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STATISTICS DEPARTMENT
F. Yerrs

The scientific stafi of the department has remained unchanged,
except that Sheila Cohen left to take up a post with Sylvania-Thome
Ltd. There were no new aPpointments.

N. E. G. Gilbert, statistjcian at the Jobn Innes Honicultural
tnstitution, has been seconded Part-time ({rom December 1957) to
assist in exoloring the possibilities of using the electronic comPuter
on the exteirsive irass of data that has been collected by the Animal
Breeding Research Organisation, Edinburgh.-

Eighi temporary dorkers were accommodated during the year,
four oI them from overseas,

THE ELEcrRoNlc CouPuEn
'l'he electronic computer has pJayed an increasing Part in t}Ie

lr'ork of the department, and th-ere has been a very subslantial
increase both inihe volume and range of work. The Sreater outPut
has been achieved without any marked increase in overtime work-
ine. the actual amount of overtime beirg 33 per cent above normal
hSoratory working hours, compared with 26 per cent for the period

-A.orit-December I 956.' The computer itself has continued to give excellent service. and
althoush the figures for reliability are not quite as good as last year,
thev re"main ve"rv satisfactory. Deta.ils are given in Table I.

it *iU b" seen that the amount of time devoted to production
has substantiallv increased relative to that devoted to Programme
checkhe. This is in part a reflexion of the fact that as our library
of progr"ammes has bein extended more and mor-e-problems can be

aeitt iltt, by existing prograrnmes, or small modifications.oJ them'

"na 
ir in p".i due to inireising efficiency in programme writing and

checkilg.
We irave also made good progress in the organization and- im-

Drovement of the auxitia[r eqriipment on which the oPeration of the
iomouter deoends.

ih" ornih"d-otd reader, brought into operation at the end of
1956- h; oerformed satisfactorilv and has proved very useful in
orocessing data alreadv on pulched cards, and in particular in the
forrn"tlon" of t*t of s"quares and products' We aie, however, still
awaitins a taDe-to-card converter,-which has now been on order {or
some time. Untit this is obtained we cannot fully explore the
potentialities of the machine for survey anallpis-.+
^ A Pve mametic-taDe transport s6re unit has been presented

to the dlpartm-ent by the Natioira.l Research Development CorPora-

tion, and work is in progress on linking this up with the machine'
The tape store controi aid power units have now been constructed,

+ Deliveted JaDuary 1958.
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but we are still awaiting the delivery of some of the components
Jequired to set up the reading and writing circuits. Once this has
beelr done, the specification of the input controls can be completed
and their construction undertaken, If this unit proves satislictorv
it will considerably extend the range of the machine in computationi
involving large bodies of data or lengthy programmes.

TABLE I
Record oJ mathine olerulion ouer lhe feriod,

I January -31 December 1957

Details of operatioD
System modifcatioD (M) ...
Scheduled EaiDtenance (S)
Unscheduled mainteDarce (U) t ...
Progr"amme checking (C) ...
MuctioE rutrs (P) t
Abortive eflorts (,{ ) E
Idle time (I) ... ...

Total Eachine hours (f) ...
Normal equilaletrt workiDg hours

(lv) ...

Hours Percentage
ls56 . 1957 1956 * 1957
94.3 16.5 5.3 0.6

208.8 323.8 1l'7 t2.4
1B-7 209.4 2.6 8.0

674.6 466.6 32.1 17.8
757.1 1,430.S 12.5 5,1.6
47.8 58.0 2.7 2.2
58.4 lt{.g 3.3 1.4

I,787.5 2,62t.O 100.0

1,410.0 1,977.0

r00.0

19:;6 * 1$57

Total time as percentage of normal laboratoi]- time : I" f:0.f9" ,e:.0..

9/o a!.ailabitity -" * 
F*' ...

o/o eficieDcy -

_o/o usage

.-- 77.8o,i, 16.8yo

... 93.6:; 88.29;i-S-M"'

... 95.8.; s{.J.;

. I April-28 August and I October-31 Decemlrer.

t Unscheduled Eaintenatrce brcaks down into:
(i) 162.6 bours on the computer.
(ii) 46.8 hours oD the peripheral equipmeDt.

I Productioo time breaks dowB itrto:
(i) 1305.3 hours otr rumerical calculatioD.
(ii) 125.6 hours on programme aDd library tape orgaDization.

$ Abortive efiorts break do*'n into:
(i) ?4.0 houIs claims against the computer.
(ii) 24.9 hours claims atainst the peripheral equipmetrt.

In order to improve the accuracy of the punching of the increas-
ing volume of data dealt with by tle computer, verification (instead
oI calling over from a printed record) has been ircreasinslv aaoDted.
Originally it was intended only to verify tapes and inserl iorreciions
later, and for this purpose a'verifying puich was obta.ined. Tbis
procedure, however, proved unsatislactory, particularly when hand-
ling large amounts of survey data, such as that of the Sun.ev of
Fertilizer Practice. The verifier has therelore been linked with an
old output punch, and this assernbly can verify, verify and re-punch,
or punch, thus enabling an edited tape to be produied during veri-
fication. This system has shown itself to be reliable and trustworthy

c+P+r
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and is now used {or the preparation arld checking of all the Survey of
Fertilizer Practice tapes.

To reduce t"he ambunt of punching required for suwey and simi-
lar extensive data the field use of marked-sensed punched cards is
being investigated.

We have been considering possible methods of increasing the im-
mediate access storage oI the machhe, (At preseDt, aPart from
the accumulator and doubleJength register, there are only tfuee
single-word irnmediate access registers.) While it is un-tikely tlat
any very extensive modification will be an economic proposition,
one very simple and attractive scbeme which will add a further three
immediate atcess registers without requirilg any alterations to
existirg programmes appears to be possible. This will utilize the
space in the-cabinets made available by the new single-plate delay
lnes. These are being 6tted in place of the old lines, which were
givirg increasing troulle. If this modification proves possible it
iritl simplify thi programming, increase speed and somewhat cut
dowrt the number of orders.

Tbe life test on the special quality valves instituted last year
has continued. At the end of 1957 less than 5 per cent of the ordi-
nary r'alves included for comparison were stiU in service, whereas o[
the-specialquality valves only about 7 Per cent have been reiected.
Some of theie latter valves have now been in the comPuter for more
than 4,000 hours. Special-quality valves suitable for computer use
are now being manufactured as a standard line.

Satisiactory progress has also been made in the prepantion of
programmes. In addition to programmes prepared for speciic jobs
a number of new genera-l programmes for performing statistical
analyses of various types have been prepared, some of them of
considerable complexity.

Exprnnmxrel DESIGN AND ANALYSIS

Yates and PatteBon carried out a preliminary examination of
the results so far obtained in the six-course rotation experiments on
varying levels of nitrogen, phosPhate and potash at Rothamsted and
Wobum, with particular reference to the estimation of errors and
the possibte relitionships of responses to weather. A report of this
exarnination is being published (I2.9). An examination of the
results oI the Woburn ley-arable exPeriment undertaken by Dr'
H. H. Mann and Boyd has been completed and a paper is in the
press (12.4).- 

Bovd has carried out a thorough inl'estiSation ol the di.frereuces
in fenilizer responses of crops grown with and without farmyard
manure, This has throlva considerable light on the somewhat
cudous results obtained by Crowtler and Yates (" Fertilizer Policy
in Wartime ", ErnP. J- exP. Agric. l94l), who Iouad that the re-
sponses to inorganic nitrogen in the presence of farmyard manure
were almost the same as those in the absence of farmyard manure.
It appears that Crowther and Yates's findings were due to the poor
perfbrmance of nitrogen at the low tevels of phosphate and potash
ixisting on rnany of the plots without farmyard manure, and that at
adequate levels of phosphate and potash the resPonse to nitrogen is

}T
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considerably reduced by fagmyard manure. A paper has been
prepared, and will shortly be submitted for publication.

Boyd acted as joint author of the section on cultivations and
manuring of the third edition of the Ministry of Agriculture's bulletin
no. 94, on the growing of potatoes (12.1).

We have continued close collaboration with the National Agri-
cultural Advisory Service (N.A.A.S.) on the desigu of crop and animal
experiments. Patterson and Westmacott haye been particularly
concemed with this work. Boyd and Joan Anderson summarized
the results oI 38 3 x 3 x 3 NPK experiments on potatoes Ior ttre
Soil Chemists of tlre N.A.A.S. Eastern Region. A report on this

TABrr 2
Atulysis of crferhwtls ot tlu do*olic comrt$a

(a) Number of (D) NurDber of
e4)erioents \atiates

1966 105? 1060 1957
Rothamsted atrd other iDstitutes ... 185 413
National ASricultural Advisory

649 1,123

Service 309 623 7U 3,030
Natiotral Institute of Agricultual

BotaDy 180 217 208 28t

Total ... 683 1,255 r,701

Details oI v"ariate aDelys€s (1957)

5.041

. Ratrdomized
blocks atrd I-atilr
split plots squares 3t

Rothamsted aDd other institutes ... 1.3&4 133 88
NatioDal Agicultural Adyisory

Sen ice ... ... 1,961 8il 205
NatioDal IDstitute ot Agricultural

Botany 288

2n

138

310

... 3,613 687 2S3 148

has been drafted and is under discussion with the Regional Officers.
We have also done work Ior the Pea Growing Research Organisation
and the Sea-Flooded Land Conference, and have collaborated closely
with ttre Agricultural Research Council (A.R.C.) Statistics Group at
Cambridge in the design and interpretation of experimental work on
animals.

Leech prepared a report on the analysis of the lg56 field trials
on chemical sterilizers for milking machines, These trials were
organized by the National Institute for Research in Dairying
(N.I.R.D.), and this report, together witl the results of the labora-
tory tests at Shinfield, provided the basis on which the Ministry oI
Agriculture decided which materials should be finally approved.

We are still extending the use of the electronic computer in the
anal,'sis of replicated experiments, and the volume of work dealt
with this year has sho$ar a very substantial increase over that of last
year, The number of experiments handled ha-s been doubled and
the number of actual analyses carried out has trebled. Four factors
have contributed to this irtcrease. First, because o{ the extension
of our library of programmes the number of types of design which the
electronic computer is capable of hanclling is steadilv increasing.
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Secondlv. the number ol research stations sending us work has some-

rvhat iniieased. Thirdly, many of those who in the fust place had
current experiments anall'sed have subsequently asked- if we could
deal with stme of their aciumulated backlog of work which has been

lvine around arvaitinq anallsis. Fourttrly, many workers have
tlt<e"n the opportunitli of having more tltorough analyses done on

the ancillary observations takenln the course of their experimental.
work. Thii last explains the greater increase in the number of
variates analvsed than in tie-number of experiments handled
The table on i. 178 shou's the actual number ot eiperiments handled
and the numLers of analyses carried out (each variate analysed and
each covariance analysijbeing reckoned as one unit).. Great credit
is due to Dunwoody ina Omy f. Simpson for organizing the-coding
and punching of the large volume of eiperimental data handled this

-vear.
SuRlEYs

In 1956 the Fertilizer Manufacturers' Association suggested that
thev might co-operate in the Survey of Ferti.lizer Practic€, thereby
."^blinJ it to be extended to a considerably larger number ol drs-

tricts. "A ioint scheme was consequently evolved for the 1957

.urvev- coverins in all Jortv-five counties or Parts of counties'

Ritt"d" of tbese"have been surveyed by the stafi of the N'A'A'S'
ieeional Soii Chemists and the rehaindir by the representatives of
the"Fertilizer Manu{acturers and Merchants.

Since tnis extension of the survey would have presented serious
comDutins problems if handled by the previously current methods,
it wis decidid to see if the work could be transferred to tle electronic
.omouter. This transfer was successfulJy efiected by H' R' Simp-
.nr,- *ho h.. b*en in charge of the whole of the electronic side of the
*oit. fnir 

".f,i"vement-marks 
a major step forward in tbe util!'a-

tion of tlte machine for survey analysis. The speed of analysts has

b".t *ot" than doubled, wliich his proved particularly valuable
because oI the late arrival of much oI the data. As an example, tie
iJir fot two districts covering some I ,500 fields received on
Mondav, 9 December, were available the following .Fnday' l.t our
iJ"r. o't'*i"s mark sensed cards for the recording of the original
6eld data pr&e oracticable the time of analysis should be further
substantiaily reduced. It is intended to give this idea a field test
in 1958.--- 

e t*tfrut advantage of t}Ie use of the machine is that once the
t""oi have been preDa"red additional analyses can be carried out by
th'e machine verv quicklv. Thus for certain districts estimates have
ueen obtained tirr ltrailt t and compound fertilizers sep-arately; a
Drosrarnme has also been written which will produce a breakdown
i,, i."r.ious ctoo and other factors.-' i oreliminain, report based on the thirteen districts for which
aata hld then bien ieceived was issued on l9 December (12.10).

ihe res,nts so far available have allowed a close study to be
made oI farmers' current use of fertilizers, and at the same time
information is beine obtained from a number ol districts not pre-
wiorrslv covered bv s-uwev. ln the period 195&-57 overall consumP
tion o"f fertilizeri in En[land and \Vdes increased by about one-
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quarter Ior nitrogen and one-half for potash, with little change for
phosphate. The results so far available show that in all parts of
the country the largest increase i.u consumption of nitrogen and
potash per acre has taken place ou arable crops. There hive also
been substantial iocreases on le,s, but as yet there has been little
change in the treatment of p€rmanent grass, especially in those parts
of the country where the acreage of permanent grass is large.

We have co-operated extensively with the National Institute of
Agricultural Engineering in the design and analysis of various sur-
vey_s. Much of fhis work has been done on the alectronic computer
and punched-card equipment.

The Ministry of Agriculture, Fisheries and Food (M.A.F.F.) ha-s
now started a survey on a national scale of the diseases of dairv
cows. The sample of I,500 herds for this survey was planned ani
dlawn here except for the small samples for the Invemess and
Atrerdeen areas (12.3). Leech (and on the programming side, H. R.
Simpson) have also continued the analysis bf the resulti of the sur-
veys of diseases of dairjr cows ir timited areas tbat had already been
completed uader the supervision of Dr. F. W. Witbers. The'analv-
sis is now complete except for a critical analyrsis of certain resulis
for which a programme for dealing with multi-way tables of quantal
observations had lo be written. A report with- Dr. K. C. 

-seuers

on the analysis of the second year of the survey of losses in breeding
ewes in Y6rkshire and Laniashire is in a s"imilar position. ThE
required programme (Yates and Leech)- has now been completed.
It is an extension of a programme for'the analysis of mulii-wav
tables of quantitative observations with unequal weights whicl
has also been rritten (Yates).

- Leech also assisted in t}te planning and analysis of several other
investigations. The M.A.F.F., Health Division, was helped with
the design of a system of records for a large field trial on i vaccine
ag,ailst Johne's Disease. The private cattle-breeding centres were
advised on the planning of survey work into the faitors aflectine
the fertility of cattle in Devon and Somerset, and some data wer6
analysed on tleir behalf. A pilot survey of factors afiecting cow
{ertility was also planned in co-operation with Dr. K. C. Sallers,
Director of the Animal Health Trust, Farm Livestock Station. This
survey was carried out through cattle-breeding centres operated by
the Milk Marketing Board, and the results should indicaie whethe;
or not such a survey would be worth while and practicable on a
larger scale.

ENToMoLocy

H. R. Simpson has continued to collaborate with Mr. W. H.
Potts of the Colonial Office Tsetse Cornmittee in a studv of the Dos-
sibiffty of tsetse control by the release of large num'6ers of male
flies sterilized by ga.mma iradiation (12.7). He has also assisted
Mr. J. Bowdgn of Ghana in the analysis of some survey data on the
Cacao Capsid. This involved fittiag negative binomial distributions,
{or which a programme was written for the machine.

]Vlaljory G. Morris has continued her co-operation with members
of the Entomology Department. In particular she has co-operated
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with R. M. Dobson on studies of the emergence and longevity of
adults ot the wheat-bulb fly. A joint paper is being Prepared. She
has atso carried out analyses on experimental data on the frit fly
of oats for the N.A.A.S. arrd of some frit-fly data Ior the Entomo-
logical Department of the Imperial College oI Science.

GENETICS

We completed the work for Dr. J. W. B. Kirg, Animal Breeding
Research Organisation, Edinburgh, on the data on pigs hom the
Danish Progeny Testing Stations. The last part of this work was
much facilitated by its transference to the electronic computer
when the card reader became available (Westmacott). As men-
tioned in the General section, we have recently made arrargements
for undertaking more extensive computing work for this organiza-
tion.

Gower has continued his work with Dr' E. C. R. Reeve, Institute
of Animal Genetics, Edinburgh, on the efiect of linkage and selection
in in-breedine (12.6). He has also undertaken a Monte-Carlo type
investigation-into population changes when two competing sPecies

are prJsent for fi. P. H. Leslie, Bureau of Ani.mal PoPulation,
Oxford. Two models were investigated, and a paper describing
the results will be oreoared.

H. R. Simpsori c6mpleted his work in co-operation with Dr.
[. H. Renwick,'Galton Liboratory, on the estimation of linkage from
i variety of human pedigree data (12.8).

CoLoNIAr. WoRr<

We have continued our advisory work for Commonwealth work-
ers and have done some work on the electronic comPuter. Tfuee
Commonwealth workers have studied in the department tor varying
periods.

OTHEn WoRR

Gower has written a programme for G. Brown (Pedology Depart-
ment) for the calculation of indices and interplanar spacings of X-ray
reflexions from the cell constants of crlstals. The use of this
Droprarnme disclosed some errors in a book wNch Brown is edithg.
'1. Ii. Ravner (Pedology) gave a short account of our crystallographic
iroe."-;"r 6 ttre i;;f;rence on Biological Structures and Com-
iutitional Methods held in London, I956 (see above, p. 67)'
' Lipton has develoPed a Prograrnme for fitting the logistic cuwe

Y: A - 1og"(l + B€kt)

This was rmuired bv Mr. I. A. Nelder of the National Vegetable
Research Sta'tion. He has also written a programme {or evaluating
the intesral of tbe bivariate normal distribution over a non-rect-
ansular -resion, required by Dr. P. S. Hewlett (Pest In{estation
La"boratory", D.S.I.R.) and br. R. L. Plackett (University of Liver-
rrool) in tireir develooment of a unified mathematical theory for
i1r"ri,t"I roponto to mixtures ol dtugs (Nalure, Lonn. l8/0, 7D'
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(f957)). Lipton aad Nelder are also carr)-ing out an investigation
into the Newton-Raphson iterative procedure for solving least-
square equations.

Healy has continued to assist various medical departments, in-
cluding Birmingham Uaiversity Department of Anatomy, The Nuf-
field Blood Group Research Centre, the London University Institute
of Child Health and the Central Public Health Laboratory. C. C.
Spicer oI the Central Public Health Laboratory has been studying
the programmes and use oI our machioe with a view to utilizing it
on various problems with which he is concemed,

Lipton has continued his work with Dr. K. L. Blaxter of the
Hannah Dairy Research Institute on the Cattle Eftciency Project
of the Agricultural Research Council. There is, however, a good
deal more to be done before the value of the project can be finally
assessed.

Lipton also carried out an investigation into the relation between
tlle lengttr of sampling intewal and the accuracy of the estimation
of milk production in conjunction with Mr. L. K- O'Connor of the
Milk Marketing Board. Systematic sa.mpling of milk yield, fat
yield and solids-not-fat yield at intervals of 7, 14, 28,42, 56 and 63
da5rs was carried out on each of eighteen lactations. A preliminary
report on the accuracy of estimating lactation fat per cent has been
published (12.5). A more deta.iled paper dealing with other esti-
mates is being prepared.

Ownsr.Ls AssrcNtf,ENTS

- Yates sp€nt two and a half months in India during the rinter
of 1956-57. The 6rst month was spent at the Indian Statistical
Institute as a member of an International Review Committee set up
to review the work of ttre Indian National Sample Survev. The
other mernbers of this Committee were Sir Ronald Fisher, Di. M. H.
Haqeq (U.S.A.), Pro1essor T. Kitagawa (Japan) and Professor
A. I inder (Switzerland). The last 6 weeks were spint at the Statis-
tical Wing of ihe Indian Council of Agricultural Research, New Delhi,
making a review of the progress of ttre agricultural research pro-
gramme on which he and Dr. Finney advised three vears Dreyiousl.r'.
Yates also attended the Third Meeting of the Su5-Cominission dn
Agricuttural Research oI the F.A.O. European Commission on
Agriculture which met in Paris during April.

Church completed his assignment in Ethiopia, where he was
organizing sample surveys for the collection of basic agricultural
statistics.

Patterson is at preseat on a 6.mont}ts visit to the Institute of
Statistics, North Carolina. He is mainly engaged on advisory work
on crop experiments and research on change-over tria.ls in;nimal
husbandr5r experiments.

CoNrBnrtces, LEcauREs, ETc.

- fh" yu11t has seen the establishment of the British Computer
Society. Yates is a meruber of the Council of the Society and'Rees
is a member of a number of its Committees. Rees took part in
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much of the preliminary discussion Prior to the Iormation of the
Society.

A number of members of the department have given lectures on
scientific and statistical matters.

Healy and Lipton attended the 30th Sessior of the International
Statistical Institute, which was held in Stockholn in August.

A course on statistical method was grven by memben of the
department at the end of January to members of the stafis of the
N.A.A.S. Experimental Husbandry Farms and Experimental Horti-
culture Stations. The course lasted a fortnight, and there were
sixteen participants,
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