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STAtrISTICAL METIIODS AND RESI'LTS

(DePartment of Statistics)

(a) MATEEMATTcAL TEEoRY

)(Ix. R. A. FISTER. " The Sampling Enor ol Eslimakd Dniatcs'
toselhq with Othet lllustrations of tlw Proie ies d"d Affl'cL-
tiirs of lha Inlasals lfd Doioalirtcs ol thc Normal Enw
Function." Maihematical Tables, 1931, Vol I, pp' xxvi-
xxxv.

The mati.ematical properties of the Hermite functions Ff" and th€
ctosetv retated functio'ns'G, are summarised' together with tleir
iJ.ii6*Ui, to the intesrais f" of the probability integral The

definition'of f. is exteided to include positive and non-integral
values of tt.

It is shown that if the deviate of tbe mean of a normal distribrr-
tion irom a fixetl value is estimated by the deviate of the mean of a
samole and this deviate is expressed as a fraction t ol the estmated

.t"ir["ia "-i,i "ithe 
sample, then the distribution of t can be

obtained in teEDs of f fimctions.

The moments of the truncated norrnal distribution- about its
t"nninus are easilv exDressed in f functions. The method of moments'

;h;;pdd i;;ttiriating the parameters of the distribution, is in
tili-" 

"*I'"m"i""t, Si"ing thE same solution as the method of maximum
likelihood.

If the Darameter rz of a simple Poisson series is a variate' then-

,itft 
""ttti!, 

aitUU:rtions of nr tlie resultant modified distributions o'
iiii-"*i":t"7"i tnu ioisso" series are expressible in terrns oI the r
functions.

xx. F. YATES. " Tlu Analysis ol Mult|?h Clossilications uith
[Jneoual Numbers in lhe Dilferent C'ass's"' J ournal-ot tne
A-H; 6iatistical Assoiiation' 1934, Vol' XXIX' pp'

5l-66.

A tvDe of problem which frequently confronts the statistician is
the an;llsis of data which can be classified simultaneously m two or

more difierent wavs, as, Ior example, the anal,'sis of ihe.+ct-oence ot

disease in differeui towns, where the towns might be classltled accoro-

ing to population and also according to geographrcal Posluon'

The statistical procedure aPProPriate -to the .case yh"I 99
numbers in ti,e vari;us sub-classes are equal is sPecialy .slmPle'.ano
ha-s been verv fullv developed in connection with the rePlrcated rrelo

trials h asrildtde. The brocedure is a sPecial case ol tie metnoo

lnown as 
"the analvsis of v-ariance. When anal,sing tables In whrcn

the numbers of the various sub-classes are unequal the pr-ocedure

aDDroDriate to equal numbers requires considerable modlircauon'
th'is daoer considirs tle general cas€ of a. P xq table, as weu. as ttre

more'special case of a 2 x? table, and is largely a fultrer exPosrtron oI

tia mrihods adv@tod ia a previous paper'

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-3 pp 3

70

xxr. Cx. ?rNz^DZE. " Bibliography of Statistical, Methods, cfuiefly
on the Af|lication of the Adysis oJ V ariance." Duplicaied
copies, Rothamsted Experimental Station, lgBB. -

In the last few years the application of statistical methods to
biotogy has grown considerablt', and the new methods associated
with t-he name of R. A. Fishei have spread far afield. But it has
alread-y becomc very difficult to fintl the \ridely scattered papers
publish- ed on this subject in many countries and different jounials.
Therefore it has become necessa.ry to anange a classified bibtilgraphy.

There are two objects in viiw in pr&nting this bibtiogfapiy :
(a)tointroducethe beginner to the stuily o{ the analysis of viriinci ;
and.{r) to supply + adv,anced researcl workers tith the principal
publications up to tle end of t933.

The following are ttre classes in which the bibliosraphv
has been arr-anged: (l) Field ExDerimentation : (2) Horticiltrire.
(3) Plant Phfiiology j 1+y soii Science and'*i B;;teri;Lrv ;
(5) Meteorology; (6) Fisheries: (7) Books and Ceneral Wortiin
Statistics.

(6) TEculirerrE or Flrro Exprnrurrrs
xxrl. F. YATES. " The Formalion of Lalin Sauares fot use bt

FieA Expe7ir.eds." Empire Journal 6f Experimentat
Agriculture, 1933, Vol. I, ip. Zl5-244.

The value, zls a means of eliminatine fertilitv differences. of
square irrrangements of plots, satisfying tf,e concHtions oI the l,atin
sqwfe, was early recognised. W]en first introduced, however, the
importance of an unbiased estimate of error was not realised, and the
arrangements adopted were all svstematic. usuallv of some soeciallv
simple type, or alternativelv oi a tpe which rias believed' wouli
remove most completdy the soil differences ordinarilv existine.

Randomisation has now been practised for some 
"years, bit the

exact procedure o{ randomisatiorapproDriate to a L;tin souare has
never been clearly defined. In thii piper it is shotn ihat the
raJrdomisation of rows and columns, or iither and letters. amone
themselves, wilt provide an unbiased estimate of error, but tfrat inerE
is something to be said when using squares of sma[ iize fo, -"tirrna random s€lection from atl possibli squares of that size.

The squares up to size 6,i 6 have now been completelyenumerated
and are here presented in a form suitable for i".tirie . ,.r,ao-
selecti,or from all possihle squares. Specimen squares frJm z x i to
12 x- 12 are also given from which by iandomisaiion of rows, columrs
atrd letters, or any two of these, s[uares may be obtaiaei ior ex-
perimental use.

XKII. F. Yerrs. 'Tlw Atalysis of Reblicaled Ex bcrimznts
ulun tfu F,ield Results arc llromilatz.'t Emoire ioum"l oi
Experimental Agricuttue, lg3g, Vot. f, pp. t'ee-fiZ.

The principles of randomisation and replication. recentlv intro-
duced into the design of agricultural field trials. have er;.flr, irr-
creased ttreir accuracy, and have rendered possible vat]d tesis of
srgTulrcance and estimates oi ttre experimental errors. But as in all
experimental work, it sometimes happeru that accidental caues
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uDset the orisinal desian, so that the methods of anal,'sis which are

ni litr".ilu aoiropriate-require modification. In general, replicated
field triais aid so'arrangedthat the mean yield of all the plots receiv-
ing a given treatment frovides the best estimate of the effect of that
trJatrient, free from any extraneous effects, such a-s fertility differ-
ences, which are allowed for in the design.

If the vields of some plots are lost, or unreliable, the balance
of the origiiral desigrr disapiears. The simplest method of obtain-
ine unbia;ed estimites of ihe treatment effects, and making tests of
ih'eir sienificance, is to estimate the yields of the missing plots, and
then oeilorm the analvsis of variance on the completed set of values
The flrmule appropriate to the case of a sbgle missing p.lot of a
rand rmised. bloci< oi Latin square were first given by Miss- Allan-and
Dr. Wishart. A simpler method of deriving these formulae is here

described. and the procedure appropriate to the case where several
vJues are missins ii developed.'The validity of the ordinary tests of

signiticance is als-o examined. it being shown that tbere is no serious

clisturbance.-'- 
A new use ot the missing plot tecbnique is suggested for analy"srng

interactions which are beliel;d to be due to a few anomalous values'

xxrv. R. K. S. Munnev. " The Value of a Unilotmily Trizl i't
Fiel.d Erferimertation uith Rubber." Joumat of Agricultwal
Science,1934, Yol. XXIY, PP. U7-I84.

Sanders'method of utitising previous crop records to correct
experimental results by meani of a linear regression is bnelly
described.---The method is applied to yield figures kom rubber trees.in
Sumatra, and the precision of a dummy experiment rs..thereby
increased nearlv fr-,rir-fold when the " preliminary ' ard " expen-
mental " vears 

-are 
consecutive. When the " experimental ' year,ts

three veirs hter than the " preliminary " year the error o[ the
adiustid vields is reduced to about a hau.--'ttli 

",lo.f"a"a 
that not only has the method of correction been of

,"t"" in ttre oarti"ular instancl investigated, but that a uniformity
trial utilised 'in this way should be of praciical value in any maior
field experiments with rubber.

xxv. F. Ylrns axD D. J. WATsoN. " Obsenter',s Bus in Srylt'".g
Obsenalinns o, lVlraol." The Empire Journal oi Experi-
mental Agriculture, 1934, Vol. II, pp' 174-177'

A!. exDeriment carried out at Rothamsted to determine the bias

.f &rf"iJr[i ori"*ers in maki.ng pla.nt and sboot counts of wheat is

described. The observers were those making samPling obsewatlons

":i-*il".i .i "t"us centres, under the sch6me of the Agricultural
Gt"*ofoeiot Co.*ittee, iD order to determine the Principal events

which B;k the progress of ttre wheat plant from SeEnrnatron to

-itority. The &peiiment is of interest in showing thtt JT. 8"
bia-ses iir plant corints can occur (due to ttre difficulty of decidi"S
;hri; ;i;L a"a *nrt are t drs), and emphasises the need 

-oJ
arranging^ comParative trials for obs€rvers who have to take
measurements liable to bias.
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(c) GENE-rcs

xxvr. R. A. FrsHER. " The Eoolutionary Modificali+n of Gctt*ie
Plpttonma." Proceedings of the Sixth Iirternatioira.t Con-
gress of Genetics, 1932, Vol. I, pp. l6j-l72.

The possibility of explaining observed genetic Dhenomena in
terms of evolutionary mooifications is reviewe"rl. Tt is ;ho&T that the
phenomena of dominance ard recessir.eness, of multiple allelomor_
phisrn and other genetic phenomena, together r,rith -'.rrv a.ro.r"nt
anomalies, may be satisfactorily accountid for by the #oclises of
natural selection as the result oI evolutionary niodificdtion of the
whole gene complex which conditions the inanifestations of ihe
particular genes b€ing studied.

rxrrr. R. A. FrsnER. " Selectiott ifi thc ploduction of the Eur-
Sporlbry-Stochs." Aanals of Bota.ny, l9BB, V6l. XLVII,
pp. 727-7X3.

. . 
Aa outline.of Winge's ttreory of doubleness in stocks is given, and.

ol lts rmplrcatrons.

_ A simple method of diagrammatic representation aDDtied to Miss
Saunders' drta of lgl l, shcws both tlat tf,e observed ex6dss of doubles
is due solely to their greater viability, and. that one familv there
r:eport€d wa-s exceptional in Srving onty one quarter dou6les, as
should the progeny of a plant freed from the pollen lethal.

. The close 
-linkage between the pollen lethal and the factor Ior

doubleness is due to selection acting iut.rmatically in the DroDasation
of the ever-sporting line , which h-as thus built ip the ;er-'spordg
character-

rxun, H. J. BUCHAN^N-WoLLASroN. ., Somt Modcn Statis-
tical Melhods. Thc alllicarion to thc Solutiot ol H"ryiis
Race Problems." .fournil du Conseil Internatidnal oou?
l'Exploration de ta Mer, l9BB, Vol. VtIt, pp. i+i.

The form of the distribution of vertebral count of herrinss has
been used by Schnakenbeck as a criterion of racial difie'rer

. It is here shown tbat the observed chenges of form can
be wholly accounted for by differences in the" mean 

""rt"UJnumber. The vertebral mrmbers in a shoal mav be regarded as
highly grouped normal data, any apparent skewness or ot[er diifer_
-ences of form being due to variation of the mean irl relation to the
boundrries of the grouping iaterval. Moreover the variance does noi
differ signilicantly from shoal to shoal.

Methods of fitting the normal curve to highlv srouDed data bv the
method of maximum likelihood have been devildped'(the methira of
moments being inefficient).

. . A.disa:ssion of the general principles of ttre analysis of variance
is included, in connection with ihe arialysis of the g6rgraphical dis-
tributicm of tle mean vertebral nurnber 

-of 
tIe dilferint"shbaJs-
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