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CABSTRACT

The experimental training study was aimed al inducing combinatorial
reasoning in adolescents. The training was Piagetian in nature but functioned
“simultancously as an u;ﬁcmummlly delined Ausubuhzm advance mganucr f‘or novel

learning material in chemistry,

The sample consisted of 161 pupils fram an English-speaking co-educational

high school in Johannesburg. The study employed a pretest-posttest control group

design. The pretest consisted of Piaget’s fivst chemical experiment. A ‘tcchniuai
procedure for trouble-lree administraton ol this task is deseribed. A detuiled

analysis of the structure of the task is also presented.

- Training presented the conceptual framework., embadying, inter alia, 2

svstepmtic agxyﬁ)ﬁch;ézw three analogous problems. Pupils were trained individually.
Criterion tasks consisted af thc‘;wemt‘ in dispuised form and a combinatoriul pmb?em ‘
involving switches which controlles an electric train set. The experimental armxp ~
abtained significantiy higher scores than the c;miml group on both tasks. Prior to
training. observed develapmental levels of the experimental group were 24 |
conerete, 41% transitional, 249 early formad and 112 late formal. After training,
these fevels had imprmcdm 1% conerele, 141 transitional, 80,, early f‘nrmai and

54 late formal. Immmg Was dfrmmcrxial to most late formal subjects,

Specific transter was satisfactory since eriterion tasks differed from the
training task. A delayed test on the train evaluation task. three weeks after
reinforcement of training, showed no significant difference from the immediate test.

The intrinsic effeets of age, 10 and sex on thc eriterion tasks were not :
usually sipnificant but older subjects of higher 1Q tended to achieve better. However,

higher 1€ Standard Nine boys derived less benefit from training than other subjects.

Pupils received instruction on rates of chemical reactions, The experimental
subjects performed significantly better in pene ating the subsumer consisting af the
concept underlying the topic. They also tendud to achiove betfer on the recall of ,
factual knowledge pertaining to this topie, reaching signifivance for Standard Nmo
boys. Older suh‘wcts of higher 1Q tended to obtain higher seores but not significantly
50 for the sample in general. 1Q, rather than training, contributed to pcrl‘mnmnw 0N

mucs wqumm insigh! mm the subject-matier,
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Science is a discipline which investigates the naturgl world and scicnee education
s a discipline devoted to discovering how to lead students to investigate the natural
world, - ' o

JAW. Renner (19821
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NOTATION
I, Concepts and Quotations

The new convention of italics to represent «oneepts and literature quotations bas

heen adopted, rather than the traditional system of inverted commas.
o Ausubelian Terminology

The term, advance vrganizer, has bren retained exactly as coined by Ausubel and

“has been spelled in the American mianner.
3. Decimal Point

The notation adopted by the South African Metrication Board, namely, the comma.

has been used Tor the decimal point,

y
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CHAPTER ]
INTRODUCTION
1.1 Motivation for the Study
VIS SAA NTAS Sy b en bt asbed s Setebv Dainn Ay B MRS ibbhee bseobas feas dBRaibert T s e e B s besibdg i E B Suidei TS e Wimiitnns ami e A wad e e L TR IR Ry

The ideas in this thesis germinated in the Jassroom and the author was
motivated to carry out this study throupgh her involvement ty feaching phy <l

seience to pupils of senjor sevendary school fevel, Perronal experience has served to

highlight o wide range of problent areas miluencing pup il achiveement and interest in

physical science. These greas include pupil characterisides such as motivation and
intellectual vapacity. The latter implicates the degree of sossible nismateh betwe

the demands of science cotses and the level of cognitive d velopment of the lear: -

Such problems are notindigenous to South Africp alone Hut ore of international

coneern as will b diseussed fater, O the nationat level, e Scientifie Advisory
Councit to the ten Prane Minister requested the Human Seicuees Research Council
SHHSROY o conduet an mvestipation into the disquieting state of affuirs in the

teaching of paturad seience suhjects at secondary fevel, The resulting series of reports
identifies a fack of interest of pupsibs m o these subiegts, The authors ¢laim that thisisa
direcs result of extensive sbstruct-theoretical syllabuses and the inadequate teaining
and qualificatinns of the teachers x‘sfs;mns;mr tor inculeating these sihjects (HSRC,

198 Swanepoel 1981 They supeest thats in the Lkelv revision of the physical

seience syllabus, consideration will lase (o he wiven (o making it shorter, less gbstract-
thearetical and more relevant to dustrial applications (Swanepoel, 1981, 1983
Adaprted syllabuses wlneh fake cognisance of these proposals, are being unplemented
at the pmiar secondary Tevel for the first time in 1984, Syllabus modification will

gradually be extended to melude the entire senior secondary level by 1987,

A resped syllnhus mav perform a significant alleviatory fune tion bul caniot

be viewed as an independently sulTicien! messiure vo reetify the pressing sifuation in

seicnee eduvation. Nwmetous important concepts in physical seienes are
wirinsweally abstractand formal® thought i requited Tor understanding the eritival
attributes af these concepts. Many senior secondary pupils still function at the

conerete® level on intelfectual tasks in generals Although perceptual cves in tiwe form

of physical models can possibly be provided (o help compensate for

¥The terms conerete and furnal vefer fo Plagets definitions which are explained fully
in Chapter 2. '

i TS




vwmwwv—;—v—-v—vs.——w;g e b

(U STORURER DU VPR W UUE S

£

seasing e Telrrlon, wmney sitws Honatisis old that ne leaching strategy will

EESCTRE S A A N
s »

v

Ll taete e dl Hlerenee o ach i:.":xsmu 4 belween eoperete and formal operational

ot Wihe o nmp\ehmmrm o \hwcal seience s Lo be lmpmwd. 4 major nls]eguve

Clnamebieairden s 'v‘ff?;'f At ey the formmd feee! and attennion of educationalists
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“he foews o this investigation i the development of a straicgy (o Toster
sondevement in physical science by pupils ol o wide ranpe of inteliectual abilities.
é ﬂ*xrszv%xm‘ aim of the research, therefore, is to see whether formal reasoning can

w by i the classsoom situation by mlaptmg i suitable imnhmg PrOgramims.
Tieoretios] Backgronnd

O oaepiopmen il sages n formal thinking have heen iummld ted by Piaget
<ol b disetssed in the next chapter, have been the subject of a lavge body
Dhtersiee. The two stages which are relevant to high school education wre the

Segeneteonerete and Yormal thought, cach of which may be dichotomised into

=

ety snd Bate substages. Assessment of the migxii‘tivv ability of an individual is
zenerlly strument-depemdent. A papil who may exercise early formal belaviour
on one mtelfectual task may functios o o late concrete level on ancther fask which
~difters i vontext or i content. This saggests the tehness of (e pries P TieRCE
of un individual as & determinant of subsequent feaming. Tt also raises guoviens
such as the degree of internal coherence of the i ing stratepies O Operati s
whicl characterise ¢ particular developmeraal Tevel s obviously beyend the «cfzﬂ
I ‘xlnﬂk‘ thesis to be able to study indetail all these corviderations.  The objectis

25 e pn*,qcnt investigation is to study Hie avgaisition ef oanbinatorial ma*mnixm

cehigh Plaget desipnated as the distinetive operibion noidag the appearance of

“pemal vhouphd s,

smbinatorial ansoning iy adispensable tor the sotution of @ vide range of
weirbilems as it allovs e considevationeof all possible combinutions of variabies.

Higuek £ OB621 ey guedioed eoanbinatorial analysis s

Losvaiediie doletion of varables. Operationally,
seft variable or combination is tested until a
sdvvan(e! o oeach nvablons is imeovered.
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