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A paychological test is valid to the degree to which it

measures a trailt or an aspect of human behaviour and reliable

<k
O

the extent it gives consishtent results. The consigtency mas
3

o
w

in terms of time to time or alternate measurements.

Validity is the proportion that is common factor variance

the total variance of a measure.
v
co
Thus Vgligity = -———

v

¥

O
iy

In certain respects, the definition giveg above seems to
be more gpecific thar telling in a traditional way that a test
is valid if it measures what it is supposed t0 measure.
Guilford (113, p. 461) recognises that the second definition
is but one step better than saying a test is valid if it

measures the truth.

Approaches to establighing validity sesm %40 be from
three directlons, often recognised as 'type of validity)

they ars i~

1. Content Validity
2. Criterion - related Validity

3. Construct and Factorisl Validity.
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n an 2rticle titled -- 'Do Creatividy testco
Tememoto (29%) wrote - 'Tn
Y . oo 1 ~ e -~ ~r B A I
three airs of test usége ore agnessgmen’, pcredict

>- A R U T o - . <) b T I RCRU R
explinstion, Thezc three fepects nf velicoivy, @

nt velidity criterion zeleted validity,snd

9.7 Tontent © volidity of =

PO S -
onerahions

ion

and

nerzre the treits =which we vigh to wmee-ure as judred

.

{ ra s oz 4 - AN o P 4 YR + 3
{~higelli, 100, =.341). The judzerent 1 subdjectiv

“here are, og Ghiselli pute it, “Emo judgem

t
-
<
O
Y
<

D

fo ]
ot
o
W

[t}

iy

d_
D

o]

b
=
-
<.

vy
A
iy
[§2]
@
=

i
i 1
0]
«
[¢]
o
O
iy

o ~ . - = RN
the cmount of literatvre 2nd btests avallable so

cirme of making the test and the sikill with waich

ueh' hog been soid 2bout the nature of the
!
the netvre of the hypothegised factor scores eex

givirg & rationale and develoning scoring hypothe

there is 1little doublt svout the content “17 ity

the charrseteristics or contont of those opex

QUG

4.
115211

ke

ite

lier

ok

e

s

+~hich those operations
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as well as the entire set of traits that they are suppossd to
measure. That each of the hypothesised factor scores contri-

bute to the criterion measure is another point worth considering.

Another voint needs to be mentioned in this context.
Whenever the investigator used to meet the heads of schools, he
used to give a description of salient features of creativity iﬁ,
general. And then he used to present his tests to them and ask
whether the tests measure something different from school-tegts,
whether the tests really call for creative operations etc.

Angwers always used to be gimilar and overwhelmingly positive.

Anastasi's (4) opinion is more or legs similar to that of
Ghiselli (100). Content validity has also been called as

definitional, logical or sampling validity by Yamamoto (293).

9.3 Criterion - Related - Validity:

it (i et ey et o T ot P o S et D e R W S P 5 Y S e N e i B P S St

Criterion related validity always refers to the communality
between the test 2nd some external criterion measures, such as
supervigory ratings, Jjob requiremsnts, measures in a future
performance. Under item-validity it has been stated that a test
which containg items having significant correlation with
criterion measures, on the whole will be valid. While congtruct-
ing 1f care is taken to ses that items are valid with resvect to

a criterion, the whole test constituted by such items will be

valid.



’ unnelly (1967 po. 245-47) summarises Oriterion -

oriented auproach to test comnstruction in thie following

w1, Comoose a lerge g 1ou3 of itenms.

2. Alminigter them to & 1 sanple of
individusls in the sgitue tion where the
Ltest vill be used.

ML
i~
“C,’

3, Sorrelate esch item with the cxiterion.

4. Yochion ¢ tent out of those itens thet
correlate most highly with the criteriom.

“Then items hrve low corielé&tionsz with one another and

each‘correlaﬁes positively vith the criterion, esch item
cdde information to thet provided by the other items; end
when scores are summed over items, ¢ reletively hich
1

correletion with the criterion will bhe found . . .

further he hos recognised the edventege of developing

"~

hyoothesis about the vhole test-that mizht be predictive

of 2 criterion.

Nritcrion - Meleted Velidity #is cenonstrated by

=t

comooring the test scores vith one or more external

varishles considered to nrovide & dirsct mezsure of the
1

on® (293
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three tvpes of nrelictive siturtions invelve the relotionghip

petween wredictor and criterion scores. [hey differ only

in te-mg of the time of occurvence of the criterion SCOTE8eas’
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Ghiselli (1n0) terus the second type as concurrent
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stende scores, sunm of the hv.othesizsed foctor

scores or couposite crestivity iandex has been celculated



relovent intercorreletion metrix heg bhecn talren.

Yence we RIVE ~

here n = tveacher ratings
i = My veriable from b . . . . 4 e
3 = ‘mother vrrieble from T

Seeicm = represents CoOver o
i3 i -
:@Ofﬁfﬁl‘le PelYrs O co.nonen

Fw-
b
]
O
I
pred
}_
O
=
.

Subgtitutiny relevant values from correlation matriy

4

(Table 11) we gzet

,332 ig significent &% P« -0l o1 1T=230. & c&en
ccr thet the compozsite index is highly valid.

that ce previously steted, Jesns and L.ds of all the
eight individual me&sures ore eround 5b ond 10 respectively.
neve not been reyported to avoid coniusion. This is
teue for o1l the computation that succeeds wherever
individual S.d's heve been employed. And combined S5.D's

&g recuired in the formula has becn commleted and used

wherever neces=ary).
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(i4) Velidity of the coapozite crestivity index as
decidel by circles test as criteriom:

‘a seleulote velidity coefficient sgainst T ryonce'
cireles test ag a criterion, seme forsmula (ref. pove}
hos heen used. izst cozxrvelation between coﬂpbzite
crestivity index and ezch of the “grrancets ciicle's ftes
scores has been cclculeted., Tinally usiag these coriels
coefficicuts .end the relevant intercorrelations among

comnosite creativity index w
circle test scores has

= 146

T

N1

i

where ¢ =1L, ™, I and Q.
178 iz significont at p <

of circles test scores with
celeuloted using the

fand
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5 is
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at » < .01, nwe
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“g better thean the index given by Cirvcles Yest. 4nd
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; “uoﬂhuCn correlation 178 pith To% as TCT hes with
1 By e 2 - 4 e

Teecher latings 165 .
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“omever one difference between the T measure

407 ghould be mede clear, the C.0.0. is 2 composite of

cight measures dexrived from four tests. TCT — incex 1is

commosite of four measures derivel from ginzle test. In

Torrence's non-verbal form tﬁere sre three diffecent tests
one of which is circles. Tience this iz sugrentive of
nosgibility that all three test nefeurcs (of 77 ¢y conbin
together would give 2 corselotilonghip with Teachers Hating

1

sey, reletively equal to that o

1

(14i) Validity of Composite Creativity Index with &
combination of 0T meazures and Teacher latings:

Tt is informative to find out the correlation between

u,“( TI

comnogite crestivity indez with & ‘composite of

ne2gures and Teschey “Patings. Seme formula (ref. =bove}
hes been used.

-
.

where ¢ = ig & conbingtion of 4 measures L, M, I and

T = Teacher latings.
1 £ Conbination of eisht measures or J.C.L.
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{iv) Velidetion by ‘Tomination Techaique:

Y5 this staze, along with Yorrence's Cixcle Tlest
z2nd feocher Ratings, detiviities “hebklist scores heve
bcen taken into account Scoring ectivities checklipt has
ceen described eerlier. “yow the 230 Se under study, two
groups - hish creatives and low creatives - have been
identified in ths following way:

(2) Toxr an 5 to be included in the high-creativity
group, he or she should stand among the first 60 from
the o in atleast two of the three criteria,

(b) Tor an & %o be included in the low crestive
proun he should stend amongs the first 50 chosen from

atleagt twe of the thrse criteria,

below in

L biserial correlatlon coefficient ze given by
Peters formula (Juilford: 1172, 1. 408-9) hag been
calcvlated., The foramla reguires the gtetistics given in
Dable 172 =bout the CCT, for the low, a2iddle and high groups.
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TABLE 12

Strength of the criterion groups and
relevant statistics required
by Peters formula

No. of 8s
: p4 Mean
in the p = a
aroup (n) N  Ordinate (m)
Low 62 .270 3306 374.68)
Middle 117 (Not necessary) 402.51% 45.817
High 51 .220 2961 426.22)

Ag the statistic Ty using the said fofmula is based on the
assumption of normality of the distribution of composite index
a useful check for the assumption would be to see whether the
mean of the middle group approximately divides the difference
between means of high and the low groups at the midpoint.
(Guilford: 112, p.408.9). It is seen from the means presented
above that the condition has been fulfilled.

Thus,
p oo m M) BE
P t )

where subscripts h and 1 stand for high and low groups.

Substitﬁ}ng the values as required we get,

r-b = 04380
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.

~vé error of Tthe above statisti
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‘L formula for stan

H

hae elso been provided (112

I

e correlation {Tearson vy -which would fall within

S

s,

he iimite at
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£ 2.58 x LOT4 of 478 still exceeded

» < .01 level cny Dooarson rend hence is hizhly siznificant.

“he evidences provided hitherto impels one to

")

ccent that the cowposite creativity index of C2M T - IV

ig hisghly valid.
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in the context of seme theory' as yielding 'no information
about why correlation is high oxr low OY about how one
night improve the measures'. Fence he regorded construct

Telidity as 'the touch stone of scientific success'.

Tollowing Cronbsch end feehl (48), Yamenoto (29

'

set forth the following stess in estiblishing construct

velidity.



Settin. foxth the proposi

tion

measures creetivity, (2. inserting this wrojosition %0 soae
theoretical formmlations abouts creativity (3) deriving
hypotheses concerning the behaviour cherocteristics
orrslated with test scores ond also thosedvhich should
show no relation to test scores if the test timly messures
crectivity. 40 collecting d2ta o confirm or reject

Tf the nypothesised
to the validity of constructsa
o feilure mey indicéte one of

the mergure (2) inadecuacy of

reletionships stend, 1t adds

-

snd measure. otherwise,
these (17 inadecuacy of

e

though lersely based upon objective and
cquentitative det-, construct validisy
iz determired and evioluated by a subjective
nrocess of Tud"@wenu- and the degr=se
of validity cennot be expressed by any
aing Uhcﬁﬁlt?f7vv index such &8 a
v=1idity coefficient but wmust be given
in verbel terus.
wilford has cdone rmuch in establishing const ruct
validity of creativity tezts. Tt hag often been pointed



out in the courae of this thosis thav gtructs used

here hove been dircetly derived from the work of years

of research by Guilford froup and there 1s much to feel

indebted &s it 1g so in the ‘case of other resecrchers in

the field too, to its proponent leader (uilford, Zor

~+ie theorebicnl Toundetion.
Dr. Guilford writes "117, D.202) -

t

t . the woxrrigone criterion
.31@, T might soy,
Jncwouni » that our way of using fcctor
snelvsis nes one great advantage in thad.
+e 40 not have to worrv about the criterd ion
problem. ioctor snelysis provides its own
criteria. You may not agree with me oun
this but I am guite rei&u t0 defend the
sides that the best kind of coastruct
validity ie Ffound through fector
snalytic 2pproach . . -

“uch hes been sai
nroblem, fo¥

Ay

¥

o
&,

5’ ) -

B

dattell (1969) once comparéd the tool of factor
enalyeis in psychological research to 'alcroscope'

in biological research.

Commenting on the philosophical agpect of factor -

constructs Baggley (12) writes:

1Y

£11 these constructs represent man-made attennts
to bring order into ths noiural phenomena
observed by hehaviouxel secientiste. Thelr
JhcblLlOwblOﬁ is u7t1HQtely »rfometic, 4o

hey or do Lhey not aid in the develo>mwnu
of scient TLlC lawg? *Ectors thet represent
effects o7 itraining and experience Lay e

just as unesul as I~CbOIS lebvecea+1q~
genebic, endocrinological oxr central
nervous systbemn effectss
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‘st types of veriables ere to be subjected to factor

the set of verishlcs analyced can, of course,
include test ond non-test dete. latings
and other criteriocn meesures czn thugs be
utilised, #long with other tests, to
explore t@e feetoriel validity of a
perticular test end to define the comnon
treits it neosures (p.148).

al data
on the
o0r. L1t

FPector aneglysis as apy
ig en act thet iss
gkill and intention

is not & gericeg of mrecisely dolined
procedures yleldlng 7 yigorously objective

result.

In line nith the opinioneg expressed by the wmriters

"\

(Yomanoto, Guilford, -‘nastesi end others) quoted zbove

& factor cnelysis of the dutercorreletion patrix given

in the nrevious chépter has been undertaken. Tventhough

(53

velidity of the composite crcativity index hés been established
to @& reosonagble extent, 1t is felt that 211 variables
considered preovious to selection end rejection of scores

on the basis of eneculation, should be retelined for fuetor
epelysin. TFeunce the matrix resorted in Chapter 3 hes been
token g it is wilth, bhovwever, ccrreletion coerficients

rounded unto two cdecimal vleces only. F#s the »urpose of

]

wn

i

o

fectorising is moxe interpretative then predictive, 1

D}

felt thet teking coefficients unto two pleces ig sufficient.
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CFf +the verious methods of fector anolysis, Centroid
nethod \Thur%tOLe, 1947, hes been selected for the purpose.
“he investigéﬁor has tried to denend upon opinion.of experi-

enced resezrchers in the field (Guilford, 112 p. A78)
sugzesting thes centroid method =would be suitzble to the
regent investiation., Further, follovwing considerations

g&id method of fector endlysis:

4

have becn identiiied by oeut: id method with

methods, thus, already héve considerable

pgychologicel standing.

2., Tor the first time lzrze number of scores hypothesiged
for difrferent faoctors of cireftivity have been derived

using rmultinle scoring method £nd fre belng fector

anelvsed. The purpose of fec

factor onalydisg has been given

in detail +n the booka devoted to the subject (Thurstone: 155;

§
o
H
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R
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N
=
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The investigator has gimply depended upon the opinion
of experienced researchers, he has quoted already, in taking
decision about the method. Rather his knowledge of
mathématical bagis of statistical tools he hag used is

scanty and insufficient.

Factor analysis of the gsixteen variablie intercorrelation

matrix:

Extraction of factor: The sixteen variable matrix with

intercorrelations upto two places has been factor analysed
by centroid method. Communality estimates have been highest
coefficients in the respective column or row of the matrix.
Communality residuals have been reestimated after extraction
of each successive factor. The principle of reflecting the
column with highest negative total has been adopted. HNethod
of computation has been exactly same as described by
Fruchter (shown in Appendix B). In all eight factors (see
Table 13) have been extracted. The following paragraph

explains why the 2nalysis was continued for eight factors.

Criteria for sufficient npumber of factors:

Number of factors extracted has been decided by three

criterias Tacker's @, Humplerey's Rule and Coomb's criterion.
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Sample (¥ = 230) on which %he factor analysis data are bhased,
thougn not too largs, is sufficient (=200; see Guilford:112)e
Mg jority of the cosfficients are positive. Remairing are low
negatvive valuss. Hence the conditions for apprlying the latter
two criteria are fulfilled. Table 14 summarises the statistics

conputed to decide whether all of the' common factor ~ variance

g

hes been extracted from the corrvelstion matrix. ‘fucker's phi
reaches a level just near aud below the level required by the
criterion fof the eighth factor. Product of the two highest
loadings, as required by Humplerey's Ruls, falls below twice

the standard error for the Lourth factor. More decigive is
Coomb's criterion which shows that the number of negatives

after reflection for the eighth factor falls within the value

G (as obtained from Fruchter 87, v. 83) as required by Coombs
(45). %hus two of the three criteria suggest that at the eighth
ractor necessary common factor variance has been extracted.
Residuals in the eighth residual corrslation matrix (see Appendix
3) range betwsen .000 and .045. Aigath factor loadings for all

variables are within + .20. Over-dstermcination of number of

-y

Tactors and elimination while rotatiy is our established practice
(Pruchter). Thus all the eight Factors nave besn retained Ifor

rotation.
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TABLE 14

Criteria for sufficient number of factors

Factor ﬁagﬁir's Humgﬁigy's Coombs' Criterion
I .746 .4488 32
II «534 «3596 32
T III .709 «3080 70
Iv 636 .1287 53
v 594 .1188 56
VI .816 .0891 76
VII .676 .0609 55
VIII .836 .0323 88

Criterion .882 132 92 + 8

Value
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The Factor Matrix: TFactor matrix with original loadings

and recalculated communalities and percentage variance

explained by each factor has been given on Table 13.

Checks: Correlation céefficients in the cells just above
the principal diagonal of the matrix and the one of right
corner have been tallied with those computed using factor
10fdings and residuals. This checks to the accuracy of
computations (Table 15). Ixcepting the fact that addition

and multiplication machines have been employed, computation

has been done by hand by author himself.

Dotation of Azes: Graphic orthogonal rotations have been

done to meet the criterion of simple structure, positive mani~
fold and psychological meaningfulness. In all fourteen rota-
tions have been done. TFirst few rotations have been done <o
meet the reguirements oi simple struéture and positive mani~
fold. Afterwards rotations have been aimed to achieve
maxinum possible separation and psychological meaningfulness.
Rotationel Graphs have been presented in the Appendix B. The
final rotated factor matrixz has been presented in Table 16.
The table algo contains communality obtained before and after
\
rotation and percentage variance explained by each factor.
As suggested by Fruchter, correlation coefficients for the
cells above the diagonal and right corner computed from rota-
ted loadings have been compared with original coefficients to
check the accuracy of rotetion. Table 17 presents this

COMparison.



29 L

TABLE 15
Check Values

Residual Total sign Sum of Correlation
Sum of Correlation changes for Cross products from original
Vari-~ cross after the the two  *residual with Correlation
ables products last factor  tests adjusted sign Vatrix
A,B «8594 -.005 Bven 8544 «85
B,C  .4825 -.002 0aa 4845 .48
¢,D 5000 013 Even 5130 52
D, B .4251 .006 0daa «4191 42
E,F  .9325 -.010 Even +9245 .92
F,G .5287 -.004 0dd 5327 . W54
&,E  .3439  -.004 0ad 3479 .35
H,I -.0046 -.025 Bven -.0290 -.03
i,d 4007 -.007 0da 4077 ’ 4
J,K .7893 .010 Bven »7993 ~ W79
E,L  .0745  -.025 0da .0995 .10
L,M 8755 -.001 Oda <8745 «87
L,E 5180  -.011 Even .5070 C 50
N,0 5357 -.014 0dd «5497 55
0,P -.1379 -.007 Bven 1309 A3

P,A L0454 -.025 Bven .0204 .02




Botated Fanotor Matrix

TABLE 15

e

S e M Gy 2 AR Mok Sva = e Rt e o s I e o e oy ok % s S bt i S o S oty e ey AP ot 2 o S PR A . W A R 9 Bl B T BT S T St sy s £ 718 Ik e S e e s, O O e

Tagt h?(ﬁrom
fgoTes 1 1T I IV ¥ VI VII VIIT »° 1-F opieed
ables) ings)

A 87 -16 -12 21 18 16 09 ~05  91. 09. 91
B 85 -02 -21 27 13 -12 =07 -07 88 12 87
c 34 -05 =15 57 11 25 08 18 58 42 56
D 27 06 13 34 26 65 06 15 T3 27 T
3 58 10 =05 12 11 28 69 -12 94 06 93
F 60 -11 -04 15 09 28 69 -06 96 04 94
G 35 02 =09 53 =05 14 34 12 56 44 54
H 33 19 =06 25 04 70 09 =~18 T4 26 72
I 24 31 18 06 52 =21 -04 03 51 49 49
J 19 8 00 -12. 19 -12 06 21 8 15 84
K 11 83 -07 -09 08 ~20 03 12 78 22 78
L 35 10 84 17 02 ~15 =11 =03 89 11 87
I 28 11 88 14 06 -12 =05 19 94 06 95
N 07 06 54 46 ~06 01 02 02 52 48 51
0 19 16 76 29 =13 14 -20 -03 80 20 80
P ~-03 33 04 35 3 07 -04 -09 38 62 37
8% 2.93 1.74 2.50 1.43 .62 1.35 1.16 4.0%

J

24 11.97
% Var 18.31 10.88 15.63 8.94 3.88 8.44 7.25 1.50°74.83 25.17

Note: Decimal points omitted.
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TABLE 17

Check Values based on rotated factors

Test Residuval Sum of the
scores Sum of correlation Total cross products Correlation
(Vari- cross after the sign +residual with from original

ables) products last factor changes adjusted sign Matrix

A,B .8644 ~.005 Even .86 .85
B,C .5015 ~.002 0dd .50 .48
C,D .5250 013 Bven 53 .52
D, B 4319 .006 0dd 43 W42
8,7 9506 ~.010 Even .94 .92
F,G 5481 ~.004 0dd 55 54
G,H .3622 -.004 0da 37 .35
H,I .0071 -.025 Even -.02 -.03
1,d +4279 -.007 Oagq W43 41
J,K 7951 .010 Even .80 .79
K,L 0699 -.025 0dd .10 .10
L,M .8794 =.001 @dd .88 .87
M, N .5246 -.011 Bven .51 .50
N,0 <5447 -.014 = 0aq 56 55
0,P 1527 -.007 Even A4 13

P,A L0663 -.025 Bven .04 .02
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Slight differences have been tolerated.

Interpretation of facférs:

In the following paragraphs, the rotated factors

will be treated in turn. The hypothesised factor - scores
having significant loadings are listed under each factor.

4 loading of .30 or more has been taken as significant in
practice. If there are also significant loadings on factors
other then the one under consideration, such loadings are
mentioned inparentheses. Interpretation is based mostly on
the concurrence of two similarly hypothesised scores, nature
of the scores as understood from established ways of scoring
procedures, content and possible reasoning on the~lo§dings
on other factors not under consideration. In mentioning
scores name of the test from which it is derived and the

alphabetical letters already used will be given.

Factor I
st Scores Loadings
CRM T A .87
CRM I B . ! B85
CRM I C .34 (,57 IV)
CRM II B .58 (.69 VII)
CRM TI F .60 (.69 VII)~
CRW II G .35 (.,5% IV; .34 VII)
CRM II H .33 (.70 VI)
(.84 IIT)

TCT L ' : o33
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It is obvious from the high loadings of scores 4, B,'E and
F that the factor stands for fluency. The earlier guess that
B does not differ from A has become true. Scores hypothesised
for originality have just significant loadings on this factor.
This is clear from the method of derivation of scores.
Fluency score is parent for origimality score too. In one of
the studies (quoted earlier) such a relationship between
originality and fluency scores derived from the same responseé
has been anticipated and has been attributed to 'method'
variance. The present case is no exception to it. Further
that TCT fluency score (L) hag significant 1oéding on this
factor strengthens our naming of this factor as "fluency". Low
(but significant) loading of fluency score I on this factor
seéms reasongble when we consider the restriction on 'S' in
responding to 'circles'. He hes to draw. Nature of score
derivéd from QRM IT seems to be a matter for discussion in
that the score has high loadings on factor VII possibly

referring to different 'content' of the responses.

Ag viewed from the fact that scores derived from
symbolic tests (I, J and K) and scores derived from circles
Test (M, W and O) have loadings which are not significant,

the factor can be further termed to be 'ideational'.



225

Even 'H', 2 hypothesised elaboration score has low significant
loading on this factor. This again can be accounted by a
'method' variance. That in other factors we do not find

such significant loadings on different sets of scores

derived from the same set of responses indicates that
sufficient method variance has gone with 'flﬁency' score.

It is meaningful to note that fluency score refers to all
suitable responses and includes those used either for

origimality or elaboration.

Pactor II
Test Scores Loadings
CRM ITI - I .31 (.52 1)
CRM IV -~ J 84
CRM IV -K ° 83
Teacher's
Ratings = P .33 (.35 IV .36 V)

Score J does not seem to differ from K even though A
they were derived from different methods, of course,
from the same set of responses. There is & great deal of
difference between the method of derivation of J and K
and the method of derivation of A and C. In the
latter case C (originality score) forms part of
A (fluency score) and has simply & reduced range. J and

K differ from each other in the sense.that J refers to
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number of different sets of relations (or arithmetic rules).
Tach provides different information about the same factor by
virtue of the method by which they are derived. DBesides
each contributesto the criterion (loading on P is .33);
their retention in' the composite index seems to be justified,
In contrast with this, there is no direct evidence that
% which was rejected contributed to the criterion. TFurther
A and F both referred to number of verbal responses.

Hence preference for 4 which had significant correlation
with P and L is justified. Thus J and K might be two
different scores standing for the same factor, 'possibly’

symbolic elaboration'.

. Identification of factor II as symbolic elaboration
has been done with some skepticism owing to the lack of
other marker tests. It is definitel& symbolic and refers to
other than 'fluency for symbolic relations (I)' which

can be identified with factor V. Turther J and X both
involve manipulation of numbers and relations resulting
in 'implications'. This operation characterises Guilford's
gymbolic relations tests. This point has been made clear
while framing the hypothesis. That teachers do generally
regard & boy intellectually high if he achieves better in

mathematics' tells us why significantly loaded these
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symbolic test scores ere with teacher ratings (P).

Factor III
Cireles T .84 (.33 I)
Cireles M .58
Circles N .54 (.46 IV)
Cirecles O .76

On the basis of the loadings on factor III nothing
can be speculated. Thg reason is that all the four
scores derived from cricles stand high on that factor.
Scores L and N do contribufe to ideational fluency
(faéﬁr I) and originality (factor IV) as hypothesised.
In the absence of tests from figural content category,
very little can be .guessed on the nature of this factor.
The correlationship that circles test has with P in
explained by originality factor (IV) having significant

loadings on P and N.

Factor IV
CRM I - C 57 (W34 1)
CRM I - D .34 (.65 VI)
CERM II - G 53 (.34 VII)
N
Circles = H A6 (.54 IIT)

Teacher Ratings P .35 (.33 II .36 V).
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This factor is definitely 'or;ginality‘ factor. Three
scores C, & and N which have béen‘hypothesised for originality -
have high loadings on this factor. Besides, Teacher
Ratings has significant loadings on this factor. Teachers
seemed to regard originality.  The only interference is
by D, supposed to be an elaboration score, which has low
loading on this factor. This is reasonable. Sufficient
variance of D will be explained by factor VI which should be
regarded as elaboration factor. As elaboration too consists
of supplementary ideas, a loading of .34 on originality is

reasonable. Hence factor IV is definitely originality factor.
Factor V

CRM IITI - I .52 (.31 II)
Teacher Ratings (P) .36 (.33 IT, .35 IV)

In Guilford's analysis a test known as alternate
additions was designed to measure factor 'Divergent
Production of symbolic Relations'. Though in the three
analysis (Guilford and Hoepfner: 120, Guilford et al: 118)
the test was a leading representative of\DSR, However,
in one analysis it went with Numerical facility
(Gershon et al: 1963). Gershon et al (93) on the basis
of results, stressed the neéd for new and better D3R

tests. Guilford (123) stressed the need for appropriate

letter tests of DSR. In CRM II the suggestions have been
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met with. instead of numbers individuals ore given letters.
Obviously numerical facility variance hes been reduced by
inﬁroducing‘let%ers. Secondly CRM IV which has been
recognised os # symbolic implicztions might require memory
for symbolic implications (MSI). In harmony with three
analyses which brought CRﬁ'III type test as a DSR
representative, it is speculated that CEM IIl - I is a DSR
score. In the absence of marker tests it is difficult to
account how much numerical facility varionce is parried by

CRM IV test scores (Factor II).

Factor VI
CRM I - D 65 (.34 IV)
CRM II - H 270 (.33 1)

Factor VI is definitely‘elaboration factor. Here two
gscores from two different tests of similar nabure have gone
together and stand differently from fluency and Originality
scores of their respective parent test. D has low loading
on originality and H has low loading on fluency. This might
be due to the nature of elaboration being a set of ideas
used to describe a central idea. Such low loadings either
on originality or on fluency can thus be regorded as within

resonable limits.
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FPactor VII

CRM II - E .69 (.58 I)
CRM II - F .69 (.60 I)
CRM II - G 34 (.35 I .53 IV)

- This factor is difficult to inbterpret. Even after
conceding the failure of flexibility scores B and ¥, that
E has sufficiently high loadings on another factor
besides ideational fluency {(factor I) suggests the need
for marker tests different in content. On the basis of
available information any speculation on the nature of
this factor is out of question. TFactor VIII consists of

loadings mostly between+.20 and -.20.

In the interpretation of factors just done, there %as
been no factor which could be identified with teacher
ratings. That is to say variance accounted by teacher
ratings has been shared by those factors which have been
regarded as factors contributing to creativity. This is
reasonable because ratings as taken through CPCRS, simply
identify characteristics important to creativity and do

not enguire into general intellectual status of children.

Notably enough majority of the variance accounted by
non~verbal-test scores (circles) has stood seperately.

The semantic aspect of performance in response to circles



230

has been accounted by factor I (ideational fluency) and

factor IV (originality).

Tn summary, we shall look to the construct validity
of the individual scores of the Composite creativity‘
index. 4 concurs with L andxg to suggest that it gtands
for ideational fluency. C and G concur with N and P
to suggest that they stand for originality. D and N
concur to tell us that they are elaboration scores. I,
J and X, which are undoubtedly DP factors 6f symbolic
content category have been significantly accounted by

teacher ratings. Thus scores chosen as components of

CCT have sufficient construct validity.

9.4 Factor Validity:

When considered factor analytically each score in
¢.C.I. has support of atleast one criterion measure.
There is no single score in the C,C.I. which stands

independent of criterion measures.

. Ioadings of the scores &, C, D, G, H, I, J and K
on their respective factors range between .52 and .87.
Thus validity of each scbring procedure in relation to
factor which it is supposed to represent is sufficient
and high. The test battery can be regerded as having

factorial validity.
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9.5 Reliability:

Test theory is centred around the assumption that a test
score 1is a combingtion of true score and random ervor
component. "By definition, random error is completely
uncorrelated with the true score in the test and with random
error in any set of measurement'" (60; p. 388). It is possible
t0 show total variance (Vi) 2s the sum of the true variance
(Vé) ard the error varisnce (Ve).

i.e., Vi = Vé + Ve
Or dividing by VX we gat,

v v
r
V EK

in terms of proportions of variances.

Test Reliability: Considering that the two tests are

equal in that time parts of each test measure exactly the same
function and are verfectly correlated and contain & certain
proportion of random error, it is possihle to show that the

reliability of self correlation of the test (Dubois: 60).

7
- - xx! - la = 1 ...Y.Q....
XX XSX ux ' v VX

o~

where X aud X' stand for deviation end 3, and Sx' for gtandard

deviations. Therefore, the reliability of a test, Tost is

v Ve

*véw , the proportion of the total variance, or 1 - T that
X b'e

is one less the proportion of error variance (Duboisg: 60).
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Reliability can be estimated by four different methods:
1. Test-Retest Method.
2. 'Split-Half' HMethod.

%. flternate Forms.

4., Rational Equivalence.

Test Retest Method: In this method a group of individuals

is given the same test on two different occasions. Product -
moment r between scores obtained by the group in the two
occasions 'is used as the estimate of reliability. A test-
retest r indicates the stability (Guilford: 112) with which the

test identifies the individuals in different occasions.

Split-half Method: In this method the test is divided

into two halves which are judged to be equivalent. Equating
the two halves is some times done on the basis of item
difficulties ox sometiges by odd-even grouping of items. The
scores of the two halves correlated, the product moment

Yoqe &lves estimatgd reliébility of one half of the test.
Theoretically assuming the split halves are exactly equal it
can be proved that

2raa'

ag!
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Thus reliability of a variable when doubled in length
may be estimated by the reliability of the half (r_,,) test.
The above equation is a particular case of Spearman - Brown's
Prophecy formula, Split-half reliability indicates how for

a test is internally consistent (Guilford: 112).

Alternété forms:

In this method two alternative forms considered to be
equivalent are admiﬁistered tb the saﬁe group and the results
are correléted*in order to get an estimate of reliability.
Alternate forms reliability stands in between as an indicator

for stability as well as internal consistency ( Guilford: 112 ).

Estimating reliability by test retest or’/by alternate forms
ig applicable even to 'speeded tests'. Split - half method is
not applicable to speeded tests. In case, administration of
a test twice either by test-retest or using alternate forms
is not possible, Anastasi (4) suggests a split-half method
based on seperately timed parts or items grouﬁed, into two
helves, for estimating reliabiliﬁy of speeded tests or of
those tests where effect of speed is present to a considerable

extent.

The metﬁo@_of Rational Equivalence:

o e " g B o S $oo T o B -

In this method estimaté of reliability is the correlation
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between the test with its hypothetical equivalent. "It
assumes that variance of the existing test is identical with
the variance of the hypothetical test, and that the sum of the
item covariances within the existing test is proportional

to the sum of the between test iteﬁ - covériances“.

(Dubois: 60, p.394). XKuder - Richardson formula XK.R. - 20

will be utilised for the purpose.

One form of Kuder - Richardson formuza - 20 which
uses - n, the number of items,iV,; the sum of the itemg
variances, and Vx’ the total variance - is as follows:

L]

n ) ZVi
Vet = (1 - )

(Dubois: 60, p.397).

"Tts use is not restricted‘to tests composed of
dichotomous items; rather, the scoring system applied to
the items may have any range as long as the total score is
the simple sum of the item scores™ (Dubois: 60, p.397).

If applied to heterogeneous test, developed to predict
external criterion, the resultant coefficient got using
KR = 20 would be an underestimatioﬁ‘of the true reliability

-

(Dubois: 60, p. 396).
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9.6'Reliability of the Present Test Battery:

4s seen from the correlation matrix presented in the
previous section, if highest correlation coefficients (either
from a column or row) are to be regarded as communality
estimates, they are sufficiently high. The lowest is .41
for score I and highest is .85 for score A. Communalities
can be taken as lower-bound estimates of reliability of tests.
This indicates that actual reliability of C.C. I, (made of

eight scores) would be sufficiently high.

Various methods of finding relisbility has been
briefly given above. Three types of reliability have been

estimated for the C.C.I. They &ere:-

1. Split-halfiversion of Alternate forms.
2. Kuder Richardson - Reliability.

3. Inter-Scorer Reliability.

Split - half - cum - Alternate Forms Reliability:

A gplit half version of alternate forms technique
has been suggested by fnastasi (4). For this division
of the test into two halves should be on the basis,of
time rather than in terms of items. That is, the half-

scores must be based on seperctely timed parts of the test.

\
\
A
3

N

N



"If it is not feasible to administer the two half-tests
separately, an alternative procedure is to divide the

test to find a score each of the four gquarters . . .« . . .
dcores from the "first and the fourth Quarteis can then be
combined %o represent .one half-score, while those in the
second and third guarters can be combined to yield the other
half score. Such a combination of quarters tends to balance
out the cumulative effects of practice fatigue and other
factors. This method is especially satisfactory when

the items are not steeply graded in difficulty level . . "

In the case of CRM, items have been seperately
timed. Hgnce reliability has been calculated using the

technigue just described.

gggggggggz On the whole CRM I -~ IV contains 12 items.
Each item has been seperately timed. Divided into two it
yields halves of 6 items each. Tach half gets 2 items each
from CRM I and CRM II and 1 item each from CRM III and

CRM IV. Table 18 gives how the division has been effected.

Ag scoring has been doneitemwise it is easy to total
up for the items in the first and secbnd halves seperately
and get the scores in a manner similar to the scores from
the whole test. Thus scores 4, C, D from CRM I, G, H from
CRM II, I from CRM III, and J and K from CRM IV have been
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TABLE 18
Division of CRM into
two halves
Test Items* T or II half

CRM T H5 I
Eé I1
D5 11
E1 1
CRM IT 04 I
AS II
03 II
A5 I
CRM III 1 I
2 II
CEM IV 1 I1
2 I

* Order of the items is according to their positions in the test.
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seperately got for each of the halves. Method followed to
get a composite from each of the halves is same as the
method ﬁollowed to get C.C.I. from the whole test. That

is each score has been converted in to standard scores wité
a distribution of mean of 50 and S.D. of 10. Table 19 gives

' the means and s.ds for raw scores of the eight componentsof

¢.C.I. as got for each of halves the test battery. °

The standard score sums or the C.C.Is got from
each of the halves have been correlated using the raw score

version of the difference formula. (Garret: 90).

Necessary data for the two halves as required for

-

computatioh of r have been given below:

Fiistrﬁalf ‘ Second Half

Mean M, = 400.46 Mean M, = 399.28
Standard | _ " Standard §_
Deviation § ~ 36.96 Deviation |~ 46.39
- (67) (o
£X2 = 37199165 EX3 = 37162644
a2 = £(z, - z,)% = 212030
r = 07580

Using the Spearman - Brown Prophecy formula reliability

of the whole test has been calculated.
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TABLE 19

Means and standard deviations of the 8
creativity measures (N = 230)
of the CCI as given by
two halves of the
test battery

FIRST HALF BCOND HALF
Test
scores
Means S.Ds Means S.Ds
A 10.1304 3.4028 8.8304 3.6363
C 1.6522 1.4085 1.9213 1.6994
D 11.7391 6.%621 10.9130 7.0268
G 2.1826 1.6097 1.4826 1.3483
H 5.6174 3.7121 7.0261 4.1263
I 2.7261 1.3430 3,4787% 1.2209
J 1.9304 1.6763 1.4609 1 422731
X 1.2913 9795 1.1000 .9034
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r , = -8
3 +
X 1 Tog !
= ,862
=,86.

Thus reliability of the present test battery is high
enough to conclude that comvosgite creativity index, derived
from it is stabls a2nd consgistent. Both aspscts of
efficiency of a test are anproximately given by alternate

forms reliability (Guilford: 112).

Bt A0 e e . o P il < R 4 ey ek A ol e et A ) R TR it Bt

of a test Ty igs the square root of the reliability of

the whole test.

iy - = T
Thus Ty J T
= J .862
= .928
= .93 which is the correletion of the

test bettery with a similar
test of infinite length.

ol

Standard Brror of Measurement: A standard error of

measursment for the obbtained gcora can be gilven

s s 4t i | e ara

ﬂ heserd — - -
Sﬂmas O gc %511 Trxt

We know SX = 45.82 and Toxt = .86, ‘

Hence SEmeas: Gy = 17.15 .,
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Ag is true, true scores are hypothetical but ideal

Lo

meagures. Standard srror gives us possible limits of

discrepancy betwesn obtained score and true score.

Limitétions‘of this method when applied t0 a test -~ score
which is a compogite of heterogeneous weasuvres have been given
earlier. Ag variance of individual measures and total
(i.e. of C.C.I.) are known, it will be additional information,
though an underestimatiocn, if we calculate reliabilify using

formula KR - 20.

By this method the reliability,

n i;vi
Tt T opo1 (T
x
where n = number of items )
Vi = variance of individual items
V% = vyariance of the total.

Regarding individuél scores ag derived from individual
items, we have 8 items. FHowever regardig s.d éf each of the
individuval standard scoresg viz., A, C, D, G, H, I, Jand kK
~as 10 and s.4 of their total as 46 (See page 208 for
O™ = 45.82) will be convenient as the computation begomes

simple without the loss of accuracy.



Hence we have

: TV,
n 1
T = === (1 = )
XX Tl Vi
: 2
= _8 80" "
g1 (1 - 5 )
X
= 8 8 X102
'F]" (1 - 2 )
46
- 8 800
7 (1 - =5 )
= 8 1316 _
7z X zhg = -7

Considering the limitation 1laid upon the method of rational
equivalence, the relisbility coefficient of .71>is high
enough and real value must be higher than .71. This
suggests that the test battery under consideration has least

discrepency with its hypothetical counterparf.

Inter Scorer Reliability: Inter scorer sgreement is

necessary for any scoring procedure to be objective.
Tluency, originality and elaboration scores (viz., 4, C,

D, G and H) of CRM I and II secured to involve subjective
decision of the scorer to a limited extent. Unless this is
within tolerable limits or in other words, there is high
egreement between two scores, composite index based on such

scoring procedure cannot be regarded as reliable.
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Procedure: 50 test bookletsof CRM I and II were selected

randomlyout of the 230 availabie ones. Scorer X was
investigator himself. Scorer Y was a person doing his
‘post~graduation in Engineering and had thorough knowledge
of nature of the investigator's work. Besides he was given
adequate knowledge of the scoring procedures by the

investigator.

Table 20 gives the means and S.Ds of 5 scores
(A, ¢, B, G, H) the group of 50 Ss as given by two scores
X and Y., TRach sc&re has been trangformed into standard
scores of meen 50 and s.d. = 10 and a composite of the
scores (by adding the standard scoreé) has been ébtaiqed.
Thus the two sets of scores fo be correlated are the

composite as obtained for each of the two scores X and Y.

Product - Moment r has been computed using scatter -
diagram method. Appendix F presents the scatter of Ss

and relevent computational steps.

A coefficient of correlation -87 indicates very high
agreement between two scores. As the scores I, J and K are
objective, the agreement between X and ¥ is complete and

r would be equal to 1.00. Hence if r is to be calculated
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TABLE 20

JMeans and standard deviations of 5
creativity measures (N = 50)
of CRM I and IT as given
by two scorers X

and Y
Scoring by Y Scoring by X
Test

scores T T
Means S.D. Means S.D.
A 18.42 TT75 1770 6.69
c 1.96 1.79 3630 2.30
D 14.02 , 8.75 18.84 9,473
G 2.36 1.07 3 .34 ~ 2.03
H 8.16 5.19 10.76 5.07
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on thé basis of composite of all 8 scores, the correlation
coefficient @ould be definitely higher than :87, thef
correlation between the composites based only on 5 scores.
Hence it can be concluded that the scoring is highly

‘objective.

Congidering all the three indices of reliability
viz., sPlit-half cum—alternaﬁe\forms, rational - equivalence
and inter-scorer agreement, it is concluded that the
composite creativity index is'a highly dépendable measure.
In other words, the measure is stable, trugtworthy and

objective.



