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INTRODUCTION

It is known that proficicncy in one subject is sometimes associated with that in
another, and it is desirable to take full advdntage of such association in the organization
of teaching. The correlation between marks in different subjects is the most objective
method of studying such associations. Correlational analysis of examination marks
however does not appear to have attracted in India the attention it deserves. In the
present note an attempt has been made to study by such ncthods the effect of a common
medium of examination, or of similarity in the nature of the subjects.

The statistical analysis is based on the marks in different subjects in the School
Leaving Certificate .Iixamination of the United Provinces for 1919. ‘This examination
corresponded at that time to the Matriculation Iixamination of some of the Indian
Universities, and included four subjects, with” one paper each in English, Mathematics,
Vernacular and History-Geography. The number of candidates in 1919 for whomn marks
were placed at our disposal was 2,357, and "their ages generally varied between 16 and
23 years. They belonged to nine different caste-groups altogether.

Our thanks are due to Rai Sahib Debnarayan Mukherjee, Vice-Principal, Teachers
Praining College, Agra, who very kindly supplied us with a copy of the Marks Register
of the Examination which contained entries of marks in each subject, age, and caste of
the candidates. We have restricted ourselves to the statistical analysis of the data, and
we hope that Mr. Mukherjee himself will discuss the educational significance of the results
in a subsequent paper.

In the first part of the paper we have studied the frequency distributions of marks
in all the four subjects, using the Pearsonian family of curves for graduation. A detailed
analysis of linear correlation is given in the second part, using Pearson’s product moment
formula. ‘The various coefficients of partial correlation have also been fully worked out.
An attempt has been, made throughout to present the conclusions in a non-technical form,
so that educational workers may have no difficulty in following the discussion.

How far marks in particular subjects depend upon age or caste of the candidates is a
question of considerable interest and importance, and we hope to study it in a subsequent
paper,
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FREQUENCY DISTRIBUTIONS

Marks 0 to 100 were classified into 20 groups using a grouping unit of 5 marks'. The
mean score, the standard deviation, and f§, and f; were obtained in the usual way. ‘I'he
frequency constants are given in ‘l'able 1.

TaBLE 1.-—-FREQUENCY CoONSTANTS FOr Marks. (U. PP. ExaMINATION, 1919.)

Grouping Unit=5 Marks.

N =2857
English Mathematics Vernacular Glel;’gt&?};y

Mean 89°48+°15 47°62 + 23 5441 +°14 89°94 +°16
Standard Deviation 10°78 +°11 1690 +°17 10°16+°10 11'19+°11
Coeff. of Variability 27°31 +°29 8549 + "89 18°67 +°19 28°02:t°80

B *00001 + 0000 *0005 £ "0000 ‘0528 + "0281 0022 + "0006

Bs 8°073 + "0768 2°724 + "0445 8°794 i "2599 8°1827 +°0845

Type Normal Normal Type VII Normal

Ba 4°6476 114650 4°0010 5°0066

Ba +0°0363 —-1"0683 — 18383 —0°52382

By 66°3852 358°2982 60°7386 78°4757

It will be noticed from the above table that in the case of English, Mathematics and
and History-Geography, B, is practically zero and B, does not significantly differ from 3.
We anticipate that the normal curve would give a good fit for these distributions. ‘I'he

observed and the expected values of the frequency distributions as graduated by the normal
curve are given in Table 2 (English), Table 3 (Mathematics), “I'able 4 (EHistory-Geography).
‘I'he corresponding graphs are shown in Charts 1, 2 and 4.

———————————

1 The ranges were taken 0—6, 6—10, and so ou. ‘I'he arrays were thus centred at 2+5, 8, 13, etc.
Strictly speaking a correction for the first group is necessary. In view of the fact however that there
were hardly any entries with zero marks we have not used any corrcction. It will be noticed that
border-line cases were avoided in the above arrangement of the frequency classes. A better procedure
would be to divide the border-line marks equally on either side.
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IRADUATED AND OBSERVED DISTRIBUTION OF
Manrks IN IENGLISH.

TABLE 2.

Mean =89°4785 8=S.D= 107780 N =2857
Graduanted by » (f—Ff)2
Range Normal Courve (f) Obwerved (F) T
(D) (2) (8) (4)
6_70 5718 (7789 s 1o 00640
11—-15 19°97 238 04596
16 —20 5G°12 61 0-4248
21 — 25 127°84 181 0°0781
26 — 80 L185°72 246 00483
81— 35 351°85 364 0°4196
836 — 10 425° 14 441 0°5917
41— 45 413°87 897 08562
46 —- 50 $329°32 333 0°0¢11
51 —-55 211712 186 29889
56 — 60 109°55 107 0°0594
61 —65 46°03 B8 1°4009
66 —70 15°65 14 0°1740
71—75 81 4
76 —80 0°96 % (5°48) 22 (6) 0°1011
81 —85 0°21 0
Total ... 2857 2857 x2=86072
¢ = number of cells = 14, n’ = 14, P = 0°'80
n = 12, P = 066

TABLE. 8—GRADUATED AND OBSERVED FREQUENCY OF
MARKS IN MATHEMATICS.

Mean =47°5948 §=16"93 N = 2357.
Graduated by L 3 U=
Range Normal curve (f) Observed (f) T F
(1) (2) (3) (4)
0—5 18°98 12 2804
6—10 17°10 21 8894
11—-15 82°78 41 2°06i3
16 —20 5766 67 1°5129
21 —25 92°97 108 1°0821
26— 80 137°48 118 2°7062
81—85 186°53 205 1°8289
86 — 140 2:31°91 2381 0188
41- 45 264°50 264 ‘0008
46 — 50 276°75 262 7861
351 —55 265387 263 ‘0211
56 — 60 233°-18 232 ‘0088
61 — 65 188°87 190 0141
66 —70 139°30 132 38825
71 —75 94°51 85 9569
76 —80 58°81 68 1°4361
81 —85 88°51 87 ‘8569
86 —90 17°55 16 1868
91 — 95 842 - i d 8°83833
96 — 100 604§ 117746
Total 2857 2857 x®* = 18°8184
c = 19, n’,= 19, P = 044
n = 17, I» = 080
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TABLE 4—GRADUATED AND OBSERVED FREQUENCY OF

MaArks 1IN HisTory AND GEOGRAPHY.

Mean =80°9481 8=11"185 N =2857

Graduated by i . u=-r7)
Range Normal Curve (f) Observed (f’) —

(1 (2) (¢.)] (4)

0-5 2°10( gq. 5 .
i ea) (875) a8t (8) 2'0640
11-15 21°59 28 1°'0081
16—20 5756 56 (0422
2125 126°06 146 8°1540
26— 80 226°80 216 ‘5148
81-35 83585 815 12318
86— 40 897°59 416 5°89 133
41—45 415°86 436 ‘9754
46— 50 8:143°04 804 2'5822
51 —55 224°84 206 1°4993
56 — G0 124°10 109 1'8378
61-65 5641 58 2061
66—170 21'06 22 ‘0419
71-75 6°46] " { HEQs
76 — 80 2-0g( (8'49) 1§ (7) 2583
Total 2857 2857 lx' = 22°1572
c = 14, n = 14, P = :055
n = 12, P = 024

'TaBLE 5—GRADUATED AND OBSERVED FREQUENCY OF
MARKS IN VERNACULAR.

Mean =51"4086 s=10°1625 N = 2857
Graduated hy type ) . ) (Vd i N
Range Vil Curve (/) Obscrved (f°) ! f
T - |
(1) (2) (8) | ()
0-5 (1]
6G--10 r 1 ‘
1M-15 11 1y (17) 40272
16 —20 { n I
21 - ¢5 10
26 - 30 15 20 1°667
81 -85 40°5 43 ‘1564
86— 40 108 105 083
41 —45 214 207 *229
445 — 50 896 3$R7 205
51 —-55 498 490 ‘128
56 — 60 463 4168 05k
61 —65 819 HE P4 °529
GG —70 169'5 174 ‘118
71—-75 756 77 ‘028
73 --80 84 25 2 382
81 -85 10 7 900
8G6—90 85 5 AT}
Total ... 2LWH7 2857 x® = 10°392
c = 14, 0’ == 1k, P = 066
n’ = 10, P = 082
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In the case of Vernacular alone, the frequency curve is non-normal and is of
Pearsonian Type VII. ‘I'he equation to the curve is given by

aty—-m
y = y‘,( 1+ a") e (1°0)
where
m = (58:-9),/2(8,—3) = 6° 27 7386 oun (1-1)
0 = 2B/ (Bam3) = 38 22 0187 o (12)
and yo = N.T(m)/a. JILT(m—-3) = 505 902 ... (1-3)

The theoretical curve was drawn on a large scale on graph paper, and the expected
frequencies were obtained by measuring the appropriate areas on the graph,

The values of x* were calculated in the usual way by squaring the difference (f—f)
hetween observed (f) and expected frequencies (f) and dividing by the expected frequency
(/) and adding, that is, by adding terms of the type (f—f)?/f for each cell. The value of
P, the probability of occurrence of a system of discrepancies equal to or greater than that
nbserved, can then be obtained from tables for given values of y2 and of the number of
cells.

In using Tlderton’s Table XIT (Biometric Tables Part T, pp. 26-27) we may put
n’=he total number of cells. A more stringent test is obtained if we take into considera-
tion the appropriate degrees of freedom,  For example, in testing the graduation by 2
normal curve, we have estimated both the mean and the standard deviation from the sample
wself.  Hence there will be o loss of two degrees of freedom, and in Llderton’s “I'able XII
we should use #'=c—2, where ¢=the number of cells, Tor graduation by a Type VII
curve we also use the third and fourth moments, so that the loss of degrees of freedom is
now four, and #’=c—4. Instead of EFlderton’s ‘I'able we may use R. A. Fisher’s ‘I'able III
(Statistical Methods for Research \Workers, 4th edition, 1932, pp. 104-105) in which the
values of ¥? for various levels of significance are given for various values of n. It may be
noted that Elderton’s »’=n+1 corresponding’ to I'isher’s n. In the case of a normal
curve Fisher's n= ¢—3, and for a T'ype VII curve n= ¢—=5. As already noted the inter-
pretations are different in the two cases,

The values of z* and I> are gathered together in Table 6, Tt will he noticed that in
the present case it is immaterial which particular interpretation we chose, for the fit is
quite satisfactory in both cases.

TaBLE G.—GoonNEss oF FiIT.

Subject Curve ¢ =c'::(l)l.s°f n’ P n’ P
English Wi Normal 14 14 0°'80 12 0°66
Mathematics .oe ” 19 19 044 17 0°30
History-Geography 5 14, 14 0°055 12 0°024
Vernacular s Type VII 14 14 0°66 10 0°82

The frequency distributions of marks may be considered to be practically normal in
the case of Eunglish, Mathematics and History-Geography. Scores were symmetrically
distributed on either side of the average value. In other words, each group of students
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who were below average by a certain amount are matched by another group who were
above average by the same amount.

In the case of Vernacular however tht value of ;0528 40281, and ff,=3 704 + -2
is considerably greater than 3, showing that marks are more widely scattered than in the
other cases. This may very likely be ascribed to the fact that Vernacular included two
different languages ‘Hindi’ and ‘Urdu’, marks for hoth being lumped together under one
head. The average scores in the two languages were probably different, and the marks
were thus distributed round two different mean values. ‘I'he large value of B, may thus
be considered to have arisen from the superposition of two distinct distributions, and the
non-normality of the curve is an indication of heterogeneity of the aterial. The
distribution is also to some extent asymmetric in the case of Vernacular ; the asymmetry
however is not definitely significant. ‘I'he practically symmetric character of all the
distributions is, we think, reassuring from an educational point of view, for there was no
special discrimination against either the above-average or the helow-average candidates.

The mean score in Vernacular (5441 £ -14) is the highest, then comes Mathematics
(47-62+-23), while the means in English (39:48+°15) and History-Geography (3994 +°16)
are practically equal.

The standard deviation (which measures the scatler of marks) was 16:19+-17 in
Mathematics and was distinctly higher than in other subjects for which it varied Detween
1:16£°10 and 11:119411.The larger value of the standard deviation in Mathematics
shows that the best hoys and the worst hoys were more widely separated from the averase
type in this subject. Mathematics therefore was a better discrininant of ability then
other subjects.

The coefficient of variability (100 x8.1)./Mean) is lowest in the case of Vernucular,
showing that the marks clustered round’ the. average more closely in Vernacular than ia
other subjects.

EQUIVALENT STANDARDS OF IEXAMINATION

It is usually considered desirable to have equal or equivalent standards of examina
tion in different subjects. ‘The concept of ‘equivalent standard’ does not however appear
to have been clearly defined by educationists. In the present examination the distributior
of marks is practically normal in all sulijects. “Ihis makes it possible to set up a simple
statistical definition of equivalent standards.

The variation in the distribution of marks in different subjects may be considered (o
have arisen from four sets of factors: (a) the ability or quality of the candidates, (b) the
efficiency of teaching, (c) the standard of the examination, and (d) random fluctuations.
Since .the sample isfairly large and is drawn from all over a province it will not be un-
reasonable to assume that (a) the average ability and the distribution of ability of the
candidates is roughly equal in different subjects, and (b) the average efficiency of teaching
is about the same in different subjects. All the subjects will also be equally affected by (d)
random fluctuations. Thus as a first approximation, (c) the standard of the examination
is left as the most important single cause of variation in the distribution of marks.*

s e e e -en e SS——

“The efficiency of tenching in different parts of the province may of course bz compared with the
nelp of the average marks and the distributiol of marks in these regions. Similarly the ability of
candidates in different districts or from different types of schools may be compared. But the ability
of the candidates as a whole, or the tenching effidicney ¢f the provinee as n whole cannot be compared
unless suitable data from other provinces arc available.
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ANALYSIS OF MARKS—S. I,. C. EXAMINATION, U. P.

It is clear that we can define the standard of the examination in two subjects to be
equal when the distribution of marks in these subjects are statistically identical. For
normal distributions, it is necessary and suflicient that the two average marks and the
two standard deviations should he approximately equal,

T'he mean marks and standard deviations,are not equal in the present case, but we may
adjust the marks in one subject to make them equivalent to the marks in the other
subjects.

For example, let p,, p,, ps, and p, be the pass marks in English, Mathematics,
Vernacular, and History-Geography respectively. Also let ny, mg, m,, and m, be the
correspouding mean scores, and s, sa, 85, and s, the corresponding standard deviations.
As the distributions are practically normal, the number of failures will be given by the
probability integral from 0 to (m - P)]s in cach case.

We may thus define equivalent standards of pass in each subject by making
(= pdlsy (my— P [s2=(my— P} s5=(m,— ”-l)/s~|

In the present case we have the following mcan values and deviations.

TasLE 7.—MEgAN VALUES AND,STANDAND DEVIATIONS.

Mean Marks Standard Deviation
English n 1=89"48 s1=10"78 t
Mathematies - m o= 47762 s2=1690
Vernacular m 3=54"11 s3=10"16
History-Geography . . m . =39"04 s1=11°19)
i

If we take Iinglish as the standard, we can work out equivalent pass marks with the
help of the above equation.  For example, putting p, =30, i.c. if we take 30 as pass marks
in English we get the following values.

TaBLE 8.--EQUIVALLNT ’Ass MARrKS IN DIFFERENT SURBJECTS

' Knglish (Standard) & 30 i3 36 Lo '
Mathematics 83 (82°76) 87 (87°17) 42 (42°16) 48 (48°14) |
Vernacular 45 (45°18) 48 (18°18) 51 (51°18) A3 (54°90)
llistory-Geography 30 (80°10) 83 (33°02) 86 (36°88) | 40 (1074 )

We may use the same method also for fixing the limits for first, second, or third
division marks.

Instead of adjusting the limits p,, pa, ps and p,, we may keep these constants, and
secure the same results by adjusting the scores for each candidate. For example, using
the numerical examples given above we can construct tables of equivalent marks for
Mathematics in the following way.
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Let x, be the marks in Lnglish (standard), and let x, be the equivalent marks in
Mathematics. ‘I‘hen

(x,—3048) /1078 = (x,—4762)/16:90
or x, = 1568 (x,)—143.

The following table shows the actual values at intervals of 10.

TaBLE 9.—EQUIVALENT MARKS IN ENGL1SIH AND MATHEMATICS

Mathematics (x2)
English (x1) S Ssee Correction
Actual Approximate
10 1°6 2 + 8
20 17°0 17 + 8
30 82°7 33 - 8
40 48°4 48 - 8
50 4°8 64 -14
60 80°8 81 —21
70 ‘5 96 —26

The necessary adjustment for each.mark from 0 to 100 iu each subject for any given
set of values of p,, p,, p; and p, can be easily worked out. It is clear that with such
adjusted marks, mean values and standard deviations in cach subject will be identical, and
all the adjusted marks will be exactly comparable.

CORRELATION BETWEEN MARKS IN DIFFERENT Sunjrcts

The Coefficients of Correlation (r) between marks in different subjects are shown in
Table 10. The coefficients were all calculated by the Pearson product-moment formula
and the size of the sample is 2357 in each case.

TABLE 10.—ToTAL COEFFICIENTS oF CoRrreLaTiON (N =2357)

Subjects Correlated Symbol ("“‘;",'iil(iilc;:,l.“‘|',r,lgi:;‘:::,l:m'
) English (x1) and Mathematics (x2) riz + 0°3996 + ‘0117 !
(2) N »» Vernacular (xs) ris + 0°31381 + *0125 i
(8) " »» History-Geography (x4) ri4 + 0°4334 + "0112 :
(4) Mathematics (x2) ,, Vernacular (x3) re: + 0°2804 + ‘0132
(8) »s ,» History-Geography (x4) rog + 0°5561 + 0096 :
(6) Vernacular (x3) ,, History-Geography (x4) ra + 0°2404 + 0131

Writing x,, %3, %, and x, for marks in English, Mathematics, Vernacular, and
History-Geography, and using the regression formula

(y_j_')/sy='rxy'(x_-"\.—')/sx
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f anex 0.

(ay)

Cormmps.aTroon CLagany oo Mosiho in Finetinee Aants NMavwoatasien (U 30,5507, 1200100)
Mark: in ISaglish

Rwee | 0=3  6—10 11—15 16—20 2123 26 =30 31—385 . 36—40 41 -43 $6--50 51--33 3G--6G0 G1—63 G6—70 T1—73 T6—80 Tt
i S et — — 1 5
0—5 1 1 2 1 8 1 8 1 ! 12
6—10 1 2 2 4 5 4 2 1 21
11—-13 1 2 5 9 8 n z 8 1 8 1 41
-~ 16-20 1 8 9 5 8 11 17 9 2 1 1 7
& 21-25 1 4 5 10 26 14 22 14 ¢ 4 2 1 103
- 26—30 2 5 10 20 25 19 19 1 5 1 1 118
s 81—33 1 2 4 6 17 29 44 86 82 24 6 2 1 1 205
= 86—40 1 2 8 18 84 41 51 42 23 18 5 1 234
3 41—43 2 9 15 27 42 62 49 33 18 5 2 264
3 46—30 1 4 14 24 42 54 54 82 29 6 1 1 262
S | 3135 1 1 12 26 46 56 86 | 47 27 8 2 1 263
= 56—60 1 4 9 12 88 32 51 ¢ M4 19 17 8 1 1 232
= 61—63 1 6 11 28 84 29 - 87 21 24 2 2 190
2| es—70 3 9 nm|( 20 18 ; a 16 | 11 7 1 ! 132
- 71—73 3 4 6 10 21 14 10 10 2, 38 85
= 76—80 4 8 9 8 14 10 7 10 1 1 1 63
& 81—83 8 7 + 10 4 6 1 1 1 87 !
= 86—90 . 4+ 2 8 2 2 2 1 16 1
91—95 1 2 1 2 1 T
TotAL 2 8 22 61 132 244 865 | 441 l 897 : 333 l 187 | 107 87 | 15 e | 2 2,357 !
TaBLE 12.—CORRELATION CHART FOR Mr.;.t_xs ix ExcLisH AND VErRNacurar (U.P. S.L.C. 1919)
Marks in English (x,)
) (] H . .
RANGE 0—5 | 6—10 |11—15 | 16—'.'0; 21—‘."5:26—80 '81—85 'as—w '$1—35 46—50 lsl—ss 's6—60 l61—65 ;ea—-m 71—75 I7s—so ToTaL
| y Z
0— 5 | !
6-10 1 i 1
] 11-15 1 ! 1
& 16—20 1 1 8 ! 3
~ 21—u3 1 8 8 2 11! 10
= 26—30 2 1 2 5 1 2 2 1 2 1 1 20
3 81—33 1 4 6 7 9 9 8 : 2 1 1 Is
s 836—-40 1 3 8 13 14 12 26 1 . 10 . 8 103
£ 41—35 P 4 13 17 33 43 42 28 ¢ 18 8 1 1 207
S 45—30 1 5 9 25 18 70 81 69 | 89 25 12 3 as7
51—55 2 5 11 25 57 83 100 86 67 80 14 9 1 190
% 56—60 1 8 20 41 79 74 79 81 47 26 5 5 2 468
= 61-65 1 1 4 15 22 86 55 72 51 39 22 7 5 1 1 prbey
5 66—70 1 1 3 9 19 27 80 41 18 15 6 2 1 1 174
= 71—175 2 8 9 16 1 T 9 5 s 1 il
: 76—80 1 2 8 6 G s 2 o3
81—85 1 2 2 2 T
86—90 2 1 2 [
ToTAL } 2 8 I 22 | 6l 132 244 865 | + so7 | 838 | 187 | 107 87 13 ¢ H 2,857
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TaBLE 18.—CORRELATION CHART FOR MaRrks IN ENGLISH AND HisTORY-GEOGRaPHY (U.P. S.L.C. 1919)

Muarks in English (x,)

| | \ | | | | b | | | |
Rixge | 0—5 | 6-10  11—15 16—20, 21—25 26—30 31—85 3640 41—45 46—50 51—35 56—60 61—65 66—70 71—75 76—80 TomaL
E | | ‘ ‘ | | ! | | ! | .
= | ! ‘ ' | l :
> 035 1 8 1 " - . | ‘ | 3
= 6-10 1 1 1 8 | ! ,
g n-s 6 PO T 5 5, 11 2 | ! n
<o I 16-20 2 3 9 1m ;. 5 13 5 + 1 1| i R
S | 21-25 1 2 10 2, 28 23 27 16 18 8 1 | | .
= | 26—30 1 2 | 6 i 11 | 27| 3¢ 45 | 85 24 2 | 8 n | | . 8
e 31—35 1l o2 w50 74 | 63 48 . ;1 | 12 3 1 1! : | o
T | 85— 1 1, 2! 17 % 63, 105 8 : 6 | 3 ' 14 + 2 1| Lo
S ;. 41-45 5, 13 | 30 65 80 | 9 | 69 | 35 | 19 7 1 ' | 4s3
B, 46-30 I 8 , 18 87 | 55 . 38 | 6 | 88 | 21 s 2 | L ss
£ L2 3 14 21 27 43 | 38 30 20 5 8 1, . 206
S| ¥_e T ' 5! 19 16 7 1 2 | 109
=2 | 56-60 i T S T 10 14, 18 15 | : ; o
— 61—63 i ! 3 1 I 9, 9! 5 8 3 8 4 | |
= * o2 2 4+ 2 5 3 3 : ! 22
66—170 | | i | | ! |
g - ‘ t ! P8 11 1 | 6
R 71-75 , , | i ! . | 6
« | 76—80 | | 1 | i i [ | i
<= | . ] | - .
= | ‘ ! | i | |
= | Tora | 2 | 8 22 ' 61 | 132 244 863 | 441 . 897 ' 333 | 187 107 87 154 | T
‘ i i ' i |
TABLE 14.—CORRELATION CHART FOR MARKS IN MATHEMATICS AND VERNACULAR (U.P.S.L.C 1919)
Marks in Mathematics.  (x.)
| RaNGE | 0—3 | 6—10 '11—15 16—20 21—2526--30 31 —35 36— 40 11— 43 46 —30 51 —35 36-- 60 61—63 66—70 71—15|'7s—so 81—8536—9091—95 ToraL
i 6--10 i 1 | ! 1
[ Y I ‘ 1 | | ! :
= 16— } 2 1 1 1! 5 H
] | 21—25 ! 1 2 2 1 3 1 i | e
« | 26—30 2 2 3 2 6 1 1 1 1 1 i 20
£ m-s | |5 1 2 5 7 3 5 5 s 8 8 ! 1 | Y
g1 %-H | 24 11 2 7 8 3 13 12 a2 8 18 7, 4 3 4 1 l i 103
g, 4145 . 1| 37 8 10 11 w22 s A 1B 4 16 U 2 1 [ 1 \ so7
§ | )0 ) 8 8 8 9 18 2 3 4 45 0 46 42 2 16 13 2 | 8 | aa7
N -;15—-73 8| 5 5 M 2% 17w 57 e 30 3 3 88 %0 12 is ' ¢ | @ P 390
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Tank 13.--CoRrRELATION ClarT ror MARKS IN MaTneMaTics AxD HisTorRy-GEOGRAIITY

Marks iv Mathematies (irs)

(U.I°.S.1..C 1910)
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we get the following regression equations,

% = 2737 + 025 (a;)
xy = 2141 + 033 (=x;3)
%, = 2280 + 042 ()
xg = 2281 + 063 (x,)
X% = 2671 + 038 (=x)
% = 1397 + 084 (=x,)
X = 4275 + 030 (=x,)
X3 = 4783 + 014 (=x;)
Xy = 4568 + 022 (x,)
x, = 2219 + 045 (=x,)
x. = 2246 + 037 (=x,)
%, = 2555 + 026 (x,)

The observed mean values of arrays in ‘Table§ 11—16 are given in ‘I'able 17, aud are
shown in Charts 5—10 together with the corresponding regression lines.

T'wo-Factors Analysis.

In the Two-Factors theory of abilities developed by Prof. Spearman®, each mental
ability may sometimes he resolved into two factors, one of which is usually called ‘g’ and
is supposed to be common to all abilities, and the other ‘s’ is specific to each ability, A

necessary consequence of this theory is that there must exist certain algebraic connexions
between the magnitude of the different coefficients of correlation.

Let xi, x5, Xk, X1 ......... represent marks in different subjects (or scores in performance
in tests of different abilities), oy, oy, ay, o ... ... the corresponding standard deviations,
and ¢y, Ok, QW1 .oeeeeees ete. the coeflicients of corrclation in the parent population.  Spear-
man’s ‘Two-Factors theory then requires that tetrad  ecquations of the following type

(ey . e — i . en) must vanish for all possible combinations of four subjects or abilities.

In actual practice we cannot work with the hypothetical parent populations, but must
be satisfied with samples drawn from such parent populations.
of working with @, oj ox ......... and Qab, Gca ......... etc. we must work witli the observed
parameters in samples s, §§ ......... Ty Tiky Thl eveerenns etc. Now even when the tetrads
vanish in the parent population, i.e. oy . om—ow . vi=0 the
7y . ra—7c 5 will not he all arithmetically e:qual to zero.
whether they mayv be cousidered statistically negligible or
expressions for the standard (or probable) errors of tetrads.

In other words instead

corresponding sample values
1herefore in order to judge
zero, it is necessary to use

There are, however, certain difficulties in estimating the

variance of tetrads, and it is
more convenient to work with corresponding product-sums.

*C. Spearman—The Abilities of Man (Macmillan & Co., Ltd., London, 1927) gives a general exposi-
tion of the theory.
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TABLE 17.—MEAN SCORE IN DIFFERENT SUBJECTS CORRESPONDING TO SCOKES IN

6se

(1) ExcLisa (2) MATHEMATICS (8) VERNACULAR | (4) HisTORY-GEOGRAPHY
Ran i . |
ge xnfl,;ttlll:s— :Vemacular gég%g_ English | Vernacular GE;Z&_‘;?;}. English Ix\x[x:?:s. l;GIe-lci;trZ?gy ; English | }Tllzttlll:s- \'csi:-ll;:.
H i I ! i
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Let 2= (v =) (X =X )=o)y
Then corresponding to the tetrad Ty = pypri — PPy

we have Hja=%y u— w2y

In samples of size N, we shall then have

Pya = {‘ya—urgl. N*/(N-1) (N=2) =00000 (pypa—pipy)- N?/(N -1) (N—-2)
=0,0,.0x.0} Tuk,. N’/(N—l) (N—Z):‘O

The factor N*/(N—1) (N—2) is used here in ordetr to correct for the bias introduced in

basing the estimates on samples of finite size. In fact the mean value of Pyjia is equal to
the population value of Pyjxi.  That is By =1L k.

Dr. John Wishart (‘“‘Sampling Lirrors in the ‘I'heory of “I'wo-Factors’, Brit. Jour.
Psychol. Vol. 19, 1928-29, pp. 180—187) has given the following expression for the
variance of Pyx in samples of size N,

(N = 2).0p*=0,%0,%0,%0 } [Pu’ +od e+ P&z] =2 (P12P1aP2a+ Pi2PraP2s Pi3P14P3a Tt P2aP2uPay
F2 prgpas (P13Past PraPas) +2 (pr3pas— PaaPas)* +2 (1—=p%) (1— P2’} /(N =1)]

The chief difficulty in using the above eqjuation arises from the fact that the values
of o and ¢ in the parent population are not known, and we are obliged to substitute the
values of s and 7 as observed in the sample itself. In the present state of our knowledge

this procedure is however unavoidable.
The actual values of P and sp? are given below in ‘I'able 8. The corresponding value
of the tetrads ‘T and sp? arc also given, it -being assumed that sp* will be given by

2/ 9.3 2
Bp? /5,835,

TaBLE 18.—VaALUES oF P ann T (TETRAD EQUATIONS)

Osservep P Onsenven Terran T
T !I"’ - S'I':'
Symbol Value Symbol Value
G13@3¢ — Q14833 2°4697 *8956 Tialas— Tl ‘0743 ‘0112
13034 —G13C34 2°5927 ‘8828 Tia¥ae— 5 1aln1 *0780 0115
G14B23 — Q1234 0°1280 *2652 TiaTaa — Ti20n *0087 0080
!

*Prof. Karl Pearson and Miss Margaret Moul have discussed certain aspects of this question in
great detail in “Mathematics of Intelligence. I. Sampling Lrrors in the Theory of a Generaliz.d
‘‘Pactor.” Biometrika, Vol. 19, 1927, pp. 246-291.
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It is clear from ‘I'uble 18 that we can consider only one of the equations, e.g.
Yy Tag — 713 Ty, 1o have vanished within the limits of accuracy of sampling errors. ‘I'he
other two equations are significantly different from zero, and hence the tetrad conditions
are not satisfied.  We must conclude therefore that a simple analysis into “I'wo Factors’
is not possible in the present case. Apart from a general factor and specific factors, a

cetti amount of overlapping hetween proficiency in different subjects is indicated by the
al.ove analysis.

FACTORS AFFECTING THE CORRELATION

We may therefore not unreasonably consider the correlations in ‘I'able 10 to have
arisen from one or other of the following factors or a combination of them :—

(a) General intelligence or ability of the candidates, an able student doing more
or less well in different subjects.

(b) Specific ability in particular subjects.

(¢) Similarity in the nature of the subjects, training in one subject partly enforcing
training in another.

(d) Common medinm of expression; in this case, Hnglish in all subjects other
than Vernacular.

Torar, CORRELATIONS.

In Table 10 we find that the two lowest coefficients are those between Vernacular and
Mathematics  (+0.2304+.0132), and  between  Vernacular  and History-Cieography
(+0.2404 +.0131). ‘I'his low value may probably be partly ascribed to the absence of a
common medium of examination and also to the absence of similarity in the nature of
the subjects.  ‘I'he next higher correlation between Vernacular and English is distinctly
larger (+0.3131 +£.0125).  Although the medium is different in this case, both are language
subjects, and some overlapping of training or ability may be presumed.  “I'he considerably
larger correlation between linglish and Mathematics (+0.3936 +.0117) may probably be
ascribed partly to the common medium of examination, especially in the case of Geometry
which requires exposition in Inglish. ‘I'he next higher value between LEnglish and
History-Geography (+0.4334 +.0112) is also probAbly due to the same factor of a common
medium.  Finally; in the highest correlation between Mathematics and History-Geography
(+0.5561 % .0096) we probably find the cffect of a real similarity in the subject matter
in the case of Geography and Mathematics besides the effect of a common medium.

Parriar, CORRELATION.

The coefficients of partial correlations were then calculated in accordance with the
following formula :—

R (o (o)

All the coefficients of partial correlation of the first order, twelve altogether, are shown
w the following ‘I'able 19,
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TABLE 19.—PARTIAL COEFFICIENTS OF THE FIRST ORDER.

SuBJECTS CORRELATED Subject eliminated Symbol Cc':;;;::l';:r
1 | English (x3) and Mathematics (r2) Vernacular (x3) r12.3 +0°8538
2 | English (z1) and Mathematics (v.) History-Geography (a4) ... | riz.4 +0°2117
8 | English (z1) and Vernacular (x3) Mathematics (x2) ris‘'s +0°2478
4 | English (x1) and Vernacular (r3) History-Geography (x4) .. | ris.4 +0°2848
5 | English (21) and History-Geography! (24) Mathematics (x2) rid.2 402772
6 | English (x1) and Ilistory-Geography (i) Vernacular Gry) rie.a +0°3885 |
7 | Mathematics (x2) and Vernacular (x3) Enghish (1) ras.1 +0°1209
8 | Malhematics (x2) and Vernacular (a3) History-Geography (.4) res.4 +0° 1199
9 | Vernacular (za) and History-Geography (1) | English (1) ra4.1 +0°1223
10 | Vernacular (x3) and History-Geography (x4) | Mathematics () r4.2 +0°1384
11 | Mathematics (x2) and History-Geography (x4) | Knglish (1) re4.1 +0°4635
12 | Mathematics (22) and History-Geography fa4)| Vernacular (aa) raa | +0°5301

The total correlation between Inglish and Mathematics +0-3996 is reduced to
+03533 when the influence of Vernacular was eliminated and to +02117 when the
influence of History-Geography was eliminated. ‘I'his indicates that Vernacular is much
less closely associated with English and Mathematics than History-Geography. ‘This may
be attributed to the common medium in the three subjects English, History-Geography
and Mathematics (including Geometry which requires exposition in English).

The total correlation hetween Lnglish and Vernacular came down from +0-3131 to
+0:2478 and +0-2388 respectively when the effects of Mathematics and History-Geography
were climinated.  As these coeflicients are not signiticantly different from each other, we
conclude that hoth Mathematies and History-Geography have practically equal effeet on
the correlation between Linglish and Vernacular.

The correlation between English and History-Geography is reduced from 0433 to
+0:2772 and +0-3885 respectively when the influence of Mathematics and Vernacular were
eliminated. Mathematics evidently exerts a greater influence than Vernacular on the
correlation between Linglish and History-Geography.

The correlation between Vernacular and Mathematics (40-2304), and bhetween Verna-
cular and IHistory-Geography (+0-2404) are practically reduced equally to 40-1200 and
+0:1223 respectively when Tanglish was eliminated and to +0:1199 and +0°1389 when
Mathematics was eliminated.

The rather high correlation hetween Mathematics and History-Ceography (+ 05561
is on the other hand only very slightly reduced to +0-5301 on climinating Vernacular, and
to a larger extent to +0:4635 when lnglish is eliminated. ‘The larger reduction in the
case of Linglish is again very likely due to the influence of a common medinm.
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PARTIAIL, CORRELATIONS OF THE SECOND ORDER

Finally the coeflicients of partial correlation of the second order were calculated by
the formula

and the results given in Table 20 were obtained.

TABLE 20.—PARTIAL CORRELATIONS OF THE SECOND ORDER.

Sunakcrs CORRELATED Coeflicient of

(Influence of the other two subjects heing eliminated) Syl Corestation
1 English (x1) and Mathematics (a2) riz a4 +0°1899
2 | English i@1) and Vernacular (a3) ris.2s +0°2199
8 | English (1) and History-Geography (x4) ri4.23 +0°2586
4+ | Mathematics (x2) and Vernacular (a3) r23.14 +0°0781
5 | Mathematics (x2) and History-Geography (x4) r24.13 +0°4557
6 | Vernacular (a1) and History-Geography (ic1) | YT +0°0754

The above Table gives us the coeflicients of correlations between any pair of subjects,
when the influence of the remaining two subjects is climinated.

The residual correlation between Ilinglish and Mathematics (+0-1890) or hetween
Lnglish and Vernacular (+02109) are of the same order, while the residual correlation
Lietween English and History-Geography (+0-2534) is considerably larger. Apart from
the general intelligence or ability of the candidates, these coefficients probably represent

the influence of overlapping in subject-matter or training or clse the effect of a common
medium,

The large reduction from -+0-3996 to +0-1899 or to less than half the initial value
of the correlation in the case of Iinglish and Mathematics shows that History-Geography
and to a much smaller degree Vernacular excrt an appreciable influence in this case.

The residual correlation between Tinglish and History-Geography (+0:2536) is quite
appreciable, and is the second highest in the list. It shows that proficiency in Iinglish
is to some extent associated with proficiency in History-Geography. Tt may he noted
that in the case of Fnglish and History-Geography, it is not only that the common
medium in English but both the subjects require ability in expression.

The residual correlation between Mathematics and History-Geography is only slightly
affected by the elimination of Lnglish and Vernacular and is reduced from +05561 tn
+04557. This is the highest correlation in Table 20, and shows that proficiency in
Mathematics and History-Geography generally go together.

Finally it will be noticed that the residual correlation between Vernacular and Mathe-
matics (+0'0731) or between Vernacular and History-Geography (+0:0754) are quite
small. This is probably due to the fact that neither the medium of examination is common
nor is there any obvious overlapping in subject matter.
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MuoirirLg CORRELATION

The multiple correlation cweflicients were worked out in accordance with the
lormula ;: —

1-R 5 =(—r,)( ~ 71307 ) (1 = 7140.25")

and the following results were obtained

R, ,4,=0.5119
R,.,15,=0.58G5
Ra.12.=0.8400
Ry-133 =0.6048

We notice that R,.,5; (16048) and Ry, (-5865) are comparatively large, R,.25, (-5119) is
distinctly smaller, while R,.,., (:3409) is very low. ‘I'his shows that marks in History-
Geography ( x, ) and in Mathematics ( x. ) aré more closely connected with proficiency in
other subjects than English ( x, ) or Vernacular (&, ), the latter subject being the most
independent of all.

T'he multiple regression equations can he written in the form :---

A= 0yea0 (Va) + Dygeny (V4) + byyaa(xy)

where bis.5i=¥is-5i" Sisni/ Senn cte.
and Sial=5"0 (1=1,2) (1=7,,.47%)
Saesa®=S3" (1= 15%)--(1 —T34:2%) etc.

The following equations were obtained : —

x, = 1148 +0°18 (x,) + 0-21 (x,) + 0:26 (x,)
2:89 +0°28 (x,) + 0-10 (x,) + 0-70 (x,)
xy = 3075 +0°23 (x,) + 0°05 (x) + 008 (x,)

= 12:87 4024 (x,) + 0°30 (x,) + 0°07 (x,)

Xg

x4

It will be noticed that marks in Vernacular are not dependent to any appreciable
extent upon those in Mathematics and History-Geography but they are dependent to some
extent on English, a score of 10 marks in English being associated on an average with a
gain of 2'3 marks in Vernacular. The independence of marks in Vetnacular is also shown

by the fact that the average score of candidates securing zero in the three other subjects
is so high as 39-75.

Scores in Mathematics are associated appreciably with scores in English, and especially
with scores in History-Geography, a score of 10 marks in the latter subject leading to an
average gain of 7 marks in Mathematics. ‘I'he dependence of proficiency in Mathematics
on proficiency in other subjects is shown by the result that a candidate scoring zero in
other subjects will secure only 2'9 marks in Mathematics.
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Scores in English or History-Geography are dependent on those in the other subjects
almost to the same extent ; a candidate getting ze¢ro in the remaining three subjects will
seeure 115 and 124 marks respectively in Iinglish and History-Geography. In the case
of Iinglish, the scores depend to a greater extent upon those in History-Geography than
in any other subject, while in the case of 1listory-Geography they depend more on
Mathematics than on Iinglish, while the effect of Vernacular is almost negligible.

SUMMARY OF CONCLUSIONS

In the present paper we have given a statistical analysis of marks obtained by 2357
candidates in four subjects, Iinglish, Mathematics, Vernacular, and History-Geography in
the U. P. School Lcaving Certiicate lixamination in 1919. ‘I'he chief results of the
analysis are given below.

(1) The distribution of marks was practically symmetrical in all four subjects showing
that there was no special discrimination against either candidates who were above the
average in ability or against candidates who were below average in ability.

(2) The frequency distribution of marks in Iinglish, Mathematics, and History-
Geography can be adequately described by tlie normal curve of errors,

(3) The distribution of marks in Vernacular shows some deviation from normality
suggesting the existence of heterogeneity. ‘I'his may probably be explained by the fact
that marks in Vernacular did not represent marks in one single language, but included
marks in both Hindi and Urdu.

(4) The mean score is highest in Vernacular (5441 +-14), then comes Mathematics
(4762 +-23), while mean marks in IEnglish (39-48 4 -15) and Elitory-Geography (39:94 +°16)
are practically equal.

(5) The standard deviation is 1690417 in Mathematics and is distinctly higher than
in other subjects for which it varies between 1016 10 and 1119+ 11, “I'he candidates
were thus more widely separated in this subject, showing that Mathematics was a betler
diseriminant of ability than other subjects.

(6) In view of the practically normal distribution of marks it is possible to set up equi-
valent standards in different subjects such that percentages of patics or percentages
altaining any assigned standard (first division, second division ete.) would be approximately
equal in all subjects.

(7) There exists appreciable correlations hetween marks in different subjects showing
that proficiency in one subject is associated with proficiency in other subjects.

(8) The relation between marks in two subjects is approximately linear in character,
so that a gain of a single mark in one subject is usually associated with a proportionate

ain in other subjeets,

(9) The coefficients of correlation cannot however be analysed in terms of Spearman’s
theory of Two Factors, as all the tetrads do not vanish.
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(10) The failure of the ‘I'wo Factors analysis suggests that the following factors were
probably at work :—

(a) General intelligence or ability of the candidates, an able student doing more
or less well in different subjects,

(b) Specific ability in particular subjects.

(c) Similarity in the nature of different subjects, training in one subject enforciug
training in another.

(d) Common medium of expression, in this case'Euglish in all subjects other than
Vernacular.

(11) A study of the partial correlations (in which the effect of association with
other subjects is eliminated) generally supports the above interpretation,

(12) The residual correlation after eliminating the influence of languages is highest
between Mathematics and History-{

Geography (4-004557), showing possibly some kind of
similarity in subject matter probably in Mathematics and Geography.

(13) The residual correlation between English and History-Geography (+(02536) is
also quite appreciable, and is probably due to e influence of a comnion medium of
examination and also the requirement of powers of expression,

(14) The residual correlation hetween English and Vernacular is +02199, and may
probably be due to both being language subjects.

(15) The residual correlation between Lnglish and Mathematics is comparatively low
(+0°1899).

(16) The association between Vernacular and Mathematics (+0-731), and between

Vernacular and History-Ceography (+0:0754) become negligibly small when the influence
of other subjects is eliminated. ‘T'his is probably due to the absence of a common

medium of examination as well as the absence of any obvious overlapping in subject
matter.

(17) A study of the multiple correlation cweflicients show that scores in Vernacular
are to a great extent independent of scores in the other subjects, scores in English are

moderately associated, while scores in Mathematics and in lHistory-Geography depend w
a great extent on proficiency in the other subjects.

(18) The multiple regression equations have also bheen given, anl exhibit clearly
the nature of the interdependence bhetween marks in various subjects. In the case of
Vernecular the average mark of a candidate getting zero marks in other subjects will he
no less than 3975, in Taglish 11:48, in Iistory-Geography 12:37 and in Mathematics
only 2:89. ‘The gains in marks also vary widely ; gains in Mathematies or Mistory-
Geography have practically no cffect in the case of Vernacular while a gain of 10 marks
in History-Geography is associated with an inérease of 7 marks in Mathematics,

(February, 1934).
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