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ABSTRACT

The experimental training study wys aimed al inducing combinatorial 
reasoning in adolescents. '1 he training was Pia^etian in nature bui functioned 
simultaneously as an operationally del'ined Ausubelian advance organizer for novel 
learning material in chemistry.

Ihe sample consisted of !M  pupils from an hngiish-speaking co-educalional 
high school in Johannesburg. Ihe study employed a pietest-positest control group 
design, The pretest consisted of Piaget's first chemical experiment. A technical 
procedure for trouble-free admimsttauon of this task is described. A detailed 
analysis of the structure of the task is also presented.

Training presented the conceptual iramework. embodyin w inter alia, a 
systematic approach, and three analogous problems. Pupils were trained individually. 
Criterion tasks consisted o! the pretest in disguised form and a combinatorial problem 
involving snitches which controlled an electric tram set The experimental group 
obtained significantiy higher scores than the eontioi group on both tasks. Prior to 
training, observed developmental levels of the experimental group were 247:. 
concrete. 4 1 j transitional, 24> early formal and I lf ;  late formal. After training, 
these levels had improved to I C, conetete. J4* tiansitional. 801 early formal and 
5;1 late formal. framing was detrimental to most late formal subjects*.

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

Ihe intrinsic ellecls of ape, IQ and sex on the criterion tasks were not 
usually significant but older subjects of higher IQ tended to achieve better. However, 

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

Pupils received instruction on rates of chemical reactions. The experimental 
subjects performed signifieantfv better in generating the subsumer consisting of the 
concept undetlying the topic. I hey also tended to achieve better on the recall of 
factual knowledge pertaining to this topic, reaching significance for Standard Nine 
boys. Older subjects of higher IQ tended to obtain higher scores* but not significantly 
so for the sample in general. IQ, rather than (raining, contributed to performance on 
issues requiring insight into ihe subjeehiialler.
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NOTATION

1, Concept:; and Quotations

I'ho new convention of italics to represent • nncepts and literature quotations has 
been adopted, rather !h;m the tradjtiontd system of inverted commas.

2, Atisnboiiau terminology

The term, (uhwrit? o/'gtwht'r, lias been retained exactly us coined by Ausubel and 
has been spelled m the American manner.

3, Decimal Point

‘1 he notation adopted by the South African Metrical ion Board, n.uneiy. the cumnui. 
has been used lor the dednwf point
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lh I RODUCTIO'vl

1.1....... Motivation for Ihe Study 
"“■* ~ ......... ■ ™ ----• ■ *•" -— .. ..—...... „ _

The ideas in this thesis i’emimated in tin* ilasstoom unit the author was 
motivated to tarry out this s|ud\ thmuj'h hei invohement m teaditm; )>11 a! 
science to pupils of senioi secondary school le' cl. I’eronal experience has served to 
highlight a wide ranee of problem aioas influencim* puj il aihiovement and interest in 
physical science These areas in*.hide pupil charactersics uich as motivation and 
inhllectuai capacity. I lie latter implicates the degree of nissible mismatch be.'vuren 
the demands of scieiuo courses and the level of cognitive d *\elopment of the lear 
Such problems iire not indigenous to South Alrica alone nit ere of international 
concern as will be discussed later On the national level, foe S'lentific Advisors 
Council to the then Pt.me Minister icquested the Human Sciences Research Council 
lilSR C ! to vomluet an mvestieation into the disquietim: staU of flairs in the 
leaching of natural science subiects at secondary level. 1 he icsnlting series of reports 
tdenffhes a l;uk ol interest n| pupil-, m these stibk\ tv 1 iu* audio's claim that tins is a 
direct result ol o\tens>ve abstracHheoretkal syllabuses and the inadequate training 
and qu;ditkaiions of the teachvts tesponsible ioi mcnlcatmi’ these subjects 11ISRC.

Swanepod. l'JH'l y They suivost that, m the likely levision of fhe physical 
science syllabus, consul'. Mtson vv dl Iu\e to be >nven to making it .shorten less abstract* 
theoretical aiul more relevant to industrial applications tSwanepoel, 1^81. 1^83). 
Adapted syllabuses winch take cognisance ot those proposals, are being implemented 
at the junior setondaiy level for the fust tsme in I*#K-I. Syllabus Modification will 
gradually be extended i<« include the entire senior seeondaiv level by 1 l)H7.

A t cm r • i! ssllabus mav perform .i significant ulleviatory fund ion but cannot 
be viewed as an independently sufficient measuio io lectifv the pievdnp situa’ion In 
science education Nuniemus important toinepls m ph\sical science art 
intrinsically absli, n.t ami (oimal8' thought ii requited lor undei stand ini’ thecuticiil 
attributes of these comepfs Many senior secondary pupils still I'unctior, m the 
concrete* level on intellectual tanks in genet al Although peieeplual cues in t to form 
■of physical models can possibly be provided to help compensate foi

*The terni.s m iin rti’ and Jhnm l refer to IMageCs definitions which are explained fully 
iu Chapter 2. '



.! ..Vu'iv ,‘-t v-.Tsc.x v  r.eim" e.iKv.f ivi'Avcn olu* ami formal opeiational 
* i i a i *  vompivhonsioii of physical science is So be improved, a major objective
' • . i-: •’ * .......I*., v >’ ihe am! of educationalists

■ t'Hn.vi e i l v w t w i T n w r f - 1\ i t  m#*? et-M- *.«.
’ ■■ * i  * » *  ‘ V V * il *» V  U I  ' , l \ l  ’; * .A » V r  1 i  .

'T.« tocus 02' iiiis investigation is the development of a straici'y (o luster 
•.•.■nie’-viVK-iU in physical science by pupils of a wide range o! intellectual abilities.
1 particular aim ot the research. therefore, is to sir whether formal ivasonim* can 

'i-dueec tin classioom situation by adoptinpa suitable teaching programme,

‘Tii-.’iuotic;v{ Background

.vvdopmental staw 'm  fonuai thinkmp have *ven formulated by Piaget
• ■ • - 1 if; <Ji',v*usM'd m the nc\t chapfej, have been the subject of a laiee both
• .iiei 'iiij!-. I in* two siat'cs whuh are relevant to high school education ..;e the
■ :'i . oneicU- and lotmal thought* each ol winch mav be dichotomised into 
. ;ny and fate substage1. Assessment of flu* cognitive ability ol an individual is 
.?e»eiall> mslUKiiont-dependent. A p-.ipi! who may e\eicise eail> forma] behaviour 
on oik* intellectual task ma\ tunctio*; a late concrete level on another Sask. which 
differs m contest ot m content I his vw.vcsts tin- uchness o! the pit-'' <w.» nencv 
of an individual as a detemnnant of subsequent learning It also niiscs <p>.
Mich as the degree uf internal coherence of the M'inf- inti strategies or operat;; n\ 
Much characterise a particular developme*(i.iI level - ,s obviously beyond the 
■si*-a sin.ir.le thesis to be able to study in detail all Hum. o - idvrat-iom. .'The objeci;-..' 
.■ the ptesent investigation is to study flte iicqu-'-ition 01 1. e.biiiatonal reasoning 

. -■•hii.-ii Piaget designated a- the dislmefive operation s, ;he appearance of
o-mat llioUj’hi

• ombimaorial /t^soning is indispensable for the solution cf a vivl* range of 
M'oMcms av it allows the consideration e»t all possible combinations of variables.

; '*>.'»?.) It!;s tH’MfU'o f;o,iil(;na(oi iai analysis as

• •• .ivmcHMHe isolation o,r rambles. Operationally,
:vt'h 'I'tmahlc tit avnhinttfioii is tested xmtil a 
.xihnhmfs) in ;‘tuh is anroven'fl



This properly ol'formal thought is demanded by many concept:: which '.ic-.v: k< 
school science syllabuses. ( two such examples are momentum and kiiiedc ;.ner.v-.
It was therefore felt that a slop forward in leaching methodology could be achieve' 
if if could be demonstrated that comhinaloiial reasoning eo.ihl he induced sn grov" 
of pupils at an earlier age than would occur w-ithou! inh'm-nlini;. Thk v/,*u;d n'iV - 
a double advantage if the training pi ug ram me in eombinuUnns operations covid b . 
structured in such a way as to be effective us an introduction io novel i-vi-i'W. : 
matter. In the proposed instructional sequence, the must genera! j»»d inch:;-i'.v 
namely, the training programme, would be presented first to provjde cfMceH:1:'. 
anchorage, or, looseb, a frame ot relerence, for optimum absorption of subvum1. . 
learning material, namely, unfamiliar matenal from the physical science syllabi!-;, 
which is more differentiated in terms of specificity and detail, i hi:, type of ;i»p.-o::«.\ 
is known us progressive di! fere n tuition and is part of AusuheSY. Ihvary of 
learning which wi>* be discussed m the next chapicv.

I he present work is et’memed wslh innnai re.i-.omng in pupisS ii. >hs.' -
age group. 1 his is normalh acouned. if at all. by natural maturation of (he pun::, 
and the maior ami <>1 tht woik is io m\,r-tigate whether combinational forms* 
reasoning can be mdiuvd ;,'j;d applied *o no\el academic matterat an earlier su'.g 
of development through (i) appropriate naming programmes, and ?ii) teaching: 
procedures that are carefully .slnu lined both tn selection and sequencing of coiAm:
It has hecn suggesff’d in the hleralure on theoieiieal gioumls that the theories of 
Piaget and Ausubd are not imitn.Jly exclusive but could be viewed as complementac 
'guides for research, I he complementarity of the approaches lias not however been 
investigated exp- nmentally and the i-resenl study phots around Ihe elements of this 
theme,

’[he approach in this study tan. on Ihe one hand, be elassilied as Piagetian 
in nature as the study is concerned with assessing and subsequent!}* improving the 
operational capabilities of the pupils as inlerprHed in the contest ol Piagetian 
combinatorial lasks. 1 he instrument by means of which Ihe feasibility of inducing 
development is explored, consists of a (raining procedure in which the adnieseemr, 
are instructed in problem-solving strategies, b’mpha:4s has been placed on the 
overriding criteria of whether and to what extent training k refined and to wh?u 
exUmt cognitive skills learned are transferable to unfamiliar instruct jonal m;Uerfa:,



Many criticisms luivc been levelled at work published by Piaget and his 
co-workers on the grounds ol' inadequacies in the execution of (he investigations, 
in the reporting of the findings and in the interpretation in terms ol the over-all 
theory. A secondary aim of (his study Ihetefore is to analyse ciitically by means 
of personal interviews the structure of Piaget’s lirst chemical experiment and 
interpretation of the meaningfulness of success criteria,

1 he approach used in the pn>sent study can. on the oilier hand, also be 
viewed as Ausubelian tn natuu, i.e., the research hypothesis is that the training 
procedure. intioduced piior to (he material to be learned ;nul presented at a higher 
level o' generality, can facilitate ihe meaningful leainrnj: of subsequen! 
mstiiiccional material. 1 he literature search m the next chapter shows that an 
Ausubelian orientation docs not exclude, not even undermine, the selection and 
presentation ut the content of msUuction from a Pi;igetian viewpoint. Both 
theories would iccept that the human nn'.mism strives to make sense ol its 
environment i.e. the world in winch we live. Making sen'-'* a new phenomenon 
means fn n n tn s it I'i'lton which intelligible, plausible it ini (rmiftrf.
(Hewson. I hese three attributes can arise only in lel.itmn to a person’s
existing conceptions, the importance of existing knowledge in the learning of 
new experience and new ideas (orms the Inundation ol bolh Piagetian and 
Ausubelian models. \ his does not imply however, that 1 he two models are identical 
since they tend fo differ in the mean mu attached to the term, knowledge, As show n 
m the next chapter, the Piagelian mierprclalion of this term revolves around levels 

of cognitive competence while the Ausubelian inleipictation loeuses on the range 
of information stoied in a person's mind.

Both throjRs regaid knowledge as derived from experience, as will be 
discussed m the m-xt chapter. I he emphasis of bolh theoretical stances on the 
importance of prior knowledge to subsequent learning has deleft.-' ed the shape 
and sequence of steps in the thesis as a whole. As a point of dcpai lure for the 
investigation, Ihe use ol a pietest is thus demanded on Iheoietical grounds since 
pupils may have had different prior knowledge (as svell as by tin* statistical 
requirements discussed in Chapter 3).

In summary, the present study attempts to raise the operational 
capabilities of the learner to match the logical demands of selected portions of the 
physical science curriculum while simultaneously employing the Ausubelian
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■principle of progressive differential ion for the selection and sequencing ol 
instructional material. The latter principle is used, not only i'.>r Ihe material from the 
curriculum but also in shaping the relationship of (his malcrial to the training. Of 
particular significance, f here I ore, is that th.* Piaget ia» minim’. proeedute fulfils a dual 
purpose as i! is also employed in the Ausubclian sense as a deliberate intervention 
to afford a global view to the learner ol Ihe concepts underlying (lie subsequent 
learning material from the science syllabus. Hie aim ol the thesis, therefore, is to 
relate results Iron) both theories when these theones are regarded as complementary 
in order to ascertain the implications foi science instruction. It endeavours to suggest 
in what way both Piagetian and Ausubelian approaches can best be used in classroom 
situations to achieve optimum benefit lor pupils of a wide ability spectrum, The 
research is intended to provide significant lemedial data since the ability to 
manipulate vaiiables is indispensable tor mastery of high school physical science 
curricula.

U  Overview of Hypotheses

I he thesis sought to answer two central questions

L  Is it possible to develop a piocedure h> piomote intellectual gtowth?
In particular, is it possible to induce formal thought in the form of 
combinatorial reasoning which is retained and can be transferred?

Z, h  it possible tluif the above proteduie, which meets Piagelian criteria, 
also meets the requirements of an Ausubclian approach in the sense 
that it can facilitate the learning of novel academic materia!?

The design of such a protect required the formation of hypotheses directed at the 
following issues:

(i) Prior to any inteivenlion, wne the expeiimental and control groups 
equivalent in combinatorial reasoning abilities?

(ii) After training, was the experimental group superior to the control 
group on appropriate tasks? Was superiority

• retained?
» transferable?

. MS



(iii) Prior to inslriK'tion, were the experimental aiul control groups ccjnally 
unfamiliar with the selected academic material?

liv) After teaching, was tin.' experimental group superior to (he control 
group

® in reproducing facts?
« in deeper conceptual insights?
* in thinking eombmatorially?
« m thinking formally?

The first ami thin) of the above groups of hypotheses related !o the statistical 
requirements of the tesearch design. 1 he necessity lor the testing of retention and 
transfer of the training, .specihed m the second group of hypotheses, .arose from 
criteria for efiectiu? interventions aiim'd ai Ihe acceleration of intellectual development. 
Piaget and Ausubel both insisted that successful training must be lasling and also 
generalisaMe to other tasks returning the same mental operations. One of (he issues 

addressed by am ent research m education is the nature of Hie development ol formal 
operations with respect to the order and degree of their intraindividual appearance.
'1 he thesis was centred on uombmatonal reasoning hut evaluation of the training 
should entail consideration of whether turning in combinatorial skills fostered the 
development ol other cognitive operations characteiistK ol inmia! thought, for 
example compensations abilities. 1 his lacet ol assessment was included in she fourth 
group of the above hypotheses

One of the key aspects of Piagetian Iheojy is maluralion. Any investigation 
based on developmental theory ought In include extensive consideration o» ige effects.
It would be desirable il training procedures could be shown to be 'effective for pupils 
at an early stage ol senioi high school. I he science subject-matter covered in the 
Standard high I year forms Mic foundation of the Standards Nine and Ten years in 
which the same wmk is examined in greater depth. It thetefore .seems reasonable to 
study the parameter of age in feims of division ol the sample by school standard.
'Ihe consideration ol different categories of pupils also ought to yield useful information 
concerning the degree o! success and general applicability of the training, in addition 
to age. ihorelaie. Ihe further independent variables o flQ  and sex IVa! tired Ihroughout 
the study. The literature suggest,s that, while achievement on Piaget tan-type tasks is 
not always linked to IQ and sex, these variables are predictors of achievement in 
science learning. Research has shown that high IQ pupils usually outperform their 
lower IQ peers while boys often achieve better than girls. The subsidiary hypotheses
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in the thesis were therefore formulated .to resolve the is,such  of whether the factors of 
age, IQ and sex gave rise to

® differential performance on Piajzetian-lype tasks by untrained 

"subjects.
® differential achievement on academic material by untrained 

pupils.
® differentia! receptivity to traininj.;.

1.4 Overview of Methodology

1'he present work is essentially an experimental study ard. in particular, it is 
aimed at the classroom situation. 1 lie subiect of investiitation is therefore 
inteidisciplinaty and. with tnis m mind, a highly formalised mode of presentation of 
the thesis has been deliberately avoided.

The studs utilised a ptetes(-post(esl control jiroup devian. The justilications 
for the research dvsum ate incorpoiated in the later and more comprehensive chapters. 
The experimental pioeedure was determined chiefly by >1:>* factors of theoretical 
stance and statistical requirements. Appropriate aspects ol lu-th Piagetian and 
AusuK'han theories, as already mentioned, were used to oiganise the investigation. 
Statistical methods were studied in s-nne detail and li was decided that nonpanunetric 
techniques were the most valid b>r (his kind of lescatch studs1. allh(>t;j’!i eeneralh 
in the literature, nonparamelrk tests aie not often used (Chaplet JO.

The function ol this introductory chapter is to provide an ouvrview of the 
aims ami content o| (he thesis, hence a summary of Ihe experimental procedure 
follows. The summary is shown as a I low diagram in Figure 1.1.

1. Tin* sample of 1 (> I pupils was divided by ape, IQ and sex into eigh t 
blocks. The e.xpeiimenlal tieatment was assigned at random to half 
the pupils in each block while the control tieatment was assigned to 
the rest of the pupils in the block (Chapter

2. All pupils in the sample were pretested individually usini\ the first 
chemical experiment of Inhelder and Piaget ( 1()5H), which involves 
combinations of colourless chemical liquid,s. To accomplish this, at 
the outset U was necessary to
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® develop a (rouble-five procedure lor administration of this task. 
« analyse the structure of this task.

The experimental and control treatments diverged at this point,

(a) The pupils in (lie experimental blocks were subjected individually 
to training in the design of factorial experiments. The training 
procedure was an adaptation ol the method described by Siegler 
and l.iebert (1^75). The instructional strategy was characlerised 
by exposition and elucidation of a systematic approach to 
tombi»!a(onal tasks as typified by a tiee diagram in which factors 
and their levels could be represented schematically (( hapter 5).

(b) 1 he pupils i,i die control blocks were subiected individualiy to 
placebo treatment. I he initial placebo activity required the 
disconnection and reassembly of the parls fa puzzle. Next, 
uich subject was presented with wiitten problem:; concerning 
an electnc tram, based on interactive patterns devised In 
Sioglei and Atlas t l u''(iK (Chapter 5).

I he task deemed to measure the d ice lives ess ol training was then 
administered to all pupils. This (ask consisted of a modified version of 
the instrument invented by Siegler and 1 lebert ( analogous to 
Pnigefs lirst chemical experiment (Chapter £»).

‘The posttest as a fmther measure of the effectiveness of training in the 
promotion ol mtelkctmsl giowih, consisted of the pretest in disguised 
form (Chapter 7).

•Suitable irr tructional imileu.il involving, factorial combinations which 
sveie loj'tcally analogous to Piaget’s lust chemical experiment, was 
compiled from various sources and I mm (he author's personal 
experience. Prior to instruction, a pretest dealing with (he selected 
topic of rate of chemical reactions, was administered to all the pupils 
(Chapter R). ■

The experimental and control treatments diverged once more. 
Reinforcement of the training was given to subjects in the experimental 
blocks {Chaplet* 5).
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8, The Id I pupils were divided into nine classes, each of which was given 
instruction on the rale of chemical read ions. The lolal duration of 
tuition was Hiree-and*a*lialf hours per class (Chapterl)).

9, A postiest on rate of chemical reactions was then administered. The 
sections of the postiest dealt with

(i) factual knowledge.
tiil application of factual knowledge lo specific situations;
!hi» t omhinations of the variables in chemical data;
(iv) selection ol teaclion conditions lor industrial or other purposes.

Poitions of the posttesl tunctioncd .simultaneously a:.- a test of transfer 
ol the traimr.i’, (Chapter 10). dn tin* same occasion, a a* ten lion test 
on the training was also administered (Chapter 10).



CHAPTER 2

L lfER A T U R fr  SU R V EY

2.1 Paradigms of Learning

The prime objective of this investigation is (lie design. development and testing 
of mi instructional slrutegy which will enhance achievement in physical science by 
pupils of a wide range of intellectual aniline1.- lie fore 'Udi empiiical issues can be 
tackled, a description of theoretical issues pertaining lo the psychology of learning 
and an analysis of cognitive factors underlying achievement in physical science are 
required.

This thesis is therefore initiated by a biief discussion of the different positions 
or paradigms adapted b\ ed‘icaiion;iIisls. Paradigms, as defined by Gage (19631, 
consist of nunlch, patterns: or schemata which are useful ways of thinking. As Kuhn 
( l l>70) pointso u f and La k a to s  {1976) elaborates, advances in an\ discipline (incKulin 
science educakonl arise from systematically employing a paradigm to guide research. 
The meaning of a paradigm in functional terms has been described by Posner <7 a! 
(1982, p. 2 12) us the central commitments which usually organise scientific research. 
In anv discipline, especially those which are young and vita!, there should be 
competing paradigms (Lamb, 1976: Power, I97<>}. Since ultimately all paradigms 
are modified or discarded, the issue is not whether the paradigm is true but whether 
it is useful (Novak, I9 ‘n>),

In research (in science learning, a number of paradigms in the field of cognitive 
psychology has been developed., the thiee most established and hence the most used 
of these currently be ini', reception learning theory (as represented by information - 
processing psychology), developmental learning theory and hierarchical learning 
theory ( Berger, 1979; Lawson, 1979a; Jones and RusselL 1979; Novak, 1979),
An emerging area of research in (his field is eonsfruetivisi psychology (Driver, 1981). 
All ol these have provided a basis for subsequent experimental investigations.

2.2 Current Slat us of belcclie Approaches

Until recently, each of these paradigms was* carefully evaluated-and sludiously 
applied by its protagonists as the single viable model of learning, an antithesis of 
rival theories There seemed to be no evidence of a dialed ically-miiuled approach 
in which the (heories were recognised as useful aspects of-the same whole. For
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example, Novak lias argued for years in Science Ldncution that I’iaget’s theory of 
intellectual development as a theoret ical bn .sis fur research jn science education 
should be supplanted by Ausubel’s theory of meaningful learning (Novak. 1974a, 
1974b, 1975, I97fta. 1970b, 1977a), i'his attitude has been criticised by Herron 
(1978) who also cites references in which this position has actually been sharpened 
(Novak, 1976c. I l>77b. 1977c, I977d). Herder (1979), discussing considerations 
critical fur achievement in paradigm-based research in science education, stales :

.. to urgne for one or another [wnnhgm may jweri lit 
sai'tirt' educatms from realizing that all such paradigms 
mav fit into a larger construct.

It has lately been suggested tli.it the theoretical bases of the different research 
traditions are not mutually exclusive in that they do not offer alternative 
interpretations of tin," same sets of obser\atkms but are addressed to different 
problems (Albert, 1979; Berger, 1970; Driver, 19H1; Herron. 1978). Although the 
areas of research are directed to different issues, tlu- balance between the theories 
and the contribution each has to make depends on certain epislemologieal 
assumptions made within the research and teaching communities. Regarding the 
implications for science education, each theory projects a significantly different view 
of the nature ol science and hence its role in education {Driver, 1981}. It is therefore 
inevitable that these theories have been attacked, totally or in part, by a number of 
investigators. It has been contended, for example, that Piaget's logical model is an 
inadequate explanatory theory for intellectual developmental levels (Wason and 
Jc '•‘ison-l.,aini. 1972; 1-nuK 1975). fhat ihe Ptagelian approach is o\erly occupied 
with stage, components (Kubh. 1979) anti underestimates the role of prior knowledge 
In the determination of performance tli.uly, 1978; Novak, 1977c), In addition to 
Piagetian researchers who have been critical o( the Ausubelian position, particularly 
as espoused by Novak (see previous references). Strike and Posner (197(0 consider 
Ausubel’s concept of meaningful learning as lacking detail, leading to unnecessary 
vagueness and misinterpretation. The absence of concern with memorial processing 
mechanisms has been identified by A iki.< >' 977) and Van Kirk ( 197K) as a further 
shortcoming of Ausubel's theory. The current status of each, of the two theories will 
be discussed later in this chapter with more comprehensive reference to the literature.

Only very few paradigms of learning (apart from (lagne’s (1965, 19fto) learning 
hierarchy) luwe been proposed as alternatives to the Piageiian and Ausubelian 
frameworks. Two promising theoretical models which exhibit the recent trend
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towards eclecticism and derive largely from Hie current philosophy of science, pivot 
around original elements1 but subsume the perspectives of Pi ape I and Ausubel to a 
greater (Stewart and Atkin, 1982) or I- sser (Posner et al, 1082) degree. Stewart and 
Atkin, encouraged by the efforts of Case (1978) to subsume Piagetian research into 
an information-proeessinp framework, have proposed a model which has as its focus 
an elaborated view of (he struct lire and fum lion of human memory. Posner el al 
(1982) view both inquiry and learning, as a process of conceptual change and have 
put forward a general theory to describe and to explain the substantive dimensions 
of the strategy whereby the dominant, organising concept's of an individual are 
restructured, or fundamentally changed, from one set of concepts to another set, 
irreconcilable with the first,

Both these theories are novel'm character and still in the developmental stage. 
They have thus not ytt achieved a nwrniedness which might enable them to replace 
the paradigms of Piaget mid Ausubel as a ieneral basis 'or experimental research 
directed al the classroom situation. Despite weaknesses in the Piagetian and 
Ansuhelian traditions, many of the basic lends have been regarded as sound by the 
majority of workers and urn be ‘ised as a basis for learning studies.

The Auxubehan and Piagetian approaches U> learning may very likely he 
assessed on theoretical grounds as complementary guides to educational research,
The complementarity of these theories has not hitherto been investigated empirically 
ant! this is the major obiecl of the present research study. The basic tenets of the 
two theories will now be discussed within this frame ol reference.

2,3 Reception Learning

2.3.1 Ansubelian Background

Reception learning is defined us that (otm of learning, whete the regularities 
be learned and (heir concept labels are presented explicitly to the learner (Novak* 

1979). The most widely held theory of leeeplion learning is information-processing 
psychology which was proposed Ivy Ausubel <■/ al (1957} and expounded in l% 7  
(Ausubel, !% ? ) ,  A modified version was later published (Ausubel ct al, 1978 / and 
the current status of the theory has been reviewed by Novak (1979), This reference 
made by the writer to the work 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 ),



The Ausubelian framework derives from earlier cybernuie theories but presents
• cognitive view  oricaming in conl rasf I o Die .behaviourist tradition. 'I he 
behaviouristic view regards intellectual development as the sum total of isolated 
learning experiences consisting of provoked encounters with a set of external 
'ouditions  or predictable, controlled manipulations of the learning environment. ’I his 
‘nciudes (>'agne’s cumulative learning model ( 1%5, 1970. 1977) which identifies 
-■•jndUions similar to the hierarchic;!I learning paradigm of Bruner et al ( 1 % 7 ). Use 
3r the behaviouristic model directs research towards finding rule!', principles and 
.urategies of concept attainment with environmental control an essential feature of 
the approach. The domain of intellectual skills learning is thus approached from an 
external point of view. The exact position of Ausubel in ihe behavjourist/cogmtivisl 
dichotomy is controversial (Albert, 1979; lhiver. 1981. Novak. 1979; Stiike, 1974}, 
but, unlike the skill inlegrationists, Ausubel focuses on the nature and role of 
cognitive processes in learning, contending that Ihe way in which knowledge is 
organised by the learner atlee Is subsequent learning.

'13.2 Theoretical Overview

A key term in Ausubelian theory is structure f he word structure comes from 
nv uitin strun 11. place. 1 join) anti commonly denotes the mode of organisation or 
r.nmectinn of constituent parts into a coherent whole. Ausubel has adopted this 
..caning of the word in the new context of the psychological arrangement of 
•i.owledgc as well as the ability of this arrangement to accrete now knowledge.
.’ognitive .structure in the Ausubelian sense, therefore, refers to hath the substantive 
:mitent oj an individual's structure n f knowledge and its major organizational 
■timpvrties in a partHular subject-matter field [or fields] A Ausubel. 1%8, p. 127), 
‘Uisuhel assumes that cognithe strucluie is exemplified by a hierarchically-onlered 
pyramid in which the most comprehensive and broadly explanatory ideas occupy a 
fjosition at the apex ol (lie pyramid. Progressively less inclusive, or more differentiated, 
•ubooncepts as well as specific informational dala are then successively subsumed, 
lamely, placed in a subordinate position which is, however, linked to the next higher 
,itet> in the hierarchy.

The established relevant idea in cognitive structure, to which a new idea may 
m* related, is called Ihe am'ltnNnq idea. Ausubel hypothesises the principle of 
'm im ilation  in which the potentially meaningful new idea is’ incorporated into 
•‘ognUivi! structure in such a way that the idea, in fresh or modified form, emerges 
it; linked relationship to the anchoring idea. The anchoring idea itself is a'so changed



by interaction with (lie now idea. Ausubel (bon postulates that: Ik'.' modified new idea 
and the modified anchoring idea are linked co-members of a new composite idcationat 
unit or complex. The assimilation process is claimed to account lor the subsequent1 
forgetting of ideas by the learner. Immediately after learning, the second or 
obliterativc phase of assimilation commences. The recently learned idea spontancou^y 
becomes less and less dissociable from the new ideational unit, until eventually it is no 
longer available as a separate entity and is said to bo forgotten by the learner. The 
final phase of the assimilative process is the reduction of the ideational unit to only 
one of its components, specifically, to the anchoring idea im its modified form as a 
result of the interaction). Ausubel maintains that these occurrences are inevitable 
and are due to the erosive influence o f the general reductionist trend in cognitive 
organization (Ausubel, 1968, p. 93) which exists for reasons of economy and 
lessening intellectual burden.

2.3.3 Meaning fill Learning

Ausubel distinguishes between rote and meaningful learning. According to his 
theory of learning, me.iuingf'ul learning takes place during the internalisation process 
when symbolically expressed ideas are incorporated into some specifically relevant 
structure of already existing knowledge, as opp .sod to rote learning where tasks are 
relatable to cognitive structure only in an arhitrary, verbatim fashion which does not 
result m the acquisition of any meanings.

In reception learning, whether role or meaningful, (he entire content of what 
is to be learned is presented. The learning task does not involve any independent 
discovery on the part of the learner. This contrasts with learning as seen by 
developmental psychology. ‘I he luUer kind of learning is known as discovery learning 
and is characterised by the fact that the learner must discover (he principal content of 
what is to be learned. Discovery learning is therefore active, spontaneous and 
sclf-directed. However, meaningful reception learning is not a passive cognitive 
process but. demands learner activity in which new meanings ;.i"e effectively subsumed 
into existing ideational content in llu: cognitive structures.

The extent to which meaningful reception learning !s active 
depends in part on ihe learner's need fo r integrati meaning 
and on tin- rigorousness of his self-critical faculty.
(Ausubel, 1968, p, 88 ).
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'•mi
A clear distinction between the two independent learning dimensions of 

rote-meaningful ami reeeption-discovery is one important contribution of Ausubel’s 
learning psychology (Novak, 1 ^70). f  igure 2.1 schematises Ihe rote-meaningful and 
reception-discovery eontinua (Novak, 1979). Hence, bolh reception and discovery 
learning can be either role or meaningful depending on Ihe conditions under which 
learning occurs (Ausubel. 1%8. p, 24), Ausubel points ottl thai intellectual 
functioning usually involves the acquisition of large bodies of subject matter through 
reception learning and the solution of the everyday problems of living through 
discovery learning (Ausubel. 1968, p. 23).

2,3.4 Theory of Instruction

The key issue in AusuhtTs theory of instruction is the sequencingof material 
to achieve elficient induction into knowledge. 'Ihe theory is founded on the 
traditional didactic principle nf proceeding from (he known to the unknown :

//1 had to in lin  e ul! o f educational psychology (o just one 
principli\ ! would sav this The most important single 
factor influencing learning is what the learner already knows. 
Ascertain this and teach him accordingly (Ausubel, 1%8).

Ausubelian theory and other paradigms of learning are drawn together in a 
common formulation on this point. The importance in the learning process of prior 
knowledge has been shown by Gagne (1 %51 ami other workers, notably White (1974), 
who have stressed the hierarchical organisation of concepts, namely, that for the 
learning ot any specific concept, there are subordinate concepts which are 
prerequisites. Their work has concentrated on the conditions controlling the 
acquisition of specific intellectual skills and does not provide information about the 
meaningful dimension in the learning of the skills, which is a focus of interest in 
Ausubd’s theory (West and Kellett, 1981).

Jean Piaget ( l%*1a),father of developmental psychok, ■ { •. .-.imilar, but not 
equivalent, restrictions on the kind of teaching which will be of value in developing 
scientific concepts. 'I lie rest riel ions are not equivalent since Ihe meaning given to 
cognitive structu, > by Piaget differs from the Ausubelian interpretation of the same, 
term, as will be seen in a later section of this chapter, Nevertheless, in a certain sense, 
Piaget advocates instruction characterised by a point of departure which is known to 
the learner. Meaningful learning may involve only those intellectual skills which are 
familiar to the learner. Piage! :irgues, therefore, (hat any effective instruction must
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