o5

be based on the simpler, more clementary Jug,m 1] suucunex which the learner already

possusses (Piaget, 19644, p. 184).

The nature of Piagetian structures, however, may nol be equated thh
ji4

' knowludge Piaget (1971’ has acknowledped the influence of factual knowledge u pon

reasoning but maintaing that it is not possibile ta formulate a general theory of the
effects of knawledge since these effects are unpredictable. Piapet (1972) nevertheless ‘

- contends that knowledge effects may cause inconsistencivs in formal reasoning
performance, suggesting that prior knowledge and ephanced performance are

inextricably interwoven.

The richness of prior knowledge, therefore, is appreciated in sevéra‘l pamdigms
of learning. Returning to the role of prior knowledge from the Auéubeli'm per‘smctive,
the theory of meaningful learning propounded by Ausubel assumes that the Iuam‘ng
task is potentially meaningful to the learner, namely, refatable to his cognitive
structure on a nonarbitrary and substantive basis. However, Ausubel points out that

the spontancous availability or use of appropriate anchoring ideas in cognitive

strueture should not be relied upon tAusubel, 1968, P 131, He therefore advocates
the strategy of delihtzmmiv manipulating the organisational strength of cognitive
striteture by the use of appropriately refevant and inelus W: introductory materials
f‘r;&rgmum s} that are maximally clear and 'x*mhk: These orpanizers must be uumduced
in ad*mm: of the iearnmg material and, as upmmd\ to avervicws or summaries, are
presented ar a higher level of abstraction, generality and inclusiveness.

The principal function of the organizer is to bridee the
gap between what the learner already knows and what
he needs to know before he can suceessfully learn Ihe
task at and. {Ausubel, 1968, p. 148), ‘

Ausubel advises application of this stratepy to the presentation of the content
of a particular subject-mattor diseipline hythrz use ol hicrarchical series of m’wmiz:ers ‘
in deseendiny order of inclusiveness, Programming subject-matter in tiis manner
serves two functions. Firstly, cachorganizer makes available an appropriately
pertinent and inclusive subsumer to furnish ideational anchorage for its ‘mrreﬁmmling
unit of detailed, (lmcrvmmlcd material, Secondly, the ideas within cach unit as well
as the subsequent um(‘s in refation (o each other are also progressively differentiated
(Ausubel, 1968, p. 154),
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Ausubel distinguishes between {wo types of advance organizer. Where new
material is completely unfamiliar to the learner, an expusitory organizet is mvolved.
The expository organizer primarily affords ideational anchorage of the new picce of

infarmation Lo ideas which are already established in the copnitive strueture of the

~learner. On the other hand, where new material is not completely unr:nniliiar. 5l

comparative organizer s entailed. The dual function of the comparative Orgz_mizer is
to indicate explicitly to the learner the ways in which the new and the established

ideas are similar and the ways in which they are Iif’f'c rent. The presentation of

learning material, therefore, should offer explicit exploration of rclatmns!upt betwven
idens, Where topics or concepts are essentially equivalent apact from confextual

reference, the stable incarparation into copnitive suuuuz*e or the pequisition of

insights is dependent vpon recognition of commonalities, However, the identification

of differences between apparently similar concepts is also extremely important as

such concepts often tend to he confused amd interpreted by the learner as identical

to ane another. Insuch a sibetion, the newly-learned nteanings cannot conform to

the actual content % the fearning material, Further, if new e anings are not casily
distinguishable from existing knowledge, the latter may adequately rcp;msmu tew

meanings [or memorial purposes, The new ideas are thus reduced more rapidly than

initially discriminable meanings. The retention of new concepts demands delayed

reduction (Section 2.3 21 Ausubel nuintains, therefore, that only diseriminable

vaziants uf more inclusive established meanings have long-term retention patentialitics

{Ausubel and Fitzgerald, 19613, The use of comparative organizers that explicitly

~ delineate similatities and differences between two sels of ideas characterises integrative

reconcitiation which is a basie principle of Ausubel’s theory of instruction (Ausubel,
1968, p 155).

The presentation of learning tasks in which material is organised along parailel
lines, that is, in which there is no inherent sequential dependence from one theme
Lo the next, should therefore involve advance organizers that are expressly designed
to further the principle « ¢ integrative reconcilintion, thus mobilising all available ;
coneepts in the cognitive structure which can play an otienting and subsuming role in
relation to the novel learning material, Ausubel and his collaborators have |
clcm(mstrzﬂwd the empirical suecessof comparative organizers by fueili tntii:‘gﬁ for
example, the learning anc retention of an unfamiliar PUSSIEE 0N Buddhimn when the
organizers bridged previously learned background knowledge pertaining to
(Hn‘mtmmty. suggesting the Buddhism passage to be a modified variant of its
Christianity counterpart (Ausubel and Fitzge ald, 19615 Avsubel and \’oussu l‘)(.ﬂ)
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2.3.5  Learning Set

Ausubel identifies meaninglul Jearning set a5 a prerequisite for meaningful learning.
Learning sot refers to cwrrent disposition [af the learner) to learn or perform in a
particular way (Ausubel, 1968, p. 313). Learning sei possesses two components, The |
first component reflects general Ausubelian theory and is derived from prior learning |
experience. It consists of sophistication in the strategy of learning as reflected by
relatively established cognitive acquisitions which guide both the sphere and content

‘ oi‘,mgumg learning activity. Ausubel describes this aspect of learning set as learning
to learn. The second component consists of an appropriate at¢itude towards
undertaking o given learning task. Associated with such an attitude are Tocusing of
attention, mobilisation of effort and overcoming of initial inertia, This attitude,

which exerts a facilitating influence on learning but is transient in nature, is deseribed
by Ausubel as the warsn-up effect (Ausubel, 1963, pp. 202 203 Ausubel, 1968,
'pQBlsi). Ausubel halte that short-term improvements in fearning, for example, those -
which last a single day, may be explained in terms of the function of advanes g
organizers as warm-up elements. Since warm-up clements are rapidly dissipated.
liowever, long-term fmprovements in Iezxr_ning are deemed to be caused soleiy by
fearning-to-learn effects of the advance organizers. Although wurm»up elements are
“clearly acilitative of meaningful retention, Tor any valid assessment of the adequacy
~with which a learning task has been mastered, delayed posttests must therefore be
utilised. - o

2,3.6  The Role of Practice in Learning

Learning and retention of academic material necessarily imply typically
Speciﬁc and intentional practice, namely, mu‘lﬁplv presentations of the 1*:11';1i11g'fi1sk.'
Practice, in Ausubel’s view, is one of the principal factors which modily cognitive ‘
structure (Ausubel, 1968),

Repeated trinls provide additional opportunities Tor the leamer to interact

cognitively with the learning material. These opportunities seeve two ends. Firstly,

newly-assimilated meanings whicl were established in copnitive structure on the

initial encounter nray be consolidated. Sccondly, meanings which the learner
partially or completely missed on the first encounter may be acquired, The influence
of repetition in the establishment and consolidation of meanings has a facilitating
effect on the learning of new related materils sinee repetition makes available in the

cognitive structure stable new anchoring ideas for future learning tasks.

',','m; g
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The changes in cognitive structure caused by the initial encounter with the
learning material causes reciprocal changes in the learning task as perceived by the
learner in subsequent presentations. Here, actual, as opposed to potential, meanings
are conveyed to the learner since meanings have previously been derived from the
learning materint on the first teial. In addition, the establishment of meanings in
general on the first encounter sensitises the learner to more subtle nwémings on
repeated trials (Ausubel, 1968, p, 283), | | |

The forgetting of material between suceessive trials has an immunizing etfect
on the learier. Ausubel arpues that the learner tends to become aware of his |
previously limited suceess in remenbering tiie material imﬂ is therefure motivated
to resolve é:«;isting confusion and ambiguity in the relearning trials {Ausubel, 1968,

p. 282

Meaninglul learning, a5 opposed to rote learning. involves non random Processes

in cognitive stracture, Ausubel suggests, therefore, that review sessio s may hold
more value than sheer repetition ot drill. Further, the prim:iplc of pbliterative
assimilation implies that, for optimum effectiveness, the timing of practice is
important, Farly review would therefore seem to be superior for co‘fwu[idaiiéﬁ since
newly assimilated weas are still reproducible as entities individually identifiahle from
the anchoring ideas ta which they afe linked. On the other hand, delayed review
would scem to offer preater benefit in the relearning of forgotien material. Ausubel
advocates use of a combination of early and delayed reviews which he sees as serving
complenentary functions (Ausubel, 1968, p, 283,

2.3.7  Cognitive Readiness

As hias been pointed out by Novak (1979), an important characteristic of
Ausubel's learning theory is its consistenes with the Key principle of Johnson's model

~for curriculum (1967) which emphasises the importance of careful planning of

learning sequences. Turther, regarding modery instructional theory, the Ausibelian
view meshes with significant premises of Bloom's mastery learning strategy (1968,
1976) which are derived from Carroll's model for sehiool learning (1963), The view
of Carroll and Bloom that the majority of students are wipable of mastering most
z¢hao] snhjcct matter if they are given p,uid;mce and sufficient time to mastet
relevant coneepls necessary for later learning, can be explained through Ausubel’s
proposition of the nature and role of advance organizers, progressive differentiation
of coneepts and infegrative reconciliation of coneepts (Novak, 1979).
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Contrary to common opinion in the literature, the reception learning theory
explicated by Ausubel advances cognilive maturity as & eriterion in the selection of
material for presentation to the learner. The principle of cognitive maturity is,
however, distinguish»ble from cognitive readiness. Cognitive readiness is defined as
the adequacy of existing (‘?)gr'li tive processing equipnient or capacity for coping with
the demands of u specified cognitive learning task (Ausubel, 1968,‘1}. [76). Ausubel
has further stated that the concept of readiness refers to fevel of cognitive functioning,

ot kuowledge. This definition of readiness does not specify the manner in which
this capacity is achieved. In contrast, maturation is gi?cxz a more restricted meaning
and is equated with & process of internal ripening. General cognitive maturity,
therefore, kirgely reflects age-level differences in intelleetual c’apm‘(y orstage of
intellectnal development {Ausubel, 1968, p, 176). This statement is necessarily

qualified by the manifestation of individual differences which reflect gezwtif
influences and/or incidental experience. In fact, Ausubel has dev}iincawd three
qualitatively distinet stages of intellectual development with the same stage names as
Piaget and Inhelder (Inhelder and Piaget, 1958, Piaget, 1954, 1957 }but with a
somewlal different view of the distinetive featares «of each stage tAusubel, 1968,
pp. 198 11 ‘ | |

Ausubel stresses that the principles of readiness and maturation may nat be
equated. Maturgtion should be viewed as one af tbe fwo principal factors (the other
being learning) that contribute to ar determing e wrtun s developmental
readiness ... (Ausubel, 1968, p 177) 1o certain i’ even s feadiness s a fonction of
cumulative prior learmug experience only but mote ty poully depends on bi;th
maturation and learning, ’ ' ' | '

The concept of readiness stipulates a reasonable economy in learning tine and k
effort and warns against the risk and consequences of failure in instanees of premature
fearning, in terms of the tolul educational career of e educand (Ausubel, 1968,

p. 1835, On these grounds, Ausubel eriticises Bruner (1960) who helieves that any

subject can be taught intuitively Lo pupils at any stage of development, Further,
Ausubel (1968, p. 214) quotes and endorses the view of Tyler (1964) ;

Do comman experience and ohservation nol convinee ws
of the impossibility of teaching such a closs of responses
as ‘solving linear equutions” to a neonate?

km;.‘;% ,a%h,
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2,3.8  Ausubelian Studices

~ While the number of Piapetian studies continues to increase,the pumber of
Ausubelian studies reported annually has been fairly consistent since the mid-seventies
and rather limited (Gabel et af, 1980), The findings of recent research will be returned
‘0 later and related to the earlier studies which will be examined first.

There are two review articles covering studies bused on the lTearning theory of
Ausubel up to the mid nineteen-seventies (Barnes and Clawson, 1975: Hartley and
Davies, 19706). The studies have only general relevance to the pfusent thesis and need
not be considered E,nciise'iduu}ly, When the studies are taken as a whole, both articles
argue that the eftficacy of advance organizers has not been established, Hartley and
Davies (19761 suggest that initial studies {Ausubel, 1960; Ausubel and I:itzgcrled‘
1961; Ausubel and Fitzgerald, 19625 Ausube) and Youself, 1963 Fitzgerald and
Ausubel, 1963) were persuasive but of limited generality, Later studies wi;it:ned the

area of inquiry but increasingly tended to be inconclusive (Hartley and Davies, 1976,
Barnes and Clawson (19758) reached the same opinion from the thity-two Ausubelian

~studies in their review, of which jtweh’z: favoured advanee organizers while twenty |
reported no facilitative eflects on learning. Both sets ol authors vniphasise, however,
that statistical sipniticance and practical significance are not synonymous, No clear ,
patterns were discernible in separate analysis of design parameters such as the duration
of study, type of organizer, academic standard of subjects. intellectual ability of
subjects and level of the fearning tasks in the c:ngm‘tiw domain There seemed to he a

~ tendency Tor subjects of average and below-average ability to derive less benefit from
advanee organizers. This possibility was borne in mind when drawing the sample for
the present study.

Both artieles indicate that methodological flaws or inadequacies were evident
in many of the studies under review. Barnes and Clawson (1975) have put forward
the following recommendations to future researchers to avoid weakness in research

design and statistical procedures

Carefun - mect all of the requived conditions for
experimental research inchuding random assignment

of subjects (o treatinentt groups, maintain independence
of subjects, use the appropriate statistical tests, test for
mastery of the organizer prior to presentation of the
material to he learned, be eertain that the test of the
advance organizer and all tests of the maieriad to he
learned are different front one anather, inelude o
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Cretention measure if possible, follow established

pracedures for test construction and maiitain
high reliability and validity, (Barnes and C lawsom
1975, p. 657).

Research confusion stems from the fuet that there is eurrently no ciear |
cansensus concerning the gcneratikmx or fvmmﬁtin i of advance organizers. Ausubel
(19631 has provided Togival d istinetions between organizers and overviews but does
not deseribe the operational deflinition of an advanee orpanizer. Clawson and Barnes
(1972, 1973) have attempted to arsive at such a definition. Other authors. however,

have wished to avoid the restriction of a rigid definition and have adopted a wider
 view than Ausubel’s broad definition of an advance organizer. The mathematical

gante organizer of Scandura and Wells (1967), the mechanical model organizer of

Pella and Triezenberg (1969), the declarative statement organizer of Bayuk ef al
(1970) and the graphic organizersof Alexander (1977, Barron (197 Y and Weisberg
(1970 would appear to violate the high level of abstraction demanded by Ausuliel's
definition (West and Fensham, 1974) yet these pre-instructional s{m(egws generally
seent to offer advantages Tor the Jearner, West and I*‘fa:ns'ham (1974) have proposed
that Ausubel’s advance organizers may in fact be a specific type ol a larger elass of

confrived materials whase rale is to aid external conceptual organisation for learners

whose cognitive struetures lack or possess ineffectual knowledge organizers. This

wider ow wis ad spled by ‘;\?g'v*t and Fensham (1970). Tire soumd by > of this view

wae [ier estahfiehed by Vst and Kellett (19811 in their demonstration of the

equival 1 e of tee advance vrganizer and relevant prior knowledge, in outcome if not

I prows o Lhese wart ers comducted a study which involved the existence in fearners |
al e ares = f o oamin e, prior to instruction, that was closely related to the concepts

e Gy wIIE Tt aing programme was ten directed. The course of instriction

sealt with sefoniticy and orecipitation. The prior knowledge concetned the principles

of vhemicei equilibrium which are particularly relevant to the subjeet matter of

instruction since solability produet problems are specifie equilibrinm exemplars,

West and Kellett showed that the prior knowledge was tunetional in the orgamsation

ol the novel material and remaved any advantage which could have been offered by

the use of an advanee organizer. This finding is supported by studies along similar

lines (Pines, 1978: Wesney, 1978) in which cognitive background was related to
concept learning in science,

Barnes ael Clawson (1978) cull for rescarch to establish the Taeili/ative effects

of nonwrilten advance organizers, The promising results obtained by simulation-

games, graphic and visual organizers have alveady been mentioned. Jerrolds (1967)




has emiployed a written format but shows that compuct organizers stating the C:m'tral
idea seem to be as effective ds the more cumbersome, conventiona) kinds of advance
organizer. Farle (1971) has also departed from the continuous prose format used by
Ausubel amd reports suceess with advance orpanizers consisting of networks of

important fechnical terms charting their relationship (o one another.

Some studies have replaced the advance introduction of ideational anchorug.
as advacated by Ausubel by post-instruetional strategies. Conflicling results have
been obtained, Bauman, Glass and Harrington (1969 contend that post organizers

have a greater facilitative effect than advance organizers, while ather workers reporl

the <>§x11;isirn% (Bertou er ol 1971 Graber ef af, 1972 Smith, 1970). While adhering ;

to the conventional Ausubelian {im*ilisirm:tiim:ﬁ organizer, West and Kellett (19813
presented the organizer several tinwes throughout their learning programime to indicate.
to the learner the bearing of a particular learning section upon the averall development
of the terminal skill, a procedure alse recommended by Goodman (1977, The desired
ffrec;uem:y of presentation of the orpanizer s been investigated by BEwing (1977)

whao found that retention of the learning material was improved when gubjccts had
only restricted acvess tothe ﬁrgntﬁzer, in the svu&je that aceess o the erganizer was
excluded during the study of Jopger Jearning passages.

Barnes and Clawsan ¢ 1975) found that the length of treatment was not a

eritival variable in the studies covered in their review. They stress that this observation.

is inconsistent with the tenets of Ausubelian theory which discriminate between the
fearning-to-learn and warme-up aspects of learning set. Barnes and Clawson supgest
that consistency with these tenets may be revealed when fufure studies focus on the
effectivencss of advanve orpanizersover intervals of af least ten daysawhich would be
refatively extended periods when compired with several of the studies referred o

in their review, whiclh involved only one day. '

Two later studies involving high school biotopy students have adopted this

recommendation, Varano (1978) compared the infhience of advance organizers with

the use of behavioural objectives. Subject participation in the experiment lasted two
weeks Tollowed by pasttests, both immediate and delayed by an vipght-weck period,
Kahle (1978) condueted a similar experiment where a delayed postlest was
administered three weeks alter subject participation for » six-woeek poridcl and an
immediate posttest. Neither study showed any sipgnificant differences in inmediate
achicvement bhetween the experimental and control g;rm\ps. but the experimental

group was favoured on the retention test of Kahle.
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Bouman (1976) reports similarty inconelusive results in terms of Wicie
appheability inan investigation uwmivmg the use of copnitive organizersas a fuciliratm‘
af comprehension of instructional material by undergraduate enrollees, Ewing ( 1977)
demonstrales that advance organizers nuade w significant contribution to the Icar’mng
of selected topies in the arts by eighth-graders but raises further research qucstx(ms in
e finding that the organizers were signil‘ie;mily more effective for Jearning and
~teation at some cognitive fevels among female subjects but not for male subjecets,
Tais study suppotts the recammendation by Barnes and Clawson (1975) in their
swviewe for investigation into an area centred around the effects of ;xdv:mt:‘;: L;rgatf,wiZf:rs

s dearning ab all levels of the copmitive domain,

tn this assessment of advanee organizers, the author’s attitude showld not be.
terpreted as mabivalent. . The absence in the literature of conelusive proof either to

’"*gmzr{ ar o diﬁmi'ﬁ the use of advanes organizers, dovs um xmpi} it advanee

iwns‘aww ave of no value. Without the existen ¢ of dee dsive ncgziwe evidence. it stifl
A W m’tim fiile to carry out investigations itvolving advance organizers in
Susabelion or in modified form. The eflicacy of advane organizers in teaching

notheds §s not unxpe to Ausubel, if idinsyneratic terdnology aside, one considers

sy the Ausubaliun instractional sequence ws oppeses o the internal process in the
arner. | The inductive zm‘n*uuch to instruction at prinary amd secondary level has

been favoured by most pmmmcnt cdumtnrx. d'umg as ﬂxr buek as Vives (1492.-1540)

gt Comenins {1592 - 16701, ‘

Somtast the background of the uncertainties and wntmdldmm cnncerrum
wooappdiention of Ausubelian theory to cancept learning, it would appear, therefore,
Lk the pmpmutw approich adopted by Moreira (1977, 1978) and Moreira and '
Sandos { 981 might be the wisest iitial course of aetion i the quest Lo refine or
sottily tee sse ol cognitive organsers as g pedagogic stﬁ*ategy, Moreira org nised the
watire sontent of an introductory course in eleetrieily and nmgnmsm at the college
tevel aeeording to the Ausubelian principles of progressive difterentiation and
integrative reconcilintion. In i sense, this sequence is dimaetrically opposed to the
topic Tormal customary af tertinry level, whiclh beging with spvciﬁc coneepts and ends
#ith the general equations deseribing electromapnetic phenomena. There were two
perimental prou ps‘ in dilferent instructional modes, one selfpaced and vae
abtending conventional lectures, with two carresponding control groups following
thielassie approaelt. The results of the st y show that it is possible Lo organise
phyites Instruetion In accondanee with Ausubel’s theory and attain at least the same
oo bt anbievement as a traditional approach on measures such as qumc& ang
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examinations, with the addition of possible advantages i terms of conecepl Iezu*nin'e,
since the Ausubelian approach seem«:d 1o be more effective in l()s(cun the abili z

of students to relate and differentiate physical concepts. This seems to have beex
partiéularly evident in the individualised instruction cmnp‘:‘zriszm programimes.

Moreira and Santos (1951 have conducted a similarly designed experiment around an
introductory physics cciurw on tlwrmmiynamics. They report that an Am;uhc‘lidn,
framework influenced the cognitive structure o: “students in such g way tiat there

“was more coherence of hierarchicat arganisation with (he basic laws and the

conceptual stracture of the subject-matter than was evidenced with the tradiiimui

approach.

Another Ausubelian study designed o enlunee scholastic auixiévemént ’«in'
“the physies of vlectricity. this time at high school level. has been conducted by Roper
(19811, Roper administered operationafly defined expositary advance argzmizérskag
well as comparative organizers during instrucuon to the classes tfr;mprigibg his
experimental group. The dasmwnstimtmg (he vontrol arou ;5 were taught
separately and received only a six hundred word passage on random nuaders prior to
nrztruumm He reports that the use of the orpanizers assisted the students of the
experimental group to achieve better in hoth reproduction and comprehension of lhé
subject-matter, as measured by a tensiteny multiple choiee test and by a two-item
Cessay test respestively. |

24 - Developmental Learning

240 The Confribation of Piaget

Since the early nineteen- nttws it has baen an;x’rem' that Jean Plaget has made i
the chiel contribution to the study of intellectua) development. Ginsburg and Opper
(1 9603 advance the Tolowing reasons for this view : ‘

(i) Piaget's theory of child development is more securely hm: d upon the
study of the ch!ld than those of other researchers whose tenets have been '\pplwd to
the development of children (Frewd, Tewin, Flutt, Miller sid Dollard. Skinner) sinee.

for nrany devades, Piaget and his tean collected empirieal data on chilidren of all ages

(in Piaget’s theories lmw mwwntcd conceptions of thc child’s
Icveln pment, offering the first viable clHDI"HdU\’L‘ to the stnmulm«rospnmc behaviourist
trldxtlon.
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(iii)  Piaget has explored many new and interesting problems which were

previously unnoticed, for example, the discovery of the principle of conservation.

(iv) Although insufticient per se to achieve renown, the shec volume of

the output of meo and his collaborators since 1920 is overwhel mmg
242 Cuenting Attitudes

“The two major intellectual interests in Plaget’s life were episteniology, namely,
the branch of philosophy covering the domains of human knowledge, and biology.

These disciplines shaped the theoretical framework or presuppo‘;itionéfof Piaget’s

approach to the psycholm,y af intelligence. Pi aget sought to integrate the

philosophical approach which he considered too speenlatwe and the suennf'c apprcmch
which he sometines regard led as tou factual (Piaget, 1965a). Piaget’s research
activities may be viewed as pursuit of link betwfzen em pz’ricism and logical posit‘ivism.*
‘ Piugz;:t;‘f; orienting attitudes coneern, firstly, the nature of intelligence and.
sccondly. the structure and functions of intelfigence. The link resulting from this
inter-disei plfxmry co-operation is Plaget’s interpretation of the psychology of human
inwlligence, This desls with the individual’s attempt to comprehend mhty i.e.
epistemological issues, couched in terminology which has its o*mg.ms in the field of
biology  Piaget’s uariy research concentrated on the contents n}‘ the child’s thought
(e.p. Piaget, 1929; Piaget, 19322, 1932h). Al ter these initial investigations, Piaget’s
prime aim became the study of the fundamental processes underlying and controlling
the content of thought, namely, the structure and funetions ‘x)f‘imellig;znce,’ The
contribution of epistemology towards Piaget’s set of orienting attitudes resulied;
therefore, in the empirical investigation of the ehiid's understanding of space, time,
causality, ete., namely, the Kantian categoriesof thuaght. The contribution ar wuw
from his study of ‘binjl‘ogy resulted in definitions of itelligence in gener ral terms c)F
growth, stages, Aampmtum eqm buum and similar (‘m mrs
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*Logical positivism opens aeeess m empirically aceessible ]c)mams of reality as this
branch of philosophy confines the names knowledee or seience to the results of those
operations which arc observalle in the evolution of natural seience and mathenwtics,
that is, free of metaphysical assumptions (Kolakowski, 1972).




2.4,3  Piagetian Interaction Theory

The distinetive feature of the specialised field of cognitive development is the
need to understand how an organism of a particular kind, {n its encmmtters with
phenomeny, constructs the world {Kessen, 1966). Study of the conceplion of reafity
by the organism involves consideration of the respective roles played by the nrg.aniém ,
‘Q‘r knower and the object known in the aet of knowledge. Piag‘ef‘ subseribes to a
canstructivist position wliich is compatible with dialectical psychology, in his attémpt
to integrate the omﬁosed views of rationalism and empiricism on this issue of

| epistemological origin. The rationalist view is that axternal reality has a minor

{function in the acquisition of knowledge since the human intellect possesses an

intrinsic ability to apprehend the world, The knower therefore im poses on external
reality his own structures of thought, designated by Kant as a priori categories of -
understanding  The empiricist belief, on the other hand, is that external r =:1‘1ity ‘is_ ;
_indeﬁenﬂ&m of the human intelfect. The environment is expcrimiced through the
senses of the knower who is otherwise passive in the knowledpe situation, Knowieage
is thus acquired by the knower solely from his empirical experiences ( Ginsburg and
Opper, 1969). | i | '

The theory of interaction postulated by Plaget endeavours to reconcile the
rationalist and em piricict intm‘pywmticms of the knower-known refationship by
proposing that each element mukes a contrilution of comparable significance. Plaget

- therefore admits the iﬂmm*tmm of the environment in the knowledge situation.
However, the knower possesses a mental structure which influences his apprehension
of reality. The term, structure, is o key concept shared by both Piﬁgelia tand
Ausubelian theories. The customary meaning of the word, stated eatlier in this
chapter, has been modified for different contextual reference in cach theorv. The
connatations of the term as used by the two theories are thus divergent, Diaget sces
cognilive structure in terms of the adaptation or adjustment of an organism to its
environment, This adaptation involves intellectual develapment which reflects
evolution through qualitatively different sfages of thought. In adaptation the

organism orpanises separate putterns ol intellectual behaviour or structures, sequired

from past encounters with the environment, into higher-order systems or structures.
The nature of reality is dependent o toe kind of structure with which it is
apprehended. With cognitive development, the child therefore acquires a progressively
fess superficial view of the phenomenon which represents reality to him. The
development of cognitive structures, as h- pothesised by Piaget, clearly involves active -
internal’sation between the structure of the organisnt and the strueture of 'he

environment.
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Piaget offers several definitions of intelligence in general terms, among which is

intelligence expressed as a process of adaptation and organisation (Piaget, 1960).

'Adaptatmn may be mtemreted as the t endemy fo establish equilibrivum in the

organism’s mtcmc(ron with the environment, This tendency involves the two
processes of asbumlatmn am{ accommadation, The term, assimilation.is another
instance of an important notion which is common to both Piagetian and Am.uln,han
tcrmumlomem The precise meaning of ussimilation depends, therefore, on its
contetual reference as determined by the parl‘acumr theoretical stance involved. in
the Plagetian sense. assimilation signifies incorporation of the environment into
present patterns of intellectual behaviour. Accommadation deseribes the tem!mwv
of the individual to change these patterns in response (o environmental pressures.
t\mrmhtma 'md accommaodation gre functionally invariant and wmplememary :
processes. Um mdwmml assimilites environmental events into existing cognitive '
struetures and sumﬂtfmcmxsiv accommodates or *tltm these structures, either by |
nmmﬂcaimn or transformation, in order to adjust to the demands of the external

environment, This dynamic process of sel Heregulation is called gquilibration (Cﬂmburﬁ

and Qpper, 1969).

~ The instinetive equilibration of the urgxmsm with the environment meanfa
constant czrgxuis:xticm of psychological strugtures by co-ordination dnd integration
of cohierent patterns which are effective iy internetion with reality. These patterns
which Piaget called schemes™ are defined as e‘;semmilv repeatable psychological

strategies of intelligent action (Plaget. 1960). The non-randont action of zognitive

activities specifies the nature and direction of intel’lecmal development. Equilibration
implies a change towards inerensing smbxmy, consistency and completeness of the

struetures of intellectual behaviour (Smedstund, 1961), Cognitive developmient

is perceived as a series of equilibration-disequilibration states,

244  The Piagc&ﬁan Stage Construct

2.4.4.1  Meaning of Stages

General theories of intellectual development, sueh as those formulated by
Piaget and his u)llabomlms (Inhelder and Plaget, 1958; Plaget, 1954, 1960), include
agesrelated advanumcms in-at least tour major areas of cognitive ﬁmu[iomng,, namely,

- o

*In I’ ag,ctmn Lermmo ogy, the I‘wnch seheme is niton trz\mmed into L,ng,hah a8
schema (plura) , Schemata). :

R




perception, objectivity-subjectivity, the structure of ideas of knowledge and the
nature of thinking or problem-solving (Ausubel and Sullivan, 1970). No attempt at

~a-comprehensive presentation of Piaget’s major theoretical tenets can be of fered here

and the present focus ol concern will be restricted to an overview of the Piagetian

stage construct a8 it pertains to the main issue requiring resotution in this thesis.

Cognitive sophistica tion is partially characterised by an ape-related movement
along 4 conerete-ubstract dimension (Ausubel and Sullivan, 1970). This concrete-
abstract dimension of intellectuz] development is viewed by Piaget as a progression
fromy infancy to adulthood thmugh four qualitatively distinet stages ! g

(i) thesensori-motorstage (birth to two years);

(i) the pre-operational stapge (two to seven years) which is subdivided

into the pre-conceptual stage (two to four years) and the intuitive

stage:
ity - the stage of conerete logical operations (seven {o efeven years);
{iv) the stage of formal logical aperations (eleven yeats and above).

“The centeal features of these stages will be 'prcsécnted in the next seetion but it ,
must first be sakd that Piagetion stages may be regarded as particular sets of schemes
which are in a comparative state of equilibration at some point in the child’s |
development (Sullivan, 1967). Piaget professes an interactional position in postulating
the four main Faztors which effect transition through his designated inteflectual
stages (Piapet, 1964a, 1965b). Equilibration is considered to be the principal factor
‘which subsumes the other concomitant factors. The three subsidia ry factors are ;.

(H Maturation in the sense af Gesell (1954), whose embryologicul

model of growth is accepfed by Piaget as basically tenable when

applied to phylogenetic trails;

(ii) the role of experience, incloding both incidental and provoked
encounters with the physical environment; ' '
(iii} social irnleractions bebween individuals, including both cusual

encounters and structured educationul aetivities,

Variability in the two latter factors accounts for ontogenetic differences in the
emergence of stages of intelleetual development, Tn contrast {o Gesell, Piaget views

- %mmﬂmu&mﬁvm‘" e L T




environmental clfccls‘ as at least as m)pm tant as maturation in the detmmmahon of

cognitive growth,

Primary references dolmmtinzn the f‘urmﬂl characteristics essential to the
Piagetian stage theoretical construct nmay e found ui Imgctil%(v 1960, 1%7) and
Inhelder (1962). Numerous secondary references are cited by /\usubel and ‘Sul ivan
(1970), Among the pnmuw ers of these },mg,.e eriteria is the premise that w‘;:mtwc

~ stages arce hierarchical integrations, that is, earlier stages of functioning are substimed

orincorporated by means of @ subordinate relationship. into later mare complex
stages of thonght, A further fundamental assumption c‘)f Plaget is that suceessive .
changes in the structure of thought are mwrmu, ;dtlmugh they may be sux.smw
within certain Hmits, to umlnyenmua ami environmental mﬂuunws Critics 911‘ shif,c
theoretical formulations have been eited by, and their arguments refufed by, Ausubel
and Sullivan (19703 and Herron (19 3&! who show um not enly do ngct 5
demg.xmlul stages indeed reflect the mfiuenw of g g&m:lm and environmental
determinants but that they also do not exclude continuous passage {rom onestage
to another. | e |

2.44.2  Stage of Concrete Qperations

The previous sections have tsummarif;e 1 the Piagetian i’|1w"nre’izuiml of the
Process b} whicli the ﬂr‘gamsm progresses througl intellectual stages, ﬂl(‘ smges
themselves will now be deseribed briefly witly the restriction that the cognitive
aperations of interest in the school years are those identified as characteristic of
concrete and formal thought. Further, the delineation of conerete and formal

operations St;ill‘ Bere be coneerned solely with the development of thought, 1o the

exclusion of other cognitive processes,. For a more complete aecount, the reader is
referred to the lueid summaries of all four Piagetian stages, wluch have been
presented by Flavell (196. 3, by (.msburg and Opper (1969) and by Ausubel and
Sullivan (1970), as well as the mmmehemtvo primary exposition hy Inhelder and
l’mwt (1958), ‘

The major issue in Pinget’s (heory of cmmmun is, as was indicated in the
previous seclion, the progressive inferior nmamsn[mn ol knowledge by the mdlwdu‘\l
which results in progressively more elaborate and advanced cognitive structures, The
presence of appropriate cognitive structures or sehemes is o tequisite for the inductive
and deductive logic demonstrated by adult thought. The Piagetion cognitive structures
are modelled alter operations which have the praperties of mathematical groupings
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"in general and the property of ‘revarsihiiity in particular, These logical models do not
imply any explicit understanding of logic by individuals in their reasoning, The .
intentions behind the ccmstmdtimn of Piaget’s logical meta-theory are to provide
clarity and adequate deseription in the representation of protocols of L‘hought and

to offer explanations and predictions of intellectual behaviour on a qualitative basis.

Piaget (196505) holds that the emergence of conerete operations signifies the
beginning of rational activity in the child. Prior to this point, the child exhibits

transductive reasoning which assumes a mlatibnship between two or more spegific
and concrete itenys when in tact there is none. According Lo Piaget, therefore. the
ré;ison ing of the youny child moves front the particular to the purticular without
inference to or from the general. This type of thought may be considered to lie
between deduction and induetion, The young child’s thought does not display
reve :sih‘ilfty; that is, the ability fo hx’it}g a train of thought back to its starting-point.
(While the important role of fanguage and :Pcrcéptim; in feascming is recognised,
Piaget disallows these as constifutive of fntellectual activity sinee neither displays
caomplete reversibility.) Further, f}Iw young child fails {o recognise the parts ofa
situation and tends to concentrate on only one dimension of the situation, This
dimension generally involves the statie states of the sitaation as the child is not
attuned to changes in shape or form (transformations). The conere l‘»ﬁé:rpemticnai
child, on the other hand, is able to reverse the direetion of his thought, He can also
attend to several aspe ¢y of 1 situation simultaneously, showing a co-ordinative
approach wiich Piaget terms decentration. Moreover, the child is z’mspami\%e to

- transformations. Piaget conceives of these three facets of thoaght as irreversisility-
r::versibility‘ static-dynamic and centration-decentration (Ginshury and Opper, 1969).

From the paragraph abave, it is 2lear that kinetic and transformational images

arise in the ehild for the first time doyving the concrete operational stage. The
construction of images is an internalised, imitative m:tivity on the part of the ehild.
Both types of image may be reproductory or anticipatory. Reproductory images
attempt to copy or represent evenls wich Took place in the past or objects which
ate no fonger perceptually present. Anticipatory images iwvolve expectation of ‘
Tuture gvents or of changes in (he form or e focation of wn object, Images of
kinetic and transformational situations are essentinl auxiliaries to thought provesses
at this stave of dcvu[c‘)mnen!‘ although they are not causative of thought, Mehiul
imagery is the subject of extensive investigation by Piaget but will not be discussed

here as it has no direet relevance (o the present research, The reader who may be
interested in pursuing the topic s referred (o Ginsburg and Opper (1969) and Furth
(1977), ) '




- Plaget (1960) maintains that the operations clmmcter}s’l‘ic of the concrete
operational stage (seven to eleven years) develop in unison with respect to a particular
task. The concrefeness of this operational stage mheres in the fagt that xdahonslups
can be grasped and meaninglully manipulated only with the assistance of concurren Uy
‘ava:ilablc‘ or recen'tly prior cone rut,c-empmwl objects. Plaget has examined such issues
as classes, relations and number and proposes logico-mathematival models called
Groupings to ex;ﬁlain the ehild’s cogaitive behaviour on tasks involving concrete
objects. Grouping 1, for example, is @ com prehengive and integrated stracture which
reflects the pri)cesscs underlying the child’s elassificatary abilities. The mental
operations involved are therefore inferrelated and may be specified as closure,
- associativity, identity, negation amd tautology. On a nontormal and simplified basis,
the classification model comprises hierarchical clusses or elements, the binary operator
of combining and these five pmper!m which govern the application of the operator
to the clements. The first pmperw closure or wmpwsxtmu, properly describes the
child’s ability to understand & hierarchy. (‘l(asurc states that the combination of any
two clements of the system will result in another element of the system. The next
property is associativity which means that clements may be combined in different
orders to give final results whiclt are equivalent. ‘The third property is identit ty which
states that there s a xpeu.ﬂ clement in the system referred to as the notling element
and which, if combined with any of the ather elements, results in no change. Next
is the property of negation or fnverse which js actually a type of reversibility.
Negation states that, for any element in the system, there exists another ¢lement
known as the rrse of the first, which when combined with the latter, produces
~the nothing element, Negatiop can therefore be considered as a torm of revemihility
as the thinker is therehy brought b baek fo his starting-point. Finally, there is the fif th
Cirouping ﬂpcmtmn tautology, which states that il an vlement is combined with
itself {i.e. :c!cn(ity element), the resuly corresponds to the original element and
therefore no change is produced (Ginsburg and Opper, 1969, pp. 129--131),

24.4.3  Stage of Fonmal Operations

In the previous section, it was seen that logical operations at the conerete stage
are constrained by the particularity of the conerete expericnee of the child. These
operations cledrly do not entail transformations of all-inelusive hypothetical
relationships between general abstraet parameters, which are encounfored i the
Jormal operational stage only, The child enterfrg the formal operational stage at
approximately eleven years, becomes decreasingly dependent on nopsabstract contact
with empirical data until cognitive maturity, at approximately sixteen years, moeans

Q:—i%m;; : ;  ‘ K ’;u;
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f‘rycejdom from conerete-empirical mality as an essential to Lhdughtpmécxxca When a
child at the concrete stage is confronted with a problem, the child’s attention is ’
directed solely towards the observed attributes or results of the given Si’tuation ar
experiment, Foresight in tackling the problenr is limited to extension of observed
data according to the same methods s were m‘igimllly used to obtain the data. On
the other hand, the approach typieal of the adolescent at the formal stage commences
~with a consideration of the theoretical combinations of eventualities which may
' pertain to the task. Only once hypotheses liave been developed, are enipirical data

obtained in order to test the hypotheses. Finally, the adolescent arrives at new

interpretations and hence the formulation of generalisations to which the observed
results lead. Formal thought, t:}zvrct‘nm is hypothetico-deductive. Piaget describes
such thought as follows : : : '

Instead of just covrdinativg fuvts about the actual
world, hypotheticodvaw dve regsoning draws out
the implivations of pussibie statements and this
gives rise to @ wnigue synthesis of the possible amd
the necessary, (Piapet 957 ¢ 19),

Put another way, Piaget has characterized the change in fevel of abstraction which
‘matks thwe shift from conerete to formal operations as reasoning from the possible to
the getual @ '

Possibility meo longer apye 2rorerely o8 on yxteosion
af an empivical stteation r o getions aeitii)
performed. Instead I o« cality fag ioiew ;
secondary to possibilic.  Inbelder tnd Piaget, 1958,
pe 2910 ‘ ‘ , ~

Piaget postulates that the systeny of nieutal sperations in the adolescent has
reached equilibrivm to a significant extent, that is, the cognitive struetures are
sufficiently stable for the effective assimilation of nunierous novel situations.

k‘I*"urtlwmmrc. mature thought js flexible in view of the large range of cognitive
aperations available, which allows efficiency in problemesolving, The changed
perspective of the nature of the universe has consequences for the entire mode of
Iife of the adolescent, where the possible and the ideal captivate both mind and
Jeeling (Ginsburg and Ovper, 1969, p, 208), The adolescent at the formal stage
possesses, For example, a tendeney to beconie involved in abstiract concerns such os
political theories or metaphysical speculation. As a further exumplm in the affective

~sphere, he is now able to direct emotions af iea's such as love of freedom or dislike
ol exploitation. ' |

o)
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2.4.4.4  Logical Models of the Formal Stage
Two logical models have been advanced by Piaget to deseribe intelicetual
achievement at the for .l stage. The first model refers fo the manner of derivation -
by the adolescent of refationships among the facmj's involved in a given situation.
The set of the mssible logical relations is expréssed as a system of si‘x'teen binary
operations. Piaget next proeeeds to describe how the adolescent manipulzi‘tcs the
particular conclusion whicl has been derived from the ex periment in order to reach
a general statement of the prineiple involved. This introduces the second model. the
so-called INRC Group, Both models, as has been mentioned earlipf. are deﬁigﬂcd {0
represent the general strueture of formal ’tlumght and do nat sugpest the exxﬂicit
“knowledge of any logic on the part of the adolescent. : :

The general approach to many experiments, in order to decide which of many
possibilities is operative, involves holding all independent variables except one
constant so that the offect of each independent variable (p) may be assessed in terms
of a dependent variable (). Piaget’s system of binary eperations applies to simple

situations involving two factors (e p amd ), each of which may have two values
{eg.porprnqory. The sys{tem of binary operations in fact constitutes a special
case of the more comprehensive combinatorial system. Although a binary model is
clearly not :ﬂw;xyg appropriate, one of the advantages of binary propositional logic

is that it can deal with non-numerical statements (Ginsburg and Opper, 1969, p. 2023
Only a r;:'s'tr_ictml portion of Piaget's extensive theory will be mentioned here. In |
order to ¢larify the most common symbols used by Piaget in his binary system, the
solution to a well known Diagetian task, the bending rods experiment, has been
expressed in Table 2.1 in ferms of one of the sixteen logical relations that make up
the systemy, The rods experiment gives eise toa pattern of results known as
implication. Other experiments or situatinmgwmrztiv otlier patterns of results c»'if
functions. The set of resulls is called the sixteen binary operations, The set is Shéwn
in Tuble 2.2. ‘
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Table 2.1 Symibolisation of Rods Experiment

The Task: ;
Piaget presented subjects with a st of various metal rods which could be
clamped at one end so as to lie parallel to and above the surface of water
in a basin. The rods differed in composition, length, thickness and sh | ¢
“of crossgection, In addition, dilferent mass-pieces eould be attachec
the end of the rod ahove the water, Sabjects were asked fo determine, by
investigating these factors, which rods were suf ficiently flexible to wuch

~the surface of the water and then to ex plain their resuits (Ginsburg and ‘
()ppui 1969, p. ISC)) o ,

R i g

Symboly : ‘ : L L
Assunte for simplicity that all the independent wmhles except Icnpm dnd
Cwelght are held - il
Lot p represent angth.

Letp represent short lenpth,

Let g represent heavy weight,

Let 4 represent hght wexwlt

The dependent variable is the fexibility uf the rads,
Let reorrespond to great bending,

L&‘t I cortes pmm to Hitle hcmimzq
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Cienera! mel‘usiu n:

Hending may be caused by two completely unrelated factors, namely, length
aud \wx;, it. '
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Qo;mclumom I;«cpress“d in Propositional Logic:

) The fogical conclusion is called implication.
iy Implication may be written ‘
| lenpth implies bending - p D7
weight implics hendiny g

(iii) Stating this in speeific terms, with a view to interpreting Table 2.2,
if fength alone is considered, then

par

The three possible outcomes a‘ the experiment whu:h may He
observed (T) are
P with r
pwithr
pwithr

The outcome which may nat be observed (I9) iy

powith t

A




Table 2.] Symbolisation of Rods Experiment

=

The Task: ; ,

Piaget presented subjects with a set of various metal rods which could be

clamped at one end so as to lie parallel to and above the surface of water

in a basin, The rods differed in composition, length, thickness and shape
ol crogsssection In addition, different mass-pieces could be attached fo

the end of the rod above the water, Subjects were asked to determine, by

: “investigating these factors, which rods were sufficiently flexible to touch

! the surface of the water and then to explain their results (Cnmburg zmd

i QOpper, 1969, . SQ)

Symbols: :

Assume for simplicity that all the lmicpendum variables exeept length and
weight are held mmtm! ‘ :
Let p represent lonw fenpth.

~Let p represent short fength,

Let q represent heavy weight.

: Let q represent light weight, o

© The dependent variable is the flexibility of the rods.

: Letr mrre*\;pnnd to great be ndi ing, |

i Lfei 3 mrrc@;mnd m hme lwndmg.
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; Geneml (L"mu:lusion: -
Bending may be caused by two mmpletely unrelated Factors, namely, length
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and wmg,ht

Conelusion E};prc‘;sed in i"«*opc)sxtmml Logw* ,
; i) The logical conclusion is called implication.
fi) - Imiplication may be written
fength implies bending - p Doy
weight implies bending q D r ,
(i) Stating this in specific ters, with a view to interpreting Table 2.2,
' if length alone is considered, then
i oy
The three possible outcomes of the ex periment wmch may be
obsm-vud (T)are

pwithr
pwith s
powith r
The auteome whiclh may not be obseeved (19 is
pwith
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