
CHAPTYD VALIDITY AKD DfllABIlITT

*

Having evolved a composite index ox creativity (the 

3CI; consist ins of eight creativity messaxes, uhich were 
3electec on the Basis of their significant relationship 
(as described in Chapter 8) vith criterion, measures^ next 

3ten in the efforts of the investigator would be to give 
correct estimates of validity and relLability ox the said 
index. This has been described in this chapter, b brxei 

reviev. of the established statistical methods, conventions 
and procedures in estimating validity and reliability 

of the test battery (or the CGI) hac been done before 

Dissenting the data and results.
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9*1 Test Validity-'

A psychological test is valid to the degree to which it 
measures a trait or an aspect of human behaviour and reliable 
to the extent it gives consistent results. The consistency may 
be in terms of time to time or alternate measurements.

Validity is the proportion that is common factor variance
of the total variance of a measure.

VcoThus Validity = -----
!'‘ t

In certain respects, the definition given above seems to 
be more specific than telling in a traditional way that a test 
is valid if it measures what it is supposed to 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 establishing validity seem to be from 
three directions, often recognised as 'type of validity1 2' 
the'/ are

1. Content Validity
2. Criterion ~ related Validity
3- Construct and Ikctorial Validity.



In an article titled — 'Do Creativity/ teste really 
measi.re Creativity?' Yamamoto (29p) v-rote — ' m general', 

three aims of test usage are assessment, prediction and 
explanation.' "hen: three aspects of validity, are respectively 
content validity^ criterion related validity,and construct 

validity. ^

9.? Content Validity: '’Vhe content validity ox a set of 

operabbono refers to the degree to ehtch those operations 
me-avxe the traits which %e wish to measure as judged 
from the characteristics or content of those operations'1.

(vhiselii, 100, ?.341)• Vhe judgement is subjective or 

' p r o f e s s i o n al1 .

Phere are, as Ghiselli puts it, ,!ho judgements 
involved: the extent to which the entire set ox elements 
or items represents all aspects of the trait" (p. 342).

On the whole, it c,rn be said that content validity 
is mainly a matter dependent upon the aspects of the test 
n:ke:c, his knowledge about the traits he wants to identify 
the amount of literature and tests available to lain at the 

irce of malting the test and the skill with which he 

synthesises these in his tests.

Inch' has been said about the nature of the items and
/

the nature of the hypothesised factor scores earlier while 
giving; a rationale and developing scoring hypotheses, hence 
there is little doubt about the content validity of the items
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as well as the entire set of traits that they are supposed to 
measure. That each of the hypothesised factor scores contri
bute to the criterion measure is another point worth considering.

Another point needs to he 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 in 
general. And then he used to present his tests to them and ask 
whether the tests measure something different from school-tests, 
whether the tests really call for creative operations etc.
Answers always used to he similar and overwhelmingly positive.

Anastasi's (4) opinion is more or less similar to that of 
Ghiselli (100). Content validity has also been called as 
definitional, logical or sampling validity by Yamamoto (293).

9.3 Criterion^ lated_-_Ynlidity:

Criterion related validity always refers to the communality 
between the test and some external criterion measures, such as 
supervisory ratings, 30b requirements, measures in a future 
performance. Under item-validity it has been stated that, a test 
which contains items having significant correlation with 
criterion measures, on the whole will be valid. While construct
ing if care is taken to see that items are valid with respect to 
a criterion, the whole test constituted by such items will be
valid.
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ifunn&lly (1967 pp. 245-47) summarises Criterion - 

oriented approach to test construction in blie following 

steps -

" 1 nw ompose a large group oi items.
2. Uninister them to a large sample of 

individuals in the situation vliero the 
test vill be used.

3. Correlate each item with fche criterion.
fashion a test out of those_items_that 
correlate most highly with the criterion.

‘"hen items have lov correlations with one another and 
each correlates positive^ vith the criterion, each item 

adds information to that provided by the other items; and 
when scores are sunned over items, a relatively high 
correlation with the criterion will be found ... 11 

further he has recognised the advantage of developing 
hypothesis about the whole test'-that might be predictive 

of a criterion.

Criterion - deleted Validity "is demonstrated by

comucring the test scores with one or more external
variables considered to provide a direct measure of the

, -]characteristic of behaviour in guestion" (293;

isveuologre&l --.ssociarion ana j:;i,ioQwi Measurement in education 'Standards for "c 
and Psychological Vests and Manuals’. ■'££ 
Amer. ?sy. Assoc., 1966, p. 13* -*s cited
Yamamoto, (293)-



Dealing under 'Predictive Validity' 'liiseili ( 100,

p. 333; vrites that it describes the accuracy v ith which 

r,e can estimate from the extent to rhich an individual 

manifests or possesses one propertv no?' ine extent to wn-.-ch 

some other property 1 be manifested or possessed by him 

in the future, is now man: rested or possessed by him, or 

-..pp manifested of lossessod by him in the past. --lx these 

three ivnes of nxedictive situations involve uhe rex^ t-i-Oiiotiip 

between or edict or and criterion scores. They differ only-

in terms of the time of occurrence of the criterion scores... •'
/

Cthiselli (100) terns the second type as concurrent 

validity for example, proficiency in repairing auoo.aobiles 

at a tine ■would be predicted^? paper-pencil test of 

knowledge of automotive mechanics and repair. Ouch a 

test will be known t- have concurrent validity.

i

Validity of the 1resent lest

(i) validity of the Composite Cxa~tivity Lncle:: as 

decided by the ‘Teacher listings <-3 criterion.

Using the formula 1.50 given in Ouilforcl fill) for 

the correlation of sums with a criterion, validity coex-icienb 

of the standard scores, sum of the hypothesised factor 

scores or composite creativity index has been caiculateo



elevent intercorreletion matrix hes been lUilen

’^ence ne have

-ol rsi<n
W +22 rjj<n Oj

”iher e p teacher ratings 

liny variable from 1 . 

brother variable from

*yiff3 represents covariance of all
possible pairs of components from n bo it

Substitutinr relevant values from correlation matrix 

(fable 11) v,e get

'Pi 332

p< 01 for 11=230• •. e can.332 is Bignxr ic-ant st 
qo-t that the composite index is highly valid.

(Pote that as previously stated, --"eons and b.os of all ohe 

eight individual measures are around 50 and 10 respectively, 

'these have not been reported to avoid contusion, vhis is 

true for all the computation that succeeds wherever 

individual S.d’s have been employed. %d combined B.D's 

as reouired in the formula lias been 

wherever necessary).

completed and used



(ii) Validity of the composite creativity index as 

decided by circles test as criterion:

do calculate validity coefficient against Torrance's 

circles test as a criterion, same formula (rex. above) 

has been used, ''list correlation between composite 

creativity index: and each of the Torrance's circle’s test 

scores has been calculated, finally using these correlation 

coefficients .and the relevant inter correlations among 

Torrance’s circles factor scores, correlation Debmeen 

composite creativity index with a composite ox romance £ 

circle test scores has been calculated.

'Ll .146

/her e

1 = ”183 rlfl ~

variables from A to A

.093 r0I = •1S0

finally

r .178

and 0.

Ic

where C = 1.

.178 is significant at p .0) I0r

As a master of interest, correlation between composite 

of circles test scores with Teacher 'Ratings has been 

calculated using the same formula (ref. above).

r = .165
pc

.165 is significant at p' < .05 for E>=2j50 and nor

. As me already linow correl&rionat p < .01
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IS

CCT with Teacher's matings es .332, we can say that it 

better than the index given bp- Circles Test. Mid
aiCCT has roieh correlation (.178) with T'Tr as CCT has v;it.i 

Teacher Tatings (.165).

however one difference between the TCT measure and 
G7l should be made clear, the C.C.i. is a composite of 
eight measures derived from four tests. TCT - index is 
composite of four measures derived from single test. In 
Torrance’s non-verbal form there are three difierent xes^s 
one of which is circles. Hence this is suggestive of bne 
possibility that all three test measures (of TT Cl) combined 

together would give a cor/eleiionship with Teachers listings 
say, relatively equal to that of Cli index with Teacher 

datings (.352).

(iii) Validity of Composite Creativity Index with a 

combination of TCf measures and Teacher matings:

It is informative to find out the correlation between 

composite creativity index with ,a'composite of TCI 
measures and Teacher 'Votings. Bare formula (ref. above} 

has been used.

i(c4p) 252

where C = is a combination of 4 measures 1, h, 

I = Teacher datings.
1 £ Combination of eight measures or O.C

and u.
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/
\ iv) Validation by 'To m in a fc i oii i1 e c hn i c ue:

H this st 

ana Ye aches hat 
been taken into

age, along with Yorrance's dircle Vest 

ings, Activities iiie’cklist scores have 

account. Scoring activities checklist lias

been described earlier, 'boe the 930 Ss under study, two 

groups - high creotives and low creatives - have been 

identified in the following v?ay:

(a) lor an 3 to be included in the higli-creativity 

group, he or she should stand among the first 60 from 

the ton in atleast two of the three criteria.

(b) Tor an 3 to be included in the low creative 

group he should stand among' the first 60 chosen from 

below in atleast two of the three criteria.

i biserial correlation coefficient as given bjr 

hefcers formula (Duilford: 113, p. 408-9) hap been 

calculated. Che formula requires the statistics given in 

fable 1? about the 001, for fhe low, middle and high groups.
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Strength of the criterion groups and 
relevant statistics required 

by Peters formula

Ho. of Ss 
in the group (n)

~ u p = I Y
Ordinate

Mean(1)

Low 62 .270 .3306 374.68)

Middle 117 (Hot necessary) 402.51 /' 45.817
i

High 51 .220 .2961 426.22 ) '

As the statistic r^ using the said formula 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, A - V Vir,  -- *»—-— -- i*-*—* (pa +
where subscripts h and 1 stand for high and low groups.

4Substituting the values as required we get,

rb - *438



/, formula for stand rrd error of toe above statistic 
/

has also been-provided (112)

re
/ Si I>h

(ppp + PliTl)/ F “ I p. P-.h * 1

,074.

'true correlation 

+ 2.58 x .074 of 

p < .01 level for

(fearson r) which would fall within 

,43>S still exceeded the iirairs at 

Pearson rend hence is highly signif c ant.

’’he evidences provided hitherto impels one fco 

accept that the composite creativity index of Cut i - SJ 

is highly valid.

5 * 3 :

lamamofco (293) quoting 

criterion related validity,

the Joint Committee .0/)' re 

’unless it is established

erd.ed

in the context of same theory as yielding ’no information

about vihv correlation is high or low or about how one

might improve the measures’. 

Validity as ’the touch stone

benee he regarded construct 

of scientific success'.

following Cronbach and : 

set forth the following step

;eehl (i-B), ’lama.no to (293) 

in establishing construct
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' (i' Sett in;, forth the proposition that a particular test 

measures creativity, ' 2'- inserting this proposition to some 
theoretical formulations about creativity (3) deriving 

hypotheses concerning the behaviour character ratios 
correlated with test scores and also those* which should 

show no relation to test scores if the test truly measures 
creativity. 'i) collecting data to confirm or reject 

hypotheses'.

if the hypothesised relationships stand, it odds 
to the validity of constructs and measure. Otherwise, 
a failure may indicate one of these (1 ; inadequacy of 
tie measure (2) inadequacy of the construct (3) inadequacy 

of the design.

Ihiselli (100, p. 350' writes -

though largely based upon objactive^and 
quantitative dot", construct validity 
is determined and evaluated by a. subjective 
process of judgement; and the degree 
of validity cannot be expressed by any 
single quantitative index such as a 
validity coefficient but must be given 
in verbal terms.

Oullford has done much in establishing construct 
validity of creativity tests. Tt has often been pointed



out in tlm course of this thesis thS'o consvruc gs used 
Tiero hove "been directly derived fiora tne work of yearo 

of research by Guilford Group and there is much i>o cecd. 

indebtcd &s it is so in the ‘case of other researchers in 

the fa eld too, to its proponent leader Guilford, for 

providing a systematic theoretical foundation.

10r. Guilford writes' "117, p.262)

huch has been said about,the vomoorae criterion 
problem, for eza.rn.ple, i might say, 
incidentally, that our vvsy oi using factor 
analysis has one great advantage in xiii.®. 
ve do not have to worry about the criterion 
problem, factor analysis provides its own 
criteria. You may not agree with me on 
this but I am quite ready to defend the 
idea that the best kind of construct 
validity is found through factor 
analytic approach . , . .

Oattell (1969) once conpardd the tool of factor 

analysis in psychological research to 'microscope 

in biological research.

Commenting on the philosophical aspect of factor 

constructs Baggley (12) writes:

ill these constructs represent man—made tempts
natural, phenomena 
scientists. Their

to bring order into the
observed bjT' hehaviouraD

tification is ultimately pragmatic, 0.0
they or do they not aid in the development 
of scientific laps? 1 actors that represent 

~ :ect,g of training experience may oe
just as useful as factors representing 

endocrinological or centralgenetic, 
nervous srrstea effects.
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■hat types of variables ere to be subjected to factor 

analysis? /-nastssi opines that

the set of •variables analysed can, of course,, 
include test end non-test data, lacings 
end other criterion measures can thus be 
utilised, along with other tests, to 
explore the factorial validity of a 
particular test and to define the comuon 
traits it Measures (p.14B).

Factor analysis as applied to psychological data, 
is an act that issome nhat dependent on the 
skill and intention of the investigator. It 
is not a series of precise!;/ defined 
procedures yielding a rigorously objective 
result.

In line with the opinions expressed by the uriters 

(Yonamo to, Duilford, -'-nastssi and others] quoted above 

a .factor analysis of the intercorrelation matrix given 

in the previous chapter has been undertaken. Yventhough 

validity of the composite creativity index has been established 

to a reasonable extent, it is felt that all variables 

considered previous to selection and rejection of scores 

on the basis of speculation, should be retained for factor 

analysis. Hence the matrix reported in Chapter 3 has been 

taken as it is with, however, correlation coefficients 

rounded up to two decimal pieces only. M the purpose of 

factorising is more interpretative than predictive, it is 

felt that taking coefficients upto two places is sufficient.
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Of the various methods of factor snolj'-sis, Centroid 

method ffhuxstone, 1947* has been selected for the purpose. 

'1’he investigator has tried to depend upon op ini on. of experi

enced researchers in the field (Guilford, 112 p. 478} 

suggesting that centroid method mould Toe suitable to the 

present invest! potion. Further, following considerations 

influenced selection of said method of factor analysis;

1. Previous bo this, factors of creative ability 

have been identified hy centroid method vntth 

sufficient number of replications; and 

constructs used in this study and the scoring; 

methods, thus, already have considerable 

psychological standing.

2 For the first time large number of scores hypothesised 

for difrecent factors of creativity have been derived

using multiple scoring method and are being 

analysed. The purpose ox factor analysis, . 

more interpretative flat hematic ally more rig 
more pragmatic and suitable methods can be 

.as- later research. Centroid method serves 

purpose of interpretation.

; factor 

here is 

;orous and 

employed 

the

rationale underlying factor analysis has been given 
in detail in the books devoted to the subject (Tharstone: lab. 

Guilford; 112: fruchter: 8; Parnon: 127).



The investigator has simply depended upon the opinion 
of experienced researchers, he has quoted already, in taking 
decision about the method. Rather his knowledge of 
mathematical basis of statistical tools he has used is 
scanty and insufficient.

Ractor analysis of the sixteen variable 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. Method 
of computation has been exactly same as described by 
Rruchter (shown in Appendix B). In all eight factors (see 
Table 13) have been extracted. The following paragraph 
explains why the analysis was continued for eight factors.

Criteria for sufficient number of factors:

Humber of factors extracted has been decided by three
r

criteria: Tacker's 0, Humplerey's Rule and Coomb's criterion.



Sample (IT = 230) on which the factor analysis data are based, 

though not too large, is sufficient (1=200; see Guilford:112)- 

Majority ox the coefficients are positive. Remaining are low 

negative values. Hence the conditions for applying the latter 

two criteria are fulfilled, fable 14 summarises the statistics 

computed to decide whether all of the' common factor - variance 

has been extracted from the correlation matrix, -fucker’s phi 

reaches a level just near and below the level required by the 

criterion for the eighth factor. Product of the two highest 

loadings, as required by Humplerey's Rule, falls below twice 

the standard error for the fourth factor. More decisive is 

Coomb's criterion which shows that the number of negatives 

after reflection for the eighth factor fails within the value 

C (as obtained from Erudite r 87, p. 83) as required by Coombs 

(45). l'hus two of the three criteria suggest that at the eighth 

factor necessary common factor variance has been extracted. 

Residuals in the eighth residual correlation matrix (see Appendix 

l) range between .000 and .045* Eighth factor loadings for all 

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

factors and elimination while rotatig is our established practice 

(Eruditer). Kras all the eight factors have been retained for

rotation
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Pactor Matrix

------- ----- ~ — --------------- —----- * -— — -—- — --------- - — —--------- ----- ----- ■ — —---- —— —--- - *----— ---- ------- ——•

lest 
Score 
(Vari
able )

I II I J..L IV V VI VII VIII h2 1 -hd

A f r*jOO 40 -08 -30 . 31 -07 -07 r\C'—XJk.s 91 09

B 65 41 03 -24 36 -14 -21 -10 37 13

53 34 07 25 11 -24 05 15 56 44

D
^ J 39 24 33 09 22 15 08 71 ' 29

M 55 -21 -25 -33 03 14 -08 93 07

Jp 65 55 -22 -25 -29 " 07 13 -01 94 06

G 55 31 -07 13 -15 -27 -04 16 54 46

H 56 3o 18 30 -06 33 -13 -17 72 28

I 38 -33 21 —2e 13 11 29 -12 A O “* .v 51

J 37 -43 56 -33 -24 06 -05 15 34 16

i: 27 -43 35 -29 -29 -03 -20 10 78 22

T. 50 -58 -48 03 19 05

ir%O
f -08 87 13

11 53 • -62 -47 -02 17 12 03 12 - 95 05

7 r7 q -35 -34 39 —Ob -12 02 51 49

0 43 -50 -38 2o 15 18 13 -05 80 20

rr, 33 -18 30 21 -05 -14 19 -19 " ^<7 ^ r 63

a^ 4
.23 3-11 1 .67 1 .09 .72 .42 .34 .21 11.79 4.21

5^ Var 2 b .44 19.44 10.44 6.31 4.50 2.62 2.13 1 .31 73.69 26.31

Vote t Decimal points omitted
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Criteria for sufficient number of factors

factor Hacker's
Phi

Humphrey’s
Hale

Coombs’ Criterion

I .746 .4488 32

II .534 .3596 32

1 III .709 .3080 70

IV .636 .1287 53

V .594 .1188 56

VI .816 .0891 76

VII .676 .0609 55

VIII • C
O

V
jJ C
Ti .0323 88

Criterion
Value .882 .132 92+8



: lector matrix with original loadings
and recalculated corrmranalities and percentage variance 
explained by each factor has been given on Table 13.

Checks: Correlation coefficients 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 
loadings and residuals. This checks to the accuracy of 
computations (Table 15). Excepting the fact that addition 
and multiplication machines have been employed, computation 
has been done by hand by author himself.

-2i2ii2£L2~ Axes: 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, 'first few rotations have been done to 
meet the requirements of simple structure and positive mani
fold. Afterwards rotations have been aimed to achieve 
maximum possible separation and psychological meaningfulness. 
Rotational Graphs have been presented in the Appendix B. The 
final rotated factor matrix has been presented in Table 16.
The table also contains eommunaiity obtained before and after 
rotation and percentage variance explained by each factor.
As suggested by Eruchter, 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 rotation. Table 17 presents this 
comparison.
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Check Values

Siam of 
Vari- cross 
ables products

Besidual Total sign 
Correlation changes for 
after the the two

last factor tests

Sum of
Cross products 
-•-residual with 
adjusted sign

Correlation 
from original 
Correlation 

Matrix

A,B .8594 -.005 Bven .8544 .85

B,C .4825 -.002 Odd .4845 .48

C,D .5000 .013 Bven .5130 .52

D,E .4251 .006 Odd .4191 .42

B,F .9325 -.010 Bven .9245 .92

.5287 -.004 Odd .5327 ■ .54

G,H .3439 -.004 Odd .3479 .35

H,I -.0046 -.025 Bven -.0290 -.03

I,J .4007 -.007 Odd .4077 .41

J,K .7893 .010 Bven .7993 . .79

K,1 .0745 -.025 Odd .0995 .10

L,M .8755 -.001 Odd .8745 .87

M,H .5180 -.011 Bven .5070 .50

1,0 .5357 -.014 Odd .5497 .55

0,P -.1379 -.007 Bven .1309 .13

P.A , .0454 -.025 Bven .0204 .02



■mBLE' 1 s
/

Eotaied Factor J'Jatrix

scores(Vari
ables)

I II III IV V VI VII VIII h2. 1-1? original
load
ings)

A 87 -16 -12 21 18 16 09 -05 91 - 09 . 91

B 85 -02 -21 27 1 3 - 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 73 27 71

58 -10 -05 12 11 28 69 -12 94 06 93

P 60 -11 -04 15 09 28 69 -06 96 04 94

Gr 35 02 -09 53 -05 14 34 12 -56 44 54

H 33 19 -06 25 04 ' 70 09 -1 8 74 26 72

I 24 31 18 06 52 -21 -04 03 51 49 49

J 19 84 00 -12 • 19 -1 2 06 21 85 15 84

K 11 83 -07 -09 08 -20 03 12 78 22 78

L 33 10 84 17 02 -15 -11. -03 39 11 87

M 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 36 07 -04 -09 38 62 37

2aT- 20
.93 1 .74 2.50 1 .43 .62 1.35 1 .16 .24 11.97 4.03

fa Var 1 8 .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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Check Tallies "based on rotated factors

Test
scores
(Tari-
ables)

Besidual
Stun of correlation Total 
cross after the sign

products last factor changes

Sum of the 
cross products 
+residual with 
adjusted sign

Correlation 
from original 

Matrix

A,B .8644 -.005 Sven .86 .85

B,C .5015 -.002 Odd .50 .48

C,D .5250 .013 Sven .53 .52

D,S .4519 .006 Odd .43 .42

S,P .9506 -.010 Sven .94 .92

P,G .5491 -.004 Odd .55 .54

G,H .3622 -.004 Odd .37 .35

H,I .0071 -.025 Sven -.02 -.03

I,J .4279 -.007 Odd .43 .41

J,K .7951 .010 Sven .80 .79

K, L .0699 -.025 Odd .10 .10

L,M .8794 -.001 Odd •88 .87

M,I .5246 -.011 Sven .51 .50

»,0 .5447 -.014 Odd .56 .55

0,P .1527 -.007 Sven .14 .13

P,A .0663

C
M

O.1 Sven .04 .02
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Slight differences have been tolerated.

Interpretation of factors:

In the following paragraphs, the rotated factors 
will be treated in turn. The hypothesised factor - scores 
having significant loadings are listed under each factor.
A loading of .30 or more has been taken as significant in 
practice. If there are also significant loadings on factors 
other than 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 loadings 
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

Hfest Scores
CRM I A 
CRM I B 
CRM I C 
CRM II E 
CRM II E 
CRM II &
CRM II H 
TOT I

Loadings
.87'
.85 ..34 (.57 IV)
.58 (.69 VII).
.60 (.69 VII) ‘.35 (.53 IV; .34 VII) 
.33 (.70 VI)
.33 0.84 III)



It is obvious from the high loadings of scores A, B,'B 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 originality score too. In one of 
the studies (quoted earlier) such a relationship between 
originality and fluency scores derived from the same responses 
has been anticipated and has been attributed to ’method' 
variance. The present case is no exception to it. Further 
that TOT fluency score (1) has significant loading on this 
factor strengthens our naming of this factor as "fluency”, low 
(but significant) loading of fluency score 1 on this factor 
seems reasonable when we consider the restriction on 'S' in 
responding to 'circles'. He has. to draw. Nature of score 
derived from CHI II 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.

As viewed from the fact, that scores derived from 
symbolic tests (I, J and K) and scores derived from circles 
Test (M, N and 0) have loadings which are not significant, 
the factor can be further termed to be 'ideational*.
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Even ’H', a 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 'fluency' score.

It is meaningful to note that fluency score refers to all 

suitable responses and includes those used either for 

originality or elaboration.

Pactor II

Test Scores loadings

CUM III - I 
CRM 17 - J
CRM 17 - K
Teacher's 
Ratings - P

.31 (.52 V)

.84

.83

.33 (.35 I? .36 7)

Score J does not seem to differ from E even though 

they were derived from different methods, of course, 

from the same set of responses. There is a great deal of 

difference between the method of derivation of J and E 

and the method of derivation of A and C. In the 

latter case C (originality score) forms part of 

1 (fluency score) and has simply a reduced range. J and 

E differ from each other in the sense.that J refers to



number of different sets of relations (or arithmetic rules). 

Each provides different information about the same factor by 

virtue of the method by which they are derived. Besides 
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
B which was rejected contributed to the criterion. Further

\

A and B both referred to number of verbal responses.
Hence preference for A which hah significant correlation 

with P and 1 is justified. Thus J and K might be two 
different scores standing for the same factor, 'possibly* 

symbolic elaboration1.

. Identification of factor II as symbolic elaboration 
has been done .with some skepticism owing to the lack of 

other marker tests. It is definitely symbolic and refers to 
other than 'fluency for symbolic relations (I)' which 

can be identified with factor Y. Further J and K both 
involve manipulation of numbers and relations resulting 
in 'implications'. This operation characterises Guilford's 

symbolic relations tests. This point has been made clear 

while framing the hypothesis. That teachers do generally 
regard a boy intellectually high if he achieves better in 
mathematics' tells us why significantly loaded these



symbolic test scores ere with teacher ratings (P).

Factor III

Circles 1 
Circles M 
Circles 1 
Circles 0

.84 (.33 I)

.88

.54 (.46 IV) 

.76

On the basis of the loadings on factor III nothing 
can be speculated. The reason is that all the four 
scores derived from cricles stand high on that factor. 
Scores 1 and N do contribute to ideational fluency 
(factr I) and originality (factor IV) as hypothesised.

A

In the absence of tests from figural content category, 
very little can be-guessed on the nature of this factor. 
The eorrelationship that circles test has with P in 
explained by originality factor (IV) having significant 
loadings on P and X'T.

Factor

CRM I - C 
CRM I - D 

CRM II - G
N

Circles - H 
Teacher Ratings P

.57 (.34 I)

.34 (.65 VI)

.53 (.34 VII)

.46 (.54 HD 

.35 (.33 II .36 V).



This factor is definitely 'originality1 factor. Three 
scores C, 8 and N which have been 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 71 which should be 
regarded as elaboration factor. As elaboration too consists 
of supplementary ideas, a loading of .34 on originality is 
reasonable. Hence factor 17 is definitely originality factor.

Factor 7

CRM III - I .52 (.31 II)

Teacher Ratings (P) .36 (.33 II, .35 17)

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 ai: 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 need for new and better DSR 
tests. Guilford (123) stressed the need for appropriate 
letter tests of DSR. In CRM II the suggestions have been



met with. Instead of numbers individuals are given letters. 

Obviously numerical facility variance has,been reduced by 
introducing letters. Secondly CRM 17 which has been 
recognised os f. symbolic implications might require memory 
for symbolic implications (MSI). In harmony with three 

analyses which brought CRM III type test as a DSR 
representative, it is speculated that CRM III - I is a DSR 
score. In the absence of marker tests it is difficult to 
account how much_numerical facility variance is carried by 
CRM 17 test scores (Factor II).

Factor 71

CRM I - D .65 (.34 17)

CRM II - H *.70 (.33 I )

Factor 71 is definitely elaboration factor. Here two 

scores from two different tests of similar nature 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 regarded as within 
resonable limits.
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Factor VII

CBM II - F
CRM II - E

CBM II - G

,69 (.58 I)
.69 (.60 I)
.34 (.35 I .53 IV)

This factor is difficult to interpret. Even after 
conceding the failure of flexibility scores B and F, 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. Factor Till consists of 
loadings mostly between*.20 and -.20,

In the interpretation of factors just done, there was 
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 enquire 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



has been accounted by factor I (ideational fluency) and 

factor I? (originality).

In summary, we.shall look to the construct validity 
of the individual scores of the Composite creativity 
index. A concurs with L and 3 to suggest that it stands 

for ideational fluency. C and & concur with I and P 
to suggest that they stand for originality. D and N 
concur to tell us that they are elaboration scores. I,

J and K, which are undoubtedly DP factors of symbolic 
content category have been significantly accounted by 

teacher ratings. Thus scores chosen as components of 

CCI have sufficient construct validity.

9.4 Factor Validity:

When considered factor analytically each score in 

C.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.

loadings of the scores ‘A, C, D, G-, H, I, J and K. / 

on their respective factors range between .52 and ,87* 
Thus validity of each scoring procedure in relation to 
factor which it is supposed to represent is sufficient 

and high. The test battery can be regarded as having 

factorial validity.



9.5 -Reliability

Test theory is centred around the assumption that a test
score is a combination of true score and random error
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
to show total variance (¥ ) as the sum of the .true variance
(V ) and the error variance (V ). 
a e

x.e. V ¥a V

Or dividing by Y we get,

Va ¥
V

e
'x ^z

in terms of proportions of variances.

1 .

Test_Reliability; Considering that the two tests are 
equal in that time parts of each test measure exactly the same 
function and are perfectly correlated and contain a certain 
proportion of random error, it is possible to show that the 
reliability of self correlation of the test (Dubois: 60).

rxx' NS.
xx'T

¥a Y
1

x x' V_ ¥x
where x and x* stand for deviation and 3 and S , for standard

UX. X.
deviations. Therefore, the reliability of a test, r. 
VaY ihe proportion of the total variance, or 1

xx1
Ye“Y '

xs

that
x x

is one less the proportion of error variance (Dubois: 60)



Reliability can be estimated by four different methods:

1. Test-Retest Method.
2. 'Split-Half* Method.
3. -Alternate Forms.

4. Rational Equivalence.

Test M§£&2&: la ‘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 or sometimes by odd-even grouping of items. The 
scores of the two halves correlated, the product moment 
raa* estimated reliability of one half of the test.
Theoretically assuming the split halves are exactly equal it 

can be proved that



Thus reliability of a variable when doubled in length 
may be estimated by the reliability of the half (raa,). 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).

-Alternate forms:

In this method two alternative forms considered to be 
equivalent are administered to the same group and the results 
are correlated- 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 forps 
is 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, Inastasi (4) suggests a split-half method 
based on seperately timed parts or items grouped, into two 
halves, for estimating reliability of speeded tests or of 
those tests where effect of speed is present to a considerable 
extent.

The^.method of Rational Equivalence:.

In this method estimate 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 item - covariances”.

(Dubois: 60, p.394). Kuder - Richardson formula K.R. - 20 

will be utilised for the purpose.

One form of Zuder - Richardson formula - 20 which 

uses - n, the number of items,lY^ the sum of the item$ 

variances, and 7 , the total variance - is as follows:
X 1

Y
xx

i

n

n - 1
( 1 )

(Dubois: 60, p.397).

•'Its 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 underestimation’of the true reliability 

(Dubois: 60, p. 396).



9.6' Reliability of the Present Test Battery:

is 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 .4-1 
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.l. (made of 
eight scores) would be sufficiently high.

Various methods of finding reliability has been 
briefly given above. Three types of reliability have been 
estimated for the O.C.I. They are:-

1. Split-half\version of Alternate forms.
2. Kuder Richardson - Reliability.

' 3. Inter-Scorer Reliability.

Split - half. - cum - Alternate Rorms Reliability:

A. split half version of alternate forms technique 
has beeh suggested by Anastasi (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 seperately timed parts of the test.
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"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 quarters ..................

Scores from the "first and the fourth quarters can then be 

combined to represent one half-score, while those in the 

second and third quarters 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. Hence reliability has been calculated using the
r

technique just described.

Procedure: 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. Each 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.

Is scoring has been doneitenraise it is easy to total 

up for the items In the first and second halves seperately 

and get the scores in a manner similar to the scores from 

the whole test. Thus scores A, G, D from CRM I, G-, H from 

CRM II, I from CBM III, and J and K from CRM IV have been

24



MLS 18
Division of CBM into 

two halves

Test Items* I or II half

OEM I h5 I

P2 II
D5 II
B1 I

CM II C4 I
A8 II
°3 II
A5 I

OEM III 1 I
2 II

OEM IY 1 II
- 2 I

* Order of the items is according to their positions in the test
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separately got for each of the halves. Method followed to 

get a composite from each of the halves is same as the 
method followed to get G.G.I. from the whole test. That

\

is each score has been converted in to standard scores with 

a distribution of mean of 50 and S.B. of 10. Table 19 gives 
the means and s.ds for raw scqres of the eight componentsof 

C.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).

Hecessary data for the two halves as required for 

computation of r have been given below:

First Half Second Half

Mean = 400.46

36.96Standard 5 
Deviation 1

- (<n)ZlJ = 37199165

Mean M2 = 399.28

Standard 
Dev
11

oranaaro. Deviation 1
(01)2 * 37162644

d‘

r

= Z(s1 
= .758,

X2) 212030

Using the Spearman - Brown Prophecy formula reliability

of the whole test has been calculated.



TABU 19
Means and standard deviations of the 8 

creativity measures (3ST = 230) 
of the CGI as given by 

two halves of the 
test battery

lest
FIRST half S3C0ID HALF

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 6.3621 10.9130 7.0268

a 2.1826 1 .6097 1.4826 1.3483
H 5.6174 3.7121 7.0261 4.1263
I 2.7261 1 .3430 3.4783 1 .2209
J 1.9304 1 .6763 1.4609 ,1 .2231
K 1.2913 .9795 1.1000 .9034
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2r , a a f__

1 + rn ,SlSl

= .862
= .86.

Thus reliability of the present test battery is high 
enough to conclude that composite creativity index, derived 
from it is stable and consistent. Both aspects of 
efficiency of a test are a?)proximately given by alternate 
forms reliability (Guilford: 112).

The Index of Beliabilit3r; The index of reliability 
of a test r^ is the square root of the reliability of 
the whole test.

Bms r1(C = 7“™

= /"T862-
= .928
= .93 which is the correlation of the

test battery with a similar 
test of infinite length.

standard error of
measurement for the obtained score can be given

S3 = cr = S /‘“r 7~meas sc x * xx'
We know SL = 45.82 and r , = .86.

X XX

SEmeaE= = 17-15'



As is true, true scores are hypothetical but ideal 
measures. Standard error gives us possible limits of 
discrepancy between obtained score and true score.

ghe_ Method, of Fational -Equivalence:

Limitations of this method when applied to a test - score 
which is a composite of heterogeneous measures have been given 
earlier. As variance of individual measures and total 
(i.e. of 0.0.I.) are known, it will be additional information, 
though an underestimation, if we calculate reliability using 
formula K.R - 20.

By this method the reliability,
n £Yirxx' ^

X

where n = number of items
Y. = variance of individual itemsi
Y - variance of the total.

Regarding individual scores as derived from individual 
items, we have 8 items. However ragardig s.d of each of the 
individual standard scores viz., A, C, D, G-, II, I, J and K 
as 10 and s.d of their total as 46 (See page 208 for 
0“ = 45.82) will be convenient as the computation becomes
simple without the loss of accuracy.



Hence we have

T> —S_ f -|
xx n-1

8
8-1 ( 1

8
7

8

( 1

( 1

X V,
Y.

8 CT

)

)

X

8X1Q2 * 
462 5

800 s 
2116 }

= 8 v. 1316
7 2116 .71

Considering the limitation laid upon the method of rational 

equivalence, the reliability coefficient of .71 is high 

enough and real value must be higher than .71. This 

suggests that the test battery under consideration has least 

discrepancy with its hypothetical counterpart.

Inter.Scorer Reliability Inter scorer agreement is

necessary for any scoring procedure to be objective. 

Fluency, originality and elaboration scores (viz., A, 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 

agreement between two scores, composite index based on such 

scoring procedure cannot be regarded as reliable.



Procedure: 50 test booklets of CRM I and XI were selected

randomlyout of the 230 available ones. Scorer x was 
investigator himself. Scorer T 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, C, 1, G, H) the group of 50- Ss as given by two scores 
X and T. Each score has been transformed into standard 
scores of mean 50 and s.d. =10 and a composite of the 
scores (by adding the standard scores) has been obtained.

Thus the two sets of scores to 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 B presents the scatter of Ss 

and relevant computational steps.

A coefficient of correlation -87 indicates very high 
agreement between two scores. As the scores I, «J and E are 

objective, the agreement between X and Y is complete and 
r would be equal to 1.00. Hence if r is to be calculated



TkBJjE 20

2 a':)

,Means and standard deviations of 5 
creativity measures (I = 50) 

of CM I and II as given 
by two scorers X 

and T

Test
Scoring by Y Scoring by X

scores
Means S.D. Means S.D.

A 18.42 7.75 17.70 6.69

C 1.96 1'.79 3.30 2.30

D 14.02 s 8.75 18.84 9.43

G 2.36 1 .07 3.34 2.03

H 8.16 5.19 10.76 5.07



on the basis of composite of all 8 scores, the correlation
• s

coefficient mould be definitely higher than -97, the 

correlation between the composites based onljr on o scores. 
Hence it can be concluded that the scoring is highly 

objective.

Considering all the three indices of reliability 
viz., split-half cum-alternate forms, rational - equivalence 
and inter-scorer agreement, it is concluded that the 

composite creativity index is a highly dependable measure.
In other words, the measure is stable, trustworthy and 

objective.


