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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. '
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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.

Pl ,, o S FOET XEH, \

Whater 0% 54 s

g

I




~ This property ol formal thought is demanded by many concepts which seour is

~ school science syllabuses. (Two such examples are momentum and Kinetie snerpy.;

It was therefore felt that x step forward in teaching melhodology could be achidver
if it conld be demonstrated that combinatorial reasoning could be induced in g grove
of pupils at an earlicr age than would oceur without intervention. This veouid aflo
a double advantage i the training p rca;ir:mmw inn combingtions operdtinogs conid B
structured in such a way as to be effective as an introduction io novel aesvene
matter. In the proposed instructional sequence, the most g;v:a;cra% and Inclosive fone,
namely, the training programnie, would be presented first to provide eonweptoz
anchorage, or, Joosely, a frame of reference, for optmun absorption of subsegpes.
tearping material, namely, untamiliar material from the phiysical science syliabie,

g

which is more CiiTerentiated in terms nf" speeificity and detail. i }ﬁ':ﬁ,ty?e of anprosc
is known as progressive ditferentiation and is part of Ausubet’s theory of mmearndnghy’
lfsamiﬁg which wis! be discussed i the next chagter,

The prosent work is concerned with formut reesoning in puniis i TIEE S
age group, This s normally acevired. i at all, by natural nuuration of the punis
and the nrajor asm of the work s to investigate whether combinatorial formas
regsoning can be induced and applicd to novel academic matter at an varlicr siae”
of develeyament through (h appropriate taining prugrainmlms;yam‘d (i1} teaching
procedares that are corefully stroctured both in selection and sequencing of coptes
11 has been sugpested In the Hieratute on theoretival preunds that the theoties of
Piaget and Ausubel are not mubiadly exclusive but couhl be viewed as complementas
puides for research. The complementarity of the approaches has not however been
investigated exprimentally and the present study pivots around the clements of this

theme:

The approach in this study can, on the one hand, he classifivd as Plagetian
in nature as the study is concerned with assessing and subsequently improving the
operational capabilities of the pupils as interpreted in the context of Piagetian
combinatorial tasks. The fnstrument by means of which the feasibility of indueing
develnpment is explored, consists of a training procedure in which the adeiescenis
are instructed in problemesolving stratepies. Fmphasis has been pl:iz:vzi on the
overriding eriterin of whether and to what extent trairing is retained and o whi

extant cognitive skills learned are bransferable to untamiliar instructional nudorial,

o e g B o T
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Many criticisms have been h:vvlk:d ntwork published by Piaget and bis
co-workers on the grounds of inadequacies in the exectition of the invesligmt'ums.
in the reparting ol the findings and in thc~i111¢r=prcﬁ1tinn i terms of the over-all
theory, A sccmid;try aim of this study therefore is to analyse eritically by means
of personal interviews the structure of Piaget’s first chemical experiment and ‘

interpretation of the meaningfulness of stecess criteria,

The appreach used i the present study cap, on the other hand, also be

viewed as Ausubelin in natute, Lo, the research hypothesis is that the training

procedure, introduced prior o the material to be Jearned and presented at a higher
level 0¥ generality, can facilitate the meaningtol learning of subsequent i
instuctional material, The literature search in the next chapter shows thut an
Ausubelian orientation does not excliude, nor even undermine, the selection and
presentation of the content of mstruction from a Plagetian viewpoint. Both
theories would :émscm that the hupuut organisg strives (o 'mzz}m sense of its
environment L.e. e world in which we live, Making senve of g new phenomenon
MEAS Torming ¢ v z;‘ptz‘:gﬂ shuch s intelligible, plaustble and fruitful,
(Hewsan, TON3L - These three attributes can arise only in refation to person’s
existing coneeptions. The snportance of existing knowledge in the fearning of
new z:\:purit:ncm and new ideas tarms the foundation of both Piagetian and
Ausubeliun models,  fhis does not imply. however, that the two models are identical
sinee they tend to datfer in the meaning attached o the teran Anowledge. Axs shown
i the next chapter, the Plagetian interpretation of this torm revolves around levels
of cognitive c:t.nmwlencv while the Ausubelizn interpretation Tocuses on the range

of information stored in g person’s miind.

Both theories i‘s:guml, knowledge as derived from expetience, as will be
discussed i the aext chapter. The emphasis of both thearetical stances on the
impartance of puor knowledge Lo subsequent Temning has deterss - ed the shape
and sequence of steps in e thests as a whole. As a point ol departure for the
investigation, the use of'a pretest kis this demanded on-theotetical prounds since

pupils may have had different prior knowledpe (as woll as by tie statistical

requirements discussed in Chapter 3.

I summary, the present study attempls to raise the operational
capabilities of the learner to mateh the fogicar demands ol selocted portions of the

physical scicnce curricilum while simultancously emiploying the Ausubelian
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principle of progressive differentiation for the selection and sequencing of

instructional material, "The latter principle is used, not only for the material from the

Ceurriculum but also in shaping the refationship of this material to the training. Of

particular significance, therelare, is that the Plagetian training procedure fulfils a dual
purpose as it is also employed in the Ausubelian sense as a deliberate intervention
to afford a global view to the learner of the coneepts undetlying the subsequent

learning material from the seienece syllubus, The aim of the thesis, therefore, is to

“relate results Trom both theories when these theories are regarded as complemen tary

inorder to ascertain the implications for science instruction. It endeavours to suggest
in what way both Plagetian aud .:Mtf;ubvh;in approaches can best be used in classroom
situations to achieve optimuam benelit for pupils of & wide ability speetrum, The
research is intended to provide significant remedial data sinee the ability to

manipu fate aariables is indispensable Tor mastery of high school physical seienee

curricula.
1.3 | Overview of Hypotheses
T!;s: Hresis seught E‘Qyéﬂﬁ“ﬁﬂ"l‘ two central questions
L. Is it possible to develop i mm:{:duw to promote iteflectual growtlh?

In particufar, is it possible to induce formal thought in the form of

combinatorial reasoniog which is refained and can be transferred?

Is 1t possible that the above procedine, which meets Piagetian criteria,

fu

also meets thy requirements of an Ausubelisn appreach in the sense

that it can facilitate the learning of novel academic material?

The design of such a profect required the formation of by potheses directed at the

following issues :

(iy Prior to any intervention, were the experimental and control groups
equivalent in combinatorial reasoning abilities?
(i) Arter training, was the experimental group superior ta the contral
group on appropriate tasks? Was supetiorily
e retained?

o teansterable?
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(i) - Prior to instruction, were the experimental and control groups equally
unfamiliar with the selected academic material?
(iv)  After teaching, was the experimental group superior to the control

group

o inreproducing facty?
¢ indeeper conceptual insiglits?
¢ in thinking combinatorially?

& in thinking formally?

The first and third of the above proups of hypotheses related to the statistical

requirements of the research design. The necessity Tor the testing of retentjon and

transfer of the training, speeibied in the second group of hypotheses, arose from

eriteria for effective interventions aimed at the geceleration of infelfectual development.

Piaget and Ausubel both msisted that successful training tiust be losting and also
peneralisable to otlier tasks requiring the same mental operations. One of the issues
addressed by current research in education is the nature of the development of formal

aperations with respect to the order and degree of their intraindividual appearance.

“The thesis was centred on combinatorial reasoning but evaluation of the training

should entail consideration of whether framing in combinatorial skills fastered the
development of other copnmitve vperations charactetistic of formal thought, for
example, compensations abilities, This favet of assessment was included in the fourth

group of the above hypotheses.

One of the key wspects of Piagetian theory is maturation. Any investigation
based on developmental theory ought to inchide extensive consideration o age effects.

It would he desirable if training procedures could be shown to beeffective for pupils

Cat an early stage of senior high school, The science subjectanulter covered in the

Standard Fight year Torms the foundation of the Standards Nine and Ten years in

which the same work is examined in greater depth, 1t theretfore seems reasonable to

study the parameter of age in terms of division of the sample by sehool standird.

The consideration of different categories of pupils ilso mtgh{ ter yield uselul information
concerning the degree ol success and peneral kupplicnhﬂity of the fradning. in addition

to age, therefore, Ui further independent variables of 1Q and sox featured 1111*m1g1mu1
the study. The literature suggests that, while achievement on Piagetinn-type tasks is

nol always linked to 1Q and sex, these variables ave predictors of achievement in

seience fearning. Research has shown that high [Q pupils usually outperform their

Jower 1Q peers while boys often achieve better than girls. The subsidiary hypotheses

g




S e U

in the thesis were therefore formulated to resolve the issues ol whether the factors of

age, [Q and sex gave rise to

e - differential performunce on I’ingctﬁi;n%ly]w tusks by unlrained
“subjects. '
® differential achievement on academic material by untrained
pupils. | ‘ ‘
@ ditferential receptivity to training.

1.4 Overview of Method c)lcigy

The present work i essentially an experimental study ardd, in particular. it is
aimed at the elassreom situation. The subject of investigation is therelore
interdisciplinary and, with tnis in mind, 2 highly formalised mode of presentation of

the thesis has been deliberately avorded.

The study utdised o fll"t‘w’fit-fi!‘tst'th contrel group desipn. The justitivations
For the research design are incorporated in the later and more s:nmpm}mnsivc chapters.
The experiiental procedure was determined chielly by the i‘:’mitm. of theoreticpl
stance und statistical requirements. Appropriate aspects of beth Plagetian and
Ausubelian theorivs, as already mentioned, were used to organise the investigation.
Statistival methods were studivd i some detail and it was deeided that nonparametric
fcchrﬁmxéx were the most valid for this kind of research study, allhm;gh generally

in the Hterature, nonparamelric tests are not often used (Chapter 32

The Function of this intraductory chapter is to provide an overview of the

~aims ad eontent ol the (hesis, henee a summary of the experimental procedure

follows, The summary is shown ax a How diagram in Figure 1.1,

1 The saniple of 161 pupils was divided by ape, 1Q and sexinto eight
blocks. The experimental treatient was assigned at random to half
the pupils in cach block while the control trealment was assigned to
the rest of the pupils in the block (Chapter 3). '

2 All pupils in the sumple were pretested individually usiog the first
chemical experiment of Inhelder and Piaget (1958), which involves
combinations of colourless chemical liguids. To accomplish this, at

the outsel it was neeessary {o

e
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o develop a trouble-free procedure for adminjstration of this task.
® analyse the strueture of (s task.

3. The experimental and control treatments diverged at this point,

() Vhe pupils in the experimental blocks were xubjucted individuatly
to training in the design of factorial experiments, The training
: pfcmedui‘e was zni ixd:m.mtiun of the method described by Sieglsr
t and Lichert (1975), The instructiopal strategy was chardeterised
- by exposition and elucidation of a 5ysiemati¢ approach o ‘
combiaatorial tasks as typitied by a tree diagram in which factors

and their fevels could be represented schematically (Chapter 3).

(h The pupils iy the eontrol blocks were subjected individually to
placebo treatment. The initiaf piacebo activity required the
discontiection aml reassembly ol the paris o8 a puzzle, Next,
cach subjeet was presented with written prohlems concerning
an electne train, based oninteractive patterns devised by

Stegler and Aths ¢1976), (Chapter 5.

4. The task desipned to measure the elfectives oss of training was then
administered to all pupils. This task consisted of a modified version of
the mstrament invented by Siepler and Licbert (19751, analogous to

Phaget's first chemical experiment (Chapler 6.

A, The posttest as w further measure of the elfectiveness of fraining in the

promotion of imtelleetual prowth, consisted of the pretest in dispuised

form (Chapler 7).

6. Suitabde in-tructional material involving Lactorial combinations which
were lopically analogous to Plaget’s first chemical experinient, was

compiled from various sources and fram the aathar's personal

experience. Prior to instruction, a pretest dealing with the selected
topie of rate of chemical reactions, was administered (o all the pupils
(Chapter 8). '

. The experimental and control treatnrents diverged onee more,

- Reinforeenment of the training was given to subjects in tie experimental

blocks (Chapter 5).

T ol
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The 161 pupils were divided into nine clagses, each of which was given
instruction on tlw rate of chemical reactions, The total duration of

tuition was three-and-a-hall hours per class (Chapter 9),

A ;mxucst on e of chemical mactions was then administered. The

sections nl the pmttm! dealt \\4[1

i) factual knowledge,

i application of Lictual knnwlcdgc to specific situations:
titis - combinations of the variables in chentival dati:

(iv) w!eumn ol utmn conditions !m: industrial or ntimr pummcs.

Portions of the posttest functioned simultaneously as a test of transfer
of the tmmn'ri( hapter 103, On the same occasion,a xetcntmn test
ot the training was also administered (¢ !m[\tt:r 10 ‘ '




CHAPTER 2

LITERATURE SURVEY

2.1 Paradipms of Learning

The prime objective of this investigaiti\:m is the design, development and testing
of an nstructional strategy which will enhance achievement in physical sefence by
pupils of a wide range of intellvctual abitities, Before auch empirical issues can be
tackled, a description of theoretical issues pertaining to the psychology of learning
and ananalysis of cognitive factors underlying achievement m phiysival science are

required,

This thesis is therefore initiated by a brief discussion of the different positions

or paradipms adopted by cdqcmimmlisﬁ, Paradigms, as defined by Gage ( ’i“?ﬁ:%;!, ;
consist of madels, patierns or schemara which are useful ways of thinking. As Kuhn
(19701 points out and Lakatos {1976 elaborates, advances in any diseipling tineluding
seienee educathml arise from systematically employing a paradigm {0 guide research,
The meanin gola paradigm in functional terms has been deseribed by Posner et al
(1982, p. 2121 as the central commitments which usually organise scientific research.
In any diseipline, especially those which are young and vital, there should be
competing paradigms { Lamb, 1976; Power, 1976). Since ultimately all ;mfadigms o
are modified or discarded, the issue is not whether the paradigm is true but whether

it is usetul (Novak, 1979), '

In resg?arch on seience fearning, o number of paradigms in the field of cognitive
psychology has been developed, the three most established and trence the most used
of these currently being reception learning theory {as represented by information-
processing psychology), developmental learning theory and hierarchical learning
theory (Berger, 1979; Lawson, 19794 Jones and Russell, 19792 Novak, 1979).

An emerging strea of research in this fivld is constructivist psychology (Driver, 1981,

Allof these have provided a basis for subsequent experimental investigations.

2.2 Curren( Status of beleetic Approaches

Until recently, each of these paradigms was careluliy evaluated and studiously
Capplied by its protagonists as the single viable model of learning, an antithesis of
rival theories. There seemed to be no evidence of a dialeetically-minded approach

inwhich the theories were recognised as useful aspects of the sume whole, For
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example, Novak has argued for years in Seienee Education that Plaget’s theory of

intellectual development as a theoretical basis {ur research in science education

should be supplanted by Ausubel’s theory of meaningful learning (Novak. 1974a,

1974b, 1975, 1976a. 1976b, 19770). This attitude has been eriticised by Herron

{1978) who also cites references in which this position has actually been sharpened

(Novak, 1976¢, 1977, 1977¢, 1977d). Berger (1979), discussing considerations

critical for achievement in paradigm-based research in seience education, states

o 0 urgue for ane or another peradigm may prevent
seienve educators from realizing that oll such paradigms
may fit intoa larger construct.

It has lately been ‘*suggv.?sied that the i‘hcaretiéai bases of the different research
traditions ave not mutually exclusive in that they do not offer alternative
interpretations of the same sefs of observations buf are ad tressed km different
probloms (Albert, 1979; Berger, [979; Driver, 1981 Herron. 1978). ‘Anhmigh the
areﬁzi of research are directed to different issues, the balance between the theories

and the contribution each bas to make depends on certain epistemological
assumptions made within the research and teaehing communities. Regarding the

imtphications for seienee education, each theory projects u significantly different view
implications for seienge education, each theory prajects u significanily different view

of the nature of seience and henee its role in eduvation (Driver. 198 1), 1t is therefore
inevitable that these Theories have been attacked, tatally or in part, by a number of

investigators, Tt lias been contended, for example, that Piaget’s logieal madet is an

inadequate explanatory theory for intellectual developmental levels (Wason and

Joinson-Laird, 1972: Ennis, 1975), that the Piagetian approach is overly oceupied

with stage components (Kubli, 1979) and nnderestimates the role of prior knowledge
in the determination of performance (Bady, 1978 Novak, 1977¢). o addition to
Piagetian researchers who have been critival of the Ausubelian position, particularly
as espoused by Novak {see previous references), Strike and Posner (1976) consider
Ausubel’s concept of meaninglul learning as lacking detail, leading to unneeessary
vagueness and misinferpretation, The absenve of concern with memorial processing
mécljmriisms hus been identified by Atkis +7977) and Van Kirk (1978) as a further
shortcoming of Ausubel’s theory, The cureent status of cach of the twa theories will

be discussed later in this chapler with more comprehensive reference to the literature.
- Ondy very few paradigms of learning apart from Gagné’s (1968, 19661 learning
hierarchy) have been proposed as alternitives o the Piagetian and Ausubelian

- frameworks, Two promising theoretical models which exhibit the recent trend
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towards eclecticism and derive fargely from the current pyhile)sophy of science, pivot
around originai elements but subsume the perspectives of Piaget and Ausubel to a
greater (Stewart and Atkin, 1982) or l-sser (Posner ef al, 19825 degree. Stewart and
Atkin, encouraged by the efforts of Case (1978) to subsume 'I'-‘iﬂgc.tmn research into
an in(‘onmtion«pro'cc-ssing framewark, have proposed a model which has as its foeus
an elaborated view of the structure and function of humin memory. Posner et al
(1982) view both inguiry and learning as a provess of conceptual change and have

put forward a general theory to deseribe and to explain the substan l‘iw;dinwnsicmx

of the strategy whereby thcduminun’t;organiﬁing t:nncupi'shf' an individual are |

restructured., or fundamentally changed, from one set of concepts to another set,

irreconeilable with the first.

Both these theories are novel in elaracter and still in the developmental stage,
They have thus not yvet achieved a roundedness which might enable them to replace
- the paradigms of Piaget and Ausubel as o zeneral basis for experimental research
directed at the classroom situation. Despite weaknesses in the Piagetisn and -
Ansubelian traditions, many of the basic tenets have been regarded as sound by the
majority of workers and can be ased gs a basis for learning studies, |

~The Ausubelion and Plagetian approaches fo-fearning may very likely be
assessed on theorvtical groumds as complementary guides ta educational research,
The complementarity of these thearies has not hitherto been inchtig:m:d empirically
and this 7 the major abieet of the present research study. The basie tenets of the
two theories will now be discussed within this frame of relerence.

2.3 Reception Learning

2.3.1  Ausubelian Background

Reception learning is defined as that Torm of learning where the regularities
Ly be fearned and their concept Tabels are presented explicitly to the learner (Novak,
1979). The most widely held theory of 1"cwptim\ leaming is information-processing
psychology which was proposed by Ausubel ef af (1957) and expounded in 1967
(Ausubel, 1967). A modificd version was biler published (Ausubel ez al, 1978 and
the current status of the theory has been reviewed by Novak (1979, This velerence
made by the writer to the wark of only Ausubel and his collaborators does not imply

that no valuable research has been conducted in the domain of information-processing

psychology by other workers, as considerable progress has been made in this field

recently (see earlier references in section 2,2),
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The Ausubelian framework derives from earlier cybermneric theories but presents

« gognitive view of learning in confrast to the behaviourist tradition. The

hehaviouristic view regards intellectual development as the sum tofal of isotated
iwarning experiences consisting ol provoked encounters with a set of external
conditions or predictable controlled manipulations of the learning environment, This
nelides Gapnd's cumulative learning model (1965, 1970, 1977) whici identifies
sonditions similar (o the hiersrebical learning paradigm of Bruner et @f (1967). Use
3t thie bt}havinurimic model directs research tawards Tinding rules, principles and
strategies of concept attainment with environmental control it vssential feature of
the ;1;3;1:’(’):1611. The domain of intellectual *‘Mﬂs learning is thus appraached {rom an
external point of view. The exact position of Ausubel in the behaviourist/cognitivist
dichotomy is controversial (Albert, 1979 Driver, 1981, Novak, 1979: Strike, 19741,
but, unlike the skill in&tﬁgratimli;\‘;!ﬁ; Ausubel focuses on the nature and role of
t:ﬂgnitiwsé processes in learning, contending that the way in which knowledge is
organisad by the fearner affects subsequent ledrning.

33,2 Theoretieal Overview

A key term in Ausubelian theory is strweture. The word strueture contes from

Chee Latin serao 1] place, T ioin) and commonly denotes the mode of organisation or

wannection of constituent parts into g coherent whole. Ausubel has adopted this
weaning of the wond in the rew context of the psychological arrangement of
afm}wiedge as well as the ahility of this arranpement to acerete new knowledge,
Togaitive structure in the Ansubelian sense, therefore, refers lo botli the substantive
santent of an individual’s structure of knowledge and its major organizational
sraperties in a particular subfect-matter field or fields], (Ausubel, 1968, p. 127).
Ausubel assunies that copnitive structure is exemplified by a hicmrchitﬁllymw!areﬂ

Cmyramid in which the most comprehensive and broadly explanatory ideas oceupy a -

nosition at the apex of the pyramid, Progressively less inclusive, or more differentiated,
stheoneepts as well as speeific informational data are then suecessively subsuned,
aamely, placed ina subordinate position which is, hbowever, tinked to the nest higher
stetr in the hierarchy.

The established relevant iden tn copnitive strugture, to which a new idea may

ne related, is ealled the enehoring idea. Ausubiel iypothesises the principle of

agsinilation in which the potentisly meaningful new idea is incorparated into

sognitive structure n such o way that the idea, in fresh or modified Torm, energes

i finked mdutionship to the anchoring idea. The anchoring idea itself isa'so changed
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by interaction with the new idea. Ausubel then pm(ulatex that the modified new idea

and the modified anchoring jden are linked co-members o{’ anew compos\ic idmtmm;
unit or comp]cx‘. The assimilation process is claimed to account for the subsequent
forgetting of ideas by the learner. Immediately after learning, the second or -
obliterative phase of assimilation commences. The recently learned idea spontancousty
becomes less and less dissociable from the new ideational unit, until eventually it is no
longgér available as a separate entity and is said to b forgotten by the learner. The
final phase of the assimilative process is the rcductmn of the ide: ational unit to unly
one of its components, ‘peulmall_y to the anchoring idea sm its modificd form as & &
result cw{’ the interaction). Ausubel mdmtdnm thaf these vecusrences are inevitable

~and are due to the erosive mﬂzwnw nf the general reductionist trend in ca,qnflire ‘

organization (Ausubel, 1968, p. 93) which exists for reasons of acanomy and -

lessening m{vlimtual hurdem
2.3.3  Meaningful Learning

z\mutwt &is&tmwmhcs between role and meaningful wnrnmg. Af:mrdmg. 10 lns

‘tizwr\ ol learning, mmzumziul learning takes plaw during the internalisation proecess

when symbolcally *xpresscd ideas are incornorated into some specifically relevant

“structure of alresdy existing Knowledge, as opp .sed to rofy ic"tmmg. where tasks arp

relatable to metm structure only inun 'Hhxtrary, verbatim fashion which dues not
result in the acquisition of any mwanmw

In reseption learning, whether rote or neaningful, the entire mntent of what
is to be learned s presented, The learning task does nat involve any xmlepcndent'
discovery on the part of the learner. This contrasts with learning as seen by ‘
oevelmmwmm psychology. The fatier kind of learning is known as (iﬁt‘(‘)\’t[‘y learning
and is characterised by the fact that the e arner must discover the pmnmpai content of
what is to be Tearned. Discovery learning is therefore active, spontancous and
selfdirected, ‘iaimvevér meaninglul reception learning is not a passive cognitive
process bul demands Jearner activity in which new meanings are effectively s‘ubs'ume d :
into existing ideational conlent in the copnitive structures. |

The extent to which saeaningful reception learning s aetive
depends in part on ie learner's need Jor fntegrati — meaning
and on the vigorousness of his self-cvitical factdty.
(Ausubel, 1968, p. 88).
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A clear distinction between the two i.ndepcmleﬁt learning dimensions of
rote-meaningful and reception-discovery is one important vontribution of Ausubel’s
learning psychology (Novak, 1979). Figure 2.1 schematises the rdte»xxwuniﬁgf‘u[ and
reception-discovery continua (Novak, 1979). Henee, both rccc'[‘)tiotiand discovery
learning can be eitherrote or moay*ihgful depending on the conditions under which
lcdrning oceurs (Ausubel. 1968, p. 24). Ausubel points out that mtellectual
functioning usually involves the acquisition of Jarge bodies of subject matter through
reception learning and the sulut‘idn of the everyday problems of Living through
discovery learning (Ausubel, 1968, p. 23). . |

2.3.4  Theory of Instruction

The key issue in Ausubel's theory of instruction is the sequencing of materiai
to achieve efficient induction into knowledge. The theory is founded on the

traditional didactic principle of procecding from the knows to the unknown

I U had o reduce gl of educational psyeliology to just one
principle, T would sav this - The most impartant single

Jactor influencing learning is wiat the learner already knows.
Aseertain this and reacl hirg aceordingly,. (Ausubel, 1968).

Ausubelian theory and other pamd igms of learning are drawn together in a
comimon farmu};xt‘ion on this point. The impc?tancviﬁ the Jearning pméess of prior
knowledge has been shown by Gugné (1965) and other workers, notably White (1974,
who have stressed the hierarchical organisation of concepts, namely, that for the
learning of any specific cmmwt. there are subordinate c:t:ﬁcépts which are e
prerequisites. Their work has concentrated on the conditions controlling the
acquisition of specific intellectunl skills and does ot provide information about the
meaningful dimension in the learning of the skills, which is a Focus of interest in
Ausubel’s theory (West and Kellett, 1981), | ‘

Jean Piaget (1964a)fathier of developmental psychole, = ¢ s aimilar, but not
equivalent, restrictions on the Kind of teaching which will be ol value fn developing
scientific concepts. The restrictions are not equivalent since the meaning given to
cognitive structu: 2 by Piagel differs from the Ausubelian interpretation of the same.
term, as will be seen ina later section of this chapter, Nv\'crthvlvss. il a certain sense,
Piaget advocates instruction characterised by a point ol departure which is known to
the learner. 'l‘vicuningﬂu learning may fuvolve only those intellectual skills which are

familiar to the learner, Piaget argues, therefore, that any effective instruction must
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LEARNING of relationships

Lectures or
most textliook
prasentations

ROTE | Multiplication

between concepts

Well designed
audio- tutorial
instruction

Schaool
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work

Applying formulas
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“research’or
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production

Trial and error
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(Reproduced from Novak (1979))
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