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The thosis bepins with sn explanation of the Plegotian background to

the regosrch together with a gsurvey of & nunher of training experiments,
After relating the aims and mothods of the research to & simple plen of the
curriculuz en exaszination of the possible rolationships between history,
hictory ess taught in schools, and the Plagotian framework is outlinad, The
zajor part of tho thesis is concerned with sn attempt, through eapirical
werk in classrooms, to develop the logical thinking of primary and
secondary pupils. Using criteria derived from Plogetls davolopaantal
theory of intelligence children aged 9-10 years snd 12-1) years were
sspacsed through the clinical technique on their responses to a nuxber of
questions on historical passages at the beginning end at the end of a
gschool year, In each asge renge two classes were taught history for one
echool year by ths investigator, one in a "treditional™ menner and the other
in sn "experinentsl®™ manner. There wvere non-taught control clesses for the

tvo gre ranges, one for the primary end two for the secondary pupils. In
order to mnake the nuxbers at each age level coamparable the final samples

consisted of fourteen boys and fourteen pirls in each of the primary groups
with thirteen boys and thirteen girls in each of the secondsry groups.
Bach pupil was also assessed individually before and at the end of the
school yesr on two Plegetian experiments, equilibriuz in the balance and

the coabination of colourless liguids.

Analygis of covarience was used to diccover whothar the teaching

techniques hed node any significant difference to the nature of the

children's responzes on tho passapes after the year's teaching., The



stability of the levelso of response across the different historical
pascages ond acrogcs the historical passsgos and two Plapotien experiments
vas also snalysed, The recearch further involved a consideration of the
children's morsl judgments on certain solectod questions and an examination
of some variasdbles vhich may be sssceiated with children's thinkingin

history such s reading ability (primary pupils), measured intelligence,
gsocial class and personality charaoteristics. Soms gpoken replies of the

secondary pupils were analysed spainst written replies. Using the Osgood
Differential technique an assessaont was made of the secondary pupils!
attitudes towvards concepts associated with the teaching of history. The
data obtained froa these and other measures were submitted to factor
analysis for each of the two cge groups.

The major results are as follows;

(1) The primsry boys in the experimental group reached significantly
hicher levels of thinking after & year's teaching than did the boys
in the traditional and control groups on (a) the "taught™ story and
(b) the three stories used as criterion passages, two of which were
not taught.

(2) Tho primary girls in the experimental group reached significantly
hirher lsvels of thinking after a year's teaching than d4id the girls
in the traditional snd control groups on the “taught® story., 4

sinilar result occurred only against the girls of the control group
wvhon the aversge scores on the three stories were used in an analysis
of covarience,.

(3) The only significant gains macde by the secondary pupils occurred
(a) when the scores of the boys in the experimontel group on the

"taught" story were covarlated against the scores of the boys in one
of tha tvo control groups and, (b) wvhen the average scores of the
three stories for the boys in tho traditionally taucht group were




(4)

(5)

covariated against tho scores of the boys in the othar of the control

ETOuUps.

Friedman's two voy snalysis of variance showed that the stories

precented similor levels of difficulty on the first occasion of
toptings

groups.s On the pecond occasion, hovever, at both age laovels the

this vas true for both the primsry and the secondary

subjects in the taught groups tended to answer the "aught® stories
at & higher level than the two "non=taucht"™ gtories used in the
initial ecssessmnt.

Kendall's coefficient of concordance indicated that the pupils at
both age lsvels maintained similer positions in relastion to esch
other more ecross the historical pssssges than when the puplila!
aversge scores on the historieal passages wore analysed apainst

scores on the two Plagetian tasks. There were, however, moderate

degraeas of consistency scrcoss the three messures, that is, history
and the Plagetian tasks, for both the primary and the secondary subjects.

(6) Tho Osgood Semantic technique seemod to show that the pupils in

goneral remained favourasbly disposed towards history, with a
gignificant improvement for the boys in the traditionally taught group
on "History in School®™ and "Visiting Historlc Places".

The thesis concludes with a discussion of the results at the two age

lavels together with an examinetion of soms possibls implications of the

£indings for the teaching of history and further research.
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PART 1

THE PIAGETIAN BACKGROUND

e

! SOME FUNDAMENTAL CONSTRUCTS

1. The process of assimilation and acecommodation

Plaget concelves of life, including the development of logical thinking,
as a continuous creative action betwsen the organism and the environment.
All 1living matter has to adapt to its environment. Such an adaptation takes
place through the operation of two general processes, assimilation and
accomzodation, undor the control of an internal self-regulating mechanism,
equilibration. (Beilin in Mischel 1971, pp.88-89) Assimilation is the
incorporation of environmental data, through physical or mental activity,
into existing cognitive structures. Tho data is incorporated only to the
extent that it is accepted by the organism. This developmental process
starts with the infant's innate reflexes. These provide the original base
from which experience is assinilated. Accommodation is the process by which
the organism adapts its structures to the particular environmental reality
with which it is confronted. Beilin (ibid, p.89) explains that this can
occur independently of the demends of the external environment as in, say,
the kind of thinking that occurs in mathematics, so that it can occur in
response to the data gensrated by the thought process itself.

Assimilation and accommodation initially are opposed to each other
"gince assimilation is conservative end tends to subordinate the
environment to the organism as it is, vhorcas accommodation ... bends

the organism to the successive constraints of the environment" (Plaget 1955,

P«352) The role of mental operations is to inter co-ordinate these initially
entagonistic functions, especially as they are also essentially dependent on
each other: every assimilation involves an accommodation and vice versa.

The basic unit of analysis is thus the organism within its environment.

"A response is always the response of a living organism, always something



constructed in part according to deteminants that are intrinsic to its own
structure. A stimulus, too, is ... scmothing that can be ‘assimilated! by
tho structure®. (Furth 1969, p.1)) If it could not be sssimilated in a
neeningful way by the organisa the stimulus would not exiot conceptually for
that particular organism, although it might ba used in rote fashion. Furth
Olves the exaapleo that four sticks in a serlies doos not Mexist' for a child
vho fails tn perceive that an ordercd arrangement is difforent from one
without order. "To Imow is therefore an activity of tho subject" (ct.ub,p-is)
Parents and tecachars are often reminded that children nither have not the
necessary structuraes by wvhich they can nake sense of new information or they
ares ready to "parrot" words and ideas without understanding. Children must

play an active role in creating knowledgn.

o [nowledqe

Yhat is this "knowledge" of which Furth end Piaget write? The problen
of "mowledge™ could ba considered as much a philosophiceal as a paychological
quostion. Poters (1967, pp.6-7) argues that being educnted fzplies the
possession of knowledge. This is not nmere knowledge seon in, smay, the
recapitulation of dates in history but "somse understanding of principles, of
the 'reagson why' of things" i{s required. To bo educated, for Peteras, is to
travel with a different view derived from understanding such knowledge. It
would secm a falr analogue to say that to be lnowledgeahlo in Piaget's sense
iz also to regard the world with a different view.

Lovall (1971) considers "knowledge™ from two aspects, general and
particular. The forwer way of lkiowing may be defined as "the totality of
the action co-ordinztions vhich are available to the individual at a given
stage of development, the actions being plysical cnes at firast, these later
being internalised with the aid of languace as implicit mental actions". (p.240)
Thus, a child at the sonsori-motor level, through his organisation of actions,

vill not forget that ho cen use a stick to obtain an object otherwise out of



reach for the schema involved is ™ow part of his general objective knowing".
of.cit.

(ibhd, pe242) He may, hovever, forget whore his mother keapa mome spocific

object 1f he has been esbsent from the house for somo time; this is an

exanplo of particular knowing. Again, at tho concrete oparational loevel,

through actions parformaed on objects or from the form of conversations

with other paersons, nev structures esre developaed so that the child will nover
again be unsure, say, as to wvhether a class cin bo smaller or not in extension
than {tas gub-class. (oﬁ;t“f!b.' p.248) Once an adolescent has reached tho level
of formal opcrations he will appreciate that the facts in front of him are a
subset of the possibdle transformations that have actually come to pass.

X
(ibkl, pe246) Those are all oxamples of ways of general knowing.

Particular

knovledge, on the other hand, results from special experionce within the
physical, social or cducatiocnal environment. "Thus specific opportunitics
are nhecassary, genarally in school, to lemin of the physical fentures of the
local enviramont ... or of some of tha cotisoquences of tho Noruen Coniquest™,

(1bid, p.246) Dut it seems that it is "the general ways of knoving which

deternine the level and quality of wunderatanding of the particuler knowledge®.
(1bid, p.246)

The essence of general knowledgo, then, is the operaticna, sots of
reversible actions, scen, for example, in such structured forms of thought as
classification and seriation. An operation enables the knower to Mgot at
tLic structures of the transformation". (Piagat in Ripple and Rockcastle 1964,
p.8) The understanding of number is not achieved simply through verbal
repetition of "onao", "twvo", M"three" otc. by the child but by ections which
deuand the construction of the basic operational structures of classification
snd seriation. The tom "construction™ is used here as it seems to convey
the sonse that the structures are dbrought about through the interaction of
the organisa and the cnvironments "a thing in the world is not an object of
knowledge until the knowing organism interacts with it and constitutes {t

as an object", (Furth 1969, p.9)



These operational structures for Plaget are "the basis of knowledge eee
and the central problem of development {s to understand the formation,
eladboration, organisation and functioning of these structures". (Ripple and
Rockcastle 1964, p.9) Structures or schemes are abstracted froa experience
but Plaget thinks it necessary to distinguish between two kinds of

experiencet a physical exporience that abstracts from the physical things

thenselves and a logico-mathematical experience that abstracts from the

knowing activity itself. lle suggests that operational schemes darive
principally from the second kind of abstraction. (Furth 1969, p.65) This is
evidently so becauso such "abstractions' express laws of general co-ordination
that are ioplicit in all 1living structures. ( , P«66) Plaget also uses
the term "reoflocting™ abstraction since he conceives the organism as

reflecting on its own co-ordinating activity in a self-regulatory sense.

Az an internal enrichment it becomes the principal source of growth of the
operative structures. ( s Pe65) Presumably, Furth is here reforring to
the crucial concept of oquil:lbratim. Furth {llustrates an operational
structure by contrasting how an infant and en adult might react to the

stimulus of a thrown ball. An infant would react externally to the ball

vhereas an adult would assimilate the stimulus to existing operational
structures, for instance, by classifying it as a particuler example of
thrown objects or ballss 1In history, perhaps, the stimulus of the word
fdamocracy™ might be assunilated by an experienced adult to his operational
scheme of democracy based on knowledge of democracy in Anclent Athens, in
Britain today, on thoughts of how far wore democratic principles in the
UeSeAe compromised during 1973, and s0o ons On the other hand, a child of
thirteen years with no such developed operational structures available will
have to bring to bear such possibly rudimentary schemes as majority, vote,
government to his understanding of the terms This example possibly shows

that earlier schemes are subsumed in and are necessary for later operational

thinking.



Je  Memory
As heppens in the study of history in ochools, wmemory pleyad a part

in the presant rosearch. For exampla, there were annual examinations at
thae mecondary school in which moemory of facts end historical connections were
tosted {Apnindix K ). Plaget ehalyses nmenory in two wayst {n the narrow
sense as shown in roto moctory of an arbitrary character and in the wider
scise seen in the understanding of legical connactions. (Furth 1969, p.163)
Piegat links tha foruer type with figural aspects of memory seen in perception,
imitation end imagos whereas the latter is connected with logical thinking.
A normal adult in Vestorn socloty does not, for exmmple, "forget", as n
young child night, that i A > B end D 7 C then A 7 C because he has fully
interiorised the particular structures for that problexn. He "knowa" the
answers.

Piaget suppcrtn his contention that knowing is always present in
operative mem>ry by quoting empirical rcsearche The majority of a group of
Genevan children aged 6 and 7 years could reproduce accurately one hour
later the horfizontal lino of the top of wine in & tilted decanter.

After the lapse of a woelk, however, whilo the children could still renember
the drawing, they drew tho level of the liquid incorrectly, a rasult which
could be expected from children of that age. Their figurative memory had
become weoaker and could not coupensate for their lack of operativity in this
ocvnariment. (o".z.k,'ppdSZ-iSJ) Teachers aro well avaro of this occurrenco
vhen children "swot® formulae, causes of vers, figures of speoch - and
prozptly "forgat" them after an exanmination. Another experiment of Piaget's
showed that childiren, evidently at the transitional stego between having and
not having the structure of seriation improved over a period of six months
in their remembering of u picture of a nimber of lines presented in series.

(ibid, P«153) An thelr operative knowledga incressed, so also did their

penory perforoence,

%hat is the relationalilp of tha two types of memory? For Plaget, some



system of operative schemes subsumes and controls all figurative knowledge.
Even rote memory works within an operative schomes A striking exeample of
this was given in tho present research when a girl aged 1 t 9 years in the
A" gtream of a grammar school failed consistently to make the different

wveights reach equilibrium on a siople type of balance experiment (pp.”'h}
This is how sho tried to got 59 on one side balancoy 2g on the other.
The girl's remarksi
og at hole 20R {ight)
59 at hole 6 L (eft)
What do you think?"

"It is too heavy'"
"Can you do anything to make the bar stay level?"

ngq at hole 8 L (= 40) It atill scems heavy on the right

2g to 19 R (= 38) That is bettern

Yet she could repeat the rule perfectly. "The losd times the loed's distance

equals the effort times the effort's distance. That's the rule we've been
taughttt,

The girl had some understanding of the principle of moments; this was

shown in her trial and error procedure. VWithin this rudimentary scheme,

the rote learming had takon place. VWith increasing age, practice, and

possibly a more simple explanation such as 'multiply the weight by the hole!

she should have proceeded towards an operative wemory of the principle of
movements, Dut one year later she still did not complotely understand
metric proportion. This is her socond answer to the quastion on the
rule about the experiment. "If the weights are equal and (each) one is

on either side, they have to be the samc distonce away from the fulcrum.

But if one weight ia heavier than the othor it will be nearer the fulcrum

than the smaller one". At least she was capable at 14 3 9 years of showing

that she had some general knowledge of the balance experiment; this seems

a nore operative ansver than her previous rote reproduction of the rule.



Such an example ssems to provide support for Pleget's answer when he
vas asked vhether oxercising the memory would accelerate children's thinking

skilla (Ripple and Rockcastle 1964, p.20) "In exercising perception and
nomory, I feel that you will reinforce tho figurative aspact without touching
the operative aspect = not the analysis of states, but the understanding of
trengformsastionas One wonders, however, whether the exsrcise of figurative
momory might provide additional data for children and might help to develop
rudinentary structures into wore sophisticate! forms,

For exanple, it is necessary for young clilldron to oporate on number, as
in discovering that four groups each of three objects ylolds the soma total
ag three groups of four objects.(lovoll 1971, p.24S) Does the rote-learning
of tebles also halp in devoloping their grasp of the number aystom? If a
teacher deenns such repotition useful, then it would secon a morae loglecal
rrocedure to teach in succession thoso systoms which more noarly relate to
ccch other, such s 2 x 3 followed by &4 x &4, end then 3 x 3 folluwed by 6 x 6,
rether than simply procecding from 2x 2, 3 x 3 to 12 x 12« As in =so many
other arcas of educational research, howaver, the relationship of memory ex-

poricnce to operative knowledgo still needs thorough investigation.



CHAPTER 2 ¢t TUE STAGES OF THOUGHT

Operations derive from sensory-motor actions through the progrossive
interiorisation and structuring of co-ordinating action schemes. As a
result of dovelopment, operations eventually form a coherent system, the
most characteristic attribute of wliich is reversibility. ‘"Reversibility
of thinking action thus becomes Plaget's observational criterion for
differentiating operation in the strict sense from preoperational activity®,
(Furth 1969, p.63) Plaget usually cmploys the term 'preoperational! to
cover the period froa 1} years to 6-7 years whaon thinking is no longer merely
scnsory-motor yet not fully operational. The period of operational thought
is normally divided into concrete operations (7/8 years to 11/14 years) and

formal operations (11/15 years onwards)e. The criteria for these three stages

vill be used to analyse enswers in the present resoarch, but it must be
remembered that children's thinking on historical passages is likely to lag

behind their thinking on more immediate concrete data.

1 The Preonarational stage
The child moves into this stage when he can differentiate a signifier

guch as the word for "dog" froa the sctual animal. This capacity is called

the seniotic function by Pleget. Llovell (1971, p.243) explains that the
ability to represent reality not present can be inferred from at least five

behaviour patterns which emerge "at more or less the samo time':

(i) Initation which takes place after tho model has disappeared,

(£1) Symbolic play
(111) Drawing

(iv) The mental image

(v) Oral lenguege, which is "but one aspect of the semiotic function

vhich in turn depends upon intellectual development®. (ibid, p.243)



Preoperational thought can ba characterised as '"semi-logical or
inconsistent"s (op.u:ty p.24k)  The preoperational child i{s unable to focus
on another's point of view in order to contrast or co-ordinate it with his
owne le will also centre on one aspect of a situation and not tako into

account features which balance and coupensate. Transductive thinking is

often involved, this is, the child proceeds frozu ono sluament to snother
without there boing any neccusarily logical relationships baetwveon the
clements. lle thus tends to nake associative "and connectiona" rather than
true implicative and caunal relstions ina chain of ressoning. 1In the
earlior rescarch (llallam 1966, p.104) the fallowing ansvor was judgad to be
showing signs or transductive thought. For the last question of a series
the pupils were asked if they had any comments about Mary Tudor after they
had read a short passage about hore A boy sged 1) t 3 years vwith an IQ of
113 gave the following raeply.

n(she) likal having fancy clothes end ... she thought all English
people were sinners for going after Hanry VIII's religion which
was a rebellion against the lloly Catholic Church".

"'Wwhy do you say 'she liked having faicy clothes'?%

miith being a reaber of the Catholic Church the priest had very
cxpensive vestnmenta and she liked very expensivo clothes and also

to have Jjewels and varicus other decorations on her."

The preoperational child is elso syncretic in his thought, that is,
everything in a whole can be related but there need not bo any logical
roasoning behind such relations. He is clso likely to focus attention
upon successive atates rather then on trensformations betwaen states. As
was noted anrlier, the aspecis of knowing which daal eszentially with such
fixed states is the figurstive function (imitation, mental imagery) whereas
the aspects of knowing which focus on trangformations batveen states in
known as tha operative function. Plagat demonstratas how chlldren at the
preoperational atage are limited to the ficurat;;u function in the following

experiment.(Ripple and Rockcastle 1964, pp.25-26)



Glass Glass Glass
A B C

The child is asked to predict how much water there would be in glass B and
then glass C if the water was poured from glass A into each of them in tumn,
Piaget states that between the ages of 5 and 8 years three types of reaction
are found.
(1) L4-6 yearst Children tend to say there would be the same amount to
drink but they predict that the height of the vater would be the

seme in B and C as it is in A. Plaget calls this a pseudo-
conservation; the children have conserved the lavel as if the
level on its owvn were the criterion for quantity.

(11) 6-7 years: Children will usually predict that the water in B
will go higher because that glass is thinner but they will say

that there will be more wvater in B and less in C. Here the image

is simply a result of previous experience through drinking, say,
milk in different tumblers. The child, howsver, cannot imagine

a system of compensations involving twvo dimensions.

(111) 7+ years:

The child should have reached the operative function

where he can predict that the level in B will be higher and that
B will also contain the same quantity of water as in C. He can

contract two features, height and width, and also reverse his
thinking so that he realises quantity in A = quantity in B =

quantity in C, provided none is spilled.

2. The concrste operational stage
The typical Plagetian conservation problem mentioned above shows that

the child from 7 to 8 years of age can onvisage complete and reversible
compensations. Thought has become systemised, logically or intemally

consistent. (Lovell 1968, pd99)



"By concrete operations we mean actions wvhich are not only intermalised

but are also integrated with other actions to form general reversible

11

systems". (Inhelder and Piaget 1958, p.6) 1In Pisget's original conservation

experiments such revargsible, integrated mental actions are limited to

{intuitable data, that is, imageadble or perceptible data. Concrete operations

"function only with reference to obgorvations, or representations of

observations, reckoned as true, and not with data that is merely hypotheticalt

(Lovell 1973, p«75) Lunser (1965) has argued that the essential achiovoment
of concreto operativity lies in tho dofinability of its concepts.

"Operational = operationally definable", for example, to define number wve
place objects in a one - one correspondence, to define longth we put things
end to ende More recently (1973) Lunzer has decided that while thias
characterisation is correct, it is not explanatory. lis hew dafinition is

that the child is aware of the criteria of his own actions in relation to

altermnative opposing criteria, seen, for example, in the classification
experiments. He considers that this i{s a more powerful analysis than that
offered earlier (1965) because only a single model is suggested and the use
of stable criteria precedes their recognition, that is, a child may use
differcnt types of clessification before ho realises that others are existing
while he ip using just onc type of clessification.

The more recent experiments devised by Inhelder and Plagat (1958),
tvo of which are used in the present research, demsnd that children reason

In relation to the

in respect of scientific and mathematical problenms.
Pendulum experiment (ibid, pp. 67-79) lovell (1972, p.75) explains that wvhen
asked to discover which factor affects the swing of the pendulum, the
concrete operational child can only introduce or eliminate a variable to see
vhat role it {s playing. le pushes or does not push to see if the variable
of "push" is causally effective. DBut tha child at the concrete level
cannot consider withholding a push each time he changes the length of the
wire in order to deterzine the effect of the variadble of, say, length.

The crucial turning point for the beginning of concrete operations shows
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{tself in a sudden mobility, a feeling of coherencej; the child does not

fall into contradictions and perplexity as happons at the preoporational level.
Pinget belioves that certain logico-mathematical structures make very

good models of the actual organisation of concrate oporations but he doos

enphasise that "logical axiomatics schematize the real woric of the nind

aftor it has occurrod®s (Pirgot 1950, p.31) Thoso structures, thorefore,

are narely intended to modol processas of thought. lie maintains that the

mother structures of the Dourbaki group correspond to the natural,

spontancous developaent of children's thinking. (Ripple and Rockcastle 1964,

p.33) Tho Bourbaki came to the conclusion that thoro are three fundamental,

irreducible structures.
(1) algebraic structures: combing a direct operation with an inverso
operation, thus negating it; this is, reversibility by inversion or
negation will result in a null product. This can be seen in

clessification, for example, brown beads (A) and white beads (Ai) "
beads (B){ beads (B) minus white beads (Ai) = brown baad({:\ vhite
beads (Ai) = boads (D) minus brown (A) beads.

(i1) ordering structures: based on relations such as A > B > C and

C 4B < A.
(1i1) topological structurest based on the concepts of proxinity,
continuity, limitas and so on.

These logico-mathematical structures of clesses end relations have been
used by Piaget on the basis for the nine groupings which arc said to describe
cognitive structure in the concrate operational subperiod: one minor,
preliminary grouping end eight major ones. Tho preliminary grouping is one
of the cddition of pure equivalencet {f A « B and D =« C, then A » C,
Groupings I to 1V concern operations perforwmed on logical classes; Groupings

v - VIII involve operations performed on the relations existing between two

or more individuals or two or more classes. The following table is composed

¢rom Shayer (1973) and Flavell (1963, PP.175-195),
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An explcnation of the eifht proupings of the concrete operational level

The CGroupings

Account given

in
Operations porformed "Traite do
upon lorical clasces Loriqus™

I Irimsry erddition of
Clagropg

The operaticn perforned
on simple hierarchies of
clasces aa, for exanple,
trout included in fish,
included in a.nmalﬂ’
included in living belings

Setting up send
decoxposing frox
a set such as
"The Sciences"™

g8 clagsifactory
gystem of tho

foras
Fron Paggere 1 (pe3 App.k){ Maths Pure (A)
(D)“ and Applie (Al

Feople living in Creece equals Maths (D

rm__ﬂﬁ*_-“Lmﬁm_#“]

In in in
Athong Sparta Corinth

(C) (B) (1)
—

slaves not zlaves

(By) (31)

IT1 The gecopdery
gcdition of clasres

(D)
People living in Creece Setting up and

r____l_______‘ decomposing a

gat of
In tégans ot i?agthena alternatives

Scns Not In Kot
of sons &parta in |
rich of (B) Sparta
parents rich (B)
(0) parents
(01)

SEuea Iig_t.——1

(By)  Slaves |
(,) |
EE——

In Not in
Corinth Corinth

(A) () |

¢

Comrnents taken froa Shayer (1973)

Acpects investigated

in

"The Early Crowth o

Loplo"™

Moastly involved
with ell eppects of
the reversiblo
relation end

the inclusion
principle,

Concrete exannles
only of animals
and flowers

Tasted with fruits

and flowers only
Wwith the intenticn
of setting up the
notion of "the
coaplementary
cless"

Exanples of
questions used
in the higtory

toxt

Pagsege 1
(p.3 App¢A)

Q.1(a) Can you
tell mo esonme
people who
1lived in
Ancient GCreecoe?

D=C ¢ (Blfﬁl)
+ A

Pascage 1

Qol(b) Were all
the people who

1ived in
Sparta GCreoks?

D=B+ B

B= Bl *'El
D= (B, +B)
+ B
...Blli.vedi.n

Creece and in
Sparta but it

all depends
vhather thoy
iuere Creeks.,

4

il g il -Gl

X NOTE; The uce of G, B etc. seemed helpful here but this type of notation is

not uged by Pisget.




The complementary classes
61 B otc. raofer to an

unspocified number of
classaes of the sane rank

as the corresponding primary
class C, D, etc,

That is, C refers to
everyone living in Grecce
except people in Athons.
Therefore, one can writes

C.+7E:-1D and also
D+BwbD

Plaget refers to such
equations as vicariances
(Fl&Vﬂll 1963' p.i??)
because of the invariant
rule that given C + C
and B + B one can always
substitute C for D provided .

that one also subsgtitutes
i
i
|
%

L i D [ -

~n-pligiey my—n L p—slp—— -m L,

C for D in the sane
equation.

Note also that one of the
classes in C is D and one
of the classes in B is C
(that is, the non-Athenians
{include Spartans and the
non-Spartans include

Athenians)

11Xl Bi-univocal multi-
Ellcation of classes

Flavell gives this
example!

Grouping IV in
"Traite de
Logique"

This grouping is
seen by Plaget as
the bridge to
propositional
thinking for the
intersoction

(J\1 A, etc) is

already part of
the way to
removing the
classificd
eloments of
thelir
contiguities

e, - Al e rekgiy.  oglie et il W d— RN b e — vl e Lelfre R ne o B ool e R s aw

No abstrac-
tions used
in the test

material

1L D
- Grockas and if

l

. i o  Of -pefen ey p B o DT - ek B

1(c) VWere there

more Spartoans
than anyone else
in Anclient Greoce?

DeBe+B

D includes A ¢ C
- and Bw B_ ¢ B

1 1

e o it all depends
1

wvare Spartan

B 2(A ¢ C)

Passage 1

Q.1(db) VWere all
the people living
in Sparta Greeks?



D, (same class of people as D‘l) Living in Sparta
(8)
; Not
A | Grocks Grecks
p | D D
Not p—
D:l vhite Living nlavou'ﬁ; “ Di D
SpOC= 1 Sparta —
ified black 81 Dl‘D
group ,
of c | slaves
peo= oliow E
ple Y l

This connot be
answorod unloss the

Plegot calls this bi-univocal children kiow

wultiplication to indicate
that each component class of ':hatf°r Di U and
the Jirst series is placed B D are correct
in multiplicative ; (} ,
correspondence with each ; th::ne;:mgteéo
couponent class of the : oot Eraderl
gsacond sorless One can i cn

! who wore not slaves
includae a third series such as but who 1ived 4
A, short people, B3 « medium, l ut wiio ¢cd in

V. e ) e l—— e gl -, —

3 Sparta).
CJ = tall and reach 27
combinations. i
f 4
IV Co-univocnal multlnli- i
cation of classes *
Passage 2 (p. ) Classifi- Not investi- ' Passage 3 (p. )
cation is gated at all, |
Henry VII of Englaend structured ! Q.2(e)4(d)y(e)
e ' 80 that each "lLooking at the
Henry VIII Margaret . npcmber is foaily tree (the line:
married married ; 'placed' in and implications of
Anne Boleyn James IV | relation to vhich were explained
of | the others. to the children),
Scotland | can you tell me the
| 3 relationghips of the
Elizabeth I James V following people?
of England narried
a French (c) Henry VIII to
princess Hargarat
(d) Jemes V to
Elizabeth I
Mary (c) Mary, Quacn of
Queen of Scots, to

Scots Elizabeoth I.



This is a type of
relationship vhich is
called co-imivocal
(one to many) in which

one member of a series (eg.
Henry VIII) is set in
correspondence with
members of one or more
additional series.

Hence, Henry VIII is

a brother of Margaret,
uncle of James YV and

great uncle of Mary.

erations rformed

the relations which may

exist betwvean two or more
individuals or between
twvo or more classes

zfollowing Flavell
1963, pp.180-187)

Y Addition of Called
a trical relations | seriation, the Parallels TL | Passage 2 (p.
(A "is smaller than" qualitative in the setting
B or "A" is the father | setting up of jup of a S;i(n)“h’ho died
of B" etc.) a series seriation but '.:: 2;:;:“ .
without none of the nCan you find his
equality of abstract ¢ n
‘steps' being | algebraic name Ior ne
implied. relationships | Q.2(a) The
investigated relationship of
Elizabeth I to
Henry VIII,
Qoz(b) The
relationship of
Elizabeth I to
Henry VII.
VI Addition of This is Not investi- Passage 2. (p.
symmetrical relations Grouping VII | gated at all. '
seen, for example, in Shayer's Q.a
within a genealogical table. This
hierarchy as in the is very wuch
passage on "™Mary the same as

Grouping 1V
except that
the vertical
relations
are of equal,

one geaenera=-
tion ltﬂplo

Queen of Scots',




YII Bi-univocal
multiplication of
relations which
involves the one-~
to-one multiplication
of two or more seriese.

Leaves
Colour Size
‘ quite very
small larg;'arga'argo
w1
green

modium
green
ron | | | |

green
viII Co-univocal multie
Elication of

relations?t

the nmultiplication
of the various
symmetrical and
asymmetrical
relations which
define the classes .
in hierarchies as in
Grouping IV =
relations like
nfather of",

nfirst cousin of"

:

Grouping VIII in Only the
Shayer's tablet | colour and

The matrix of size of

two seriations. | 1e8ves tested,

A hint towards ::: :;:ting

Ezgpzf::::allty significance

tovards of equiva-
lenice oOr

reciprocitys reciprocities,
such as
"Wwhich could
you get the

sane amount of
groen out of?"

logical consistency and completeness.(Peel 1967, pp.94-95)

vell-known conditions defining a mathematical group:

These are the

Not tested

Passage 2 (pePpph)
Q.3

Each of these groupings must satisfy certain conditions which make for

compos ition ’

agsociativity, identity operation, inversion with the added restriction of

tautologye

"These five conditions ensure that the concrete operations are



consistent and that no operation is unco-ordinated with the system to which

it belongs'. (og-uh PP.101-102) In the example which follows, the properties

of Grouping I are described using i{llustrative material from the passage on

Ancient Greeca.

1.

2e

Le

Composition Two elements of the system have as their result a new

element of the system,
People living in Corinth (A) ¢+ People living in Sparta (B)
+ People living in Athens (C) = People living in Greece (D).
Similarly A + (B, + 31) +CuD
Associativity The sum of the elements is independent of the way
they are grouped. |
A+B+Ceu C+A+B

Identity The result of an element and its inverse yelds tho identity
operator (0).

Greeks — Greeks = O
vhen this identity operator (0) is applied to any element, that element
does not change.

Greeks - 0 = Greeks

Inversion Every element of the system can be annulled by an inverse

elenment. Thus
Greeks - Greeks = O

Vhen Class B (living in Sparta) is separated into two sub classes B,

and ;1 and one of them taken out, one class remains. Thus

B = B1 - B1

Combining people living in Corinth with people 1living in

Tautology
Corinth results in people living in Corinth

A+ A = A
As A is a sub class of D (people living in Greece), addi#ng more people

1iving in Corinth does not extend class D, namely, A ¢+ D = D,

18



Flavell (1963) is not satisfied in general that the nine groupings

are a thorough explanation of children's thinking at the concrete operational
stages He commonts:'a Plaget nearer to one's hoart desire would no doubt
have gone far beyond a simple assertion that the logico-mathematical structures
are intended to model thought structures. He would have indicated clearly

and unambiguously how each model component is translated f{somorphically into

a specific behaviour component®, (idid, p.188)

Dut Plaget seems to have

examined the nature of logical class and relation operations on their ownj
"the approach is distinctly logical rather than empiricalhm; "the groupings
were not wholly derived from watching children think", (ibid, p.188)

Piaget comments in the foreword to Flavell's book that research on group
structures is far from being complete "and its course so far does not support
his (Flavell'’s) criticimmn, (cr.ut.; p.viil) Parsons (1960, p.75), however,
states that the only sense in which the groupings "are a complete description
of concrete logic is that a number of further operations and principles are
shoun to appear only at the formal level™. Ille sxplains that the groupings
of relations cover only those wvhich satisf{y certain equivalence or ordering
relations but relations which do not f£it into these structures occur vuwnstantcly
in ordinary life. 1If Pieget is claiming that the groupings offer a complete

model of thought at the concrete level, "the claim is obscure and doubtfult,
The grouping structure also seems to be used to help to descridbe values
at the concrete operational level. "As the child grows older his goals and
values, initially unstable and monentary, begin to become organised into more
or less stable hierarchies", (Flavell, 1963, pp.200-201) Understanding
moral concepts and the notion of moral obligation supposedly develop in
parallel with logical thought. It is also postulated that there is a
1iaison between the logical groupings structure and interpersonal relations.

Frequent encounters and discussions with peers lead to a movement from static

egocentrism to multi-perspective reversibility, But, organised interchanges



among people require in turn something like grouping structures in the

{ndividuals concerned. This is the classic dilomma of "Which comes firsth?,

Piaget's answer to this will be examined latoer. (Ju. Ful:'iI : pf"ttf-ib\

Some differences between the concrate and the formal operational stages

3.

The child at the stage of concrete operations can merely postulate a
result from the evidence available} he cannot begin with an hypothesis and
then discover if the evidence supports that hypothesis. Lovell explains that
the child at this atage structures only the reality on which he acts.,

(Green et al 1971, p.82) The following answers to a question on the passage

"ary Tudor" (Hallam 1966, 1972) possibly exemplify the distinction betwveen

concrete and formal thinking in history, The children wvere asked wvhether
the people of England would have preferred not to have had any more queens
after having lived through Mary's reign.

A boy aged 15 t 10 years, IQ 110, used the data in the passage in a

sensible fashion but he did not éo beyond that dataqe. 'Yes, I think they

woulde Not many of them really wanted to become Catholics and she burnt

gome of those that wouldntt,

Through giving in to her husband they lost

the last British possession in France and that was a blow to Britain',
On the other hand, a girl aged 14 t 10 years, IQ 120, put forward
elementary hypotheses during the course of her answer (ibida 1966, p.81)

+eo the common people probably wouldn't even think about it (the Salic Law),

they wouldn't know about it. Mary was not a good queen, but it wasn't
necessarily so that all women should make a mess. Yet - was she the first

one? They would then accept her as the example of what would follow",

A contrast between concrete and formal thinking for Inhelder and

Piaget is that concrete operational children can use reversibility elther
by inversion (N) or by reciprocity (R) but they cannot synthesise the two
& rms of reversibility. The characteristic of inversion or negation "igs

that the inverse operation combined with the corresponding direct operation
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cancels the whole thing outt ¢ A = A « O", (Inheldor and Plaget 1969, p.136)
Reciprocity is tho form of reversibility which characterises relational
groupingl-(q*bg. P.137) "Both kinds of reversibility exist at the level of
‘concreto operations. Lengthening can be negated by shortening or compensated
for by thinning". (ibid, p.137) At the formal lavel these two forms of
reversibility become integrated into a single system. Thus, in the balance

experiment, if +VW is regarded as the basic operation of increasing the weight,

the formal operational pupil can co-ordinate =W (the inverse N) with =L

(decrease the length, which is the reciprocal R of +¥)e. The two forms of

reversibility become synthesised in the INRC group (pp.\-“'h\

The concreto operational child can deal only with first order operations

derived from the co-ordinations of action on reality seen in number, length

and temperature.(lovell 1972, p.78) A child at the formal level, however,

can structure relations between relations as in wetric proportion which
involves recognition of the equivalence of two ratios. (ibid, p.78)

"In this sense proportions presuppose second degree operations, and the same
may be sald of propositional logic itself, since interpropositional operations
are performed on statements whose intrapropositional content consists of class

and relational operations". (Inhelder and Piaget 1958, p.254) Thus the

typical 11 plus verbal comprehension item ("toe is to foot as finger is to = ")
is only pre-portionality for Plaget mince there is no equivalence between
crossed products as there is in, for example, 3 t 7 °* 9 1 ? (Lovell 1972, p.B82)
Lovell (Qf.(..t, Pp«82-83) quotes an experiment by Piaget (1968) which seems to
show the development of children's understanding of proportion. Three "eels"
A, B and C, respectively Scm, 10cm and {5cm long, are to be fod "balls of

meat" (discontinuous units) on the assumption that the strength of each eel's
appetite will correspond to its length. The "eelsa™ also have to be fed with
hiscuits™ or little lengths of cardboard on the same principle of appetite
(continuous units)e The children were asked various questions such as?

nif eel C gets 9 balls of meat, how many should A and B be given? It ia

said that the children's responses fell into four broad stages



(a) Just "more" or "less", any number sufficing provided B > A and
c 70D,

(b) Numerical quantification in an olemontary form. For sxamplet
Il1 (food) for Eel B should equal
A1 (food) for Eel A plus one more
end ¢l (food) = B! + 1
This stage came rather earlier in the caso of the discontinuous
compared with the continuous units.

(c) Pre-proportions when the children coxparetthe intervals betweon
A end D as "more™ or %less" than the difference between B and Cj

tho equality of cross-products is missing.

(d) True metric proportionality.

L. The formal operational stage
Formal thinking constitutes %“the realm of pure thought", the crucial

aspect being an abllity to construct and test hypothesesi a readiness to

go outside the limits of the subject matter. "Rigorous testing of hypotheses
entalls an awareness of alternative hypotheses and their implications.

The subject must be aware not only of the relations between the hypotheses and

their consequences, but also of the second-order relations betwoen the

various hypotheses. Therefore a first characteristic of formal reasoning is

the construction of second order relations". (Lunzer 1968, p.267)
Since verbal statements = propositions - are substituted for objects,

the adolescent has available a much greater number of operational

possibilities than the simple groupings of classes and relations. "Formal

operations ... consist entirely of ‘implications' ... and 'contradictionas!
established between propositions which themselves express classification,
seriation etc." (Piogat 1950, p.149) Propositional logic is a "logic of

all possible combinations" where the propositions are regarded as

hypotheses, some of which will be confirmed and some denilied by subsequent

investigation,



This hypothotico-deductive nature of formal thought means that

reality .« 13 nNow socondary to possibility." (Inheldoer and Pieget 1958,
D.251) Instead of baing dependent upon the cwpirical evidence avalladble,

the child is able to postulate an hypothesis end then rigorously deduce the

consequencas The promises of thias hypothetical reasoning need not

necessarily be consistent with comon-sense experience, 7This reversal of
direction between roality and possibility "is a turning point in the
development of intelligence, at least in so far as intelligence may be
thought of as an organisation that is both atable and mobile™, (n‘rut. pe258)

Inhelder and Plaget doclare that these features of formal thinking can
be seen in all types of problems, "wo sco concepts of proportions and
especially combinatory considerations appoaring at the same level in the
most diverse arcas. It is as if the system of poasible operations were an
internal network along which a given thought content, once it had engaged
the networi, spread out immediately in all direcctions at tho same time',
(:5¢, po265) Lanzer (1965, pp.23-45) and Lovell (Green et al 1971,
Chapter 5) point out that the Plagetian experiments described in "The Growth
of Logical Thinking™ (1958) seem to fall into two broad groups. One group,
including the penduA\m and combination of colourless liquids experiments,
requires pupils to provide proofs of hypotheses by the experimental manipu-
lation of variables. The socond group asks tho children to solve problems
necessitating the understanding of reciprocity in physical systems and to
discover relationships involving direct and inverse proportion. lovell
(ibid, p.83) remarks that “"tho difficulty has been to see the relationships
that exist betwaen the thinking skills involved in these two groups of

problems". He gives empirical evidence to show that the test scores obtained

on the two groups of tasks do show some tendency to cluster together,

referring to work by himself (1961), Hughes (1965) and Shields and Lovell

(1967). lunzer (1965, pp.23-45) at first decided that the two groups of

problems are related in the sense that they require second order relations
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or relaetions between rolstions, More recently (1973) he finds thin

definition "woofully inecdoquateo®, (ibid, p.4) ond considera thst tho "complex
of interpretations™ contained in "Tho Crowth of Lopical Thinking™ cannot bo
asginilated as an adequate theory of zoro sdvanced thinkins since "i¢ s
neither sufficiently precise to function as a model, nor 4s it consistont
with all the facts". (op.cit. p.9) He does not attempt to put forwerd a now
interpretative model which he thinks would be "speculative™ in the procent
gtate of knowledgae. Rather, he surgests two key features which sppear to be
entalled in thinking st the fornmal level.

Acceptance of lack of closure (AiL.C.) seaems to be a necessary but not
a sufficient condition for most forms of sdvenced reasoninr. Thino refers to
the realisation that the initial information offered doss not permit of an
unanbiguous inference sbout a relevant varicble, "™ut instead pormits a
reduction of alternatives so that the final determination can only be made
at a subsequont stege, when more information has been obteined®., (op.cit., De5)
The following comment by a girl of 13 3 6 yoars on whether Williem of Normandy
vas erudl or not seems to show A.L.C.

®In the lest on® (the devactation of the North) he scemed to have no
mercy, but in the first ons (the battle of Hestings) he seem2d to have a lot
of mercy = by rerorts, of course®,

Any child who took part in this present resesrch sand who cozuented that

there was not enough information in the passages by which ono could meke a

sound judgment would presumably also be accepting & leck of closure, (n
the other hand, the child vho decides Williem wes erual "becsuce he killed
the English™ has not shown that he possegses A,L.Cs A more developed answer
would have to reveal thet he possesses not only A.L.C. but also the precence
of multiple interacting systems (M.I.S.).
Lunzer defines M,I.S. (op.cit., pe10) 88 the prosence of multiple, interactin
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systoms, In the combination of colourless 1liquids experiment the action

of any one factor is a systom "and tho task of the subject is precisely to
disentangle the actions of the sevoral systenms involved®. (c“ol:.'g Pe13)
Possibly tho answer quoted on p.3! demonstratos both AsL.Ce and M.l.8.

in a verbal contoxt. linzer warns that one cannot deduce that the subject

who possessas A.L.Ce and McI.Se is thoreby a "formal reasoner's Other
important factors are familfiarity with thae content of thetask and the
credibility of the experinont. 1In the c¢xperiment involving sliding bodles
on an inclined plane, for instance, logical necessity and initial belief

go together, whercas in the pendulum experiment theoy do not since initial
belief suggests that woight must be a relevant factore Lovell (Greon et

al 1971, p.88) considers that it is not possible to say for caertain whether
operational schemata are just not available in certain situations or whether
it is necessary to posit gomo kind of analytic set (Deilin) shich activates

the individual's cognitive apparatus and allows him to analyse the data

inherent in the situation.

The recent work of Inheldor and Piaget has been concerned with trying
to find a "psycho-logic™ which will mediato betwaen psychology and pure
logic as mathematical physics relates physics, concermned with the roal world,

and mathematics, whero the criterion of truth is the intermal consistency
appropriate to a rigorous deductive system. (Piaget 1953, p.25) Plaget
argues that thae systom of 16 binary propositions can be used to describe the
underlying structure of adolescont thought. He doos not expect that the
child of twelve to fifteen will ostablish the relevant laws of logic. "But
it is remarkable that at the level at which he becomes capable of combining
elements by en exhaustive and systomatic method he is also capeble of combining
ideas or hypotheses in affirmative or negative stateents, and thus of
utilising propositional operations hitherto unknowm to him: implication

(i2 - then), disjunction (either = or, or both); exclusion (either « or) or

incompatibility (either - or, or neither - neither), reciprocal iaplication,



etc"s (Inhelder and Plegot 1969, pp.135-136)

Following "wmodorm symbolic or algorithmic loglc, which i{s much closer to
the real working of thought than the syllogistic logic of Aristotle” (op.cit,
p.134), Inhelder and Piaget use 'p!' and 'q' to expross two propositions so

that "the p's and q's with thelr negations p and q stand for the observation

that a given variable and its result {s or is not found in the experimental
situation”, (Inhelder and Plaget 1958, p. XVIII) Here are 16 types of
combinatirns whilch Inhelder and Plapet clajm »ve revoaled in one subject's

ansvwers (Op.clt. pp.:oszo&)

1. Disjunction p v q (p .;) v (p. qQ) v (p « q)

2. 1Its inverse, conjunctive negation (p « q)

3. Conjunction (p . q)

L. Its inverso, incompatibility (p/q) = (p « Q) v (p « q@) v (p « q)
5. Implication (p7) q)

6. Itas inverse, non-implication (p . q)

7« Converse implication (q> p)

8. Its inverse (p « q)

9. Equivalence (p = q)

10. Its inverse, reciprocal exclusion (pv v q) = (p « Q) v (p « q)
11. Independence of p in relation toq »p [‘_'_q]

12. Its inverse p tqj

Independonce of q end q in relation to p {e q (p:\ md_; ['ﬁ]

Yt et Gt

15. Cocplete affirmation (p ¢ q)
16, Its inverse, coumplete negation (o)

The formation of propositional logic depends on the establishment of a

combinatorial system "which is manifested in the subjects' potential ability

to link a set of base assoclations or correspondences with ocach other in all

possible ways'. (op.cit, P.107) The experiment used to examine this conten-

tion in the present thesis is the combination of colourless liquids (ibig,

PP+107-122 and the present study pp.ib-if ) In this experiment children
have to
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combine liqulds froa five bottles labelled 1, 2, 3y &4 and G in order to
discover the relationships existing among theme A mixture of 1 ¢+ 3 ¢+ G
produces & yoellow solution, 2 contains water, 4 thiosulphata, a bleaching
sgente Inhelder ond Pleget state that et the same time os the subjects
combino the liquids, they form their judgments according to a combinatorial
system having tho same form, "that of the sixteen binary propositions
(cozbinations one-by=-one, two-by=two, throe-by-three, four, or zero of the
four base possibilities peqs ¥ Peq ¥ Poq ¥ Poq "e(ibld, p.118) These are

the actual coshinations availebloe.

Combinations Labelled 1inuids
L 1 +G8, 2+4G, 3+G, 4 +aG
6 1 ¢42+G,1+93+G,1+4 +3G,2+3 +a,

2+4 4G, 3¢+4 +aG

A 1 +23+3+G,1+2+4L+G,1+3+4¢+a
D+¢3¢+4 ¢+

1 1+2+3+4L e
1 r8ro
Such combinations do not seom to necd to be expressed in terms of four

base possibilities; in the experimental situation the use of propositional
logic seecs to complicate the experimaental findings in en unnccessary .
nanner. But Inhelder and Plaget contend that vhen these subjects combine
factors in the axporimnt‘.' by the same tolken they gcnerate a combinatorial
systom which corresponds to the observed facts. (ibid, p.118) "This 1s how
they (the subjects) determine the links of conjunction, implication, exclusion,

etc., by means of which they interpret the experimentally established

observations. Moreover, this fact explains the progress ... which is noted
eee in the fortulation of verbal statements™. (ibid, p.118) In particular,
they argue that this reasoning bears on bottle 3 and bottle 4. For the
possible influence of liquid 2 on the combination, let p = the presence of
colour end q = the presence of liquid 2. Tho subject at the formal lavels

works out that 2 has no effect on the colour (complete affirmation) for one



can have (p.q) v (p.q) v (p,a) v (peq) » (p * q) all posaible combinations,

thus absenco of particular links.

On the other hand, batween colour (p) end liquid &(q) there is
tncompatidlility: (p.q) v (p.q) v (p.q) = p/q (oi.(.t'. Pe119)
Aftor having seen over 200" children atteupt to solve this problen,
each child on two differcent occasicns, it seens that the succesaful
subjects obviously need tle ¢biifily v envisage all possible combinations
tut thay are not alvays able to discover the effects of 2 snd & once they
have worked through the 16 possible cocbinatfonse The siuplest and neatest
vay of diascovering the effects of these bottles seesed to be for the children
to produce tho yellow solution (1 ¢« 3 + G) end then to add 1liquid frow
either bottle 2 or bottle 4. VWith 'p' as the presencs of colour, the adding
of 2(q) avpears to denonstrate Indepondence (p [q]) rather than complete
affirmation (p * q), vhoreas adding 4(q) to snother combination of 1 + 3 + G
showvs incoupatibility, as Plaget states (p/q)s Llooking at the experimental
results ss a uliole, it is not immedlateoly obvious that the successful

children's enswars contained the 16 binasry propositions. According to

Dynum, Thomas ond Velts (1972), however, the one protocol analysed in detall
Lae
by Inhelder and Pieget (1928, pp.103-104 ond _earlier, pe’e ) does not shov

evidence of the 16 binary operationss They found ovidence uf only 8 of the

16 operations and claiz that the other 8 salyses were foulty.(1972, p.129)

Bynua et al, therefora, query whether a fully developed formal operational

thinker uses all 16 binary operations of truthefunctional loglce( ¢ Pe132)

Yhat the enswars of the present subjects did seen to reveal at the formal
level wes the ability to schieve multiplicative correspondence.
The difficulty ono has in rolating the combinaticnal system with

propositional logic is increased vhen ono tries to examine in logical terms

howv far this systca is coterminous with that other great schisvement of the
formal operational staga, the fusion of the two forms of reversibllity,

inversion and reciprocity, into the I.N.R.Ce groupe. Inhelder and Plaget do



this by asserting that tho integrated structure for adoleoscent thought has

both lattico and group structures. Thoy suggest that while the combinatorial

operations expraess sone of the laws of totality found in the lattice, in
contrast "tho proportional achene effects the transition betweon the
schemata originating in the lattice and those which are integral with the
(I.NeR.Cs) group structure'. (11 , p.314)

The I.N.R.Ce group can be explained by reference to a balance experimont

devised by Inhelder.(c«f\ut, ppe173-181) To balance different weights on two

arms of a balance, adolescents have to use both reciprocity and negation at

the sane time, this ability to combine two types of reversibility being

impoasible before the formal operational level.
p = a statement of a fixed increase in weight

q = a statenent of a fixed increese in distance

p = a statement of a corresponding diminution in weight

E = a statement of a corresponding diminution in distance on the

SAG alte

1 -1 -1

Proposltims‘)i q 5 0° correspond to stateaents that the same actions are

occurring on the other arme.

Fornal level subjects are said to understand the following relations
of inversion and reciprocity, the I.Ne.ReCe. group, but with p q chosen as the
identical operation 1.

I (p.q) = to increase simultancously weight and distance on one am

N(p v q) = to reduce distance vhile increasing the weight, or to

reduce weight wvhile increasing the distance or to diminish both

R = (pl. qi) = compensates I by increasing both weight and distance on

the other am

Ces (31 v '(-1!) « cancels R in the same way that N cancels I
Parsons (1960, p.B0) comments that the I.N.R.C. group is too simple to
descridbe the balance problem fully but it dfscribes the situation where two

of the variables are fixed. In a more recent work (1969, pp.143 Note 5)
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Inheldor and Plaget oxplain tho I.N.R.0e proup {n this msnnor,

incroesing voirht onono gra (¢ W) = I

decroasing wight on ono srm (= W) = X

compensating ¢ W by decreasing the length (= L) 2 R

{ncroasing tho longth to the oripinal position (¢ L) = C

Therefore, I s R = C 3 N {or by crossed products 1l = RC), In actual
practice, this equation does not geoa to work unless the veipht (W) can be
placed on the fulcruz. Farsoen's (1960, p,81) criticisa that the connoction
between the logicel group I.N.R.C. and the igonorphic group connsoted with
the physical systen ®is not very cleer snd seenmg rather tenuous®™ would still
goen partinent,

Inholder end Plaget extsnd their use of the I.NR.C. Froup dy astating
that through the lattice and group structures the sdolescent is sble to
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