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Intention 

In thi s boo k w e hav e trie d t o provid e a  revie w o f th e kind s o f scienc e 
teaching equipmen t tha t ar e likel y t o b e o f interes t t o organization s an d 
school system s tha t ar e plannin g t o make , o r t o select , apparatu s fo r 
situations i n whic h item s fro m th e mai n scienc e equipmen t suppl y house s ar e 
unsuitable o r unobtainable . 

It i s a  grea t wast e i f peopl e wit h simila r problem s an d wit h usabl e 
solutions d o no t communicat e wit h on e another . Th e need s o f th e man y 
schools strugglin g t o teac h scienc e wit h inadequat e apparatu s ar e enormou s 
- no t onl y in th e volum e o f th e item s require d bu t als o i n th e suitabilit y o f 
design. A  sharin g o f idea s an d a  knowledge o f ho w other s ar e copin g wit h 
similar problem s ca n brin g abou t considerabl e economie s o f time , effor t 
and money . 

Throughout th e worl d ther e ar e som e fift y t o a  hundre d organization s 
working o n th e desig n o f elementar y scienc e educatio n apparatu s fo r primar y 
and lowe r secondar y schooling . Som e ar e full y commercia l producers , 
others ar e stat e enterpr ises ; som e ar e curriculu m centres , other s ar e 
teachers ' colleges . Th e intentio n o f thi s boo k i s t o hel p sprea d som e o f thei r 
ideas fo r consideratio n b y othe r organization s whic h ma y b e abl e t o us e 
them t o assis t i n th e solutio n o f som e o f thei r ow n problems . I t i s not , o f 
course, a n exhaustiv e collection ; ther e ar e undoubtedl y othe r project s an d 
ideas tha t ar e no t mentione d here . Goo d idea s ofte n com e fro m unexpecte d 
sources -  fo r exampl e fro m to y manufacturers , hipp y commune s o r hardwar e 
s tores . I n fact , th e fiel d o f idea s i s s o wid e tha t thi s revie w provide s littl e 
more tha n a  tast e o f wha t i s goin g on , togethe r wit h som e photographs , 
comments, an d a n indicatio n o f som e source s o f furthe r information . 

In orde r t o provid e continuin g assistanc e t o developin g countries , th e 
Commonwealth Secretaria t wil l b e ver y please d t o receiv e furthe r detail s 
and up-to-dat e informatio n abou t lo w cost , locall y produce d schoo l scienc e 
equipment an d th e organization s producin g it . 

Keith Warre n 
Norman K . Low e 

May 197 5 

Note: Anyon e wishin g t o purchas e an y o f th e book s liste d i n thi s publicatio n 
is advise d t o orde r the m direc t fro m th e publishe r onl y i f the y canno t b e 
obtained b y a  bookseller . 
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Section 1 Foo d for Thought 

CONFERENCES ON THE PRODUCTION OF LOCAL APPARATUS 

There hav e bee n severa l conference s o n th e productio n o f teachin g equipmen t 
- sometime s specificall y o n scienc e bu t sometime s mor e genera l -  an d th e 
subject i s frequentl y discusse d a t othe r conferences . A s ca n b e see n fro m 
the repor ts , ther e i s a  grea t similarit y abou t mos t o f them . Th e impressio n 
one get s i s tha t the y ar e ofte n see n b y the organizer s a s lectur e presentation s 
by foreign specialist s wh o indicate tha t the y hav e identifie d th e loca l pro -
blems an d kno w ho w t o implemen t th e solutions . Whil e thi s i s valuabl e o n 
technical matter s o f a  certai n sor t , surel y th e jo b o f a  foreig n specialis t i s t o 
act mor e i n a  consultan t capacit y -  tha t i s , t o lea d hi s 'clients ' t o identif y an d 
to defin e th e problem s fo r themselves . I n th e cas e o f providin g scienc e 
teaching apparatu s fo r schools , th e problem s ar e no t a s obviou s o r a s eas y 
to solv e a s the y hav e generall y seeme d t o b e -  a s th e man y failure s witness . 

Similarly, th e resolution s passe d b y many conference s hav e a  naiv e a i r . 
There ar e ra re l y an y operationa l proposal s -  n o timings , allocations , 
responsibilit ies, flows;  no r i s ther e an y attemp t a t scheduling . Thoug h th e 
lecturers ma y have referre d t o 'objectives ' i n educationa l discussion s 
during th e conference , th e fina l resolution s revea l tha t the y know littl e o f th e 
way a  syste m o f objective s i s writte n fo r th e schedulin g o f activitie s i n rea l 
life. The y hav e borrowe d a  jargo n bu t no t understoo d it . Perhap s i f a 
businessman fro m th e localit y wer e t o b e presen t a t al l conference s o n th e 
production o f teachin g equipment , a  mor e practica l resul t woul d b e achieved . 

It ma y b e usefu l her e t o l is t som e o f th e conferences , seminars , workshop s 
and course s whic h hav e take n plac e an d whic h wer e directl y o r indirectl y 
concerned wit h th e desig n an d productio n o f schoo l scienc e apparatus . 

At RECSAM , Penang , ther e wa s 'Productio n o f Low-cos t Teachin g 
Materials fo r Primar y Leve l Scienc e an d Mathematics ' i n Octobe r 1973 . 
This wa s jointl y sponsore d b y the South-Eas t Asia n Minister s o f Educatio n 
Organization (SEAMEO ) an d th e Germa n Foundatio n fo r Internationa l 
Development (DSE) . 

There wa s a  Regiona l Conferenc e o n 'Problem s o f th e Promotio n an d 
Production o f Teachin g Material s i n South-Eas t Asia ' , als o sponsore d b y 
SEAMEO an d DSE , i n Octobe r 197 2 i n Singapore . Thi s wa s organize d b y 
the SEAME O Regiona l Centr e fo r Educationa l Innovatio n an d Technolog y 
(INNOTECH). 
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Food fo r though t 

Aspects o f appara tu s need s a r e covere d i n th e boo k ' Sc i enc e Educatio n i n 
Africa' (1 ) , whic h i s a  r e p o r t o f th e sixt h Levershulm e In te r -Unive r s i t y 
Conference i n Afric a hel d a t th e Univers i t y o f Malaw i i n Marc h 1968 . Ther e 
i s a  sectio n o n 'Sc i enc e Teachin g Equipment , M a t e r i a l s an d Fac i l i t i e s ' i n 
'Planning fo r Integrate d Scienc e Educatio n i n Africa ' (2 ) , whic h i s th e 
r e p o r t o f a  Worksho p fo r Scienc e Educatio n Programm e P l a n n e r s i n English -
speaking Africa n count r ie s hel d a t Ibadan , Niger i a i n Septembe r 1971 . 
T h e r e wa s a  Regiona l Semina r o n Schoo l Sc ienc e Equipmen t i n Ne w Delh i i n 
December 1972 . Th e final  r e p o r t i s publishe d b y UNESC O Regiona l Offic e 
for Educatio n i n As i a , Bangkok , 1973 . 

There wa s a  cou r s e a t RECSA M i n Jun e 197 3 o n 'Th e Developmen t o f 
P r i m a r y Scienc e Appa ra tu s ' . I t wa s th e secon d o f i t s kin d an d i t aime d a t 
t ra in ing som e ke y educa tor s i n th e theor y an d p r ac t i c e o f appara tu s p r o -
duction i n the i r count r ie s an d a t developin g som e p ro to types . The r e i s a 
r e p o r t (Augus t 1973 ) an d a  descr ip t io n o f th e p ro to types , wit h pho tographs , 
in a  50-pag e bookle t ( 'Collect io n o f Assignment s b y P a r t i c i p a n t s o f RME- 1 
(1973) C o u r s e ' ) . I t woul d s e r v e a s a  mode l fo r s imila r c o u r s e s whic h o the r 
production uni t s migh t l ik e t o cons ide r . 

(1) Scienc e Educatio n i n Afric a (Gi lber t an d Lovegrove ) 
published b y Heineman n Educationa l Book s Limited , 
48 Char l e s S t r e e t , Londo n W1 X 8AH , England . 

(2) Plannin g fo r In tegra te d Scienc e i n Afric a 
published b y UNESCO , 7  p lac e d e Fontenoy , 7570 0 P a r i s , 
F r a n c e . 

EUROPEAN PRODUCTION FOR SCHOOLS IN AFRICA, ASIA AND LATIN 
AMERICA 

A numbe r o f Europea n firm s a r e aimin g a t marke t s fo r schoo l sc ienc e 
appara tus i n Afr ica , Lat i n Americ a an d As ia . Mos t , o f c o u r s e , hop e t o 
se l l t he i r hom e styl e o f p roduc t bu t a  fe w a r e attemptin g t o desig n r e a l i s t i -
cal ly fo r th e s i tuat ion , seein g t he i r long- te r m advantag e i n doin g so . 
The i r v e r y reasonab l e hop e i s tha t i f the y com e t o kno w th e r e a l need s o f 
the marke t b y strugglin g wit h i t a t f i r s t -han d durin g th e developmen t s tage s 
of suc h educationa l scheme s a s a r e no w beginnin g t o ge t unde r way , an d i f 
the marke t ge t s t o kno w the m i n thes e e a r l y s t a g e s , the y wil l b e o f g r e a t e r 
commercial advantag e an d valu e t o t he i r cus tomer s tha n the y wil l i f the y 
come i n l a t e r . 

It i s a  h igh - r i s k ven tu re . Internat iona l agencie s wit h a n i n t e r e s t i n th e 
p r e s e n c e o f sa t i s fac tor y equipmen t i n ne w c u r r i c u l a coul d v e r y helpfull y 
col lect an d mak e avai labl e publicl y a  g r e a t dea l o f informatio n an d advic e 
which coul d a s s i s t suc h firms.  The r e a r e , o f c o u r s e , difficultie s i n th i s 
but probabl y the y coul d b e overcome . 

Corne l sen , Velhage n an d Klasin g o f Ber l i n hav e produce d a  numbe r o f 
k i t s o f cons iderabl e i n t e r e s t t o p r imar y school s wantin g a  collectio n o f i tem s 
dealing wit h a  singl e subjec t suc h a s Weathe r o r Heat . Photograp h 1  show s 
one o f th e mor e complicate d k i t s -  a  c l a s s ki t fo r eightee n p a i r s o f ch i ldren . 
Educat ionis ts i n Ne w Delh i an d t e a c h e r s i n Calcutt a wh o wer e show n th e CV K 
k i t s mad e cer ta i n c r i t i c i s m s : tha t the y wer e bulkil y packed ; tha t thoug h the y 
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European productio n 

incorpora ted som e goo d point s ( l ik e th e mountin g o f thermometer s fo r pupil s i n 
a pa r t i cu l a r l y nea t wa y i n a  meta l angle ) the y wer e i n som e r e s p e c t s flimsy; 
that a  ki t need s a n accompanyin g tex t i n th e appropr ia t e language ; an d tha t 
the p r i c e wa s tota l l y ou t o f r e a c h o f mos t school s i n a  developin g country . 

The Germa n Foundatio n fo r Internat iona l Developmen t (DSE ) a r range d a 
conference (Calcu t ta , Septembe r 1973 ) a t whic h t e a c h e r s , educa t ion is t s , 
appara tus d e s i g n e r s , an d s o on , fro m al l ove r India , ha d a  loo k a t sc ienc e 
and mathematic s teachin g k i t s produce d i n Germany . Th e intentio n wa s t o 
see whethe r th e k i t s t hemse lves , o r modification s o r idea s fro m them , wer e 
useful i n th e India n c l a s s room . Th e conferenc e member s actual l y use d th e 
k i ts wit h schoo l pupil s fro m a  loca l bus te e (slum ) i n th e morning s ove r tw o 
weeks , si t t in g o n th e floor,  eac h wit h som e hal f doze n chi ldren . Th e 
resu l t ing r e p o r t s , thoug h no t edite d an d publ i shed , a r e detai le d an d valuable . 
This r e a l attemp t a t tes t in g Europea n mate r i a l s i n Asia n c lass room s ha d 
seve ra l a ims : t o educat e loca l t e a c h e r s an d d e s i g n e r s a s t o wha t mater ia l s 
ex i s t ; t o demonst ra t e t o d is tan t manufac turer s ho w the i r p roduc t s fi t int o 
the India n context ; an d t o indica t e to th e in ternat iona l organizat io n whethe r 
they a r e o n th e t r ac k o f a  p r o c e s s t o hel p Asia n ch i ld ren , loca l productio n 
and Europea n manufac tu re r s . Th e impress io n a t th e conferenc e wa s tha t 
th i s i s a n enormousl y valuabl e p r o c e s s whic h man y in ternat iona l agencie s 
should copy . Wha t mad e th i s p a r t i c u l a r on e successfu l wa s a n informalit y 
which allowe d t ru t h t o com e out , p r o p e r l y - b a s e d ana lyse s t o b e mad e (s t i l l 
unpublished poss ib l y becaus e o f th e informality ) an d th e fac t tha t peopl e wer e 
actual ly influenced , no t mere l y informed . Th e k i t s hav e s inc e bee n sen t 
around Indi a a s a n exhibition . 

During d i scuss ion s abou t k i t s i n Ne w Delh i an d Calcut ta , on e poin t a r o s e 
that i s o f importanc e t o d e s i g n e r s o f appara tu s -  th e ide a o f k i t s r a t h e r tha n 
individual i tem s wa s warml y welcomed . Indee d a t Delh i UNICE F wa s urge d 
to pu t i t s supplie s int o k i t s . A  p r e - s e l e c t ed collect io n i s usual l y gratefull y 
seized o n b y thos e wh o o therwis e woul d hav e t o mak e the i r ow n select ion . 
Most peopl e a t th e Ne w Delh i conferenc e a v e r r e d tha t som e dreadfull y poo r 
se lec t ions an d omission s we r e commonl y p e r p e t r a t e d b y admin is t ra to r s o r b y 
s ince re bu t inexper t o r rushe d officials . T h e r e wa s a  s t ron g feelin g i n 
favour o f k i t s becaus e o f th i s g r e a t r i s k ; th e poss ib i l i t y tha t a  ready-mad e 
ki t migh t contai n a n inappropr ia t e select io n seeme d t o b e l e s s feared . O f 
c o u r s e , i n p r a c t i c e i t i s unlikel y tha t anyon e woul d cons ide r attemptin g a 
total ly in ternat iona l ki t fo r a  wid e rang e o f l e v e l s . N e v e r t h e l e s s , l a r g e 
manufac turers d o nee d t o b e a r i n min d tha t a  g rad e 8  leve l ki t fo r a  Benga l 
vi l lage i s unlikel y t o b e appropr i a t e for , s ay , th e sam e grad e i n a  Mexica n 
city school . Ho w i t woul d nee d t o diffe r i s a  mat te r fo r r e s e a r c h i n th e 
local i ty . 

That som e kin d o f warnin g i s n e c e s s a r y , however , i s eviden t fro m th e 
proposa l o f a  Europea n fir m t o marke t , i n count r ie s poo r i n schoo l appa ra tus , 
a l a r g e , expensiv e un ive r sa l sc ienc e teachin g ki t -  photograph s 2  an d 3 . 
Though handsom e an d excel lent l y designe d fo r Eu rope , s eve ra l fac tor s pu t i t 
r ight ou t o f cons ide ra t ion : fo r i n s t a n c e , th e i r r ep l aceab i l i t y o f i t s mult i -us e 
p a r t s ; th e nee d fo r a c c e s s t o som e r e p a i r ski l l an d fac i l i t i e s ; th e fac t tha t 
i t doe s no t fi t a  loca l syl labu s an d need s loca l - languag e softwar e an d a n 
optimist ical ly wel l t r a i n e d - t e a c h e r ; an d i t s genera l a i r o f sophist icat ion . 
The internat iona l organiza t ion s ca n a l r ead y blushingl y tel l u s o f th e man y 
European sc ienc e k i t s standin g unuse d o n shelve s i n Nepal , Indonesia , 
J a m a i c a . . . . 
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Food fo r though t 

A furthe r advantag e o f a  ki t i s tha t i t ca n hav e a  bo x whic h s e r v e s a s th e 
s tore -cupboard fo r th e item s i n th e c lass room . Mos t c l a s s r o o m s , cer ta in l y 
in p r imar y schools , hav e n o s to rag e spac e a t a l l . Th e NCER T ki t ha s a 
metal cas e whic h ca n loc k wit h a  padloc k -  photograph s 6  an d 7 . Whe n 
making ne w des igns , productio n uni t s wil l nee d t o bea r i n min d thi s lac k o f 
s torage spac e o r the i r appara tu s wil l no t l a s t a  y e a r . (Thoug h wha t the y ca n 
do t o ca t e r fo r thos e school s i n Vietna m withou t roo f o r wa l l s , o r thos e i n 
Malaysia whic h a r e occasional l y en t i re l y submerge d b y wa te r , i s no t s o eas y 
to dec ide . ) 

APPARATUS FO R TH E FE W O R TH E MAN Y 

If ninety-nin e p e r cen t o f th e schoo l populatio n a r e no t goin g t o b e academi c 
s c i en t i s t s , i t migh t b e expecte d tha t onl y on e p e r cen t o f th e appara tu s manu -
factured fo r schoo l sc ienc e (i n a  countr y wher e manufactur e mus t no t b e 
wasted becaus e o f i t s difficulty ) woul d b e o f th e conventiona l s tandar d type . 
Supris ingly th e opposit e i s usual l y foun d t o b e mor e nea r l y th e c a s e . Con -
sequently th e majorit y o f th e chi ldre n a r e s ta rve d o f r e levan t p rac t i ca l 
scientific exper ience . Thi s g r o s s l y undemocrat i c p r ac t i c e come s abou t fo r 
t h r ee r e a s o n s : a  polic y o f elitis m (usual l y no t e x p r e s s e d ) ; a  t radi t io n fro m 
the day s whe n scienc e teachin g wa s give n onl y i n supe r io r secondar y school s 
( o r , i n th e cas e o f a  countr y newl y undertakin g sc ienc e teaching , b y accept -
ing advic e fro m peopl e i n who m tha t t radi t io n wa s ingra ined) ; o r a  belie f 
that lo w leve l sc ienc e need s n o appa ra tu s . 

This revie w doe s no t contai n muc h p r imar y schoo l sc ienc e appara tu s mad e 
outside Europ e an d th e US A becaus e t he r e i s goo d justificatio n fo r supposin g 
that i n th e ea r l y p r imar y schoo l v e r y l i t t l e manufacture d appara tu s ( apa r t 
from s c i s s o r s , con ta ine r s , s t r i ng , r u l e r s , an d a  balance ) i s needed . I t i s 
actually be t te r fo r th e pupil s t o mak e simpl e thing s wit h the i r ow n hands . 
Such a  policy remain s a  goo d on e fo r th e l a t e r p r imar y an d ea r l y secondar y 
school , bu t i n a  muc h smal le r p a r t . Childre n canno t mak e flas h lam p bulbs , 
o r reasonabl y goo d weighin g de v i c e s , o r th e 'c l i p together ' block s the y nee d 
for numbe r theory . Te n s tone s o r a  handfu l o f maiz e seed s a r e jus t no t 
su i table . 

BAD DESIG N FO R TH E SITUATIO N 

If t he r e wer e a  r e c o r d o f attempt s t o ge t sui tabl e sc ienc e teachin g appara tu s 
used i n schools , i t woul d sho w a  g rea t propor t io n o f fai lur e an d wast e o f 
money. Onl y to o ofte n dust y p i le s o f unuse d appara tu s a t th e back s o f cup -
b o a r d s , bi l l s a t th e headqua r t e r s o f a n in ternat iona l organiza t ion , pe rhap s a 
bland r epo r t o r tw o writ te n n e a r th e en d o f a  pro jec t -  an d untaugh t chi ldre n 
- mak e u p th e onl y sa d r e c o r d . 

Yet mos t sc ienc e teachin g equipmen t ha s bee n excel lent l y made . I t i s 
s t rong ; i t s joint s wor k f ree ly ; everythin g fit s togethe r p r o p e r l y ; i t doe s 
not l e a k ; i t i s wel l finished . I n p r o p e r hand s i t ca n demonst ra t e exactl y 
what i t ha s bee n mad e t o demons t ra te . Usuall y i t i s wellnig h per fec t excep t 
in on e ve r y importan t r e s p e c t -  i t i s no t usabl e i n th e si tuatio n int o whic h i t 
has bee n put . I t l i e s totall y ineffectiv e o n a  shelf . Nobod y checke d whethe r 
the t e ache r s coul d an d woul d u s e it,  an d i t wa s foun d to o la t e tha t the y coul d 
not o r woul d not . I t i s i r r e spons ib l e o n th e p a r t o f th e des igne r t o blam e th e 
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Good an d ba d desig n 

teachers fo r this . Th e designe r o f a  da m mus t firs t stud y th e sit e o n whic h 
the da m i s t o b e built . Shoul d th e da m fail , th e designe r canno t escap e 
responsibility b y assertin g tha t th e desig n wa s goo d bu t th e eart h o n whic h i t 
was buil t wa s no t suitable . I t i s i n thi s sens e tha t th e failur e o f a  scienc e 
apparatus projec t ca n b e attribute d t o poo r design . Th e reason s ar e 
usually clea r an d discoverable . 

Much o f th e apparatu s i n thi s revie w i s excellen t i n man y ways , thoug h i t 
may not b e well-designe d i n i t s mos t importan t aspec t -  i t s rea l suitabilit y 
for th e teacher , th e childre n an d th e classroo m situatio n i n whic h i t i s t o b e 
used (se e photograph s 4 - and 5) . Th e primar y jo b o f th e apparatu s designe r 
is therefor e t o watc h th e operatio n o f som e example s o f hi s propose d appara -
tus i n a  genuinel y averag e c lass , undisturbe d b y hi s presence . T o fin d a 
person wit h th e necessar y empath y an d acuit y fo r thi s tas k i s no t easy , bu t 
the abilit y t o d o suc h researc h i s essential . Th e natura l choice , part ic -
ularly fo r a  primar y school , i s probabl y a  woman . Sh e mus t als o hav e goo d 
mechanical desig n abilit y o r wor k wit h someon e wh o has . 

These paragraph s ar e intende d a s a  warnin g agains t a n eas y misus e o f 
this review . 

CONVENTIONAL VERSU S NE W DESIGN S 

Some apparatu s maker s se e thei r jo b a s reproducin g conventiona l America n 
or Europea n items ; fo r example , th e commercia l manufacturer s i n Ambala , 
India. The y ar e supplyin g th e need s o f school s whic h wor k fro m essentiall y 
pre-1960 texts . 

In the 1960 s however , schoo l text s an d apparatu s bega n t o chang e rapidl y 
in countrie s wit h sophisticate d schoo l scienc e systems . Th e chang e cam e 
first i n secondar y the n i n primar y schools . A t th e sam e tim e countrie s with -
out muc h traditio n fo r teachin g scienc e wit h apparatu s wer e changin g t o ne w 
curricula. Sometime s thes e demande d ne w style s o f apparatus . Fo r 
instance, UNESC O helpe d initiat e curricul a i n Afric a whic h neede d th e 
English 'Nuffield ' equipment . Th e Nuffiel d syste m neede d complet e clas s 
sets o f items , bu t countrie s foun d the y coul d no t affor d th e apparatus , part i -
cularly i f i t wa s t o b e purchased wit h foreig n currency . The y therefor e 
considered loca l constructio n o f on e sor t o r anothe r -  suc h a s teachers ' do -
it-yourself construction , scienc e centere d protoytp e making , an d teachers ' 
college small-scal e productio n units . (Full-scal e loca l manufactur e ha s bee n 
talked o f i n severa l conference s bu t ra re l y undertaken. ) I n mos t case s th e 
aim seem s t o hav e bee n t o cop y existin g items . Th e resul t ha s bee n massiv e 
wooden ticker-tap e timer s an d bambo o test-tub e rack s -  simpl e copie s i n 
local materia l o f new-styl e an d old-styl e item s -  i n batche s o f 10 0 o r l e ss . 
That teacher s i n genera l hav e littl e tim e o r abilit y t o construc t thes e thing s 
has bee n a  majo r problem . 

The Scienc e Educatio n programm e fo r Afric a ha s ha d a  differen t metho d 
for primar y schoo l teaching . I t use s commo n object s suc h a s g r a s s , bamboo , 
automobile ty res , an d cookin g pot s whic h th e childre n manipulat e fo r them -
selves an d d o thei r ow n constructio n a s par t o f th e lesson s (se e photograph s 
16, 17 , 18) . Thi s metho d need s it s ow n specia l texts . Othe r projects , fo r 
example FUNBE C i n Brazi l , hav e create d entirel y newly-designe d apparatu s 
and thei r ow n system . The y manufactur e (an d see m t o b e commerciall y 
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successful with ) som e fift y pocket-size d pack s o f ver y simpl e experimenta l 
kits wit h smal l accompanyin g book s an d a  large r tex t (se e photograp h 58) . 

Most schoo l system s i n th e worl d wor k wit h conventiona l apparatu s an d 
do no t envisag e muc h chang e withi n th e nex t te n yea rs . Thei r need , p re -
sumably, i s fo r suc h equipment . Mos t o f thos e secondar y school s tha t 
teach scienc e wit h apparatu s i n Britain , Thailan d an d Colombia , fo r 
example, us e type s o f equipmen t hardl y differen t fro m tha t use d i n a  Germa n 
secondary schoo l i n 1900 . B y fa r th e larges t proportio n o f th e scienc e 
apparatus manufacture d i n th e USA , India , o r i n th e newly-starte d produc -
tion uni t i n Burma , i s o f th e ordinary , standard , old-fashione d kind . I n 
great par t , thi s i s quit e natural . Standar d academi c physic s i s th e sam e 
the worl d ove r and , i f thi s i s t o b e taugh t i n th e secondar y schools , th e sam e 
apparatus wil l b e suitable , mor e o r l e s s , eve n i f i t i s a  bi t pedestria n t o th e 
eyes o f a  technologicall y highly-develope d country . Computers , quick-fi t 
apparatus an d photographi c microscop y ar e no t inherentl y superio r fo r 
teaching: th e academi c strea m o f th e secondar y schoo l i n a  les s technicall y 
advanced countr y i s a s wel l provide d fo r wit h slid e ru les , tes t tube s an d 
magnifiers. 

DESIGNING VERSU S COPYIN G 

There i s ampl e evidenc e tha t man y so-calle d designer s ar e merel y copyist s 
who hav e opene d anothe r manufacturer' s catalogu e an d mad e wha t the y sa w 
there. Thi s ca n b e futile . Man y educationa l analyst s believ e tha t thoug h 
the introductio n o f a  piec e o f machiner y o r a  ne w techniqu e int o a n educa -
tional syste m ma y see m straightforward , i t ca n hav e dee p social , religiou s 
and politica l effect s (throug h a n inevitabl e proces s o f contingen t texts , 
training an d othe r influences) . Thu s th e Britis h hav e introduce d intellectua l 
elitism wit h thei r schoo l apparatu s int o som e countries , an d th e American s 
have introduce d a  questioning o f parenta l an d religiou s authorit y a s a  con -
comitant o f thei r approac h t o science . 

In mos t countrie s mechanic s ar e socia l engineers , whethe r the y know i t 
or not . The y shoul d therefor e bewar e o f copyin g Japanese , Europea n o r 
Brazilian item s withou t du e thought . Whe n an y o f th e item s i n thi s revie w 
are bein g considere d thi s warnin g shoul d b e born e i n mind . The y ar e pre -
sented her e no t fo r copying , bu t a s a n encouragemen t t o designer s t o b e 
inventive an d t o mak e thei r ow n modification s t o mee t th e need s o f th e 
teachers an d childre n wit h who m they ar e speciall y concerned . 

CURRICULUM/APPARATUS LIAISO N 

Collaboration betwee n curriculu m designer s an d apparatu s designer s shoul d 
be ver y close . A  sequenc e o f experiment s whic h a n apparatu s designe r ma y 
have discovere d t o b e possible , give n th e manufacturin g capabilitie s whic h h e 
knows of , migh t wel l b e a  usefu l suggestio n t o incorporat e i n th e curriculum . 
On th e othe r hand , a n activit y whic h a n apparatu s designe r know s canno t b e 
instrumented i n th e give n situatio n wil l hav e t o b e modifie d i f th e curriculu m 
designer want s i t t o b e don e practically . Ther e ar e numerou s simila r 
situations wher e collaboratio n i s necessary . A  much large r genera l questio n 
which ha s t o b e settle d betwee n th e tw o designer s i s whic h experiment s ar e 
for demonstratio n b y the teache r an d whic h ar e t o b e don e b y the pupils . 
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Most o f th e appara tu s i n th i s r ev ie w woul d no t fi t mos t t ex tbooks : on e o r 
the o the r woul d nee d t o b e modified , fo r th e tex t an d i t s p i c tu r e s mus t b e 
compatible wit h th e a p p a r a t u s . C a s e s hav e bee n know n o f appara tu s bein g 
manufactured withou t th e make r s knowin g wha t tex t o r cur r iculu m i t wa s t o 
be use d with . F requen t ly , t o o , textbook s a r e wri t te n withou t th e r equ i re d 
appara tus bein g ava i lab le . P o o r plannin g o f th i s kin d i s p a r t i c u l a r l y 
apparent i n count r ie s wher e t h e r e i s n o wid e an d va r i e d suppl y o f appara tu s 
and t e x t s . An d th e chi ldre n suffer . 

THE NEED FOR SYSTEMATIC OVERALL PLANNING 

Rather d is tan t fro m th e t a s k o f th i s booklet , see n a s a  rev ie w o f a p p a r a t u s , 
a r e tw o importan t a spec t s o f appara tu s p roduc t ion : o rganiza t ion , an d 
financing. 

Many product io n uni t s a r e conceive d withou t a  c l e a r pol icy , pa r t i cu l a r l y 
if the y a r e se t u p b y a n in terna t iona l b i l a t e ra l organiza t ion . Th e dange r i s 
that a  p ro jec t p roposa l i s mad e ou t i n r a t h e r gene ra l t e rm s an d i s funde d 
without a n ana lys i s o f th e 'marke t ' bein g under taken . Th e marke t i s th e 
school syste m whos e need s (b y r e f e r e n c e t o cur r icu lu m an d min is t r y policy ) 
a r e presumabl y fa i r l y eas i l y a s s e s s a b l e . N o estimatio n o f productio n flow , 
cos t ing , permit te d amort izat io n o f cap i t a l , an d s o on , i s under taken . I t i s 
unc lea r wha t th e long- te r m opera t iona l problem s a r e , wh o th e importe d 
machinery belong s t o , an d wh o i s r e spons ib l e fo r s e rv i c ing . N o analys i s i s 
under taken o f th e whol e syste m int o whic h th e product io n uni t fits.  Item s fo r 
production a r e se lec te d a d h o c , an d ofte n th e organiza t ion s concerne d d o no t 
know whethe r the y a r e makin g p r o t o t y p e s , pi lo t ba tche s o r a r e mas s produ -
cing. Consequentl y thing s a r e l ike l y t o g o wrong , an d whe n the y d o i t i s 
difficult t o se e wha t th e e r r o r wa s an d ho w t o avoi d i t nex t t ime . The r e ma y 
even b e n o contingenc y p lan s t o mee t th e p r e s e n t difficulty . Th e i n t e r -
national organizat io n ma y b e hopin g tha t th e uni t wil l eventuall y becom e self -
support ing, whil e loca l governmen t -  p e r h a p s b y failin g t o provid e counter -
p a r t staf f t o tak e ove r fro m foreig n expe r t s -  ma y no t b e contributin g t o thi s 
aim. Th e min is t r y may , b y mer e lac k o f unders tand ing , permi t th e uni t t o b e 
e l i t i s t i n i t s product io n (i n th e sens e desc r ibe d e a r l i e r ) i n oppositio n t o 
the government ' s educationa l pol icy . A s a  r e s u l t o f th i s lac k o f systemati c 
planning, e n t e r p r i s e s ma y founde r a l toge the r . 

As fa r a s th e w o r k e r s an d a d v i s e r s a r e conce rned , th e r e a s o n s a r e 
unders tandable an d forgivable . I t i s l e s s e a s y t o forgiv e th e h ighe r 
eche lons . Plannin g i s t h e i r r e a s o n fo r ex i s t ence . 

A fur the r mora l fo r th e u s e o f th i s bookle t i s obvious . Th e idea s t o b e 
found h e r e a r e ofte n i n th e na tu r e o f s ingl e br igh t i d e a s . The y a r e u s e l e s s 
un less the y en te r a s p a r t o f a  sys tem . 

PROFIT-MAKING AN D NO N PROFIT-MAKIN G PRODUCTIO N UNIT S 

Some economist s divid e al l huma n e n t e r p r i s e s int o a  mer e tw o ca tegor ie s : 
those whic h mak e prof i t s an d thos e whic h educa te . I t i s n e c e s s a r y fo r an y 
organizat ion whic h wishe s t o ge t sc ienc e equipmen t use d i n school s t o 
decide i n whic h ca tegor y i t s intent ion s l i e . 
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If a  producing factor y i s se t u p i n a  countr y whic h permit s privat e enter -
p r i se , an d i f tha t factor y make s a  rea l profi t fo r th e owners , ther e i s a 
strong likelihoo d tha t i t wil l continu e t o exis t an d t o suppl y scienc e appara -
tus. Th e manager s ar e likel y t o respon d t o marke t demand s quit e sensi -
tively sinc e thei r incom e depend s o n it . If , however , th e factor y i s a n 
educational enterpris e makin g a  financial  l o s s , i t s continue d existenc e de -
pends o n a n externa l budget . I n thi s cas e it s educationa l effectivenes s de -
pends o n planning accordin g t o externa l c r i te r ia , suc h a s researche d need s 
of th e classroom . Th e educationa l effectivenes s ca n b e zer o a s easil y a s 
can financial  profit . Th e physica l existenc e o f a  uni t i n thes e circumstance s 
is assure d a s fa r int o th e futur e a s th e certaint y o f a  budget . I f th e uni t i s 
small an d th e fund s ar e directl y fro m ministr y o f educatio n sources , th e 
certainty ma y b e on e yea r o r l e s s . Thi s i s particularl y likel y whe n th e uni t 
is isolate d fro m som e kind o f mother-body , bu t i f i t i s within , say , a 
teachers ' college , i t i s likel y t o hav e a  muc h longer lastin g budget . 

If th e fund s ar e fro m som e othe r agency , th e intentio n wil l usuall y b e t o 
get th e uni t goin g an d the n fo r th e governmen t t o tak e i t ove r (assumin g i t i s 
a non-profi t makin g unit) . Thi s ha s happene d i n Burma . Alternativel y th e 
unit ma y b e se t u p t o demonstrat e possibili t ies , p rocesses , costing , an d s o 
on, t o loca l (small-scale ) industry . Th e intentio n t o mak e i t reall y profit -
able i s r a r e ; thoug h thi s i s intende d fo r th e uni t i n Sr i Lank a an d i t ha s 
actually occurre d wit h FUNBE C i n Brazil . 

INTEGRATION O F TH E UNI T INT O TH E COUNTRY' S SYSTE M 

The r i sk , o f course , wit h an y siz e o f productio n uni t i s tha t i t ma y absor b 
funds ove r a  lon g perio d whil e havin g onl y a  smal l o r insignifican t effec t o n 
actual classroo m pract ice . I t may have excellen t idea s an d produc e som e 
useful item s bu t unles s i t i s well-designe d a s par t o f th e syste m int o whic h 
it mus t fit -  tha t i s , int o th e educationa l set-u p o f th e ministry , th e socia l 
reality o f th e classroom , th e commercia l environment , an d s o o n -  it s effec t 
will almos t certainl y b e merel y local . 

Any relativel y modes t enterpris e intende d t o hel p t o ge t apparatu s int o 
schools woul d therefor e b e wel l advise d t o avoi d an y ris k o f isolatio n fro m 
the system . Quit e apar t fro m wha t thi s mean s i n term s o f planning , i t pro -
bably means tha t th e effor t shoul d g o int o a n existin g institution , suc h a s a 
teachers ' colleg e o r a  scienc e o r curriculu m centre . Ther e i s als o a  goo d 
chance tha t thi s wil l decreas e certai n overhea d an d capita l costs . Spac e 
and skil l wil l b e a t premiu m bu t almos t certainl y ther e wil l b e th e acces s t o 
valuable informa l knowledg e an d existin g channel s throug h whic h t o fee d ou t 
information an d apparatus . Isolatio n an d fragmentatio n ar e likel y t o b e 
ineffective. 

SUITING TH E APPARATU S T O TH E CHILDRE N 

There ar e othe r consideration s beside s thos e o f management , organizatio n 
and ite m design . A  major on e i s curriculum , an d a s th e apparatu s designer s 
and curriculu m designer s ar e bot h par t s o f th e desig n system , the y shoul d 
work closel y together . I n doin g s o the y shoul d b e awar e o f th e profoun d 
effect thei r wor k wil l hav e o n th e whol e society . Ther e i s a  bi g move , part i -
cularly amon g th e younge r engineer s o f Britai n an d th e USA , toward s socia l 
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respons ib i l i ty fo r th e u s e an d potent ia l o f th e equipmen t the y make . I n a n 
equipment product io n uni t i n a  p o o r countr y t h e r e shoul d b e (an d i n c r e a s -
ingly thes e d a y s , t h e r e i s ) someon e wh o unde r s t and s th e argument s p r e -
sented i n suc h publ icat ion s a s ; 'Pedagog y o f th e Oppressed ' b y Paul o 
F r e i r e ( 1 ) ; 'On e Hundre d C o u n t r i e s , Tw o Billio n Peop le ' b y Rober t 
McNamara (2 ) ; 'The  Wretche d o f th e E a r t h ' b y F r a n z Fano n (3 ) ; 
'Educat ion i n Rura l A r e a s ' ( 4 ) ; C h a r l e s S i lbe rman ' s ' C r i s i s i n th e 
Class room' (5 ) ; 'Moderniz in g P e a s a n t S o c i e t i e s ' b y Gu y Hunter , (6) ; 'Th e 
Age o f Discontinuity ' b y P e t e r F . D r u c k e r ( 7 ) ; an d th e monthl y 'Ne w 
In te rna t iona l i s t ' (8) . 

A revie w o f muc h r e l evan t l i t e r a t u r e u p t o 196 9 i s ' P r e p a r a t i o n o f th e 
Child fo r Moderniza t ion ' (9) , a  v e r y helpfu l workin g p a p e r consti tutin g a 
r e p o r t o n a  stud y b y th e U N R e s e a r c h Inst i tu t e fo r Socia l Development . It 
gives brie f comment s o n or igina l p a p e r s (whic h i t l i s t s ) concernin g develo -
ping c o u n t r i e s , c h i l d r e n ' s p r o b l e m s , ab i l i t i e s , e x p e r i e n c e s , in te l lec tua l 
development, t r a d i t i o n s , an d s o on,  u n d e r v a r i o u s head ings . Al l a r e o f 
g r e a t i n t e r e s t t o a  schoo l sc ienc e appa ra tu s d e s i g n e r , bein g suc h mat te r s 
as :  childhoo d exper ience s i n technologica l an d non-technologica l environ -
ments ; livin g an d l e a r n i n g ; condit ion s o f ch i ld ren ; sk i l l s an d inte l lectua l 
requi rements o f moder n technologica l ac t iv i ty ; th e u s e o f tool s b y childre n 
in wha t i t ca l l s ' t r ad i t i ona l ' env i ronments ; two-dimensiona l r ep re sen ta t ion s 
of r e a l i t y ; absenc e o f technica l word s i n a  t rad i t iona l environment ; 
scientific thinkin g an d development ; t r a n s f e r o f t radi t iona l physica l capa -
ci t ies t o moder n t a s k s ; forma l an d informa l t ra in in g o f th e p r e - s c h o o l 
chi ld ; th e penal izat io n o f c h i l d r e n ' s ques t ion s b y p a r e n t s ; th e u s e o f toy s 
and game s an d househol d object s fo r p l ay , an d s o on.  Muc h o f th e biblio -
graphy i s o n Africa . Th e rev ie w point s ou t ho w l i t t l e i s r e a l l y know n an d 
how l i t t l e r e s e a r c h h a s bee n done . M o r e ma y b e avai labl e no w tha t a 
number o f chil d developmen t ins t i tu te s hav e bee n es tab l i shed , suc h a s th e 
one ini t ia te d b y UNESC O bes id e P r a s a r n m i t r Colleg e i n Bangkok . 

An unusua l an d valuabl e boo k whic h demons t ra te s ho w c l e v e r chi ldre n 
a r e i f the y a r e allowe d t o solv e problem s i n t h e i r ow n way , p a r t i c u l a r l y 
when adult s sympathet ical l y attemp t t o unders tan d th e element s o f wha t th e 
child -  lackin g appropr i a t e terminolog y an d wid e exper ienc e -  i s t ryin g t o 
say , i s : 'Chi ldre n Solv e P r o b l e m s ' (10) . 

(1) Pedagog y o f th e Oppre s se d ( F r e i r e ) 
published b y Shee d an d War d Limi ted , 3 3 Maide n L a n e , 
London W . C. 2 ., England . 

(2) On e Hundre d C o u n t r i e s , Tw o Billio n P e o p l e : th e Dimension s 
of Developmen t (McNamara ) 
published b y P r a e g e r Pub l i c a t i ons , 11 1 Four t h Avenue , 
New Y o r k , N . Y . 1 0 0 0 3 , USA . 

(3) Th e Wretche d o f th e E a r t h (Fanon ) 
published b y Pengui n Books , Harmondsworth , Middlesex , 
England. 

(4) Educatio n i n Rura l A r e a s :  Repor t o f th e Commonwealt h 
Conference o n Educat ion , Ghan a 197 0 
published b y th e Commonwealt h S e c r e t a r i a t , Marlboroug h 
House , Pa l l Ma l l , Londo n SW1 Y 5HX , England . 
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(5) Crisi s i n th e Classroo m (Silberman ) 
published b y Rando m House , 20 1 E . 50t h Street , Ne w York , 
N.Y. 10022, USA . 

(6) Modernizin g Peasan t Societies : Comparativ e Stud y i n 
Asia an d Afric a 
published fo r th e Institut e o f Rac e Relation s b y Oxfor d 
University P r e s s , El y House , 3 7 Dover Street , Londo n 
W1X 4AH, England . 

(7) Th e Ag e o f Discontinuit y (Drucker ) 
published b y Heineman n Educationa l Book s Limited , 
48 Charle s Street , Londo n W1 X 8AH , England . 

(8) Ne w Internationalis t (monthly ) 
published b y Researc h Publication s Service s Limited , 
Victoria Hall , Greenwich , Londo n SE10  0RF , England . 

(9) Preparatio n o f th e Chil d fo r Modernizatio n (Mandl ) 
published b y UNRISD , U N Palai s de s Nations , Geneva , 
Switzerland. 

(10) Childre n Solv e Problem s (d e Bono ) 
published b y Penguin Education , Harmondsworth , 
Middlesex, England . 

THE US E O F TOY S AN D DOMESTI C OBJECT S 

Something whic h teacher s hav e alway s don e t o som e exten t i s t o us e commo n 
objects an d toy s t o i l lustrat e scientifi c principles . Severa l apparatu s 
projects throughou t th e worl d hav e use d thi s principl e too . I t i s possibl e t o 
avoid specia l manufactur e i f ther e i s a n objec t alread y availabl e withi n th e 
country whic h ca n il lustrat e a  concept , o r replac e a  chemistr y beaker , an d 
so on.  Indeed , i t ma y b e a n educationa l advantag e t o us e a n objec t whic h th e 
children recogniz e ra the r tha n a  foreign-lookin g objec t remot e fro m thei r 
experience. Chea p plasti c rol le r skate s ma y replace a  specia l dynamic s 
trolley; a  loca l flut e ma y serv e a s a  sourc e o f soun d muc h bette r tha n a 
tuning fork ; eve n a  mouse-tra p may serv e t o teac h severa l idea s abou t 
mechanics. O f course , thes e wil l nee d testin g b y childre n an d b y teacher s 
as wel l a s fro m th e economi c poin t o f view . 

For teachin g a  whol e rang e o f projectil e mechanics , a  to y i n Englan d 
called a  'flikball ' -  whic h fling s a  pierced bal l of f a  stic k -  i s remarkabl y 
versat i le . Man y electrica l item s ar e obtainable , a s whole s o r a s pa r t s , 
from quit e smal l hardwar e s tores , radi o shop s o r garages . Example s ar e 
torch bulbs , rect i f iers , an d powe r supplie s bough t a s batter y charges . 
Bicycles ar e a  prolifi c sourc e o f materia l fo r experiment . (Photograph s 8  -
12 illustrate som e o f th e thing s mentione d s o far . ) Object s o f us e i n teachin g 
may not onl y b e foun d bu t modified , o r assemble d fro m pa r t s , o r wholl y con -
structed. Thes e processe s ma y b e undertake n b y pupils o r teachers , loca l 
craftsmen o r a  centra l manufacturin g concern . Th e practica l limit s ar e se t 
by local conditions . 

Toys whic h exis t i n man y culture s ma y b e mor e suitabl e pedagogically , 
culturally an d mechanicall y fo r helpin g childre n t o understan d scienc e tha n 
specifically manufacture d educationa l apparatus . Fo r example , th e India n 
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Toys an d game s 

NCERT primar y scienc e ki t contain s a  larg e plasti c wind  directio n 
indicator. Thi s i s expensiv e t o make , occupie s a  lo t o f spac e i n th e smal l 
cabinet, point s upwin d whic h confuse s th e children , and , t o mak e thing s 
even mor e difficult , ha s a  bas e t o stan d o n a  tabl e instea d o f a  hand-gri p t o 
suggest i t s bein g hel d hig h outside . I n fac t i t i s unnecessar y t o hav e a 
specially constructe d win d van e i n Indi a sinc e childre n ther e commonl y fl y 
flags, pennant s an d ki tes , al l o f whic h indicat e win d direction . Moreover , 
before launchin g a  kit e th e youn g bo y usually throw s u p som e dus t t o se e 
which wa y i t drifts . Fro m thi s h e get s no t onl y a n indicatio n o f th e win d 
direction bu t a n estimatio n o f win d spee d a s well . 

Thus i t wil l b e wis e fo r apparatu s productio n unit s t o investigat e loca l 
toys an d game s s o a s t o avoi d unnecessar y manufacture . 

GAMES AS TEACHING APPARATUS 

The differenc e betwee n game s an d toy s i s tha t game s ar e competitiv e an d 
operate wit h symbol s whil e toy s represen t rea l thing s fo r individua l play . 
Although a  numbe r o f game s ar e claime d b y thei r maker s t o b e educational , 
few o f the m reall y teac h muc h o f significance . However , ther e ar e som e 
good ones , an d productio n unit s migh t lik e t o conside r them . Invict a 
Plast ics (1 ) mak e severa l whic h teac h element s o f logi c an d mathematics . 
One whic h develop s children' s sens e o f strateg y an d give s muc h enjoymen t i s 
called 'Maste r Mind' . Thi s i s a  simpl y manufacture d devic e (peg s an d pe g 
board) an d a  mode l o f wha t ca n b e done . O f course , suc h game s shoul d no t 
be copie d to o closely ; al l countrie s hav e thei r own  idiom i n game s an d thi s 
should b e incorporate d i n th e desig n o f educationa l game s i f the y a r e t o 
work effectivel y (se e photograp h 15) . 

Nowadays, managemen t trainin g i n industr y make s us e o f game s t o 
simulate rea l situations . Ther e i s n o reaso n wh y thi s shoul d no t b e don e i n 
schools, thoug h ther e i s alway s a  r is k tha t i t wil l mak e a  subjec t theoretica l 
instead o f pract ical . I t i s o f obviou s us e i n non-forma l educatio n t o teac h 
about socia l matter s an d i t i s als o applicabl e t o subject s suc h a s health , 
family planning , agricultur e an d simila r topic s whic h involv e bot h scienc e 
and socia l matters . A  very interestin g projec t whic h approache s thi s 
area i s th e 'Ecuado r non-forma l educatio n project ' , bein g aide d b y th e 
Centre o f Internationa l Education , Massachusett s (2) . Photograph s 1 3 an d 
14 sho w a  game-boar d an d som e card s fro m a  Monopoly-lik e gam e fro m th e 
project. Th e game s ar e no t manufacture d bu t a r e mad e b y those wh o wan t t o 
use them ; the y ar e mad e t o simulat e th e loca l situatio n abou t whic h partici -
pants wan t t o learn . 

(1) Invict a P las t i c s , Oadby , Leices ter , England . 
(2) Centr e o f Internationa l Educatio n (Schoo l o f Education) , 

University o f Massachusetts , Amherst , Massachusett s 01002 , 
USA. 

DESIGNING FO R TH E TEACHERS ' ABILITIE S -  TEACHERS ' GUIDE S 

To hel p th e teache r an d th e childre n t o us e apparatus , a  guid e o f som e sor t 
is necessary . Mos t textbook s assum e tha t th e teache r ca n assembl e an d us e 
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Food fo r though t 

equipment, althoug h i n fac t mos t teacher s cannot . Teachers ' course s ma y 
endeavour t o provide th e necessar y trainin g bu t i t i s a s har d fo r th e averag e 
teacher t o lear n t o handl e scienc e teachin g apparatu s satisfactoril y a s i t i s 
for th e averag e perso n t o lear n t o pla y th e piano . I f th e apparatu s designe r 
discovers -  an d i t i s a n importan t par t o f hi s jo b t o researc h thi s aspec t -
that no t mor e tha n hal f th e teachin g populatio n wil l b e abl e t o us e hi s pro -
posed ne w apparatu s i n th e nex t te n yea r s , h e mus t realisticall y pla n fo r 
that fact . 

Probably n o on e know s ho w muc h o r ho w wel l a  teache r wil l us e a  guid e 
book. Commo n sens e suggest s tha t a  smal l boo k i s mor e likel y t o b e rea d 
than a  bi g on e an d tha t picture s ar e bette r tha n words . I n man y countrie s 
photographs ar e muc h mor e understandabl e tha n diagrams . Som e example s 
of guid e page s hav e bee n include d t o sho w som e o f th e 'software ' tha t 
apparatus maker s pu t ou t wit h certai n ki ts . I t i s certainl y mor e th e tas k o f 
the apparatu s designe r tha n th e textboo k write r t o describ e th e practica l 
use o f hi s apparatus . Ofte n i t i s quit e smal l matter s whic h puzzl e a  teache r 
who is unpractise d a t handlin g physica l apparatu s and , naturally , an y 
unusual aspect s o f desig n nee d explainin g fully . 

TAKING ACCOUN T O F AVAILABL E MATERIAL S AN D OF PREJUDICE S 

This revie w attempt s t o searc h ou t ne w idea s i n method s o f production . A n 
important on e t o conside r i s th e us e o f readil y availabl e material s fo r pro -
duction whereve r possible . Fo r instance , th e us e o f commo n mil d stee l 
stock s izes , half-inc h iro n piping , an d s o on , instea d o f specia l materials , 
will brin g grea t advantage s t o th e produce r wh o must otherwis e impor t stoc k 
or us e skille d operator s o n expensiv e millin g machines . Thoug h thi s kin d of 
designing i s no w commo n i n industry , i t i s unfortunatel y les s widesprea d 
among scienc e teachin g apparatu s productio n units . Allie d t o i t i s th e ar t o f 
not over-specifyin g (fo r instance , o n accurac y o r surfac e finish) . 

A disadvantage o f modifyin g a n engineerin g specificatio n t o sui t availabl e 
machinery an d skill s i s tha t i t doe s ten d t o giv e th e manufacture d ite m a n 
unusual, simpl e o r eve n crud e appearance . Thoug h thi s ma y make a n ite m 
less acceptabl e i n th e eye s o f a  country' s educationa l official s an d second -
ary schoo l teachers , i t rare l y influence s primar y teacher s an d neve r 
affects thei r pupils . However , i f prejudic e exist s i t mus t b e discovere d an d 
taken int o accoun t i n designin g th e system . 

KITS AN D STORAG E BOXE S 

Much locally-produce d apparatu s i s conceive d a s a  ki t t o sui t a  curriculum . 
It i s a  ready-mad e collectio n fo r presentatio n t o a  teache r an d ofte n fit s i n 
with a  text . Sometime s i t i s a  collectio n o f item s fo r a  particula r teachin g 
topic o f ver y limite d exten t -  suc h a s a  clip-togethe r styl e o f microscop e o r 
electric motor , o r a  littl e se t o f chemical s an d tes t tube s togethe r wit h a 
booklet fo r discoverin g pollutio n i n streams . I t ma y eve n compris e a  whol e 
set o f item s fo r severa l years ' experiment s o r a  complet e primar y scienc e 
course (fo r teache r demonstration ) i n on e box . Sinc e teachers ' storag e pro -
blems nee d t o b e though t of , idea s fo r solution s ar e wort h noting . Ther e ar e 
not man y solution s i n thi s review . 
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Safety an d staf f select io n 

SAFETY 

Product ion uni t s an d o the r s concerne d wit h puttin g int o school s appara tu s 
with whic h t e a c h e r s an d chi ldre n coul d hav e acc iden t s , migh t cons ide r the i r 
respons ib i l i ty fo r providin g sui tabl e advic e o n acciden t p revent ion . Usefu l 
booklets a r e 'Sa feguard s i n th e Schoo l Labora to ry ' (1 ) , an d 'Safe t y i n 
Science L a b o r a t o r i e s ' (2 ) . 

(1) Safeguard s i n th e Schoo l L a b o r a t o r y 
published fo r th e Associa t io n fo r Sc ienc e Educatio n b y 
John M u r r a y Limited , 5 0 Albemarl e S t r e e t , Londo n 
W1X 4BD , England . 

(2) Safet y i n Sc ienc e L a b o r a t o r i e s -  DE S Safet y S e r i e s No . 2 
published b y H . M . S . O . , Hea d Office , Atlanti c House , 
Holborn Viaduct , Londo n E . C . I . ,  England . 

WORKSHOP S T A F F SELECTIO N 

Select ing th e r igh t w o r k e r s fo r th e va r iou s job s i n a  worksho p i s v e r y 
important , an d product io n uni t s ma y fin d som e o f th e publicat ion s o f th e 
Internat ional Labou r Offic e o f hel p t o the m i n undertakin g th e t a s k (1) . A 
review o f avai labl e t e s t s (whic h migh t sugges t som e equivalen t home-mad e 
ve r s ions t o th e se lect io n staf f a t product io n uni ts ) i s ' P e r s o n n e l Select io n 
and Tra in ing ' b y R . Goldstei n o f th e IL O (2) . 

The t ra ine d sc ienc e l abo ra to r y technicia n i s invaluabl e i n th e schoo l 
equipment product io n an d developmen t uni t . Th e appropr i a t e c o u r s e o f 
study fo r sc ienc e l a b o r a t o r y technic ian s i s th e Cit y an d Guild s o f Londo n 
Inst i tute Cour s e 73 5 P a r t s 1 , 2  an d 3.  Advic e o n th e avai labi l i t y an d t r a in -
ing o f suc h pe r sonne l ca n b e obtaine d fro m th e Inst i tut e o f Scienc e 
Technology (3) . 

(1) IL O Pub l i ca t i ons , S a l e s S e r v i c e , 121 1 Genev a 22 , 
Swi tze r land . 

(2) P e r s o n n e l Select io n an d Tra in in g (Goldstein ) 
a mimeographe d boo k produce d fo r th e Jamaic a Nationa l 
Indus t r ia l Vocationa l Trainin g Programm e (Kingsto n 1973) , 
avai lable throug h th e Min i s t r y o f Labou r an d Employment , 
112 E a s t S t r e e t , Kingston , Jamaica , Wes t Ind ies . 

(3) Ins t i tu t e o f Sc ienc e Technology , 34 5 Gray s In n Road , 
London WC1 X 8 P X , England . 

LOCAL REPAI R 

Apparatus shoul d obviousl y b e designe d i n suc h a  wa y tha t i t ca n b e kep t i n 
working o r d e r . F o r p r i m a r y school s whic h a r e mainl y locate d i n countr y 
a r e a s an d shant y town s an d whic h lac k fund s fo r appara tu s an d skil l i n 
r e p a i r an y poss ib l e b reakag e need s t o b e r ep laceab l e o r r e pa i r a b l e local ly . 
There i s plent y o f gli b r e f e r enc e t o loca l r e p a i r bu t l i t t l e rea l iza t io n o f wha t 
i s implie d -  suc h a s a  hamme r an d wir e jo b b y a n i t ine ran t t inke r ( se e photo -
graph 5) . I t i s th e d e s i g n e r ' s jo b t o d i scove r th e r ea l i t i e s h e r e a s wel l a s i n 
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Food fo r though t 

the classroom . 

INFORMATION NEEDE D B Y COMMERCIA L FIRM S 

The initiativ e toward s producin g set s o f items , o r indee d individua l items , 
to fi t curriculu m development s nee d no t com e onl y fro m governmen t 
ministries o r educationa l agencies . I n man y countrie s i t wil l see m appro -
priate fo r productio n t o b e undertake n b y private enterprise . Eve n i f the y 
are no t themselve s th e originators , i t seem s essentia l tha t (wher e th e for m 
of governmen t permits ) commercia l firm s shoul d eventuall y undertak e pro -
duction an d marketing . I f a  produc t i s viable , the y wil l undertak e i t an d 
thereby provid e a n assuranc e tha t productio n i s likel y t o continue . Fo r thi s 
reason potentia l manufacturin g firm s shoul d hav e earl y acces s t o a s com -
plete a  rang e o f informatio n a s the y nee d fo r thei r plannin g -  fro m clea r 
help wit h teachers ' apparatu s guid e publicatio n t o fir m offtak e number s fo r 
items ove r th e nex t fe w years . Thi s i s especiall y necessar y wit h kit s -  an d 
it i s largel y wit h ki ts , i n on e for m o r another , tha t mos t productio n unit s 
will b e concerned . 

This i s a n are a i n whic h th e internationa l organization s coul d an d shoul d 
help. T o wha t extent , a t present , d o production unit s wh o ar e contractin g 
for productio n wit h othe r firms , le t thos e firm s kno w wha t i s t o happe n i n 
the future , o r t r y t o dra w the m int o th e marketin g procedure s i n an y way ? 
If thi s i s no t done , a n internationa l organizatio n tha t conceive s an d nouri -
shes a  ne w enterpris e wil l fin d itsel f holdin g a  bab y tha t shoul d lon g ag o 
have grow n up . 

UNWISE RETICENC E O F AI D RECIPIENT S 

External aid , throug h bilatera l o r multi-latera l arrangements , i s , o f course , 
often give n t o productio n units : fo r example , U N ai d t o Sr i Lank a an d 
Nigeria; Germa n ai d t o RECSAM ; Japanes e ai d t o Sout h Vietnam . 
Naturally th e organization s receivin g thi s ai d ar e grateful . A t times , per -
haps, thei r gratitud e disincline s the m t o mak e usefu l criticism s les t the y b e 
misconstrued. Thi s ma y b e compounde d b y a  somewha t insensitiv e donatin g 
agency which , withou t having reall y take n th e troubl e t o understan d th e rea l 
needs o f th e situation , assume s tha t wha t i t give s i s certai n t o b e useful . I t 
may accep t unsuitabl e advice ; i t ma y ti e it s fund s t o purchase s fro m th e 
donor country ; o r i t ma y for othe r reason s provid e unsuitabl e items , pro -
duction machine s o r othe r facilities . Th e outcom e ma y b e wors e tha n a 
waste o f effort : ther e i s a  rea l likelihoo d tha t th e effec t wil l b e negative , 
concreting th e enterpris e int o th e wron g path . 

To avoi d thi s i t ma y b e necessar y fo r th e donatin g agenc y t o us e peopl e 
of exceptiona l sensibilit y t o researc h th e loca l situation ; i t wil l certainl y 
be essentia l carefull y an d sympatheticall y t o encourag e loca l educators , 
administrators an d other s t o revea l thei r needs , hope s an d doubts . I n an y 
situation thi s i s no t a n eas y thin g t o do . I n muc h o f Asi a fo r instance , 
people's natura l courtesy , reticenc e toward s foreig n experts , an d gratitud e 
for foreig n interes t an d funds , ca n lea d t o th e settin g u p o f poorly-base d 
projects. I  have hear d a  senio r UNESC O exper t sa y i n a  larg e conferenc e 
that UNESC O ha s to o ofte n foun d tha t it s pilo t project s hav e ende d i n 
failure becaus e o f lac k o f maturit y i n th e necessar y supportiv e service s o f 

14 



P r o j e c t adv i se r s 

the countr y involved . I t i s c l e a r tha t th i s i s a n indicatio n o f badly-designe d 
p r o j e c t s , ye t th e sam e kin d o f mis take s a r e s t i l l bein g made . Ai d rec ip ien t s 
can hel p b y s t r iv in g t o eliminat e unwis e r e t i cenc e s o tha t ai d fro m donatin g 
agencies i s n e v e r waste d bu t channelle d int o wel l -des igne d an d fruitfu l 
schemes . 

A SUCCESSIO N O F ADVISER S 

A proble m allie d t o tha t o f ba d advic e i s to o muc h varyin g advic e comin g 
from a  success io n o f vis i t in g o r s h o r t - t e r m a d v i s e r s , r esu l t in g i n th e lac k 
of a  singl e coheren t pol icy . I t i s no t a t al l unusua l fo r th i s y e a r ' s adv i se r 
to denigra t e th e wor k o f l a s t y e a r ' s a d v i s e r , se t i t a s i d e , an d s t a r t almos t 
anew. Th e unfortunat e minis t r y o r o the r author i t y concerne d ca n recogniz e 
the evi l o f th i s i n genera l t e rm s bu t ca n ha rd l y se e wha t t o d o abou t i t 
s ince th e ma n i s pai d b y th e agenc y fundin g th e p ro j ec t . I t look s ungratefu l 
to c r i t i c i z e hi m fo r man y r e a s o n s , no t l e a s t becaus e th e agenc y ha s 
approved hi m -  eve n thoug h i t faile d t o ve t h i s intent ion s an d a sce r t a i n 
whether the y wer e concordan t wit h p rev iou s pol icy . A  fur the r difficult y i s 
that th e minis t r y usua l l y canno t b e s u r e whic h a d v i s e r ' s pol ic y i s th e r igh t 
one -  o r i t woul d no t hav e neede d a n a d v i s e r i n th e f i r s t p lace . A  stud y o f 
some p ro jec t s whic h hav e faile d fo r thes e r e a s o n s , an d o f o the r s whic h 
have bee n successfu l i n spi t e o f them , woul d b e va luable . Suc h a  c r i t i ca l 
analys is coul d hel p subsequen t de s igns . 

A ve r y smal l p ro j ec t , whic h i s r epo r t e d a s success fu l , i s a  CED O (no w 
Bri t ish Council ) l abo ra to ry /worksho p a t P r a s a r n m i t r , th e pr inc ipa l t e a c h e r 
t ra ining colleg e i n Thai land , Thi s give s t e a c h e r s - i n - t r a i n i n g exper ienc e i n 
the u s e an d const ruct io n o f sc ienc e teachin g appara tu s an d or ig ina tes som e 
new d e s i g n s . A  sen io r a d v i s e r wen t ou t t o loo k a t th e n e e d s , an d advise d 
funding af te r a  country-wid e inspect io n o f school s an d co l l eges . A  secon d 
adv i se r di d a  feasibi l i t y stud y showin g specif ical l y ho w th e p ro jec t woul d fi t 
the syste m an d ho w th e syste m woul d in t eg ra t e i t an d ru n i t a s th e ai d phase d 
out. A  th i r d a d v i s e r , wh o wa s sympatheti c wit h th e intent ion s o f th e 
feasibi l i ty s tudy , the n r a n th e p ro jec t fo r tw o y e a r s . Th e c o u r s e s -  no w 
p a r t o f th e co l l ege ' s syste m -  a r e bein g ru n b y loca l staff ; th e ne w appara -
tus an d th e tool s a r e i n ful l u s e ; t h e r e i s a  s t o r e o f appara tu s mad e b y 
success ive c o u r s e s ; an d th e c o u r s e i s no w a ls o es tabl i she d a t th e s i s t e r 
college o f Bangsaan , 4 5 mile s away , an d i s l ikel y t o sp rea d fu r ther . Thi s 
small s u c c e s s s t o r y i s wort h c r i t i ca l ana lys i s a s suggeste d i n th e foregoin g 
p a r a g r a p h . The r e i s a  r e p o r t -  ful l o f ins ight s -  i n th e no w defunc t Br i t i s h 
Council publicatio n 'Educat iona l Developmen t In ternat ional ' fo r January , 
1974. 

PROPOSAL FO R A N INFORMATIO N AN D PLANNIN G SERVIC E 

A potent ial l y valuabl e s e r v i c e , whic h coul d b e offere d b y a n organizat io n 
wishing t o hel p a  schoo l syste m t o in i t ia t e o r improv e i t s productio n o f 
appara tus fo r s choo l s , woul d b e th e provis io n o f a  wid e rang e o f information , 
with idea s fo r de s igne r s an d admin i s t ra to r s o n ho w t o mak e th e mos t s u c c e s s -
ful us e o f i t . Thi s migh t b e ru n a t tw o linke d leve l s :  on e concentrat in g o n 
the desig n o f a p p a r a t u s , th e o the r o n th e desig n o f sys tems . Th e informatio n 
could b e p r e s e n t e d , pe rhap s i n a n exist in g j ou rna l , i n th e for m o f r e p o r t s , 
c r i t i ca l ana lyse s an d s o u r c e s . I t woul d b e accompanie d b y c o u r s e s i n th e 
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theory an d p r a c t i c e o f al l tha t p e r t a i n s t o desig n a t t hes e tw o l e v e l s . Th e 
scope migh t thu s exten d fro m br igh t idea s abou t teachin g chemis t r y wit h 
p las t ic bag s t o ho w t o amort iz e cap i t a l ; fro m l a r g e - s c a l e productio n o f toy s 
in Turke y t o a  one-ma n productio n uni t i n Colombia . T h e r e i s a  g r e a t dea l 
of informatio n avai labl e o n suc h ma t t e r s an d equall y eviden t nee d fo r i t s 
propagat ion. N o l e s s i s t h e r e a  nee d fo r i t s a n a l y s i s , followe d b y som e 
p rac t i ca l u s e o f th e r e s u l t s ; potentia l appara tu s p r o d u c e r s an d u s e r s coul d 
be helpe d t o benefi t t he i r ow n soc ie t ie s b y search in g ou t som e o f th e r e a s o n s 
behind th e var iou s s u c c e s s e s an d f a i l u r e s . 

16 



Section 2 Curren t Developments 

Africa 

AFRICAN STATE S 

The Scienc e Educatio n Projec t i n Afric a (SEPA ) whic h bega n lif e a s th e 
African Primar y Scienc e Projec t (APSP ) use s commo n material s fro m hom e 
and surrounding s wit h whic h t o teach . Ther e ar e som e thirt y teachers ' 
guides wit h title s lik e 'Chick s i n th e Classroom' , 'Commo n Substance s 
Around th e Home ' an d 'Playgroun d Equipment' . Thi s lat te r i s a  delightfu l 
example o f th e us e o f chea p equipmen t o n a  larg e scale . Bamboo , rope , ca r 
tyres an d othe r objects , ar e use d t o construc t towers , s l ides , swings , 
roundabouts, larg e balance s an d a  gian t shado w calendar . A s th e boo k 
says : 'Withou t to o muc h troubl e an d ver y littl e expense , teacher s ca n 
make playgroun d equipmen t whic h wil l fascinat e an d excit e thei r pup i l s . . . 
they wil l b e experiencin g wit h thei r whol e bodie s som e o f th e importan t 
laws o f science ' . Se e photograph s 16 , 1 7 an d 18 . 

These material s wer e develope d i n th e USAI D programm e b y a  larg e 
number o f peopl e i n th e countrie s o f Ghana , Kenya , Nigeria , S ier r a Leone , 
Tanzania an d Uganda , wit h assistanc e fro m th e Educatio n Developmen t 
Centre, Massachusett s (1) . 

(1) Scienc e Educatio n Projec t i n Afric a (SEPA ) 
details o f availabl e material s fro m th e Educatio n 
Development Centre , Newton , Massachusetts , USA . 

BOTSWANA, LESOTH O AN D SWAZILAN D 

These thre e countrie s ar e concerne d i n th e experimenta l teachin g o f a  Ne w 
Junior Certificat e Integrate d Scienc e Schem e whic h ha s considerabl y 
involved in-servic e teache r training . Th e Francistow n Teachers ' Trainin g 
College, Botswana , i s a n exampl e o f a n approac h t o teache r trainin g where -
by the teacher s actuall y construc t apparatu s themselves . (Ther e i s a 
similar approac h i n th e Nigeria n situation. ) Mos t o f th e development s ar e 
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based o n th e Univers i t y o f Botswana , Lesoth o an d Swazi land , bu t a s ye t n o 
concentrated effor t i n appara tu s productio n ex i s t s . 

KENYA 

The Product io n Uni t o f th e Keny a Scienc e T e a c h e r s ' Colleg e ha s des igned , 
and i s cur ren t l y producing , som e equipment . Thi s i s ho w i t d e s c r i b e s 
i tself : 

'The uni t i s a  non-prof i t makin g bod y ru n b y th e Product io n Boar d 
of KSTC . Th e workshop s a r e equippe d wit h th e mos t moder n meta l 
and woo d workin g machinery . I t i s capabl e o f producin g almos t an y 
teaching ai d requ i re d b y Kenya n Schools . 

'One o f th e mai n p ro jec t s o f th e uni t i s t o produc e scientifi c 
equipment t o re l i ev e on e o f th e man y problem s facin g Kenya n schools . 
A physic s ki t ha s bee n develope d an d i s produced . I n th e n e a r futur e 
chemistry an d biolog y k i t s wil l b e developed . Th e annua l turnou t i s 
expected t o b e abou t 1,00 0 k i t s . Thi s capaci t y ca n b e inc rease d i f 
the deman d g rows . 

'Learning b y doin g i s th e mott o o f th e sc ien t i s t s toda y an d th e ki t 
gives jus t tha t poss ib i l i t y withou t hig h c o s t s . 

•The ki t als o give s a n excellen t opportunit y fo r th e student s t o 
t ra in the i r manipulativ e sk i l l s . Unti l r ecen t l y v e r y fe w student s i n 
the countr y rea l l y go t a n experimenta l backgroun d i n sc ienc e sub -
j e c t s . Th e ki t give s th e t e ache r th e opportunit y o f teachin g scienc e 
experimentally. B y spendin g jus t a  smal l amoun t o f mone y th e 
student wil l b e abl e t o perfor m mos t o f th e bas i c experiment s i n 
phys ic s . 

'The k i t , althoug h small , ca n b e use d a s a  demonstrat io n ki t a s well . 
A manua l i s supplie d wit h th e ki t t o guaran te e a  goo d layou t o f th e 
experiments . ' 

There i s a  pupi l ' s tex t accompanyin g thi s equipment , som e o f whic h ca n 
be see n i n th e Curr iculu m Informatio n Serv ic e (Educatio n Informatio n an d 
Resea rch Department ) o f th e Br i t i s h Council , 1 0 Spr in g Ga rdens , Londo n 
S . W . I . 

NIGERIA 

Considerable activi t y i n curr iculu m developmen t i s goin g o n i n Niger ia , an d 
alongside i t i s equipmen t developmen t an d improvement . 

In 1970 , th e F e d e r a l Minis t r y o f Educatio n wit h th e a s s i s t anc e o f 
UNESCO establ ishe d a  Scienc e Equipmen t Cent r e i n Lagos . Th e functio n o f 
the Centr e wa s t o provid e faci l i t ie s an d exper t i s e fo r th e desig n an d p ro -
duction o f prototype s o f schoo l scienc e equipment ; th e r e p a i r an d maintenanc e 
of existin g schoo l scienc e equipment ; i n - s e r v i c e t rainin g c o u r s e s fo r p r imar y 
and secondar y schoo l t eache r s an d t rainin g cou r se s fo r l abora to r y pe r sonne l ; 
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and a n advisor y se rv ic e i n sc ienc e teachin g equipment . Th e ai m wa s fo r th e 
Cent re t o provid e a  s e rv i c e throughou t th e Fede ra t i on , whic h cons is t s o f 1 2 
educationally-autonomous S t a t e s . T o achiev e thi s aim , a  networ k o f cen t re s 
was planne d whic h woul d b e linke d b y Mobil e Repai r Uni ts . 

Components o f th e i n - s e r v i c e t ra in in g c o u r s e s includ e woodwork , metal -
work an d g l a s swork , an d pa r t i c ipan t s cons t ruc t appara tu s themselves . I t i s 
not intende d tha t t e a c h e r s shoul d b e bul k p r o d u c e r s o f a p p a r a t u s , bu t th e 
act ivi ty i s designe d t o boos t th e p r ac t i ca l expe r t i s e o f th e t e a c h e r s o tha t h e 
may becom e mor e confiden t i n hi s abil i t y t o experimen t an d mor e innovativ e 
in h i s sc ienc e teaching . 

Apparatus s o fa r cons t ruc te d b y th e Cent r e ha s bee n base d o n des ign s 
from th e 'Guideboo k t o Construct in g Inexpensiv e Scienc e Teachin g 
Equipment ' , Volume s 1 , 2  an d 3  (1 ) -  se e photograp h 4 1 . I n addit ion , appara -
tus ha s bee n const ructe d fo r th e Niger ia n Secondar y Scienc e P r o j e c t pilo t 
schools , an d a ls o fo r th e P r i m a r y Scienc e P r o j e c t base d i n Ahmad u Bell o 
Univers i ty , Z a r i a . Th e Cent r e workshop s hav e bee n abl e t o c a t e r fo r 50 -
100 p iece s o f a  p a r t i c u l a r ite m a t on e tim e an d developmen t o f th e workshop s 
cu r r en t ly bein g under take n shoul d i n c r e a s e thi s capaci ty . Th e financin g o f 
the Centr e i s b y th e F e d e r a l Min i s t r y o f Educatio n wit h UNDP/UNESC O 
ass i s t ance unti l 1976 . 

(1) Guideboo k t o Construct in g Inexpensiv e Scienc e Teachin g 
Equipment 
published b y th e Scienc e Teachin g C e n t r e , Univers i t y o f 
Mary land , Colleg e P a r k , Marylan d 20742 , USA . 

Asia 

REGIONAL CENTRE - RECSAM, PENANG 

RECSAM i s th e Regiona l Cent r e fo r Educatio n i n Scienc e an d Mathemat ics , 
in Penang , Malays ia . I t i s p a r t o f th e Sout h Eas t Asia n Min i s t r i e s o f 
Education Organizat io n (SEAMEO) . I t s e r v e s Thai land , Malays ia , 
Ph i l ipp ines , Indonesia , S ingapore , L a o s , Khme r an d Sout h Vietnam . I t 
runs conference s an d three-mont h c o u r s e s fo r t e a c h e r s , introducin g the m t o 
sc ience an d mathematic s teachin g methods . I t r e c e i v e s mul t i - l a te ra l an d 
b i la te ra l a s s i s t a n c e ; fo r example , th e Germa n Foundatio n for  Internationa l 
Development (DSE ) i s probabl y abou t t o equi p a  prototyp e developmen t work -
shop t h e r e , an d th e Br i t i s h Counci l ha s funde d som e l e c t u r e r s . M r Kho o 
Tiang Lim , th e sc ienc e t ra in in g officer , ha s or iginate d a  lo t o f th e i n t e r e s t -
ing sc ienc e appara tu s pro to type s whic h a r e o n d i sp lay , an d the r e i s a  wide -
ranging stoc k o f example s o f sc ienc e an d mathematic s appara tu s fro m man y 
modern p r o j e c t s . Ther e i s a  proposa l t o se t u p th e prototyp e worksho p 
(with DS E funds ) quit e soo n t o desig n equipmen t fo r th e SEAME O countr ie s 
which, i t i s hoped , wil l thu s b e helpe d an d encourage d b y th i s regiona l 
effort t o se t u p the i r ow n nationa l c e n t r e s , o r t o improv e the m wher e the y 
a l ready exis t . 
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As i n mos t suc h centres , th e wor k i s see n a s involvin g engineerin g an d 
educational effort , bu t withou t systemati c analysi s o f eithe r th e varie d 
classroom situation s int o whic h th e apparatu s mus t fi t o r o f th e administra -
tive an d commercia l network s upo n whic h it s effectiv e us e wil l depend . Thi s 
important aspec t o f th e desig n o f apparatu s productio n i s ofte n neglected . 
RECSAM, however , doe s a t time s hol d high-leve l conference s fo r admini -
s trators an d involve s administrator s i n it s courses . Th e exten t t o whic h 
institutes o f educatio n i n th e universitie s o f th e regio n concer n themselve s 
with suc h analysi s i s uncertain , bu t n o contributio n fro m the m seem s t o hav e 
reached an y o f th e conference s o n apparatu s production . 

Clearly ther e ar e specifi c an d loca l example s o f suc h plannin g wit h som e 
Ministries o f Educatio n an d wit h variou s project s (suc h a s thos e o f th e U N 
organizations) whic h hav e undertake n educationa l developmen t wor k involvin g 
school apparatus . I t woul d b e valuabl e t o collec t informatio n o n som e o f 
these initiatives , wit h a  vie w t o analysin g i t an d makin g i t availabl e t o th e 
planners o f productio n units . Th e Regiona l Centr e fo r Educationa l 
Innovation an d Technolog y (INNOTECH ) i s , i n fact , alread y undertakin g 
aspects o f thi s a t quit e a  hig h leve l i n a  long-ter m project . I t hold s course s 
for ke y educators . However , i t s wor k seem s neve r t o b e referre d t o i n th e 
ground plannin g o f actua l apparatu s productio n -  plan s whic h ar e rapidl y 
becoming concret e i n th e region . 

PRODUCTION CENTRES IN SOUTH EAST ASIA 

THE UNIT IN BURMA 

The followin g account , take n fro m a  U N Newsheet , wil l hel p t o se t th e 
Indian NCER T productio n uni t (see page s 2 2 -  23 ) i n contex t an d provid e a n 
indication o f th e histor y an d th e hope s tha t peopl e i n th e regio n hav e wit h 
regard t o suc h enterpr ises . I t consist s o f a n intervie w wit h Sore n 
Hakansson o f UNESCO , Bangkok , th e originato r o f an d advise r t o man y o f 
the apparatu s productio n scheme s i n th e region . 

'This productio n uni t i s on e o f severa l i n Asi a whic h ow e thei r exis -
tence t o th e exampl e o f a  smal l industr y se t u p i n 196 4 a t th e Rangoo n 
Arts an d Scienc e Universit y t o mak e scienc e equipmen t fo r education . 
All Asia n nation s hav e expresse d a  commitmen t t o mas s educatio n an d 
many hav e mad e remarkabl e progres s toward s achievin g i t . Thi s 
commitment, couple d wit h th e wis h tha t th e pupil s shoul d experimen t 
for themselve s i n thei r scienc e learning , ha s brough t hom e t o the m th e 
need fo r vas t quantitie s o f scienc e teachin g equipment . Productio n i n 
Rangoon bega n i n 196 5 an d ha s rise n t o th e poin t wher e b y 197 2 abou t 
200,000 Kyat - worth o f suc h equipmen t pe r yea r wa s bein g turne d ove r 
to th e Directo r o f Education . T o hav e importe d thi s woul d hav e cos t 
the equivalen t o f abou t 460,00 0 Kyat . A  very importan t point , o f 
course, i n al l thi s i s th e savin g o f loca l currency , whic h i n thi s cas e 
is a  savin g o f nearl y 100,00 0 U S dollars . (On e dolla r i s wort h abou t 
4.8 Kya t a t th e officia l exchang e ra te . ) B y 197 2 the Rangoo n worksho p 
had 5 2 full-time technician s plu s u p t o 10 0 temporary worker s durin g 
summer vacation s -  physic s an d chemistr y student s fro m th e 
University wh o volunteer thei r service s fo r n o pay . Th e item s 
currently bein g produce d cove r nearl y al l thos e neede d fo r hig h schoo l 
physics an d chemistry : balance , glassware , galvanometers , magnets , 
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p r i s m s , c a l o r i m e t e r s , tunin g f o r k s , l e n s e s , hyd rome te r s , e t c . 

'This p ro jec t i s mentione d i n som e detai l h e r e bot h becaus e i t wa s 
the f i r s t o f i t s kin d i n th e regio n an d becaus e i t s succes s an d th e 
consequent sp rea d o f th e ide a i s a  po in te r t o th e fu ture . I t ha s bee n 
given hel p b y th e U N throug h th e provis io n o f UNESCO exper t s i n 
equipment productio n an d buildin g plannin g an d b y th e contributio n o f 
some 290,00 0 U S do l l a r s -wor t h o f a s s i s t a nc e b y UNICEF . Unde r th e 
Colombo P l a n , Aus t ra l i a ha s contr ibute d som e 40,00 0 U S d o l l a r s -
worth o f machiner y an d suppl ies . 

'From i t s Burmes e p lac e o f origi n th e ide a o f loca l manufacturin g o f 
sc ience teachin g equipmen t ha s sprea d outwar d t o o the r count r ie s o f 
the reg ion . Exper t s fro m UNESC O an d o the r in ternat iona l o rgan i -
za t ions , muc h impresse d durin g v i s i t s t o th e count ry , hav e c a r r i e d 
the message . Th e ide a ha s bee n repea ted l y promote d a t th e regiona l 
sc ience- teaching an d schoo l sc ienc e equipmen t s e m i n a r s , whic h 
UNESCO s p o n s o r s . 

'The s u c c e s s o f th e p ro jec t ha s overcom e som e o f th e doubt s o f 
surrounding count r ie s a s t o whethe r the y coul d fin d th e t ra ine d 
pe rsonne l , th e machiner y an d th e fac i l i t i es . Th e doubt , o f c o u r s e , 
remains a s t o whethe r suc h a n e n t e r p r i s e coul d b e inst i tute d an d 
continue a s a n o rd ina r y commercia l , self-financin g (i f no t prof i t -
making) e n t e r p r i s e . Thi s seem s v e r y unl ikel y ove r a n ini t ia l per io d 
of te n y e a r s . Th e financia l inpu t t o th e Rangoo n worksho p ha s bee n 
of th e o r d e r o f half-a-mil l io n U S do l l a r s whil e th e appara tu s produce d 
has bee n o f valu e abou t on e q u a r t e r o f a  millio n U S d o l l a r s . Th e 
funding agencie s woul d hav e bee n abl e t o provid e twic e a s muc h equip -
ment t o th e school s ove r th i s pe r io d i f the y ha d mere l y importe d th e 
i t ems . T h i s , o f c o u r s e , i s invali d a s a d v e r s e c r i t ic i s m o n s e v e r a l 
counts . 

•It i s a  p r imar y t a s k o f in ternat iona l agencie s t o hel p count r ie s t o 
help themselve s eve n thoug h lon g pe r iod s e laps e befor e count r ie s ca n 
support th e wor k themse lves . I t would , o f c o u r s e , see m na tu ra l 
that th e s h o r t e r thi s per io d i s th e b e t t e r , provide d tha t th e burde n 
that th e countr y the reb y impose s o n i t se l f i s accep tab le . F u r t h e r , 
aid o f th e typ e cons idere d h e r e i s full y intende d a s a  f re e ini t ia l 
p rov i s ion , no t p a r t o f a  profi t an d l o s s t r ansac t i on . O f g r e a t 
importance to o i s th e mode l i t p rov ide s fo r subsequen t development s 
in o the r a r e a s -  an d i n th i s th e Burmes e p ro jec t ha s bee n pa r t i cu l a r l y 
f e r t i l e . 

•Today on e for m o r anothe r o f a  schoo l sc ienc e equipmen t facil i t y 
exis t s o r i s abou t t o b e es tabl i she d i n Bangladesh , India , Indonesia , 
the Republi c o f Korea , Nepa l , P a k i s t a n , th e Ph i l i pp ines , an d S r i 
Lanka. I n some , th e Burmes e pa t t e r n p r e v a i l s , wit h th e manufacturin g 
of th e schoo l sc ienc e equipmen t don e a t th e facil i t y i tself . I n o the r 
c o u n t r i e s , wit h a n es tabl i she d t radi t io n o f sma l l - sca l e manufacturin g -
for exampl e Bangladesh , Indi a an d Pak i s ta n -  th e facil i t y mere l y doe s 
the desig n work , producin g pilo t model s sui te d t o th e need s o f bot h 
student an d s e r i a l product ion , wit h actua l productio n bein g c a r r i e d ou t 
by p r iva te indus t ry . 
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'In Burma , th e Scienc e Worksho p Superintenden t U  Chi t Khian g s a y s : 
"We expec t t o se e annua l productio n volume , a s wel l a s th e numbe r o f 
employees, multipl y b y 4  o r 5  t ime s ove r th e nex t fou r y e a r s . Righ t 
now w e ' r e producin g sc ienc e k i t s fo r hig h schools . Bu t w e inten d 
soon t o produc e sc ienc e k i t s fo r us e i n p r imar y an d middl e schools . 
We ' re a l read y test in g th e pilo t k i t s . " 

'The ultimat e ai m i s t o manufactur e al l th e sc ienc e teachin g equipmen t 
needed a t pr imar y leve l (fo r u s e b y t eache r s ) a s wel l a s al l tha t 
requi red a t middl e an d hig h schoo l l e v e l s . Th e anticipate d expansio n 
includes broadene d productio n fac i l i t i es . T o the i r p r e s e n t machiner y 
for metal-workin g an d g lass -work in g th e Worksho p d i r ec to r a t e expect s 
to ad d machiner y fo r p l a s t i c s workin g -  injectio n moulding , blo w 
moulding an d vacuu m forming . 

'Dr Maun g Maun g Kha , Recto r o f th e Rangoo n Ar t s an d Scienc e 
Univers i ty s a y s , :  "Th e advantage s o f sett in g u p ou r ow n plan t fo r 
producing schoo l sc ienc e equipmen t g o beyon d jus t a  savin g o f 
foreign exchange . W e hav e provide d ne w jobs . W e no w hav e t ra ine d 
technic ians , w e hav e acquire d technica l know-how . M o r e o v e r , th e 
school sc ienc e ki t s w e produc e a r e be t te r suite d t o th e need s o f ou r 
own scienc e c o u r s e s , tha t w e hav e our se lve s developed , tha n foreign -
produced k i t s . " 

•The chemistr y ki t buil t a t th e Workshop , whic h wa s designe d b y a 
p ro fes so r a t th e Rangoo n Ar t s an d Scienc e Univers i ty , demonst ra te s 
the point . A  semi-micr o k i t , i t no t onl y consume s one-tent h th e 
quanti ty o f chemical s r equ i re d b y no rma l - sca l e la b k i t s , bu t make s 
ingenious us e o f d i sca rde d mate r ia l s -  empt y penicil l i n bo t t l e s , fo r 
example, se rv e perfec t l y a s semi-micr o reagen t bo t t l es . 

•The Burmes e projec t ha s a ls o introduce d anothe r chang e int o th e 
region. Man y o f th e count r ie s o f Asi a hav e ha d n o smal l p rec i s io n 
indus t ry a t a l l . The y d o no t hav e th e technician s suc h indus t r y needs . 
Good craftsme n the y have , me n wh o ca n tur n ou t on e beautifully-mad e 
item o f a  kind ; bu t p rec i s io n t echn ic ians , wh o ca n tur n ou t 50 0 uni t s 
exactly th e same , exact l y meetin g blueprin t speci f ica t ions , an d com -
plete ly in terchangeabl e -  thes e hav e no t bee n avai lable . • 

Soren Hakansson , th e UNESC O consultan t pr inc ipa l l y associa te d wit h th e 
workshop i n Rangoo n sai d r e c e n t l y : 'I  loo k ahea d te n o r twent y y e a r s . I 
see th e Asia n scienc e teachin g equipmen t indus t r y l a rge l y takin g c a r e o f th e 
needs o f th e count r ie s h e r e ; bu t I  se e more . Becaus e a  l a r g e p a r t o f th e 
total cos t o f schoo l sc ienc e equipmen t i s skille d l abour , an d labou r i s muc h 
cheaper h e r e tha n i t i s i n th e develope d c o u n t r i e s , i t i s quit e poss ib l e tha t 
in th e futur e Asi a wil l becom e a n expor te r o f schoo l sc i enc e equipmen t t o 
the West . Instea d o f jus t savin g foreig n exchang e th e indus t r y wil l b e 
earning i t . • 

INDIA 

The Nationa l Counci l fo r Educationa l Resea rc h an d Trainin g (NCERT) , Ne w 
Delhi , India , i s undertakin g a  ve r y l a rg e schem e o f curr iculu m reform , 
textbook productio n an d appara tu s manufacture . 
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Some o f th e apparatu s ha s bee n designe d b y UNESC O experts . I t take s 
the for m o f kit s fo r primar y an d secondar y level . Th e primary scienc e ki t 
is fo r a n integrate d study , thoug h mos t o f th e material s ar e fo r physics . 
The secondar y kit s ar e a t a  ser ie s o f level s i n physics , mathematics , 
chemistry an d biology . Th e NCER T workshop s produce d th e earl y proto -
types an d Sore n Hakansso n o f UNESC O dre w th e blueprints . UNICE F i s 
supporting earl y stage s o f th e productio n o f primar y ki ts , som e 20,00 0 o f 
which hav e bee n produce d b y local industry . (Thi s i s , o f course , onl y a 
small proportio n o f th e need : ther e ar e 500,00 0 primar y school s i n India. ) 
In fact , i t i s r a r e fo r UNICE F t o purchas e locall y -  usuall y i t i s cheape r 
to purchas e i n Europ e t o a n easil y checke d goo d quality . I n thi s case , the y 
must fee l that , provide d th e school s us e th e apparatu s effectively , th e 
project wil l prov e worthwhile . A t present , UNICE F i s responsibl e fo r 
seeking ou t manufacturer s o f th e items , qualit y controllin g the m an d gettin g 
them assemble d int o th e ki ts . Photograph s 19-2 5 sho w example s fro m th e 
primary scienc e kit , mostl y prototypes . Th e qualit y i s no w highe r thoug h 
quality contro l i s stil l a  seriou s problem . 

CEDO (now Britis h Council ) di d a  feasibilit y stud y i n 1970/7 1 fo r 
UNICEF an d reassure d the m abou t th e projec t int o whic h the y ar e puttin g 
some million s o f dollar s fo r a t leas t th e pilo t phase . Th e CED O recommen -
dations include d th e followin g points : 

The NCER T shoul d no t b e lef t hig h an d dr y fo r fund s wit h a  partiall y 
complete projec t -  ther e i s a  mora l obligatio n upo n th e India n 
Government an d UNICE F t o hel p se e i t through . 
The planne d staffin g an d physica l facilitie s o f key institution s shoul d 
be strictl y enforce d befor e apparatu s i s supplied . 
The suppl y o f moder n syllabuse s an d instructiona l material s i n 
training college s i s a n urgen t necessity . 
The kit s mus t g o t o al l college s whic h trai n elementar y an d middl e 
school teachers . 
The projec t mus t b e widel y an d realisticall y sprea d withi n th e State s 
of Indi a i n a  properl y phase d manne r an d th e re leas e o f kit s an d 
materials mus t b e dependen t o n th e maintenanc e o f a  goo d standar d o f 
training. 
Teacher re-trainin g course s shoul d b e si x week s o r a t th e worst , 
four. I t i s no  us e aimin g t o trai n onl y on e teache r pe r school . 
The projec t shoul d b e trie d i n carefu l step s fo r thre e year s befor e 
general implementatio n i s considered . 
The State s shoul d b e responsibl e fo r thei r ow n curriculu m an d shoul d 
be prepare d t o var y th e writte n material s a s the y translat e them . 
There mus t b e a  prope r repai r servic e fo r th e schoo l ki ts . 
Supervisors hav e a  ver y importan t rol e i n gettin g th e material s used . 
The ministr y mus t hav e a n office r concerne d exclusivel y wit h th e 
project. 
There shoul d b e improve d communication s betwee n States , betwee n th e 
Ministry an d States , an d betwee n NCER T an d UNICE F an d th e States . 
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The NCER T ha s itsel f writte n a  grea t dea l abou t al l aspect s o f thi s 
project, fro m simpl e explanator y book s t o detaile d repor ts . Ther e a r e , o f 
course, schoo l texts , apparatu s l i s t s , teacher ' s guides , man y o f thes e i n 
several version s an d variou s Stat e languages . Althoug h i t doe s no t concer n 
this presen t revie w booklet , th e NCER T i s workin g i n al l th e schoo l sub -
jects an d simila r material s fo r thes e subject s ar e bein g created . 

Some State s i n Indi a hav e thei r ow n scienc e developmen t project s wit h 
apparatus an d writte n materials . Tha t o f Bomba y i s perhap s th e mos t 
developed o f these . 

COMMERCIAL INDIA N MANUFACTUR E 

A certain amoun t o f schoo l scienc e apparatu s i s mad e commerciall y i n India . 
There ar e smal l industrie s fo r thi s i n Bombay ; ther e i s th e Dyna m Compan y 
in Bangalore , an d ove r on e hundre d factorie s (som e ver y small ) i n Ambala , 
between Delh i an d Chardigarh . Som e o f thes e ar e highly-sophisticated , 
producing, fo r example , som e goo d microscop e ser ies . Ambal a produce s 
much industria l scientifi c equipment . I t ha s a  consortiu m o r chambe r o f 
manufacturers an d a  governmen t standard s certificatio n establishment . Th e 
school scienc e apparatu s produce d i s th e standard , sturdy , old-fashione d 
stuff. 

These India n commercia l manufacturer s migh t possibl y benefi t greatl y 
from som e goo d advic e o n ho w t o sui t thei r productio n t o th e ne w educationa l 
needs o f thei r country , th e region , an d th e res t o f th e world . The y hav e 
adequate potential , th e need s exist , an d th e governmen t coul d encourag e 
export i n materia l way s -  suc h a s ta x rebate s o n material s purchase d 
abroad an d subsequentl y exporte d a s manufacture d goods . I n many case s th e 
government wil l provid e loans t o industry . A  parallel coul d b e draw n her e 
with Pakistan , whic h manufacture s an d export s t o Europ e surgica l operatin g 
equipment t o a  hig h standard . Th e factor y a t Sialko t was , apparently , se t 
up wit h Germa n assistance , an d th e equipmen t bough t b y UNICEF . UNICE F 
and othe r internationa l agencie s woul d conside r th e purchas e o f scienc e 
teaching apparatu s fro m Indi a i f the y coul d b e assure d o f a  commerciall y 
satisfactory supply . Naturall y ther e ar e man y economi c factors , suc h a s 
currency availability , t o b e considere d i n suc h expor t hopes . A s yet , 
Indian productio n i s stil l i n a  se l ler ' s marke t withi n th e countr y an d i s 
hardly export-conscious . 

Information o n India n manufactur e exist s i n variou s trad e directorie s 
produced i n th e country . Organization s suc h a s th e Nationa l Smal l Industrie s 
Corporation ca n provid e survey s o f potentia l manufacturers , productio n 
capacity, qualit y standards , pr ice s inspectio n an d distribution. Man y 
countries hav e simila r potentia l fo r obtainin g suc h necessar y information . 
India ha s som e 30,00 0 larg e industrie s an d 9. 8 millio n smalle r ones , 
excluding thos e concerne d principall y wit h agriculture , s o th e nee d fo r 
making explanator y survey s befor e embarkin g o n a  commercia l o r quasi -
commercial ventur e i s obvious . I n mos t countrie s i t i s equall y wis e i f no t 
so obvious . 
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INDONESIA 

Indonesia ha s som e 1 4 millio n p r i m a r y schoo l pup i l s . Th e school s r a r e l y 
have mor e tha n a  b lackboard , som e chal k an d a  fe w textbooks . Th e t e a c h e r s , 
if the y d o an y sc ienc e a t a l l , teac h i t b y r o t e , knowin g l i t t l e o f th e subjec t 
o r o f th e ne w approache s t o teaching . The r e i s almos t n o sc ienc e appara tu s 
in th e schools . T h e r e a r e o the r formidabl e p rob lems . Indonesia ' s popula -
tion o f som e 11 6 millio n i s sprea d ove r t h r e e thousan d i s l a n d s , an d probabl y 
some 3 0 millio n chi ldre n hav e neve r attende d school . 

Now tha t event s connecte d wit h th e r i s e i n oi l p r i c e s hav e mad e Indonesi a 
r i c h e r , i t p ropose s t o spen d som e million s o f U S do l l a r s o n schoo l sc ienc e 
equipment. Thi s i s a l r ead y goin g ahea d a t th e secondar y leve l althoug h 
t he r e a r e a t p r e s e n t fe w school s an d t e a c h e r s sa t i s fac to r i l y p r epa re d fo r 
using th e equipment . Th e t e ache r proble m i s muc h wors e i n th e p r imar y 
schools . Ove r th e y e a r s Indonesi a ha s rece ive d quit e a  lo t o f appara tu s 
from internat iona l ai d schemes , thoug h educat ionis t s t h e r e hav e repor te d 
that muc h o f i t i s unuse d b y t e a c h e r s becaus e the y lac k th e n e c e s s a r y 
prepara t ion t o handl e sophist icate d equipment . Thi s so r t o f wast e ha s bee n 
pe rpe t ra t ed i n man y count r ie s an d wil l occu r agai n un les s de s igne r s loo k 
rea l i s t i ca l ly a t th e whol e syste m o f count r ie s int o whic h appara tu s i s t o 
be in t roduced . 

The curr iculu m i n sc ienc e i s aligne d wit h environmenta l need s betwee n 
g rades 4  an d 6  (72 p e r cen t o f th e workin g populatio n a r e i n ag r i cu l t u r e ) , 
but th e teachin g ha s bee n v e r y r ig id . Ne w c u r r i c u l a i n mathematic s an d 
science a r e no w i n exis tenc e an d abou t 6 0 millio n textbook s hav e bee n 
published t o d a t e , wit h ai d fro m UNICE F an d th e Canadia n government . 

Some proto type s o f appara tu s an d k i t s a r e designe d a t th e Scienc e 
Teaching Cent r e i n Bandung . The r e i s on e smal l manufacture r o f schoo l 
appara tus i n Indonesi a an d som e expensiv e foreig n appara tu s i s avai lable . 

KHMER 

In th e Khme r Republ ic , th e Divisio n o f Pedagogi c S e r v i c e s attempt s th e 
supply o f appara tu s o n a  smal l s c a l e . Som e c o u r s e s i n simpl e appara tu s 
construct ion a r e avai labl e fo r t e a c h e r s . The r e a r e n o t e a c h e r s ' c en t r e s 
but UNICE F ha s equippe d workshop s wit h han d tool s an d the y mak e som e 
use o f t h e s e . Wit h th e intentio n o f makin g som e appara tu s loca l ly , the y 
have importe d som e proto type s (fro m Wester n ca ta logues) . The r e hav e bee n 
meetings concerne d wit h modifyin g an d simplifyin g thes e proto type s bu t n o 
one t h e r e i s exper t i n th e ma t t e r . 

Khmer ha s sen t a  lo t o f t r a i n e e s t o RECSA M ove r th e y e a r s . Som e 
p ro to types , base d o n RECSA M an d UNESC O d e s i g n s , hav e bee n designe d b y 
the P r i m a r y Inspec tora t e fo r school s i n Phno m Penh . Thes e prototype s a r e 
to b e t r ie d ou t i n se lec te d c l a s s e s and , i f the y a r e sa t i s fac to ry , pupils ' 
books an d t e a c h e r s ' guide s wil l b e p r e p a r e d t o guid e the i r u s e . 

Photograph 2 6 show s example s o f pap ie r mach e bas - r e l i e f model s an d 
l ino-cut pr int in g block s mad e i n Khmer . Thi s i s abou t th e limi t o f wha t i s 
made a t p r e s e n t . P r i o r i t y o f i n t e r e s t i s i n th e us e o f loca l ma te r i a l , an d 
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during 197 3 som e th i r t y t e a c h e r s ha d a  six-mont h t ra in in g cou r s e i n i t s 
const ruct ion. Th e th i r tee n smal l workshops , se t u p or iginal l y b y UNICE F 
for developin g ski l l s o f p r imar y schoo l ch i ld ren , a r e cu r r en t l y bein g use d 
to produc e teachin g i t ems . Th e ra w mater ia l use d i s wha t th e childre n ca n 
bring in , plu s tha t bough t wit h wha t fund s th e Educationa l Developmen t 
Committee ca n p rov ide . Th e hop e i s tha t eventuall y al l th e p r imar y school s 
of Phno m Pen h ca n b e supplied . I n - s e r v i c e t ra inin g o f d i s t r i c t supe rv i so r s 
and pr inc ipa l s wil l b e organize d i n o r d e r t o p a s s o n th e ne w i d e a s . The n 
the pr inc ipa l s wil l t ra i n the i r staff . Thi s t ra inin g concentrat io n o n ke y 
personnel i s ins is te d upon . ( S e e als o th e sectio n o n Vietnam. ) 

In th e lon g t e rm , Khme r r e a l i z e s somethin g muc h bigge r i s needed . 
The re a r e som e genera l p l a n s , an d som e hel p fro m RECSA M an d INNOTEC H 
and othe r internat iona l an d regiona l agencie s i s hope d fo r i n developin g 
them. Ther e i s a  s t ron g rea l iza t io n tha t the i r educationa l syste m i s 
i r r e l evan t t o th e need s o f th e countr y an d tha t t ra inin g method s a r e 
outmoded. An y improvement s hav e happene d onl y i n Phno m Pen h bu t the y 
feel tha t improvemen t i n r u r a l school s i s becomin g a  p r i o r i t y . Th e wa r h a s , 
of c o u r s e , prevente d th i s . 

KOREA 

There i s a  smal l amoun t o f sc ienc e teachin g appara tu s manufacture d i n th e 
Republic o f Kore a b y commercia l f i rms . I n addit ion , th e Kyongpoo k Studen t 
Science C e n t r e , Taegu , an d Hoeingsun g Teachin g Mater ia l s ' Warehouse , 
Kangwon-do, produc e smal l quan t i t i e s . Som e smal l - sca l e indus t r y whic h 
once produce d scienc e teachin g appara tu s ha s no w turne d ove r t o othe r 
products -  bu t th e capabil i t y t o produc e i t mus t st i l l ex is t . The r e i s 
commercial productio n o f scientifi c equipmen t -  suc h a s ovens , thermometers , 
balances -  no t specif ical l y intende d fo r school s bu t usabl e b y them . 

M r Hakansson , wh o p r epa re d a  r e p o r t o n desig n an d productio n o f schoo l 
sc ience equipmen t i n Kore a (UNESC O Regiona l Offic e fo r Educatio n i n As ia , 
Bangkok, Augus t 1972) , s t a te s tha t althoug h t h e r e wa s a  fai r amoun t o f 
appara tus i n school s an d co l l eges , muc h o f i t wa s t radi t iona l an d no t 
designed fo r th e p r e s e n t curr iculu m an d studen t u s e . Th e equipmen t i n 
most o f th e col lege s wa s supplie d throug h UNICE E a s s i s t a n c e . 

There i s a  proposa l t o se t u p a  Schoo l Scienc e Equipmen t Cent r e t o 
design fo r mas s product ion , an d thi s ma y wel l b y no w hav e mad e som e p ro -
g r e s s . Detai l s o f thi s p roposa l a r e full y se t ou t i n M r Hakansson ' s 
r e p o r t . 

LAOS 

Laos t r a in s i t s t e a c h e r s , t o som e extent , t o mak e scienc e appara tu s wit h 
local m a t e r i a l s , an d a n i n s e rv i c e t ra inin g c o u r s e o n t h i s , ru n b y D r 
Ponniah o f RECSAM , too k p lac e i n Jul y 1973 . Th e Laotia n school s hav e 
few mater ia l s -  pa r t i cu l a r l y a t p r imar y leve l -  and , o f c o u r s e , th e countr y 
i s t e r r i b l y war -wracked . Mos t innovatio n i s introduce d throug h inspec tora l 
v i s i t s t o schools . Th e inspec to r s deman d muc h ini t iat iv e fro m th e t e a c h e r s , 
pa r t i cu la r ly i n suc h mat te r s a s usin g loca l ma te r i a l , an d a s s e r t tha t 
t e ache r s ca n an d wil l mak e thing s fo r themselves . 
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The Directorat e o f Material s an d Educationa l Production s produce s som e 
very simpl e materials . Th e Ministr y o f Educatio n ha s create d th e Nationa l 
Pedagogic Centre , withi n whic h th e Departmen t o f Pedagogi c Material s wil l 
produce material s fo r primar y school s throughou t th e country . 

They expres s th e nee d fo r som e short-ter m consultant s i n th e develop -
ment o f scienc e teachin g material . The y als o wis h t o duplicat e i n larg e 
quantities som e suitabl e material s develope d b y RECSAM . Thu s here , a s 
in mos t countrie s o f th e a rea , ther e i s a  nee d fo r hel p t o se t u p a  nationa l 
science/mathematics worksho p an d ge t adviser s t o trai n counterparts . A s 
with man y othe r countrie s i n a  lik e situatio n i n th e a rea , thei r nee d woul d 
attract fund s i f a n advise r woul d hel p the m prepar e an d submi t a  projec t 
proposal. 

MALAYSIA 

Malaysia alread y manufacture s mor e tha n hal f i t s secondar y schoo l need s 
for scienc e teachin g apparatus . I t ha s recentl y institute d ne w curricul a a t 
this level . Th e Curriculu m Developmen t Centr e i n Kual a Lumpu r i s 
re-designing equipmen t fo r th e teachin g o f integrate d scienc e i n th e class -
room (a s oppose d t o apparatu s whic h need s t o b e use d i n laborator y rooms) . 
Presumably i t i s hope d thi s wil l the n b e produce d b y loca l manufacturers , 
since ther e wil l b e a  larg e market . 

Primary curricul a remai n a s the y were . Apparatu s i s bein g develope d 
at th e Centr e t o sui t thes e curricul a -  apparatu s prototype s fo r loca l 
component manufacture . Thes e component s wil l b e assemble d i n schools . 

A few item s i n cours e o f developmen t a t th e Curriculu m Centr e ar e show n 
in photograp h 27 . Th e ful l wor k o n apparatu s developmen t wil l begi n i n 
1975 whe n a  permanen t buildin g i s pu t up . Thi s will : 

Develop prototyp e equipmen t o f physics , chemistry , biolog y an d 
social science , fo r pre-school , primar y an d lowe r secondar y level , 
for pupi l us e an d teache r demonstration . 

Investigate th e us e o f loca l materials . 
Give technica l know-ho w t o loca l manufacturer s (i n di e an d mould -
making, fo r instance ) an d educational/curriculu m advice . 
Lend it s machin e facilitie s t o othe r Ministr y o f Educatio n depart -
ments -  ETV , fo r example . 
Effect qualit y contro l o n manufacturers , ve t sample s an d advis e o n 
the suitabilit y o f tenders . 
On r a r e occasions , actuall y manufacture . 

Exhibit. 

Malaysia doe s no t expec t it s teacher s t o improvis e th e necessar y 
apparatus fo r teaching ; ther e ar e to o man y difficulties . I n an y case , schoo l 
science equipmen t manufactur e i s no w a  fast-developin g loca l industry . 
Plenty o f commercia l productio n facilitie s exist , muc h o f i t i n smal l 
work shop/cottage industr y form , give n t o a  singl e typ e o f produc t -  suc h a s 
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thermo-plastic ar t ic les . Thes e ar e ofte n i n th e natur e o f famil y affairs , 
often wit h rathe r crud e machiner y an d ill-pai d workers , bu t wel l suite d t o 
science apparatu s manufacture . Ther e i s als o a  rapidly-expandin g sophisti -
cated industry : thi s ca n b e see n i n th e industria l estat e besid e Penan g 
airport. 

Malaysia woul d provid e a  ver y informativ e case-stud y fo r anyon e wantin g 
to examin e ho w schoo l scienc e apparatu s productio n i s bein g successfull y 
pursued. Th e Ministr y o f Educatio n i s obviousl y bot h kee n an d effectiv e i n 
getting th e proces s going . RECSA M ha s provide d advic e an d training , an d 
the material s ar e availabl e i n th e country . CED O (Britis h Council ) ha s 
provided consultant s fo r th e ne w curricul a an d textbooks . 

NEPAL 

A Scienc e Equipmen t Centr e ha s bee n establishe d i n Kathmandu . I t wa s 
initially se t u p a s a  distributio n centr e fo r importe d schoo l scienc e equip -
ment. Plan s ar e no w i n han d fo r th e Centr e t o b e use d t o develo p an d pro -
duce equipmen t locally , alongsid e th e developmen t o f curricul a bein g 
carried ou t b y the Curriculu m Developmen t Centre . 

PAKISTAN 

There ha s bee n fo r som e tim e a n Educationa l Equipmen t Centr e i n Lahore . 
This Centr e ha s bee n attemptin g t o construc t apparatu s suitabl e t o loca l 
needs: generall y suc h item s hav e bee n copie s o f traditiona l apparatus . 
Plans exis t t o improv e th e facilitie s an d activitie s o f thi s Centre . 

PAPUA NE W GUINE A 

An exampl e o f a n 'integrate d science ' primar y schoo l cours e whic h use s a 
mixture o f standar d an d loca l resourc e materia l i s th e Papu a Ne w Guine a 
Primary Scienc e projec t (1) . I t i s a n eas y on e fo r othe r project s t o stud y 
because it s 20 0 o r s o work-card s -  produce d i n thre e handbook s fo r 
teachers -  eac h car r y a  photograp h o f th e material s bein g used . A n 
example i s show n i n photograp h 30 . 

UNICEF originall y supplie d th e standar d apparatus , consistin g o f six -
teen type s o f ite m fo r th e pupil s t o us e an d abou t tw o doze n type s o f ite m 
with whic h th e teache r ca n demonstrate . Th e Educatio n Departmen t supplie d 
some sixtee n type s o f commo n o r domesti c item , availabl e locally . Eac h ki t 
caters fo r fort y pupil s an d i s house d i n a  lockabl e cabine t wit h pull-ou t 
t rays . I n addition , childre n collec t an d brin g i n material s fro m hom e an d 
their surroundings . Thu s ther e ar e similaritie s wit h th e Africa n Primar y 
Science Programm e bu t th e PN G projec t ha s a  mor e define d se t o f experi -
ments an d use s som e schoo l scienc e apparatu s o f a  standar d type . 

(1) Papu a Ne w Guine a Primar y Scienc e 
published b y the Jacarand a P r e s s , Elizabet h Street , 
Brisbane, Australia . 
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THE PHILIPPINE S 

The Philippine s schoo l syste m i s ver y activ e i n curriculu m development . I n 
addition t o th e wor k o f th e Departmen t o f Educatio n an d Culture , th e 
University o f th e Philippines , throug h i t s Scienc e Educatio n Centre , ha s 
produced curriculu m guides , teachers ' guide s an d pupils ' texts , som e stil l 
in a  pilo t stag e an d som e i n commercia l publication . 

There ar e privat e an d publi c schools . Despit e effort s b y th e Departmen t 
and foreig n an d U N agencies , th e proble m o f supplyin g scienc e material s t o 
the 38,00 0 primar y an d intermediat e school s i s almos t insurmountable . 
Standard item s o f equipmen t ar e availabl e locall y (imported ) a t ver y hig h 
prices whic h mean s tha t onl y the r iche r school s ca n acquir e them . Mos t 
other apparatu s i s o f a  home-mad e sor t purchase d ou t o f pett y cas h o r th e 
teacher 's ow n pocket . Ther e ar e course s o n th e us e o f inexpensiv e 
apparatus o r kit s provide d b y internationa l agencies . Teacher s organiz e 
workshop course s base d o n th e constructio n o f UNESC O Sourc e Boo k items . 
Some privat e technica l school s mak e a  smal l amoun t o f apparatu s bu t thi s 
cannot b e widel y sprea d an d i s littl e know n about . On e o r tw o equipmen t 
firms hav e opene d u p i n th e las t fe w year s an d som e importer s hav e begu n 
manufacture t o ne w curriculu m specification s bu t th e outpu t i s smal l a t 
present. 

UNESCO ha s don e a  stud y o f scienc e equipmen t i n Philippin e school s 
with a  vie w t o gettin g a  pilo t productio n uni t i n operation . Essentially , thi s 
unit woul d mak e prototype s an d pursu e thei r manufactur e fa r enoug h t o 
demonstrate t o loca l industr y th e viability , costing , an d technica l processe s 
involved; and , hopefully , convinc e loca l industr y t o undertak e manufacture . 

The UNESC O repor t itsel f i s 'UNESCO-UND P Feasibilit y Stud y o n th e 
Production o f Schoo l Scienc e Equipmen t i n th e Philippines ' b y Crunden , 
Hakansson an d Crellin . (Manila , Jul y 1972 . Published , interna l document , 
at Bangko k b y UNESCO . BK/72/D291-200. ) Thi s ver y thoroug h stud y 
brings ou t man y o f th e problem s an d possibilitie s face d b y a  schoo l scienc e 
apparatus productio n unit . 

SINGAPORE 

Singapore school s ar e relativel y ric h an d ther e ar e fe w majo r problem s i n 
getting apparatu s int o th e schools . Th e curricul a ar e changing , however , 
so ne w apparatu s ha s t o b e obtained . A t present apparatu s i s bough t 
locally fro m firm s whic h eithe r manufactur e o r impor t th e items . Quasi -
governmental industria l agencie s hav e helpe d i n th e desig n an d productio n 
of scienc e apparatu s fo r sal e t o schools . 

SRI LANK A 

Sri Lank a ha s a  productio n uni t a t Pattalagedera , Veyangoda , se t u p an d 
equipped wit h hel p fro m UNESC O an d UNICEF . Unlik e mos t productio n 
units, ther e i s a  proposa l t o mass-produc e there . (Mos t othe r unit s ar e 
prototype makers ; o r the y mak e smal l batches ; o r the y se t ou t t o demon -
strate possibilitie s an d costing s t o encourag e loca l industr y t o undertak e 
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product ion . ) T o thi s end , i t i s gettin g mass-product io n machine s suc h a s 
t u r r e t l a t h e s , a  foundry , an d a  glass-blowin g unit . M r Hakansso n vis i te d 
the uni t i n ea r l y 1974 ; t h e r e i s a  r e p o r t ( in te rna l documen t wit h r e s t r i c t e d 
c i rcu la t ion , UNESCO , Bangko k 1974 , B K S / 7 4 / D / 2 1 9 - 2 5 ) . CED O (no w 
Br i t i sh Council ) wa s e a r l i e r involve d i n thi s uni t an d ha s documentatio n o n 
va r ious a s p e c t s . 

THAILAND 

In Thai land , e lementar y school s despe ra t e l y lac k t e a c h e r s capabl e o f 
teaching an y sc ience . The r e i s a  genera l t eache r shor tag e an d man y 
t e ache r s hav e t o d o a  secon d jo b i n th e evenin g t o ea r n a  livin g wage . Text -
books a r e , o n th e whole , unsa t i s fac to ry ; som e a r e v e r y poor . Mos t 
elementary school s i n Thailan d a r e total l y devoi d o f an y so r t o f teachin g 
mater ia l fo r s c i ence , o r indee d o the r subjec ts . 

A number o f Elementar y Sc ienc e S u p e r v i s o r s hav e p r e p a r e d som e 
t e a c h e r s ' manuals , supplementar y books , experimen t books , an d l i s t s o f 
appa ra tus , t o hel p develo p sc ienc e education . Som e o f th e supe rv i so r s 
have bee n t o RECSA M fo r c o u r s e s ove r th e l a s t t h r e e y e a r s , an d sinc e 
the i r r e t u r n hav e bee n writ in g work - shee t s i n conjunctio n wit h a  For d 
Foundation r e s e a r c h pro jec t . On e supe rv i so r ha s designe d a  sampl e 
sc ience ki t -  photograp h 2 9 -  wit h th e hop e o f gettin g i t repl ica te d an d d i s -
tr ibuted t o e lementar y schools . However , i t s cos t i s aroun d 6 5 U S d o l l a r s , 
and i t the re for e re f lec t s r a t h e r badl y o n th e rea l i s m o f thi s an d othe r 
supe rv i so r s ' p r o j e c t s . 

The Departmen t o f Genera l Educatio n ru n shor t c o u r s e s fo r supe rv i so r s 
on modernizin g elementar y educatio n whic h includ e appara tu s u s e an d 
improvization. UNICE F ha s s ta r te d plannin g a n elementar y scienc e cen t r e 
in Phyatha i School , Bangko k ( a l i b r a r y , l abo ra to r y an d workshop ) t o b e 
equipped wit h a p p a r a t u s , audio-visua l a id s an d worksho p too l s . 

In a  v e r y well-endowe d programm e fo r th e improvemen t o f secondar y 
science teaching , th e Inst i tut e fo r th e Promotio n o f Teachin g Scienc e an d 
Technology ( a Tha i governmen t an d UND P projec t ) i n Bangko k des ign s an d 
makes prototyp e an d smal l - sca l e productio n run s o f appara tu s fo r i t s 
newly-designed c u r r i c u l a . Example s a r e show n i n photograph s 2 8 an d 31. 
It expect s t o wor k o n p r imar y leve l equipmen t l a t e r . I t ha s a  fin e displa y 
of thi s equipmen t -  fo r mathematics , chemis t ry , phys ic s an d biolog y -  i n i t s 
huge ne w buildin g behin d th e UNESC O office . Th e Br i t i s h Counci l 
Curriculum Informatio n Se rv ic e (Educatio n Informatio n an d R e s e a r c h 
Department , 1 0 Spr in g G a r d e n s , Londo n S . W . 1 . ) ha s a  fe w o f th e mater ia l s 
and als o som e o f th e book s o f specification s an d photograph s o f th e I P T S T 
appa ra tu s . 

P r i o r t o th e ful l I P T S T programme , Keit h War r e n an d L a r s Rudstro m 
(UNESCO) designe d som e appara tu s a t Bangkok , l a rge l y fo r th e t ra in in g o f 
technicians ( se e photograp h 32) . On e o f thos e technician s remain s wit h th e 
I P T S T ; th e othe r two , a t t rac te d b y weal th ie r employment , hav e left . Thi s 
i s a  frequen t problem : nat ional s i n man y count r ie s ma y b e pai d onl y a t 
national civi l s e rv ic e r a t e s i f i n a  governmen t p ro jec t . Th e r e su l t i s tha t 
once the y a r e t ra ine d the y r ea l i z e the y hav e a  hig h marke t valu e an d leav e 
for indus t ry . 
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Asia/Latin Americ a 

The UNESC O Pilo t Projec t fo r Chemistr y Teachin g i n Asi a 1964-1970 , 
took plac e i n Bangkok . I t wa s a  high-leve l chemistr y projec t usin g high -
level technique s an d wa s mostl y i n English . A  bland evaluatio n wa s pre -
pared i n Januar y 197 2 b y UNESCO , Pa r i s (SC/WS/505) . I n contrast , th e 
IPTST ha s looke d fo r locally-availabl e chemical s an d material s an d ha s t o 
some exten t aligne d it s syllabu s o n these . 

VIETNAM 

The Republi c o f Vietna m ha s n o spar e spac e i n its classroom s s o ther e i s 
little chanc e o f scienc e material s bein g use d fo r year s t o com e -  a t primar y 
level, a t least . Teacher s us e som e flash-card s an d wall-charts , locall y 
produced b y si lk-scree n printing , bu t wit h sixt y o r sevent y pupil s pe r clas s 
- an d sometime s thre e suc h classe s i n on e roo m -  ther e i s n o othe r possi -
bility i n th e publi c schools . Privat e school s hav e aroun d 10 0 pupils pe r 
c lass . 

In a  recen t conference , th e Vietnames e delegat e officiall y reporte d hi s 
country's difficultie s i n term s suc h a s 'Ho w ca n w e ge t a n overhea d pro -
jector easily? ' 'Ho w ca n w e bu y a  vide o recorde r withou t tax? ' Mean -
while, th e morning' s newspape r (whic h th e conferenc e delegate s ha d jus t 
read) carrie d patheti c picture s o f childre n takin g home-mad e desk s alon g t o 
sit o n th e beac h nea r Quan g Tr i . Forma l report s a t internationa l con -
ferences ofte n d o no t sho w th e truth , an d thi s i n n o wa y help s donor s t o hi t 
the righ t leve l o f internationa l aid . Th e USAI D programm e ha s supplie d 
Vietnam wit h on e hundre d movi e projectors : th e Oversea s Technica l Agenc y 
of Japa n ha s give n projector s an d video-tap e recorder s t o se t u p a n audio -
visual centre . Yet , i n mos t Vietnames e school s ther e i s n o electricity ; 
only a  fe w o f th e larges t school s hav e a  laboratory ; an d ther e ar e n o repai r 
facilities excep t i n th e centra l worksho p i n Saigo n (H o Ch i Min h City) . 

There ar e divisional , provincia l an d regiona l centre s throug h whic h 
apparatus innovatio n coul d b e introduce d -  a t presen t thes e ar e largel y 
supervisory. I n a  conferenc e i n Penan g i n 1973 , a n office r remarke d tha t i n 
ex-French colonie s n o teache r woul d dar e t o introduc e ne w idea s tha t wer e 
not first  suggeste d b y the inspectorate . Thi s i s therefor e a n organizationa l 
matter. It s positiv e sid e wa s als o asser ted ; i f a n inspecto r passe s o n som e 
new idea s an d say s tha t h e wil l la te r chec k an d se e whethe r the y hav e bee n 
implemented, the y wil l b e take n up . Th e office r asserte d tha t RECSA M 
should 'g o an d thum p th e tabl e an d ge t thi s done' . 

Latin America 

BRAZIL 

The UNESC O Pilo t Projec t o n th e Teachin g o f Physic s operate d i n Sa o 
Paulo, Brazi l fro m 1963-196 4 a t th e Institut o Brasilier o d e Educacao , 
Ciencia e  Cultur a (IBECC) . I t wa s conceive d a s bein g fo r th e whol e o f Lati n 
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America (a s wa s th e Chemistr y Projec t i n Bangko k fo r Asia , an d th e Biolog y 
Project fo r Africa) . 

The projec t limite d itsel f t o th e topi c o f Light . Th e tea m wa s mad e u p o f 
three UNESC O experts , thre e consultants , an d twenty-si x teacher s fro m 
universities an d pedagogica l institute s i n eigh t Lati n America n countries . 
They developed , an d physicall y made , 20 0 lot s o f eigh t ki ts . On e o f thes e i s 
shown diagramaticall y i n photograp h 33 . Thes e experimenta l kit s wer e 
accompanied b y 5 0 hour s o f studen t instructio n i n mimeographe d 
programmed-learning text s i n Spanis h an d Portuguese . Th e tea m als o 
produced twelv e shor t silen t (single-concept ) 8mm . films , an d prepare d a 
30 minute soun d fil m an d eigh t televisio n programmes . Thi s tou r d e forc e 
took onl y on e year . 

The material s ar e stil l availabl e (commercially , i t i s thought ) an d ar e 
probably no w a t leas t partl y translate d int o English . Furthe r detail s ca n b e 
had fro m D r Nahu m Joel (wh o wa s assistan t directo r o f th e project) , 
UNESCO, P a r i s . Th e projec t i s als o describe d i n a  UNESC O bookle t 
(reference SC/WS/160) . 

The FUNBE C ki ts , whic h hav e alread y bee n mentione d o n pages 5 - 6 an d 
which wil l b e mentione d agai n o n pages 4 3 an d 44,  ar e als o o f importanc e i n 
Brazilian an d Lati n America n context . 

COSTA RIC A 

Apparatus fo r loca l constructio n ha s bee n designe d i n Cost a Ric a b y th e 
Programa Conjunt o Gobierno-UNESCO-UNICEF , unde r th e Ministr y o f 
Public Education , Sa n Jose . Detaile d drawing s hav e bee n produce d an d 
some prototype s made , usin g wood , tinplat e an d meta l s tr ip . A  few o f thes e 
items ar e show n i n photograp h 36 . Blueprint s ar e show n i n photograph s 3 4 
and 35 . I t wa s hope d tha t loca l workshop s woul d b e abl e t o undertak e th e 
production bu t ther e wa s som e doub t abou t th e commercia l viabilit y o f th e 
enterprise, bu t thi s informatio n i s onl y u p t o 1972 . A t tha t stage , the y 
were considerin g usin g instea d th e low-cos t Japanes e mini-scienc e plasti c 
ki ts . 

Other Countries 

ISRAEL 

The Curriculu m Centr e o f th e Ministr y o f Educatio n an d Cultur e i n 
Jerusalem, Is rae l , ha s create d a  non-vocationa l curriculu m fo r a  moder n 
approach t o agricultur e an d rura l science . The y hav e produce d apparatu s 
ki ts , books , work-sheets , blueprint s fo r 'lan d laboratories ' an d s o on . 
There i s a  genera l descriptio n o f th e projec t i n a  Ministr y publicatio n i n 
English: 'Let ' s Gro w Plants ' (Ministr y o f Educatio n an d Culture , 
Jerusalem, 1971) . 
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In I s rae l , a  commercia l firm , O r an d Ko l (1) , produce s scienc e teachin g 
apparatus o f a  simple , moder n kin d -  som e o f whic h ma y b e t o Sore n 
Hakansson's designs . I t i s mainl y applicabl e t o secondar y leve l an d mos t o f 
it i s fo r physics . Som e sample s ar e show n i n photograph s 3 7 an d 38 . Th e 
firm, whic h i s hal f governmen t owned , planne d th e apparatu s partl y unde r 
the sponsorshi p o f UNESCO . Th e simplicit y o f for m (an d presumabl y th e 
consequent relativel y lowe r cost ) o f man y o f th e item s i s a  pleasin g contras t 
with muc h o f th e commercia l apparatu s availabl e elsewhere . 

(1) O r an d Kol , Israel i Corporatio n fo r Educationa l Material s 
Limited, 4 0 Ebe n Gvire l Street , Tel-Aviv , Is rae l . 

TURKEY 

The Ministr y o f Technica l Educatio n established , som e eightee n year s ago , 
a Trad e Schoo l t o construc t apparatu s an d equipmen t fo r th e schoo l system . 
This 'Trad e School ' employ s som e 1,40 0 people , an d produce s approxi -
mately 80 % of th e country' s educationa l equipmen t needs . 

Approximately fiv e year s ag o a n Audio-Visua l Aid s Uni t wa s separatel y 
established t o mee t th e educationa l requirement s i n thi s field . 
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DESIGNS, DRAWING S AN D SPECIFICATION S O F APPARATU S 

A sourc e fo r specifications , descriptions , suggestion s an d name s o f Englis h 
manufacturers o f primar y leve l mathematic s apparatu s i s 'Mathematic s 
Apparatus fo r Primar y Schools ' (1) . Thi s als o give s guidanc e o n th e us e o f 
the items , A  simila r sourc e fo r primar y scienc e i s 'Scienc e fo r Primar y 
Schools Par t 4  -  Material s an d Equipment ' (2) . Guidanc e o n thi s materia l 
is give n i n Par t 1  in th e sam e ser ie s an d source s o f 'software ' ar e liste d i n 
Pa r t s 2  and 3 . 

For design s o f moder n apparatu s fo r teachin g secondar y leve l science , a 
good sourc e i s 'Nuffiel d Secondar y Scienc e -  Apparatu s Guide ' (3) . Thi s 
contains 12 0 pages o f ver y clea r lin e drawing s i n accurat e pla n o r isometri c 
projection showin g importan t dimensions , wit h descriptiv e note s besid e eac h 
of them . Anothe r sectio n o f th e boo k give s guidanc e o n wher e i t al l fit s int o 
the Nuffiel d Secondar y Scienc e curriculu m wit h furthe r note s o n design , 
quantities needed , etc . A  typical drawin g i s show n a s photograp h 39 . 

Some text s ar e goo d source s o f designs . On e wit h a  lo t o f ne w idea s i s 
'Physics i s Fun ' b y J. Jardin e (4) . Another , wit h peg-boar d mountin g 
apparatus i s 'Introductor y Physica l Science : Laborator y Equipmen t an d 
Apparatus' (5) . 

Blueprints an d dimensiona l engineerin g drawing s hav e alread y bee n 
mentioned a s produce d b y severa l productio n units . Th e larges t ser ie s o f 
these (outsid e th e presumabl y unavailabl e design s o f US , Europea n an d 
Japanese firms ) i s tha t o f th e NCERT , India . The y hav e produce d fiv e larg e 
folders o f 'Specification s an d Manufacturin g Drawings' : Primar y Science , 
Chemistry fo r middl e stage , Biolog y fo r middl e stage , an d tw o Physic s kits . 
(There ma y now b e more. ) A n exampl e i s show n a s photograp h 25 . 

(1) Mathematic s Apparatu s fo r Primar y School s (Howson ) 
published fo r CED O (now Britis h Council ) b y Heineman n 
Educational Book s Limited , 48  Charle s Street , Londo n 
W1X 8AH, England . 

(2) Scienc e fo r Primar y School s Pa r t 4  -  Material s an d 
Equipment 
published fo r th e Associatio n fo r Scienc e Educatio n b y 
John Murray , 5 0 Albemarl e Street , Londo n W1 X 4BD , England . 
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(3) Nuffiel d Secondar y Scienc e -  Apparatu s Guid e 
published b y Longma n Grou p Limited , Burn t Mill , Harlow , 
Essex, England . 

(4) Physic s i s Fu n ser ie s b y J . Jardin e 
published b y Heineman n Educationa l Book s Limited , 
48 Charle s Street , Londo n W1 X 8AH , England . 

(5) Introductor y Physica l Science : Laborator y Equipmen t an d 
Apparatus 
published b y Prentice Hal l Incorporated , Englewoo d Cliffs , 
New Jerse y 07632 , USA . 

APPARATUS ASSESSMEN T AN D CRITIQU E 

An importan t sourc e o f critique s o f school s scienc e apparatu s alon g wit h 
much associate d informatio n o f a  helpfu l an d practica l kin d i s i n th e monthl y 
bulletins o f th e Scottis h Schoo l Scienc e Equipmen t Researc h Centr e (1) . 
These hav e bee n produce d sinc e 196 6 an d th e bac k copie s constitut e a  min e 
of information . 

(1) Schoo l Scienc e Equipmen t Centre , 10 3 Broughto n Street , 
Edinburgh EH 1 3RZ , Scotland . 

POTENTIALLY USEFU L BOOK S 

Conferences, othe r tha n som e o f thos e arrange d b y INNOTECH, rare l y loo k 
at th e need s an d problem s o f educationa l ai d productio n a s a  syste m o r par t 
of a  syste m -  a t leas t no t i n a n analytica l an d realist i c way . Ther e a r e , 
however, book s whic h d o th is , an d althoug h som e o f the m ar e obliqu e t o th e 
purpose o f thi s review , the y thro w ligh t o n pertinent bu t neglecte d aspect s 
of th e desig n an d provisio n o f schoo l teachin g aids . 

The principle s o f designin g an y kind o f equipmen t fo r satisfactor y us e b y 
human being s ar e covere d i n 'Ergonomics ' b y K . F . H . Murrel l (1) . 
Although thi s i s nominall y abou t man  i n hi s workin g environment , muc h o f i t 
can b e transferre d wit h a  littl e imaginatio n t o childre n workin g wit h 
apparatus a t school . Thi s stud y no t onl y concern s itsel f wit h a  worke r 
handling a  piec e o f equipmen t bu t wit h th e desig n o f workin g environment s t o 
encourage motivation , goo d workin g attitudes , an d s o on . I t i s enlightenin g 
because i t reveal s tha t man y problems i n schoo l paralle l thos e i n industry . 
Though man y o f th e problem s hav e bee n solve d o r partiall y solve d i n 
industry littl e though t seem s t o hav e bee n give n t o applyin g thes e analyse s 
and technique s t o schools , whos e problem s gro w daily . 

An introductory boo k abou t whic h muc h o f th e foregoin g als o applie s i s 
'Organization Theory ' edite d b y D . S . Pug h (2) . Again , althoug h concerne d 
with industria l organization , i t s approac h suggest s powerfu l technique s fo r 
helping childre n t o wor k i n school . I t cover s man y basi c consideration s tha t 
apply t o designin g a n organizatio n fo r introducin g teachin g apparatu s int o 
schools. I t i s sa d tha t e r r o r s lon g ag o recognize d an d correcte d i n indus -
trial managemen t organization , an d recounte d a s histor y i n thi s book , ar e 
still curren t i n th e administratio n o f man y o f th e project s describe d i n thi s 
review. 
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Very relevan t an d specifi c t o suc h problem s i s 'Th e Emergin g Dimension s 
of India n Management ' (3 ) b y Professo r A . N . Agarwal a o f th e Universit y o f 
Allahabad, especiall y th e chapte r 'Th e Managemen t o f Smal l Businesse s i n 
India'. On e paragrap h i n particula r make s a  poin t whic h productio n unit s 
with foreig n adviser s shoul d conside r seriously : a s man y smal l India n 
businesses ar e badl y managed , i s i t no t par t o f th e dut y o f productio n uni t 
designers, wh o in som e wa y o r anothe r mak e us e o f suc h loca l businesses , 
to hel p t o educat e the m effectivel y i n th e technique s o f goo d management ? I f 
a schoo l equipmen t productio n unit , aide d b y foreig n fund s an d havin g 
valuable expertise , merel y make s us e o f cottag e industrie s an d th e lik e fo r 
its mai n purpos e (howeve r valuable ) bu t fail s t o ai d thei r managemen t (whic h 
it ofte n coul d d o relativel y easily ) i t lay s itsel f ope n t o th e sam e charge . 
Moreover, thi s i s trul y short-sighted , fo r i t s mai n purpos e wil l no t b e 
served i f th e smal l industrie s o n whic h th e continuanc e o f th e projec t wil l 
depend, remai n inefficien t o r g o ou t o f business . Th e disappearanc e rat e 
in Indi a i s hig h bu t th e principl e applie s t o al l countries . Professo r 
Agarwala say s : 

'It i s , therefore , importan t t o determin e th e specifi c method s i n 
which th e managemen t o f smal l an d tin y busines s unit s o f variou s 
categories ca n b e improved , an d t o mak e constructiv e endeavour s 
to ge t thes e method s inserte d int o thei r workin g pract ices . Indi a 
has no t ha d tim e o r resource s t o d o muc h i n thi s direction . I t ha s 
nevertheless made , an d i s making , som e efforts , thoug h the y ar e 
frankly o f a  casua l o r coincidenta l nature . Eve n i n th e cas e o f 
small-scale industr ies , whic h ar e th e prou d an d much-courte d 
queens o f thi s kingdom , suc h consideratio n a s i s give n t o manage -
ment aspect s i s ofte n a  by-produc t o f th e though t devote d t o 
administrative, technologica l o r som e othe r typ e o f problems . 
Questions lik e th e followin g hav e t o b e directl y face d an d answere d : 
How ca n a  small-scal e industria l entrepreneu r manag e hi s enterpris e 
better? Ho w ca n th e villag e artisa n o r urba n handicrafts-ma n 
manage hi s cottag e uni t mor e satisfactorily ? Ho w ca n a  smal l money -
lender o r road-transportatio n operato r manag e hi s affair s mor e 
efficiently? I n al l suc h cases , th e immediat e criterio n o f efficienc y 
will hav e t o b e th e profi t mad e fro m th e busines s pursuit . Answer s 
to suc h question s ca n onl y b e give n afte r carefu l cas e studies , 
empirical surveys , a  pr ior i deductions , discriminator y consultanc y 
projects, an d trans-disciplinar y researches , i n whic h respec t 
foreign experience s an d researc h technique s shoul d b e mos t useful. ' 

Thus a  schoo l scienc e apparatu s productio n uni t i s , o r shoul d be , mor e 
deeply concerne d i n th e wide r educationa l processe s o f th e countr y tha n i t 
may, a t firs t sight , real ize . 

(1) Ergonomics : Ma n i n hi s Workin g Environmen t (Murrell ) 
published b y Chapma n an d Hal l Limited , 1 1 New Fette r Lane , 
London EC4 P 4EE , England . 

(2) Organizatio n Theor y (edito r Pugh ) 
published b y Penguin Book s Limited , Harmondsworth , 
Middlesex, England . 

(3) Th e Emergin g Dimension s o f India n Managemen t 
published b y Asi a Publishin g House , 44 7 Strand , Londo n 
WC2R 0QU , England . 
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REFERENCE BOOK S O N TH E US E O F SIMPL E APPARATU S 

There a r e man y book s whic h d e s c r i b e th e u s e o f commo n object s fo r 
teaching sc i ence . Th e c l a s s i c i s th e or igina l UNESC O ' S o u r c e Boo k fo r 
Science Teaching ' (1) . (Th e ne w ve r s io n u s e s l e s s commo n mater ia l an d i s 
at a  r a t h e r h ighe r leve l o f sophis t icat ion . Se e photograp h 40 . ) Suc h book s 
usual ly includ e a  lo t o f appara tu s fo r t e a c h e r s t o cons t ruc t fo r themselves . 
From suc h s o u r c e s , productio n uni t s ca n ge t innumerabl e i d e a s . Th e bes t 
such construct io n boo k s e r i e s i s th e 'Guideboo k t o Construct in g Inexpensiv e 
Science Teachin g Equipment ' (2) , wit h s e p a r a t e volume s fo r chemis t ry , 
phys ics an d biology . Photograp h 4 1 show s a  pag e fro m th i s . UNICEF' s 
appara tus catalogu e (Guid e L i s t EV E Scienc e Revisio n (3 ) )  include s a 
r e s o u r c e mate r ia l s ki t (photograp h 42 ) t o hel p t e a c h e r s d o suc h const ruct ion . 

Other s imila r book s a r e : 'Makin g Elementar y Scienc e Apparatus ' (4 ) ; 
'Experiments wit h Heat ' (5 ) an d o the r s i n th e mimeographe d s e r i e s b y th e Do n 
Bosco technica l schoo l i n th e Ph i l i pp ines ; a  s e r i e s o f leaf le t s fro m th e Drya d 
P r e s s o n technique s suc h a s 'Makin g P a p i e r Mache ' (6 ) ; th e cyclostyle d 
'Elementary Economi c Experiment s i n P h y s i c s ' (7) , whic h contain s dimensione d 
l ine drawing s fo r secondar y leve l moder n sc ienc e a p p a r a t u s ; book s fro m th e 
'Science 5 /13 ' p ro jec t i n England , suc h a s 'Workin g wit h Wood ' (8 ) ; th e 
Nuffield Junio r Sc ienc e Boo k o n 'Appa ra tus ' (9 ) ; th e 'E lementar y Scienc e 
Study S e r i e s ' (10) , show n i n photograph s 4 4 an d 4 7 ; book s fro m th e projec t 
on Elementar y Schoo l Mathematic s an d Scienc e o f th e Univers i t y o f I l l inois , 
such a s ' A Conglomeratio n o f Gadget s an d Gizmos ' (11) . 

Some othe r usefu l sou rce s a r e : 'Th e Boo k o f Exper iments ' (12 ) b y 
Leonard d e V r i e s an d 'Af te r -d inne r Sc ience ' (13 ) b y K . M . Sweze y -  thes e 
both u s e domesti c i tem s fo r sc ienc e demonst ra t ion ; th e 'Junio r Scienc e 
Source Book ' (14) ; th e publicat ion s o f P r o j e c t Technology , whic h desc r ib e 
const ruct ions an d ch i ld ren ' s inves t iga t ion s o f them , mainl y a t secondar y 
l eve l , suc h a s 'Schoo l Technolog y Volum e 1'  (15) . Bot h th e ol d 
•Demonstration Experiment s i n P h y s i c s ' , whic h ma y b e difficul t t o obtain , 
and i t s hug e r ecen t tw o volum e replacemen t 'Teachin g Scienc e wit h Everyda y 
Things ' (16 ) b y Schmid t an d Rockcas t l e , a r e va luable . 

Some textbook s an d t e a c h e r s ' guid e book s fo r o lde r o r ne w scienc e 
cou r se s a r e ful l o f idea s fo r appa ra tu s . I n biology : 'Simpl e Experiment s i n 
Biology' (17 ) b y C . Bibby ; i n chemis t ry : 'Ga s Syr ing e Exper iments ' (18 ) 
by M . R o g e r s ; an d i n in tegra te d s c i e n c e : 'Teachin g Scienc e t o th e 
Ord ina ry Pup i l ' (19 ) b y Laybour n an d Bai ley . Th e ne w Englis h an d U S 
curr iculum book s i n sc ienc e a ls o hav e usefu l idea s o n ne w appa ra tu s . 

More unusua l sou rce s fo r d e s i g n e r s lookin g fo r simpl e i d e a s , pa r t i cu -
l a r l y thos e appropr ia t e t o s i tuat ion s needin g low-leve l technology , a r e th e 
hippie manual s fo r commune s an d th e book s whic h hav e grow n fro m th e 
simplified-life movement : 'Th e Foxfi r e Book ' (20) ; 'Th e Las t Complet e 
Whole Ea r t h Catalogue ' (21) ; th e ' Su rv iva l Scrapbook ' (22 ) volume s o n 
Tools an d Energ y -  volum e 3 , 'Acces s t o T o o l s ' , i s p a r t i c u l a r l y goo d fo r a 
design workshop . Ther e a r e man y book s o f s imi la r in ten t ; a  goo d collectio n 
may b e see n i n th e l i b r a r y o f th e Intermediat e Technolog y Developmen t 
Group, 9  Kin g S t r e e t , Londo n W . C . 2 . ,  whos e ow n book s an d pamphlet s a r e 
l ikely t o b e valuabl e bot h fo r idea s fo r i tem s an d fo r the i r backgroun d 
philosophy o f des ign . 
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Books fo r hom e experiment s b y childre n sometime s provid e mode l 
approaches whic h woul d b e o f interes t t o productio n uni t designer s an d 
curriculum wri ters . Sometime s the y als o contai n idea s fo r makin g o r impro -
vizing simpl e apparatus . Th e recentl y publishe d 'Technician s Manuals ' 
associated wit h th e School s Counci l Integrate d Scienc e Projec t 'Pat terns ' 
(23) scheme , provid e a  guid e fo r th e laborator y technicia n o n wha t appara -
tus i s require d an d wha t ca n b e made . A  very usefu l smal l boo k o n 
apparatus storag e i n school s i s 'Storag e o f Apparatus ' b y O . M . Stepa n (24-) . 

(1) Sourc e Boo k fo r Scienc e Teachin g 
published b y UNESCO , 7  place d e Fontenoy , 7570 0 P a r i s , 
France. 

(2) Guideboo k t o Constructin g Inexpensiv e Scienc e Teachin g 
Equipment 
prepared b y the Scienc e Teachin g Centre , Universit y o f 
Maryland, Colleg e P a r k , Marylan d 20742 , USA . 

(3) EV E Scienc e Revisio n 
published b y UNICEF , 86 6 Unite d Nation s Plaza , Ne w York , 
N.Y. 10017 , USA . 

(4) Makin g Elementar y Scienc e Apparatu s (Bowke r an d Hunt ) 
published b y Thoma s Nelso n an d Son s Limited , 3 6 Park Street , 
London W1 Y 4DE , England . 

(5) Experiment s wit h Hea t 
series prepare d an d mimeographe d b y the Do n Bosc o Technica l 
School, Philippines . 

(6) Makin g Papier-Mâch é 
series publishe d b y the Drya d P r e s s Limited , Northgates , 
Leicester , England . 

(7) Elementar y Economi c Experiment s i n Physic s (Melton ) 
available fro m th e Britis h Council , E . P . D . , 1 0 Sprin g Gardens , 
London SW1 A 2BN , England . 

(8) Workin g wit h Woo d 
published b y Macdonald Educationa l Limited , S t Gile s House , 
49-50 Polan d Street , Londo n W1 A 2LG , England . 

(9) Nuffiel d Junio r Scienc e -  Apparatu s 
published b y Wm . Collin s Limited , 14 4 Cathedra l Street , 
Glasgow G 4 0NB, Scotland . 

(10) Elementar y Scienc e Stud y Serie s 
published b y McGraw Hill , 122 1 Avenue o f th e Americas , 
New York , N.Y . 10036 , USA . 

(11) Projec t o n Elementar y Schoo l Mathematic s an d Scienc e 
available fro m Booke r T . Washingto n School , 60 6 Eas t Grov e 
Street , Champaign , Illinoi s 61820 , USA . 

(12) Th e Boo k o f Experiment s (d e Vries ) 
published b y John Murra y Limited , 5 0 Albemarl e Street , 
London W1 X 4BD, England . 

(13) After-dinne r Scienc e (Swezey ) 
published b y Kay e an d War d Limited , 2 1 New Street , 
London EC2 M 4NT , England . 
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(14) Junio r Sc ienc e Sourc e Boo k (Wastnedge ) 
published b y Wm . Coll in s Limited , 14 4 Cathedra l S t r e e t , 
Glasgow G 4 0NB , Scot land . 

(15) Schoo l Technolog y Volum e 1 
published b y Englis h Univers i t i e s P r e s s Limited , S t P a u l ' s 
House , Warwic k L a n e , Londo n EC4 P 4AH , England . 

(16) Demonstrat io n Experiment s i n P h y s i c s (Sutton ) an d 
Teaching Scienc e wit h Everyda y Thing s (Schmid t an d 
Rockcast le) 
published b y McGra w Hi l l , 122 1 Avenu e o f th e Amer i cas , 
New York , N . Y . 10036 , USA . 

(17) Simpl e Experiment s i n Biolog y (Bibby ) an d 

(18) Ga s Syr ing e Experiment s ( R o g e r s , Mar t in ) 
both publishe d b y Heineman n Educationa l Book s Limited , 
48 Char l e s S t r e e t , Londo n W1 X 8AH , England . 

(19) Teachin g Scienc e t o th e Ord ina r y Pupi l (Laybour n an d Bailey ) 
published b y th e Univers i t y o f Londo n P r e s s Limited , S t P a u l ' s 
House , Warwic k L a n e , Londo n EC4 P 4AH , England . 

(20) Th e Foxfi r e Boo k 
published b y Doubleda y an d Compan y Incorpora ted , Garde n 
City, Ne w Yor k 11530 , USA . 

(21) Th e L a s t Complet e Whol e Ea r t h Catalogu e 
published b y Pengui n Book s Limited , Harmondsworth , 
Middlesex , England . 

(22) Surviva l Scrapboo k (Szcze lkun ) 
published b y th e Unicor n Bookshop , Brighton , S u s s e x , 
England. 

(23) P a t t e r n s Technic ians ' Manual s 
published b y th e Longma n Group , Burn t Mi l l , Har low , 
E s s e x , England . 

(24) S to rag e o f Appara tu s (Stepan ) 
published b y th e Associat io n fo r Sc ienc e Educat ion , Colleg e 
L a n e , Hatfield , H e r t f o r d s h i r e , England . 

WIDE-RANGE REFERENCE BOOKS 

There a r e , o f c o u r s e , man y wri t te n s o u r c e s o f informatio n abou t appara tu s 
product ion. A  world-wid e l is t in g o f almos t everythin g tha t i s goin g o n i s : 
'Repor t o f th e Clea r ing-hous e o n Scienc e an d Mathematic s C u r r i c u l a r 
Developments' ( f re e t o i n t e r e s t e d ins t i tu t ion s fro m th e Scienc e Teachin g 
C e n t r e , Univers i t y o f Mary land , Colleg e P a r k , Marylan d 20742 , USA) . 
This cen t r e i n Marylan d contain s mos t o f th e ma te r i a l s an d man y example s o f 
appara tus fro m th e p ro jec t s l i s t ed . The r e i s a  g r e a t dea l o f informatio n i n 
the Briefin g Room , Diviso n o f P r e - U n i v e r s i t y Scienc e an d Technolog y 
Education, UNESCO , P a r i s an d i n th e l i b r a r i e s o f UNESC O majo r field 
offices. Th e Br i t i s h Counci l ha s a  d isp la y a r e a a t i t s Curr iculu m Informatio n 
Serv ice (Educat ion , Informatio n an d R e s e a r c h Department , 1 0 Sprin g 
G a r d e n s , Londo n S . W . I . ) wher e a  wid e rang e o f appara tu s an d mater ia l s 
from pro jec t s al l ove r th e worl d ca n b e seen . I t h a s , fo r example , man y o f 
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the NCER T India n ki ts . Th e Britis h Council' s 'Scienc e Educatio n 
Newsletter' (fre e t o oversea s institution s fro m loca l Britis h Counci l offices ) 
lists an d describe s world-wid e educationa l projects , includin g apparatu s 
production information . 

An excellen t critica l revie w an d appraisa l o f th e provisio n o f teachin g 
equipment t o school s i s 'Problem s o f th e Promotio n an d Productio n o f 
Teaching Material s i n Developin g countries ' edite d b y Edd a Eisenloh r e t al , 
and publishe d b y the Germa n Foundatio n fo r Internationa l Developmen t 
(DSE. ,  5 3 Bonn , Simrockstrasse , Wes t Germany) . I t i s th e repor t o f a n 
international conferenc e i n Berli n i n Octobe r 1971 . Ther e i s a  brie f bu t 
good analysi s o f productio n problem s facin g apparatu s maker s an d boo k 
publishers, an d a  perceptiv e outlin e pla n fo r th e productio n o f teachin g 
materials b y Mat s G . Hulti n o f th e Worl d Ban k (IBRD) . Th e repor t cover s a 
wide rang e o f worl d projects . 

REFERENCE PEOPL E 

There ar e a  numbe r o f mor e o r les s single-perso n initiative s i n apparatu s 
design al l ove r th e world . Thes e rang e fro m inidividua l teacher s workin g i n 
their ow n schoo l whos e production s ar e no t see n b y a  wide r publi c unles s 
perhaps i n th e page s o f a  loca l teachers ' journal , t o peopl e wh o hav e 
published thei r design s i n a  book . Th e journal s o f th e Associatio n fo r 
Science Educatio n (1 ) i n th e UK , an d th e publication s o f th e Nationa l Scienc e 
Teachers Associatio n (2 ) o f th e US A ar e source s o f th e firs t type . A n 
example o f th e secon d typ e i s R . F . Simpson' s 'Simpl e Physic s Apparatus ' 
(3) whic h show s a  wid e rang e o f scienc e teachin g item s mad e u p fro m commo n 
hardware stor e goods , suc h a s pencils , magnifyin g glasses , electri c iro n 
elements an d bottles . Th e item s -  som e o f whic h ar e show n i n photograp h 4 8 
- mak e u p a  ki t whic h ca n b e packe d i n a  smal l case . A  simila r exampl e 
which use s simple r apparatu s fo r a n elementar y leve l i s Bowke r an d Hunt' s 
'Making Elementar y Scienc e Apparatus ' (4) . 

In a  smal l schem e supporte d b y the Britis h Counci l an d th e Ministr y o f 
Overseas Development , R . M . Garrat t i n Colombi a wa s (i n 1972 ) developin g 
materials an d apparatu s fo r school s o f Lati n America n type . It s aim s wer e 
to us e loca l resource s t o creat e adaptabl e material s whic h coul d b e graduall y 
built u p i n rang e a s th e need s becam e bette r understood . Ther e ar e 'modules ' 
of apparatu s an d appropriat e work-sheets . 

Other peopl e wh o ar e c rea tors , o r repositorie s o f information , i n respec t 
of apparatu s idea s exis t al l ove r th e world . Jus t a  fe w a r e : Mr s Dor a 
Whittaker (10 8 Parkside , Wollaton , Nottingham , England) , chairma n o f th e 
Schools Counci l committe e o n mathematics , wh o ha s unti l recentl y ru n a 
mathematics centr e i n Nottingha m an d i s i n touc h wit h a  wid e rang e o f source s 
for mathematic s teachin g apparatus . Sh e hersel f i s a  creator , an d a  goo d 
source fo r U S mathematic s projects , wit h whic h sh e ofte n works . D r Ke n 
Magnus (Chemistr y Department , Universit y o f th e Wes t Indies , Kingsto n 7 , 
Jamaica) i s a  sourc e fo r Caribbea n projec t information . M r Bria n Steve n o f 
City College , Leeds , England , i s a n invento r o f apparatu s fro m domesti c 
materials. Man y people i n th e Nuffiel d Scienc e Teachin g Projec t (Chelse a 
College o f Scienc e an d Technology , Bridge s Place , Londo n S.W.6.)kno w 
about ne w apparatu s fo r Britis h schemes . M r Norma n Lowe , (9 7 Constanc e 
Road, Whitton , Twickenham , Middlesex , TW 2 7HX , England ) i s a  sourc e o f 
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for informatio n o n Africa n sc ienc e schemes . Th e Divisio n o f P r e -
Univers i ty Sc ienc e an d Technolog y Educat ion , UNESCO , P a r i s , i s anothe r 
source o f information , wit h tw o individual s i n p a r t i c u l a r bein g D r Nahu m 
Joel an d M r s S . Haggis . Keit h W a r r e n (Th e G r a n g e , Ripley , Derby , DE 5 
3 F T , England ) ha s under take n s e v e r a l s tudie s o f appara tu s u s e an d 
product ion, fro m rev iew s an d c r i t i que s t o desig n s tudie s an d invention s fo r 
vil lage schoo l sc ienc e (unpublished) . Th e bes t sou rc e fo r p rac t i ca l 
exper ience an d des ig n o f product io n uni t s i s M r Sore n Hakansso n (sometim e 
Asia Regiona l UNESC O Advise r o n Schoo l Sc ienc e Equipment , an d no w a t 
UNESCO h e a d q u a r t e r s i n P a r i s ) . 

(1) Associat io n fo r Sc ienc e Educat ion , Colleg e L a n e , Hatfield , 
Her t fo rdsh i r e , England . 

(2) Nationa l Sc ienc e T e a c h e r s Assoc ia t ion , 120 1 1 6 S t r e e t , N . W . , 
Washington, D . C . , 20036 , USA . 

(3) Simpl e P h y s i c s Appara tu s (Simpson ) 
published b y th e Hon g Kon g Univers i t y Boo k S t o r e , Hon g Kong . 

(4-) Makin g Elementar y Sc ienc e Appara tu s (Bowke r an d Hunt ) 
published b y Thoma s Nelso n Limited , 3 6 P a r k S t r e e t , Londo n 
W1Y 4DE , England . 

TOYS AS TEACHING APPARATUS 

F o r youn g ch i ld ren , espec ia l l y p r e - s c h o o l , p la y appa ra tu s ma y b e des i r ab l e 
for helpin g the m t o unders tan d a spec t s o f sc ienc e throug h bod y movemen t 
and throug h act ing-ou t t he i r ' exper iments ' . A  collectio n o f suc h pla y 
appara tus an d ma te r i a l s i s i n UNICEF ' s Guid e L i s t ' P a n d o r a ' (1 ) whic h 
gives guidanc e o n th e choic e an d u s e o f suc h mater ia l an d i t s p lac e i n th e 
ch i ld ' s development . T h e r e a r e l i s t s an d guid e l ine s applicabl e t o chi ldre n 
in fou r ag e r a n g e s : unde r 1  y e a r , 1  t o 3  y e a r s , 3  t o 6  y e a r s an d 6  t o 9 
y e a r s old . Loca l r e s o u r c e mater ia l i s s tocke d b y UNICE F fo r suppl y t o 
group p rogrammes . 

Product ion uni t s wishin g t o kno w wha t ma te r i a l s a r e use d i n p r e - s choo l 
and e a r l y p r i m a r y schoo l educatio n i n Europea n coun t r i e s an d th e US A ca n 
consult ca ta logue s o f suppl y house s o r o f shop s whic h dea l i n t he se . A 
two-page l i s t o f bas i c i tem s (suc h a s p a p e r , pa in t , s c i s s o r s , pas te ) whic h 
may b e use d fo r e a r l y mathematic s exper ienc e i s avai labl e fro m Childsplay , 
112 Tootin g Hig h S t r e e t , Londo n S . W . 1 7 . , England . 

(1) P a n d o r a Guid e L i s t 
published b y UNICEF , 86 6 Unite d Nation s P l a z a , Ne w York , 
N . Y . 10017 , USA . 

KITS O F PLASTI C COMPONENT S 

Kits com e i n man y forms . The y ca n b e many-ite m col lect ion s -  l ik e th e 
complete p r i m a r y sc ienc e k i t o f th e NCER T -  fo r t e a c h e r demonst ra t ions . 
The CV K ki t i s fo r c l a s s u s e an d i s fo r a  limite d subject . Othe r type s o f 
col lect ion, bu t st i l l r e f e r r e d t o a s ' k i t s ' a r e mor e l imited : the y ma y be,  fo r 
i n s t ance , p a r t s o f a  singl e devic e whic h i s t o b e assembled ; o r a  collectio n 
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of simpl e thing s fo r us e b y a n individua l child ; o r eve n a  se t o f block s fo r 
pre-school o r primar y schoo l experience . 

The set s o f 'ne w maths ' equipmen t fo r primar y leve l ar e fairl y simpl e t o 
manufacture, becaus e the y ar e plai n designs . The y ca n b e conceive d i n 
plastic, a s ca n man y o f th e component s o f scienc e ki ts . Onc e machine s ar e 
obtained, th e facilit y wit h whic h man y item s ma y b e mad e rapidl y b y plasti c 
injection o r vacuum-formin g technique s shoul d almos t mak e thei r us e oblig -
atory i n teachin g apparatu s productio n units . However , makin g mould s an d 
dies i s skille d work , an d technician s nee d prope r training ; onl y a  skille d 
machinist coul d mak e th e bras s an d stee l injectio n die s fo r th e plasti c nut s 
and bolt s ki t show n i n photograp h 46 . A  high degre e o f skil l i s als o neede d 
to achiev e th e necessar y accurac y t o mak e th e Centicube s i n photograp h 4 5 
clip togethe r properl y -  a  skil l probabl y beyon d th e rang e o f mos t productio n 
units outsid e Europe , Japa n an d th e USA . 

It i s quit e possibl e tha t Europea n firm s woul d b e willin g t o giv e advice , 
training o r othe r aid . A  helpful an d informativ e sourc e o f advic e o n suc h 
matters i s th e Educationa l Divisio n o f Invict a Plast ic s (Oadby , Leiceste r 
England). Thi s firm , th e larges t o f it s typ e i n Europe , market s i n al l 
continents an d ha s a  philosophy concernin g loca l production , apparatu s 
input fro m foreig n sources , an d aspect s o f bilatera l aid , whic h make s i t 
important fo r an y production uni t proposin g t o us e plastic s t o ge t i n touc h 
with them . 

Mr Hakansson , wh o has helpe d productio n unit s i n South-Eas t Asi a t o 
get plastic s productio n o f scienc e teachin g apparatu s started , ha s writte n 
'Use o f Plastic s an d Othe r Technique s fo r Productio n o f Low-cos t Scienc e 
and Mathematic s Equipmen t fo r Schools' . Thi s wa s a  documen t a t th e 
RECSAM worksho p o f Octobe r 3  -  12 , 1973 , reference : SEAMEO/DSE / 
PLCTM/7. 

KITS O F SCIENC E APPARATU S 

Macalaster Scientifi c Company , (Rout e 11 1 an d Everet t Turnpike , Nashua , 
New Hampshire , USA ) hav e produce d kit s o f physics item s fo r studen t 
assembly. Th e material s ar e unpainte d an d unfinishe d wher e 'finish ' i s 
unimportant; fo r example , th e base s o f item s ar e ofte n ra w chipboard . Nut s 
and bolts , an d s o on , ar e supplie d i n envelope s an d ther e ar e assembl y plans . 
There ma y hav e bee n som e consumer-reactio n agains t thei r somewha t crud e 
appearance, bu t th e item s generall y worke d wel l an d covere d som e ver y 
sophisiticated physics . Man y o f th e item s wer e designe d fo r th e PSS C 
course o f th e USA . The y ar e wort h stud y a s a  possibl e mode l fo r a 
production uni t whic h ca n mak e an d pac k th e item s bu t ha s t o leav e thei r 
assembly, wit h it s intricat e processes , t o teacher s o r eve n t o pupils . 

Some Japanes e firm s mak e smal l kit s o f part s fo r assembl y int o physic s 
apparatus -  suc h a s electri c motor s an d bells , balance s an d pumps . Ther e 
are simila r kit s o f lenses , r u l e r s , screens , fo r a  rang e o f experiment s o n 
the topi c o f Light , an d othe r experimenta l assemblies . Thes e kit s wer e 
easily availabl e i n Englan d an d th e U S unti l a  shor t whil e ago , bu t see m t o 
have disappeare d fro m to y shops . (UNICE F headquarter s i n Ne w Yor k kno w 
the Japanes e manufacturer) . The y ar e wel l wort h stud y an d possibl y som e 
kind o f imitation . Som e ar e shown , wit h instructio n sheets , i n photograph s 

42 



Kits 

49 -  55 . Muc h o f th e mater ia l i s injection-moulde d p las t i c o r stampe d t in -
p la te . The y a r e flims y an d loo k l ik e t o y s , bu t the y a r e astonishingl y well -
dimensioned fo r exac t fi t an d wer e astonishingl y cheap . Despi t e th e r ecen t 
r i s e s i n p las t i c p r i c e s , p las t i c construct io n i s s t i l l a n a t t r ac t iv e cons idera -
tion fo r productio n un i t s , s inc e th e quanti t y o f p las t i c involve d i s v e r y smal l 
(for exampl e th e weigh t o f al l th e p las t i c p a r t s o f th e pum p show n i n photo -
graph 5 4 i s l e s s tha n 5 0 grammes ) -  thoug h i t woul d b e muc h chepae r t o bu y 
than t o produc e them . 

Kits o f th i s so r t a r e ofte n no t c rea te d t o s e r v e a  p a r t i c u l a r curr iculum . 
Probab ly k i t s ca n b e designe d whic h wil l b e p l ea su rab l e a s a  kin d o f inform -
ative toy , gam e o r hobby , an d als o s e r v e a  teachin g purpos e i n schools . A 
production uni t makin g smal l k i t s migh t cons ide r thi s dua l r o l e fo r the i r 
product . A s wel l a s inc reas in g th e educatio n o f midd le -c las s chi ldre n b y 
providing a  kin d o f homewor k whic h ca n b e p re sen te d a s a  gift , i t ca n als o 
be a  wa y o f widenin g th e marke t an d pe rhap s subsidizin g o the r aspec t s o f 
the un i t ' s product ion . 

The importanc e o f havin g adequat e guidanc e (fo r t e ache r o r pupils ) i n th e 
form o f ' so f tware ' accompanyin g sc ienc e appara tu s wa s urge d a t a  RECSA M 
conference i n Octobe r 1973 . I t wa s pointe d ou t tha t i t i s muc h e a s i e r t o 
provide softwar e fo r k i t s tha n fo r individua l i tem s becaus e th e w r i t e r s kno w 
the tota l se t o f mate r ia l s wit h whic h th e t e ache r wil l b e working . Booklet s 
accompanying k i t s a r e a ls o usua l l y fa i r l y smal l , an d thi s i s i n i tsel f a t t r ac t -
ive t o t e a c h e r s wh o ofte n fee l daunte d b y a  bulk y book . UNICEF' s EV E 
catalogue ( s e e photograp h 43) , fo r example , p r e s e n t s man y problem s t o 
t e ache r s select in g appara tu s fo r themse lves . I t i s a r r ange d i n alphabetica l 
o r d e r i n Engl ish . (I n F r e n c h an d i n Spanis h th e o r d e r remain s th e same , 
which make s th e l i s t un -a lphabe t i ca l . ) I n an y c a s e , a n alphabetica l a r r a n g e -
ment make s select io n o f i tem s fo r a  p a r t i c u l a r sc ienc e topi c r a t h e r difficult , 
despi te th e guidanc e an d note s provide d fo r th e i t ems . UNICE F i s publishin g 
a t e a c h e r ' s guid e 'Usin g Scienc e A p p a r a t u s ' , whic h attempt s t o mee t th i s 
difficulty b y descr ib in g a  typica l u s e o f eac h o f th e EV E i t e m s , collecte d 
under topic s -  bu t th i s make s a  v e r y l a r g e book . 

Software shoul d b e i n th e appropr ia t e loca l language . I n th e c a s e o f a 
single l a r g e book , t r ans la t io n become s a  long- te r m job . If , however , i t ca n 
be produce d i n s ec t i ons , thes e ca n b e wr i t t en , t r a n s l a t e d , publishe d an d 
pr inted i n s t a g e s , allowin g gradua l co r rec t io n an d improvemen t a s fault s o f 
style an d presen ta t io n becom e apparen t . Thi s i s importan t becaus e an y 
production uni t o r curr iculu m pro jec t ha s t o fee l i t s way , an d a  facili t y fo r 
the incorpora t io n o f improvement s mus t b e included . An y l a r g e , 'on e shot ' 
approach mil i ta te s agains t th i s poss ib i l i ty . 

As a  mode l fo r sof tware , th e FUNBE C booklet s a r e v e r y good , an d th e 
shee ts accompanyin g th e o the r k i t s reviewe d h e r e a r e useful . Th e NCER T 
software (o f whic h t he r e a r e s e v e r a l v e r s i o n s an d types ) i s mor e a n exampl e 
of th e single-boo k type , s inc e th e k i t s a r e l a r g e an d extens ive . On e reaso n 
for th i s -  whic h wil l b e o f i n t e r e s t t o o the r productio n unit s -  i s tha t d i s t r i -
bution i n Indi a i s a  majo r problem , s o k i t s produce d i n a  time d s e r i e s woul d 
p r e s e n t additiona l diff icult ies . 

The America n 'E lementa r y Scienc e Study ' s e r i e s cons i s t s o f a  wid e rang e 
of pupi ls ' k i t s , t e a c h e r s ' k i t s , pupi l s ' books , t e a c h e r s ' gu ides , w o r k - s h e e t s , 
problem c a r d s , an d fil m loops , fo r e lementar y schoo l u s e . Ther e a r e abou t 
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60 main uni t t i t les , suc h a s : Bones , Gase s an d Airs , Growin g Seeds . 
Whistles an d Strings , Cla y Boats , Matc h an d Measure , Primar y 
Balancing, an d Pon d Water . A  unit i s designe d t o b e use d fo r a n averag e 
of si x weeks . Som e example s o f thes e kit s i n us e ar e show n i n photograph s 
44 an d 47 . Th e principl e migh t wel l b e imitate d b y production units . 

There ar e severa l somewha t simila r mini-scienc e kit s aroun d th e world . 
In Englan d th e Precisio n Jig s Compan y Limited , (7 9 Caterha m Avenue , Ilford , 
Essex) mak e nin e type s o f ki t fo r electricit y experiment s (wit h instructiona l 
leaflets). The y use simpl e material s an d ar e easil y buil t u p an d use d b y 
English 12-year-olds . Photograph s 5 6 an d 5 7 sho w examples . Als o i n 
England, th e Advisor y Centr e fo r Educatio n (ACE ) o f 3 2 Trumpingto n Street , 
Cambridge, produce s kit s an d pack s calle d 'Thing s o f Science' . Som e ar e a s 
simple a s a n instructio n shee t fo r a  game , wit h a  littl e pac k o f nut s o r seed s 
for pla y (photograph 15) . Other s ma y b e a s comple x a s a  20-piec e geologica l 
collection wit h plasti c magnifie r an d som e equipmen t fo r testin g samples , o r 
a ' researc h pack ' fo r investigatin g th e pollutio n o f stream s (photograph s 5 9 
and 60) . Al l o f the m contai n interestin g instructiona l materia l well-designe d 
for children . 

One o f th e mos t extensiv e rang e o f kit s i s tha t produce d i n Brazil , (i n 
Portuguese) designe d b y FUNBE C (Fundaca o Brasil ier a par o o 
Desenvolvimento d o Ensin o d e Ciencias , Caix a Posta l 2921 , Sa n Paulo , 
Brazil) an d markete d b y Abri l S.A . Cultura l e  Industria l (Caix a Posta l 
2372, Sa o Paulo) . Ther e ar e fift y k i ts , eac h i n a  pocket-size d bo x con -
taining apparatus , usuall y fairl y simpl e bu t ofte n capabl e o f bein g use d i n 
quite a n advance d wa y (photograph 58) . Eac h ki t i s associate d wit h th e 
work o f a  scientist , fo r exampl e 'Newto n an d th e Law s o f Movement' , 
'Benjamin Frankli n an d Stati c Electricity ' , 'W.  H . Carother s an d Nylon' . 
Each ha s a  bookle t o f som e 2 0 pages containin g constructiona l informatio n 
and questions . Ther e ar e plent y o f photographs , smal l bu t clear , an d 
several diagrams . Ther e ar e thre e volume s o f text , provide d separately . 
Not onl y eac h ki t wit h it s text , bu t th e whol e system , evidence s a  creativ e 
imagination allie d t o carefu l design . I t i s al l interestin g an d lively , an d 
deserves widesprea d popularity . 

KITS FO R TECHNICA L STUDIE S 

Kits o f apparatu s fo r secondar y leve l technica l studie s ar e produce d b y 
Griffin an d Georg e Limited , i n England . I n th e for m i n whic h thi s firm 
markets the m the y ar e extensive , an d therefor e costl y relativ e t o th e budge t 
of school s i n poo r countries . However , th e concep t an d th e specifi c idea s 
are wel l wort h stud y b y an y production uni t concerne d wit h designin g appa -
ra tus , an d possibl y ki ts , fo r a  countr y whic h want s som e o f it s schoo l 
leavers t o hav e ha d som e practica l technologica l experience . Ther e ar e 
kits o n Homecraft , Detergents , Huma n Mechanics , Dyeing , Cosmetics , an d 
similar topic s usefu l t o home-makers ; an d ther e ar e scienc e kit s suc h a s 
those o n Microscopy , Crystal s an d Colou r i n Nature . 

Production unit s supplyin g no t onl y th e conventiona l typ e o f academi c 
school bu t als o thos e wit h technica l biases , o r eve n vocationa l schools , wil l 
also fin d th e Griffi n technica l studie s kit s ver y valuabl e a s examplar s i n 
various ways . Som e o f thes e a r e : Adhesive s Kit , Metallurg y Kit , Plastic s 
Casting Kit , Pape r Kit , Fibre s Kit , Glassmakin g Kit , Photographi c Kit , 
Flow Kit , Surface s Kit , Corrosio n Ki t an d Compute r Games . 
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Equipment 

(1) Griffi n an d Georg e Limited , Ealin g Road , Alper ton , Wembley , 
Middlesex , England . 

MINI-SCIENCE AN D OVERHEA D PROJECTOR S 

There a r e no t man y school s i n th e worl d wit h overhea d p ro j ec to r s -  a t l ea s t 
not a t p r imar y an d lowe r secondar y leve l . However , productio n unit s migh t 
find muc h o f i n t e r e s t (becaus e th e technique s a r e suggest iv e fo r differen t 
applicat ions) i n th e 'Tes t e d Overhea d Pro jec t io n S e r i e s ' o f smal l - sca l e 
chemis t ry exper iment s fo r overhea d pro jec t ion , usin g smal l quant i t ie s o f 
chemicals an d r eagen t s i n smal l squa re - sec t io n t r a n s p a r e n t t ubes . Ther e 
i s a  ki t an d a  guid e ful l o f d iagram s an d exper iments . Th e a d d r e s s i s 
T O P S , Huber t N . Alyea , 33 7 H a r r i s o n S t r e e t , P r ince to n 08540 , 
M a s s a c h u s e t t s , USA . 

UNICEF SCHOO L SCIENC E S U P P L I E S 

The Unite d Nation s Chi ld ren ' s Fun d (UNICEF ) s tock s an d supplie s a  wid e 
range o f ma te r i a l s withi n th e field s o f educat ion , a g r i c u l t u r e , healt h an d 
child c a r e . Th e i tem s a r e avai labl e t o U N agenc ie s . The y a r e catalogue d i n 
some seventee n l i s t s , includin g vocationa l t ra in in g mate r i a l s an d t o o l s , 
audio-visual equipment , schoo l subjec t i t e m s , an d agr icu l tu ra l implements . 

A revis io n o f th e sc ienc e teachin g sect ion s o f on e o f th e Guid e L i s t s 
(EVE Scienc e Revis ion : OSU-6000 ) ha s bee n under take n i n conjunctio n wit h 
UNESCO. Thi s p rov ide s a  wid e rang e o f appara tu s consis t in g of : 

(1) P r i m a r y Scienc e an d Mathematic s (9 3 i tems ) 
(2) Tool s fo r th e P r i m a r y Scienc e Worksho p (1 5 i tems ) 
(3) Secondar y S c i e n c e : Biology , Chemist r y an d P h y s i c s (32 7 items ) 
(4.) Tool s fo r th e Secondar y Scienc e Worksho p (3 2 items ) 
(5) Chemical s an d Reagent s fo r Secondar y Scienc e (16 0 i tems ) 
(6) Curr iculu m Developmen t Equipmen t fo r Teache r Trainin g 

Ins t i tu t ions : Biology , Chemist r y an d P h y s i c s (7 6 i tems ) 

The item s a r e l i s te d a s fa i r l y detai le d speci f ica t ions , genera l l y i n a  for m 
suitable fo r commercia l tender in g p u r p o s e s . Thu s the y for m a  goo d 
re fe rence l i s t o f bas i c s tandar d i tem s an d chemica l s , wit h detai le d note s o n 
many aspec t s o f t he i r select io n fo r schools . 

A supplemen t ( ' I l lus t ra t ion s o f Sc ienc e Teachin g Apparatu s an d 
Equipment ' , avai labl e fro m UNICE F a s OSU-600 0 Supplemen t 1 ) provide s 
l ine diagram s o f al l i tem s excep t t oo l s . Example s fro m th e EV E catalogu e 
a r e show n i n photograph s 4 2 an d 4 3 . 

The i tem s hav e bee n careful l y se lecte d t o cove r mos t sc ienc e teachin g 
requi rements excep t thos e tha t a r e highl y sophis t icate d an d ve r y expensive . 
Items show n b y prev iou s exper ienc e t o b e to o breakabl e i n t r a n s i t hav e als o 
been omitted . 

The mai n l i s t s : (a ) sho w suggeste d quant i t ie s p e r schoo l s t rea m a t th e 
var ious l e v e l s ; (b ) indicat e a n 'economy ' select io n o f th e mos t essen t ia l 
i t ems ; (c ) sho w whic h l abo ra to r y (biology , e t c . ) eac h ite m i s neede d for ; 
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(d) indicat e b y note s besid e en t r i e s anc i l l a r y appara tu s whic h wil l b e needed , 
what th e ite m i s fo r an d simila r helpfu l information ; an d (e ) giv e th e 
UNICEF p r i c e . 

Int roductory page s provid e guidanc e t o fiel d officer s o n estimatin g 
r equ i remen t s , ne w at t i tude s i n sc ienc e teaching , th e us e o f loca l r e s o u r c e 
mater ia l s an d too l s , c u r r i c u l a r developments , an d s o on . 

UNICEF's p rac t i c e o f buyin g fo r th e Copenhage n Warehous e (UNIPAC ) i n 
l a rge quant i t ie s fro m actua l manufacturer s i s ref lecte d i n appreciabl y lowe r 
p r i c e s fo r a  give n quali t y tha n thos e o f commercia l appara tu s suppl y houses . 
Other advantage s a r e th e UNESC O surve i l lanc e o f th e i t ems , s ing le - sourc e 
supply o f wid e r a n g e , eas y contro l o f de l iver y d a t e s , r ead y a c c e s s t o s p a r e s 
and rep lacements , an d suitabil i t y o f th e item s t o th e situatio n i n developin g 
coun t r i e s . 

A T e a c h e r ' s Guid e t o th e EV E i tems , 'Usin g Scienc e Apparatus ' i s bein g 
published b y UNICEF , coverin g us e o f th e i t ems , maintenance , r e p a i r an d 
the supplementin g o f the m fro m loca l r e s o u r c e s . 

UNICEF SUPPOR T FO R WRITIN G AN D PUBLICATIO N O F BOOK S 

Requests ma y b e mad e fo r th e suppor t o f loca l scheme s t o wri t e o r t o t r a n s -
la te textbooks , an d t o publ i sh , p r in t , an d obtai n supplie s o f pape r i n 
connection wit h suc h schemes . 

USEFUL ADDRESSE S 

United Nation s Chi ldren ' s Fun d (UNICEF ) 
United Nation s P l a z a , Ne w York , N . Y . 10017 , USA . 

Regional Centr e fo r Educatio n i n Scienc e an d Mathematic s (RECSAM ) 
c /o Malaya n Teache r s ' Col lege , Penang , Malays ia . -  (es tabl ishe d unde r 
the South-Eas t Asia n Min i s t e r s o f Educatio n Organizat ion) . 

Regional Cent r e fo r Educationa l Innovatio n an d Technolog y (INNOTECH ) 
P . O . Bo x 3049 , Saigon , Republi c o f Vietnam . -  (es tabl ishe d unde r th e 
Sou th-Eas t Asia n Min i s t e r s o f Educatio n Organizat ion) . 

Science Educatio n Programm e o f Afric a (SEPA ) 
c /o P . O . Bo x M - l 8 8 , A c c r a , Ghana . 

National Counci l fo r Educationa l Resea rc h an d Trainin g (NCERT ) 
S r i Aurobind o M a r g , Ne w Delh i -16 , India . 

Inst i tute fo r th e Promotio n o f Teachin g o f Scienc e an d Technolog y ( IPTST ) 
c /o Phys i c s Building , Chulalongkor n Univers i ty , Bangkok , Thailand . 

German Foundatio n fo r Internat iona l Developmen t (DSE ) 
53, Bonn , S i m r o c k s t r a s s e l , Wes t Germany . 

UNESCO, 7  plac e d e Fontenoy , 7570 0 P a r i s , F r a n c e . 
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Useful a d d r e s s e s 

UNESCO Regiona l Office s 

UNESCO Regiona l Offic e fo r Educatio n i n Lati n Americ a an d th e 
Car ibbean , P . O . Bo x 3187 , Sant iago , Chi le . 

UNESCO Regiona l Offic e fo r Educatio n i n As ia , P . O . Bo x 1425 , 
Bangkok 1 1 , Thai land . 

UNESCO Regiona l Offic e fo r Educatio n i n Afr ica , B . P . 3311 , Dakar , 
Senega l . 

UNESCO Regiona l Offic e fo r Educatio n i n th e Ara b S t a t e s , B.P.  5244 , 
Be i ru t , Lebanon . 

UNESCO Regiona l Offic e fo r Sc ienc e an d Technolog y i n Afr ica , P . O . 
Box 30592 , Na i rob i , Kenya . 

UNESCO Regiona l Offic e fo r Scienc e an d Technolog y i n Lati n America , 
1320 Buleva r A r t i g a s , P . O . Bo x 859 , Montevideo , Uruguay . 

UNESCO Regiona l Offic e fo r Sc ienc e an d Technolog y i n th e Ara b S t a t e s , 
8 Sh . E l Salamlik , Garden t Ci ty , C a i r o , Ara b Republi c o f Egypt . 

UNESCO Regiona l Offic e fo r Sc ienc e an d Technolog y i n Sout h an d 
Cent ra l As ia , UNESC O House , 40 B Lodh i E s t a t e , Ne w Delh i 3 , India . 

UNESCO Regiona l Offic e fo r Sc ienc e an d Technolog y i n Sou th -Eas t As ia , 
U . N . Building , 2n d F l o o r , Jala m Thamri n 14 , 273/JK T Tromolpos , 
J aka r t a , Indonesia . 

The Br i t i s h Counci l , 1 0 Spr in g G a r d e n s , London , SW1 A 2BN . (Addre s se s 
of O v e r s e a s office s ca n b e obtaine d fro m th e Br i t i s h Counci l ' s Informatio n 
Department a t 1 0 Spr in g G a r d e n s . ) 

47 



1 Primar y schoo l ki t produced by 
Cornelsen, Velhage n an d Klasin g 
of Berli n 

2 & 3 A  'universal ' science teach-
ing kit , made in Europe 



4 A  Benga l village school—typica l 
of situation in which many childre n 
in the world are taught, and into 
which teaching apparatus must fi t 

5 A n itineran t tinker' s tools—a n 
example of loca l repai r facilities i n 
a Benga l villag e 

6 & 7 A  ki t can be in a box which 
serves as a storecupboard for the 
items i n the classroo m 



8 Bicycl e wheels can be used to 
teach mathematic s 

9 A  Burmese flute—a loca l source 
of sound to replace a tuning fork 

10 A  plastic rolle r skat e can, for 
some purposes, replace a dynamics 
trolley 

11 'Flikball'— a to y which can be 
used t o teac h 

12 Simpl e objects such as a 
mousetrap may be used to teach 



13 & 14 Gameboar d and sample 
cards from 'Hacienda' , a teaching 
game simulating the economic and 
social realities of the Ecuadoria n 
sierra 

15 Th e Advisory Centr e for Educa-
tion makes use of games based on 
Ludo an d others well-known to 

English childre n 

13 14 



Science Educatio n Projec t i n Africa 

16 Bambo o and rope make an 
exciting towe r 

17 Seein g the world from a moving 
system 

18 Sampl e page from the Teachers' 
Guide 



NCERT, Indi a 

19 & 20 Item s from the primar y 
science ki t 

21 A  page of pupil' s tex t 



NCERT, Indi a 

22, 2 3 &  2 4 Item s from th e primar y 
science ki t 

25 Dimensiona l drawin g fo r th e ki t 



26 Som e papier-mâché model s and 
lino-cut blocks from Khme r 

27 Example s of science teaching 
apparatus fro m Malaysi a 

28 Som e secondar y apparatus , 
IPTST Programme , Bangko k 

29 Elementar y science kit designed 
for Thailan d 



FORCES PHASE III A 
NO. 1 9 

LET'S FIN D OU T HO W TO US E A PULLE Y 

You will need: 

• 1  ball o f string . 
• 1 0 small cartons, chalk boxe s or plasti c bags of san d (loads). 
• 1 0 pulleys. 

ORGANIZATION 

Groups 

Do this: 

1. Grou p leader s collect 3  metres (10ft) o f strin g and bag or carton of sand. 
2. Tel l th e childre n t o ti e th e loa d t o th e strin g an d pul l th e loa d t o a  new positio n o n 

their desks . 
3. Giv e th e children this problem. "See i f yo u can find a  way to mov e the load away fro m 

you b y pullin g the string". (This ca n b e done i f a  pencil i s held by anothe r child at one 
end of the desk and the strin g passe d around the pencil. ) 

4. As k successfu l groups to sho w how they managed . 
5. Giv e ou t a  pulle y t o eac h group . Tel l th e childre n t o us e th e pulle y instea d o f th e 

pencil an d tr y again . 
6. Se e i f th e childre n ca n sugges t a  wa y o f liftin g th e loa d abov e thei r head s usin g th e 

string an d pulley . 
7. Ti e th e pulley s t o a  beam acros s the classroom , and tel l th e childre n t o pul l u p thei r 

loads usin g these. 
8. Tel l th e childre n t o mak e a  recor d o f wha t the y hav e don e i n thei r not e books . A 

drawing will b e sufficient . 

30 A  sample workcard from the 
Papua New Guinea Primar y Science 
project 



31 Som e secondar y apparatus , 
IPTST programme , Bangko k 

32 Equipmen t largel y for the train-
ing of technicians , Bangkok - prio r 
to IPTS T 



33 A  Sao Paulo project ki t 

34 & 35 Dimensiona l drawing s 
from Cost a Ric a 



36 Som e prototypes o f scienc e 
teaching equipment from Costa Rica 

37 & 38 Item s manufacture d b y 
Or & Kol, Israel 



39 Dimensiona l drawin g fro m 
Nuffield Apparatu s Guide ' 

40 Exampl e from the UNESCO 
'Source Book ' 

41 Exampl e from 'Guidebook t o 
constructing inexpensiv e scienc e 
teaching equipment ' 



42 Resourc e material s kit , 'EVE' 
catalogue 

43 Othe r items in 'EVE' catalogue 
are shown and listed separatel y 



44 Practica l work from 'Elemen-
tary Scienc e Study ' series 

45 Centicube s 

46 Plasti c nut s and bolts ki t 



This i s a  mode l o f Bel l ' s s t ruc tur e whic h wa s 

presented t o th e student s a s thei r singl e sourc e 

of information . Wit h n o ass is tance , eac h studen t 

was t o reconst ruc t th e mode l usin g 8-inc h s t raws , 

pins, an d paper . 

47 A n example from 'Elementar y 
Science Study ' serie s 

48 Som e items from the ki t com-
piled by Dr Simpson of Hon g Kong And s o the y did . 47 



Japanese plastic min i science kits 

49 Scale s 

50 Electri c bel l ki t 

51 Part s list s for electri c bel l ki t 



Japanese plasti c min i scienc e kit s 

52 Part s lis t fo r balanc e 

53 Kit s fo r pump , balanc e an d 
electro-magnet 

54 Part s lis t fo r hydrauli c pum p 

55 Part s lis t fo r electro-magne t 



56 & 57 Kit s from Precisio n Jigs 
Co. Ltd . 

58 A  sample ki t from FUNBE C 



59 & 60 Kit s from the Advisory 
Centre for Educatio n (ACE ) 
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