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# oragasar O & | ag O w60 § sl § we & Fwc g
i e ¥ A ag Q7 S R | Wy ademE O ¥ @
af¥ T ¥ | 1B 7T IH IHT 3T §—gow I IuPaeat
¥ R & AN g3 A # qala® a0 AR o g
E ST A S | W W A 9 s @ et R
agitre Wt w87 € & “Will Preceeds motion” safa
a7y 8 qg eyl QA | g9 wgr G UF TRar 83,
A% €A fqC ST Is Tar § | (W FA 93 Sar § qw s
arfias =g Qdl § | TG N q9Q W A & 1§
w6 ¥ =it ¥, sut Ad X e | g8 Mg e (@Y Ri-
ddle of Universe ) #3® s@yag #t €lEX &® qC-
SEIAR ¥ wHE AT ¥ F4lG% @ A g @ Ww ¥
23T §[ WAAT A SR@T 47 |

1, 3z et @ saf (Personal) &9 # 7df fig wxfe:
( Impersonal ) ®1 # wx &1 ¢ 3 ( Semitic



Yo NPEUIS FA1 L ?

af¥m, a9 UkE, gEAGEl, WA B A, AEE WO,
At |7 & W9 faq 21wkt 3@ Al g

(sfha ) % faedts 1 w1 wal 1 AR PR R
v B d ®a # qftuw g8 9FR W ad
82 P (=Ma) @@ war ga, (usg ) afy

~

Religions ) ag3l, #a1d WX gasAEt adi d ¢H ¥90
seae A€ § 1% 37 At S3A B @AY (|aRa) WA &
Tgt X AT I qOSFFA (THFA) WSV § | 96g QT E
TEYA AAN F I@H YO —WAAITHANE § A TG K|

Q, % I %81 WAT & % §3¢ A% 316 FA G FAT E,
A% afi, @ TS AcAT TH G HE W54 § 1% (W
£¥aT TA1G A&} &1 wHar T4+ D (AU AT
& o gt #t A B A T g Faw wgar 0
FH A FHA1 AT | g92 WA 7 W el GHWC B AIGY
& gt &1 w37 ( Unknowable ) sguarg
( 3@ €¥-at First Principles ) 9&g wia 4@t /g ¥ |
AIUNT #1 WG F@ A0S 21 S Zar g4 /gl 1&g
WA ¥ | FAIT R AT H AR T AG § (% AT & Y
& &1 9T T Feg qar F Y Akl | g FE FUr
ST AET B WHAT TG &H A BY A, TG 3G AT
( fmr et w0 2 ) swal @ F F@TE |

R, K13 BT 9% AA W AFL §—

TASEY JUNY STAANE W4 79 Faeearig |

Y gaer S earticaent weiar adiia: |l

e 11 La¥ | Lo



AT AT | 89

aw, (gung) (hams ) (Ram ) Faa (Yaar) g,
( FnuEEaTEd ) mm % (weh) di @ (gd) feazar @
( @d ) fam Fwa1 8, ( gaen ) 4 quit F1 ( HRet
A ) a8 s WA (@nfeafia ) sea e (@dd)
* & a2 |

59 afe & oy é % sita 4 eaaea aar (3T
 74%) Bl @ AT € R W FH % AR
W% i & ( =nawis By RUITHE ) WA FE
g1 oufendt weit g przEl qew guE Fear o
8 % ag =ac 8, fodll A 8 1099 < g1 4 sad
F% WA alAl 8 | a8 U ¥ @Al § 9g AT H
Az 8 WM @ Ay Adi &lak gemfr |
SER SWE H1 SUEERE (Material
cause) & | &g dia Zaeqrat § @1 8 |
. HIEEAT | F/ F W e Iﬂﬂ\ﬁtl ang  #
qrEEEar” & | HEEeT 1 ania g@ wawn ¥ @A g |

T

¢

» FUfAUg 47 IRT W AT {—

A wWEd fed oar fotge gamseR aad wRkEq)

s foed: wPaAlsd gUUT @ gFad geaR @A

(w3rafanz R | =)

adiq A0 Wi qYaa A A a wa ¥, el

UGE ¥ Iqq AP g, | Ak SuH e g Fry,

iy, RaR-tRa A0 @wad T | @O Mma O W owe
ag Qi |



Y3 s a1 & !

P N P L T

AENEa F @uitd 9 Wy QB 94 gE g 8
g9 9T W AW CFRY QY W@l 2 ST PR 3@l
N e g 8§ (2) gaagd ( Latent state )
sgEd ( Patent state ) | SEmre § W@ EIEQE
& WAt £3 |3 FE dal zEens § wRaE
agf #t foR § |wga @A wd R gl A
saeqat §  W@AA HEH B KA & | HRYSY
g5l w8 Wacar & seafud Q@ & a9 gerEw
WSTEWIA, SEHI AW QA &) A 8 | gEA
yai @ ageq 1 gEU “gEn g0 WK e at d
‘SR QAT A1 BAT 8 | A dvAl HaAwsi H @A
T ¥R & B wieg F Yy AT HA{ W AW Fa
w1 & | fverwt fiaan 3@ 99 8—

(2) 9%/ = (ges, T FR aq: A qrEEen ?

3 3

q » Q *
(%) Yama =g, MEHE, GRA7A,

< 3 €
#A W LR = @
(3) @A =B, q1g, =Y, 99, gudt= ¥
IRy

eqgal @ 98 T W, a1 5 8 | eyad
(Rzf) baw a3f ( Matter ) 7df @ foeg wsf ik
afy (Energy) % 4% @ eymyal #! q=fwa swwew
# gz REd et = sEr 21 sl A Qv al

gFaat ( Inertia ) g, g T@E F AT WY
(Molecule) & w9 (Vibration) & | g at nfw @



TaU Ty | ¥3

7ol #gmIg %' it W1 YR gl fawA
A5 | &7 4 qR@a gen s R ) g afy @
Prer #Y afner @ @i ( Tnorgy ) ®at T @ )
i awl & @ ofe w1 A foex amaEr @ aweg
O g & 1 A I % e adi @ aw | gE
3g A 38 mawiEuA 5y W W sa@E S ‘e’
& gbz A H@ 2 |

TER R wwcarEn”? W & 1 s giwused
% mgd (W@l aizd w3 k3 W@ e P aar @
EUS R g %, A TR HT = & (Ignorance)
fom @l B\ g W (wfden) wai & =nd ¢
gt wa # zam  =wiwaffadanmw seg sed
# gEAE WA | qieg Wi (=l ) & sgE-
Frag T 85 E AEm § WA A oW wA
A% %1 NEd g & Ward | @ fav uwwm &
o B B @ @Y F oy AEmEr @ ST am
a1 A wfatea ¥ #T 7@ 2 wRe B e (s )
AR A W faar @ € | 9wy U9 @9 W@ g™
fau wan gga1 & B wmmg aan s saaan 21
g gl @ evg OfF & wmn w sk
FET T 8 # |

# VIAIAACNATE 4l UF 0@ 59 9FR §—

i g sl Reemfid g i |
ATFAFAYFTY 591°d FAHG S |1 &3a0 ¥ | Lo
s & qr R W Wil (W ) e &

(= ) arar A S | 9€F (HIqEET. ) 9 X9W AN

Wit § W Y w9 AT €




8 SREATS o & P

70 TR S, WA =W mft ¥ geae d 9R-
MNT g7 FAA & @Y AL T 4wy ( Pramg) #
F1 BAICA Sl ] & |

ga Heqs— I 3 (%, ;A A e )
# fmda am awa g sole il a7, far wige

AT T TR SO AT § | (9 IH1C AL *H1
i RrearTd Sw U AT § 0f A1 I9% & T HT AST
AT FET 5T QRATA GaAT | AT YR b QOTAA (@ (TG
& gemeq ¥ T U | 39AGET 7 39 (£34 + ST +7fv)
AT F TETE1 TS A FeaA0T 7 A0 QX § | T3qRUA-
anfARg & (G ULIZ) 39 JE Beqary & st A9, ®9
sife %4 FMa BT ¢ | A B0 QA T, @ W IEE
Ty I FH BT IUTIT ARAT BT FASTA L $ET 17 i
"a%aq R GIRATATAT ;ll?irf: L CEERE RE DI
AT €1 U G g1 N g AT ARAN §F &I 9L W 97
af § | @ qg %2 &1 & 16 G, T00 A ARAT ¥ I
F A0 A & ARAT I T GATAE | |

ArIAA | (HegNZ—TA T qrHiTAT 7T H § F@AA
T® § | gEH i 0% BEAIg B anT § e s (¢) W
(Khi) (®) @& (Hi) (3) @ (wie) ¥, 3% @7 +aqa®
AT, HNST AN AW § | & QA7 wog G I PAww ¥ |
fe®T frega aoim 3l (3 1 QK ) & Feay)

@z (Remnsat ) % efzasia va® ¥ g@ H@ags
agdl AT § QAT B B Ay e %A1 ¢ | IQ@T @7 & ‘W
() ‘" @ W (H) 'R & ‘@ (V) Pawd & 77 1@



U A | 1Y

ST wafte 1Y & fafea st @@ wmg ¥ 32 @
faem fad oeq § fwad o, Y90, suig, A,
mfareT, Tws = R f g afaha
g A quie Y A wman ¥ | wata ¥ go 32
¥ oA B A A sk W ogAd 37-Fsg aww
# ¥ s & |

vz e 9 AR IR % ags @Y wmt &

Aegar 1N 8 | 0% Sqarisd | dwda s

(sgm ) B FEwEs awwt & AR 7 Apmard §
A R FY FEAT ad] Gnwd AT FAG: T

e far ¥ & J4+H + V ¥ ‘agia? agRdt 3 gw & aww
g & ¥ | 9Tg Y8 B 9 fwed qaadi 6§

gaidaa w1 Reaar—fa 4+ +udmw’ a@g
e

Fiez F1 BrRagg 4 F aww qdw § ()
(God) (=) 8/ Freedom () ##7at (Tmmortality)
A AT FEIET W WG adeEl & A W IR®  AEam
N BT FE AR ¥ |

2w w1 facamg—das 9@ sl (i ) -
fis & W wgw syar ( Materialism ) & v (earg &
T 41 ¥ | s&h Awaz & s (1) @9 (the tuue ) (%)
aeig (the good ) st (3) @a (the beautiful) ¥

# 373K A {SPF F AR 1S & ‘@AW d WEAA -
AT H Y 4ZaT € |



ve samw T d !

qu‘a ama 8| muy. W afg w1 AdasT awg §
ot waedt #§ aga gfifee @, g = R0

..

gaedt § @F SAAl AW adt @ FEeEg d
A TW afg # Few atE & fAwm wuly
op §l M @ fefa Sw aga-d afal @ s,

g WA SN FeOAIE & W g8 wegA

T 8 |
a3 R & AEmar § AfufEag w1 w4 T
ser g § | a8 5 oswew @ wRa

weew, TR0 %eR a®r weew, o s@S@ @wg de%
= af|y =ik eaeaweg | caeg sat # seEw
s, fe vy Reew (ddad) =i SOgw
wrg | & fyrgung fad @@ s R awad
WO g0 | qAE WFAIY aAAAEl 6 98W gE AW
FHTIFR  qAmE  gu, e wwa B gEEw
AUFR g gu | grgl AuER sawmat wr e
i@l &% (fagw ot am o8l ) aRamal # 8 @
A9 Seqe gU W TR gl @ NaAad wgeat o
wafe gt st & | RFmaRal #1 ald @
faed =R o Qft qRada &9 Rwwag w
wad wel fpn a8, a9g 8 % st @ g &
w@d a@ (Vertebrated animal) weg gu & agi @
At wgsAl aw FY Qi w1 69 (0F goa FG % )
fim s 8 og Se% wgw atmt & ma (<fgl
4 fH Az N g @A agl 9% ) W Rwe-



7EU WA | %9

aifeti B A A 31 wp fgm ofiwsdla dew |
faan & f% sew (sfxst) @ agss Af aw A
i Bigam & G @iE AMfvat @ W s § 1 g
A fad @@ NfEr G # 27 AW & |E AR
gt § sl s R A oAdt ) Az R ed
R % AR @ ff sy afai wge Al wew, WA
0% F@t gea O & w3 2 | et grm @ A weuAl
Wy o wdar g 2
e oy T O A afy 0w st @ @
by o e DT B s @ weamw
- & WM | FET WAl & R # A

F S #W NwEd @ sig % AL ag A aRaaa
W oaMs 2| g @ vEr adt 8 afw el @
Awreary 1 gfd s & weeg AR ad sl
fgmar Aty offada %1 sudw Al feeg W
orh Al § seAa FriE gar B, @R AT
2\ matq w ) mifuwEen ( nwend & suR
Ra) @ & Am@ & w9 B Fed WE § auw
qAr #t 9w s 81 weF Ay W @ @ -
eI 4% REEag  QHcd % ST’ FOARE
S 81 mule TR SAEt ¥ AR gE W @R |
e ) SEedrs § AW % afEed w1 gfe
%6t gt feeg ot Rwmag W g et & feaw
s qf qued F@1 81 ag AW 6 0N F AT
d g erE a% W @9 oFal ¥ &9 SEER



e SFEAATS 47 2 |

o v & fradl e o wgsr-dfy A% wgan @,
FAAAT & T gEH qeq gAA wheE N
% 33 (W TR mar WiE gw) W ambes REn
% gAa @ AT awwal | EEAE B 39 shaar B
frpead Wt s s Tgva FAE | A ¥ o
gfig sTft-w@mdan mae 8%w A fean 2 “saftani-
wfa-Ren w1 fwm = &N & =it wBaE (.
oo Rl & R AR 3 1, Ak g s @k
mfigal % Y ani ¥t A @B O 2, @t A
AR Borerennnn... 39 Bem-Rraat & aftgE g
waA HR fawam gR aw w-fam st e
stat & e wRe-fsdd # s g &
e AT
Rt wa: T9- W fprEag At afaea w @ fag
of Mgem A H, S@EAT H 9T gFR A gw

WY wgd s wedE WY FedA § AR
W@ FAW AW g A wewa @ W W wgd
FoqAl WA 90 | g@ A eI @ WA W
§5% afn dl aFadt | dedt gaedt & Smfaw
T g 4 9w @1 8 | TEg, WAR AN
famraar & gaacns BRI # afl g F AR

gRiddle of Universe. p. 68.

1 (3) SR WY A FAG: TA-UX W @O W& Y
qitgra 7% faaar & —“Ihere is, therefore no proof
of continuously increasing intellectual power’.



WWI we

~——————

%s‘} wFaey o m TSR g %ngﬁ g
Jzarg ot 3wt § fawew @)
3|ARK F  OF 9 AL FaAAT @ OF AT A @Ay
QAT FWMH FEEFET A § § e
AT avd 8, 79 PF AT ¥ad AahiE o9 @A
sﬁt ARsama g e € g A saw g9
AT sa"rar#%”r gz #@ 8 | q@u 9w 4@g
Fear & % ana @ag 9 3@ agsal Y AW fRa s
2 | amamefy @ g 9 & Gudw & |59 gW 9w
¥ Reg MIAT IS B BF 59 o AW FH FEW TFER
At 2 st f dxay, R aw qul AR @En
ard & ¥ fam g Feuwr wew 1% s WA &
T d AR @A W @A R & fes @3 @
wW HW F oma@sa o, Jar v §ar§ =it ga-

(The Socml Environment and moral progress
by Dr. Widlace p. 8 to 24)

(u)ewr allflT § NG A% A 4R HE gy ag
et ¥ -

“If we are to obtamn more solid assurance
it can not come to the mind of man groping
feebly in the dim light of unassisted reason
but. only by & communication made directly
from the supreme mind to the finite mind of
man” (Science and Relegion by Seven men
A Science.)



Yo sraaars & 2 1

@R wEA &, som wad g@ afg w0k v
Tqmar # gfd R ad, Sar B weewsht R
#ga & sefl quar SR GEAr 9% 9eA1 @ B
AW IAE F T I N TAE W a2 |
= 37 SR g W @t st wreada wAE

3l & T T T&T ITYT F6A TR E |
i TEHIE ATREIEA /A AT R |

AR R AER TATIIEAEAR A |
o —( TEESEEEE: ) Y@ wAgd A= &
fraw! (08 wdt g daua g gw1 @) (| )
w73z (Gmiw) amag (WRR) Sea gu (segif)
w7 (A6R ) wuw gu | (aewE ) sad (3g)
agiy (EA) w9 g0 | PR w9adg § o
q STHI T &: —
TEATEA AAG
IGIHRIHT |
AW 96 WA 94,
et 4 AR s RaRT @ |
(Nﬁo{ol\slao)
# T WA KIAT AT Qo YW %o &1 el WA ¥ |
S gell ae R fbet weag & agdg soarg 3§ and
¥, (AW Aqe) sk wyAIy e P A TsgEA AW E
(¥=t = 13)



g8U =AY | Y8

W —‘gad (wrdg) fred fwd € ag
\Iag) frad wam gu &, am foak &w Qat &
qzq) AgAgE (Fvez) fhaw g@ 8 s %
ag exa (30 w8 IV

AT F AwH wwE F N gw 7 @@ w7
38-3c) aga gaq Aft & awa e mn 8 % P
J S #Y NeAF aeg B weuRA DR R AW ag
A sooea 9319 TAT FY @90 B (AR wef = gr)
y%e FT @ & | 95 A 56 TFE F &—

“ag R & 9%z g, S9A A g% g
(@7 38)

“ag ufy & 9%z g1, sq & U g%z g2’ (390)

“qg wwaflm & 9% gw, A8 wwafie g%
g=n "’ (W0 39)

“gg a1 & 7%z g, WA AF g% gL (3Q)

@ gEx @, gE, =fh, s@ w1 (33-39)
FUA T gY FEI T §i—

“a 1 wISSTET e A |
wafg ‘e wwst (§i) &awe g ved
"I g% g3 |

£6 TF A wA AW A § oF s 8 fwed
31 %1 Py e g1 teg a8 |\ wa A
ag & f% a3f =1 migwta Pem sww gsn | AT W
% WFF 39 IFN &—



¥: CLESEL T

TEET TW TN W TG ARAG UL |
a3ui XY qafomrdyg Jar agai fafkd garf
( ag Ho Lo W ©Q Wo Q)

fraw =N a8 & —“Bogead (I F @n)
| & g, a0 AW A 93 (¥ FGgH B A\ &R
gu (Ef) M sw #@ §, 8 @ (38 B qE=
grawIY) § & gen AW & uwe gar &\’

Q. Pt (A7) araf) 1 st B

2. g A Bl % gga § Sewa a8 |

3. 96 it w wfy wew zeat & @ W
W U, TR qued aegHt % A Wiy mEq
@8 |

I (oez ) A sE F qM A R aw g F 1 ouw
[3Z F I, 90 57 F1 TY | IWRQ S #
A B T F AT SR T IE G 0T
¥am WY JEId | 9g Awaeq S zad @ g
gz S o ol i ® oy §@ fe €
AGWSIFR Tagh W aE g w@ & | g
AR FAF AT A AT F WA 9T =8 e A wme
Q@i fx ag s s fowm am 37 1 weai
%1 =9l & Hi A WsE & qio AT WS A & # |

G Geww “Raimiza” ( Democritus ) wmw
B AMA TA A€ GRAQ 41| IAN TH GFFIG A q@@@07 490



q\tm mzna ¥

A A s s A mmmAn

AW AR § g umsﬁ 'ﬁ acqf% @ ggd, Tl %
At ggeafa gir, wival % gga #@ seoea fBar s 8,
= 36 F F WA T A AEgA F AW ISWRY
FW 8 % | A8 A HE TEL WA F g3 A g
gl 8, 3@W U% LW 2 | AFHA w1 gud
HW Fgal & A SuF g9 § 3@ gud ¥ fae sanfw
% WARTA 8 & | AT WY FA BLAl TEAT
B Al 39 %zga W s9 W=y FW ¥ fuu  ScdE
971 g1a1 & | 3t 51 am e (((Conscience )
&' (ag 734 H SoweA g2 qan ®, M@ a\gw faen
Poelt % g & A% st fomn s it & grge @l

s “Words were statues in sound but statues
10t made by the minds of men, but by the Gods
themselves. (Science of language vol,,11.p.3963)

® TR ST SB W AN B Prew AR ¥ | -
AqeT ¥ I9deq Qeaw W @ (BA g B oww A &
v wgi | 9 ae % wrer & o (9d) i e (snd)
§ WIeT gud agl ®F A g% |

t QIEATIRAE SARA-FON B QEATH-IT FEAT §i—
“But that there is a voice of conscience within
us, the utterance of a divine law, independent
of human statues and traditions, self evident,
urcfragable. 1 (Science of language by prof.
M. Mutter vol.ll- p 496 )



¥y sEATS w1 8

wat s & g7 =k guw AL T wEw &
SgER “YsaP wiE?’ F zga § 35t B Sw gee
(9TATIT) G Jegw AT R BN I Y meA aw@ A
o o § S fRT Wt Y seat 9T g% FC
2 | gags Mewq | w1 o —
“RIERQIIEN I3T AT P11 Y)
wutg—g ( =fa, ag =ty ) & ( $4¢ gwy) aw
(Gfa) @9 9y, a3z g%z gu & a@ B g
grawarafasg # o B a8 8i—
SICHGSEICICIRGIC R el
AARN TEAGY | grEnemReng 12913
wutg—A (Rfial @) av W 9t wEl ( T
arasd 3 % A @ 2) ® @ =fim = a
F1I7, A & agi7 AR AR =i @ awag |
fax ga‘«,’nmaﬁmqg § war o d—
@ GqTITATAATCHAT 3§ GINGAT ARG Fhy
mﬁ}q@ﬁmﬁ@?m@ﬁﬂ IR ¥l
siq—sa afl & ( s e § 3w
TR & gE 8 ) WK <& e & 4 ( im)%sa
# WA 0 IERF O E(Y)-Few () /7 | T %N
& § S ag ne2 €A §, au1 BaS a1 m"ra, g, :fiw,

st § | (/)T KNI § Srgsw w1 36t S s
A § WY W FeAFET TR WY T A E |



AU A | Yy

wan T, WAl WA, a9, Wiy S seEdg
ﬁ |

T et sufeg & fran @ fr—
T AL €T (AT WAL NRINIRY)

wota A swIg A s wEE gy % wEE ? |
Th s e 3@ A 9 e @ oge 5 fee
RN A gL TR W Ag W 9% g,
gftFgeE ( Epicurus ) ¥ w%2 fem 8 &% “@s @
q49 WA & g% B H WA J@WO q g A
HAIE ® g (FANE ) ww e o awR
dag (A g %) @@, &iw G AW @
& ety « |
%% % 9 g9 e%q NQ spfE § we I &
& e ¥ %g R 8 % afy S A gwr @wr
A W Al R T AT BN Bl §E EHR
FC R PG AT A ad 2 | SWw Wy
#:—'“I'hey may or may not receive such infor-
mation but there is no scientific ground for

dogmatism on the subject, nor any reason for
asserling the inconceivability of such a thing +

# Science of language vol. I1. p, 398.
t+ Materialism by Darab Dinsha Kamag
p. 62.



ui mﬁammé?

irg‘ra‘aifﬁ é% % Aeew daFg H AT EEN

afgar  HER F A WG WE WA W FaA
qiRe 54 @@ =maw fm Far wER o1 mER d
A Bl 9T @t (Ajawat ) A aRw gvz

ad 2 1w s e 2 ARN QB smfa et
{;ﬁ(ﬁtﬁm)%”mﬁatim"rmmmé ‘s

Al mota e wet @ 4 17 B T S 2
S R e T L
el 33 X uw A AR & gaqa g & gad
I ITF A EW F g@A fwE | R uw e
e 2 1

FfaT R Fv9d w9 3 w=gEd

serig- % 3 | (faEt) gw aat @ sa A=
% N g@ A A WA (99 @ 9@ )
2§ ﬁi{ 3 X Agel B oA A & HIEN
SR A B RrE R =i eam w R
g% freg s A€ T [Qnfge 1

‘atedan frdtafa afen Aot e e
spfe “% fgmt ! aaqﬁagastaéath@

¥ & frg S w=t § s@@n émsnw

e
L REC AN I PRI
+ , Ulas i
oy AR IR
§ 4, Ul
$ , 01 WY



g8 AR | Yo

¥ % ax & 3@ Afgm ag A fow ) WAE
wef @wleafd ¥ W A =9 awa /A, T\
SR SR % faw 8, TP qimERls sl W
T BN & AME FAEd 1 g aaf gad Sk fem
¥ =9 Q& 39 AgEAl B feag PR g
BT ¥ TR ACIA F A ¥ (3@ Swr g ) 8%
(fasett ) #7 aRwr =t w9 aqa Py ad € foad
ST G AEHTE X e # faar &: -

“gr w1 1 FEFrieE wHT g |
st S 3% B a9 B 2 a3 5% (Fga) & 4
afear & # ey semiy |
i 33w fowr & fau owE osar @
it & faw P aEta fown & 2 v v @ A
sl Rrr d | &t s w1 oawR A 2 ) 3 oA
ot 1 gw w8l Ama v Hay e
F ST F1 TH TS &7 ST —

@l g—fen wesg dfs 9w e W
a%ar® 75 2 5 “Agw W wEs W) I sak
HIEA T H TA@ FF |’ 3 A g@ R
fra greT wsgt @ aua fen &—

* gt g Wi BT G —% faeer d
faer § % Ultimate Cause of muscular action
and not unprobably of all life process is elec-
tricity. (New conceptions in Science by Carl
Sinder. p. 209)




e snqEaTst 1 &

FegeaH: qEgta IshagaEd |

qdl Yq 57 9 I T I FrErEreEn 1)
E R ERIAEERISS AR Rl

gft g oot Jatz=atad 12
LG IENEE 1E R S EA CRAVG

Afgar g:g dat Fgasgansgd 1220

(agdk =ra ¢ )
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# The Energy of the universe is constant
(It is convertable into work) but the entropy
(¢.e. force that is directed inwards)of the uni-
verse tends towards a maximum (It is not con
vertable into work.) This latter Energy alrea-
dy converted into heat and distributed in the
cooler masses is irrevocably lost as far as any
further work is concerned......(Clausious the
founder of the mechanical theory of heat).

t All difference of temperature must ul-
timately disappear and the completely latent
heat must be equaly distributed through one
inert mass of motionless matter. All organic
life and movement must cease when this maxi
mum of Entropy has been reached. That
would be a real end of the world.  (Clausius)
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e God was merely the Source
of movement, The first mover who himself i%
never moved” ( Vide the Seven Ages by the
author of “T'he Mirrors of Downing Street,”

P 46))
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*Ri&dl-e of Universe by Krnest Haechle
P. 11.
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think therefore 1 am) %t & 2z
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* Science and Religion by Seven men of
Science. p. 20-25.

+ mreagEa & wi | (48 geas A g asifya g )

! Religion of Sir Oliver Lodge by J. Me-
cobe p. 82.
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however, agreement that insight occurs when there is
integration of experience, a restrcturing nr seeing
of the new relationship to the problem at hand. Provided
the intelligent world existed, Duncker tried hard tn
Alstinguish between analytic insight and synthetle
insight. The former corresprnded  to the repreductive
knowledge and the 1leotter, tn the preoductive knrwlrdpe,
It is not possible to Aistinguish hetween the twn
solutions on the basis of the above mentiened twe
sub-concepts because both unAerstanding and inference are
rresent in successful as well as 'msuccessfnl srlutinns,
Thig Aifficulty further increases, acerrding to B, A.Teel,
when Gestalt psycholeopy does not evaluate prodnctive
thought(40), In other words, it is safe to say that
insight implies more than aptness nf the snlutimn
rather than the existence nf high I.r.(30). Yerkes,
snnther animel psychologist hut not a Gestalt nne
says, " that the conventional formula fer hahit
formation is incomplete anAd that the process nf trial &
errrr 1s wholly inadeocuate as an acerunt nf anthrepniA
adaptatieng" (39). He has independently determined the
characteristics nf insight experimentally which are
eite comprehensive and throw 1ight on this eoncept as
Twweloped by Gegtalt psycholnpists. It appesrs

that the word ! ingight! is tried tn the changes in
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the problem situation itself which hring about the experience
of inglght to the subject. Van. de Geer appears to have said
s last word on it when he says:

\ shift in meaning is apparent. It meant to

indicate a specific inner experience, later

it was regarded as a certain kind of hehaviour

and now 1t appears to be a sort of psycholopical

prineiple(40).

]

In summary, the Gestalt P'sychology, according to Irwin
(lesnick, visusligzes an active role fer the learner in his
lesmning process for he is not a passive entity(50). This
implication is naturally linked with self-stndy and self-
education, an excellent culminsting point for any educatinmal
system any where in the world. SeernAly, it Aiserurages the
acoulsition of facts, concepts and princlples without
mAderstaniing, a positive sten towards real learnine anA
knowledge, Thirdly, 1t stresses Aivergent thinking in
the phrasenlopy of Guilford, that is pning for beyond the
starting polnt in one's thinking by setting up all
sorts of hypotheses (upen hypotheses) an+ testing them
against the given dnta, the Aemands of the prohlem or
setting up control experiments with a view tn exclude

irrelevant variables. These new scientific concepts ot insiphts,
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according to ITwin Slesnick are gained throueh a ‘serles

of acts of discovery, however, small these steps may be.'(50).
9, The Geneva Schonld

Educational 1deas 1like scientific ideas An net Aevelop
in vacuun for they have their past in educational principles
'rooted in the widdom: of the ages', Aating hack tn the
aneient Greek thinkers like Socrates & T'latn. Sinee then,
the i1eas of many great thinkers representing Alfferent
diseiplines have been woven inte the fabric of eurrent
educational philosophy and practice' (51). Piaget Arinks
heavily from this philesophieal sprine and even pays
back his ancestral Aebt abundsntly in bis life time
to the moderns anA the faturists for it is impossihle tn g
imaglne today any study on copnition without reference
to his work. He presents some sort of thoupht
rrovoking synthesis of various theories. In his thinkine,be
Pas been influence’ by Mlato's rationalist tradition,Fant's
doetrine of mental categories, Bergson's notisn nf perceptual
change, work of Gestalt psychelopists, use nf legic for
inter-pretation of thinking (c¢lasses, relations, grouping,
reversible and e¢guilibrium ) and seversl individual
rersenalitics past & present of his crmtry, A fey
to mention are: Calvin, Rousseau, Pestalorzi, Claparede,

“nsuaneer, Bleuler, Rorschach, Meili, Jung and Sechehaye(51).
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On the top of 1t, his own subject: Rlology has coloured
his entire work when he stated:

Development is continuous not only with the

individual but throughout all evolutionary

levels. From the hiologlcal to the social

to the intellectual level, the unity of nature

is preserved. The functioning of the loveliest

mollusk is hased on the same fundamental processes

as that of an Dinstein(52).

S0 the contrihution of Plapet and his coworkers is
monumental, This is Aespite the fact that his work Aiqd
not evoke much i_nterest for long. One of the reasons for this
roor appreclation was that Plaget is and has heen g
ALfficult author to read and understand. Rut the 1ast
twelve years have brought a complete reversal in researcher's
attitude toward Tiaget. The reason for this is that much
of recent research has heen geared ton verify and test
Flaget's basic ideas. Now, according to J.C.Vallace,
he can be ' fairly said to hestride the field of
contemporary ontogenetic studies like a colossus'(53).
baget chooses problems for investipation from the ares
of copnition without considering at the same time any other

"tside variables 1ike intellipence, socio-economic status,
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rural and urban Aifferences, personality traits and even
notivation. He takes @ach plece and interprets it from all
possible viewpoints (includihp historical and philesophical)
and then gives his own view point, And in this process, he
ilscards all the alternative interpretations considered
earlier. 1t hardly matters for him even if he has to po 3
long way, according to J.H.Flavell, in explaining his viey-
point even at the most of limited data collected empirically
for the purpose(54),

Maget acknowledges hbs Aebt to Gestalt Tsycholery in
his thinking. A mention has already been made that fGestalt
rsychology is itself ouite rich in idens for teachine
science effectively. But Plaget goes a step further when
he says that his schema are ' more Aynamic and moAifiahle
structural units than are the Gestalts' (52,54). They are
characterized by mohility, transpossbility,reneralizability,
elasticity, self-modifiability to fit new Aata, huilt-in
activity; and lastly, they underge evolution through
corrective contacts., Inferior schemata then hecome
superior ones which are, comparatively spesking, more
Adequate to reality adaptation. There is no place
of insiht hecause the complex schemata arbse or evolve

fron the simpler ones already formed. To nut in simple words,
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mlike a Gestalt, schema has a past history(continuity)which
has its own laws of development. It may be therefore inferred
from the above, that Tlaget Aoes not rejest Gestalt
psychology in toto hut on the other hand, he makes it more
nobile and consequently replaces its ' aprierity with a
penetic relativity' (54

Method of Irocedure. Plaget Aoes not use standardized
rrocedures (perception excluded). He chooses methods anA
techniones reflectively for effective exploration relative
to the phenomenon mder study. He Aevelops his own coencerts
vhich are at times misunderstood, misguoted and found te
suffer not only from defects but also he is found to apply
them differently,.i.e.y their meanings aprear tn chanpe
depending upon the period of his work, Mifficulties
of the readers increase when he Aoes not at all explain
bis concepts sufficiently well hut takes them fnr pranted
In hig ahstract ressoning. At the same time, while
sticking to his field, he evaluates critically the

findings of others and accepts critieism in turn(40,54),

Plaget's approach is elastic and flexible. His method

4
2

clinlcal which demands both' imagination and critical
“Ts¢' fOr a great care 18 teken in not imposineg the
- rimenter's point of view on the child, Further, Piaget

15710 to establish a very good rapnort with his sahjects,
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In one of his experiments, he proceeded somewhat s

followsi=
Tiaget ¢ that am I Aoing ?

Tupil $ You are clapping.,
Tiaget 3 What am I Acing ?
fupil 3 You are slapping (55).

Teen kiapet presents the prohlem, FHe thus succeerds
very well in giving us the inside view of what haprens
vhen children think. He Apes this hy ohserving bis subjects
in informal situations, that is, wmAer natural emAitions,
mestioning them verbally about their every Aay crncerts
roind the notural phenomenay and investigates their thinking
through his highly ingenious experimental materials anAd
rhysical experiments. He then classifies their resrmmees
Into steges and Alscusses the main Alstinruishine featnres
of each stage; and how it is linked with hath its rredecessor
A successor stages. He also reports analysis of freouencies
of responses and Aispersion by ages. Fe then links these
stapes to his highly mathematical anA ahstract lopical models.
He hardly computes the conventional sort nf statistical
measures, Fe hardly uses tests of sipnificance, This
naturally publicizes a false impression that Piapet
oes not have any gprounding in statistics and mathematics,
- ¥k cmit.e=, he has piven nne apt reply!

B e ohjict of these studies, initially,was not
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to establish a scale of development and to ohtain
preclse determinations of age as regsards stages.
It was a3 cquestion of trylng tn understand the
intellectual mechanism useAd in the solutin of
prohlems and of determining the mechanism of
reasoning, For that we used a method which is
not stenA-rifged 4 a clinical methad, a methnd of
free conversation with the chilA..,.That is why,
personally I am always very suspecious of
statistics on our results., Not that I Aislike
statistics; I worked on hirmetrics enthusisstically
when I was a zoologist. hut to make statistical
tables on children when each was guestioned
differently appears tn me eery much open to
criticism as regards the results nf the °

dispersion(56).

He has hls own reasons for selecting and developing
“neso unconventional technioues. One should not miss the
ront that Flaget aimg ot investipating and finding out as
neh as he can( may it he at its worst emnsidered a sort of

iploration) successive copnitive structures in the whale
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progess of ontogenetie development among normal chilAren,
Therefore, Tesearchers on laget have simply to learn to live
«th then( technigues) for the essenee of his critical
pethods is to' separate the wheat from the tares and tn keep
arery answer in its mental context, the context may he ene
of reflection or of spomtsnecus belief, of play, or of

rrattle, of effort end interest, or of fatipue"(577.

It is just recently that Tlaget has expoimAed his
eclectic metheds 0T research anA theary constrictien. In these,
he employs two essential approaches which have much in common
with thosew applied te nucleerr seiences. These are a Adetalled
Mnalysis, in order, of sn investlgation based upnrn csuse =nA4
-effect constituting a net-work characterized hy hierarchiesl
Telatlonships and combined comections anA the crnseouent
' salysis of implications hy eonsidering hoth the fielA as a
whole and the co-ordination of 1ts parts, in mathematics, this
ls comparahle to the group, and in logic, tn the propositional
operation.' Bupirical investipations and the inAuctive mnde

‘(Pf reasoning are akin te the first apprnach, while reasming

|°7 lorle and constructing hypotheses by deduction is similar
:f? be second(59), Fiaget believes and stresses that symhelic
“ie like statistical technioues is a rroductive research

Lr.l In psychology as well. One of his collengues, Inhelder
b ovs:

t

The use nf such tools in no way implies that
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the psychologist has succumhed tn logloism,that
15, has Aecided in advance that the real theught
of the child should conform te the laws which
govern logical and mathematical structures. Only
the facts can decide whether or not it Ares so
conforn.....hese models renresent the ided system
of all possible operations, while actual theought
mskes but one choice amrmpst them. More than twenty
years of research have shown that cognitive
development approximate these models without

attaining them completely(50),

L'sycho-Logic. Just as mathematical physics helps
the physicist to interpret experimental findines in physies,
similarly, I'inget constructs his own Inpic te investigate
and interpret intellectual operations, For the 1ast thirty
years or so, Flaget has been using successfully the
various teehnioues of symbolic logic for wncevering the
intellectual behaviour of youne children. It won't he
rat of place to mention here that Plaget is nnt the first
to recnenize the importance of logic to pest inferences
based upon observations. He got this iAea from the studles
°f kulpe and his students at the Wurzburg schrnl in
"emany, Their studies indicated the accessnTy role nf

Images ( not essential as associationists would imply),
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possibility of reporting the intellectual feelines anAd
attitudes and thought consisting of antieipatory
schemata,intention, rules and relationships, Apart from
horrowing models such as theose nf Klein anAd Fourhaki
from modern mathematics, Iiaget himself has Aeveloped
one of kis own called' groupements' which are comparahle
tn semi lattices (59). Inhelder has suggested the wse
of another weaker model which makes use of Foanlesn alpebhra,
The adequacy of these logicsdlr"eRels has heen auestimned
by many critics like Issac (1951), Taraons(1960),Rraine(1962)
and even Bruner { equilibrium as a transition rule), Lavell's
ranark that Mlaget would heve produced a different child,had
he had no training in Rlology: and certain dhranches of
mathematics had not developed as much as we finA them
developed in our times (60). It is ouite nrrehahle then
that he may not have produced any child at all as our
knowledge 1s as best as the prevailing conditions allew.
M as Wallace says, ' his esTly trainine in 7onloey,
topether with his increasing interest in recent years
in symbolic logic and the mathematics of groups
and sets, have clearly influenced his account of the
genetic structures of the childt's minds' (53). To
conclude with Bruner, there aprears te be a potential

Amamisn in Tiapet's system which could diminish some of
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1ts sgularities. He says;

" ....What 1s plain is that the adnlescent Aiffers
from the child not simply in that he used a
profic sitional caleulus that deals with
possibilities rather than merely with actualities,
but rather that he is forced to deal with possibility
by the nature of tasks that he mAertakes and by the
nature nf the unfolding and Aevelgrment of his
drives and the social connections reouired for
fulfilling them. It is not an eoquilihrium which
keeps him back in these concrete operatimal
stage and not a new eopuilibrium that brings him
forws-¥. It is the vicissitude nf coping with
demands- internal and external. The grovwing enter.
rrise, that 1s, an adolescent is now operating m
a Aifferent programme. Lopical structures Acvelonp
a support the new forms of commerce with the world.
It is just as plainly the case that the pre-
operational child, protected hy parents,need not
manipulate the world of ohjects unhssisted until
the pressure for independence is piaceﬁ upen him
at which time concrete operatims émane. So
the coneretely cperational child nesd not manipulste

the warld of potentiality (save on the fantasy
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level) umntil the pressure is put on himyat which
point propositionallsm begins to mark his thinkinp.
It 1s no surprise, then, that children of
intellectually under-privileged families or of
manual wofkers tend to he less challengeAd in terms
of a sense nf pogsibilities and An nnt Adevelon vwhat
we comnonly sreak of a8 an abstract gift(61l).

Through the use nf his symhollc loric, Tlapget is
able to discuss the properties of thinkinp(processes)at
various age-levels in terms of what operations-childAren
within the age proup are capable anAd lncapahle of
performing. He plves reasons why a particular prohiem
(say Shobhn 1s fairer thsn Rukmanl anA Shohha is Aarker
than Shubha, who is the darkest of the three? ) cannnt
be sclved by the children within the ape group 7-11
years. He said that the thinking of the childAren
is concrete and sc they cannot react ton the ahsent
situation, Lopical operations aveilahle to them are not
sufficiently generaligzed: and conseguently they can
tackle only those prohlems which are presented to them
toneretely. To put it in other words, they have not
yet evolved a corresponding gogitive strmeture.

When this copnitive structure is present, children
try hard to tackle the problem systematically. Trial

and error is gradually reduced to the minimum,
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Concept of Operations: Irof, Brideman in U.5id.vas
the first to champion that operatichalism provides a-
real meeting grownd for psycholopy and logle, As 1s
xnown, opeTations play ah important part in lopic which
is based on an abstract alpebra and is made up of
synbolic menipulations, Here, operationd are considered
real psychological activities on which our whale
effective knowledpge 1s hased, liaget has therefore
attempted to develop a psycholopical theory of operations
which links psychology to logic. Roughly speakin?,
operation is a means for ' mentally transforming Aata
about the real world'y so that they dan be later m
organi zed and used selectively #n preblem solvine.
Operation is internalized anA reversihle and thus
Aistinpuishes 1tself from » simple actim or goal
directed behaviour. Conslder Flaget's Aefinition
of operations:

I'sychologically, operatimns are actions which are

intemsali zable, reversihle, and co-nrdinated ititn

system charscterised by laws which apply to the

system as a whnle. They are actions since they are

carried out on chjects hefore heing performed on

symbols. They aTe internslizahle, since they cen
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also be earried out in thoupht witheut lesing
their original character of actions, They are
reversihle as against simple actions which are
irreversible. In this way, the operation nf
combining can be inverted immedliately inteo the
operation of dissceiation,....Fin»1ly,since
operations do not exist in isolation,they are

connected in the form of struectures whnles(62),

These orerations evolve prafially and one can
distinguish four main stages in thelr Aevelnpment,these
being the Sensori Motnr, Urecperatimal, Cmerete and

Formal which cover pericd from hirth to maturity(s9),

Basic Ideas. It is Aifficult to summarigze the hasie
1deas of Jean Tiaget for he and his cnwerkers have
contributed immensely tr the whole fleld nf psychnlopys
perception, reasoning, intellirence, Areams, moral
development, space, time, play, thinking from early
childheed to late adolescence anA other varied prrhblem
areas. 1% is interesting to note thet he has Aevised
highly thecretical, abstract and imapinative frame nf
Teference which have won world wide fames and are
admireq highlylby researchers on cnpnitive Aevelnrment

with 1ittle concem to th' thenretical frame. In this
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context even Flavell, the hest Ameridan Publicity

officer, iiaget sn far hasy 18 ne excertion, It is then

leakt surprising that he evokes extreme comments m his

work. James J.Gallagher has abtemrteq the fnllrwing five

major themes like conceptual schemes in science rinning

through Yiaget's work on the ' Aevelopment of intellirence

as part of the more general process of hlelopical

development', These are:-

(a) Continuous and propressive chanres take place

(b)

(e)

04)

(e)

in the structures nf behaviour and thrueht in
the Aeveloping chilAi,

Successive strnctures made their apnearance in
a fixed order,

The nature of accommedstion( adaptive change

tn outer circumstances) suggests that the rate
of Aevelopment is, to a considerahle Aegree,

a funetion of the child's encrunters with his
envircenment.

Thrnught processes are crnceived to nripginate
through a precess of internalizing actiens,
Intelligence increases as thoupht processes are
loosened from thelir bases in perceptim anAd
actlon « bhereby become reversihle, transitive,
assoclative, and sn on.

A close relationshbp exists hetwem theueht

processes and properties nf logie(83),
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Thede nre very hroad as well as grand hyretheses.,
Let us, therefore, consider some of the hasic ideas nf
Iiaget with specinl reference tr the foachineg snd leaming

of science.

(4) There 15 a constant interaetion between the orp:nism
mA the environment. It is rut of this encomnter that the
intellectusl structures are ﬁnrna Maget, here,introdnces
two hasie inveriants of fmetionine, namely, oresnizatinn
and ddaptation which are not mmly inseparahle frem each
nther tut also are ! fwo complementaTy procesgses nf a
single mechsanismy the first being the intemnal asrect

of the cycle of which the adaptation constitutes the
external aspect'(64). Thig Aual functimnal invariant

of nrganization and adaptation 1s exrressed hy the

'accord of thought with thinegs and the acenrd nf thoupht
with 1tself'(64). In nther words, theupht adapts 1tgelf to
things and pets orpaniged to stracture things in turn(64).
In case of adaptation, there are two interrelates
components, namely, assimiletion anA accrmmedation,

These sre two fundamental processes, the former refers

tn the absorption and intepration rf new exreriences

with the existing schemata and bhe latter refers tn

the modification of gchemata a8 the result nf the new
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experiences. it ﬁay be mentioned here that adaptation is a
mitary event and so assimilation and accommadaticn hfé
merely ahstract concepts drawn from this wmitary reality
which are inseparable, inAisscciahle and simultsanecus as
they operate in a living copnition-' intellectnal acts ~1-m
always presuppose each in some measure'. This is
something like the ernceprt of 'epipnesis'y a term
borrowed from zoology where the ' function remains the
same and the structure chanres't#4).) Vhile expounding
liaget's basic ideas, Maier says:
eeso BExperiences are taken in only as far as the
inAividual himself can preserve and eonsnlidate
them in terms of his own suhjective exrerience.
Thusy the indiviAdual experiences an event as he
conceives it. Accommodation is Airectly crnverse
te assimilation, and represents the impact nf the
actual environment. Io acenmmodate is te crnceive
and to inenrporate the envirmmental experience as
it truly is. For instance, a loud noise nf a Annr
falling shut unexpectedly as =sssimilsated acenrding
to its impact upon the individuasl hearine it;the
nature of the nolse experienced is Aetermined hy
the way the individual interprets it. However, the

individual alscy in varyinge Aeprecs, adapts tn the
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noise for what 1t actually represented: that is,he
accommodates the experience, Thus,hnth processes
always act together. They are interlncked and
simultaneously involve conflicting forces hetween .
opposite poless: that 1s, assimilation is always
balanced by the force nf accommodation,while
accommodation is possible only with the fuectim
of assimilation. in envirenmental nhject is neéver
experienced unless it has a rersonal, assimilative
impact. Tiaget stresses that an nhject can never
exist unte itself,it always invelves assimilatimm
and accommodation on the part of the experience.
To repesrt, processes of hoth assimilation
and aeccommodestion provide complementary,hut
eppesing pulls, A pull te think to feel anA tn
act as previously experienced is ehallenged
by a pull to think, %n feél, anA tn act accarding
to the realistlc Aemands of the new situatien,
Although Piaget's theory is huilt upon these
biclegical moAdels of homeostasis, he warns s as
recently as 1953, " We describe hehaviour in
rhysiologic or behaviouristic terms. We Aeseribe

in tnte, Wut we An not know the mAerlying

rrocesses(59.).
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Favell further elucidates:
In summary, the functional characteristics of the
assimilatory and accomodatory mechanisms are such
that the possihility of cornitive change is insured,
hut the mapnitude of any piven change is alwavs
limited. The organism adapts reneatedly, anA
each adaptation necessarily paves the way for its
successor. Structures are not infinitely
modifigble, however, and nnt everything which is
potentially assimilable can in fact be assimilated
by organism A at point X in his Aevelopment, On
the contrary, the subject can incorprarate mmly
those components of reality which its m Frinp
structure can assimilate without Arastic chanpe(66),
Lastly, in this interaction, it is nnt noseinhle

to find the proportionate contribution either of

environment or that of organism tn the total Aevelopment,

While surveying the evidence for an apalnst the

predeternined Aevelopment, Hunt suppnrts the view that

'analysis of Variance mede]l in understanAing this mutnal

Interaction 1s meaningless'(67).

B. It will not he inaprropriate, if we elucidate srme

"f his ideas withthe help of Kelvin scale, which is
181211y mentioned in physics textbooks(65). This is an
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opm-ended scale in which bath the hirhest and lowest
temperatures are left mfixed, It is ouite Alfficult

tn place a restrictlion on the highest temperature,that

is, maximally possible and in regard te the nther,
scientists get into Aifficulties when they try hard tn
obtain the lowest temperature( abhsolute zere) in

the laboratory. EXcept these twe limitations, this scale is
quite useful to the physicists. It 1s possihle tn visualize
the same thing fer this mutual encrnter ( inter-sctim)
between the organism and the envirenment out nf which
intellectual strctures evolve., The bhegindingnf this

mitapsl interaction is Aifficult tn fix Ae to onr
inadeouate knowledge on the begimning of 1ife snA 1its
nysterious repreoAductions and added ton this is the

past history of mankind itself. Similarly Aifficulties arise

vhen we attempt tn fix the other end nf the scale,the
main Aifficulty being the very evnlutirnary nature nf the
knowledpe itself sccelerated in our times with time
dlmensions held in posterity, Plaget then attemnts in a
high way how stientific and mathemstical crncepts

develop on this continuum. The maln festures nf this

scale are now meritioned bhelows-

(a) Wnen taken in isolation, 1t is independent of

beredity nr indlvidual experience. It Aepends upon hoth
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for only then the human minA is able tn create new and

never novelties,

(b) On this scale, there arTe frur maln stapes covering
the aprroximate periods of 0-2 years, 2.7 years, 7-11 years
mAd 11-15 years called the sensnrimetar develnpment stage,
rreoperational stape, concrete stage and the frrmal stage,

Lach stage grnws herizentally as well as vertically.

(e) Each stape takes time tn frrm =anAd attain eouilibhrium,
Kach stage thus formed anAd attained is incorprorated intn

the succeeding stape, Thig the succeeding stage inerrparates
the ppins of the preceding stage. Thege stapes frllny

each other in a fixed nrder for the majrrity nf the nnrmal
pupils in which the specified ape ranpes can very from
culture to culture. Thus, there is no ripidity reparding

the ape ranges. Marther, it has been sea hy InhelAder

on the basis of lonpitudinal studies that intellectusl
development appears to be sliphtly dccelerated.

(4) InAiviAual Aifferences at a particular stage sre
Alsreparded and similarly the specific dAifferences »rising
Aue to the specific situations or exreriences are Ais-
reparded but Tiaget concerns himself with the seauence

nf development of chilA's theught. Majority nf the

children pass throuph these stapes invarishly.
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) Qiaget deseribes copnitive Aevelopment in terms
¢ stages, which as such de nnt clarify anything except
logical sters obtained en a particular prehlemstlc
situation. I'iaget goes ahead anA investlgates further the
structure of these emcepts( stages ) with the help of
symbolic logic. It is this werk which he subgtantistes

mathematlcally that gives his work a superb Alstinetim.

f) With the help of his symbholic 14pic, he
distinguishes among the avallability of variocus lopical
operations at variocus age levels, In fact, he pinpoints

the strenpths anA weaknesses of the thinking prrcesses

at various age levels and aprears to give convinecing ressms
why the children behave as they Ao in his exnerimental
tasks. These finAdings, he generalizes for all chilAren

in his highly abstract theoretical frame nf refsrence

which is deeply ronted in epistemology. Scme nf the

Aistinctions stage-wise are?

(1) At the first stape, child lives in his own
rractical werld and he explores various
rossibilities for his activities. Fe Aces
net develop gelf-lmowledge and self-emsecious-
ness abent himself. He lacks lanfuage anA

therefrre mainly performs overt activities,
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At the second stage, his thinking is prvemmed
by the percertual considerations nf the situatims,
He males the judgement as he sees the situsatim,

Be gmnof resolve his conflicting statements.

(111)A11 verhal thought is not fnrmal. It may have

(iv)

(v)

in it a situstion which is in fact ecomnerete,

Sc a formal problem may he solved crneretely.

At the third stage, the suhject is tieA tn the
econcrete situation or the empirical Aata. Fe
critigizes Aata and hrings extranenus emsiderations
inte the rroblem situstion, He unAderstands the
content of the problem hut f£ails te aprreciste

the form of the argument. At the frurth stape,

on the other hand, possihility Aominates snA

Teality becomes secrnAary,

Combinativity, reversihility,assreistivity and
identity, etc.y available at the erncrete

stage are shown tn be generalized at the formal
stape. This explains the emerpence nf nperational
schemata 1ike combinationsl, proportimal mechsnical
eoWllibria, correlatimns and prohahilities,ete.,

at the hepimnine of the fourth stape.
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Jiaget formulates the properties nf these thinking

processes availahle hoth at the concerete stape and the fomm

.al stage in such a way as to Ineclude both, that is,

thetr

'mobile equilibrium and their enteoeenetic formation'.

(g) It is then essy to see the point that all thonght

is not formal. It may have in it » situation which is in

fact concrete. Sn a formal problem may he snlveAd crncretely,

(h) Iisget analyses thought activities( interinrizatimn

of activities) in terms of proups or systems nf nperatims

which are relational and posses the following attrihntes:

C

dl

. Compositiont Any two operations easn he comhined

te produce s new operation,
Reversibility(inversion)s Twn operstions eomhine
which can be separated again., One can return to
the starting point.

Associativityt The same operation may he ohtained
by combining inAividual operations in Aifferent
ways.

Identity: Combinine an operstion with its inverse
vhich annuls it.

Technolepy: It has a special mesning here,
Reprating a lopical cperatinn enly pives repetitinn

nr tautelopys 7+72=7 because 7% is 7 (68).
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The above are simple structures( which Tiaget calls
Henentary Groupements) whick are availahle tn the children
at the concrete stage. These are, Aefinitely, limited in
scope when compared to 1attices nr tn the proups character-
izing propositional orerations or the nperations of
classes and relations in their most peneral fom', frr
example, Bonlean Algebra. These bave nnt yet acouired a
complete comhinatorial character. This in fact evelves
ot the formal stage anA 1s called the proupement nf the
second order which is more comprehensihle and general
and enrresponds to later mental structures. Tn put in
simple words, there is a hlpgher Aepree nf reversihility
at the formal stage as compared to the concrete stage. Neratis
en (inversion) -nA reetprrcitythe two frrms nf reversibility
ret mited at the formal stage in a complete operational
system which was not the case earlier. At the same time,
they alsc' correspond to the medel en-ordinated
transformations which aretfundamentsl in thoueht'. They
are ' the operation( identity), its inverse( nepatim),
the reciprocal of the rripinal nperatimn and its inverge
(reciprocity) and finally the nepatinn of this reciprocal
(enrrelate)!. Viapet then says:

+svss the construction of propositional operatim

is accompanied by a series nf chanpes in the suhject's
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capacity to perform operations. The Alfferent schemata
which he acouires are shown to imply not merely isolated
propositional operations, but the strictured wholes
themselves (the lattice and gronp INRC) which the
propositional operations exemplify, The strictured
whole, considered as the form of eaullibrium of finAa-
mental psychological importance, which is why the logical
(algehraic) analysis or such strictures gives the

psycholopist an indispensable instrument of exnlanation

and prediction(69).

It is no vonder then that the children at the formal
stage are in a position to obtain experimental proofs,find
methods of discovery and develop insight into the nature of
proof. They acouire operrtional ahilities( towards the end
of this stage) which make possible the mdertaking of first
class ’constructive activities in the development of

scientific and mothenatical knowledge.

Lastly, the process does not stop here. It continues
still further., 4n eouilihrium at a much higher level is
obtained (say in case of a mature scientist ) which has a
lnk with its predecessor stage. The scale thns tends
to be open-ended for the simple reason that the human mind,

according to Piapet, poes on creatine exciting noveltiss over
the rears(56).
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Te Elucidation of Stages. Let us now refer ton the
formal period which begins at about 11 years, reaches
eqiilibrium at ahout fifteen years and finally leads on to
adult logic. In this period, they learn to handle increasing
-1y more and more complex loplcal operations which helong
to the calculus of operations. They have the notentiality
to perform all those lopical operations which are employed
by the research sciemtists, mathematicians, philosonhers,
historians and even literary critics in their works.

To concretize, the adolescent pupils Aevelop the ahility
to reason by hypotheses hased én a lopic of all possihle
comhinations, they can deduce thelr implicrtions,test

and verify them. They do not eritieize data tut aprear

to accert the hypothetical data even though it may he
wrong( suppose the donkey Was two homs! ) Thei? thinkine
is no longer tied to the real(conerete)situation. They
imagine and consider all sorts of hypotheses and possitilities
Reality which dominnted thinking at the concrete stape is
now suhordinated to poseihility at the formal stage.
Further, they test their hypothrses hy setting up control
experiments and even they go to the extent of findlne
empirical and mathematical proofs for their ohservations.
One sees at this stape, the emergencyg of systemstic

approach where there was earller, larpely, speakine,
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a cognitive random behaviour. This is so because at this
stage, they seriously look into contradictlons,and flaws
in reasoning and successfully tackle the whole prohlematic
gituation hy considering even its basiec premises,if Judged
necessary. The reason for this is that' there 1s a new means
of generalization and differentiation especially applicable
to the eventual integration hitherto iaintegrated and
undifferentiated structured whole'. Assimilation and
accommodation obtain a comparatively hisher eouilihrium
in this period by' integrating into unconscious and

spontaneously carried out processes of human fuctionine(69),

The construction of propositions is not the only
distinguishing characteristic of thig period. New operational
schemata (apparently unrelated to each other at the begiming)
appear ad abont 11 + . These operationsl schemata aret
Contingtarial operations #n general (combination,
permutations, aggregations)s proportion( lsrge number
of different kinds of experiments dealing with motion,
feometrical relations, probahilities as 5 function of
the law of lsrge numbers, and weight and Aistance
relationships on the two arms of » halance)s mechanical
ecuilihrium anA others relating to prohahilities,
correlations and multiplicsative compensations, Accordine
to Plaget, the gains of this formel period are:

«« This fourth period therefore includes two
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important acquisitions. Firstly, the logic of
propositions, which is hoth a formal structure
holding independently of content snd a general
structure coordinating the various lopical operations
into a single system. Secondly a series of operationsl
schemata which have no apparent comnection with

each other nor with the logic of propositions,

..dustifies the following conclusion: the
construction of propositional opersations is
accompanled hy a series of changes in the
suhject's capacity to perform operations. The
different schemst~ which he acouires are shown
to imply not merely isolated propositional
opersations, but the structured wholes themselves
(the lattice and the group INRC) which the
propositional operations exemplify. The structured
whole, considered as the form of eqguilibhrium of the
suhject's operational hehaviour, is therefore of

f fundamental psychological importance, which is why
the logical { algebraic) analysis of such structures
glve the psychologist an indispenzahle instrument
of explanation and prediction(71).

It is quite possible for the adolescent pupil to

Scover quite a few physical laws, for example, law of
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inertia himself unaided. Uhy? Because earlier,the small
child has 'touched, smelt, felt, dug, and climhed', Now he
1s building up on this experience hy ' pourine, testing,
and experimenting' with a view to find sense in the world
around him through self discovery(52), This shows that at
this stage, new thinking skills hegin to appear for he
is bepimning to commit himself to possitilities rather than
to reslities. He does not now hesitate to invert reslity
and possibilities. He can separate himself from the prohlematic
situation and thus have a lnok at the phenomenon at a Aigtance.
To illustrate the ahove mentioned example on the law of
inertia, he rolls balls of different sizes on a smooth
sirface. He finds that, whatever may he the smonthness of the
surface, each ball stops after some time or over a certain
distance. His reason now will not he the force apnlied to
the hall but actually the resistance offered by the gurface
over which the hall rolls. It is a new variahle for the
nature of the surface is a factor which is outside the
following variable, namely,(1) the force with which the
ball is thrown, (1i) the size of the hall and(ili) the
nature of the hall. This is not true only for the law of
inertia. Other physical principles and laws not yet taught

at school can alse be discovered hy the adolescent pupils of
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werage intelligence, some examples heing the laws of reflection,
prchimedes ' prineciple, I:eal depth divided hy apparent depth
equaling refractive index, law of lever and f x D= 100 when
focal length is expressed in ems, and D in Aloptres(70,72).
The can deduce the conseouences of their tentative

statements, or trial ideas for testing and verification.

There is a distinet difference hetween the concrete
and the formal stage. At the former stape, n1l intellectusl
efforts expanded and intensified on a horizontal plane.
Thinking was tled to the conerete situstion and was verified
or even tested within the context of the experimental
situnrtion. But, at adolescence, thinking gnes heyond the
immediate present and sttempts are made hy the adnlescent
pupils to establish as many vertical relationships as
possihle, Notions, ideas and concerts are farmed which
helrng to the past, present and future. All sorts of
hypotheses and possibilities are considered and their
implicetions deduced and tested for relevsance nr irrelevance,
¥inute details are not at all ignored. At ahout the end
nf this period, the adolescent pupils manifest maturity of
cegnitive thought for they can use symbnls in their
operational thinking. In short, they think hy applying
gymhols of thinking or to put in other words, they develop
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concepts of concepts,y a sort nf second and third order
reflection, While rolling halls on an inclined plane,
B. Inhelder noticed a progressive change in their attitndes
toward the prohlem seolving task which became pradually
ehjective with age, To 1llustrate, five tn seven year olds
falled to record the experiments, tn rerroduce them
and to manifest the objective attitude. They wers, in fact,
averwnelmed by the situation for they were only interested
that they could dn to set the halls in motion. Seven tn
elevent year clds comparatively showed a more chjective
attitude for they made measurements and compsarisens.
Wen then, they falled to discaver the underlyine principle.
But for the adolescent pupils, the very prohlematic
situation itself proveked them te think and' attempt
at deduction and verification of hypotheses', Mfvw.
it challenged them tn interpret facts and therehy
Interpretations themselves becsme &n intepral part of
tre intellectual reconstruction. Fere, E.M.Churchill
then ouctes Isaaz Nathan who has explored at depth

the educational implications of Plaget's thenry:

There are certain hasic concepts which pervade and
largely contrnl the whole structure ~f rur erdinary

a1t thrught, Chief among these are the nntimns of

Sprec anA time, reality and all causationy numher,
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order, measure, shape anAd size; motion, speed, force
end energy and the ideas of the fundamental lorical
relations, like those of whole =nA parTt, classes,
class-hierarchies and thelr memhers, and implicatien.
Mecst of us, of course, would nnt he able, and would
not feel called upon te try te formulate these
concepts in striet intellectual terms, But they
function in all of usy and functirn in a highly
organized and structured way and it is they that
provide the ccherent framework of nur nnrmsl thougbt
world through which we order all the successimn

of impressions, happenings and experiences which flew

in upon us,

Children pick up most of these $ords, or wrrds
conmmected with them, cuite scon and learn tn use
them in the right situstion. This leads tn nassume,
very naturally, that they have the corrvesponding
ideasy at leasty, in a simple anAd elementary form.
But, here according to Plaget's findings, we are in

the main ouite wrong.

Thus we end up with a tremendous contrast,above
all in the early years of the child, hetweren the
rawaTd show of his use of language and the lnward
Trality of the actual level of crganization =nAd

cohersion of his thought. The hasie organizing
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concepts are to all appearance not fhpre yet, and
thus‘have not yet Aone their work, Hence, heneath
the surface, the world of flux to which all Piaget's
experiments with children of four to six so eleauently
teétify. Towards seven to elght, as we have seen,
the contrast lessons; the organizlng concents are slarcw
ing to take shape and their work hegins to show. Yei
it is only at eleven to fourteen that, in the gverage
child, the contrast really Aisappesrs. The inward
psychological reallty joins up with the facade an-
liaget's soundings bring out everywhere, just the
same kind of responses as any of us sdults mighi
give. The child now lives in the same functions:

thought world as we do(74).

Nathan Issac then gsks: in fhe light of the ahove.
what 1s the real status of the so-called progressive educs.ion
from the nursery education upwards? Can teacher intervene
effectively when intellectual development is an inward affeiry®
Does it mean that the progressive shou1a gmphgs1Ze and
concentrate on the social, aesthetic or the Aramatic
aspect of the child! s personplity?;fiapeé.aﬂmits that
these conditions of communal 1ife are gquite conducive to
the irtellentuel “cvelopment. Thesge ﬁisturbinp durstions
nerferce rrise Af we accept Flaget's finﬂings in toto,

I tc feats, on the other side, are also tod real
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and massive and can't be ignored altogether. A

necessity therefore arises, to correct or supplement thesge
facts in a comprehensive psychological frame of reference,

vhich may give us rich edueational harvest: To gunte Hyde:

There is scope for all, the clinician esn study the
ahnormal functioning of the structure, the educatim-
ist the effects of training on its prowth, the
soclologist, the effects of environment and others,
modifications due to indiviAdual Aifferences. The
body of knowledge 4pcut children that may eventually
result from his work, directly or indirectly is

incalculahe(75).
3, Accelerated Learning.

It is characteristic of our témes that as som ss
Ve understand a process we ask ourseives the ouestion
whether we can accelerate that process or not. We dpo not
have a definite answer to this ouestion. However, let us

consider here the views of some well known psychologists.

(a)  Vygotsky's View. Plaget leaves us wonderineg ahous
the educational implications of his wnrk. Vyeotsky roes

A step further by saying somewhat as follows.
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rccording to him, ' instruction precedes Aevelopment'
(76). He, therefore, analyses intellectusl development as a
function of instruction explicitly, For him, concepts do not
exist in isolation 1like ' peas in a bag', Bach concert is s
' measure of generality' anAd they interact with each nther,
Bach concert fits in a certaln hierarchy where higher concerts
throw light on lower concepts, for example, alpehraic
concepts throw light on arithmetic concents. Further,he
distinguishes between two types of concepts, namely,everyday
concepts( spontaneous concepts ) and scientific concepts
(non-spontanenus) , They develop in onposite directions hut it
is the instruction which is the main sourece of child's
ideas; which corrects, informs and develops his knnwledge,
Instruction is not something external hut is seen
to be integrated closely with development. So planned
instruction can accelerate mental development(coenitive
functions). We should then aim at the ' ripening of such
functions'. Plapget and Vygrtsky aleng with the crncent nf
' productive thought' thrown in from Gestalt psychology
1t appears, present an integrated viewpoint to the teachers

for teaching science effectively(70).

(b)  2,P, Diene's Viey, His work is on the cojcents
nf abstraction an® peneralization hut with this limitation

that Me hes studied the attainment of specific mathemstical
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concepts in Aepth, He then in his work A1istinpuishes hetween
the constructive thinker and the snalytic thinker, The

former takes an overall view of the gnal, works intuitively
toyards ity does nnt concern himself with the Aetails in

the heglmning hut may attend tn them later en, Such

children, according to him, manifest constructive thrught
;i are at the concrete stage of thelr mental Aevelrpment,
On the other hand, the analytic thinker prneresses

towards the gnal( which is undefined in the hepimning)
econseiously step by step as Aemsnded by the ' lnpical
requirements within the system'. Children at the formal

stape nf development exhibit snalytic thinking. The emarpence
of the analytic thought hecomes highly prohahle when
constructive thrught hes already been well Aeveloped. There
ey be certain cases when ponr congtructive thinkers may
napifest analytic thinking. In that case, mne can

be pretty sure that they have manifesteod ' sh2day actions
vithrut sny logical sipnificance' in the shsence nf mny
(feveloped) insight into the lopical semence nf various
tvents, Fe then emphnsiges that majnrity of children need

;9 10t of constractive activities hefofe we ean expect

L then to develop analytic understanding, Fe has investipated

1 11lustrated his idess with the help of his specially c=
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constructed (for the rirpose) multihase arithmetic hase snd
algebraic experiences material., F~ has then formulated four
principles of concepturl learnine, these heine the Aynamic
principles, the perceptual variahility principle, the
mathenatical variability principle =nd the constructivity
principle. Our galns will he immense if we classify the whols
science syllabus ( also true of some other school suhjects)at
thege four levels in the form of learning situations te he
gradually presented at various afe levels. Accelerated

scientific anA mathematlcal thinkine may then resuilt(77).

(c) Advences in knowledge take place when assumptions
underlying thought processes ( as understood) are mestioned.

For example, J.S.Bruner, Benjamin Rloom and J.McV. Funt helieve

.

That an individual's achievement in life depends
very largely on what he has heen helped to learn
before the age of four, for that is .when human -
intellipence grows most rapidly and the roots of
intellectual curiosgity are 1aid, They alsec helieve
that millions of children are being irreparahly
damaged hecause they Ao not learn enourh Auring this
erdt =l »-riod. Thr result of an unplamned intelle-
ctirl diled in thke errly years-- for middle class
hilAren—~ sy he a loss of bhrilliance, a hlunted
r27 Les, _nteresting life, #%+11er contri™tion to

oc.ty. Tut for the childiren of poverty, the
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conseouende 1s nearly always Alsaster~ a preordained

failure 4in school and adult 1ife(78),

Convinced hy the above statement, two psycholoeists
|
(they appear to be mad) Berelter and Enpelmamn at the Institnte
for Research on Exceptional Children of the University of

I11inois in Urbana are '

operatifig &n intellectunl pressare
cooker's They have rejected the usual philosophy considered
progTessive in the play-oriented nurdery sehools. On the
other hand, they'concpntrgte fiercely on a fey areas and
drill the children 1like Marines for two hours a Aay'. Cohsiiﬂer
thelr approach in g mathemlatics lesson with four pupils,
tvo boys and two girls:
It is time to think about...work! he hegan
falrly shouting. Are you ready for thugh
stuff? On the blaékbOAIid,'he wrote 8 +3 = 7
Immediately the 'childfen‘étarted to roar,
' Beht plus gero eguals relght, eipght plus one
eouals nine, eight plus two eouals, ten, eight
plus, three .equals eleven and the sums like .
15 + a.=.18 and, 7- b-.=.2., It looks 1ike aleebra..
. for the four-year-o14s(78).

Very soon, these disadvantaged four-year-olds are

“te to 'unpack! or extract mea'nings from the étafs;meﬁts. They

T
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con speak in sentences., The students get an experience of
success because the educational programe(in a very narrow
senge) is geared to their capacitkes an? capahilities. Teachers
have faith and confidence in their children and,in turn,
children have faith and confidence in their teachers anAd these
arige in the very process of work from deen involvement anAd
commitmént in a common task. Regarding thls project, J.McV,
Hunt says+

there 1s evidence of more chenges in Berelter's

school than in any other I have seen, Vhen he

set up his class 1ast year, the children tested

"under-age-three' on the Illinols Test nf Psycho-

linguistic Abilities. They 414 not talk to ench

other at 211 except in sinrle worde and prunts. In

each of two-three-month periods of this school,

they gained ahout one year ol psycholinruistic

ahility on the tests (78).

(4) In England, ".all has Arawn pointedly the attentlon
of the teachers to' Aistinguish betwern the lopical strueture
of a suhject, process nr techniaue, an? the psveholorical
mode in which it is tavpht'. If a teacher presents a notion,
Srtlos oo crchnloue conorevely and e found of interest

P imeflet- yalue hv che child, it is oulte possible for the
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child to acquire it at an earller age than hither-to considered
then ' 1f 1t is unrelated to his interests and presented 1in
s syuholic, abstract or generallzed way'(79). The reason
for this is that even content remaining more or less the

sane, the psychological processes involved sme Aiffersnt(79).

Hyram has pointed out‘that children's schonl work
inproved when they were trained in lopical operations(80),
Morf has also found that children were induced to laarn
'eertain operations of elass inclusions hy emplylng a method
involving Airect trainifie on the operations of lorieal
nultiplication'(81) . But investigations of Lovell and Opilvie
and Dowedell Ao not favour the acceleration of concent
formation when training in logical operations 1s given to the
students(81). We can, however, safely conclude that a very
rotential and frultful area of research awalts invasion hy

the educetional psychologists,and teachers in particulare,

(e) J.G.Wallace in his recent hook on Stapes snd
Transition in concefrtual Development, has also referred at
depth to the problems underlying such studies, the prohlems
beinp philosophical, psychological and technical(85).There
are problems for the practitioners as well when not only
sub-normal hut also normal pupils fail to form Schemata which

they sught to have in their normal course of Aevelopment, For
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example, Elkind found that about 58 per cent of the fmerican
pdolescents in the age proup 12-18 year olds falled ton conserve
volune(83). Hence, there is a scope for improvement here
because, when left to themselves, they cannot perform this job
themselves efficiently. " The end in view is, then, the
production of adults possessing a comprehensive range of
copnitive tools, as Flavell and Wohlwill have put it ' not at
first but at last, not the fustest hut with the mostest'(84).
In such studies, what would be our gains for children?
According to Wholwill, these may be ' in a particular response
a group of particular respenses, a movre peneral notion'
similsr to operation as Aefined hy Pierget(84). Secondly, is thi
rrocess entirely new in contrast teo the rrocess nermally
developing one? Exgmining the problem from varied viey

roints, J,G.Wallace summarizes the situationg as followsi-

.+ a definitive answer tr the oimstion nf the
nature of thr relnationship hetween the nrneesses -
evoked by treining secuences and those which fipure
in 'normal' ~evelopment is utill a considerahle way
off'. Taken in conjumetion with the only sliphtly
more clear evidence on the mestion nf the
authenticity ~f the changes in perfnrmance preduced
hy training, thls assessment supports the

conclusion that the case against the edueationsl
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utility of acceleration studles remains ter be
proved. In the interim, their potential practical
contribution in the search for methods sufficient
to produce the attainment of particular lanAmarks
in cognitive development appeals to make the
continuation of acceleratlon studles worthwhile.
The balance of the evidence supgests that fature
studles should conform to certain guidelines if they
are to make the maximum contributicn possihle eon
both the empirical and theoretical planes. The
acceleration treatments used shonld he hased on
task or process analyses at the level of Aetall
exemplified tn the work of Gapgne'(1968) nr Klahr
& Uallace (1970)« They should, also include an
extended series of relevant learning experiencns
lnvelving the use of A wide variety nf materials
and presented in a sufficlently non.Airective
fashlon to allow children to employ thelr own

preferred modes of mediation....

It would be z rash reviewer who would suggest

that solutions to these problems lie just round the
corner. The road to the cognitive researcher's' hell
1s paved with such optimistic prognnses. Sufficient

be it to say that the present tendency tn tackle
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complex issues with complex Instruments is sufficle:
tly encouragirg to tempt the writer to conclude
with the assertion that in 1971 the nutlonk for
research on conceptualization and in the wlder ares

of cognitive Aevelopment apnears tr he considerahly

brighter than in 1963(85).

Lastly ,it may be mentioned that research in this
area is just coming up. Tt 1s, therefore, nnt nossihle to
answer the question whether accelerated thinking can result
or not, Over generalization In this area may bhe oulite
dangerous. But it appears that accelerated thinking under
certdin conditions and within certain elastic limits is
rossible. It is net impessible to teack atemic anA set
theories in the rrimary schorl Ty the new enthusiasts.

But they are mistaken if thay think th~t change of content
or cwyngrading of content in itself is a complete reform,
Substantial and complete reforms result enly when relevant
material drawn from the significant areas of human living
as the subject of study iiself 1s used tr Adevelon and
improve thinking through imsginative approaches, Fere,

well- structured experierces need tr be Aesigned,lmparteq

and then evaluated.

Problem at the focus of attention, reasonshle freed
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jneluding flexible time~-tabling and permissive and responsive
envirommenc go a long way in imparting inguiry skills tn the
pupils. Under these conditions, children accept the teacher's
word after full consideration of the relevant data including
the necessary experimentation. In this triple process nf
concept formation, concept attainment and prohlem solving,
incomplete hypotheses expand to complete hypntheses by
appropriate rectifications where one stratepy, if it does not
wortk, leads to anether strategy. Children then take intn
crnsideration the significant aspect(elaments)of the probhlem.
During attack on the problem, they develop their nwn insights
and gather and develop new infrnrmation, knowledpe and skills.
The consequent knowledge obtained thrrough self-invelvement
in the prohlematic situation is not rnly meaningful bubt also
very stable in character. It 1s nn wonder then that cngnitive
structures are modified materially and are availahle for
suhsequent use, This avallability is neot as direct as one may
get the impression because our environment under natural(or
even otherwise) conditions creates expectakcks and viclates
them off and onj and this exerts an educative influence. This
1s a more difficult job for the teacher tn accomplish in
cemparison to the teaching of the few isnlated junks of
advanced knowledge in the schonl syklabus. The teacher's
difficulties increase manifcld if he lecks to the enucstional

psychnlogists for help and guidance. This is, atleast,
true in this country(17).






SECTION C

SURVEY OF RELATED STUDIES
C J
ON PROBLEM SOLVING

IN SCIENCE.,
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1. Status of Research:

About sixteen years ago, D.Wheeler said," It is
strange that at a time when there has been a rapidly increas-
ing need to select and educate those who are specially
suited for training in scientific work, the psychologicd
study of the processes underlying sclentifie reasoning has
been so widely neglected"(86), About eleven years apo, it
was alleged that research in American Science education
is inadeouste for it suffers from limited imagination,
evaluating outgoing practice instead of ' functioning
as bedcon and too many no significsnt differences studles'
mgking suspect both the tools or the hypotheses mnder study
(87). The same tradition appears to continue when Vayne
li.Welch, while reviewlng research in science education at
the secondary level for the hlennium 1968-69, says:

veolt 15 a distillation and characterisation of

the research efforts of science educators. Specifie

references have been pointed out in the various

sections and several documents have heen nsed to
illustrate *214 noints. Much of the work appears
fragmented and uninspiring. Perhaps this 1s due

to the fact that motivation for most of the work

is completing some external reoulrement, a thesis

or funding report, rather than generating knovledge
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gbiubtthe educational process. This hypothesis 4s

supported in some sense hy the ciality of work that
appears in a few places thet have on poinr research
projects assoelated with them. There is hope for
edueational resesrch only when rxnerienced resesarchers
are shle to devote the majority of thelr time to
secking the snswers to important miestions. At present,

we are far from thet goal(88),

At home, the situ-tion in repnrd te Resrareh in Science
Edue~tion 1s oulte drwressing becauss Neseareh Career in
Seience Tdue-tion 1s the least rewsrdine. In fact, it 1is »
research desert charaeterized by the lack of parsomnel,
prohblems snd puhlicity, It is racently that the wationsl
Counell of ®Wlucational Research and Trainigr snd the AN
India Science Tepchers Associstion have done » hit in this
direction, In 5 very recent publication on a Survey of
Heseorch in Tducation, D.PeDesal snd Sunirmal Roy Aeplore
the aquality snd ousntity of resesrcheg conducted in the area
of curriculum, methods snd texthooks for ' most of them
have centered round the surface rrohlems, and that too,
covering the middle snd secondary school star~s only'(89),
Out of ten studies rerorted four are in selcnee, five in

m-thematics and one in Home Science, Thoy then gqAAa:

Regcarch in curriculum and instmiction deserves

morr attention than it has reeeived so far. Hven
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in the advanced countries of the world, it is

eriticized as being inadeouate, out moded and not
properly designed to meet the n-~eds of modern
socletye AZainst the bhackgromd of strikide
currieudar developments in those countriecs, the
achosl curricwlyn in Indis is nasrewly conceived
1argely out of date,

sqe+ Llhe studies on teachine m-thads hardly made

any signifiemt impeet, Most of them comprred

some sort of practical hiased aprroach of instriction
with the traditional' ebalk and t-1k' method snd
branded the former as nropressive or effectlve
without crrine te go a blt deep inte the faet as

to why, In what way or how it was so, In a word,

no sppronch was made towards a consistent thenry of
teaching., 'nother most signifiesnt faet ahout these
studies under review was that miite s large

numher of them was not prounded on sound metheAnlory.
The limited scope of their ssmpling restrieted,to a
grent extent the validity of their generall zations(™),

On reflcetiony these critiesl remarks apply te the
fram= of reference réther than to indiviAnal studirg whieh
when sgen cumulatively do strike = note of ontimism. Thie

view point 1s confimmed by the studies summarized helow(0d),
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g, Veried Studics Surveyed

Gy Shenley Hall studled the eomtents of Children's
ninds =nd thersby emphasized the lmportance of primsry or
first hand experienge Tather then hookish knmvledps, Fa
further stated a well knewn educstional prineinle{knpwn 4o

'y wgmt.. walah otn Mot covron in « winen
pegaditp ate tho narlirst ececudred, less frecient ones eame

loterappne ghild hes all the misconcrrtions rreerdsd, nege
is fre> from th m.... The fact that childron ser nhjrcts

a hindred times witheut aeenlrine consciousness of them
saerest thet wr n-nd to converss with children ahent

mmcn‘ things™(@1). Keen studied crildren's reasoning end
found thst childrea under study has ' week urpe R0y PIPETLITRE

Hquﬁgﬂnﬁ v Papin are aure ta devedop illeries]
concnpts {f tencher does not Tokr sufficient care while

intyodycing new experienceg to thnm(?T . Dentsche, examined
the pature snd develprment of etwumdl ressonine- s rhege |
of children’s thinkine in tbe context of ths Cen~va Schanl
with tb:,ai". of thr“}'\rol‘le‘ms with an? vitheut. experiments,
Sh’@(\ tgged H@ad‘lal STowth of rrespnine.in egnbpast
L,ife?awisc growth =s suprcdted hy TPlapst, Becondly, sha,
gl net, find the datailed clrssifieption of rrasgping,inty,

Sweteen. types useful as found hy Plaget, Thirdly, scheal



e eyb{tdo v .awwm oFThe 0w ’ﬂ* sy
L Pay e M;.y.if.
['] ' ' Al ’b

-
-

Bpp ity . - A AT R N B
’ : el
‘ .

9
Tae b

. pat wfn .-h e Cupte g } : ot - .
%;.,4‘ . T T4 ae Ff ; b ¢ 3L ino Fedy r’\?"‘*‘w%
(rwigfl2, wnd wWah aF ATy v'fr‘ 51‘?;;’“ '“"1“” Q“ﬁ?r Lm,

’qf v, .‘LVI ¢ A
9kthy a¥=n FoatoItipe ~i=d Yon & 5aE ¥ Ton o 'f-t if'!’)ma

nogbaes a4 b6 @Aﬁ@"‘“‘W%Wfﬁé-”r.‘%ﬁ%"‘?ﬁ«é@%‘%’f""fﬂ*
IRSTEATPIE L LA - L e R AL LG U L r‘tsr""{"'i"ﬂ'@ﬁ‘
Fordw® aia}lantt ) oqj).,,,.’lr‘ﬁﬂ' 3 -mj;?mmi:hhrw'ﬁ.ydgﬁq
o KU P L Y R B IR AT TR (FRy AR iy
JaaReg tiaahigesih 24 RIRGELI a0 14 ik
Oy AR L 13y hadBeaneg -4t Avasy sedigs
G faaniggRe g Aganaliaa tazeedo rhalbedn b 1 AY WAA) o0k M'x
I-g{iaag‘mt‘!:rs\;'ﬂ.«#:‘Ml"f-l‘HJr*“f-F.%“ﬁ’T LIRCHSE-T S W&%““‘iﬂ“{ﬁ

T M g psmtbao oy DA M rre I3t unld Htata

]

. ' T TR
. 'ltJ:‘ ¥

T I G USRS IEE S B DL LR T F R g T
al® :u"vu v AT
w

Tamd bl ooy i A Stg i e T ‘,’“i ;,,:.a;;,,.i‘.-.

Y Pty * ! req T
. .
2" TN g Py [ T AL N TY a¥mnapay
B
: : o . A
| ST R Pymdr s 7 Ty 1 IS IR R 0 U 2 VO IR B | i[f Ml
g. W ,i ‘ { ,\'ﬁ' 'j‘. R0 (Lr:il ilw\ . ) ht‘ ’ ’L
s Ve e ERoe g pReWeR L T o Ty T IRER4
wo R ey I AN LI T R + [ ' ‘v
. [
r*' ! - At -_i+ ! P e ' b 1[». ¢ Loy wt ! lw t
1 oy ] I 1 l{’ - 1'|
- B - 4 1
h' '_Ju;\ oo ut '3? v f J{f‘;' e ! 4 !
» '“,!" . = re -t in‘ ‘e ¥ } vi‘.l ANTR ! i
uglli g ‘.”»-w.w'r' St ve b w‘if T AR W"‘
- 1 y [ N 5 - [ Ly .
Ui,'.'r“n (LA %" ! ¢ ol PR AL it L .
4 . - o v . 3 !
oo b 2o ' ’, R Y ) 1 r t 3
A I P =My pe ¥ LR R TEPE I
‘) L3} i L et ™ o
I'n""i,‘;' R ) }ﬁ\' Y, M I R ;
R LR L Lo 1:’-, b, 3 Y ! oA - | ﬂ“!l 2 ®



97 .

experience expl;innd sreeific fnsrnnsng to ths snreifie
pjestions vhieh she sugrest+d had Aireet and indirect
implications for tesehide and froining ebildrmm(o1),
Oekes LAVEEELERted aunlitatively children's explanatinns
of aatirsl phonemenn snd dencluded thot 411 age preups
repardlegs 6f mentel abtlity snd prade gave 211 tvpes of
mewrrs, Mrther, sdult groups did nnt fellew any Aefinite
proeedur: whils cxplaining unfsmilisr rhenomena. Thirdly,
he 4id not find » definite strge in childrents thinking
characteristie of a given age(92). He thus confirmed the
éarller finAings of Deuteche, Ketn Faglitt, Johnsen and
Josey, Susan Igsac and Haune, who had frund that heth
American end Chinese ehildren 'pave naturalistic factual
and lopical explanations of phenomena'(93Y), V,F Kinp, while
explering the development of seirntific concents of children
(N = 1235 betyeen 5 to 12 yeors) with the ald nf seyenty
curstions sultsbly classified into five catrenri-~s: 'Lenpth,
wright, time, direction; volume anAd wriphty mainly mechsniceal
rrinciples, lever , wheels, livins thines: scascns onA
shadows concluded:
(2) Children at =11 ages gave all sorts of regronses,
(h) Iike Oskesy no stages in causal rassening as

rrrrounded by P{ay;t wers no££ceﬂ. Response arresrod

tn Te, largely speakine, the fanction of guestion

rrth~r than sclely the fanction of age,






~08.
(c) Some children showed difficulty in verbaliging

thelr concepts whilch in fact they had understond
as earlier reported by D.H.Russell. He then added:

Perhaps, there is a need shout édpht or nine years
of age for the hamessing of'this experience so

that knewl edge can be obtained by other, thaugh

not necessarily more formal, means. These exreriments
have shown that chlldren of nprimsry sehool age have
accumulated a knowledge of scientific facts =nd that
this knowledge increases with age in some cases very
steadily. Some of the answers had to he nhtained hy
reasoning on the basis of past exrerience snA these
also showed steady increase with age uptn 8 nr 9
years- Beyond that, A priori roason1ng was net
sufficiont & adult guidance and ;xrlanntinn snnmpd

essentlal, at least in concepts relating tn

estimation of length, direction, weight and volum9(94).

B-nls Studiod the develnpmont nP children s thnupht
(11 + to 13 + ) w1th the help of demnnstrntinn exmnriments
which illustrated certain selentific principles The
suhjects were low I. F. pupils studying in a secondnry
Moderh Schorl in Lngland His main aim was tn find nut

[

the relptionship, if any, hetwpen the kinﬂ of answnr given
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and the age and I.Q. of the individual rupil. Nentsche's

c1assification( materialistic and non-materislistic) was

used, His results showed that these children can explain
experiments whlch are performed hefore them intellipently. Second
-1y, ag'e and science teaching had a greater effect on the
ability to draw conclusions than did I.0. hut those with

high I.G. did better in the number of explanations in the
hicher estegories(P5). Using auto-instmuctionel device,

Kelsler and McNeil found that contrary to the view of Plaget,
six and seven year 014 children can give acceptahle scientific
explanations for physieal events. They can not only learn
abstract principles but also with some practicey wonld nrobahly
show' more facile expression anAd more accurste use of '
scientific langurge in the solution ef naw prohlems'(96).
Navarra investigated the conceptusl development of his

owt son (very young »nd ahove average in innate ahility)

over a period of two years. Thig study is rich in detail

and the observations are first hand, Moreover the
observations. were hased upon informal conversations. The

most important findinps of his study wern:

(a) . The development is gradual and its most
inberesfing and characterlstic feature is the lgne

reriod necesssry for integration during which the child
gathers together and inter-prets for himself the eaperience
encountered in hipghly diverse situatiens, e.p., seeing
water in its different forms and distineuishing it from

Steam or distinguishing steam from smoke.
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(b) In this development, there appeared the evidence of
t gradusl differentiation and development of expectancies,
testing ideas, analysing experience, finding positive »nd
negative instances and maintenance of an incuirine attitnde’
etc, Even the earlier insignificant detalls and concerns were
geen to have initiated growth later on or constituted a pro-
gression of events in the total frame of reference(97). The
study, howeyer, lacked comparison with the findines of

Plaget,

In an observational and analytical study on thought
processes of schogl children and college students, Ruswell
found ! variety rather than similarity in the seguence of
thinking's and fallure to solve the prohlem attracts all sorts
of hypotheses, Benjamin Burrack concluded that even under-
graduate students failed to distinpulsh among different methoAds
of attack on problems involving induetion, deduction and
geometrical analysis. On puzzle type situations, Heidbreder
fomnd that reactions and sensitivity to problems increased with
agey a gradual change with age from a more subjective attitude
to a more ohjective attitude and characteristic and individual
reactions to the problems apart from the fact that the'peneral
pattern of the solution became more penersl or definite hut

new rigidity set as the age increased'(98). Mumford founA that
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training experience and practice influence thinking only
1f 1t is regarded as a mental sklll based upon innate
eapacity. She sugpested that educative experience is a
vital experience in the 1ife of an individual and needs
to be handled with great care o as to devélop self
eonfidence and persistence in the face of 'disappolntments
and threats of failure during problem solving'(99). Rloom
and Broader showed that the successful problem solvers
differed from the unsuccessful ones in respect of the
following variabless ' ability to use rather than the
possession of the total fund of information; extent
of thought brought forward on a problem anA attitude
towards reasoning, confidence in the prohlem and the
introduction of extraneous considerations into the
probbem situationg"(100), Employing the comhined use of
experimental statlstical and introspective procedures
Wheeler concluded that children possess logical reasoning
at much esrlier age than hitherto assumed by teacherss
and ' most of the element~ry schemata necessarily for
valld reasoning are slready within the cepacity! of the
seven year old children(86). Here, one should not Alsmiss

straight away the very dependence of young children on

first hand experience,

In ofi ther experimental study of experimentsl prohlem
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solving hy Durkin which resembled Heldhreder ond Mumford's
work, it was almed to exnamine thc effect of the nature
of the problem solving process anAd the spnropriateness
of the concepts used to describe the hehaviour involved.
Subjects were asked to talk aloud ns they nroceeded ashend
vith a well organized serles of two Almensional puzzle
gituntions. The problem solving beh-viour evoked hy these
puzzles ceuld be photographed. At the end of the
experiment, each suhject was asked to retrace his whole
sttuation from the beginning to the end. Any point of
interest was discussed, The main findings of this study
indlcateds
1) Problem solving behaviour in humrn adults is

never at random inspite of the fact that they

may not see the relevance of their moves a8

judped by the goal to he ¢tttained,
11) Three types of solutions were Aistinguished,

namely, trisl ond error, sudden reorganizsation

and gradusrl analysls which could he termed ns

three distinct forms of thinking. Certain

transitional cases showed that such Aistinction

was difficult to maintsin showing therehy the

existence of continuum,

e g w4 \_,\ilt'].Ll'lUI.-'L:".L Y auitaem

-y
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111) Opservotion, recall, seeing relations, attention
to goaly manipul-tion and Infermmce were the

processes present in all the three forms of thinking(101).

In conclusion, it is not known at what age formsl reason~
fng hegins. This age is found to he guite variahle Aue to
wltural differences snd individual Alfferences within the
gqe cwlture. The most important ouestion still 1eft
mexanined, is this:, whether each individual passes through
these stages in succession 28 enuncisted by Piaget anA
Inhelder or he is ahle to plck up the hirher stage without
having developed in him the precedine stape., In other words,
this means¢ Is skipplng stages in individusl Aevelopment
rossitle? If this 1s found to be so, we have yot to know the
relationship hetween the size of the jump and the various
tonditions hoth within the individual anA outside, that
nake such jumps possihle, In a restricted sense, the area
of concert formotion 1s also equally full of prohlems;
rossessiony and availahility of concerts verhally (Smoke)s
Crterporizing pnA conceptualizing (J.8.Rruner, Coodnow
& lustin) ; relationshiy hetween intellipence and types of
Magetirn concepts developed( Beard):; Varied hehaviour in
structuring prohlems right from childhood to late adolescence

Fiswell); Tack of clarity and dlstinetion among various methods
t . {






=104~
of attack; clear formulation of the problem, preliminary survey
of a1l asrects of the presented materinl, analysis inte major
gariahlesy locating the crucial aspects of the prohblem,
arlication of the past experience, varied trials, contrnl
elimination of the sources of error and visnaligzation
(Renjamin Burrack); Alstinction ameng Aifferent tyres of
splutions; trial & error, sudden renrganization and pradual
malysis (Durkin)j role of general or specific experience
of concept formation; & problem solving( Maier); and
characteristic differences in suecessful and unsuccessful

problem solvers,

" seientific thinking is largely a matter of rond think-
ing habits, " says L.A. Peel(102). It is in the 1ieht of
this definition that we will survey some more studies on
problem solving in peneral as well as on seiefce teaching
relating to lahoratory work, scientific inquiry and rrohlem
solving in science. All science teachers, largely speaking,

try hard to develop good thinking hahits among their pupils,

(1) In 1925, Carpenter investigated the comparative
effectiveness of laboratory and Aemonstration methods over
1,000 sutjects and concluded that ' pupils equally succeed

well if success is measured bty lnstruments which measure






~10564
the same abilitles es are measured by these tesis, nnidly
gpecific information and ability to think in terms nf
chemistry". In 1958, Braniwein, Nlackwood and Lat~ca » -7
the tests of Carpenter and commented that hoth the prouns
pould suceeed equally well independent of the ahove *--

gethods on the hasis of textbook knowledge alone(103).

(2) In 1928, Horton attempted to prahe fur*her ‘v .
confimmed the ahove mentloned finding of Carpenter. iiv,
experimental groups were given: Individusl lsheracor, 7+

hrd
4

vithout direetion, individual laboratory wetk with g, ooo:7y 1
direction, individual lahoratory work with a menu-1 .~
drection and demomstration hy the temcher. Fis c-ncl -
was ' no reliable results appear in the testin hy ih-
ordinary written examination neither by the re.en. no 0y
the school test". With the lsboratory tests(non v " ..,
he found the followinpg differences in ahility i o . L
and manipulate apparatus and te selve proklems( o. 1~

projects) in the lahoratory. In 1958, Frincs and 11 ¢
confirmed Horton's findings(104).

{3) atkin studied the role of accuracy of rismon-:.
type of response ( appeal to authority, use of ("5~ -, 2 1.
appeal to experimental and original explanatica - -c. °
formulating and suggesting tests far hypothesec -
Wementary School Sclence Learning Dxperieace. Flo turi.

finding was that'pupils are more active, successrtl 1.
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ey select and work on their protlems"(105).

(4) In an experimental study, Lahtl ascertained the

ﬁffectiveness of laboratory in developing student ahility to

e the scientific method to evalurte the effectiveness of
the teaching methods and to desipn and construct laheratory
experiments, and instruments. His evidence supported the
followiny stetement of Kruglak;
There is hardly a hetter method of teachine seientific
method than the one which places the student in the
same positlon as the research scientist, whera bhe faces
the same Yifficulties, commits the same mistakes,
suffers the same accidents and explores the sSame hlinA

alleys(106) .

(§) Extending over a period of seven years, Kruglak
has investipnted some hehaviour ehjectives for lahorstory
instruction, experimental outcomes of lahorstory instruction,
achlevement of physies students with and withont 1ahor;£or3;
work, the measurement of lahorttory achievement: ‘t'he'
effect of high school physics and collepe 1a‘r;‘01;ato£'y
Instruction on achievement in Eollegé phirsics anri evaluating

Lsboratory work by the use of ohjective tests ete, He
confirmed the findings of Carpénter'anﬂ Horton(106),
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prandwein, Watson and Blackwood have emnhasized the importsnce
of lahoratory work in thelr studies. Children then learn to
work carefully,accurately, predlcet from first princinrles
mi select, Aesipgn, search and improve lahoratory eauipment
md technioues, At atout the same time, Brown also made a
sinilar type of investigation Mut without usine any statistieal
niceties and concluded that ' students who had physies
lahoratory work in high school were inept at nsming or
jdentifying the function of equipment which they were known
to have handled in the high school'd 107).

(6) Muthulingam also attempted to mssess the scientific
thinking ahility, attainment in science, attitude toward-
secience and interest in the scientific field of hoys anA
girls studying physical sciences in the fifth year of the
seconiary school in England and Ceylon snd contribtution

of the factors in the schools, =such as, the type of science
course, the latoratory facilities and methods of teaching
science, ete. " A hattery of tests was constructed to mes sure
the various aspects of scientific thinkingj; Aefinition,
rroblematic situation, reasoning, application of principles
And ahility to analyse and ohserve etc, Reparding

arplication of principles, he says, " Results of the sur-test
on the aprlication of principles bn Enpland seem to he in
favour of a method of teaching, emphasizing theory and
rext~icted laroratory facilities. " He further aids,

. L
' There 1s, however, evidence for retter power of orservation
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by the provision of good lahoratory facilities and practieal
pethod of teaching(108).

(7) Charren GeoTpe investipated the effect of open
aded experiments on the achievement of certain ohjeetives of
seience teaching. Six M.CuA.( Hanufacturing Chemists
issocistion) experiments and six comparahle traditional
lahoratory exercises were chosen for the experimental anA
the control group. The MiC.A. experiments involveA eertain
elements of the scientific method 1ike serking solution
to the prohlen, to make predlctions and to set up apparatus
md control experiments., Attempt was also made to test some
attritutes of eritical thinking like ahility to interpret
data and to associate with the nature of proof ete, The
study was carried over 268 students, Fis main conclusions
indicated that open ended exreriments like the M.C.h. Ao
succeed To develop scientific attitudes, skills and motivation,
econdly, both open and traditionsl exercises Ao result in
sienificant learninp, Thirdly, there is no conclusive eviAdence
that a lahoratory approach has led to improved ertdtes?

thinking in chemistry (109).

(8) Butt has studied thn degree to which children
Coneentuslize from sclence experiences. Fe confronted 24

Mipils from the fourthy fifth and sixth prades with science
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eperiences in order to see concert Aevelopment arisine out
of this new experience. Four other cuestions were also
exanined s relationship hetween concept development and
ehronolopical age, intelligence and attainment in science,
influence of a given concert in the development of a Alfferent
wncept and recognition of a plven concept in a new situation
or experience. The concepts under study related to Alsplacement,
inertia, action, reaction and Adepth pressure relationship.
The experiments were done under three Aifferent conditions,
nanely experisnce phase, olestion phase and a manipulation
rhase. The findings of this study do not surrort the popular
assertion that meaningful concepts will Aefinitely emerge
when a child is provided with proper experience or environment
and the free opportunity to experience certain percertions(110).
In the opinion of thig writer, 1t wonld have heen hatter
if Butt had consldered the causes that contrituted to this

fallure *y analysing their wrong responses snd interpreting
them,

(9) Szekely attempted to investigate 'knowledge ag the
starting point of independent thinking'y bty presentins the
Same protlem in three Aifferent forms. Different suhjects
vere used for three forms of the same protlem, Consider

the following protlem,
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Flg
Showing Szekely's application prohlem

(a) The eandle is lirhted and the surject has ta
explain why the level falls Aown.

(r) The same arranpgement. The suhjeet is asked
what would happen if the condle were liphted.

(e) In this case, there is oprortunity te finA
solution through free experimentation(111).
Szekely‘believed and, trerefore, hypothesiged that
knowleige can he investipated in its' function of enA result,
starting point and medium of lesrning and thinkine'. Fe founAd
that kpowledge gets reorpanized in the rrocess nf thinkine
vhich starts from the orject of thought. Secondly, the three
Aifferent forms of the situations or presentations of the same
rrohlem Aiffer only in the extent of Aifficulty of restrctur-
ization which, in its turn, depends not only uron the piece -
of knowledge ( needed to solve the prohlem) hut also uron
the total situation. In addition, Szekely carried nut ouite
A few studies on productive processes in leaming end
thinkinrs and then posed the fnllowing nrotlem to bimgelf
yet to te solved since it was posed atont twenty five years

aFns

It is well known that Aifferent indiviAuals
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who have the same knowledpe show preat Aifferences

in the original application of this knowledge, Doeg

the applicability of the knowledge Aepend snlely

gpon the differences in indiviAual endowment or

is it also dependent upon the methed of learning

and teaching? Is 1t possihle to irerease the prodcuive
aprlicahility of the knowledipe that is the capaciiy

for creative thinking hy the improvement of the

methods of learning? (111).

Two methods of learning were compaled, namely, medsrn

pethol and the traditional methed, As learning materials. a

few laws of m "ghanics served which were tn he arnlied te s

relative Aifferent task, nsmely, the protlem of tw: spheres.

The main finAinps of this study indieateAd:

If jwiged hy the frequency of successful selutions
alone, the modern method is giperior to the traditicnsl
' +thod even when " endowment is faken into
consideration.” Tut Maltzman, Eisman and ™Tnn'is

(1956) have failed tn Auplicate this finding, "ccording
to them," Tither method, or » com™ination of “he
metheds, produced more solutions than e ~entrrl group

vith no training ™t there were no sipnificant

1ifferences among the three experimental groups"(1i1)
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| h) Productive knowledge evoked in the process of nrohlem
ﬁ solving and the verbal reprodncihility of Aefinitions
are mutually exclusive of each other. This means that
the rote memorization of Aefinition or facts will not

guarantee the solution of the prohlem(111).

¢) Improvement of the learning method improves comprehens-
ion of the learning materisl which fosters independent

rroductive thinking later on(111).

It is necessary to replicate this type of study hy
drawing concepts from the new eurricular programmes Aevelomed
in the wake of Bevcolution in Science Teaching in relation to

several outslde variahles over a very larpe sample.

(10) In his investipation of the thought-processes
of » group of fourteen year clis Anring the solution of a
scientific prohlem, Kyle showed, " that abler pupils tend tn
rrogress Fy hind sight " " They tend to jump te the end of
certaln phases and then to return to f11l in the hlanks...
"'\ protlem only tecomes real for person when he has some
rulimentary foresipht of a tentative solution..." Fe further
showed that ' 4 Aoing group went further towards a solution
than a thinking proup'. This is so hecause a Anine proup

can rectify its mistakes in the process of experimentation(112)
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(11) At the hipher age group, Whellock attenpted o
quire " intr ¥owfrr 5o entific methot 1S gained from
sfence Blucation," His symjects were sixth-"g™ rird]s
and military collepe stulents. After mrtinllirw nit
differences due to intelligence, he showed A gipnificant
relationship between the seoores on method and attitnde ana 4,

selentific hackeround(113).

(12) Mealings investigated certain asnects problep
wlvitg in science principles amons secondary Schanl ¢hildpgy
*tove 100 in numher verying in intellipence. M0t nf the
problems were oripinal ones and in fact seem tn meet the
Fequrenents of complox humen tasks as needed In such gy,
of studles. The general aim of his investigation wss ¢
mAers tand from first rrinciples, the solving of Scimtmc
rrohlems hy the adolescent pupils in a nemal schon] - SPtti
fore specitically, his aims vere to investifate the
felationship hetween the prohlem solving Ability(at the POy
level) and the mepta] age and to consider the inflyme,
of rersonal attrirutes op the problem solvinf aMlity, o
M fferences were also considered. Twe series of fopp
“reriments in eqch were aqministered smong two Froupg pp
TIfren in tumn, 4 ease study approach WeS emploget the
résponses Were Tecorded verhatim, then arranged anq “nnl

to see the course of thought on each prohlems The py, Fesult
§
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of his study indicated that problem solving in selence is
nore related to intelligence than to chromolorical age.( This
is mAerstandahle). There appears to he aminimuw mental age
of 3 years hefore a child can reason formally ahout a
problem and there 1s a time lag hetween the empirical
solution and the formal solution. Taking an overall plcture,
Healings says we shoulAd not expect children to solve
ahstract and theoretical prohlems in science until they
reach a mental ape of 16 plus. It is alse possihle, at this
stage, to undertake topics reauiring an understanding of
natrical proportions, i.e. Boyle's Law, Ohm's 1aw and
theoretical prohlems concerning moments and specific heat in

physics and the laws of chemical comMination in chemistry(114).

(13). Neal attempted to ascertain speeifie rrncedures
that aid children in Aeveloping the ability te use methnds of
seientific inpuiry in grades ( I to VI) in the laharatory
school of Colorado. The author attempted to determine the
Elenents of prohlems solving to Aevelop and select
11lustrative teaching techniques, which promote growtt in
the ahility to use the methods of scientific inguiry, to
Jjudge the effectiveness of the various teaching techniques
Al lastly to ohserve and Aescrihe the kind of covert

hehaviour characterized as the method of scientific inouiry.
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Identifying anAd stating problems, selecting pertinent and
adequate Aata, formulating and evaluating by potheses anA
seeing relation were the various methods of salentific
inouiry selected. He then concluded that children not
only developed scientific interest, confidence and responsi-
rility by the practice of scientific metheod hut were also
copable of developing abilities in practisine the ghove

nentioned elements of the seientific method(115).

Partly influenced hy activity and core patterns eof
eurriculum{ including basic notions of community schoerl in
the U.8,8.4 the U.8.5.R,,y and Phillipines) Willard J.Jacohsm
in & paper entitled ' Sclence DAucation and the Development
of Abilities to cope with prohlematic Life Situstions'
developed a working frame of reference in which SHOULD
rather than HOW questions receive first priority. Fis main
assumption is that " We can and should help individuals anA
groups to develop the abilities to recognize and cope with
prohlematic 1ife situstions of which they are a part".

He then sought 'operational snswers tn the mestion nf how
these ahilities to cope with protlematic situstions, could

he develoned’. For the Aevelopment of these shilities, he
Sugpested the following three phases:'Use of propesals

hased uppn past experience Aealing with the Aevelopment

of these abilities through science educations analysls of the
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Jiole act of adjusting with the 1ife situation, and cmsideration
of the sae in terms of judgements and values, He thus
qvocated the use of 1ife situatiens for their conseouences
cean he seen and felt first hand which, tha process ,will
help adolescents master dilemma in their ovm charscteristic

ways. To quote Jacohson:

New relationships are Ailfficult to perceive, and s
group may eventually reach a point at which they are
stymied. In such situations, it may well he fruitful
to have s period of rest from the intesive exsminatimm
of the prohlem. Affer a period of time, they will
necessarily view the prnhlem from s Aifferent point
of vantage, and hence, new relationships may arreal,
The mysterioug period of ' incubation' that has heen
suggested hy Helmholtz and Poincare Aoeg have this
reslization. During the perind of rest, some nf the
extraneous material that was, nerhaps, hlocking

their view nf the situation may he forgntten. With
the elimination of these elements, the discnvery nf a
new key element, or the new viey from a Aifferent
vantage point as the result of a passape nf time, new

and fruitful suppestions are more likely to appear(116).
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(14) In a practical piece of research, Wleghner has
enphasized the importance of children's everyiay exrerience in
teaching ahstract concerts in Physics. Resenrches of N.E.Weaver
and ENoMadden have advanced twn ~3n3itions for siccesg for
problem solving,y namely, the ' presence of corresponding knowled.
ge' and the ' mastery of research operation',®or examrle,
the concept of welpht involves welpght for all hodies, earth's
pull and force. Open- ended questions were posed to the
chiliren, BVery child could answer at least a part of the
problen. n interesting finding emerged that eighty rer cent
of the sajects were nf the fitm opinion that ' hnles which
they had not measured had no weights', Thus there is Airect
educational implication of the ahove: the Aefinition(welpht
here ) should not be taught and stressed too much in science
teaching but on other hand, it should stem from their floating
11eas (living practice ) when a given theme is introduced

in the ¢lassroom (Goriachkin,117).

(15) Stendler is of the opiniom that superior intellipence
loes not imply' superior performance hoth in iinsuistlic and
sclentific fields". She emphasizes the importance of well-
structured childhood experiences which facilitate leaming
later on. She explores the following hypothesis? "that certain
kins of childhood experiences structures an individual's

perceptions of the physical world, that the percepts are stored
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ss information cell assemblies in the dortex and that the
neural Teservolr facllities the learnine of concents in the
physical science.” Then she discusses the nature of experiences
thet might contribute to the huilding of such a neural reservolr.
ghe then suggests the use of teaching models that will help
the elementary school pupils develop function=l understandine

and skills needed for the physical science'118).

(16)N.Vaidya investigated prohlem solvine in science
anong ceTtain groups of adolescent pupils(15 +). The resnlts
of the study indicated that contrary to Piaget's view, the
adolescent pupils do not hesitate to eriticize data. Secondly,
there is a genersal tendency among adolescent pupils to set up
hypotheses which thev test against the piven data. Thirdly,

a poor prohlem solver appears to stick to one idea at a time
stubbornly and, lster on, ceases to think of alterustive
ideas. Consecuently, he gives up the problem in Aispust. Vhen
problems were analysed for their mathematical structure through
the technicue of factor analysis, the following four factors
appesred: Attainment, Practical, Interest and idjustment. The
outstanding conclusion of his study was that Problem Solvine
Procegses derived from different prohlems as well as

analysed differently( using Guttman Scale) confirm and
support Piaget in principle (119). But, at the same time, it
may be added that the study lacked hypotheses as well as
suitable study populstion(N= 603 and N=31).
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(17) Vijaya Lakshml investigated the thoupht processes
of backward children(12 +) with special reference to the
schemata of Comhinatorial Grouping. She also exsmined continuit-
jes and dLscontinuities in thelr thinking witr the help of
scaleogran of problam-solving processes. The coefficient of
fluctuation came out to he 49.7, which was on the high side,
But when the varlous responses or thought- processes were appropr
Aately grouped, the coefficient of fluctustion came put to
he 5.6 per cent, tha%t is, within acceptable limits. This
showved thet appropriately groupesd processes of thoueht within
» restricted’ age-range constitute s Cuttman Scale(120). Tsine
Piaget type tasks in arithmetic, K,R.8ayal, concluded that
items relating to the algebraic symhols and the scheme of
proportion are hardly mastered by the 11 year olAd children.
secondly, they are capable of showing more thinking than they are
deemed to have as judged hy class teachers on their achievement
in mathematics, Thirdly, the top group was influenced more hy
the form rather than the content of the prohlems in comparison
to the hottom group when attempt is made intentionally to
invite wronp answers, a finding consistent with Plaget's ideas.
Then he added:
Through questionnaire technious, 1t is not possihle
to find exactly the reasons for the errnrs incident-
ally committed on the prohlems, From indlrect

evidence, the reasong appeared to he the following:
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poor mathematical v eabulary, failure to add, suhtract,
multiply and divide exactly, underdevelopment of the
schema of proportion in particular, failure to general-
ige their chinking to algebraic symhols and,possibly,
the use of more mechanical ways of thinking than

intellegent understanding of the prohlem(i21).

(18) Robert S.Tamnenbzum used an entirely Aifferent
approach, while developing the Test of Science Process<s,namely,
Observing, Comparing, Classifying, fuantifyinr, Zxperimenting,
Inferring and Predicting. This study is "nicne ia Lbe sense
that very 1ittle is known aboub the emerpercy of these
processes at various age levels. When the test ig lonked nc
depth, it does not use prohlems involving ~ continwous chain
of reasoning, all of the test items heins, of course,procrsy
based and of the muliiple choice variety, Morcover, the
various processes in relation to known tests nseful for
interpretation of the same processes lack factnrial evidence.
S8t111, the author st least appears o have achieved the maln
purpose of the insirument: 'Measurement of Propress Towaris
Behavioural Ohjectives'(121). But 1t is not known in whset
order and at what sges the various processes are mastered My
pupils. Inlcont:ast Lo this study, R.M.Misra, nsine Plapes
type tasks, investigated the role of hypotheses formaulr
in solving prohlems inhering n continuous chaln a? Teasonine

anong Y grade science students. The maiu £inAines of bhis
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gtudy indicated:

L]

a) A given problem is solved over a wide I,N.ranpe.

A low I.0. pupil may solve the prohlem successfully
whereas a high I.C. pupil may fail on it.

b) There is no sirnificant difference hetween the top
and the hottom froup in regard to the averape number
of hypotheses set up. It is of interest to point out
that the hottom group identified two nther variahles,
namely, the tension and elasticlty of the thread
which werc not sugrested by any memher nf the
top groups

e) When the mathematical structure of the prohlems nsed
'was analysed through factor analysis, the followine
five factors appeared: General Adjustment, Seeing the
Problem as a wholej Formu.atinr Fypotheses; Interest
in Generatine Mifficult Prohlems( whnse answers they
do not know, that is, posine such mestions nn cow
and cycle); and newness nf the prohlem.

d) There is 4 peneral tendency smong adolescent pupils
to set up all sorts of hypntheses ™ut, at the same
time, they have aw-fully falled to test the various
hypotheses. The main findings here is that thelr

minds have not hecome truly experimental(123).

(19) This finding receives support from a paper
on Promoting Intellectual Develcpment Thrrush Science Teaching

by John W.Renner & Anton E.Lawson. Using two Piaget tasks
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on the conservation of Volume and the Exclusion of Irrelevant
Variahles, they found that ' out of the population from widich
physics students are drawn, not many are frrmal operatirnal’
as shown in the table helow:
Tahle 2.1

Showing the numher of adolescent pupils grade-wise
and sex-wise possessing ahility tr crnserve
veolume as well as to exclude voriables.

5.No. Grade Population “Congervation  Exclusinn
of volume,
X Male = 45 26 23
" nog Pemale = 54 v R
X1 Male = 50 34 20
N-97 Pemle - 47 8 6

lihen the same two problems v~re administered rn 185
enllege freshmen, ecnly 133 and 77 conld show successfully the
conservetion of volume and exclusion nf variahles heh=viours,
This shows that even the mejority of Collepe freshmen have
not moved deeply inte the fnmal nperational stage of thoneht
(124), In another informal study on 11 eollere freshmen,
Sharon Dastisn & others, using four Plaget adapted tasks
(these werr the pendulum, the inclined plsne, snrle of
incidence snd reflection and volume ) found that ' nene of
the eleven suhjects perfnrmed on the formal operatinnal lovell,
In nther worig, this mcant that they found logical experiment -

athbon difficult. Secondly, there Aid not exlst any significant

A
1

.
b1
g
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wrrelation between scores on Piaget tasks and the other
outside variahles like standard achievement test scoress
arrent grade point average scoresy predicted rrade averare
scores; and high school percentiles. Thirdly, senres on Piapet
Wpetasks were 1lcast influenced by sex, are, and major ares
of study, Why? The reason cenuld he that approach tn the
coarses which they had studied was leest inquiry centred(125).
John W.Renner & Anton E.Lawson remark ( in the contegt nf
science Curriculum Improvement Study Project under the

piidance of Professor Robert Karplus):

Our research has shown us thet the level nf thanpht

of junior hirh school students and cnllepe freshmen

can be changed hy providing them ineuiry centred
experiences in science. Ve believe that the prineipsl
reason our research has shown an increase in the thrurht
levels of students is hecause we accepted that mnst

of them participsting experiments were enncrete
operationals That souarely put upon us the resprnsihility
for praviding cencrete experiences with the nhjects and
ideas nof the discipline., These studenits were invelved

in actually creating some knowledpe nf thelr very nun,
we know that 1t was the first time some of them

had heen given that opprrtunity. We helieve that

actual involvement with the materials and ideas nf
science and heing allowed to find out something for

thrmselves accounts for movement toward and into
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formal thought which we found.
sere. Thls teacher is not a teller, he is a director
of learning. Traditional teaching methods embrace “he
notions that (a) teaching of telling, (h)memorigzatinn
is learning, and (c) being able tn repeat somothing
on an examlnatlon ls evidence of uwnderstandine,..thrse
points are the antithesis of inguiry... The
development of formal thought must becnme the frcus
of attention of every teacher in the country...lne
central role nf the school must be to teach
children with form not ebjects- in nther wrrls, o
mover students inte the stage of formal operatloust
thought. Science ' as thr gtricture fn enhsnce
greatly the achievement nf this nbjective. We muzd
no’ blow our chsnces to mpke » maximum cronbritting
to education in general and education in sciencs iu
particular! Let us estarlish an enviorament in rnue
classrnoms that encourages and prrmotes formal

thought(124) .

It is a grand hypothesls which needs tn he testen
under as many diverse conditions as feasitle. IN another
interesting stndy, using the well knrwn pendvlum on a very

wlde age group 10-50 yesrs, Kohlherp and C1lllpan repnvied

that a ' larpe percentage of the adnlescent population i¢ now
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formal peraticnal', The results ohtained hy them were:

Table 2.2

showing the percentage of adnlescent population
able to Teason formally in various ape FrOuDSs.

gNo, age group in years Percentage
1 10-15 45
20 16-20 | 53
3. 21-30 65
s, 4550 57

It appears that adolescents are nnt making full use
of their ' talents and tools'y this percentage heing ouite

high even within the age group 16-20 years(126).

(20) W.F.Archenhold investigated the concept of
'potential, electrostatic and gravitational, inecluding
related concepts sich as work done and enerpy' as held hy
a group of sixth formers in the age group 16~19 years in the
north nf Bagland. Twenty five tasks were desirned which tesieu
their understanding throupgh a series nf therretical and
practical situations in the above mentioned aress in physics.
These pupils not only exhihited limited understanding Mt
also misunderstandings which, in a way, reflected their
difficulties in grasping these concepts at advanced level.
When results were factor analysed, using Fotelline method,

a strong intelléctunl/ educational component appeared while

'Varimax rotation isclated twe factors containine tasks

assoeiated with potential and work drne respectively(127).
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(21) Robert Eugene Norton, attempted to assess
Children's 4bility to Solve Prohlems in Seience Aevelopmentally
using 4 test( T.5.P. Tab Science Pugzler) on adnlescent
pupils studyinr in grades four to six. He investirated
relationships hetween problem solving ahility én one hand
and other variables like previous science knowledpe: I.4.,
ape and reading abllity; and selected cognitive factors of
intelligence. Main findings of this study.indicateds:
(1) Problem solving performance is related tr previrus

knowledre, a findine consistent with Welloek on a

higher age group.

(i1) Although the selected engnitive factnrs are nnt
related to tntal problem solvinp perfermance,
flexibility and speed of closure and reasrning
are related teo the prablem- solvine subtasks,
prohlem orientation, prohlém solution and Aata
analysis.

(111)  Based on the eorrelstion betwern problen-solving
performance and I.Q., age and readine ability, no
evidence was foudd tn support a relatinnship
batwsen‘prohlem-solvinp, 1.8, and reading ahility,

(iv) Chronolopical age appears tn he related tn prehlem

solving in certain areas(128).
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(22) 1t 1s possihle to see the same prodlem in =
gfferent context by making use of ohjective tests in which
reliance 18 placed on the inifiﬁl answers which are then suh-
jected to advenced statistical analysis., & lead in this
girection has been given hy STEP ( Ssquential Tests of
Kucational Progress ) which needs mentioning for its
rbjcctives according to the puhlisher are to measure several
skillss plcking up the problem, sharp fermulstion of the
problem hypothesizing, desiening experiments, interpretine
data (alse conflicting), developing nhjective precedures,
evaluating sevidence critically, Using symhals and written
materinals, and their interpretations, Consider the fnrllnrying
problems

Situation. You are the engineer directing » ney dam

project on & certain river, You have team of

sclentlsts, 1.e. blologists, chemists, geclorists,

Feterolorists, and physicists in assistance nn the

project. You have to locate the 4sm in the bhest

position and arrange for the hydro-electric power
and the irrigation of the surroundige district which
is a seml-»rid zone region. The water level is

to say 300 feet ahove the river,

Suhject matter area - Geolery

Ability - To identlfy and define a
scientific nrnblem.
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(o the following, the most important problem requirine yenr

sttention would bes

(a)

(b)

To find the point where the river hanks come

elosest topether.

To find the boint where the largest and Aerpest 1ake
could be huilt up hehind the dam.

To investigate the characteristics snd stmicture nf
the rocks underneath the river hed & alons the hanks,
To determine the least amount of inhabited 1snd that
would be flonded(129).

Like line spectrum, children's thinkinr is tested

ahility wise but, at the same time, a specific surpestinon

of value has been made by Gupta in another study whren he says:

It may he possible tn conduct researches mn

the mutual relsotlonship of purely factual and
tests ' requiring the understanding and applicatien,
with hoth types based on identical snhject matter.

Y high correlatiecn may mean that the tests nf the
latter v~riety should he preferred hecanse of their
desirable influence on teaching and learning hahits,
whereas a low correlation may mesn the desirahility
nf hoth the types with suitable weightinrs. However
caution may have to he exercised in peneraliping any

relationship discovered in small exnre~Timents hecaise
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there are other variables also, for instsnce,
differences in the teaching practices nnticeahle in
different schools, and so on, which may effect the

result tn an appreciable extent(130).
Inquiry Training

It 1s necessary ton refer to Inguiry “ppreach in
science teaching in passinp. J.J. Schwah has anptly remarked
thet the 'Problem now facine tescher nf science 1s no
reblooming of s perennial' but it is a ' mutant- new in se
rreat a depree as to amrunt tn a Aiffarence in kinA'. He
distinguished two aspects of scientific inouiries,namely,
stable and fluiAd, the latter aspect relstine tn science in
the ' making ' in which even the very principles of inoulry
remain suspect(131). It is not only that it is the teacher
whe telks ton much in the classroom bhut alsn it is a;ain he
who also asks questions about 97 per cent of the time, 's
children move up in the respective higher grades, tbis
very teacher behsviour results Mm their becrming less
empirical. In other words, they, instead nf trustine their
own concepts, hegln to accept external atthority in an
unreflective mamner(132). The Illinois Stuiies in Inguiry
Iraining Project under the guidance of J.Richard Suchman
bepan in 1957 and identified over the years the followlng

ideal conditions for developing ineuiry skills among
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1 ntepy screrl chiliren: freng far attentiony freedom
(external and internal); and responsive aﬁvirnnmnnt in the
words of 0, K.Moore. Elementary schoel children are expoged tn
discrepant events which by their very natire enmpel them to
analyse, for example, the erratic hehavicur nf a bimetsl hlade
on heating and cooling, Films were made in ouite a few schrnl
subjects 1ike physies, biolegy and economics. They were forced
through these eplscdes crntaining discrepant events with the
aid of yes~no ouestions to seek their own exrlanatims. Lesrn-
is thus enabled to direct and cnntrni his own learning., Suchma.
reparded inouiry as a ' Process of Discovery' comprising the
following four phases: searching, data prncessine,discnvery
and verificstion with a view tn lnvestipate several causal
reletions. Tsing other nutside veoriables including known
tests and scores nn inquiry snd suhjecting the dats tn
factor analysis, the followine three factors relevant
te success in inoniry apreareds:
(a) Impulsivity factor: the capacity tr leave heyond

data to generate abstractinns. %ern in nn,
(b) Cognitive Control: the ahility to handle and manipulat

data.
(c) utonomy. The second ig related tn this hecause

for if you never leave the Aata, ym will never

construct the data(132).
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Inquiry into science teaching is a never endine process
mtil the dead .nd arrives; and it has to he shown sn. Ren
gtrasser has shifted the fecus of inguiry en teachers rather
than pupll behavieur, another interesting research guestinn
(122) . ‘lphoretta Fish, on the ather hand, shifts the same m
alternstive methods nf inquiry, thus, piving three Aifferent
neanings to the term Inguiry(132). Le Von Rlager makes rnt s
strong case for developine inquiry skills as one nf the mnst
important outcomes of instruction in biolory. He thus supports
J.J.Schwah, MmAerson and Robert Gagne' fnr it provides
opportunities for scientific thinking. igain he quntes Capne!
who sums up various writers on inouiry, " 1 judee them te mean,
that 1t is & set of activities cheracterized hy a prahlem
selving approach of which each newly enccuntered phencmencn
becomes a chellenge for thinking" (132). John F.Vondtnrn
in Disenver and Describe stresses the investipative arprrsch
to science teaching by presenting puzszling events rr situations
to children which intentionally' nffend ' their senses.
the ohservable copnitive conflicts provide a ' realistic
vigible format easily communicable hetween student ﬂﬁﬂ teacher!
(133). Using programmed materials, Robert M.0lton and his
co-workers, tried to assess the extent tn which' specified
productive thinking ahilities, can he taught to elementary
schenl children'. Being a comprehensive project, they raised
the following additional cuestions ¢~

(a) ‘re some productive thinking skills more
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amenable to instruction than nthers?
(b)Can proiuctive thinking skills he learned
hy children nf all I.0. levels 2.
(c)How are productive thinkine skills affected

by a classreom environment judred tn facllifate

creative expressinn?

The main f£indines indicated that use of nrogrammed
matcrials 1ed to an increase in the level of prodictive
fninking in this large and representative proup of fifth
grade gtudents" (N=704) at three levels of I,". included
in the study. However, the extent of genrrality of training
was limited, the main reason being the kind of prohlems rather
than the kind nf pérfnrmance fea~Tes wuployad. Secrudlyyhnth
the experimental and centrel proaupe Aemmnstrated onl Aemand
simple cognitive skills, training heinr inessential. The
latter, however, hardly use them in theiT day to Aay work.
The complex tasks, on the other hand, necessitate the nse
of advanced skills which were not yet avallahle tnt crld
be developed in training sessions. Specifically speaking,
wontrary to the Tindinps of Covine ton and Crutchlield(1965)
thera does nccur a fradual increase anantitatively A8
practice trigls training sessions increase. Ihe rale of
facilitating environment was also gamA ineffective at

the end of the project because tre f treatment was particnlarl)

effective with students in non-facilitating envirorments. The
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pirls were found superlor tn boys on all types of prohlems.
1s research prohlems, they have suppested tn re-examine the sam
problems with which they started hy determining the presence nr
agence of cognitive skills at various are 1ewels, findine skills
amenable to practice in contrast to training er instrictien

s the quality as well aS quantity of training sessicns(134).

In another restricted study on' Hypotheses Formatien
can be laught," Mary bllen fuinn, using twelve film loeps of
12 minutes duration each, the schumanisn way, showed that
I‘nn’t:h urban and suburban children produced statistically
sipnificant improvement in ahility to hynothesize'. It is nf
interest to mention that the training comprised hetter recng-
nition nf the prnhlem, distinction hetween emniricsl and nen
empirical based statement, observation nf properties nr hehavi
-ours of ohjects in the lo films, Arawinr of inferences,
determination of empirical relations hatween chserved and
inferreq variables and experiments for testing hypntheses(135).
She thus crnfirmed the earlier finAing nf Richard C.'nAersmn
that training sessions 4id help even the first graders mn
transfer tasks. These first graders congtituting the mne
top thirds on the Californis Test nf Mental Maturity, however,
falled to show superior perfermsnce on the pendulum and the’

chemical problems, Sex also Ald not play any sipnificant rele

(136). Through varishle teaching technioues; it is nossihle
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tn teach facts and concepts of astronomy tn twn proups collepe
greshmen with' 1little effect on the students' understanding
sbout science as measured by TOUS(137). Manreen ‘.Metz

and kenneth D.George attempted tr develop a relishle and valid
tool for measuring the prohlem sclving skilis nf chilAren

in rrades one, two and three. These were! recrrnition,
mAierstanding of scientifie principles necessary fnr'the
solution of the problem, collection of Aata anA hanAling,

1~ then statements(138). But the study fails to answer

the basic question. For example, consider the fnllewing

twe studies as well.

David P.Fntts and Howard L.Jones in an-nther eaTlier
study on' Inouiry Training and nroblem Solving Skill in
ementary School Children' developed an inouiry trainine
programme as sugpested hy Suchman whase nutcrmes cruld he
measured by an instrument especially developed fnr this
rurpose, namely, Teh Inventory of Science Prncesses(TISP),

1 child incuiring into a problem shows the follewing
behavieurs; searching, prncessing data, Alscoverine,

verifylng and applyine concepts to new situstirns, They
intended tr investigate the effects of training sessirns mn

the prohlem selving behaviours of children as well as the

rrle of ocutside varishles like intellirence, sex, chrnncleeical

age and factual knowledge in changed prohlem snlving

behovicur consequent of the instruction. They alsn examined
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whether inguiry training led to meaninpful concept
development, using sixth pgrade students( N=108) =nd ineuiry
sessions extending over three weeks Aally, the mein finding
indicated that when expnsed tn puldance, there resulted
enhanced problem solving hehaviour. Secondly, chanpes in
problem solving behaviour were insignificantly related with
tested intelligence, chronolnpical age, sex and factnal
sclentific knowledge when compared with the contrnal group,
the ahnve mentioneAd variables d4id nnt appear tn play siemi-
ficant role while Arawing benefit from inouiry trainine,

Then they remarked nptly:

Much Aiscussion has been eiven tn the relstinnship
between mesningful concept Aevelopment and inouiry,
lhe results of this study Ao net supprert the assertion
that meaningful concept development results from
inouiry training. ChilAren whn were successful
problem snlvers on TISP were not able tn apply the
coneept tn a Aifferent situatimn, Whe ? Is the
aprlication nf a concert tn p Alfferent situstim

an adequate éritprion frr meonineful concent
development? Were the situations' ton Aifferent

for the child to see the relationship(130y?

A%t the same time it 18 also necessarv tn Aetermine

why a group of children fails to show changes in prohlem
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splving behaviour ani relate them to their persenality make-
up, Bohert E.Yager and John W. Wick An support that certain
phases nf pupll outeomes are definitely the result of varied
intentional teaching stratepies but, at the same time, they
provide the following Aisturbing conclusion that there 1s no
significant Alfference in the mastery of the major concepts
and facts of Mology (as measured hy the Neslson Minlopy
Test) by the students among the three emphases used by the
teachers of the study(140). In Pis writines, J.S.Rruner
has talked of Aiscovery, structure, early readiness and
intuitive thinking. He glves a clarion call for Aiscevering
imapinative modes of incuiry among children so that each chilA
is ' capsble of going heyond the cultural ways'nf his sncial
world, able to innovate, iﬁ however, modest a way,
so that be can create an interior clture nf his ayn'. !'Fer
whatever the art', he says, ' the sclence, the literature, the
history, and peography of a culture, each man must he his
own artist, his own scientist, his own historisn, his nwn
navigator'¢141). He is nearer tn Platn a8 well as tn Plapet
for his learning by Aiscovery is tied tn their thesretical
melange-' an environmentally Aynamic version nf contemporary
developmental thecry in conjgnction with a twentieth pentnry
ferm of classical telationalism' ( Lee S,5hulmen), *.F.Skimner,
Rotert M.Guene! and Navid Ausubel take the oppnsite
view (141). Each of them takes a restficted view nf Jeaming,
at least, at the starting peint., 1 b1t later, 1t becnmes
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g case of learning hierarchies: guided learning, and receptinn |
learning. While reviewing researches on Aiscovery, ‘usubel
appears to state the following conclusion, a sort nf education |
-al Alsaster:
(a) That most nf the articles mnst commenly cited
in" the 1iterature as repnrtine results supportive
nf Aiscovery technioues actually report no
research findings whatscever, Mt consist mainly
of theoretical Aiscussion, assertion and
+  conjecture; of degeriptions, of mxistine
programmes utilizing discovery merthods, and of
enthusiastlc but wholly suhjective testimonials
regarding the efflclency of Alscovery approaches.
(h) That most of the ressonahle well-controlled
studies report negative findines,
(¢) That most stndies reporting nesitive findings
fail to control other sienificent variahles
or employ gquestion able technicue of statistical
analysis. Thus-actual examination of the research |
literature allegedly supportive of learnineg
hy deCOVery reveals that valld evidence of
this nptuée is virtually non-existent. It
appears that various entll_}lsiasts of the Aiscovery

have heen supporting each other reseatch = -

hv taking in each other's laundry, so to speak,
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that is, by citing each other's opinions and
assertlons as evidence and hy generalizing wi-1ly

from equivocal and even nepative findines(149).

Ingtead 4 to' provide ideational scaffolding! she
eives the concept of Organizers which in their Alfferent forns
try to close the gap between $hat the pupil knows and what he
is expected to know before he ¢an master the task at hanA, Fe
thus resftores the threatened status of the teacher in his
scheme of learninpg(142). Regafding accelerated learnine, it is
of interest to refer to the founding nf Project? Fead Start in
U.5.1¢ In 1965, Ingelmann and Bereiter have reported startlice
sucecesses with thelr slum children, for example, not only,they
can speak complete sentences, solve simple arithmetical prohlems, |
read words and learning their spelling hut also have repistered
increase in their intelligence. The¥c arn nepative reports as
welly, for example, they are most of the time' tense, frightenc"
and respond automatically'(143). Rarhara Riber,here, remarks
that the ' method through its effects on attitude and therafare
on motivation, becomes a secondary determinant of how far the
original learning goal will be realized' (148), Here, neither
serambled Sexthooks nor the high sounding educational technolory
like the Computer 1ssisted Instruction will be of use if used
indiscriminately, for it may well kill eurlosity, interest and
individuality by ' making all men alike and not necessarily ali:

in nice ways'(143), Plaget is here conservative when he Says:
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We know that it takes nine to twelve months before
babies develop the notion that an ohject is still
there even shen a screen is pleced in front of 1t.
Now kittens go through the same stapes as chilAren,
all the same stages, but they Ao it.in three months...
so they are six months a-head of habies. Is this

an advantage or is not it? We can certainly see

pur answer in one sense. The kitten is nnt going

to po mueh further. The child has taken lonecer,

hut he is capable of gpoing further, sn it seems to

be that the nine months prohahly were not for

¢athing.

It {5 probahly possible to accelerate, hut,maximal
acceleration is not Aesirahle, There seems to he
an optimal time. What this optimal time is will
surely Adepend upon'each indiviAual and on the
suhject matter. We still need a great deal of

research to know What the optimal time wruld he(144)

It is & million Anllar Merican omestion, empirical
experimental in nature whose resenrch answer will illuminate
Plaget's tnvariant clockwork of the order over the years.
According to Lee S.Shulman, we have not yet exhausted fully
the various creative spproaches leading To the snlution
of this problem of copnitive neceleration for we have at the

moment 'access only to opinions and personal prejudicies'(141),
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It is of passing interest to refer tn the stndy m the
sevelopment of alpebralc concepts among puplls studyine st the
junior seeondary stage in relatlon to ocutside varishles 1ike
1evels of intellipence, sex and grades hy J.N.Joshi, Fe
sta;lﬂarﬂized an alpehraic concept test in Findl containing
seven categories like generallzed numbers, Airected numher,
eqiations, parenthcses, substitutions, exponents and graphs,
Bis findings indicated that all the brnad caterories excent
the one on Alrected number Aeveloped from prade to erade,
Secondly superior intelligence is necessary for the farmatimn
of algehraic concepts. Thirdly, hays have a 'tendency to excel
pirls in the understanding of alrebraic crncents(145). In
mother egually interesting and nnvel study nn alvsine test
Responses with symholic Legie, Gary R.Smith attempted to assess
pupils' success in understanding certain concents of 1ipht
yith the help of multiple cholce test items, Fe made Aetailed
a8 well as Aistinet elament~analysis of auestion and ansver
for testing pupil understanding on both. U fartran programme
was yritten which would indicate the netwrrk of correct and
inenrrect responses. lwenty Aeductions were Aerived from
five propositions. This epproach has 1imlted utility for Aiffi-
culties 1y in arbitrary alletment of symhols, the very
desipnation of the class, confusion hetween symholic prapnsiticn
and unique statement of item proposition and omnihus natnre

of the test(146).
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3, Overall Lvaluation and
The 8cope of the Problem

After having surveyed the field of human thinking with
gpecial Teference to reasoning, concept fommation, problem
solving and school science education, it is now neeessary to
have another close look »t the survey with a view to pose the
present prohlem »nd state its scope. Science 1n its forward
march does not pose impessihle problems. Psycholory, in our
times, also clalms scientific statny. Therefore, like science,
it must also pose 1ts problems in their snlvable forms for
generating new objective kmowledge. It is esgler said than
Aone for several variahles intervene and, make in turn, the
investigrtion of psychological probhlem hecomes verv Alfficult
as 1s shown hy the survey. Still, the findinrs nf the various
general as well as specific studies undertakes in Alfferent
contexts not only within » given paradimm Mt alsn seTrss

the various ones, when consolidated, Indicate:

(a)  Thinking is multi~-faceted in character. Its investi-
gationy particulariy speskine, of hifgher cornitive nrncesses
ig crnsidered to be a complex task, In onr times, it eneht
to be the main job of the second psycholorical revnlution ta
tackle successfully the verious attendant prohlems, however,
small they may he(147). The present survey rennrts several

such studies agerinst several theoretical standprints undertale
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with this objectlve in mind which attempt tn make this eomplex

prohlem a bit more trsnsluscent.

(p) To facilitate this, thinkine need no lonrer remain a
tehost' like activity. 48 a first step, it is essentfal to
short-circuit several definitional complexities if any worth-
while progress is to be made at all, To 1llustrate, even 1
restricted field like problem solving has heen investirated in
the pest unAder Aifferent heads. To surmount this prehlem,
thinkine in this study is reperded as a skill. Secondly,
problemn 1s defined as a task oriented situstion havineg a clesr
+ut solution with a view to facilitate the study of thinking

processes.

(e) The survey clearly shows thet it is thenretically
rossible tn investipate any cognltive prrhlem reiatinp‘tn any
one of the following paradigms: S-R theories, Cagnb's view-
point, phenomenclopical theory, Ffacter snalytic atnrrsch,
information processing, accelerated learnine, Cestalt psvycho-
logy and the Genevas schnol. It is not implied at a3l that rne
frame of rcference is superior to snother for, after all, it
is finally a mrtter of individual choice in which attempt

i1s made to catch the fish rather than seek srecializatinn in
the art nf anpling. This choice, agein, is Aependent upmn

the aims and cohject-iveshbf investipgation, the natiure of the
very investigetion, extent of eontroiled experimentation
actually avalleble snd the physical facilitles fnr carryine
it out.
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The present study draws 1ts ingpiration from Cestalt
psychDIOE'Y: Geneva vchool and the factpp anrlytic approach,
secondly, 1t goes a bit ahead, for in comparison tn nther
workers in the f1eld, 1t uses several prehlems havine scientific
flavour but, at the same time, each inhering a continucus
chain of reasoning. 1birdly, the varied problem solvine PrNeesses
evoked during prohle-m solving, largely speskine, possess clear
cut solutions which, in turn, can he reclassifed np Teprouped
with definite a4vance hypotheses in minA, In summary, a rromis-
ing line of inquiry of this nature is just mercertihle in the
area of thinkine or problem snlvinp. The present proklem not

yet tackled, is one among many, available in this area.

(d) To pinpoint, the present study investipates certain
aspects of thinking through the medl'm of problem snlving
aong science students of adolescent ape who were matehed mn
twn variahles, namely, intelligence as well as sncio-economics
strtus. When seen by exclusion, the followine prehlems, nf
course, important recelve 1itile attention in this study:
(1) Prohlems relating to creativity varishles.

(1i) Role of situational variahles

(1i1) Conceptt formation as well as attalnment,
(1V; Predictive studies.
(v) fteceleration studies.
(e) In continuation, these problems can't he ignored for a
long time. The survey clearly makes out a case for investipating
Some of these general problems ureently., " few examples nf such

rroblems having S.me sort of asspciation with our study are citeds
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(1)

(11)

(ii1)

(iv)

(v)

(vi)
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At what age Ao chilAren begin te manifest fammal
reasoning? What factors favour its early emergence®

Mt what ape Ao the adolescent purils Aevelon firm

urge for experimental verification?

What variahles Aetermine vast indiviAdusl Alfferences
in thinking? It is suspected that these variahles
ares intellirence, individual abilities,personality

tralts, task cheracteristics and varied instructional

methodnlogy.

Do sex fifferences exist in thinkine at variocus ape

levels? If so, why? re they penstically dnterminﬂﬂé

What exactly is the relationship hetween concept

formation and 1ts application?

Why children fail to verbalize their concepts when
they had, in fact, understond them? Is a correct
test response given over a wide 1.4, Tanpe nnot mly
Within individual grades hut alsn acrnss the varinus
grades? Up to what extent can a glven concept be
Aown graded? Flnally, Ao laws for Aown-grading
concerts exist? ’

What is the role of hints and cues in the teaching
learning prncess? Under what conAitlons de they

really become effective?
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Does thinking develop in stages? Do all the chilAren

go through the same stages? Particularly speskine,

. An the thinking processes Aevelnp miAimensionally?

How to test this grand hypothesis?

what kinds of thinking processes Aces the tralning
mAer experimental conAitions penerate? ire they
really chips of the same hlock or Aifferent hlocks®
Under what specific crnditlons Anes learning fake
place maximally? \lternstively, under what crnAitims
dn the scquired concepts really heeome Aj apesable

or acquire' measures nf genernlity'?

Lastly, what is the relationship hetween intelligence

anA the veried Plagtian concepts?

It is » long shopping 1ist in which prohlems overlap,

The present study, while investipating thinking, takes inte

sccount intelligence, prades, aljustment and the immeAdiate

test reactions to the prohlems on presentation.

4,0oncluding Statement

A major shift in thinking is apparent. It converres

on specificity in the formulation and reformulation nf prrhlems

more and more productively in the phraserlopy nf Gestalt

psychology, This pnint of view or approach to the prnhlem

facilities studying experimentally the vaTled prcesses of
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thinking which lead to the development of unAderstandine,
genpralization, Aiscrimination, concept develrpment and
attainment. This initial spin off galn is net easily seized
pecause, as already menticned, it is essier said than Ame,
The main reascn appears to he that the researchers, m the
one hanﬁ, snAd the practitioners, nn the nther hand, hnrth
rlaced in Aifferent settings, 4r nnt necessarily ask the same
ouestion., These split ouestions are hound tn appesr in the
meiness of any science, psychology heing nn exception, It
is then not a case of despair, for the solutinrn tn the prehlem
then 1ies in crnsidering the two problems separately as is
fregnently drne in the case of certain anomalies in science,
However, when answers tn the split omestions are mastered
successfully, one after ancther, the whole field rver the
years hecomes ouite explosive. The area nf creativity is »
Bnse in point. Thus are answered the mnst fundamental
ouestions in sclence. The hasic problem here is tr relate the
mest powerful concepts of science te the intellectnal
development of chilAren. The psycholerical structure nf sny
school subject depends upon the answer teo this basic prehlem,

The present study is an attempt in that Airection,

Lastly, wheress the whole aTea is full of prahlems,
the latter now lie more in the zon mather than in the junele.
Thanks tr the recent research effnrts of iusuhel, Rartlett
Bran:r, Flavell, Gagne, Guilford, Hans Furth, Fimphrey,
Inhelder, Lovell, Lunzer, Peel, Plaget, Schwah, Skinner,
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gichmen , Vernon and Wallace, a few amcup many noted wnrkers in
the field, 1% has become possihle tr pose specific prehlems in
this area which was, however, not the case Aver twenty five

yeas apo. Ihls survey suecinetly tells that psychrlorical
concepts Ao not, develeop in a vacuum for children live in
environments; physical, mentel and sncial. They learn frrmally,
informally; Aand €aually possess persconal knrwledge ahont men and
gatters. How is then their thinking generalized at-varicus age
levels in apparently Aifferent psyechnlorical constructs? is

g very basic question yet in search of satisfactery answer. Like
the proverbeidal Pive blinA men, the whole elephant has te |
reconstriect/bit by bit apgain and ggain. Our miserahle

failure on this front has\ Aeprived us of any worth-while
psycholopical structure frr any one of the schnnl subjects, at
least, in this country(148), Several specific studies are

needed whose answers over the years are hrund te illumine the
very basier of the likely emerring productive frame of reference,
The solutions te these problems may net he'ver,v far nff, yet
they alsn, at the same time, counlly lie currently beynnd the
nose. To conclude on an optimistic nate, effrrts in this
enterprise are going te be more successful than in the past.

it the same time, 1t is alsn edually stressed that the whnle
field of buman thinking which 1S a5 vast as humanity itself
throws up ouite a few fundamental problems which are yet tn he
investigated even partislly befoTe we can fully understand the
basi€ assumptions underlying human thought processes. A the

latter, in turn, are alsc open te continual serutiny.
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