16 February 1832.

Pl'ﬂlf-. ;l.ﬁbs- Hﬂlm “I-ﬂ“
John innes Hortleultural Inst.,
Moatyn Rd.,
Marton l'ark,
Lmdm*, le! lg.l

Dear Haldane!

There are really two parts to the gqueation of
efficiency in the problem you send, efficiency in the
treatment of a group of fanilies of the same size, and
efficienoy in the combination of information derived
from families of diffarent aizes. You do not mention
it Ipiuifiﬂlllyihut I lmagine that Bernatein suma
8(e = 1) for all families; and if so this would determina
the second part of the gqueatlon.

0n the first point Barnstein's method 1s, as you
suspected, not efficlient, hut comea remarkably near to
being mo. Families of one clearly give no information
and familiea of two and three are sach divisible inte
onlt two classes, according as all or one less than all
the children fall into one or octher of the oross-over

versy§ non crosa-over groups. With material-of thia



clase any consistent statistic must be efficient, since a
erogsg-over valua can E;ﬁﬁ% ;‘r.:&f}i ::!-ﬁ{y any “ﬁiﬂlfﬁ
ratio between the two classes that may be cbaerved, In
families of four and five where thers are three classes we
got the firat real case involving combination of obeer-
vations in which no estimate will give an expectation
exactly reproducing the data. I have worked out tha
efficiency of Bermstein's method for the valuea of p in

the following tabls, using that symbol for the recombination
fraction.

Efficiency foo familieg of the same size.
Size of family

P < -} L
100.0 100.0 100.0
0.1 06.677 B8.821 #5.87d
Q.2 86, 366 4. 307 83.180
0.3 B7.618 9b.088 B4, 481
0.4 9.601 99.2381 88,704
0.8 100.0 100.0 100.0

The valua for p = O.1 for femilies of four looks t.oqrml
and may nnntnl.n- an error. I went as far as famllies

of gix in case on increasing from three classes to four
there wae an appreciable drop in the efficiency, but
evidently there is not and 1 imagine that if efficiencies
below 80 per cent. ocour they will-only affect a very small
fraction of the data, contributed by a few of the largeat
families.



I have not hunted up 1f Bermateln glves his data,
but if he does it would not be a long job to recaloulate
the estimates by maximum likelihood. I should be
inclined to handls the whele thing arithmetically, for
tlough the algebra ia not too heavy up to families of
five, it does becoms heavy thereafter, and the arithmetic
is particularly pleasant in exhibiting the amount of
information actually contributed by the families of
different eipes and weighting them automatically.
Formally, the algebra involves solving equatiome of degrees
somewhat higher than ths gime of family and this is
anyhow beat done by trial. If Eernstein does not give
the data I would, if you liked, exhibit the arithmetical
procass oo fletitlous material, 8o that you ¢ould peae how
it runs out.

I have not sean Jaffray's book and I suppoams that

you arae right that I ought tﬂ. but I do not supposs thait
he ¢omes very elose %o the real problems.

Yours aingcersly,



