trainin g method s (Certificat e i n Educatio n fo r Oversea s 
Teachers), primary teaching methods, (including mathematics) , school inspection an d 
school administration . 

34. Visitor s Awards enable educationists of experience and standing in the practic e 
and administratio n o f educatio n i n their home countrie s to make shor t stud y visit s to 
Australia. Not only do these awards widen the experience of the visitors , but especiall y 
in th e cas e o f th e mor e senio r officers , the y als o establish liaison betwee n educatio n 
authorities i n Australi a an d thos e i n developin g Commonwealt h countrie s an d thu s 
facilitate th e mos t effectiv e kind s of educationa l co-operation . 

Supply of  Educational  Personnel 
35. I n general , Australi a doe s no t provid e schoo l teacher s fo r oversea s service , 

partly becaus e o f th e prevailin g teache r shortage , bot h i n Australi a an d i n th e 
Territory o f Papu a an d Ne w Guinea , an d partl y becaus e o f th e desir e t o appl y 
Australian resource s to project s having greater long-ter m effect . 

36. I t i s the Australian polic y t o provid e th e kind o f educationis t wh o wil l start a 
new course , establis h a n educationa l institution , trai n loca l teachers , or , throug h 
supervisory o r inspectoria l duties , improv e th e qualit y o f loca l teaching ove r a wide 
area. Number s o f suc h expert s i n differen t field s hav e bee n provided . The y includ e 
technical education , curriculu m developmen t an d correspondenc e educatio n a s well 
as established field s o f teache r training . 

A Project  in  Mid-West Nigeria 
37. A n example o f the kind o f projec t Australi a i s interested i n supporting is that 

undertaken b y thre e Australia n educationist s i n Mid-Wes t Nigeria from lat e 196 4 to 
the en d o f October , 1966 . Durin g thi s tim e thes e educationist s collaborate d a s sub-
stantive officer s o f th e Ministr y o f Educatio n i n developin g a  syste m o f educatio n 
designed t o mee t th e specia l need s o f th e peopl e i n thi s ne w politica l region. Fro m 
May t o Septembe r 1966 , the y wer e joine d b y tw o Australia n infan t metho d 
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specialists who , unde r th e supervisio n o f th e senio r member o f th e Australian team , 
introduced a  course in infant teachin g method . 

Papua and New Guinea 
38. A  significan t proportio n o f Australia' s contributio n toward s programme s of 

educational co-operatio n i s bein g directe d toward s th e territor y o f Papu a an d Ne w 
Guinea. Mr . J.W . Humphreys , o f th e Departmen t o f Educatio n i n th e Territor y 
attended th e Conferenc e a s a  membe r o f th e Australia n delegation . Wit h Professo r 
Dienes, formerl y o f th e Universit y o f Adelaid e an d no w o f th e Universit y o f 
Sherbrooke i n Canad a a s consultan t an d adviser , a  primar y schoo l cours e in mathe -
matics coverin g th e firs t 3  year s an d base d o n Professo r Dienes ' wor k i n Sout h 
Australia ha s been introduce d i n the Territory Are a for th e period 196 4 to 196 8 and 
it i s expected tha t th e programme fo r th e fina l thre e years of th e primary cours e wil l 
have been complete d befor e 1972 . 

The African Mathematics Programme of the Education Development Cente r 
39. Amon g th e programme s i n Afric a fo r th e refor m o f th e teachin g o f mathe -

matics on e o f th e best-know n i s tha t introduce d b y th e Educatio n Developmen t 
Center. Thi s organizatio n wa s represented a t th e Trinida d Conferenc e b y Dr . Grace 
Williams, of the University o f Lago s in Nigeria . 

40. Educatio n Development Center, Inc. (EDC), formerly Educatio n Service s Inc. 
(ESI), i s a  non-profi t organizatio n concerne d wit h researc h an d developmen t i n 
curriculum refor m a t al l level s o f education , fro m kindergarte n t o universit y level . 
The For d Foundation , an d othe r Unite d State s charitabl e bodies , a s wel l a s th e 
National Scienc e Foundation , hav e provide d fund s fo r it s work . Th e oversea s 
operations o f ED C i n Africa , India , Afghanista n an d Sout h America , hav e bee n 
supported b y fund s fro m U.S.A.I.D . an d fro m th e For d Foundatio n an d othe r 
philanthropic foundations . 

41. I n 196 1 a  Conferenc e o f African , Britis h and American educator s made fir m 
proposals tha t ED C shoul d initiat e curricula r refor m programme s fo r Africa . I n 
particular programme s i n mathematics , science , social  studie s an d teache r trainin g 
were recommended . ED C agreed , initially , t o tr y t o ac t upo n a  programm e fo r th e 
reform o f th e teachin g o f mathematic s fro m Standar d I  u p t o Schoo l Certificate . 
It wa s fel t tha t th e wor k o f curriculu m refor m i n mathematic s in the U.S.A. and in 
Britain wa s sufficiently advance d t o make possible a positive contribution t o Africa n 
education. 

42. Unde r th e directio n o f Professo r W.T . Marti n o f th e Massachusetts Institut e 
of Technology , th e programm e wa s initiate d and , afte r si x month s o f activit y 
including conference s i n Accr a an d Ibada n wit h Africa n mathematicians , a  mathe -
matics worksho p wa s hel d a t Entebbe , Uganda, in July and Augus t 1962 . A plan fo r 
the Africa n Mathematic s Programm e wa s draw n u p an d th e patter n o f wor k ha s 
been followe d since . Ther e wer e fifty-fou r participant s representin g 1 3 countries , 
with 2 4 participant s comin g fro m eleve n Africa n countries . I t wa s decide d t o 
produce material s usin g th e ne w approac h t o teachin g mathematic s i n fou r areas : 
text material s fo r th e primar y school , fo r th e secondar y school , tex t material s fo r 
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use i n Africa n teache r trainin g colleges , an d als o test s an d examination s based  o n 
these materials . 

43. Sinc e th e programm e starte d a  total o f 6 1 volume s o f textua l material s have 
been published. In these five year s some 7 0 Africans, 20 expatriates, serving in Africa , 
50 American s an d 5  Britis h hav e helpe d t o writ e th e mathematica l texts . I n thi s 
EDC programm e w e se e a n example o f an element o f co-operatio n whic h migh t wel l 
be extended i n future planning . 

Examinations 
44. I n 1967 , th e Wes t Africa n Examination s Counci l se t a  Schoo l Certificat e 

Examination o n th e wor k o f th e Entebb e Mathematic s Serie s an d th e Cambridg e 
Overseas Examination Syndicat e ha s promised tha t whe n ther e is a demand a  suitable 
examination wil l als o b e offere d i n Eas t an d Centra l Africa . Simila r examinatio n 
facilities ar e als o availabl e fo r th e Schoo l Mathematic s Projec t (Britain ) an d th e 
Ghana Join t School s Project . 

Teacher Training 
45. I t becam e clea r tha t i t wa s necessar y t o introduc e teacher s t o th e ne w 

pedagogical approache s writte n int o th e ne w texts . Thi s ha s bee n don e throug h 
Institutes lastin g fro m te n day s t o thre e week s an d staffe d b y visitin g America n 
mathematics educator s an d b y thei r Africa n counterpart s wh o hav e participate d i n 
the programme. They ar e organized b y the Ministry o f Education i n the participatin g 
country. 

46. I n additio n t o th e in-countr y institute s described above a two-year institute , 
known a s the ABC Institute, was started durin g July 1966 , at th e University College , 
Nairobi. Thi s institut e concerne d itsel f wit h th e mathematica l educatio n o f th e 
senior mathematic s tutor s o f th e participatin g countries . B y th e summe r o f 1969 , 
these countrie s shoul d hav e a  smal l cadr e o f peopl e knowledgeabl e abou t moder n 
mathematics, capable o f making adaptations o f th e material s to sui t local conditions , 
and read y wit h suitabl e materia l t o giv e hel p withi n thei r ow n countrie s t o thei r 
fellow tutor s i n teachers ' colleges , wh o i n tur n wil l giv e suitabl e trainin g t o thei r 
students an d t o teacher s i n th e schools . 

Co-operation withi n th e Commonwealt h 
47. Th e large-scal e ED C programm e fo r improvin g an d enlargin g mathematica l 

education i n s o man y Africa n territorie s pointe d th e wa y to th e fulle r developmen t 
which a  polic y o f co-operatio n betwee n member s of th e Commonwealth coul d brin g 
about. I n genera l discussion , delegate s a t th e Conference urge d tha t Commonwealt h 
countries shoul d establis h bette r communication s wit h on e anothe r wit h regar d t o 
their experiment s an d achievement s i n th e refor m o f mathematic s teachin g i n 
schools, exchanging information abou t thei r schemes , the evaluation o f experimenta l 
teaching, and th e books and othe r material s that ha d bee n foun d useful . Exchang e of 
personnel wa s suggeste d a s a  mean s o f securin g th e cross-fertilizatio n o f ideas . 
Professional association s o f mathematic s teacher s coul d wel l b e o f grea t servic e i n 
fostering thes e mean s o f communication , particularl y i f reciproca l affiliatio n coul d 
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be arrange d betwee n th e variou s nationa l associations . Th e hel p o f th e Common -
wealth Foundatio n shoul d b e sough t i n facilitatin g thes e inter-associatio n links . 
There wa s see n t o be a need also for co-operatio n o n a  scale which would b e beyon d 
the resources of teachers' associations, especially i n arranging exchanges of personnel , 
exhibitions o f publications , films , vide o tape s etc . I t wa s hoped tha t th e Common -
wealth Foundation, with its inter-Commonwealth structure , would b e able to provid e 
the channe l through whic h suc h active collaboratio n coul d operate . 

Co-operation in Aid within the Commonwealt h 
48. Som e Commonwealt h countrie s ha d alread y initiate d ne w mathematica l 

schemes, provided a large measure o f furthe r trainin g for teacher s and equippe d man y 
schools wit h th e necessar y apparatu s an d materials . Thes e fortunat e countries , i n 
addition t o th e ai d the y no w giv e in independen t scheme s t o thos e les s fortunate , 
could co-operat e i n th e plannin g an d establishmen t o f simila r enterprise s i n thos e 
countries whic h hav e to o fe w resource s t o carr y out , unaided , ne w programme s 
adapted t o thei r loca l needs, as recommended b y the Conference. I f ther e coul d b e a 
fusion o f th e contribution s whic h coul d b e mos t aptl y mad e b y severa l countries , 
there woul d b e a  unit y o f effor t whic h woul d greatly benefi t th e receiving country . 
Not onl y woul d th e aide d countr y benefi t b y th e coherenc e o f plannin g an d th e 
greater strengt h o f th e unite d tea m o f helpers ; the contributin g countrie s woul d b e 
sharing idea s an d experiment s an d thu s enlargin g th e possibl e scop e o f thei r ow n 
programmes. 
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APPENDIX I I 

Professional Organisation s an d Institution s 
In additio n t o th e addresse s given in the bod y o f th e Report , th e followin g ma y b e useful : 

Association of  Teachers  and  Colleges  and  Departments  of  Education,  151 , Gower Street , London , 
W.C.I., England . 

Association of  Teachers  of  Mathematics,  Vin e Stree t Chambers , Nelson , Lancashire , England . 
Association for  Supervision  and  Curriculum  Development,  1201 , 16t h Street , N.W. , Washingto n 

D.C., 20036. , U.S.A . 
Australian Association  of  Mathematics  Teachers,  P.O . Bo x 10 , Watson , Australia n Capita l 

Territory, 2602 . 
Canadian Association  of  Mathematics  Teachers,  c/o . Canadia n Teachers ' Federatio n Office , 

320, Quee n Street , Ottawa , 4 , Ont . 
Commission on  Mathematics,  475 , Riversid e Drive , Ne w Yor k 27 , U.S.A . 
Committee on  the  Undergraduate  Program  in  Mathematics,  P.O . Bo x 1024 , Berkeley , Californi a 

94701, U.S.A . 
CREDO, Tavistoc k Hous e South , Tavistock Sq . London, W.C.I . 
Education Development  Center,  (formerl y Educatio n Service s Incorporated ) 5 5 Chape l Street , 

Newton, Massachusetts , U.S.A . 
Educational Research  Council  of  America,  Rockefelle r Building , 61 4 Superio r N.W. , Clevelan d 

Ohio 44113 , U.S.A . 
Fund for  the  Advancement  of  Education,  1834 , Broadway , Ne w Yor k 23 , U.S.A . 
Manchester Mathematics  Group,  c/ o Director , Departmen t o f Mathematic s Schoo l o f Education , 

University o f Manchester , Manchester , England . 
Mathematical Association,  22 , Bloomsbur y Square , Londo n W.C.I . England . 
Mathematical Association  of  America,  Universit y o f Buffalo , Buffalo , N.Y . 14214 , U.S.A . 
Midlands Mathematical  Experiment,  c/o . Director , Worceste r Colleg e o f Education , Henwic k Grov e 

Worcester, England . 
National Education  Association,  1201 , 16th Street , N.W. , Washington D.C. , 20036 , U.S.A . 
National Foundation  for  Educational  Research  in  England  and  Wales,  Th e Mere , Upto n Park , 

Slough, Buckinghamshire , England . 
National Froebel  Foundation,  2 , Mancheste r Square , London , W.l . England . 
National Science  Teachers  Association,  1201 , 16th Street , N.W. Washington D.C. , 20036, U.S.A . 
School Mathematics  Project,  c/ o Westfield College , Kidderpore Avenue, Hampstead, London , N.W.3 . 
England. 
School Mathematics  Study  Group,  Ceda r Hall , Stanfor d University , Stanford , Californi a 93405 , 

U.S.A. 
Science Research  Associates,  25 0 Eri e Street , Chicago , Illinoi s 60611 , U.S.A . 
Scottish Mathematics  Group,  Th e Director , Rector , Hutcheson s Boy' s Gramma r School , Beato n 

Road, Glasgow , Scotland . 
The Schools  Council,  16 0 Grea t Portlan d Street , London , W.l . England . 
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APPENDIX II I 

List o f Contribute d Paper s 

PI SERIE S 
CMS(68)P1. 
CMS(68)P1/1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 
12. 
13. 
14. 

15. 
16. 
17. 
18. 

19. 
20. 
21. 
22. 
23. 
24. 

P2 SERIE S 

CMS(68) P2. 
P2/1. 

* ÍP2/2 . 
ÎP3/6. 

(a) Fundamenta l Ideas and Objectives of Mathematical Education. 
LEAD PAPER: PROFESSOR G. POLYA, U.S.A. 
Present Practice s an d Planned Development s i n Mathematica l Education : 
CYPRUS. 

MALAWI 
MALTA 
NEW ZEALAND 
TRINIDAD &  TOBAGO 
GUYANA 
INDIA 
MALAYSIA 
BARBADOS 

Current Programme s an d Recen t Development s i n the Teaching of Mathe-
matics in AUSTRALIA. 
The Mathematical Association of GHANA Joint Schools Project . 
Background Information Notes : SIERRA LEONE. 
Background Paper on ENGLAND and WALES. 
Present Practices and Planne d Development s i n Mathematica l Education : 
ZAMBIA. 
How Much Freedo m i n th e Classroom ? BRITAIN . 
The Changin g Role o f the Inspectorate. BRITAIN. 
The Way Ahead. BRITAIN. 
Present Practice s an d Recen t an d Planned Development s i n Mathematica l 
Education: CANADA. 
Present Practice s in Mathematica l Education : SINGAPORE . 
Some Recen t Effort s fo r Improvemen t o f Schoo l Mathematics i n INDIA. 
Mathematics Teachin g i n BOTSWANA , LESOTH O an d SWAZILAND . 
School Mathematics in SCOTLAND. 
Implementation o f Ne w Mathematics Course s in W. AUSTRALIA. 
L'enseignement d e l a Mathématiqu e (au x niveau x élémentair e e t secon -
daire). CANADA . 

The teaching of mathematics at Primary Level, including both method and 
content. 
LEAD PAPER: MISS E.E. BIGGS, BRITAIN. 
Primary School Mathematics in an AFRICAN Society . 
Concept Formatio n an d it s Significanc e i n Mathematic s Teachin g an d 
Syllabus Reform. BRITAIN . 
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P2/3. 
P3/7. 
P2/4. 
P3/8. 
P2/5. 
P2/6 
P3/10 
P2/7 
P2/8 

P2/9 

Some Answer s t o Question s abou t Th e Nuffiel d Mathematic s Project . 
BRITAIN. 
Operations Research and School Mathematics. INDIA. (To be circulated in 
Trinidad). 
Reform of Primary Mathematics in MALAWI. (To be circulated in Trinidad) 
Correspondence Education in AUSTRALIA. (To be circulated in Trinidad) 

Problems i n th e Teachin g o f Mathematic s i n Infants ' Schools . BRITAIN . 
Nouveau Programm e d e Mathematique : Premie r Cycl e d u Cour s Elemen -
taire. CANADA. 
Projet d e Recyclag e e n Mathematiqu e de s Maitre s d e L'elementaire . 
CANADA. 

* als o listed in P3 Series. 

P3 SERIES 

CMS(68) P3. 
P3/1. 

2. 
3. 

CMS(68) P3/4. 
5. 

P2/2 
P3/6 
P2/3 
P3/7 
P2/4 
P3/8 
P3/9 
P2/6 
P3/10 
P3/11 

P3/12 

P3/13 

also listed 

P4 SERIES 

CMS(68) P/4. 
P4/1. 

P5 SERIES 
CMS(68)P5. 

P5/1. 

The teaching of Mathematic s at Secondar y Leve l -  (a ) as a general 'core' 
subject, an d (b ) a s a  subjec t fo r thos e wit h specialis t requirements . 
LEAD PAPER : PROFESSO R W.W . SAWYER , CANADA . 
The Teaching of Mathematics at Secondary Level . BARBADOS. 
New Secondary Mathematics Programmes in TANZANIA. 
Mathematics Projects in BRITISH Secondary Schools . 
Mathematics for the Less Gifted Pupils . BRITAIN. 
Mathematics in the Sixth Form Curriculum. BRITAIN. 
Concept Formatio n an d it s Significanc e i n Mathematic s Teachin g an d 
Syllabus Reform. BRITAIN . 
Some Answer s t o Question s abou t Th e Nuffiel d Mathematic s Project . 
BRITAIN. 
Operations Research and School Mathematics. INDIA. 

Present Practice s i n Secondar y Mathematic s Revisio n in CEYLON. 
Correspondence Education in AUSTRALIA. 

Mathematique :  Programme Modern e pou r le s Classes de Secondair e l  e t 
Secondaire 2 . CANADA. 
Programme d e l a Sessio n 196 8 d u cour s d e recyclag e e n mathematiqu e 
moderne offer t pa r le Ministere de l'Education, Quebec . CANADA. 
Proposed Hig h Schoo l Mathematic s Programme (Grades 7-11) fo r English-
speaking Students in the Province of Quebec. CANADA. 

in P2 Series. 

Assessment o f Children' s Progress, and Evaluation of Programmes: purpose 
and method. 
LEAD PAPER: PROFESSOR J. WRIGLEY, BRITAIN. 
Mathematics Examinations for MALAYSIAN Schools. 

Teachers: Selection, Initial and Subsequent Training. 
LEAD PAPER: MR. D.A. PERERA, CEYLON. 
Teachers: Selection, Initial and Subsequent Training. HONG KONG. 
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2. 
3. 
4. 
5. 

P6 SERIES 

CMS(68) P6. 
P6/1. 

2. 
3. 

P7 SERIES 
CMS(68)P7/1. 

2. 

Teacher Educatio n an d th e Impact of the B.Ed. Degree. BRITAIN. 
What can a Subject Teacher Association Offer? BRITAIN . 
In-Service Trainin g fo r Mathematic s Teacher s i n Victoria . AUSTRALIA . 
Cours d e Recyclag e pou r le s Professeur s d e Mathematiqu e d u Cour s 
Secondaire. CANADA. 

Resources for learning Mathematics, including textbooks, films, radio, tele-
vision, programmed learning etc. 
LEAD PAPER: PROFESSOR A.L. BLAKERS, AUSTRALIA. 
Mathematics and Individual Study. BRITAIN. 
The Role of Television in Mathematical Education. BRITAIN. 
Computers and School Mathematics. INDIA. 

BRITISH Assistance to Commonwealth Mathematics . 
The Educatio n Developmen t Cente r African Mathematic s Program. E.D.C. 
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APPENDIX I V 

List o f Gues t Speakers , Delegates , Observer s an d 
Conference Staf f 

CHAIRMAN 

CO-CHAIRMAN 

GUEST SPEAKERS 

Professor W.H . COCKCROFT, 
G.F. Grant , Professo r o f Mathematics , Universit y o f Hull , England . 

Dr. K.S . JULIEN , 
Dean o f th e Facult y o f Engineering , Universit y o f th e Wes t Indies , St. 
Augustine, Trinidad. 

Professor G . POLYA, 
Stanford University . 

Miss E. BIGGS, 
Department o f Education and Science, London. 

Professor W.W. SAWYER, 
University of Toronto. 

Professor J . WRIGLEY, 
University o f Reading, England. 

Mr. D.A. PERERA, 
Ministry of Education and Cultural Affairs, Colombo . 

Professor A.L . BLAKERS, 
University of Western Australia. 

DELEGATIONS 

ASSOCIATED STATES OF THE 
EASTERN CARIBBEAN 

Antigua 
Miss B. KNIGHT, (Leader) Specialist Supervisor — Infant Teaching . 
Miss I. JAMES, Senior Science Graduate Teacher . 

Dominica 
Mr. J. MURPHY, (Leader) Senior Master, Dominica Grammar School . 
Mr. M.H. LINTON, Headmaster, Roseau Boys' School. 

Grenada 
Mr. V.F. FRANCIS, (Leader) Graduate Master, Grenada Boys' Secondary School . 
Mr. J.D. CUMMINGS, Senior Tutor, Grenada Teachers' College. 

St. Lucia 
Mr. C. STEPHEN, (Leader) Mathematics Supervisor, Ministry of Education, Castries. 
Miss M. Robinson, Mathematics Supervisor, Ministry of Education, Castries. 

St. Vincent 
Mr. H. DRAKES, Grammar School Mathematics Master. 
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AUSTRALIA 

Mr. M.E. DUNKLEY , (Leader ) Directo r o f Teache r Educatio n Programme, Macquarie University , 
New South Wales. 
Mr. G.M. BROWN, Curriculum & Research Officer, Educatio n Department o f Victoria. 
Mr. J.W . HUMPHREYS , Office r i n Charg e o f Experimenta l Projects , Departmen t o f Education , 
Konedobu, Papua . 

BARBADOS 
Mr. V.E. MATTHEWS, (Leader) Ministry of Education, Bridgetown. 
Dr. B. SPRINGER, Faculty of Agriculture, University of the West Indies, St. Augustine. 

BOTSWANA 
Mrs. P. CHIEPE, Education Officer -  Teaching . 

BRITAIN 

Mr. R.C . LYNESS , (Leader ) H.M . Inspecto r o f Schools , Department o f Educatio n an d Science . 
Mrs. E.M. WILLIAMS, Adviser on the Teaching of Mathematics. 
Mrs. V.M. GREENE, Headmistress, Middle Row Infants School , London. 
Mr. M.D . MEREDITH , Hea d o f Mathematic s Department , Towy n Secondar y School , Towyn , 
Merioneth, Wales . 
Mr. P.J. FLOYD, Director, Schools' Council Secondary School Mathematics Project . 
Dr. A.G. HOWSON, Assistant Director, C.R.E.D.O. 
Mr. J. NISBET, H.M. Inspector of Schools, Scotland. 
Mr. W.T. BLACKBURN, Principa l Lecturer in Mathematics, Dundee College of Education; Editor, 
Scottish Mathematics Group. 

HONG KONG 

Mr. KWOK WAI-MAN, Inspector (Mathematics). 

TONGA 

Mr. Sione Na'a FIEFIA, Education Officer, Educatio n Department . 

CANADA 

Dr. J.S. HRABI, (Leader) Director of Curriculum, Department o f Education, Alberta. 
Mr. C. GAULIN, Mathematics Professor, College Ste. Marie, Montreal. 
Mr. M . MACLEOD , Directo r o f Administration , Departmen t o f Education , Ne w Brunswick . 
Professor B . NOONAN, Department o f Mathematics, University of Manitoba. 
Mr. G.A . SCROGGIE , Assistan t Superintenden t o f Curriculu m (Mathematics) , Departmen t o f 
Education, Ontario. 
Mr. M. GIRARD, Canadian Association of Mathematics Teachers. 

GHANA 

Mr. D.K. ABBIW-JACKSON, Lecturer, University of Science and Technology, Kumasi. 
Mr. A.R. CUDJOE, Headmaster, Fijai Secondary School , Sekondi. 
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GUYANA 
Mr. B.M. HAMMOND, (Leader), Lecturer in Mathematics, University of Guyana. 
Mr. V . MOHAN-RAM , Maste r Tutor , Governmen t Trainin g Colleg e fo r Teachers , Demerara . 
Miss P. CARRINGTON, Mathematics Instructer, University o f Guyana. 
Miss B. BRANDENBURG, Lecturer, Teacher Training College. 

INDIA 

Professor R.S . VARMA, Dean of the Faculty o f Mathematics, Delhi University. 

KENYA 

Mr. I. HUNJA, Inspector fo r Mathematics . 

LESOTHO 

Mr. D.P. AMBROSE, Mathematics Lecturer . 

MALAWI 

Mr. F.N. KAZEMBE, Inspector of Mathematics in Teacher Training Colleges, Ministry of Education . 

MALAYSIA 

Mr. POO N PO H KONG , Deput y Chie f Educatio n Officer , Selango r Educatio n Office , Kual a 
Lumpur. 

NIGERIA 

Professor C.O . TAIWO, University of Lagos. 

SIERRA LEON E 

Dr. J . SIMBO , Lecture r i n Mathematics , Foura h Ba y College , Universit y o f Sierr a Leone . 
Mr. J.E.M. TAYLOR-PEARCE, Ministry of Education . 
Mr. J.E. JONAH, Education Officer, Princ e of Wales School, Freetown. 

SINGAPORE 

Mr. S. THIAGARAJAH, Specialist Inspector (Research), Ministry of Education . 

TANZANIA 

Professor J.E . PHYTHIAN, Mathematics Department, University College, Dar-es-Salaam. 

TRINIDAD AND TOBAGO 

Dr. W . KHAN , (Leader) , Hea d o f th e Mathematic s Department , Universit y o f th e Wes t Indies, 
St. Augustine . 
Mr. 0. QUINTYNE , School Supervisor I , Ministry of Education and Culture, P.O.S. 
Mr. B. MERRITT, School Supervisor I , Ministry of Education and Culture, P.O.S. 
Mr. P. GIRWAR, School Supervisor I , Ministry of Education and Culture, P.O.S. 
Miss L. HUTCHINSON, Teacher II, St. Joseph's Convent, P.O.S. 
Miss J. JESSAMY, Vice-Principal II, Southeast P.O.S. Government Secondary School . 
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Mr. R. RAMCHARITAR, Principal I, Granville R.C. School. 
Sr. M. HANLEY, Principal I, Sacred Heart Girls' R.C. School. 
Mr. C. AUGUSTINE, Principal I, St. Margaret's Government School . 
Mrs. B. NURSE-FORGENIE, Acting Principal I, St. Hilda's R.C. School, P.O.S. 
Mr. H.Mc.D. SAMMY, Principal I, Warrenville Pres. School. 
Mr. E. MOHAMMED, Teacher I , St. Joseph Muslim League School. 
Mr. J. RAMPERSAD, Teacher I,Iere Government School . 
Mr. C. WHITE, Teacher I , St. Philips Government School , P.O.S. 
Mr. S.P. GULATI, Mathematics Lecturer, University of the West Indies, St. Augustine. 
Mrs. G. THORNLEY, Mathematics Lecturer, University of the West Indies, St. Augustine. 
Mr. J. CHIN ALEONG, Mathematics Lecturer , Universit y o f th e Wes t Indies , St . Augustine . 
Mr. B.W. MCLEOD, Teacher II , Queen's Royal College. 
Mr. P. SOLOMON, Teacher II, Queen's Royal College. 
Mr. C.J. GRAYSON, Teacher II , Queen's Royal College. 
Mr. H.K. NAGINA, Teacher II, Hillview College. 
Mr. A.F. ATWELL, Teacher II , Queen's Royal College. 
Fr. A. LAI FOOK, Teacher II, St. Mary's College, P.O.S. 
Mr. E. JARDIM, Teacher II, St. Mary's College, P.O.S. 
Mr. H. THOMPSON, Acting Vice-Principal II, St. James Government Secondary School . 
Mr. C.H. MARTIN, Acting Principal II, Tunapuna Government Secondary School . 
Mrs. S. REID, Sp. Teacher II , Woodbrook Government Secondar y School . 
Mrs. C. CLARKE-HAYNES, Teacher II, San Juan Secondary School . 
Mr. C.S. HAYNES, Teacher II , St. George's College. 
Sr. C. CARTHY, Teacher II, St. Joseph's Convent, P.O.S. 
Sr. A. MORAN, Teacher II, St. Joseph's Convent, P.O.S. 
Miss J.S. ALLUM, Teacher II , St. Joseph's Convent, San Fernando. 
Miss J.N. RAJACK, Teacher II , St. Joseph's Convent, San Fernando. 
Mr. L. SOOKLAL, Teacher II, San Fernando Government Secondary School . 
Mrs. P.J.B. FLATTS, Teacher II, Bishop Anstey High School. 
Mr. S.D. RAMSERRAN, Teacher II, Hillview College. 
Mr. D. WILLIAMS, School Supervisor I, Ministry of Education and Culture, P.O.S. 
Miss M. PARKINSON, School Supervisor I , Ministry of Education and Culture, P.O.S. 
Mr. T. RAHAMAN, Ag. School Supervisor I, Ministry of Education and Culture, P.O.S. 

UGANDA 
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Mrs. L.L. VAI'AI, Intermediate School Teacher. 
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Professor G . SOOS, Division of Science Teaching, Paris. 
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