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Summary 

Reference: Vol. 3 (1970-71 ) F 2 (4 ) (p.61 ) 

Abstract concept s ar e frequentl y 
represented b y symbol s o r mathematica l expressions , 
and unti l student s ar e familia r wit h thi s techniqu e o f 
representation an d hav e ha d practic e i n i t the y wil l 
find th e proces s confusin g an d artificial . Ther e i s 
evidence tha t th e proces s i s difficul t fo r childre n a t 
all level s i n th e te r r i to ry . On e experimen t askin g 
children t o mak e a  ma p o f thei r journe y fro m hom e t o 
school showe d goo d sens e o f directio n bu t littl e o f 
specialised an d selectiv e representatio n tha t mappin g 
entai ls . 

Another experimen t fo r identifyin g an d recordin g 
the numbe r o f dot s o n a  car d wit h symmetrica l 
arrangement ( tr iangles , squares , hexagons ) showe d 
that th e majorit y o f childre n a t al l level s di d recognis e 
the advantag e o f usin g symmetr y pattern s ove r individua l 
counting. 

The thir d experimen t require d childre n t o us e a n 
abstract strateg y t o pai r 5  and the n 6  colours . I t seeme d 
difficult fo r the m t o appreciat e th e functio n o f a  strateg y 
as a n abstrac t operation . I t wa s observe d tha t i n ever y 
instance th e childre n i n urba n area s performe d bette r 
than thos e wh o live d awa y fro m th e towns . Thi s raise d 
the question : 
Are th e particula r example s an d application s o f 
science use d i n school s mor e familia r t o urba n children , 
and, further , woul d i t b e possibl e t o develo p scienc e 
syllabi a t primar y an d secondar y level s whic h woul d b e 
associated mor e closel y wit h a  rura l settin g i n 
agriculture, fores t o r seashor e settings ? 

Report 

During a  visi t t o Papu a Ne w Guine a extendin g fro m Apri l t o September , 
1971 an attemp t ha s bee n mad e t o asses s th e readines s o f uppe r primar y 
school childre n t o mak e us e o f abstraction s i n understandin g o r representin g 
real things . Experiment s wer e carr ie d ou t an d informatio n obtaine d i n a 
number o f school s distribute d i n severa l part s o f th e Terr i tory . A  ful l 
analysis o f th e dat a obtaine d wil l tak e som e time , an d thei r interpretatio n 
must awai t th e collectio n o f simila r dat a fro m school s outsid e th e Terr i tory , 
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in particula r school s i n Australi a an d th e Unite d Sta tes . Whil e th e conclusion s 
stated her e appea r a t presen t t o b e wel l founded , the y remai n ope n t o 
revision durin g th e cours e o f furthe r study . 

Experimental Metho d 

An importan t techniqu e o f scienc e whic h ofte n give s difficult y t o 
beginning student s i s th e us e o f abstrac t concept s t o isolat e specifi c attribute s 
of a  syste m o r phenomenon,thu s allowin g th e scientis t t o replac e th e rea l 
system wit h a n idealizatio n whic h i s easie r t o understand . Abstrac t concept s 
are frequentl y represente d b y symbol s o r mathematica l expressions . Unti l 
the studen t i s familia r wit h thi s techniqu e an d ha s himsel f ha d practis e i n 
the us e o f symbols , h e i s likel y t o fin d th e proces s confusin g an d artificial . 
It seem s t o lea d awa y fro m th e rea l phenomen a int o a n artificia l worl d o f 
symbols an d equation s whic h o f cours e h e ca n memoriz e bu t whic h ten d t o los e 
connection wit h reali ty . Ther e i s considerabl e evidenc e tha t thi s proces s i s 
a sourc e o f difficult y fo r Terri tor y student s a t nearl y al l levels . Th e presen t 
investigation i s a n effor t t o lear n ho w childre n i n th e uppe r primar y level s 
use abstraction s an d hopefull y t o sugges t way s i n whic h the y ca n obtai n 
practice tha t wil l hel p t o increas e thei r skill . 

An exampl e o f a n abstractio n o r scientifi c mode l i s a  map . I t represent s 
a rea l geographica l regio n ye t i t doe s so  selectively , omittin g muc h whic h 
would b e confussin g o r unnecessar y an d reducin g muc h o f wha t i s include d t o 
conventional symbols . A  map i s a  ver y flexibl e kin d o f mode l whic h allow s a 
given domai n t o b e mappe d i n a  grea t variet y o f way s dependin g upo n th e 
particular informatio n tha t i s t o b e represented . On e o f th e experiment s 
carried ou t her e wa s t o as k childre n t o mak e a  ma p t o sho w "ho w yo u g o fro m 
your hous e t o th e school. " Afte r th e childre n ha d complete d thei r map s th e 
experimenter showe d the m som e differen t sort s o f maps , pointin g ou t examples , 
which wer e usuall y presen t i n th e schoo l room , o f roa d maps , politica l maps , 
physical maps , e t c . . Followin g thi s h e explaine d anothe r sor t o f ma p whic h 
could b e use d t o represen t a  distributio n o r populatio n density . H e sketche d 
an exampl e o f suc h a  ma p o n th e blackboar d t o sho w ho w on e coul d represen t 
the distributio n o f pig s i n an d aroun d a  village . I n doin g thi s h e mad e a  poin t 
of usin g symbol s instea d o f picture s an d explicitl y pointe d ou t thei r advantag e 
in savin g time . A  few day s late r th e sam e childre n wer e aske d t o sketc h map s 
of th e schoo l ground s showin g wher e th e childre n ar e likel y t o b e foun d durin g 
r e c e s s . I n thi s cas e th e childre n wer e tol d i n advanc e tha t thei r tim e woul d 
be limite d s o tha t thei r wor k wa s unde r som e pressur e o f time . 

Another experimen t mad e us e o f a  se t o f larg e flas h card s o n whic h dot s 
are place d i n set s o f symmetrica l arrangement s ( tr iangles , squares , o r 
hexagons.) Th e childre n wer e aske d t o identif y an d recor d th e tota l numbe r 
of dot s o n a  car d whic h the y wer e show n fo r lon g enoug h fo r eas y identificatio n 
of th e symmetrica l pattern s bu t fo r to o shor t a  tim e t o mak e i t eas y t o coun t 
individual dots . Fro m thei r recorde d number s on e ca n distinguis h whethe r 
they wer e identifyin g th e pattern s an d usin g simpl e multiplicatio n o r whethe r 
they wer e tryin g t o coun t individua l spots . I n additio n on e ca n measur e th e 
accuracy wit h whic h the y multipl y number s rangin g betwee n 3x 3 an d 4 x 6 . 

A third experimen t wa s use d t o se e ho w easil y childre n ca n understan d 
and us e a n abstrac t strateg y wit h whic h the y ar e no t previousl y acquainted . 
Using coloure d chalks , fiv e differen t colour s wer e show n o n th e blackboar d 
and severa l differen t pair s o f colour s indicated , (re d an d blue , gree n an d 
blue, gree n an d yellow , etceter a ) . Th e childre n wer e the n aske d ho w man y 
different pair s i s i t possibl e t o mak e usin g fiv e colours . Afte r the y ha d take n 
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time t o thin k abou t thi s questio n an d tr y out,usuall y a t randon , variou s 
answer s , a  specifi c strateg y wa s demonstrate d whic h woul d easil y determin e 
the answer . Th e strateg y wa s carr ie d ou t i n detai l wit h eac h ste p 
demonstrated an d explained . Afte r thi s th e childre n wer e aske d ho w man y 
different pair s i t i s possibl e t o mak e usin g fou r colour s .  Afte r the y ha d give n 
their answe r th e sam e strateg y wa s demonstrated , agai n i n detail , usin g fou r 
colours, an d th e childre n wer e the n aske d ho w man y pair s i t i s possibl e t o 
make usin g si x colours . 

Schools wer e selecte d i n th e Easter n Highland s an d Eas t Sepi k 
Districts an d i n Por t Moresb y t o includ e bot h urba n an d rura l population s 
and t o includ e som e school s whic h hav e bee n usin g th e ne w TPP S Primar y 
Science Syllabu s an d som e whic h were no t ye t usin g i t . Al l testin g wa s 
conducted i n Englis h an d mos t o f th e test s wer e carr ie d ou t i n whol e clas s 
groups i n orde r t o avoi d difficultie s du e t o th e children' s possibl e shynes s 
in respondin g individuall y t o a  foreig n vis i tor . 

Results 

The map s draw n t o sho w th e familia r rout e fro m hom e t o schoo l usuall y 
indicate a  goo d sens e o f directio n an d ver y satisfactor y skil l i n representin g 
directional relationships . A  few childre n faile d t o sho w directiona l 
relationships a t al l an d a  ver y fe w sho w the m incorrectly , generall y i n th e 
form o f a  mirro r image . Nearl y al l o f th e map s ar e draw n usin g picture s o f 
houses, t r e e s , th e school , et c wit h onl y a  smal l minorit y usin g symbol s othe r 
than recognizabl e pic tures . Mos t o f th e map s includ e many unnecessar y detail s 
put i n fo r decoration , sometime s addin g greatl y t o th e attractivenes s o f th e 
representation, bu t occasionall y requirin g s o muc h tim e a s t o interfer e wit h 
the actua l objectiv e o f th e ma p (for exampl e whe n house s ar e draw n includin g 
all th e detai l o f cesspit , roofing , e t c . ) . 

The map s whic h inten d t o sho w th e distributio n o f childre n o n th e schoo l 
grounds durin g reces s usuall y fai l t o d o so . Mos t commonl y the y sho w th e 
school ground , agai n i n pictures , an d includ e picture s o f a  fe w childre n 
outside th e classrooms , bu t usuall y to o fe w ar e show n t o giv e a  concep t o f 
distribution. No t infrequentl y s o muc h tim e wa s absorbe d i n drawin g picture s 
of th e buildings , t r e e s , flowers , et c tha t ther e wa s no t tim e lef t t o sho w 
where th e childre n woul d be . Thi s i n spit e o f th e fac t tha t th e childre n wer e 
warned tha t thei r tim e woul d b e limited , an d agai n warne d whe n thei r tim e 
was hal f gone . Som e map s giv e a  satisfactor y representatio n b y includin g 
very man y picture s o f childre n properl y distribute d an d some , a  smal l minorit y 
however, us e symbol s t o represent a distributio n i n th e manne r tha t ha d bee n 
demonstrated t o the m ea r l i e r . A  few includ e pictur e map s o f th e schoo l groun d 
and the n describ e th e distributio n i n writte n words . 

The experimen t usin g flas h card s indicate s tha t a t al l level s a  majorit y 
of th e childre n recogniz e th e advantag e o f usin g symmetr y pattern s ove r 
individual counting . Thi s majorit y rang e fro m abou t 75 % in som e fourt h 
standard classe s t o 100 % in som e sixt h standar d c l a s se s . I n spit e o f thi s th e 
number o f e r ro r s i n multiplicatio n i s ver y high , frequentl y mor e tha n 50% 
among fourt h standar d classe s an d ofte n exceedin g 30 % among sixt h standard . 
The e r r o r rat e i s rarel y belo w 20 % at an y leve l •  Thi s i s tru e i n spit e o f th e 
fact tha t th e childre n wer e allowe d a s muc h tim e a s the y wishe d t o arr iv e a t 
their answers . Doubtles s thei r accurac y woul d b e considerabl y highe r i n a 
context limite d t o a  lesso n i n ora l arithmeti c o r recitatio n o f th e multiplicatio n 
tables, bu t ther e woul d see m t o b e som e questio n o f thei r readines s t o us e 
multiplication apar t fro m tha t context . 
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It prove d t o b e ver y difficul t fo r th e childre n t o appreciat e th e us e o r 
purpose o f a  strateg y i n th e proble m o f pairin g colours . Al l coul d understna d 
that th e number s o f differen t pair s i s limited , an d al l appeare d t o b e ver y 
interested i n findin g th e answe r fo r an y give n numbe r o f colour s bu t i t seeme d 
to b e ver y difficul t fo r the m t o appreciat e th e functio n o f a  strateg y a s a n 
abstract operatio n tha t woul d wor k fo r an y numbe r o f colours . Man y wer e 
unable t o us e th e strateg y o r understan d it s purpos e eve n afte r thre e complet e 
demonstrations, eac h tim e carr ie d ou t i n detai l an d full y explained . I t woul d 
seem tha t th e concep t o f a  strateg y a s a  procedur e tha t coul d b e carrie d ou t i n 
abstract for m an d the n applie d generall y wa s quit e ne w t o them . I n man y 
classes ther e wer e tw o o r thre e childre n wh o wer e quic k t o follo w th e reason -
ing. However , these fe w stoo d ou t a s isolate d instances . Independen t evidenc e 
from readin g an d fro m individua l interview s suggest s tha t th e concep t o f a 
theory o r strateg y o f understandin g i s absen t o r no t wel l develope d generall y 
within th e Terri tor y peoples . Thi s i s a  large r topi c whic h shoul d b e treate d 
separately, bu t th e presen t experimen t woul d see m t o suppor t tha t finding . 

Discussion 

Although th e map s mad e b y th e childre n mak e ver y littl e us e o f symbol s 
their excellen t sens e o f directio n an d th e skil l wit h whic h picture s ar e execute d 
suggests tha t i t woul d onl y b e a  matte r o f practis e an d rathe r simpl e instructio n 
for the m t o mak e excellen t map s o f a  know n route . I t i s natura l fo r childre n t o 
want t o includ e everythin g tha t the y ca n thin k o f a s possibl y contributin g t o 
their representation . I t i s eviden t tha t the y d o ge t practis e i n drawin g pictures , 
and i t i s obviou s tha t the y enjo y doin g so,  bu t ther e i s ver y littl e evidenc e o f 
the mor e specialize d an d selectiv e representatio n tha t mappin g entails . Thi s 
is tru e eve n i n school s usin g th e ne w primar y scienc e syllabus . Exercise s 
that involv e classificatio n o r sorting , suc h a s classificatio n accordin g t o s ize , 
weight, etcetera,ca n easil y lea d t o graph s whic h ar e firs t constructe d 
physically b y layin g th e classifie d object s i n a n appropriat e ar ra y o n th e floo r 
or o n a  table , an d late r th e grap h ca n b e reproduce d i n symbol s o n paper . 
Within th e contex t o f lesson s dealin g wit h plant s o r animals , soil , o r lan d forms , 
it woul d no t b e difficul t t o introduc e som e mappin g exerc i ses . Thes e migh t 
start wit h ver y simpl e map s o f th e schoo l groun d o r eve n o f th e schoo l roo m i n 
discussion o f whic h a  poin t i s mad e o f wha t i s omitte d fro m th e ma p an d wh y th e 
omission o f som e rea l object s tha t ar e no t themselve s o f interes t make s th e ma p 
easier t o read . Furthe r discussio n an d practis e ca n sho w th e wa y i n whic h th e 
use o f som e conventiona l symbol s shorten s th e tim e require d t o mak e a  ma p an d 
renders i t bot h mor e genera l an d easie r t o read . A  ser ie s o f such  exercise s 
taken a t appropriat e time s throug h th e syllabu s coul d finall y lea d t o practis e 
in muc h mor e sophisticate d sort s o f representation . Pract is e o f thi s sor t 
should serv e a n importan t rol e i n developin g skill s tha t wil l b e o f grea t impor -
tance a s th e childre n la te r o n becom e involve d i n mor e difficul t an d mor e 
abstract aspect s o f science . 

The difficult y experience d b y th e childre n i n tryin g t o understan d a 
strategy o f pairin g suggest s th e possibilit y o f introducin g puzzle s onc e i n a  whil e 
or game s o f strateg y a s recreation s whic h migh t temp t th e childre n t o us e the m 
at hom e o r o n th e playgroun d wit h thei r fr iends . A n infrequen t intervals , 
perhaps whe n on e o f thes e ha s caugh t th e fanc y o f th e children , i t coul d b e 
discussed withi n th e classroo m an d th e strateg y involve d worke d ou t an d illust -
rated. I t migh t als o b e usefu l withi n th e presen t scienc e syllabu s t o mak e a 
point occasionall y o f th e strateg y o f observatio n o r explanatio n tha t i s used . 
Why i s i t tha t certai n thing s a r e observe d an d no t others ? Afte r childre n hav e 
made certai n observation s the y migh t b e induce d t o conside r whic h techniqu e 
of explanatio n o r representatio n wil l b e mos t usefu l an d the n t o se e wh y thi s 
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would b e so . 

In comparin g observation s take n a t variou s school s wit h eac h othe r th e 
most strikin g relationshi p i s th e contras t betwee n urba n an d rura l populations . 
In nearl y ever y instanc e th e childre n i n th e urba n setting s perfor m bette r an d 
are quicke r t o lear n tha n thos e wh o liv e som e distanc e awa y fro m a  town . I n 
itself thi s i s no t ver y surpris ing . Eve n a  moderat e size d tow n provide s a  muc h 
wider variet y o f experience s an d perhap s a  greate r complexit y o f relationship s 
both physica l an d social . I t i s reasonabl e t o expec t tha t thi s woul d hel p t o 
prepare th e childre n fo r ne w ideas . I n som e case s als o i t ma y b e tha t th e urba n 
schools hav e bee n ther e longe r an d ar e mor e closel y integrate d int o th e thinkin g 
of th e communit y an d o f th e children' s parents . Whil e i t i s eas y t o explai n th e 
observation i n suc h terms , i t does,nevertheless , raise som e questions . Ar e th e 
particular example s an d application s o f scienc e use d i n th e school s suc h a s 
would b e mor e familia r t o urba n children ? Wil l thi s lea d t o greate r succes s o n 
the par t o f tow n an d cit y childre n whic h i n tur n wil l furthe r encourag e th e drif t 
toward citie s tha t i s alread y present ? I t i s possibl e tha t th e manne r i n whic h 
science i s taught a s wel l a s it s technologica l implication s ar e a n importan t facto r 
in producin g a n urba n drift . Thi s ra ise s a  furthe r questio n a s t o whether , i f 
it shoul d b e desirable , i t woul d b e possibl e t o develo p scienc e syllab i a t leas t 
at th e primar y an d secondar y schoo l level s whic h woul d b e associate d mor e 
closely wit h a  rura l setting , makin g us e o f example s an d application s primaril y 
drawn fro m agricultural , fores t o r seashor e sett ings . 

The projec t ha s ha d th e suppor t o f th e Australia n America n Educationa l 
Foundation, th e Universit y o f Papu a Ne w Guine a an d th e Papu a Ne w Guine a 
Department o f Education . 
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