STUDIES IN EDUCATIONAL TESTS NO. 4. A PRELIMINARY
STUDY OF TIIIX INTELLIGENCE QUOTIENT OIF BENGALI
SCIIOOL CIIILDREN

By P. C. MAHATANORBIS.

INTRODUCTION.

A group-test of intelligence conducted through the medium of the Bengali language
was fully desceribed in a previpus paper in this Journal (Vol. 1, Part 1, June, 1933,
PP, 25-49).  ‘I'he test had been intentionally divided into two parts T and IT in drder that
the reliability of the test could hes measured in terms of the correlation between scores in
the two parts. ‘I'he Pearsonian (product-moment) coeflicient was high and of the order
of +0-88 for a sample of 1212 Bengali school children.  T'he variation of raw scores with
age was discussed in another issue (Vol.. 1, Parts 2 and 3, July, 1934, pp. 231-244). ‘The
regression of scores on e was non-linear but graduation by a parabolic regression of the
second degree was found adequate.  The graduated scores for different age-groups, deter-
mined from these parabolic regressions are reproduced in “Table 1 for reference. (X ppendix)

If we wish to compare the intelligence of two students belonging to two different age
groups, it is clearly necessary to make suitable allowances for the change of scores with

age. ‘The most extensively used device for this purpose is the 1.Q. (Tntelligence Quotieat)
which is defined helow,

Tet x, be the actual observed score of a particular (say the qth) boy in a particular
(say the pth) age group. ‘I'he chronological age of the student is thus f,. Now corres-
ponding to each age group we have a graduated score given in 1able 1. From this Table |
we can also find for each score a corresponding age-group'. TI.et i, he the age correspond-
ing to a score . 1 £ is less than £, then the student is clearly older than the
hoys whose average score is the same as his.  On the other hand if 1., is greater than {,, the
student is aliead of boys of his own age. Tt s usual to call f,, the mental (or intelligence)

age of the student. ‘I'he Intelligence Quotient (I1.Q.) is defined as the percentage ratio
of the mental age to the chronological age, or

T, = 100 Lglly " Bhigeoe.eesesevnsspsnsasesrumnnsis (1)

The T.0Q. of each of the 1212 students was calculated separately for scores in Part T,
and Part [T, and also for the combined scores, with the help of the graduated scores given
in Table 1,

RELIABILITY IN TERMS oF T.Q.

We thus have two different estimates of the 1.Q. of the same student based on scores
in the two parts. We may, therefore, measure the reliability of the test by finding the

e . me e e - - - B

It may be noted in passing that e alternative statistical procedore is also open. Tnstead of
using the regression of scores on age, we can determine the age corresponding to a given score

from the regression of age on scores. This procedure however does not appear to have heen
adopted in practice,
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correlation hetween the two 1.Q.’s based oft Parts T and IT respectively. Let u represent
the ohserved I. Q. hased on scores in Part I, v the observed I. Q. based on scores in
Part II, and w0 the I. Q. based on the combined scores. ‘I'he correlation chart for u and
v is given in Table 2.

TapLE 2. CORRELATION CnarT ror u (I. Q. vor Part 1 Scones)

AND v (1. Q. For PArT 11 Scorges)

v (I. Q. for Part 11 Scares)
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‘The statistical constants are given in I'able 3. ‘I'he two mean values (98:86 and 97:74)
are hoth slightly less than 100, but do net differ much while the two standard deviations
(26'65 and 26°15) are practically equal. ‘Fhe coefficient of correlation is + (08481 + 00054
which is only slightly less than the correlation between the raw scores (+0:878! + 0:0044)
but is still quite high. ‘T‘he values of n, the Pearsonian correlation ratio, are 0-8493 and
0-8504, and are very nearly equal to r showing that the regression is practically linear.
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TannLe 8.

CONSTANTS

FOR U1 AND v

Statinties

Mean
S.D.
r

L

wi—y3

U8°8G47 £ 0°5150

2000503 £ 0°86G92 20°1524 £ 0°8585
+0°8481 £ 0°005% N
0°84h3 08 04
0.0019 00037

u (1.Q. for PParl 1 Scorex)

" e semm e

v (1.Q. for Part 1] Scores)

07°7426 +, 0°50690

The analysis of variance for the regression of v (Part I1) on u (Part I) is given in

Table 4.
TABLE 4

ANALYSIS OF VARIANCE FOR IRREGRESSION OF

v (1.Q. ror Panr 1I Scorks) oN u (1.Q. For ParT 1 Scores)

Factor of Variation

Deviations from Lincar Regression

Lincar Regression

lletween u-Arrays

Within u-Arrays

‘Toran

Degrees of
Ireedom

14

1

15
1196

1211

< ; RaTt10 OF VARIANCES
um o | P} e o T ppm——
Squares Variance 4 1%
Observe Expected
155 1°11 0°58 2°078
5063°1 50638°1 8086°S 6°657
5978°6 898°57 206°8 2°082
2311°0 1°042 1°00 =
8289°6 G'815 -— -—

The variance for deviations from linear regression is 1°11 while the variance within

arrays is 1°03.

A linear regression iS therefore fully adequate,

The analysis of variance for the regression of « (Part 1) on v (Part IT) is given in

Table 5.

TABLE 5.

ANALYSIS OF VARIANCE FOR REGRESSI10N OF

u (I.Q. ¥or Parr I Scores) oN v (1.Q. ¥or Pant 11 SCORES)

Factor of Variation

Linear Regression

Between v-Arrays

Within v-Arrays

Deviations from Lincar Regrexsion ...

Degrees of
Ireedom
1t
voe 1
. 15
ese 11496
oo 1211

Observed

1°16
8107°0
2082

100

RaAT10 OF VaRIANCES

1%
Expected

2°078
6°637
2°032

Sum of el
Squares Variance
82°8 2°31
6192°38 6G192°3
6224°G 414°97
2483°5 1°903
HGOSL'L 7°108
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Scale of “u” ([. Q. for Part | Scores)
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The linear regression is again adequate. ‘I'he two regression equations are given

below.
u = 080643, (V) 4+ 14386 .cccececccccrscosscsanncasaeas(l)

v = 08323.(1) + 15458 .ceccecccecccnsceniccnnsecsees(2)

The observed and calculated mean values for different ranges are given in Table 6 and
are shown graphically in Chart 1.

.

CHART 1. REGRESSION LINES OF ‘u’ AND ‘v

k- u = L. Q. for Part | Scores
v = L. Q. for Part 1l Scores Joras
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TanrLe G

1. Q.’S FOR BENGALI SCHOOL CHILDREN

Onsenven aND Carncuraren Varues or v (L.Q. ror Pant 1T Scorgsg)
AND 1 (1.Q. ror Panr 1l Sconrges).

“"I'Tse. ?(l;r" : — 1 .Q?II:Z:: |"AA|:::';'I‘,§('::kns i “"l.f(’f;f (f'(frv : T l.‘: I FI-A( ,Nu‘;::.:'.r l";(.r:):lu:s
Part 1 —— S - Part 11 Ll L —_——
Scores Obscrved | Caleulated I GG Observed | Calculated
(1) (2) (3) (4) (5) (6) @) (8)

25—384 1) ) ) 2544 1)
4592 48°53 43°50 44°08

85—44 12 85—44 4]
! 45—54 34 58°82 5717 45--51 40 5425 56°57
| 55—64 108 65712 6581 55—G4 98 65°52 6489
65— 74 114 7542 7446 65—74 101 71°97 7321
75—8¢ 128 #2713 83°10 75—84 105 80793 81°54
85—94 136 01°98 o1'74 85—94 128 88°33 89°86
95 —104 210 100°90 100°38 95—104 192 95°65 98°18
105—114 138 108°96 109°038 105—114 165 106°79 106°51
115—124 186 117°50 117°67 115—124 152 113°87 114°83
125—184 111 125°71 12681 125—134 109 122°'84 123°85
185—144 53 184746 134°95 185—144 G2 129°98 181747
145—154 32 141798 143°60 ! 145—154 41 1388°61 18980
155164 7 15823 15224 l 155—16+4 11 149°50 148712

165—174 1 — : 165—174 asil

17518+ 1) ' ] 175—184 . .
" 185-—-19¢ ooe EeiEE
195 - 20t 1 !
Torar 1212 e i i Toran ... 1212 v sio

Ciiance or 1. Q.

wIiTH AGE.

It will be remembered that the chief purpose of using the I. Q. is to eliminate the

effect of the variation

of scores

with

age

making comparison.

It

is therefore

necessary to investigate how far this has been aclhieved in practice, that is, to see
whether I. Q. depends in anv way on the age of the candidates.
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Tusee 4. Comreratioy Caart For Ace-Distrisutios oF u (I, Q. For Part I Scores)

Age in months
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I. Q."S FOR BENGAILI SCHOOL CHILDREN

The distribution of u (I. Q. for Part I scores) with age is shown in the correlation
Table 7. ‘The analysis of variance is given in 1'able 8.

TABLE 8. ANALYSIS OF VARIANCE FOR RREGRESSION OF
1 (I.Q. FOrR PArT 1 ScORES) ON AGE

i I RATIO 0r VaRiANCES

Factor of Variation 'l)-‘cr‘::?l::n?f Sl':::‘l':£ Variance |~=—-— =
Observed Expeﬁ;ud
Devintions from Parabolic Regression o3 . 2650 10°60 1°584 1°765
Parnbolic Regression (2nd Degree) ... 1 1244 1244 18°88 6°637
Deviations from Linear Regression ... 206 889°4 1408 2°237 1°676
Linear Regression i 1 200°0 290°0 43°381 G157
Between Age-groups 27 6794 25°16 3°758 1 696

Within Age-groups 1184 7928°7 6°'696G 1°00 _

Torat oo 1211 RGO/ 7°108 - =

'

The variance within age-groups is 6.696 against a variance hetween age-groups of
25'16. The ratio of variances is 3758, while the expected ratio? is 1696 on the basis
of 1% (one per cent.) probability. ‘I'he observed ratio is highly improbable, and we
must conclude that the value of w (I. Q. for Part T scores) depends appreciably on the
age of the candidate. ‘I'his is disappointing but cannot bLe helped. The following
values of the correlation co-efficient and the correlation ratio confirm the ahove results.

Nue - 0-2800 7% = 0.0789
LT =_0.0837
Tn = =0°'1830 + 0°0187 = = 0.0452

The mean value of (%), for no association is given by (n—1)/(N—1)=27/1211=00233,
while the observed value is 00789, ‘The standard deviation of (4% is 0:0059, so that the
observed correlation ratio must be considered significant.

Proceeding with the analysis of varinhce we find that naturally enough linear
regression is definitely significant. Deviations from linear regression yield a ratio of
variances of 2:237 which also is significant on the one per cent. level.

As the regression is definitely non-linear, we may next try Pearson’s Non-linear
Rearession of the second degree. ‘The relevant formulie (taken from Karl Pearson's
fundamental memoir of 1905) have been already given in the first paper of the present
series in Note No. 9 (this Journal, Vol. 1, Part 1, June 1933, pp. 46-47).

3 1, C. Malintanohis: “Auxiliary Tables for Visher's Z-test for nse in the Analysis of Variance'
(Ind, Jour. Agri. Sc., Vol. IT, Part VI, Deéc., 1932),
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Tuste 0. Cormecatioy CHart For Ace-pistaisutiox of v (L Q. ror Part 11 Scores)
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1. Q'S FOR BENGALL SCHOOL, CHILDREN

The actual parabolic equation is giverr helow,

" =
where u ==
and I == apgcin vears.

38445 + 10°9758 (1) — 0°4634

1.Q. for scores in Part T

(m

(8)

The graduated and observed values are given in ‘fable 13, columns 5 and 4, and are

shown plotted in Chart 2.

Proceeding with the analysis of variance in. Table 8, we find that the parabolic
regression is significant, but deviations from thé parabolic regression give a ratio of

ariance of 1°584 which is no longer statistically significant.

regression of the second degree gives adequate graduation,

We conclude that a parabolic

In the same wiay we can investigate the dependence of v (I. Q. for Part IT scores)

on age.

TARLE 10.

v (I. Q. ror Paut Il Scores) oN Aqe.

ANALY SIS OF VARIANCE FOR REGRESS:GN OF

I'he correlation chart is given in Table 9, and the analysis of variance in Table 10,

Factor of Variation

Deviations from Parabolic Regression
Parabolic Regression (2nd degree) ...
Deviations from Linear Regression ...
Linear RRegression ass

Between Age-groups

Within Age-groups i

Torran .

Degrees of
Freedom

12

Sum of
Squares

147°1
164°2
B11°8
201°5
5128
7776°8

H#2R0°6G

Variance

5°88
164°2
11°97
201°5
18°908
6°568

- ——

G845

RATIO OF VARIANCES

Ohservad

O 396
25°00
1°828
30°68
2°890
1°00

0
Txpested

1765
6°657
1°676
6°657
1°696

The varianee hetween agre-pgroups is significantly  greater than the variance within
age-groups (since the observed tatio of variances is 3487 augainst an one per cent.

expected value of 1-G9G).

The values of the correlation coefficitnt and the correlation ratio, which are given
below also show that » (I. Q. for Part II scores) clearly depends upon age.

Nete 0:2400

7)":1 =0°'0619

o _=0°0243
»”*=rt =0'0376

Toit

015540019

The analysis of variance also shows that deviations from linear regression give a
ratio of variances of 1'823 against an 1% cexpected value of 1'676. The linear regression
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1. Q.'S IFOR BENGALT $SCHOOL CHILDREN

cannot thus be considered entirely adequate.  Using o second degree regression we
obtain the following cguation :—-

v o= 23342 - 127214 (1) — O'S128 (1*)eeeiiniiniieenncnrsnncicnnsneen(d)

where v = I.Q. for Part Il scores
and ¢ == age in years.
It will be noticed that the deviatioifs from the above parabolic regression are statisti-
cally negligible so that the graduation is fully adequate, T'he graduated and observed
adues are given in columns 7 and 6 of ‘Iable 13, and are shown graphically in Chart 3.

The 1.Q. based on combined scores naturally show similar features. ‘I'he correlation
chart is given in ‘able 11, and the analysis of variance in ‘l'able 12,

Tanne 12, ANALYSIS OF VARIANCE FOr REGRESSION OF

w (1. Q. ror CoMpINED Scorks) ON AGE.

| . i RATI0 OF VARIANCES

Factor of Variation Dlgﬂ‘;‘;:"“" sb.'.'.mrgi Variance : e
i i Observed | Rxbectad
Deviations from Parabolic Regression 25 I 2061 8244 E 17276 I 1°765
Parabolic Regression  F 195°9 1989 | soRG | 5657
Deviations from Linear Regression ... 246 J05°0 15°5% : 2412 l 1°676
Linear Regression | i 208°3 203°3 ' 148 6657
Between Age-groups = 7 608" 2252 i #487 1697

Within Age-groups oos AREEY I 7647°4 G°459 i 100
o ] [FDULEE FOPR I M ——
i_ Toran 121 I K235°7 ;'818 ; -

Thie correlation cocfficients and the correlation ratio are given below,
Nui 02714 Pl =0037

. 1 = 00246
[ 01569 4- -01849 ;5‘__“;:‘__’:—(').0491

I'‘he above values as well as the analysis of variance given in Table 12 show the appre-
ciuble dependence of w0 (1.Q. for combined scores) on age. Deviations from livear
regression are definitely signiticant ; and we obtain the following parabolic regression :—

w = 33736 + 11:230 (1) = 04594 (1?).c.ceiireeennnnciereancanannanes(5)

where w0 1.0Q. for combined scores
and ¢ = age in yeurs.
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‘I'his graduation is adequate since deviations from the parabolic regression are not

«tatistically significant.

‘I'anLE 138,

‘T'he graduated and observed values will e found in columns
No. 9 and 8 of ‘I'uble 13 and are plotted in Chart 4.

GRADUATED AND OnsErveED VALUESs oF 1. Q.'8 (VAriation witit Aue)

Ace-Grours

e B
ange | o 1B

* [(mounths) z
i : -

) (2) )
100—103 | 102°5 10
106—111 | 108'5 G
1M2—-117 | 14’5 23
ns—1z3 | 1205 26
124—129 | 126°5 31
180—135 | 1825 55 !
186—-141 | 188°56 77 :
192—147 | 1445 7
1418—158 | 150°5 u
158—159 [ 156°5 54 |
160—165 | 1625 104

: 166—171 | 168'5 105
172—177 | 174°5 83
178—188 | 180°5 'iw!
184—189 | 1865 76
190—195 | 102°5 70
106—201 | 198'5 5t
202-207 | 2045 51

b 208—218 | 210°5 1

| 214=210 | 216°5 22

i 220—225 | 222°5 16

: 226—281 | 228°5 8

| 282—287 | 234'5

i 298—248 | 230°5 2

I Beyond 248 5

MeEAN w: 1. Q. vou Mean v L. Q. ron Mew e I Q. von
Pant 1 Scours Pant 11 Scones CoMBINED SCORFS )
Observed | Graduated | Observed | Graduated @ Observed | Graduated
(4) (5) (6) (7) (8) (9

i 105°11 u°71 09°75 0G0 00°75 4y7°73
107°36 100°09 00°0 4 07763 100°81 w907 |
10669 TR 0065 9807 102:58 100719 !
1447 102°738 08°28 ' 100705 a8 04 101°08
102°41 10314 9750 . 100°RS 0823 10174
[ E] 103740 i 05°7:8 ' 15 9354 102°17 i
100°29 105743 019 . 1ns7 w7y 102°86 !
16 1522 0780 101°82 1700 102°33 ;
10861 027K | 101°05 T REY 10205 102°07 :
108°52 sl { HIT T 7 102°58 TR
101°47 101°11 i 4 | 100743 101°1 WOsG |
099°68 o7 | ox'se ) 09°40 38 fam
102°69 os77 o) 1200 ! 002G 102°45 a8°738
97°78 071 05" 03 | OGS0 WGRT 9788 ,
05°09 05°28 uGE 0427 903G 95°GY |
20°08 os21 ! 90°G1 ! "2 10 017 03'82 !
2'54 wroz 02°RY : 89°6G3 0:3°03 oz |
K282 K40 LTI KRGt B3 K2 Ro'so |
82°78 NG5G b 82 Kol 8723 B84
83°'23 H2°GS 8313 . BO"K0 R4°50 8105
6828 79°43 50°50 77°83 67°20 81°03 '
68°28 7598 6288 WG 62°83 77°78
71°10 7220 G500 GG 6522 7481
- -] -1 - _ _
' i
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A o \.,/
i \
iy
’ |
T \
C“!sn:l ved __ s s e "
15| Graduared |I
r- \
|
\
7u | .
o i
8 \
GofT N
"1 Age in Months \/
3 1 L| 3 > g —Y
I £ 1 1 1 1 1 1 1 1 A | 1 1 1 ) |
55 120-5 1145 168-5 192-5 216-5 2405

AGLE VARIATION OF. 1. Q. s
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90

85
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- N\, /f ‘.‘.
7 S N, A
_’
.’
./
CIHART 7. Standard
s Deviations of ‘w’ (Sw)
[ i
\
I‘J‘
[] N ] N [ . . . R
05-5 i20-5 Ty B— = - i

AGE VARIATION OF STANDARD DEVIATIONS

Scale for Sv




I. Q.'S FOR BENGAILI SCHOOI, CHIILDREN

It can be seen fromn Charts 2, 3, and 4 that a2, v and 2 show practically the same kind
of variations with age. “Uhe 1O s all slightly increase at first up to the age of about 12
or 13 years and then decrease with increasing age.  ‘I'he rate of decrease itself is at first
small, but increases rapidly at higher ages,

So far ns the present material is concerned the 1.Q. evidently fails to eliminate com-
pletely the effect of ape varviations. 1L cannot therefore serve as o fully satisfactory ool
for comparing the intelligence of candidates of different ages.

I'ABLE 14. OBSERVED AND GRADUATED VALUES OF STANDARD DEVIATIONS OF 1. Q.’s

Ace-Grour E Su=8.D. or u : Sv=8S.D. orv Sw=8.D. or w
$ IN i (1.Q. rou (1.0O. ron (1.Q. ror
MoNTHSs i Nhl‘l.l:l-' Panr 1 Scones) Parr Il Scokes) ('Ollllletl)_?l‘.‘f)l.l'l‘.S)
; Range ":}.’"‘}‘; Obscrved | Gradunted | Observed | Graduated | Observed | Graduated
i m (2 | () ) (%) (%) (7 (®) ()
i iy e z 16 g2 38 2877 2°767 2585 2°966
i 106—111 | 108°'5
1U2—-17 | 148 23 3670 3269 2°629 2813 2:802 2975
' 1IR-128 | 120°5 26 PRLY] 8218 2°000 2845 2008 2 Y78
; 124—129 | 126°S8 41 3212 3149 . 2°7H 2°86G4 2°842 2°960
Fiso—1as | 132es a3 3138 $°079 I 2711 2°8G8 2°870 2934
; 13G—141 | 1358°S8 | 77 a6 S 3.289 2°850 3°220 2°898
DUR—4T | 144es 78 3300 2019 3248 2'8458 3310 2°850
v im—-188 | 1505 8Y $08s wued | 3068 2818 s0s2 2°790
S 184180 | 18608 a8 i LW 2°TH0 ' 2020 LTS 2802 2719
160- 168 | 1628 : 04 P U1 2626 l 2827 2 679 20620 2637
Cra6ea71 | tews o108 2RI 2518 : L2 2500 2 003 2588
172177 | 174°8 i 83 i H 7 o] 2°396 2°483 2°504 2274 2487
179 183 | 108 | N2 l 21987 227 l 2°162 2°800 2218 2°420
184--189 | 186°5 ; 76 | 1°798 2180 | 2°022 2204 1°018 2192
190—-195 | 192°5 5 70 i 1°001 2°000 i 1705 2°186 1°863 2:052
196 —201 I 1085 . 58 L 1854 1°674 1°083 1619 1°900
202--207 | 2045 | 81 | s i 1702 1218 1'820 1188 1787
-.»ns—-.'m; 210°5 : 13 ! 1607 ' 1°512 ' 1684 1°G31 1°341 1°568
2210 | 216°8 ¢ 22 12 1876 . 1°519 1°H48 1°846 1°877
2:20- -225| 222°5 l 16 0866 1°208 ‘ 0°864 1°240 0701 17180
- | e ; 81 wes: ! ven | e 1010 1019 0071
' ' ‘ s e -
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VARIATION OF STANDARD DEVIATIONS wirtu Act.
We may now enquire whether the standard deviations of the 1. Q.’s are influencal by

A glance at ‘I'able 14 will show that in the case of all three I.Q.’s (u. + and

7 for Part I, Part 1I, and combined scores respectively), the standard deviation changes

systematically.
erowing age.

I'here is just a slight increase at first, and then a steady decreace with
For u (I1.Q. for Part I scores) for example it drops from a value higher
than 3 for lower ages to a value of about 1 for.higher age-groups.

I'he variation: in the

values of the standard deviation is thus proportionately much greater than the variation
of the 1.Q.'s themselves.

Craduation by weighted parabolas lead to the following c¢quations :—

Su

Sv

Sw

2514 — 02296 (¢
2:508 — 01748 (¢
= 2543 — 0°1950 (¢
‘I'he observed and graduated

Table 14, and shown graphically in Chart 5, 6, and 7.
The decrease in the Standard Deviations of 1.Q.’s makes it difficult to comjare the

1.Q.’s of candidates of different ages.
the ape-group of 190-195 months or say 16 years.

difference of 40 units in the I.Q. will be definitely significant.

group of 118-123 months.

6'5 to attain the same standard of significance.
The dependence of the I.Q.’s as well as their standard deviations on age lhus. take
away a good deal from the usefulness of the I.Q. in comparing the intelligence of candidates

of different ages.

FREQUENCY DISTRIBUTION OF 1.Q.'s.

13-987) — 001376 (t — 13'987)%....... P (6)
13:987) — 002824 (1 - 13937)%.....ccc.ee. .(7)
13:987) — 002296 (1 — 13'987)%..............:(8)

values of the Standard Deviation of 1.Q.'s are xiven in

For example consider u (I.Q. for Part I scvres) for
'he S.D. is about 20 ; su that a

Now consider the age-

The S.D. is 32, so that the difference must now be at least

We may now consider the actual frequency distributions of the three I1.Q.'s. The
televant statistical constants are given in ‘['able 15.

I'ARLE 15. STATISTICAL, CONSTANTS For THE l. Q.’s (N=1212)

Statistics

Mean

"
14

Type of Curve

" i

a?

"=

All three distributions are practically symmetrical, but the values of B are all signi-

Standard Deviation!

u: I. Q. for I’art I Scores

N8°86G5 + 0°5]83

26°G5038 + 03692
OO0

2°4879 3

O 07TR

Type Il
$°UnK
GR105

167°98

v: L. Q. for Part 11 Scores

a7°748 + 050036
26°1524 RS 0°35485
00003
204855 | 0022
Type 11
2°UN2

H2 MGtk

167°345

w i 1.Q. for Combined Scores

N7°86G7 + 05020

25949 + 01354
0ons2

247208 4 w0

Type 1
STARS
GO M

ficantly less than 3 showing that the distributions are definitelv non-normal.
They can therefore be all graduated hy the Pearsonian ‘I'vpe 1T curve whose foimule

are giveu below.
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‘I'he values of m, a?

equations are given below.

For w:

For v:

For w:

Yo =

and

[U

Vv o=

-‘.

58,-9
2(3—fs)
2B4w,

3— Bs
] (m 1 3,
e (m + |)

N 2)

o

I67’SlH( f s
IG7'35( =

i71-00( 1-

At

68195

) 3-358

52'.4'54') eane

A?
63346

) 3185

I'he observed and graduated values are shown in ‘'able 16.

(x*, ) test cannot be considered satisfactory,

1 for the three curves are shown in ‘Table

‘T'HL INDIAN JOURNAIL O} STATISTICS

\-,'( [ ~— ‘u:) du

(9.0)

(o1

(9-2)

(9-3)

15 and the
(10)
(1)

(12)

I'he fit as judged by the
We conclude that although the distributions

are non-normal, they cannot be conveniently graduated by the Pearsonian family of curves
using terms up to fourth moments.

TARLE 16,

OBSERVED AND GRADUATED FrEQUENCY DistrinuTions or 1. Q.'s.

u: 1. Q. vor Panr |. v: LQ. ronr Pawr 11 w: L.Q. ran Commnen
Renge of SCores Sconres Scones
|| v ey Pty | e |y S| o
(l) (2) @ (4) ’ (5) @) m)- T ® | ae)
S — S I | . NN S =5 264 seis 2 : w
25— 84 20 0°50 1 2°0 0’50 2 30 0°88
— 4 4 18°5 669 12 15°0 060 13 13°0 0
— 54 0 35°0 04t HT) L0 1°84 42 378 o5
— 64 2] G645 17°49 03 70 877 ] 720 5°58
-— 74 (T0] 101°0 0 1+ 100°8 019 108 109°0 : 0°us
— 84 105 1345 G487 123 188°0 1°63 127 141°0 1°39
i — 94 128 156°0 5°0 136 162°0 17 137 161°0 356
E —104 192 165°0 442 210 167°5 10°78 201 168°0 648
' —114 165 160°5 013 188 155°0 1°80 158 187°5 : 0
i —124 152 141°0 (U1 136 133°0 106 14 19270 | 061
~~-184 100 108°0 ool " 1085 054 100 11-0 ‘ol
—144 42 71°0 0'1s 63 645 2°05 61 6’5 1"os
—154 ] 43°0 oot 32 31°0 003 20 81°5 0
—16¢ 1" 140 WG 7 80, 012 7 o 09 |
Beyond 164 8 20 0°50- 2 so | 0 | -;: 60 267 |
. S . . SE —b b e &
. TOTAL 1218 | 1212°0 4&'24- wm iz | 1'3'45 l ETITE lzu 0 2440 |
i :_._ B _‘c': 5, n’-l—;.- P<0'0000‘l c"15. '-n =l.i. P<o-mm l_—:;T n’ =10, l'=0'l:0:'5
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.~

SUMMARY

The present paper gives an analysis of the 1.Q.'s for 1212 Bengali school children
based on a Group Test of Intelligence conducted through the medium of the Beugali
linguage.  The test was divided into two parts I and 11, and three 1.Q.’s: u for scores
in Part I, v for scores in Part 1T, and % for combined scores were calculated separately.
Chief results are summarized below.

(1) The reliability of the test as measured by the association between u (I.Q. for scores
in Part 1) and 2 (1. Q. for scores in Part 11) is high. ‘I'he actual value of the coefficient of
correlation hetween 2 and » (+ 08481 + (0054) is only slightly less than that between
1aw scores (408781 £+ 0°0044).

(2) The relation between w and v is linew, so that gains in « and v are practically
proportional.

(3) The 1.Q.’s are not independent of age. ‘The change with age is not strictly pro-
portional, that is, is not linear, but a parabolic regression of the second degree is found

adequate in every case.

(4) Al three 1.Q.'s slightly increase at first up to the age of 12 or 13 years and then
decrease with increasing age.  The rate of decrease is slow at first but rapidly increases at
higher age-groups.

The T.Q.'s thus fail to eliminate completely the effect of age variations of the scores,

-~

and cannot be used with safety for purposes of comparisons.

(5) The variability of the 1.Q.’s as measured by the Standard Deviation also changes
with age. A1l three Standard Deviations increase slightly at first and then steadily

deerease.

(6) The frequency distributions of all three T.Q.%s are practically symmetrical, so that
the number of children who are in advance of their age is more or less balanced by the
number of retarded children,

(7) ATl three distributions are however definitely non-normal, and belong to Tvpe IT
of the Pearsonian Family of Curves hut the goodness of fit is not satisfactory. Tt is worth
noting in this connection that there is a great preponderance of observed I.Q.'s between
05 and 104,

The general conclusion is that the 1.Q.’s have high reliability, and are symmetrically
(bt nol mormally) distribuled, with a preponderance of mediocre values. Further, the
1.0 s as well as their standard devialions snow significant changes with age, <o that thev
Mz not completely independent of the age of the candidate.  The T1.Q.’s, at least so far as
the present material is concerned, eannot serve as fully satisfactory tools for comparing the
intelligence of children of different ages.*

*Communicated to the Tndian Science Congress, 1933,
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(C3AnIVPED AND (IRRERVED SCORES.

3 | Number || Panr 1 Parr 11 Connaen
I Aqe-group ! np S —. e eem e =
f : Gradunted | Observed® [[«Gradunted | Observed || Craduated  Observed
. i
() : (2) (3) (+) (3) (6) (7) (8)
5 Lacd m——— D =y ‘I—.-—. - wecms i te s - sese o= Sy L L s
[N [ T 2 | 5°80 130 51 1n-e 102 2400
! =AU L E 7 HT 508 K1 1nees 1600
' - 1U8 # b 68 [ 567 o0 [PRE Py
: - m 4 GRS 2on Gr2s 0 18z 2
-ns | 6 | 7°24 AR G2 ey 1418 17°65
=117 17 | 765 7°82 7°58 871 15726 1653
- 15 | K08 825 K00 it 16°47
—2 n ot Re52 sz 10 6o 17 53 19°5¢
. - 126 8 | 897 9°59 ek 18750 287
\ -129 b E] ' 0°43 R°GT 10°29 o0n |l 19 90 17°96
- 2 J 200 015 10°00 077 10°)2
== 1A% 2 f 10738 017 16 1017 | vty
—1a8 s | 10056 Rz 12°10 12 20113
—ia =2 1 eas 1015 1311 2y | 24K LIRS
=i 45 I sy 12°15 1381 1oz | 2503 251K
-7 28 12 12 'R0 11°70 2727 20°68
-150 H 3 | 12°R0 1391 17°13 28 19 a6
=153 ! 55 | 1897 11°87 s 20°50 11000
=156 a5 | 1974 12°8% R ACK] AL
-159 23 B 1419 1578 19°08 HEN S}
' -162 44 | 1465 1514 17°83 171
-165 [HU. N 15°08 16°15 18°15 20002 i
—-168 61 | 1550 1500 19-01 I1N°K7
—-171 1 15°01 1582 19°61 I |
-174 27 16°29 16'15 20015 19748
-177 56 i 16°63 16°73 20 66 21°4) 38723
—180 6o | 16°99 16°80 21°1¢ 21°90 RIgTH i
—183 52 | 17°81 18°19 21°68 23°58 3970 :
—~1R86 83 17°60 18°76 21°09 228K 1061 i
-189 3 17°86 18°81 2235 2847 o0
-192 I N 17°40 2273 41°00 30°64
-195 26 | 18°20 12°58 © 2 40°835
—198 13 18°45 18°78 ‘0 4285 10°78
=201 86 18°58 18°86 24°80 41y £1°67
—20% 2 | 1R°66 19709 23°00 43°45 4410
-207 80 18°72 l!l'7‘7 PN 4360 15°50
-210 20 1R 72 16760 21.50 18060 a0 |
-213 24 1R°6R 1667 21 96 13°6) e
—216 12 18°60 18767 242 24°00 43745 466 .
-219 10 18 46 19°80 28°25 22°30 4317 42°10
—222 9 18°29 20°11 2301 RIS E I 12°78 4344
—-225 7 18°03 18°00 22°60 24°00 4226 4200
- 228 8 17°76 14°00 22°12 18°00 41°1 8200
—281 0 17°42 ) 21°56 A0°K3 i
—2n4 1 17'02 1700 20001 14°00 su-a2 3160
) - 257 2 | 16°566G 12°00 2028 15°00 Haad 27°00
—-210 o f 16:038 L2 #7645 .
-243 2 | 15°44 21°50 1854 3200 i R0
—284 2 14°79 12'00 17°57 won | : 2250
—249 0 wor 1ol . . i i
—252 o | 1328 1486 . i !
-ggg o | 12042 % 15861 ]
- 1 11°48 ‘00 12°27 20°00 50°
- 2061 0 10:47 10°8 : o
: —264 0 9 A9 .o . 928 : 2214 -
i —207 0 822 - ’ 7°63 v 19437
i ~270 2 607 9°50 5°88 12°00 16°33 2080
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