
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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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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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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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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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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Liaison an d plannin g 

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 

10 



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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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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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 
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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 . 
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