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Preface .

o When science teaching was introduced in prlmary schools *some fifty
years ago, it was intended to increase the childreh '8 awareness of gscien-
tific principles which were affecting their everyday lives through tech-
4 nological products. Such products were the result of the increasing

4

application of new scientific discoveries.

Initially, little more was required of children than to commit tov
memory facts and formulae that had been simpllfied to the ext¢gnt of
becoming, at times, half-truths. But as the mass bf 1nformatZon grew,

. it became necessary for the body of knowledge to mpke sense to the
children; to inspire them to become future science%workers who would i
advance science still further. Thus, they were inéroduced to éimple

‘ ‘experiments which they could observe, or even perfbrm themselves, to |
. illustrate or prove some result or principle wh1ch'they had learned. .
This was a stage further in progress1ve sc1ence education. But little
‘ attentlon was paid either to the opportun1t1es for\both teacher and pupil

. to use their own imagination and ideas; or to the fundamental question o

. {
~ H

of how children learn. '

Recently, ‘however, these two factors have become extremely important
in‘the teaching of young children. Almost ten years ago, science educa-
tors and scientists from a number of African countrles and” from the United
States, assembled at Entebbe, Uganda, for a workshop sponsored by the
Education Development Center in Newton, Magsachusetts. Out of this work-

shop the Afrlcan Primary Sc1ence Program (APSP) s born to introduce a

new approach to the teaching of science in primany schools.
- From the outset, the emphasis was on foster ng the development of
certain Skllls .and attitudes that would help chi dren, 4s adults in the

successful appllcatlon

future, to solve their everyday problems throug
/

of the scientific method of problé%—solv1ng.

@ L
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recognize the va11d1ty of such an apprﬁach to Iearnlng.

complex»questions of their environment. From this point onwards, the

process approach to science educdtion.could follow naturally.

Extensijve development and trials of the educational software since

1965 have led to a large measure of verification of Piaget's ideas on

- learning theory. Since 1970 the program has expanded and control has

been ftaken over by an enlarged group of African countries, leading to

the formation -of the Science. Education Programme for ‘Africa (SEPA) .

-3

As the work continues, emphasis is being placed also on tteacher A

~ ‘education;, without which no new approach can succeed in the classroom.

Programs organized to improve science education must always deal princi-
pally with the education of teachers and teachers of teacher; if tﬁez'
are to be successful. Familjarity with the subject matter of science
must be combined with an understandlng of the processes of sc1ent1fic
inquiry Students will come to an apprec1ation of the value of under-

standing- and solving a broad range of problems only when teachers can

.
~

This serles of monographs is intended to help teachers:and teacher

b
educators keep uppermost in thelr minds not- only the- skllls, but also

" the attitudes, both intellectual and emotional, that go with 1earn1ng,

science through act1v1t1es designed to make the learner the centre of
attention or focus. The, series will help to deepen the'unqerstandlng of

the nature of modern science education and its topics will be of parti-

cular interest to those who wish to place spec1al empha51s on.learnlng

?

rather than on teaching.

-
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ZREN - . c
e : : SEPA SCIENCE AND LEARNING THEORY
L4 ..(v - -
i \\ Introduction
| - ’ .
\ . N L .
Education is the sum total of all the experiences assimilated by

.

.and aid children to develop these desirable attitudes and habits. There-

'an individual as he develops_ and matures. 1t is 5 life experience

which, when formal, normally takes place in a special environ'ent called
school. Ordinarily, school activities include planning, learning and
assesament, and the product of planning is called cyrriculum bhich has
h‘en viewed as the set of skills and concepts which a l%arner is expected
to acquire together with a blue rint for achieving the goals set.

It has become increasingly clear that a curriculum lS effective /

to the extent that it involves those for whom it _is intended ‘in activities

14
which- help-to modify their behavioux in desirable directions. FBr children,
. J ‘

work with mategrials is important. Children alszé%’ould be able to discuss

with one another and with their teacher. They should acquire the habits .

.of posing 'problems and raising questions./ The challenge is enormous for

thosg whose responsibilitg it is to train/teachers who can relage with .

. {
fore, they need to be open, fquible, recteptive and well-informed.

Foster (1971, p.31) has obsetved

"If the teacher is to cater adequately for the creative
thinking abilities.of children, His personal’ phi!bsophy
must be’ one which values the indiViduality of the child
recognises that the basis of education lies in -the emo—
'tions and conceives that most children can be regarded
as potentially gifted in some sphere if enly it car be
identified." - .
N4

In science education, both the Americh Association for theT“

Advancement of Science ( 5) and the Nigeria Educational’ Research Counc11
&’

(NERC) have emphasrzuithe importénce of . teaching elementary‘SCience as y

- process., The NERC has'modified an*original idea of the AAAS and come

- up, with-15ysub-domains of this process of science.- These are: observa-

tion, classification, communication, counting, measurement, raising
questions, prediction, inference, formulating hypotheses, making operational
definitions,,controllingwtr manipulating variables, experimenting, formu-

Y o
A
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N lating els, intorprvting data, and munlpulqilvu kaJl” It {4 thought
' ) that if childrun bécoma n(qualntml with these mental processes and gkilla,
' hey will Understand the fundamontal structurv ot the snubject.
.( ) The stregs on the methods and akills of gcience in one which | .

gEPA.Qeien has taken seriously. SEPA has elected a semi-structured
hAPPIOACA to the teaching of scignce. This approach triea to build on
the interest of the child and on his capacity for devulo;munft. Emphasis
has been placea on child psycholoq;, and tife teacher who will use SEPA's
epproach has to be psychologically committcd to it and above all has to
try to undersnand the child he is euppoaed to guide. While\' tfaining,
the teacher should be ‘given the types of 1nqiqhtq into chlldigohaviourv
. which will help him acquire and maintain. Interest in child study all
~ ‘ thfdu?h hie Eeaching céreer.'/ . ‘ ~ s
.‘\/. \ ) . :

Some Insights Into Children's Learning
] . E

B

- o In recent times development as seen by Jean Piaget and Jerome S.
Bruner has come .to piay a prominent role in our thoughts on lgarning
but before we det into the contributions of these two prominent, péycholo—

ngt , it is worthwhile to refer brlefly to some of the thinking of

. o
ot‘L leegqing theorlsts. . |
| ¢ é
. eakn;ng has been viewed (Munn. p. 218, 1965) .as: ‘ ’
"A more or less permanent incremental modification Qf be- "
viour which results from activity, special training, or
\ servation. A given learned performance whether motor
A\\\\ r verbal, is bften referred to as a habit."

The works of Gag 'ne, Harlow, Hllgard Hull, Jung, Lovell, Pavlov,

Skinnexr, Thorndike, and Vernon have’ 1nvolved maturatlon, motivation and

\

reinforcement among other factors. It has been.demonstrated that what
can be 'learned is dependent upon the leyel ef maturgﬁ&on of the ehild.
Maturation, whieh is Qrowth resulzing from a form ok relatioqshibvbe—
tween genes and the environment, is especially important in the early
activities of the child. For examplé%‘a chila should not be expected

3 Q\ to run beforé he can walk.
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—f . . Yet, there are other factors at play. It ius known tor instance
‘that a child cannot learn what he doen hot wish t¥)lvnrn. The denire
‘ toﬁlearn,or lack of it (am the ca:uo may be) of a particular concgpt i

many times expiained in termf of motivation, an idea-which depoendn o)

both internal and.externa} fadtory.

Thus, we say that there arg’ two
u{}i

forms of motivation; tHBat which comew “from within thw/child ai 4 known

as intrinsic motevation, and that whidh can be induced intg him and i
- . i

.
‘

known as extrinsic motivation. ‘
The. former is usually operative when a learning situation has

spontaneous attraction for the learnér. Then he &Ey/tompoto with him‘olf

or others, sometimes without even consciously noting that he is doing #o.

The latter may be induced by external manipulation through the promisc

of reward or the threat of punishment. It is known that intrinsic motiva-

tion is more effeétive. This has led Yoloye (UIIE, p- 88) to observe:

"A basic task of curriculum development therefore 1J the
identification of learning activities that the child'will
. have intrinsic motivation for. This task invalves match-
ing certain tendencies within the child w1th the przﬁérties !
of the Marning.materials and activities. (

/ »

Another concqgt is reinforcement which arises naturallx.from t“e
needs of organxsms, +» Some of these needs are hereditary and physiologi®al,
others are acquired. Rexnforceme;t may be primary as in the case wheﬁ//
hunger is afieviated—through feeding or it may beksecondary as in the
case when a child's need for affection is cured through words instead ’
of cuddlﬁng ' - w

It should be po;nted out .that the experts referred to and others
do not necessarxly agree on the relative roles of the various factors
and therefore construct different learning theorxes depeanng on what
they choose to stress. Some, 1ike Tolman, would try to d;ny the effect’
of motivation and argue for wha_jthey call latent learnxng, a~type of
learning which is not demonstrably apparent. Some stress maturatxon

—

whilg others stress insight or stimulus and response, and so on.

Bruner's Learning Theory

Jerome S. Bruner published The Process of Education in 1960 and P
‘ - ,
N 10 , .

A ' - ﬂ
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thoraein gave the.firat dysbemat Lo diacounr e ol by [N S A R R I RN TR RTY R i\,::—
Ad;-wnlnpmmn « More precide worksi such oas ::lu..ln-vz.‘ ih Cognitive trowth

have since followed. Bruner postulates that every subject has it ot
ture or unitying ideasn which anyone who tntends tao comprehend that sub \

0 )
jact must qranp. For exampile, the three unttying, tdeas necesstiary to

master the proce:s ot solving all ly;uw.. ol .1lt:nl;r.n«"m(n:;l tons ate the
asgociat fve, commautative and Jdistr ibut 1ve mn;u-x'{ foori,

Bruner see: the child as moving [l/nvnlmqh thra: lln-vvl:;,nb teptesent a-
tiqn. H«:forvlq«-tt ing to the tirat l:-\;«.-l, the vhild h.nz;_\nln}.uly developed

reqularitioes in llli.-a intui't ion.  Whon he encount oers l\t"w//";it\l.lt‘i()!lf-, thon
he has to reorganise idea% atready kn()Wnﬁ to hin! in m"«‘l/ut to .uli-u.-:t tao or
accommodat e ﬁl\ism. That "is, he di:;n:nv«u':; new cancept by intearnal reorqgand -
sation. Ig, is f)ru(‘i:;uly for this position that: Biunet holds that thee

. early teaching of scicence should stress int'ui.t'um and the use of

o

intuitive ideas. ’

Bruncr's first 'or enactive level involves the direct manipulation
! . of objects. The child is able to reach this level by associating 'Lntui/—/
tive regularities already developed with the regularities achicved tAhr(T)uqh_
his ma‘nipulaf ion. He then moves to the ikontce lu.vol at which \:tz.ny.»h«-
learns by seceing objects or by picturing tiem in his min. Direct mani--
pulation is. unnecessary at thi’:; 1evel. PFinally, he })roqross‘.c:; to the
symbolic or third lével. Now he manipulates symbols and uses language
"and logic to prescnt what he has learned. )
Bruner advocates that the act of learning involves thrc-e procr;:;:iu:;
which take place simultaneously. These arei
1. Acquisition - the ability to gain new }Snowledc;('z, sometimes as a
~ replacement. for old ones. , )
T~ “a
2. Transformation - the ability to deal with available information
and comprehend it to such an extent thalt; one can go -beyond it and derive
new ideas, prg‘er impli‘cations, apprépriate inferences and the like.
3. Evaluation - the ability to check and make sure that one's obser-
va,tions‘, implications, ‘{nferences, conscjuences and >0 On, have'v jus‘ti—

fication. \ ] 1
¥ 1‘ \ A _4_ ,

S - 5
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Brunsr holds futther that transfer of leaiidg s much easler UL
the student underutands the stiucture of hin subject . Then, nome bastc
principles which have beon learned well may be trannterted elther from one
portion of a subject to another or indead from one nub joct to another,
That is, principles are transfering to new #Hituation:.,

To determine it a child ls roeady 1o learn a new prlhviplu.nr concept,
tﬁ. ton‘her analysou the structure ot the principle or concept., should thoe
analysis reveal that’ the structure is ayreeable with the cognitive struc-
ture of the child at that stage of development, then that child may learn
the said principle. Uthurﬁ}ue, teaching it should be delayed.

Bruner's theory has been agsociated with thes discovery approach to
learning. 1In this connection, Shulman (1vo7, p. 6) has observed:

“The synthesis of these concepts of manipulation of actual
materials as part of a developmental model and the sSocratic
notion of learning as internal reorganization into & learning-
by-discovery approach is the unique contribution of Jerome
Bruner.” ‘ ’

The emphasis here is of course on manipulat}on which runs+ through all of

Bruner's three levels of tcpre sentation.

Piaget's Theory of Intgllectual Development

_ For over 50 years Piaget and his collaborators at the Geneva School
in Switzerland have carried out fundamental research on the development of

thought processes in children. out of this work has arisen the Piagetian

_theory of intellectual development which recognizes four major stages be-

tween birth and adolescence. Piaget relates these stages with different
age levels but indicates that the time of appearance of stages depends on

AN
both the Lndxvxdual and- hxs society.
& The fxrst period stretches from birth to about the,age of 2 vyears.

"During this stage the reflexes present at birth have opportunities to

develop. The child starts to use his senses. At about the age of 2 the

‘second stage, known as the pre-operational period, sets in. . During this

gcriod, whlch runs to apgtoxxmately the age of 7 years, the chxld learns

- ways to explain the external world tp himself through the use_ of objects
’

.=5-
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-and symbols. Also, hefbegins‘to develop 5:tuitive ideas of casual relae '

tlons, quantity, time and space'and to assemble objects on' the basis of a

‘ variable which may change with times However, he may see only one rela-'

if . tionship at a time. ,

He cannot yet coordinate variables; Dominated‘by his pereeption, he

-

’

o is usually carried away by phys1cal appearance. He dpes not comprehend

R4

+ (' that an object may have more than one property and so lacks the ability to

. - reverse his thought processes and’ to conserve discrete and.. continuous
/

quantities. Given these failings, he can see a number smaller than itself,

o?

equal to itself and greater than itself all’ at the’ same time.’ For example,
if four bottle tops are spread farther apart than they were, he thinks
that the number (four) is now greater than four ’ - e
y//. ) ' Then,. from about thé age of seven the éhild begins to appreciate
that certain properties of objects (examples are area,.volume and weight)
remain unchanged in spite of external transformations. He attains what
\ P:aget calls the conservation of quantity. He can now function'through an l
| 'internalized structure. For instance, he can add and subtract numbers. .
For him the,volume of .a given amount of water does not change if it is
,pouréd from one cup to another of a different diameter, or the number 7.
does not change if bottle tops representing it are pushed closer to one
another. N -
Also, the Geneva School has studied and continues to study the
N,  ‘ability of children to relate sets -of objects in one to one -correspondence,
that is, to match objects. Those children are able to relate who under-
stand the t¥ue equivalence of sets, that is, the fact that two sets are
equivalent if and only if they contain the/same number of elements.' Again, Q
on the average, only children seven years of age or older can apply this
matching or cardination princ1ple. Moreover, such children, unlike
younger ones, are,a;le to seriate or arrange obJects in increaSing or de-
creaSing sequencés.‘ ' ' .

g,
’ From the viewpoint of elementary school sc1ence this third stage is °

’

very important because it corresponds mostly to the period spent in the ¥
-6 - ) T
f o
’ | ' - 13 - ‘
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' élemenfary school. A-child performing at thls level, known as the stage

-of concrete operatlons, has learned certain concepts through exper1ence.
He can perform some additions and subtractlons anhd recognlze some con-
'gruences. He can clas51fy objects into different groups on the bas1s of i
some given propertles. He is able to retrace some of his steps in any
thinklng process. éut all his thought is in concrete terms and he\is

1 O structure anythlng whlch he has not experlenced before or h1ch
isThot directly before him. .

An}where be tween ll:and 14 ‘'years the final period called the- stage

of foimal’operations sets in. Now the child is no longer dominated by t

' i NS o ‘s .
his immediate _experience. He starts to Operate -on hypothesis. He begins

. integers with a class of undergraduate students and a member of the class

to apprec1ate the 1nteract1on of several variables which he can_handle
aﬂa control in systematlc ways. He’ can now" evaluate ideas and reason
pugely 1n the abstract. ‘ﬁe’has arrived as an adult thinker. '
-e Plaget explalns the trans1{1on from one stage to another in terms
of four factors. Two of these are maturation or 'the 1ncreas1ng d1ffer—
entlatlon of the nervous system' and soc1al transm1ss1on or the transfer .
of 1n£ormatlon froq person to person. . The remaining two are experience
with one's environment and what Piaget calls equilibration: auto-regula-‘
tion _or self-regulatlon. »l . ) .
* . An appreciation for what Piaget means by equlllbratlon may be galned)
~ from the following example. One-of us wasrconslderlng the properties of
was asked to prove that, ‘given any three 1ntegers a, b and c,’1t is” always‘
true that if a< and bgc, then a{c. Following several probing’ questlons
and hints, he was able to derive a proof in,about 20 minutes. But the
lecturer bas not satisfied that‘the concepts had been clearly understood °
infspite of. the student's claim that he was now sure of the concepts in-

¥
volved.

. in about five minutes. At this point the'lecturer posed a similar- problem.

".show that, given any three integers a, b and c, it is always true that

O
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acb implies (a + c)&b + c). After 20 hinutes the student was still

. _7_ ) -

14 .
7 1

The student proceeded to justify this'claih by reproducing the proof Q
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* baftling with this problem. - T )/ . -
- "o Ve N

- . Most learnlng theorlsts would say that essentlally no transfer of

°

training had taken place . The student had indeed not assrmllated the "
experience he_went thxough. . Piaget would‘saﬁ that ahstate of equilibration N
had not been reacheﬂf In some ways then, self-reqgulation 1s llke trying :
to attain the klnd of balance which allows a person to. generallze an
Q\dxperlence he has gone through When it is ach1§ved a lasting effect is
ﬁf;stabllshed It is prec1sely fOr thi# reason that Piaget con91ders equi-

‘libration the most :meortant of the four factors.

N .
Repllcatlons of Piaget's Experlmentsf
7 . ’

-Many studles Ain Canada, the United Klngdom and the Unlted States of

';, : Amerlca ‘Have: used Piaget's' theorles on 1ntellectual development as a
Sprlngboard These 1nclude 1nvest1gatlons by Almy, Bellln, Ghlttenden, -
Churchlll Dodwell, Elklnd Estes,—Hatker;quod Lovgll, Mann1§i Navarra,
Woodward and WOthlll. ,.Such studleSohave been reviewed in Almy*s Xg__g
Chlldren S Thlnklng or Flavell's The Developmental Psychology of Jean

/4
Plaget. - S

. . .
v 7

- R
\

Review of Piaget - Related Studieé in Africa
-3 - .

/,

In Africa, replications of various phases of Piaget';Apreriments
have tended to confirm the major theoretical tenets of the Geneva School.
Price-Williams, who studyed some Tiv chlldren 1n Northern Nigeria, reported
in 1961 that by the age of eight all of them had attained conservation of
both continuous and dlscrete quantltles.

Etuk studied Yoruba—speaklng children in Western Nigeria. She

“reported that her findings partially confirmed Piaget's ideas on conser-
- vation, seriation and classification}devéloping concurrently in‘ the child’
". and that all were necessary for .a true understandlng of number. Moreover,
_ she compared .the performances ‘of chlldren from modern and’ traditional homes
° : in-an attempt to examine the,effect of env1ronmental experlenée on the
development of quantity concepts. - : . T '
She d1scovered that children from ‘traditional homes werd cons1stent—

ly worse in “their performance than those from modern ones. One getsnthe

« 1_5 _ ‘ -

#-8-
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Sunsdhooied children to problems 1nvolv1ng conservaticn. : ,

L. ' L. .
. .- . "

impression from reading Etuk's’ work, as well as comparable work done by
L 4

‘Almy in-Uganda, that there may be permanent blockage of the development

of number ccncepts caused by-traditional.homes.’ This is an issue that.re-

quires research in d1fferent settlngs. Is therekj“blockage? If so,'is
it permanent or is there a way to teach children in various age—groups to
overcome probable blocks?

In 1966 Patricia Greenfleld reported a study on conservatlon and

.culture dorie in Senegal. She used a selectlon of Piaget' s tegts' with

three groups of children from the Wolof tribe and- found that school exper-

ience was s1gn1f1cant 1n the.attalnment of the ab111ty to conserve .and

' that there were qualltatlve d1fferences in the approaches of schooled and

. Moreover, the Wolof children showed a time lag when their perform7‘
ance was compared with that of .an appropr1ate group ‘of Amerlcan children,

‘ reenfleld (Bruner, gt. al., 1966, p 225)concluded- "It is obvious that in

ordl to surv&ve all peoples must somehow come to terms w1th a few bas1c .

laws of the physical gﬁf;.. the conservation of a continuous quantlty

across transformatlonéfof'appearance is one of theseé bas1c facts.

Ruth Beard 1nvestlgated the development of mathematlcal concepts in
Ghanaian children. She also compared aspects of number concept develop-
ment in Engllsh and Ghanaian ch11dren. She concluded that children only
sSlowly acquzre an understandlng of the concepts important to 1nte111gént

performance in arlthmetlc and that there wa% an increase of score corres-

-

ponding with an increase ‘in age. This incréase was Slgnlflcantly higher

-
for the Epglish children studied. Moreover, these Engllsh children did .

.

much better on tests on 7patial'concepts than dld,thelr Ghanaian counter-
»‘ . . . - N ' - ‘,H*
’ . I

Olu wlllson studied 50 ch11dren class1f1ed into three age groups 1n'

parts.

.

two schools in Freetown, Sierra Leone. He used five experiments 1nvolv1ng

<

- equivalence of sets, equality of sets, splitting of a set into two equal

subsets, cardinal correspondence and ordinal correspondence. The chi;dr@p'

were also classified into three groups according to the occupation of
) < .
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their patents. In group one were children of unskllled parents Group
two chlldren were born of seml-sﬁllled parents, while™group three Ghlldren

-

belonged to skilled or professlonal parents.
He clalmed that his f1nd1ngs‘"support éiaget's contention that therg
ls a steady progression from the’ young Chlld s prenumerlcal level to the
N numerlcal plateau of, the adult‘ } & chlld's conceptlon of nurber differs
from that of an adult and . that it is a'mistake to assume that because he
counts 1l - 10 hé therefore has the concept ‘of 6, say." 1In add;tlon'
Willson seemed to ‘have dlscovered that’ theﬁph%ldren of unskllled paIehts o
‘'did - just- as well in the tasksiyhe set as did those of skilled or profésS-
1ona§ parents, but that either or these groups did s1gn1f1cantly betteI
\ than the group containing ¢hildren of sem1 -skilled parents. ! "
. - He went on to stdte that seml—skllled parents were-USually.domineer~ tg

ing, a situation which obstructed discovery. On the other hand, theé Wn-

.

skilled parent was inclined to leave the child to his own devices as lOng

"as he did not get 1nto dangerous thngS whlle the_profess1onal $mreﬂt

¥ .

recognized that a chlld should .'be trarned 1n such a way that hjis 1ﬂdlvld1
ual}ty is fully realized. In e;ther of the latter two cases the atm°S~
vphere‘was onduc1vi;to 1ndependent 1nquary. ‘ : ’ . r Aﬂwg
;¥ This cong¢lusion_by W1lls0n raises some 1nterest1ng conjectmres" It .. !
' would seem at variantce w1th Etuk s d1scovery of slgnlflcant differences -
= in perﬁormance between children from traditional and modern homgs. of tasks
she set. _ft may weli be that Etuk's tasks discriminated againkt chjldren
? .from traditional homes, or that Willson's were.biased against chjldrén of
semi-skilled parents. In fact, is Willson Eight in'his assumption that W/
each profes51onal parent is aware that the 1nd1v1dua11ty of his c¢hil1d'-
needs to be: maintained, or in the claim that just leav1ng ‘a Chlld on his
own is conduc1ve‘to enquiry? Again, the need for more study is ynder-
scored. , '4' T .
. The author studied the relevance of‘biaget's princip{e of gonger=
vation of discrete and continuous quantitiézlz:jng the Mende of ‘gierxra \)3;!?:

16 schools located il

Leone. 231 Mende pupild of three age group
. 4 . .
T . ) » . =10~ '
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villagee or to&ns in four differentfdistricts were testéd on three tasks
in either Mende or English language. He obtained significant differences
between the performance of chlldren who were in the age group 7 to 8 and
'those who weré less than 7. He concluded that h1s results confirmed the

vieys of Almy and other investlgators that conservatlon ab}lltles vary

with age, tasks and 1nd1v1dua1s. , ) i
Kamara 1nvest1gated the _reasons given for attributing llfe to objects
by ‘Temne chlldren in-sierra Leone. A varlety of reasons whlch were classi-

f1ed as anlmlstlc, blologlcal or phllosophlcal were d1scovered. He observed
(1973 p.34): ' ‘ S - y

"Children may attrlbute life to non—llv1ng objects without
meaning that they are anlmate. The addltxopal easons, /
which we have designed as philosophlcal, cr - the need

: for a distinction between usefulness- ‘when usedgin a non-

’ animistic sense. The existence of that form thinking
among children which Piaget. calls an1m1st1c wasL resent
~amongst the SUbJeCtS of this sample. ’

'Aylsl 1nvest1gated 74 Ghanaian puplls who ranged in age\ rom 5 to
312 years. Thelr scores on 6 Plagetlan conservatlon ‘tasks were analysed.
Among other things, he concluded that his. results agreed w1th Piaget's
view that conservation ablllty was age dependent.
" Lovell, Millie Almy and Otaala have studied sets of school children
in Uganda. Almy's study (lQ?O),ﬁas exploratory. It involved 44 first and
20 third year elementary school children in twa schools. The subjects

. were' interviewed on conservation, classification and seriation. The re-
. N . , ' fivt - . .
searcher stressed the tentative nature of her findings and went on to con-

v clude (Almy et. al., 1970 pp. 14-15):

"The ways the P-1 (first year) children responded to- the
wvarious tasks posed may be described in Piagetian terms as
_ largely ‘preoperational'. - Their thinking appears to be
, . impressionistic and ¢nsystematic, untroubled by logical
contradlctlon. To alconsiderable extent they are beguiled .,
by the appearance of things, interested in small details, -
" likely to pay attentiop to differences about as often as.
to similarities,  more §nterested in colour than in form.
The P-3 (third year) children are a little more systematic
and somewhat less likely to focus on differences rather _
\\ . - than similarities. Asjwith the younger children, colour .

h . B4

’
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‘mentary schools in a dlstrlct of Ugand

' fourteen years. Altogether 13 conse

' appears to be a more'salient prope ty than form."

¥
A Of 1nterest were the sequence of

development as Jostulated by Plagetl
£y 0

cla551flcat10n and serlatlon develop

d Plaget s claim that conservation;
{multaneously. Hls sample included -
102 boys and 58 girls ranging in age from approximately six years to about
atfon,, classification and seriation
tasks were involved.

The researcher emphasized that on the .,whole his findings_eupported,
the sequenoe.of development postuléted by Piaget, as well as recent

results on other African samples. He (1971, p. 142) goes on to state

 that "the claim in the Piagetian theory regarding parallel development of

conservation, seriation, and claésification was~supported only partially."
L

Partlel/support for this parallel development concept is con51stent w1th
the flndlngs of other reseaéchers . -0

f’ These replgcation studies have varied in methodology and detallE
Some have used probing methods similar to Piaget's. Others have empha-
sized research design.,‘sqill others have been undertaken within a stan-
dardi?ed framework. ?ét, it may be stated that in general thep have *
supported Piaget's position that cognitive development takes place }n
etages, mith a‘transitional period falling between a pre-operational stage

and a period of operational{thinking,' . .

UImplications For Teacher Education And Curriculum Renewal

We now pass on to a discussion of some of the implications tﬁ}t‘R
Piaget's work has for teacher education and curriculum development, It
has been observed that research done so far in Africa lends[sﬁpport‘to
Piaget's claim that cognitive devel®pment is stage-dependentl It is,
also, quite.clear that while the sequence of appeéiance of.the stages is

the same for all chilaren, the ages aE!whibh various stages appear, differ

" for individual children. ‘Some of the factors that are responi}ble for

this are hereditary, 3ome are dne to the environment and‘others are pro-

ducts of previous learning experiences. At least there are implicaxions
©

- | 7 -12-,
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’ for a) learning; b) currlculum development and research, and c) teacher,
preparatlon, classroaem organ1satlon and evaluatlon of pupll progress. We

‘now discuss these. - _ ] X
. ~l.- A .- ' ~ [ Al
+ a) _Uellectual development and learﬂirg '

Plaget 3nd Bruner provide us w1th developmental approaches to the

. growth 6f the Chlld ' For the latter researcher, the child progresses from
» manlpulatlon of mater1als through’ deallng with p1ctures and mental images R
k4 to dealing w1th symbols, log1c and’ language. ' The - 1mportadce of language:
is stressed Moreover, Bruner holds that 1f a chald is to comprehend a
given subject—matter he must grasp the strmucture of that subject, and - -
effective learn1ng wlll take plaqe if and only if the structure of the ; .
"subject is made to fit the developmental structure of .that Chlld. Clearly, iﬂt

a

the emphasis is upon the process of learnlng. 7«/f
. o

Plaget stresses the impaortance of development which he claims is

stage—dependent. Learning, as it were, is subordinate -to development.
He (Almy, 1966, p. V) observes: . Lo . ”\ (/

"This is the essent1al conclus1on as far as education is con-
cerned: learnlng cannot explalé development but the stage of
development can in part explain learnlng. Development follows~
.its own laws, as all of contemporary blology leads us to
believe, and although each stage in the development is accom-&
panied by all sorts of new learning based on experlence, this
learning is always relative to the developmental period during
] which it takes place, and to the 1ntellectual structures, o
v whether completely or partially formed, which the subject has
at his disposal during this period. In the last analysis
development accounts, for learning much more than the other way
rdand." : 5
' Piaget views 1ntelllgence as hav1ng two 1nseparable dimensions; a )
structural dimension whlch, s we pdinted out earller, is stage—deandent
and deals with the manner id which intelligence organ1ses experlence, and
a functional d1men%10n which relates to the manner 1n which intelligence
ﬁ' . works. ' Intelligence develops as a result of’ phys1caf or mental actlons
‘of a person ard it is this intelligence which, guides the 1nteractlons
between that person and his environment.  In so doing, the individual is

» Mmade to adapt. ) . o
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s " /This dadaptation is achieved through two compensatorf procésses; ¥ .

. ass "lation and accommodation, which may be explained as follows. A

< ild faced with a novel problem tries to comprehend it through things

T already énown to him. That is,’ he tries to absorb e&ternal elements inﬁo
his thinking processes. - This ackZVity is assimilation. However, sometimes
he fails and this limits his activity. Hé then ad3usts~his actions in®

order to succeed » That is, his assimilation schemes become modified
>

N

through a process called acCommodation.—~ N

. </ between accommodatio and as imilation that adaptation Qccurs. A ptation

- in turn controls mental str ctures. Thus; the individual passes through

\ \
'ilibrium, mov1ng on to higher states of

_states of equilibrium and di
V/equilibrium gradually. It is clear that learning is viewed as an activity-
P2 . M . (Y

‘oriented process.

b) ' Curriculum development and research

The report (UNESCO, 1972, p. 44) of an expért‘seminar.for—Asia‘
jointly sponsoredvby UNESCO and UNICEF with the cooperation of CEDO made .

' the following significant points: )

~

"Looﬂing at the issue from the point 8¢ view of the  curriculum
developer, a distinction needs to be made between curriculum
innovation (the development of -new ideas, pefgaps based on

e research, ‘and their implementation) and educatiodnal research
# (the inVestigation of problems and the development of theories).
- Innovation cannot wait for further research. Enough is already
s known to realize that there are serious deficiencies in cur- <
4 ricular and teaching methods in most countries."”

// _ Continuihg the report states:

K "Curriculum.development_should be seen as a totality, in
which research, teacher education and other aspects of im-
' Plementation are as much a part as’the drafting of new
syllabuses and the production of new materials. Within
P " this total process.there should be simple research projects
or investigations into specific aspects of the learning pro-
cesses of Asian children, the results of which can be direct-
ly applied to classroom Situations. . . .

Orie' can only ‘add that the situation in Africa is not different.

21 SR
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problem of degeloping models that wlllfintegrate curriculum'develop-

ment and research deserves serious attentign, including -the consideration

of all relevant local.factors. Some of thel many areas for investigation

A2 LA

; are{ o . o . : -

. . )
tl. The development.and transfer Qf science concepts. 4
* @

2. The development of loglcal str?ctures in chlldren. ///,.*

3. .Interactlons between the env1ronment and sc1ence

learnlng and teach1ng. ’ " iy (7
J 4. The relationships between science And the néeds, b : -4
Vo .aspirations and interests of pup:lgs. ‘ ) ’
5. Effects of such variables as mode of instruction, .income .
of'guardians,-etc}, on the acquisition of science concepts.
6. The 1nterplay of language and sc1ence concepts. A
c) Teacher preparation], classroom organization and pupil evaluatiOn

Plaget has emphasizeéd that chlldren should be free ‘to 1nvestlgqte
2
with materials that are 1ntr1n51cally useful 'He has also been quoted

(Duckworth 1964, p. 173) as saying:

S

"The principal goal of education is to create men who are

capable of doing new things, not simply repeating what

other generations have done ... The second of edu- P
cation is to form minds which are critical ,-can verify, -
and do not accept everythlng they are offeged "

* This statement is similar to those found in pronouncements by the

Science Education Programme for Africa and -various African Ministries of

4

Educatlon. . The implications for teacher education are-several. First?

C
teachers in training have to be convinced that to acqplre the kinds -of

" attitudes ‘that will enable them when they become teachers to develop th1s

enquiring attitude in children IS a pXymary goal. Often, teacher training
institutions have tried to achieve this rough preaching to gtudent

teachexs. What happens then is that sptddent teachers do not acquire enough

practical experience and facility with working with enquiry techniques, -
and so noﬁ surprlslngly, they fall to deyglop the confidence necessary for
guidlng children through meaningful 1nvestlgatlons. It is proposed that

Eeachers in training learn hot to do by doﬁng.

. 22
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7 It Mis of course essential that the would—be“teacher learn how to'help the

A :,;u . oL ~ . ‘

Second, part os this learning to do by d01ng 1nvolves giving student
teachers f;rst hand experiences in the study\of chlldren Such exper1—
ences should include the observation bf one Chlld over a period of time,

as well as s1tuat10ns in which student teachers; have opportun1t1es to

exchange 1deas with children, one at a time. ~

‘Piaget's probing_techniques would appear to be very useful in this \

regard}ﬂ,Piaget and his collaborators have developed interesting and u-

nique }nterviewing’techniques which should help enrich the background of

any persOns who would care to pefform some of their experiments.
" Third, Inskeep (1972, p. 257) has stated: ) ‘
~"A theory that focuses only on the child, or only on'the o
‘content to be learned, is deficient. Piaget's theory !
takes into consideration and accounts for the interaction

of the child w1th his env1ronment "

L~

child to cope with his enﬁir;yhent. Pebbles, ‘buttons, bottle stoppers,
g

leaves, sticks, pieces of strfing or rope, and so on, can all become effgct-

ive tools in this venture.

i

Rlaget (1970) himsel¥f has d1scussed ‘the training of elementary

school téachers. He has po;nted out the need for them to. be well-trained

in child psychoypgy through active part1c1patlont1n research pr03ects, )

-although 1nd1cat1ng the d1ff1culty of ach1ev1ng thys’objectlve in the

-

present tegcher educatlon set up.
Dljectly associated with this is th method of ‘evaluating progress.
If chlldren are to be given some degree‘jﬁ freedom to develop at their -

own pace and {cope with their env1ronment, doubts begin to ar1se as to

- whether mass or group examlnatlons designed for the same 'class' will

. suffice. Surely, p0551b111f1es can be held out for observ1ng each chlld s

thought processes as he proceeds. What the child has been\\’}e to under-
stand at certain p01dts in his career may be discovered, and such discovery
should be a great assét in the programming of his classroom experience, as

well as in evaluatlng his progress. Such evalaation necessarlly becones

an integral part of curriculum renovatlon ' ‘ o

1
~
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In-service teachers need to participate actively in the development
of currigulum.- Some of this is being done through vacation and similar

short-term workshops. Much more needs to be done.

The Philosophy of SEPA Science ¢

’

Piagét (1970; pp. 50-%1) has said:

"The tradltlonal education of certaln great countries has -~
placed all the emphasis, in fact, upon the humanities and
upon mathematics, as though thé/two prominent qualities of
rational man.were to be at ease with history and with formal
education::‘As for practical experimentation, that was seen
as a minor activity, useful for civilizations with an empiri-
cal philosophy ... Consequently, a sufficient experi-
mental training was beiieved to have been provided as long
. as the student had been introduced to the results of past
experiments or had been allowed to watch demonstration
experimerits conducted by his teacher."

®

.

Plaget goes on to note that this legture—dlscu551on ‘approach was in’

‘many 1nstances supplemented by laboratory work performed by students. But,

he observes that repeating past experlments would at best help to produce
fact machlnes rather than 1nnoG?tive gxplorers. 1In his(opiniOny as a
child progresses between the ag ﬁfnges 11 to 12 and 14 to 15 years, he
should acquire "all thé'intgllectual instruments"” condocive to proper
e;periﬁental work. ‘

Anyone who reads Piaggt is aware of his love for matbematics and ,
logic. 1In fact, His theory applies many mathemétical models. Therefore,
the depth of his feeling for experimental science can be inferred. It is

also quite clear that'he wants people to be exposed to experimental work

early in their lives. He (Alwy, 1966, p. vi) has remarked "school children

and students should be allowed a maximum of activity of their owh]'df?ected“

by means of material which permit their activities to be ébgnitively useful."

: 4, N . . /,_
It is therefore understandable that Piaget's theory is associated

" with discovery learning. He célis for- activity, which need not be physical.

He wants children to be inspired to investigate problems and to invent.

In this endeavourgkhey will have to observe, olassify,'formulats hypothe-

_ses, manipulate variables,'and so on. We are led néturally to a.process

N
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~approach to the study of science. ‘ L ‘
Hence, it can be said that one iImplication which Piaget's work has
for science education derives from the method of teaching science. ' Rather

w .
than seeing science as isolated and unrelated bits and pieces of infor-

mation which an indfvidual has to collect from books, the Piagetian model

" 4
‘views the subject as 'a process whose methods can be taught thro%gh activity.

-
Y

‘Assoc}ated with this is the emphasis which the model places on the study
of science. "
' Another related implication has to do with -the sequencing of science

-curriculum. Here thoughts fly to the spiral cdl?icuihm of Bruner, which

is founded on the basic premise "that any subject can be taught effectiVef&'
in some intellectually honest form to any child at ahy stage of develop-
- ment." If this is to make sense, Bruner has to be uhderstood to mean that'’
one can- take most concepts, reconstruct them and make their structures fit

the cogﬁitive structure of the child. It should, therefore, not surprise

you that Bfﬁnér's contribution to'discoﬁery le%rnin"has been seen as
"an out-growth 6f the developmentai'work of Jeamr Piaget."

Various programmes have been pioneers in this attempt to bring about
harmony between the meEBods and content of elementary';ciedée. Represent-
ing a completely open-ended approach is the!Nuffiéid Junior Scienée Project
and at the other end of tﬁe continuhm‘are stfuc;uréq programmes for elq—
mentary science, such as Science Curriculum Improvement. Study (SCIS) and

. Science - A Process Approach. PA science occupies a happy middle in
://f the sense tQat SEPA's open-en approach is'bu;tressed by Teachers'

. Guides which are somewhat prescriptive.

The idea of a sc¢ience education programme for Africa originated at

7 the Rehovoth Confererice in Israel in 1960, and a programme was officially
1n1t1ated in Kano ‘in l965‘as the .African Primary Science Program (APSP).
Three intexnational workshops followed-in 1965, 19% and 1967 at(Entebbe,'
Dar es Sal;am and Akosombo respectively. Emphasis in these workshops was (
on the usg of indigenous mgzérials. Draft:units were’ prodj:id which were

then tested over a period of years in classrooms in several™african

- . o 25
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countries. Subsequently, the edited and modified versions of these were.

-

printed to meet local conditibns.
. ~

. ‘The approach has been to look at science as an integrated subject.

Units such as Mosquitoes, Inks and Papers, Bricks and Pots, Liquids,

§ . AN * -
Tilapia, Making Paints, Wet Sand, Sound, Small Animals, Seeds, Construc-

-

tion with GrAss, and so on, have been w;itten. These deal with‘basic

-

aspects of physical and biological science. fh producing éhem, proper

attentio;fﬁgs been given to -the manner in which pupils work with and

explore and discover their environment. ‘ )
Dyasi and Cole (p.3) have stated{ -

"The APSP approach wés new to primary SCi%QEﬁ teaching in
Africa and «it created a new sense of direction for "the pu-

\.‘ pils who began to find their schooling more meaningful as

A

oy
R
¢

;xFeacﬁers who hdve contributed to the piodu;ﬁ?bn of units have

they were able to pursue their natural interest in nature
out of school with a certain amount of confidence and un-

derstandiqg."
SEPA developed naturally from the APSP. While direction and
1%Pdership during the APSP era'rssted mainly on decision-makers at Educa-

tion Developmepnt Center in Newton,“Massachusetts, the formation of SEPA

in 1970 transfgrred decision—maki&g,&o Africans. One regglt is that SEPA.

poliézes now ‘are formulated to meet the present needs of participating
African nations. Excellence and relevance are being promoted in science
edﬁcation in the continent and forums are provided for cooperation of
member countries. ‘ A ’ o

' There. are othen.chaéacteristic features of.the SEPA approach to
elementary school science. One such is that concrete objects are con-
sidered important instruments iff the educational experience of the child.
Materials are chosen which provide intrinsic motivation to the child.

while at the séﬁe time exposing him to alternative solutions to the same

- \

problem. Also, the semi-structured nature of SEPA science encourages

initiative on ‘the parts of both the teacher and the individual. Uhits,

are provided only as guides, as examples of the types of activities

are possible. There are no generally prescribed procedurés. Tho

-19-

Y 26

e



conditioned to looking for each child's unique-talents, and attributes-
. ~ : )
. v [

3

co o Tralning the Teacher for Hls Role in SEPA Science B

L _ Nevertheless, the big question is how to train teacher candidates
-IF.' . (and also many serying teachers) to functiodn effectively in a SEPA science
‘_' framework. : ST . ‘ l -

§ ) At several SEPA workshqps, congZderable attention has been paid to
‘v ; necessary and suff1c1ent condltlons for produc1ng teachers who can meet

\', the challenge above. At a 1972 strategy workshop in Accra, some of the

. issues weée raised in the followlng language (SEPA 11972, p. 41):
,‘& | "What educatlonal experiences would give the teacher
s candidates an opportunity to equip themselves with

. , .these capabilities? Should they be the kinds of experi- .

ences teacher candidates would be expected to afford*
pupils. in thdir own classes? Should they be experlences
that enable them to perceive the world as primary school
. .pupils perceive it? How do we handle the fundamental
differénces in thought processes’ and in levels of maturity
of tedcher candidates on. one hand ahd .those of primary
school children on the other hand? What will be the
conceptual level of the transactions involving "science"
- IR nomena? Should there, in fact, be any organizing
théme or themes to these educational experiences? How
should the experienfes relate to the nature of science?" _
Many more questlons may be asked Furthermore, experts are not
'necessarlly agreed on the answers to these questions. Yet, it is
. = reasonable ‘to presume that teachers tend to 'emulate those of their own
teachers whom they considered good and '‘effective. Also, it is.sensible
" to claim that people become effective teachers through-dlfferent routes
and effectlve teachers are anWn to dlffer'ln the1r methods of teaching.
Therefore, it would appear unwlse to advocate any one strategy for
teacher educatlon. i .
Yet only those methods would have a chance that’emphas1ze thought,

-

student 1nterest and active part1c1pat10n on. the part of the §tudent
ﬁg Stress has to be put on the acqu1s1t10n of skllls and techniques of
o 1nvestlgat10n with the subject area used "as a medium for portraylng
e > the nature of the teach1ng act and of the _logic of 1earn1ng and of .
—20— L
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teaching in practical situations." - Piaget has émphasized that children
need to use materials that'are cognitively useful as aids to learning.

) He has also made the point that effectlve learn1ng 1s act1v1ty oriented.
Sometimes the activity is pr1ncipally physical; at other times it is
principally mental. The important point, though, is that the learner

. needs to be actively ‘involved in what is taklng place.

Obviously, the adult who is training to be a teacher is not ‘capable

of seeing the wcrld in exactly the same light as the young child, for

as SEPA has pointed out in the Handbook for Teachers, adult thinking is

~more conceptual than young children' s th1nk1ng. Therefore, many adults
tend not to have some of the spontaneous ihtuition tkat characterizes
, young chlldren s thought processes. Yet, the case for osing would-be
‘teachers to experlences slmllar to sole of those to which they wlll
expose pupils is strong indeed. ' _ - o
' P1aget s approach to development and learn1ng has prov1ded some

ev1dence to support Bruner s claim that any given’ subject can be taught
i
.

4in an approprlate manner %o students of d1fferent ages. Thls is. prec1sely
the form which the 50 odd units produced so far by SEPA/APSP have taken. ™ ;(
Given any one of these units; it'can be$treated at different levels '
_ with varying degrees of'emphasis; .
. g. Consider the unit; Pendulums, as an example. On page 4,-pendulum
experlments with’ blgﬁrope swings ‘are d1scussed. Mt is suggested that
children can;observe the many .paths that a pendulum traces as it swings.
» For young chlldren 1t was not”’ cons1dered 1mportant to d1scuss in a detalled '
R way the nature of: these paths but they can observe that the paths are .
curved. Older chlld}en and adults who have developed the necessary \gdﬁ .
“'vocabulary ‘can take th1s further. The path_is a s1mple closed curve
N known” as an elllpse« How does the elllpse differ from'the circle? " This-
. is but one of many questlons that deserve answers. At advanced -teacher N
training college or un1vers1ty level, the equatlon of the path could be
develope&. el ’
- On the same page it is stated

YA thin rope tied near the top of the: thick rope can be ., .
‘pulled by another pupll so that with llttle ‘effort, the o ;f
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child on the . swing can be made to move. This %;ll help ‘ , CE
the children to see how a string or stick between,two '
pendulums can cause one to start the other swinglng "

.. We may be interested to find out if the pendulum is moved a ' .
greater distance by moving the rope toward the top rather than toward ., «
‘ : thtf_ottom Figure 5 indicates the solution to this problem and (in this
o u'ﬂ.Tathematlcal forn) it is certainly beyond the reach of most young ‘child-
v ren. On the other hand most adults can appreciate that the dlstance )
- - swept out depends both on the angle of swing and on the
radius of the-c1rcle. In fact, the distance is an arc

length given by s= r® where s is the distance, r is the

.\
L

T,

, radius_of a circle ‘and 8 is the angle of sweep{ Since'

Xy >»rj and 9 is the same, s2 is greatE than sj. 2
On page 6 of’ the unit the game of skittles is 1ntroduced. Certain
* mathematical and sc1ent1f1c concepts can be dlSCUSSed around this’ game
dependlng on the level of the stﬁdents. For 1nstance, if we number,the
blocks and put each one back in the same position every time, which
,blocks“seem to be khocked down most frequently? Possible abstractions _
are ideas of rows and columns,.including entry/into‘matrices and ordered
pairs of numbers. Also,'there is room for'probability theory in the ».ak"(’
Red" down. S

 record of the'number of times each block is kpoc
o We can continue in this vein not only wAth this particular unit .
_“ﬁ\ ,.: but with all of the SEPA-related units. Byt the important point has N
been made that these unlts may be used with different levels of Students;"
F1nally, the opportunlty ‘does exist for training teachers to be
innovative and creative. If teachers are to’ help chlldren to be-aware s
-of, and explore their enviTronments, then they too must know- how to -
g . - cope ‘with . their env1ronment Moreover; teachers in training should be -
provided WIth opportun1t1es to study children at work. ]

.In the case ofxserv1ng teachers, SEPAuhas 1ndeed taken a big step .
in the direction of ‘helping many‘of them. In—service institutes were . . )
co~sponsored with the respect1ve M1n1str1es or Inst1tutes of Education
at- Ife, ngerla in September, l97l, at Monrovia, Liberla in January/

.
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February, 1972 and 1973, and in Cape Coast, Ghana in August, 1972.

3 Similar institutes weré held in Nairobi, Kenya in December, 1972 and
at Njala in August, 1972 and 1973. A major step in innovation in evalua—

' tion has been taken in® the establishmeqt of a centre for evaluation at - ;
;Ibadan University. Already 15 teachers or educators have benefitted = {
|
|

R direct{? from the establishment of, this centre,. . \
i . . N : :

. o~

o . » - - . Summary

!

Al this stage in the development of teacher education in Africa,ithe

. continent is blessed'to have such a dynamic organlsatlon as SEPA working

| actively to make science: educatlon relevant to the needs of the Afrlcan
society. This monograph has tr1ed to provide a basis for the type of
learnlng which SEPA science is encouraging. The bas1c foundation Used
has been: the developmental psychology of JeaﬂLQEaget and the ‘r lated work
of Jerome Bruner. Eﬂphasls has been placed on the 1n§reas1ng ppo#tunl-

<

. ties being prov1ded to 1n-serv1ce teachers to.upgrade ‘their un erstandLng
of both 501enceaand children. Also, the hope has been express d tqat ST
teachers' colleges Wlll prov1de more and more opportunlt}es to teaqher '

candidates to observe and study children.
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