
SUPPLEMENTARY TABLES FOR FINDING THE
CORRELATION COEFFICIENT FROM TETRA-
CHORIC GROUPINGS.

BY P. F. EVERTTT, B.S&

Object of the Tables.

These tables have been prepared to facilitate the determination of the corre-
lation coefficient by the method of the fourfold table in those cases where the
correlation has a very high value. The usual method involves the solution of an
equation in ascending powers of the correlation coefficient r; the numerical
coefficients of these powers are the products of the corresponding terms of two
series; alternate terms of these series being ultimately absolutely convergent.
When r is large, these alternate terms will not in general converge rapidly, so
that it usually becomes necessary to take a large number of terms into con-
sideration and the work becomes very long and tedious. The present tables
are designed to allow the value of r to be obtained easily and rapidly by a
series of simple interpolations, thus avoiding the lengthy and tather intricate
calculations formerly necessary and consequently decreasing the opportunities of
making slips in the numerical work. It is precisely in the case of those fourfold
tables for which r is large that we must go beyond the number of terms provided
for in my paper on the tetrachoric functions.

Method of Construction.

The nomenclature used will be that of Pearson's* paper describing the method
of the fourfold table, and explained at length in the Tables of Tetrachoric
Functions for Fourfold Correlation Tablesf.

• PkiL Tram. A, VoL 195, pp. 1—47.
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386 Supplementary Tables for Tetrachoric Groupings

I t has been shown by Elderton* that

may be transformed into

where £ = - and this form is utilised to compute d as a check for the value

of r obtained by the usual method of solution. Now -== I e~* dX and
•JiirJt

-j=e~*y are known quantities, being the i ( l + a) and z of Sheppard's Tablesf.

d fm

Putting ^ (1 + o) = / for convenience, we now have -^ = I zldy and this form was

used for constructing the tables.

The work was carried out in columns; the first column contained the values of
y or k rising from zero by intervals of '1, while the second column contained the
corresponding values of z as found from Sheppard's Tables. These two columns
remained constant during the whole of the work. The remaining columns were
grouped in threes and contained the values of t, I and zl, the headings having
suffixes attached showing the value of A to which they applied. The values

zldy were now obtained by a quadrature formula, first using all the values of

zl in the column and then striking out each in turn from the top of the column
downwards. Considerable difficulty was found in choosing a suitable quadrature
formula and after many trials Weddle's Rule was adopted as being the most
suitablej. The table for r = 1 was formed directly from Sheppard's Tables.

Checking.

Since £ — * f" FA-^^-^ dxdy

is perfectly symmetrical in x and y, it is obvious that the value of d/N is unaltered
when the values of h and k are interchanged. Consequently (excluding the case
h = k) each value of djN in the tables occurs twice and by the above method of
construction each of the two values is obtained independently; it will also be
noticed that in the final quadrature, the number of ordinates employed will also

* Frequency Curvet and Correlation. Layton. London.
t New Tables of the Probability Integral. W. P. Sheppard. Biometrika, Vol. a. pp. 174 ff.
$ It was always possible to make the ordioates number a multiple of six, as required by Weddle's

Bole, by the simple process of adding sensibly zero ordinates at the asymptotic tail of the carve.
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P. F. EVERETT 387

differ, so that the checking not only applies to the actual numerical work but also
tests the accuracy of the quadrature formula. The whole of the work was carried
out using five places of decimals, and the resulting values of d/N taken to five
places gave a maximum discrepancy of one unit in the last place; this discrepancy
could always be traced to the effect of cutting off at the fifth place in the
formation of the product zl and only occurred when, as must occasionally happen,
a number of values grouped together by the quadrature formula happened to be
rounded off in the same direction.

In the special case h = k, the value of d/N only occurs once in each table
and these cases were checked by differences.

Method of using the Tables.

In using the Tables to find the value of r the quantities (b + d)jN, (c + d)jN
and djN are first found by division and then the values of h and k taken out from
Sheppard's Tables. Using these values of h and k as arguments and comparing
the values of djN given in the Tables with the actual value of djN in the
particular case, the two values of r, between which the required value probably
lies, can be readily found by inspection.

For each of these two values of r, the value of djN is next found by inter-
polation, using the actual values of h and k as arguments; for each djN there will
be two such interpolations, one for h and one for k, and it is preferable as a
general rule to perform that interpolation first for which the correction to d/N
is the smaller. Having now obtained the value of d[N for the actual h and k
for the two assumed values of r, the actual value of r is easily found by one more
simple interpolation.- The process may, at first sight, seem rather complicated
but in actual practice the result is obtained with ease in a very few minutes.

Example.

Consider the fourfold table given below.

608

9

617

45

48

93

653

57

710

By division
b + d

' 13099,
c + d

= -08028, ^ = 0 6 7 6 ,
N ~ **"""" N

whence from Sheppard's Tables h = 11218, k = 1*4032;

The values between which r will probably lie are next found by inspection of
the tables, and it will at once be evident that the value of r lies between
•9 and '95.
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388 Supplementary Tables for .Tetrachoric Groupings

We accordingly proceed to find d/N for these values of r by interpolating in
these two tables for the above values of h and k; in accordance with the general
rale previously given, the interpolation is first carried out for k and afterwards
for h.

From the tables we have

r =

r =
r —

•9

•9

•9,

£ = 1-4
4-1-5

jfc = 1-4032

k =1-4032,

h=1-1
•0686
•0591

»=1-1

•0683
A = 1-1218,

0645
•0562

ft=1-2

•0642
d/tf=-0674.

which gives
and finally

Similarly we obtain

r = -95, & = 14032, h = 1-1218, <J/iV=-O745.

Interpolating for r, bearing in mind that the interval of r from one table to
the next is '05, and using d/N=> *0676 as argument, we obtain the result r = '903.

Accuracy of the Result.

In order to test the accuracy of the result, the value of r in the above example
was calculated by the usual method, using the Tables of Tetrachoric Functions and
including terms up to the twelfth power of r.

The equation obtained was

•057090 »-O10516r + •024948r* + 01322r» + O03733r« + -003868^ - -000225**
+ •002923r7 - -000121 r» + -001597r» + •000442rM + -000630?^ + -000017^,

whence solving by Newton's rule the value of r is found to be "904.

It is not suggested that this remarkably close agreement between the two
values *903 and '904 is always to be expected; but the difference between the two
values will always, I think, be found very much less than the probable error of r
and will therefore be without any significance.

Further Note on the Tables.

If Da be the tabulated value of djN for arguments h and k for any one of the
values of r for which the Tables are constructed, tben the volume of the frequency
solid on the area bounded by the lines corresponding to the values Ax, A,, &,., k,, is
given by Da,*, + !)*,*, — ^*,i,-2)»,ii- Consequently within the limits r = '8 to
r = 1 the distribution of the frequency within the one quadrant, for which the
Tables are constructed, may be readily found.

Cases where the Method of the Four/old Table fails.

A careful examination of the Tables shows that, when the values of h and k
differ widely and r is large, then the corresponding values of d/N differ very little
from one value of r to the next; in such a case the probable error of r will be
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P. F. EVERETT 389

large. It may also quite easily happen in such cases, that the value of d/N does not
vary for values of r between *8 and 1 and in such a case the method of the fourfold
table Mis, as the magnitude of the probable error would render the determination
by the ordinary method quite idle as regards a quantitative result although it
would generally be possible to say whether the correlation was large or small.
Unfortunately it is not generally possible to classify the data, on which the fourfold
table has to be based, in more than one way, or else by a suitable choice of
classification it might be possible to avoid such cases.

' In conclusion I desire to express my gratitude to Prof. Pearson for many
valuable suggestions, especially in connection with the choice of a suitable
quadrature formula.
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Supplementary Tables for determining High

r=80.

A-

t=OD
o-i
OS
OS
0-4
OS
0-6
0-7
0-8
0-9
1-0
11
IS
IS
1-4
IS
16
1-7
1-8
1-9
2-0
21
2S
2S
2-4
2S
2-6

0

•3976
•3766
•3538
•3294
-3039
•2778
•2515
•2254
•2001
•1759
•1531
•1320
•1127
•0953
•0798
•0662
•0545
-0444
•0358
•0287
•0227
•0178
0139
•0107
•0082
•0062
•0047

•I

•3766
•3583
•3380
•3162
•2930
'2689
•2445
•2200
•I960
•1728
•1509
•1304
•1116
•0946
•0793
•0659
•0543
•0443
•0357
•0286
•0227
•0178
•0139
•0107
•0082
•0062
•0047

S

•3538
•3380
•3204
•3011
-2804
•2586
•2361
•2134
•1909
•1690
•1481
•1284
•1102
•0936
•0787
•0655
•0540
•0441
•0357
•0286
•0227
•0178
•0139
•0107
•0082
•0062
•0047

S

•3294
•3162
•3011
•2843
•2661
•2466
•2263
•2056
•1848
1643
•1446
•1258
•1083
•0923
•0778
•0649
•0536
•0438
•0355
•0285
•0226
•0178
•0139
•0107
•0082
•0062
•0047

•4

•3039
•2930
•2804
•2661
•2503
•2332
•2152
•1965
•1775
•1587
•1402
•1226
•1060
•0906
•0766
•0641
•0531
•0435
0353
•0283
•0225
•0177
•0138
•0107
•0082
•0062
•0047

•5

•2778
•2689
•2586
•2466

.2332
•2186
•2028
•1862
•1692
•1520
•1351
•1187
•1031
•0885
•0751
•0631
•0524
•0430
•0350
•0281
•0224
•0177
•0138
•0107
•0082
•0062
•0047

•6

•2515
•2445
•2361
•2263
•2152
•2028
•1893
•1748
•1598
•1444
•1291
•1140
•0995
•0859
•0733
•0618
•0515
•0424
•0346
•0279
•0223
•0176
•0137
•0106
•0082
•0062
•0046

•7

•2254
•2200
•2134
•2056
4965
•1862
•1748
•1625
•1494
1359
•1222
•1086
•0954
•0828
•0710
•0601
•0503
•0416
•0341
•0275
•0220
•0174
•0137
•0106
•0081
•0062
•0046

•8

•2001
•1960
•1909
•1848
•1775
•1692
•1598
•1494
•1383
•1266
•1146
•1025
•0906
•0791
•0682
•0581
•0489
•0406
•0334
•0271
•0217
•0172
•0135
•0105
•0081
•0061
•0046

•9

•1759
•1728
•1690
•1643
•1587
•1520
•1444
•1359
•1266
•1167
•1064
•0958
•0852
•0749
•0650
•0557
•0471
•0394
•0325
•0265
•0213
•0170
•0134
•0104
•0080
•0061
•0046

1-0

1531
•1509
•1481
•1446
•1402
•1351
•1291
•1222
•1146
•1064
•0976
•0886
•0794
•0702
•0614
•0529
•0451
•0379
•0315
•0258
•0209
•0167
•0132
•0103
•0079
•0061
•0046

1-1

•1320
•1304
•1284
•1258
•1226
•1187
•1140
•1086
•1025
•0958
•0886
•0809
•0731
0652

•0574
•0498
•0427
•0362
•0302
•0249
•0202
•0163
•0129
•0101
^0078
•0060
•0045

IS

•1127
•1116
•1102
•1083
•1060
•1031
•0995
•0954
•0906
•0852
•0794
•0731
•0665
•0597
•0530
•0464
•0401
•0342
•0287
•0238
•0195
•0158
•0126
•0099
•0077
•0059
•0045

k=0-0
0-1
OS
OS
0-4
OS
0-6
0-7
0-8
09
1-0
1-1
IS
13
1%
IS
1-6
1-7
1-8
1-9
2-0
2-1
2S
2S
2-4
2S
2-6

0

•4117
•3905
•3670
•3417
•3149
•2873
'2595
•2319
•2052
•1798
•1560
•1341
•1141
•0963
•0805
•0666
•0547
•0445
•0359
•0287
•0227
•0179
•0139
•0107
•0082
•0062
•0047

•1

•3905
•3723
•3518
•3292
•3050
•2796
•2537
•2277
•2022
"1777
•1546
•1332
•1136
•0959
•0803
•0665
•0547
0445
•0359
•0287
•0227
•0179
•0139
•0107
•0082
•0062
•0047

S

•3670
•3518
•3342
•3145
•2930
•2702
•2464
•2222
•1983
•1749
•1527
•1319
•1127
•0954
•0800
•0664
•0546
•0444
•0359
•0287
•0227
•0179
•0139
•0107
•0082
•0062
•0047

S

•3417
•3292
•3145
•2978
•2791
•2088
•2374
•2154
•1931
•1712
•1501
•1301
•1116
•0947
•0795
•0661
•0544
•0443
•0358
•0287
•0227
•0178
•0139
•0107
•0082
•0062
•0047

•4

•3149
•3050
•2930
•2791
•2632
•2457
•2268
•2070
•1867
•1665
•1467
•1277
•1099
•0936
•0788
•0656
•0541
•0442
•0357
•0286
•0227
•0178
•0139
•0107
•0082
•0062
•0047

r = -

S

•2873
•2796
•2702
•2588
•2457
•2309
•2146
•1972
•1790
•1606
•1423
•1246
•1078
•0921
•0778
•0650
•0538
•0440
•0356
•0285
•0227
•0178
•0139
•0107
•0082
•0062
•0047

85.

•6

•2595
•2537
•2464
•2374
•2268
•2146
•2008
•1859
•1700
•1535
•1370
•1206
•1049
•0901
•0765
•0642
•0532
•0436
•0354
•0284
•0226
•0178
•0139
•0107
•0082
•0062
•0047

•7

•2319
•2277
•2222
•2154
•2070
•1972
•1859
•1733
•1597
1453
•1306
•1158
•1014
•0876
•0748
•0630
•0525
•0432
•0351
•0283
•0225
•0177
•0138
•0107
•0082
•0062
•0047

•8

•2052
•2022
•1983
•1931
•1867
•1790
•1700
•1597
•1483
•1360
•1232
•1101
•0971
•0845
•0725
•0615
•0514
•0425
•0347
•0280
•0224
•0176
•0138
•0107
•0082
•0062
•0047

•9

•1798
•1777
•1749
•1712
•1665
•1606
•1535
1453

•1360
•1258
•1149
1035

•0920
•0807
•0698
•0595
•0501
•0416
•0341
•0276
•0221
-0175
•0167
•0106
•0081
•0062
•0046

VO

•1560
•1546
•1527
•1501
•1467
•1423
•1370
•1306
•1232
•1149
•1058
•0962
•0862
•0763
•0665
•0571
•0484
•0405
•0334
•0272
•0218
0173
•0136
•0106
•0081
•0062
•0046

VI

•1341
•1332
•1319
•1301
•1277
•1246
•1206
•1158
•1101
•1035
•0962
•0882
•0798
•0712
•0626
•0543
•0464
•0390
•0324
•0265
•0214
•0171
•0135
•0105
•0081
•0061
•0046

IS

•1141
•1136
•1127
•1116
•1099
•1078
•1049
•1014
•0971
•0920
•0862
•0798
•0729
•0656
•0583
•0510
•0439
•0373
•0312
•0257
•0209
•0167
•0133
•0104
•0080
•0061
•0046
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Supplementary Tables for determining High

r-90.
1

A -

k=OD
01

1 0-2
| OS
; 0-4
j 05
i 0-6
1 0-7

08
09
1-0
1-1
1-2
IS
1-4
1-5
1-6
1-7
18
1-9
2-0
2-1
2-2
2-S
2-4
2-6
2-6

0

•4282
•4067
•3822
•3652
•3266
•2969
•2670
•2377
•2094
•1827
•1579
1353
1149

•0967
•0807
•0668
•0548
•0446
•0359
•0287
•0227
•0179
0139
•0107
•0082
•0062
•0047

•i

•4067
•3887.
•3678
•3441
•3183
•2910
•2630
•2350
•2077
•1817
•1574
1350

•1147
•0966
•0807
•0668
•0548
•0446
•0359
•0287
•0227
•0179
•0139
•0107
•0082
•0062
•0047

•*

•3822
•3678
•3504
•3302
•3076
•2830
•2573
•2311
•2052
•1801
•1564
•1345
•1144
•0965
•0806
•0667
•0548
•0446
•0359
•0287
•0227
•0179
•0139
•0107
•0082
•0062
•0047

•5

•3552
-3441
•3302
•3135
•2943
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Correlations from Tetrachoric Groupings.
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Supplementary Tables for determining High
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