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Chapter VII

RELIABILITY AM) VALIDITY OF SCORES

IN

PINAL ADMINISTRATION

(A) RELIABILITY

Consistency is a great virtue for a man, and also 

for a test. But a person can be consistently wrong and a 

test can measure consistently something that is wrong. 

Hi$i reliability is no guarantee for the validity of a 

test, but low reliability is a definite proof of a poor 

test. A test should measure what it is meant to measure; 

and it should measure it consistently. To summarize, an 

ideal test tells the truth consistently.

(a) Nature of Reliability

A test is said to be reliable only if the corre

lation between the set of scores at the first lime of
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administration aad the set of scores at the second time 

of administration is hi$u If a test is applied for the 

second time under similar conditions, aad the testee's 

scores differ widely from those previously obtained, 

then it is obviously a poor test.

There are several meanings attached to reliabi

lity. It includes dependability, consistency, objecti

vity and stability. Each signifies something different 

as applied to measurements. Different types of reliabi

lity coefficients answer to different questions; they 

indicate different aspects of reliability, and hence 

permit different inferences regarding the evidence.

Reliability of a test refers to the consistency 

of scores obtained by the same individuals on different 

occasions or with different sets of equivalent items.

The first type is called test-retest reliability, the 

second one is called parallel or alternate from reliabi

lity. The concept of reliability is based on the pheno

menon of the error of measurement of a single score.

With the help of reliability coefficient we can predict 

the range of fluctuation likely to occur in a single 

individuals score as a result of chance, irrelevant 

factors. The imperfectness of the reliability of statis

tical measures arises because of sampling errors, while
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imperfect reliability of a test is due to errors of 

measurement* Thus reliability of a test is the measure 

of the consistency of results when observations are 

repeated on a group of individuals.

As told above, test reliability indicates the 

extent to which individual differences in test-and- 

retest scores are attributable to chance errors of 

measurement. Every measure of test reliability denotes 

what proportion of the total variance of the test 

scores is 'error variance'.' Any condition, which is 

irrelevant to the purpose of the test, represents error 

variance. When the tester tries to maintain uniform 

testing conditions by controlling the testing environ

ment, instructions, time-limits, rapport and such other 

things, he is reducing error variance and making the 

test scores more reliable. But no test can be a perfe
ctly reliable instrument. Hence the characteristics of 

the sample and the type of reliability which was measured 

should be specifically stated.

The main techniques of measuring the reliability 

of a test are s

(i) Test-retest Method.

(ii) Parallel or Alternate Forms Method.

(iii) Split-half Method.

(iv) Analysis of Variance.
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Important characteristics of these techniques 
are well-knom and hence need not be discussed here.

(b) technique of Reliability Measurement 
adopted in The Present Investigation

In the present investigation, the test-retest 
technique was adopted for the following reasons :

(i) Preparing two really equivalent test-forme is 
very difficult. Especially in aptitude and 
ability testing, parallel forms are difficult 
to prepare.

(ii) 5he test-retest procedure is very simple. It 
has been criticised for the fact that practice 
effect and memory effect viciate the results 
of the second-time testing, and hence it is 
less reliable than others. In spite of these 
limitations, this technique was adopted, 
because stability is the key concept in reliabi
lity and test-retest gives a good measure of 
stability over a period of time.

(iii) In the split-half technique, the correlation
yielded gives the reliability measure, not of

{
the full test, but only of one half as long. It 
shortens the test by one half and thus decreases 
its reliability.
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Again, it is very difficult to frame two 
items which are equivalent in all regards, 
namely content validity, difficulty value, 
discriminative index etc.

(iv) She .Kudar-Hiehardson formula measures the
homogeneity of the test; hut it rests on the 
assumption that all items are of equal diffi
culty value. How, the present test consists 
of items having varying difficulty values.
So the Kudar-Richardson technique will not he 
applicable to the present test.

(c) Reliability of . - 
The Present

The reliability coefficient of the present test 
was calculated according to the test-retest method. 100 
students, out of the total sample of 1000, were retested 
after an interval of about 70 days (10 weeks). All other 
testing conditions were the same. The two sets of soores 
were then correlated. The coefficient of reliability is 
.82.

Reliability r = .82
H - 100

Time interval = 10 weeks.
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Index of reliability can be measured by the 
following formula given by garrett (1962) :

Here = V .82
» .9 approximately.

Test-retest reliabilities of separate tests were 
also calculated. They are as follows s

Test I a

o00•

Test II a .82
Test III a .85
Test IY a .83

The scattergrams for these five retests are given
in Tables 7.1 and 7.2
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Table : 7.1

TBST-RETBST RH.IABII.ITY COEFFICIENT

Sflattergram showing the Correlation 
between

the First Testing and Retesting of the Present Test 
( Time Interval ; 10 Weeks )

Total of
First
Testing

11 16 20 19 14 9 100

r

I

Time Interval

.82

100

10 Weeks (70 days)

II 
i to

II tH Ti
118”
!i 

i o
 

i to o
II 00 60 
II 01 
IIII 

I to
II rH C

O 
II c

— C
M 

II O
l 

IIII 
I O

 
II <0 C

- 
II IQ C

M 
II O

S 
IIII 

I to 
II H

tO
 

II rH O
l 

II O
l 

IIII 
i O

 
IIII (M O

l 
II O

l 
IIII 

I to
 

II 
O

l 
II rH O

l 
II O

l 
IIM

, 
I O

 
ti tO rH

 
II C

ftO
l 

II rt 
IIII 

I to 
II rH 0> 
0 C

O
rH 

II rl 
II D II II IIII II II

IIIIIIIIISIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIItlItIIIIIIIInitnitiiuitnitiitiiiitii

to
otototorHto

to

tot-1to
O0

 
toI«o0001

to

to 
to

60 
to 

to 
tl*o?

to0!to I-
* I

O
J

to 
01

O
l 

O
l 

to

to cn o> i to -M o

to It* to cn cn

to

to 
oi 

oi

C
MItoO
l

O
l

torHrHO
l

0
 

rH01Ito05rH



■F
IR

ST
 TEST

IN
G

"
205

Table : 7.2

SCATTERGRAMS

sbowing
The Test-retest Reliabilities 

of
Separate Tests

Total 6 12 12 13 21 20 13 3 100
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i 51-55
46-50
41-45
36-40
31-35
26-30
21-25

fable i 7,2
^0ont(jUj

fBSf ; IX 
RB-fESf

26-30 ”31-35" 36-40 41-45 46-50 51-55 56-60 fotal

1
1

2 8 
6 2

2
2 4
5 9
8 5
1 
1

2 3
3 4
6 3
8 2
4

4 9
3 12
1 16

25 
18 
11 
9

fotal 8 12 17 20 23 12 8 100

r .82

fESf: III 
RE-fESf

46-50 51-55 56-60 61-65 66-70_ 71-75 76-80 81-85 fotal

76-80 . 1 2 3 6
71-75 2 3 4 2 11
66-70 3 5 9 4 1 22
61-65 1 5 5 6 17
56-60 4 3 4 4 15
51-55 1 3 3 4 1 12
46-50 3 4 2 9
41-45 4 3 1 8
fotal 8 10 11 15 17 23 10 6 100

- r = .85
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gable : 7.2 
(Contd.)

TEST : IV

Rl-TEST

13-15 16-18 19-21 22-24 25-27 28-30 Total

28-30

25-27

22-24

19-21

16-18

13-15

2

1 6

4 10

1 11 1

5 2

13 7

3 10 4

11 5 2

9 2

11

19

25

25

13

7

Total 18 19 24 20 13 100

r = .83

(d) Interpreting the 
lest Reliability

There is no set formula to judge the satisfactoriness 

of a given reliability coefficient. She best ithan/can be 

done is to compare the reliability coefficient of this test 

with those of other ability and aptitude tests.

lot many tests measuring language ability are availa

ble in Gujarati. The language ability test prepared by Dr. 

Urvashi Desai has the reliability coefficient of .60 (retest),

\
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.75 (Rulon formula), .81 (Guttman formula) ana .82 

(analysis of variance). Compared to that criterion, the 

reliability of the present test is quite satisfactory.

(B) VALIDITY 

(a) Jfature of Validity
t

In aadition to reliability, a test must have 

validity also. It is not enougi that a test is suffi

ciently reliable; it should be valid also.

Validity means that test must be suitable to the 

purpose. It must yield the kind of results which are 

needed. lest validity concerns what a test measures, and 

also how well it does so. What a test measures can be 

determined only by an examination of the procedures 

employed in finding the validity of the test, and espe

cially by the nature of the criterion. A test is valid 

to the extent that it measures what it purports to 

measure.

Ross and Stanley (1941), defining validity, say, 

One kind of validity concerns the degree to 

which the test or other measuring instrument 

measures what it claims to. In a word, validity 

means truthfulness.
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Gullicksen (1950) defines validity as follows i 

Validity of a test is the correlation of 

the test with some criterion.

Validity thus refers to the truthfulness of a 

test. It can he determined experimentally hy finding the 

correlation between the test and some independent crite

rion. A criterion may be an objective measure of perfor

mance, or a qualitative measure such as judgment of the 

character or excellence of work done.
I

(b) Validity of
The Present Test

(i) Predictive Validity

The purpose of the present test is to measure the 

ability to use language (Gujarati language) effectively 

in the areas of reading comprehension and written expre

ssion. Indirectly it also aims,at predicting whether the 

testee will be successful in tasks demanding language 

ability. The direct and primary purpose is to measure 

the testee*s language ability as it is presently revealed; 

only indirectly it aims at predicting success in future 

tasks that involve effective use of language. So the 

present investigation does not attempt to establish 

predictive validity of the instrument.. Even from the view

point of practicability, it is not possible to establish 

predictive validity within the short span of 2 or 3 years.
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Sven then, the present test can he nseful to some 
extent in predicting future success in linguistic tasks. 
As has been discussed at length in Chapter I present 
proficiency serves to some extent as an indicator of 
future success. Ability includes both present proficiency 
and an aptitude indicating future success in an area. The 
scores of an ability test can be made to serve in the 
prediction of future performance, and to that extent it 
functions as an aptitude test. The present investigator 
believes that the present ability test does have some 
measure of predictive value. But beyond that, nothing 
precise or statistical can be claimed at this stage, If 
some further investigation establishes expectancy tables, 
showing correlation between this test and future lingui
stic performances, that will contribute to the .predictive 
validation.

(ii) Content Validity

The content validity of the present test is a 
matter of rational judgment, not of statistical, experi
mental verification. The investigator believes that the 
content validity of the test was established in the 
following manner:

(a) Judgments and weightages were secured from eminent 
teachers of Gujarati language and eminent linguists 
regarding the components of language ability in Gujarati.
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The present test was constructed in accordance with 

their judgment. The component abilities listed by them 

were included in the present test.

(b) Each of the items in the subtests and all the 

subtests were discussed with experts, keeping in view 

whether the language skills expected of an S.S.O.-pass 

student have been duly covered by the test or not, and 

whether the level is maintained or not. The experts 

judged their fitness for the population for which the 

test is intended, namely the college-entrants. They also 

screened the test-items to see whether they would measure 

what they are meant to measure. Items were included in 

the test after careful scrutiny.

(iii) Construct Validity

As discussed in chapter IY on page qq , the 

construct of language ability was analysed threadbare 

with a view to identifying the possible components of 

the construct. The investigator has taken a position 

that the present test to measure '’language ability” 

should reflect the analysis made earlier with maximum 

fidelity. It is a truism that establishing construct 

validity amounts to bringing the construction, planning 

and preparation of the test as near as possible to the 

theoretical position taken by the investigator earlier.

Most of the items in the present •test are
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multiple-choice items; only a few are matching items. Thus 

all the items are objective-type items. Their difficulty 

value and discrimination value are precisely scrutinized 

through item analysis. So it can he said that the manner in 

which the items and the test are constructed reflect with 

precision the behaviours and mental performances indicative 

of the criterion behaviour. To that extent, the present 

test can be said to possess construct validity. ,

(iv) Congruent Validity

Ideally, congruent validity is based on the compa

rison of the test scores with those of a similar valid 

measure of the same function. But there is no existing 

language ability test standardized for the college-entrants, 

consequently, the nearest to the ideal was accepted as a 

compromise. There is a language ability test for high 

school students, standardized by Dr. Urvashi Desai. High 

School leavers comprise a population very similar to the 

college-entrants. So the investigator decided to use that 

test as the external criterion for establishing congruent 

validity. That test was administered to 60 students out of 

the total sample of 1000 for the present test, and the 

correlation between the two was computed. The scatter gram 

is given in Table Ho. 7.3. The results can be summarized 

as follows!

N . =60
Congruent Validity r = ,69
The Standard Error of r = .0675



D
r, U

rv
as

hi
 Pe

sa
j^

B
 Te

st
 (B)

 
“ (Tota

l Sc
or

e ; 
10

0)

213

Table i 7.3

CONGRUENT VALIDITY

Scattergram showing the Correlation
-between............

The Present'Test
..........—................. and --------................ -

Dr. Urvashi Pesai*s Language Ability Test (Std« XI)

PRESENT TEST (A) J (TOTAL SCORE 400)

181- 196- 211- 226- 241- 256 - 271- 286- 301- 
195 210 225 240 255 270 28 5 300 315

Total
of

Test
=(B)_

81-85

76-80

71-75

66-70

61-65

56-60

51-55

46-50

41-45

36-40

31-35 1

1 1 

1 2 

112 
12 2 

111 
1 1

1 '

1 1

1 1.2

2 1

2,1 3

4 '4 1

1 3

1 1 

1

1 2

1 3

1 , 5

2 16

1 9

1 13

8

7

4

2

1

Test’d) 1 3 7 9 12 . 11 9 6 2 60

g • « .69
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(v) Concur rent _ Valid! jig

Concurrent validity of the present test has 
been established by correlating the scores on the 
present test with marks in Gujarati (subject) at 
the S.S.C. examination (secondary school certificate 
examination). The S.S.C. Gujarati marks of 100 
students from the sample were collected. They were 
correlated with the scores on the present test. The 
scattergram is given in Table No. 7.4.

The result can be summarized as follows :

N = 100
Concurrent /i .75Validity ^

Standard Error
of r .0458
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Table ; 7.4 

CONCURRENT VALIDITY

Scattergram showing tlie Correlation
;i1 ~1,1..... ......between

Tlie Present Test
.. ' '! and!

Scores in Gujarati at the S.S.C. Examination 

PRESENT TEST (A) S (TOTAL SCORE 400)

Total
181- 196- 211- 226- 241- 256- 271- 286- 301- of 

195 210 225 240 255 270 285 300 315 S.S.C.
Scores

Test1 (A) 2 7 11 16 20 19 14 9 2 100
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(G) GOKELELAIIOHS AMONG THE TESTS 
Qg ^HE PRESMI BATTlSf

She first step in the direction of factor 

analysis is to calculate intercorrelations among the
v

tests and to prepare a correlation matrix. The 

investigator prepared scattergrams for Tests I and II,

I and III, I and I?, II and III, II and IT, and III 

and IT. Then he calculated correlations among the 

tests according to the following formula :

n. SLfxy - ( s. fx) (2 fy)
r = ------ ------------------------- ---------------------------------------

•/ n.Xfx2 - (£fx)2 .Vn.-S.tj2 - (£fy)2

The scattergrams are given in Table : 7.5 and the 

correlation matrix so formed is given in Table : 7.6.
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gable : 7.5

SCATTERGRAMS SHOWING CORRELATIONS

Correlations between
Test I (Vocabulary) and Test II (Structure) 

TEST II i (STRUCTURE)*. SCORES

21-25 26-30 31-35 36-40 41-45 46-50 51-55 Total

141—145 14 21 10 8 16 69

136-140 5 11 22 23 30 91

131-135 42 43 37 45 167

126-130 . 21 26 48 61 45 28 i 229

121-125 20 29 65 53 20
'

, 187

116-120 21 . 1? 27 23 22
. *

110

111-115 25 20 23 26 94

106-110 23 20 10 53

Total 89 116 182 241 163 118 91 1000
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fable : 7.5
, (-c°ntd-> ..

Correlation between ..........................
fest I (ToPabulary) and! fest III (Spelling)

TEST III : (SPM1I.IIS); SCORES

41-45 46-50_ 51-55 _56-60 _61-65 _66-70_ 71-75 76-80__Total

xn
141-145 10 19 20 12 8 69

8
o

136-140 7 12 26 24 16 6 91
Om 131-135 5 19 17 28 42 33 23 167
1

126-130 21 20 27 30 87 27 17 229

cao
121-125 28 19 21 28 36 25 21 9 187

o> 116-120 10 31 23 23 16 7 110

w
p

111-115 8 27 12 20 13 14 94
m©EH 106-110 6 10 17 12 8 53

' fotal 78 87 119 149 176 219 109 63 1000

r 35 .47 ■

gj
•H

I
EO

©■sItfl©
!

©©•P©AO•H■P0}
H©14uOO

lao&w+=>
03©EH

H
3 te
j

C
O 1-
3 H *3

II II II II II II II II II II II
H

R
. II

 
11

03
 II 

II
I II 

II
I-
* H

 
H

O
I II

 
II
 II 

II
 II 

II
 II II
I-
* I

I 
11

0*
11

 
II
 t II II
I-
* II

 
11

03
 II 

II
 II 

II
 II

II
 

II
 

II
I-
* I

I 
H

<0
 II 

til
 II 

h
k

> it
 

h
i-*

 n 
it ii it u Stoil lir

a I
I

II
I 

II
 

lir
a i

i 
ii
 ti u ii n n u „
 ii

 
lir

a t
i 

fto
iit

 
in

 n 
it 

ra
il 

ii
-a

 ii 
u ii !! 11 ii ii lir

a 
ii
 

ii
 o

o |
| 

ii
 i u 11
03

 II
no

 II 
ii
 ti 

ii
 ii ii
 ii 

ii
 ii H
ie

 ii 
ii
 o

 ii
lid

-1
|

ii©
 ii

II
H

 II
|a

O
l ffl 

H
 0J 

M
 O) , 

tO
 03tO

O
lO

rH
C

-
 

rl 
W 

<}i 
W 

H

rH
 

O
 

O 
C

- 
O

 
03

W 
to 

<11 
W

 
H

tO 
IO 

C
O 

v|t 
O

 
C
O 

©
O

l 
C
M 

C
O 

•# 
02

P*
 f-* 

O
l O

C
O 

rH
 

0- 
ft- 

r-l
lO

 
IO

 
02 

02 
02

O
l 

02 
02 

O 
C

D

h n
 ^ 

w 
H

O
 

rH 
0- 

H
I

•H 
O

l 
O

l 
rH

C
O 

O
 

IO
t#

 
rjl 

C
O

rH 
r-l

I
rHItHr-l

to 
o

02 
02

r-l 
r-l

I 
I 

I
rH 

to 
rH

tO
 

02 
02

rH 
r-l 

rH

I-
* H
* O
l

I-* I-* f-i I I-
* I-* O
l

I-
* © o oH
*

1-
* ao-oorH0002ra

£vH02C
-

orHrHtoOrH

Te
st

 I:
(V

oc
ab

ul
ar

y)
:S

co
re

s



ge
st

 IV
 

,i 
IS
 

le
st

 III
(Q

om
pr

.) S
co

re
s f, 

jj 
(S

pe
lli

ng
) Sc

or
es

219
gable i 7.5 

(Contd.)

Correlation between t . .
Test II (Structure) and gest III (Spelling)

gESg II : (STRUCTURE): SCORES

21-25 26-30 31-35 36-40 41-45 46-50 51-55 gotal

76—80 4 8 9 10 13 19 63

71-75 3 37 25 24 20 109

66-70 7 6 7 80 45 46 28 219

61-65 8 22 43 35 32 23 13 176

56-60 13 18 55 24 20 8 11 149

51-55 15 23 32 30 19 119

46-50 26 32 19 10 87

41-45 20 11 . 15 16 12 4 78

gotal 89 116 182 241 163 118 91 1000

r=,49

gotal 89 116 182 241 16 3 118 91 1000
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gable ; 7.5 (Contd.)
Correlation between.lest III (Spelling1) and Test Ilf (Comprehension)

TEST IV : (COMPREHENSION):SCORES
13-15~ 16-18 !9-il~”ii-ii~ ii~i? 23-io Total

Total 72 131 244 248
r * .42

187 118 1000

Table : 7.6
CORRELATION MATRIX SHOWING INTBRCOllELATIOIS AlOlfS THE FOUR SUBTESTS

Test.

Test 1 (Vocabulary) 
Test 2 (Structure)
Test 3 (Spelling)
Test 4 (Comprehension)

Testg Testg Test

00to• .47 .58

- .49 .48
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(P) FAQTORIAL 7ALIDITY 

(a) Theoretical lature

Guilford (1936), explaining the relevance of 

factor theory, says,

Factor theory has high.ligb.ted a very 

serious fault in psychological tests* This 

is the fact that any test measures more than 

one common factor to a substantial degree, 

yields scores that are psychologically 

ambiguous and very difficult to interpret. 

What is worse, almost all tests have a 

complexity greater than one, that is, they 

measure more than one common factor.

So meet this situation - to fulfill the search 

for the unitary traits of personality - a statistical 

approach such as factor analysis is necessary, The 

shortcomings of commonly used single-score tests have 

been revealed by the statistical procedure known as 

factor analysis.

This procedure was first developed and applied 

to mental ability tests by Spearman and his co-workers 

in BngLand. In the United States, pioneer work in this 

field was conducted by Thurstone, following the work 

of Spearman and Thurstone, many other investigators



have used factor analysis to study the nature of human 
abilities. Some of. these studies have been used merely 
to gain a greater understanding of the organization and 
components of such abilities. Others have been used as 
the foundation for the construction of multifactor 
tests. Through factor analysis, psychologists have 
contributed much to the understanding of tests of human 
behaviours.

Factor analysis consists of analysing tests in 
order to ascertain their factorial composition, and of 
analyzing the criterion in order to determine the nature 
and weight of the factors nhieh enter into it. The 
former step makes possible the refinement of tests, cutt
ing down the number of tests needed to predict success 
by eliminating overlapping and making each test do a 
.maximum of work. The second step, namely the analysis of 
the criterion, indicates what types of tests should be 
stressed in order to- improve prediction. In this investi
gation, only the former procedure has been adopted, 
while the criterion behaviour is analyzed -through expert 
rating.

The use of factor analysis implies that teats can 
be statistically analyzed into a limited number of inde
pendent traits, or aptitudes. The application of
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Thurstone*s centroid method of factor analysis with 
rotation of axes to a battery of tests has given ns 
three types of component variances: (1) several common 
or group factors, that is components that appear in 
several tests, (2) possible specific factors, appearing 
in only one test and (3) error variance, arizing from 
the unreliability of measurement.

Defining factor analysis Fruchter (1967) writes, 
Factor analysis is essentially a statis

tical tool* In factor analysis a series of 
test scores or other measures are inter- 
correlated to determine the number of dimen
sions the test space occupies, and to identify 
those dimensions in terms of traits or other 
general concepts.

Factor analysis starts with inter-correlations 
among factors, These correlations indicate whether tests 
possess a common element. A formal factor analysis goes 
beyond inspection and calculates how much each test is 
influenced by various factors.

Three types of factors are commonly distinguished: 
General, Group and Specific. A specific factor is present 
in one test but not in any of the others. A group factor 
is present in more than one test. A general factor is a 
factor found in all tests. If all the correlations among
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a set of tests are positive, one can find a general

factor. The mathematical methods of factor analysis
\

determine the correlation between each test, and hence 
\ < each factor. These correlations provide a table of

factor loading. The square of the factor loading tells

how much each factor contributes to the variance of
the test'.

One important step in factor analysis is 

’rotation1. Rotation is a procedure for placing factors 

so that results will be most meaningful. The analyst 

goes on eliminating more general factors in order to 

arrive at more specific factors.

Thurstone introduced the principle of simple
i

structure. His aim was to describe complex performances 

as composites of simpler performances, that is, to 

break test scores into more fundamental elements. He 

planned his factor analysis to find group factors 

having small loadings in some tasks and large loadings 

in others. A ’simple structure’ is one in which a 

large number of factor loadings are near zero, so that 

each test is described in terms of just a few factors. 

Thurstons first aimed to track down group factors, 

which would have zero loadings in some tests. Second, 

he aimed to discover ’pure’ tests each of which would 

have a high loading on just one factor.
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Thus verbal factor measures ability that is 

demanded by many tests and criteria, but is almost 

independent of numerical or mechanical ability*

British investigators like Burt and Vernon are 

much less interested in pure measures of simple abili

ties! they, instead, rotate factors so as to identify 

broad factors present in a large number of tasks, for 

example V.ed. (Verbal-educational). British psyeholo- 

1 gists stress the existence of general ability. Burt, 

as quoted by Cronbach (1960), says,

In nearly every factorial study of cogni

tive ability, the general factor commonly 

accounts for quite 50 f» of the variance, 

while each of the minor factors accounts for 

only 10 or less.
I

Thurstone and his students discard the view 

that factors are irreducible. While verbal tests have 

enough in common to define * a verbal factor’, they can 

be divided into several- subgroups, thus establishing 

narrower factors within the verbal domain. The,present 

investigation also tries to do the same.

According to Vernon (1956), abilities are most 

clearly described by a hierarchy ranging from the very 

broad factors to those present only in very specific
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tests. He has suggested the following hierarchy :

1

2 Ma^or Group 
factors

General (g)

l- - - - - - - rVerbal- PracticalEducati onal (K. m.)
(v.ed.)

3 Minor Group 
factors i- - 1- - - rVerbal Humber etc. (v) (n)

4 Specific 
factors i f r i rVocabu- Strur* Compre- Reason- etc. 

lary cture hension, ing

Application of factor analysis techniques to 
results of test performance provides an insight about 
test validity. Authors of tests are becoming increasingly 
concerned about the extent to which various parts of their 
test, as well as the test as a whole, isolate and measure 
relatively independent factors. As a result of the wide
spread use of the factor analysis technique, now the 
authors of tests are able to provide the test-users with 
more exact information concerning their component elements.

Regarding the present position in factor theory, 
Oronbach (1960) writes,
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From some points of view factor analysis 
lias been a great success. It provides methods 
for handling large numbers of variables aid 
for reducing them to a much smaller number 
of scores with little loss of information. It 
is a highly important statistical method. 
Secondly, factor analysis has cut through a 
large amount of nonsensical interpretation 
which results from assuming that every test 
with a different name measures a different 
ability, thirdly, factor analysis helps to 
describe what a test measures. It is gradually 
establishing a reference system that all 
psychologists can use to describe tests.

(b) Different Methods of 
Factor Analysis

Various methods of factor analysis have been 
evolved. She chief among them are :

1. The Principal Component Method of 
Hotelling.

2. The Centroid Method of Thurstone,
3. The Principal Axes Method of Kelley.
4. The Summation Method of Cyril Burt.

She third is very similar to the first, and the 
second to the fourth. So only the first two are dis
cussed.
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1. The Hotelling /ifla/terative jgrocedure ■

The primary purpose of factor analysis for the
}

present work was to provide some inference regarding 
the construct validity of the test. To achieve this 
Hotelling Interative procedure of latent roots or trace 
roots can he much useful.This procedure is mathemati
cally more rigorous than others and can he applied 
completely objectively.

The data processing can he done on a computor. 
The programme reads a parameter card for

(a) the size of the matrix, and
(b) the test criterion for testing the 

difference between trial sectors.

The programme then reads and stores the entire 
correlation matrix and calculates the trace of the 
matrix as it is stored. The first set of factor load
ings is then computed and punched. The sum of squares 
of the factor loading is computed and this is used in 
determining the percentage of total variance accounted 
for by this factor. The percentage of total variance 
accounted for is calculated from a cumulative sum of 
squares from factor to factor. The programme pauses 
after each factor to allow the operator to make a 
decision about extracting another factor. If another
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extraction is desired, pushing start causes the resi
dual matrix to be confronted and a branch to extract 
another factor* The self-correlations of the subtests 
are taken as 1. on the diagnonal axis.

This facilitates giving a complete account of 
all the factors in all the subtests neglecting the 
error variance.

To establish the construct validity of present 
test as a verbal ability test, it can be administered 
along with some tests purporting some other abilities 
such as Numerical Ability, or Mechanical Comprehension 
to the same sample. She inter-correlations among them 
may be arranged in a matrix. If the Hotelling ^Inter-) - 
ative Procedure is applied to such 'a matrix, it would 
show the following results :

(i) the high correlation among all the three 
tests - indicating the * G' factor - general intelligence 
or general ability.

(ii) low or negative correlations of Verbal 
Ability with other abilities and a very high loading of 
the verbal factor with the verbal test.

This can be treated as a sufficient evidence for 
establishing the construct validity of the present test 
as a language ability test.
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Test Jff L

language 
Ability 
Criterion 

U C

I low low low

1 low very high

M - low
language 
Ability C 
Criterion

2. Thurstone^ Centroid Method

This method has been developed on the basis of 
matrix algebra.

The term 1 centroid* is borrowed from mechanics. 
It is a point in a mass where the centre of gravity is 
located. In factor analysis, the centroid of the end 
points of the test vectors might be considered the 
locations of the centre of gravity of equal weights at 
the points. A centroid is then the centre of gravity. 
Statistically regarded, it is a mean.

The purpose of factoring a correlation matrix' 
is to account for the inter-correlations with fewer 
factors than there are tests. This factoring should be 
done so as to minimize the residuals after each factor 
has been determined. The main centroid axis is regarded 
as an approximation to the major principal axis of the
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factor configuration. Shis main centroid axis is so 

placed that it has zero projections on all the remain

ing coordinate axes, This fact leads to the rule 

that "the sum of the coefficients in the correlation 

matrix is equal to the square of the sum of the first 

centroid loadings”. The rule permits factoring through 

simple summational procedure after appropriate refle

ction. By ’reflecting* it is meant that each test 

vector retains its same length, hut it extends in the 

opposite direction. The general policy is to reflect 

one test at a time and note the results; then to 

reflect a second one, and so on.

The extraction of each factor loading reduces 

the residuals in the correlation matrix. The factoring 

process is stopped when the standard deviation of the 

residuals is less than the standard error of a zero 

correlation.

With: regard to sample size in Thurstone technique, 

Guilford/advises to have minimum H of 200 when Pearson’s 

’r’s are used. Factor loadings from samples near 200 

have been fairly consistent with loadings in the same 

factors and tests - from samples above 1000.
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(c) Factorial Validity 
of (Phis feat

The investigator decided to adopt the Hotelling

Principal Component technique for factor analysis. He

took the correlation matrix to the Physical Research

Laboratory, Ahmedabad, and got the cards punched for

preparing the program. The data was fed to the eomputor

and was analysed on it. The following is the factor

matrix provided by the computer iTable •. 7-7 FACTOR MATRIX

*2 P3 *4

Tes^ (Voc.) .84 - .26 - .10 .47

Testg (Stru.) * 00 - .04 - .49 - .33

Testg (Spel.) .74 .66 .12 .07

Test^ (Compr,) .78 - . 30 .49 - .22

variance 63 14 13 ' 10

Cummulative
variance 63 77 90 100

The above factor matrix can be interpreted as 

follows :

(1) There is a group factor that covers 63 fo of 

total variance and which can be called the 

Group Verbal factor.

This verbal factor is positively correlated 

with all the tests.

(2)
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(3.) All the tests are highly loaded with this verbal

factor, but especially Test I and. Test II, that is 

Tests of Vocabulary and Structure.

(4) The second factor extracted is loaded by some abi

lity requiring the command over spelling. This 

second factor accounts for 14 $ of total variance. -

(5) The third factor is related to comprehension which 

accounts for 13 fo of total variance.

(6) The fourth factor accounts for 10 $ of total 

variance. It is related to the knowledge and correct 

use of vocabulary.
(7) The first factor bears the following relation with 

the four tests separately (sum of squares) :

This indicates that there is a common verbal 

factor that enters all the four tests with high 

loading. It specially manifests itself through 

structure.

(8) Other factors related to spelling, comprehension 

and vocabulary have their separate identity.

These findings confirm the hypothesis with which the 

investigator started this research. It establishes the
i

factorial validity of this test battery.

Vocabulary
Structure
Spelling
Comprehension

+ . 84 
+ .81 
+ .74 
+ .78
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