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F.J. Anscombe (St tistical Laboratory University of Cambridge)
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L I“SEGNAMENTO DELLA BIiOMETRIA

Definita la biometria|in base ai concetti oggi generalmente accet-

|
i
I
; G. Barbensi (Fi%enzc) !
| i
|
|
|

| . .
tati considera‘to il contributo che al suo sviluppo viene portato dai
biologi. dai mn‘tenmtlci“e dagly statisticy si considerano le varie

|
i

|

i fas1 che quello‘ svilupp}o ha avuto in Italia per concludere con un
| quadro della situazionel attuale soprattutto per quanto riguarda
: 1 1nsegnamento ldi Quella materia nei nootri Istituti universitari
i Considerata 1‘ jnadcgu}ntezzn di questo insegnamento, Se ne analiz-
Zuano le cause }le qualill] mentre in parte sono da ricercarsi nelia

! deficienza di pr]ovvedlmenim di legge per | istituzione di insegnanen
H |

‘ ti adeguati nlln‘z necessi‘ti) in parte dipendono dalle difficolth che
i #li student i Lm:‘ontx'unn nel seguirli difficoitd che sono essenzial
|

mente da attriboirsi nlla
' ci }
Viene posto in eviden

mancanza dei necessari fondamenti matemat

‘z‘n I interesse dimostrato dai biometri jta
liani si1a netla prima RiGhione Italiana della Biometric Society a Mi
; lano nel 1951 Siiu nella Riuntone a Fivenze di quest’ anne  nella qua -
| le 51 px'oceduttni alla c<)§titu'4mne della Regione Italiana della Bio-

metric Society, per 1 insegnamento della biometria interesse che sij
. ! . n 5 . .
concreto nella f‘ormulnzlo‘ne di due 1nviti al Ministra della pPubblica

Istruzione pcrchfz nf;tzuasa(‘: i richiestli insegnamenti.
i Viene esposto un programmi di studj per studenti delle Facolta
| bivlogliche (Scje‘nze Natural:. Scienze biologiche Scienze agrarie
3 Med icina Medi.cj‘na veterinaria. Farmacia) tenendo conto del diverso
i

grado di culture matematilca propedeutica ¢ si cansidera 1 opportunita

| che | corsi s{am‘) fondumenjtali (obbligatorio) o complementauri (facol~
! tativi) a seconda dei casl,

; Viene quindi %Stlrninatjn 1  opportunita di rendere obbligatorio il
Corso di biometri‘n per alcune cntegorie di laureati perfezionandi od
| assistenti. Si e%ominu il‘ problema della creuzione di docenti in nue-
mero adeguato pex" concludere che. messi sulla via della realizzazio~

ne anche la nosﬁ,rn Istruzione Superiore potra annoverare la biome-

triu come materiu di insegnamento nelle Facolta hiologiche, con quel-
|

la estensione e sviluppo {inerenti alla importanza da essa acquistata

nello studio dei !problemi\biolngici.
|

|

|
| |
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N W. Bentzon (Statens Seruminstitut Copenhagen;)

ON THE STATISTICAL EVALUATION OF DOSE RESPONSE CURVES
IN CASE THE DOSE INTERVALS ARE LARGE

Two different situations are considered
1 Dose response curves with quantal response and 2 Dose response
curves with quantitatijve response, The mean vatue and the variance of
i various estimates of the median effective dose are considered as
! functions of the true median effective dose the slope of the respon-
S¢e curve and the logarithmic dose interval., (The latter|are taken to
be equal over the whole dose range). When the dose intervals are
small the ordinary estimates of the median effective dose esually is
unbiased and the varjiance depends upon the slope x interval product
only. This rule however e increased
coming dependent upon |the location
wodinn effective dose within a dose intervall| This effect
is investigated in some cases of practical interest,

i breaks down as the intervals ar
| the estimates and the variances be
of the true

et s
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C.I. Bliss (Yale University)

A COURSE IN BIOMETRY FOR GRADUATE STUDENTS (N BtOLOGY

Experience gained in teaching biometry at Yale University to
graduate students majoring in Jifferent branches of biology 1s re-
*icwed. Originally two courses were offered in alternate years or
terms, differing partly in statistical content and approach but pri-

Tarily in illustrative examples. one for pharmacologists and bacte-

giologist and the other for botanists and 2zoologists, Later these
viere combined into a single class with the addition of a large pro-
pﬁrtion of forestry majors,

The class has averaged about nine stu-
dents,

\ consisted of two or three one-hour leciures a week for one or
tyo semesters and required trom {2 to 15 laboratory hours per week in
the solution of numerical examples. The course

is introductory. in-
v?lves a minimum of mathematics, and considers the logic of experi-

m?ntnl design and statistical analysis with the objective of enabling
potential biological investigators to design and evaluate their own
research more effectively and intelligently. A detailed outline has
been developed through the years and serves as the main text material
HAW well the: course has accomplished its aims and how it might be
improved are considered in the light of u poll of all students who
have taken the course,

Aekaok
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N. Blomgvist (Institute of Mathematical Statistics Stockholm)

RANK ANALYSIS OF (NCOMPLETE BLOCK DESIGNS

Suppose that t treatments shall be compared in an experiment where
the number of experimental units k that ftre available in a block is
less than t, This situation naturally leads into an incomplete block
design, Led b be the number of blocks used,

Tn order to test the observed differences between the treatment
effects we rank the ohservations in each block from 1| to k according
to their order of magnitude and compute the rank sum Sj for each
treatment Since each treatment occurs equally often (r times where
r.t = b, k) the expected value of SJ under the null hypothesis (no

treatment effects) is r..ﬁ;L . A natural test statistic is then

t kvl o
R

the distribution of which can he computed. It can be proved that the
limiting distribution of

1 12(t-1) t k+1
— 3 5 (SJ r. )<
b k% -k J=1 2

is a3® - distribution with t-1 d.f. as b ~o,

Aokt
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W.G. Cochran (Johns Hopkins University - Baltimore, Md.)

THE COMBINATION OF ESTIMATES FROM DIFFERENT EXPERIMENTS

In a series of experiments. each designed to estiumate the same
quantity ., the 1th experiment provides an estimate xy; of w and an
estimate s% of the variance of Xy based on ny degrees of freedom.
The experiments may be. for instance, determinations of a physical
constant by different scientists. or bioassays conducted in different
laboratories, or agricultural field experiments carried out in dif-

» ferent parts of a region,

This paper discusses the problem of meking 8 combined estimate of
k. The best combined estimate depends on the nature of the data. The
first step in the analysis is to determine whether the x; agree with
each other within the limits of their experimental errors s{. In
practiCe, owing to differences in experimental techniques, presence
of biases, or a real variation in i from one experiment to another,
the Xy frequently do not agree, Various implications of this situa-
tion are discussed: the recommended estimaies of | are either the
unweighted mean x or g semiveighted mean

1 1

2 2
8. + 8% ptoSy

where s:i is an estimate of the variation in It from experiment to |
experiment, '

If there is no real variation in the Xy from one experiment to
another, the recommended estimates are the unweighted mean, or the
weighted mean

- L Xy o1
Ty =8 —3 .
Sy i

} or a puartially-weighted mean. Specific recommendations are given
I
I
|

about the use of each type of mean with illustrations for actual da-
ta,

At
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D J. Finney (University of Oxford)

FUNCTIONAL RELATIONSHIPS IN EXPERIMENTATION
- (Their Role 'n the Design and Analysis of Experimants)

Agricultural and biological experiments may be divided into three
categories in respect of the extent to which functional relationships
are mportant-

1) Experiments in which such relatjonships arce irrelevant or even
non-existent

2) - Experiments for which an underlying structure of functional re-
lationships between the effects of different treatments 1s ap-
parent but only certain characteristics are directly otf inte-
rest and other details of the relationship matter tittle,

3) - Experiments whase primary object is the study of a functional
relationship

This elassification is an operational convenience rather than a
clear - -cut separation,

Examples of experiments falling into these categories will be pre-
sented. Category 1 c¢learly contains little of interest for the pre-
sent purpose and 3) occurs relatively infrequently Evidence will be
presented that ftor category 2 in a well-designed experiment cha-
racteristics of the functional relationship other than those under
study often do not materinlly anffect the validity of estimation for
example, the positiron and megnitude of a maximum on 2 curve mauy be
estimated fairly satistactorily without knowledge of the precise form
of the curve provided that observations have been made on points
well-distributed uboul the maximum. Nevertheless careful utilization
of ull existing information on a functional relationship at the time
of plunning a new experiment may help greatly in the obtaining of . i
high precision for new estinmates, :

dokgo
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THE VARIABILITY IN THE LENGTH OF GERh PLASM STILL HET

AFTER A GIVEN AMOUNT OF INBREEDING 1

Elementary inbreeding theory gives |the expected pr

Sir Ronald Fisher (University of Cambrid

which that part of the germ plasm initially heterogenec

reduced by a given protedure of 1anecd1?g The progress c

geneity is. however, affected by chance at each stage, w;
sequence that the amount of heterogenic ]atnriql varies g
one individual ‘to another, though obt11ncd by the same|
More exact knowledge of the nature end extent of this v
obtainable by two paths: 1. by the vul%ulatlnn of Lhc‘
Junctions formed by recombination at dlfferent stages of
ding process, and 2. by the calculation of the rate at whic
plasm ut two different loci ceases ta he gimultqnvuuqu he
Using these two methods together the varj
the parts ascribed to variation in the
tracts, and in their numbers can be disti

ance may
lengths
nguished,

of heta
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D w Goothl (University College of the Gold Coast. Achimota,
“ Gold Coast)

FACTOR ANALYSIS IN PLANT SOCIOLOGY

The meéhods of factor analysis developed first for the purposes of
psychology, and subsequently used in a wide variety of fields, are
also sui?uble for studying the joint distribution in the field of
different species of plants, some measure of the quantity of each

species of plant present in sample areas providing one variable for
the anu1§sis. The results of a set of observations on an area of
: desert sclrub in south-~eastern Australja are analysed for purposes of
! illustratyion by methods based on those of Hotelling, data for four-
teen species being used. Some difficulties likely to arise in the
applicatijon of factor analysis to problens of plant sociology are
discussed

Aotk
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H.C. llamaker (Philips Research Labs., Eindhoven)
EXPERIMENTAL DESIGN IN INDUSTRY

1 - Once properly understood “experimental design” in the statisti-
cal sense does mean & minor revolution in our concepts of tech-
nological experimentation,

2 -~ That only a very small fraction of this revolution has so far
been realized i{s due to the fact that the design of experiment
is usually presented via the analysis of variance, a method of
presentation exclusively directed towards the mathemutical in-
terpretaution of the data., Thereby the technological meaning of
the analysis is largely lost.

3 ~ It is possible to present the analysis in a very simple way from
which the connection of the various components with the corve-
sponding technological influences can easily be grasped, Such an
analysis makes sense even without applying test of signiricance
and probability theory. These statistical techniques should only
be brought into play as a final check but should not be seen as
the principal aim Statistical jargon should he carefully avoided
The analysis should be represented in terms of averages and stan-
dard-deviaticns., instead of sums of rows and colums and mean
squares,

Whenever possible the result of an analysis should be presen-
ted in graphical form. A graph is much more easily understood and
remembered than a meaa square with double asterisk

4 ~ The only way in which the technique can he mastered is by using
1t. Hence design of experiment should be taught by showing nume-
rous examples of one desipgn and by demonstrating how technologi-
cal conclusions cap be drawn from the analysis. Most textbonks
give only one example and then expatiate largely on the mathema-
tical aspects.

5 - The common use of the terms "interaction” and "residue” is confu-
sing and there is a lack of precise definition. We analyse the
data into components of the zeroth, first second ete, order
while-each component may in its turn be composed of (1) systema-
tic effects und (2) random fluctuations. Experimentally thesec can
be separated hy repetition of the experiment,

6 -~ In agriculture and biology it is usually only possible to carry
out one experiment in a year. lence there is a need for involved
designs in order to get the maximum information out of one expe-
riment. Except with life tests, industrial conditions are es-
sentially different in that experiments can be repeated at will.
Hence industry does not require too involved designs, but has a y

j& ]
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need for wide-~scale application of the simpler designs.

7 - Application of statistical techniques to industrial problems is
heavily impeded by an exaggerated drive after exactness.
If in industry we assume a significance level of 5% it is perfec-
t1ly satisfactory when the actual level lies say between 3% and
7%. Without statistical techniques people are generally inclined
Brossly to overestimate the value of their observations and the
useful function of statistics is to prevent these gross errors in
Jjudgment.

Industrial conditions are perfectly insensitive however

against variations in the significance levei as indicated above.
By purposely disregarding variaticns of this order we can tremen
dously simplify statistical techniques and this is of the utmost
importance to an effective introduction into industry.

ik
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M. J Healy (Rothamsted Experimental Station)

DECISION BETWEEN TWO ALTERNATIVES, HOW MANY EXPFRIMENTS?

When in agriculture or technology a new treatment or process is
suggested, the difference in output per unit n between old and new
processes can be estimated by the mean ¥y of the results of n experi-
ments. The net gain essociated with the new treatment may be taken to
be a linear function of 1. say

n=k (n - ¢y,

where k’ is o positive factor depending on the scale of application
and ¢ is a constant which depends on the difference in cost of the
old and new treatments and the capital cost of the change. The new
treatment will be adopted if ¥ - ¢ is positive. We wish to arrive at
the number of experiments which is economically justifiable allowing
for the losses due to possible wrong decisions which in the long run
will be added Lo the cost of experimentation. If. therefore. the cost
per unit of experimentation is k and P denotes the probability of
gettirg y - ¢ .. O we wish to minimize the difference

R = kn - pp
=kn - KP (n - c).

This expression is the risk function measured from the status quo.

The present note deals with the case analogous to the double sam-
pling procedure of Dodge and Romig in which n has to be decided
after a single experiment (or unit of experimentation; has been
carried out, For simplicity we assume that the errors in all experi-
ments are independent normul deviates with known standard deviation o.
The probability P is now calculated ailowing for the known result v,
of the first experiment. Moreover tLthe risk depends on the unknown n
which must be el iminated: this has been done by averaging R over the
fiducial distribution of v (a normal distribution with mean ¥, and
standard deviation ). Minimisation of the resulting function R pro
vides an intuitively reasonable determination of n, and it has been
shown that no other rule can have a uniformly better performance,
One notable result brought out by the theory is that it is seldom
economic to do a very small amount of additional experimentation. The
reason for this is the disproportionate smallness of the chance of
altering the decision indicated by the preliminary experimentation.
When k. k’, ¢ and Y, - ¢ ure given the rutios (k o/k and (¥, - cy/u
suffice to determine n, and a nomogram for doing this rapidly has
been prepared.

24
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The pertarmance of the suggested rule has been evaluated for a
series nof parameter values. A comparison has been made with the

results of an alternative rule in which n is chosen so as to maxi-

mize the gain per unit outlay, Some work has also been done on an
analogous sequential sampling scheme.

i
| e ket
|
|
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T.N. Hoblyn and § C Pearce (East Malling Research Station - Kent,

SOME CONSIDERATIONS IN THE DES!GN OF SUCCESSIVE EXPERIMENTS
ON FRUIT PLANTATIONS

Some points needing consideration in designing trials with long - 1]
ved plants_ especially trees. are:

1 - The initial trial.

Reliance has usually to be placed on a single trial and conse-
auently it is necessary for the questions under investigation to bhe
posed clearly from the beginning.

Trees are large and there 1s often only one to a plot. The perfor
mance of a single tree is not determined solely by positional effects
but is a complex of its history and environment consequently ad
Justment. bv covariance on to past performance js often an advantage

2 - Subsequent trials.

Plants often outlast the experiment for which they were initiatly
intended and it s then necessary to provide for the application of
further treatments when the first set are no longer of interest

Where there is little likelihood of the new und original (rcut-
ments interacting the new treatments may be applied orthogonally to
the blocks or or iginat treatments, or they may he balanced ¢, ther
totally or partiully, or they may he supplemented, In this Jast de -
vice one treatment., usually the control. occurs a different nuwher of
times from the rest. which are balanced among themselves, From a
cons ideration of available useful design, it is concluded that trials
1n which a further set of Lreatments is likely to be called for are
best designed, if in randomized hlocks. with the number of bhlocks and
of originul treatments either equal or ditfering only by one. 1in the
latter case repeated changes become possible as the residual effects
of former treatments disappear,

ks y
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J.W. Hopkins (National Research Council of Canada)

SOME NEEDED TESTS OF SIGHIFICANCE

; Requirements for test of significance of the following are illu-
j strated by experimental datea. (i) Inconstancy of the negative bino-
! mial parameter }k characterizing each of mn samples of 2 needed to
validate analyses of blood counts before and after imposition of m
treatments on groups of n animals assuming that random manipulative
and secular discrepancies result in successive counts on the same
individual being negatively binomianlly distributed with a common to
811 mn individuals. (ii) Tnconstancy of the analogous hypergeometric
variance parameter (n m samples needed to validate simple criteria
for 2-stage acceptance sampling by attributes of large consignments
of packaged items (e. g boxed fruit) when defectives are contagiously
distributed hetween packages. (1ii) Departures from goodness of fit
i of 1linear regression formulae when both variables are subject to
error: needed to demonstrate inconsistencies in measurements hy two
procedures e.g. standard and accelerated methods for moisture in
grain. (iv) Inequality of means of n binomial variantes of Poisson:
needed to demonstrate differences in mean acuity of m groups of
I subjects in a taste experiment.

Aok ok
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J. Ipsen (Institute of Laboratories - Boston - Mass,

FACTORS OF DOSAGE AND HOST. DETERMINING ANTiBODY RESPONSE
TO SECONDARY ANTIGEN STIMuLUS

A scc%ondur.v stimulus is an injection of antigen in
: have previously been exposed to Lhe same antigen,
! The aptibody concentration
is dependent on

Individuals’ who

in the serum after a secondary stimulus

(L) The immunity stutus when the secondary stimulus :is given,
(2) Tl"le antigenic potency of the secondary stimulus..

‘ (3) A
|
|

negative interactjon between the factors of v1) and (2,

| .
The immunity status is I practice estimated

in two ways  One is
ql ;
| the antibody concentration whjch can

only be used as: a comparable
('un(:tqon{of the immunity status of different

individuals |t compa -
Sl
rable time intervuls

| have clapsed since brimarvy exposure hus occurred
; and if the artibody concentruat ion 15 above the measurable level in
i the majoriity of the individuals The second estimate can be oblained
| i the potency of the primery dose is known and the individuals have
' cumpnrnhli: immunizability Tmmun:zaby ity 15 an tnherent host chareac -
i teristic vhic determines the Fespunse to primary stimutus 1t can he
| measured by the dosze of antigen which 1s
primary immune status,

} lmmum’zntmn of 128 jumates of
| indjviduuis was performed with two

necessary to confer i given

w school for mentaliy retarded
injections of tetnnns toxoid 28
| days u.pnrt;[. Eight different doses were given in cach
! ding to u latin square design for the first

} ' Antibody titers were only measuruble 1n 50
: second jnJ:ectirm.. The antitoxin titers

mulus was fitted to the
i

| H Y-<nbbx‘bx<bxx
i | 1 7y 2 e I

injection accor-
and second injections.
individuals prior to the
14 days after the second sti-
following expectancy Cormula- ‘
! o 2
Where Y is! log antitoxin titer and x
the first and second dose, respective)y,
A satisfactory fit could only be obtajned if
divided "ntl:o three groups according to cert

and x  is the log potency of

the individuals were
ain somatic criteris. and
a paramcter ¢ was introduced being constant for each group

i Y=mn+b (Xt ey v bhox - b ox (x - c)

2 a2 3 2 1
| The vnr‘iable ¢ is interpreted as the primary immunjizability.
inherent with the somatic characteristic of the individual,

i

#*

s

|
|
i
|
\
.|
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G. Karreman (Committee on Mathemutical Biolog
University of Chicaga)

THE MATHEMATiCAL B10LOGY OF T
AND RELATED PHENOMEMA iN EXC !
|

hysico~ chemjcml
j0sed to consist
e. g. proteinate
lionization pro-
he calcium ions

The existence of a threshold is proved {(
mode! of membrane permeability. The membrane i
of one or two molecular layers of a calcium co
or tipoproteinate) which is in equilibyrium wit]
ducts {inclading calciumy, In an electrical f§
are removed from the site of chemical action an ‘a[‘result there is
u chunge tn the equilibriam concentrations aof hle ! jﬂ)cium compound
and its jonization products., The electrical tential across the
luyer(sy is supposed to be the superpostition offit p'; fusion poten-

tial of potassium and the externnlly applied pd 1ri \“ A treatment
is gwven of the diffusion of the potassium thro Fh} he membrane the
permeability of which to potussium is determine Tl[‘}l‘a kt‘,he equilihrium

L the system
*s of magni-
hres.hcuds the

=3
=

5_‘

state of the above mentioned reaclions 1t is
possesses an unstable equilibrium. From this rx'l
tude are derived for the chemical and electr.
increase in peymeability upon excitution and h
Excitability curves are derived from the mode
cood agreement with experimental evidence
Several predictions avre wmnde suggesting new ox
slight modification of the model repetitive disc ha g s‘\ztr'e obtained.

i
-

howu to be in
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right as well as that of their duration.
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E.A G. Knowles  Dept. of Engineering Production
University of Rirmingham)

EXPERIMENTAL DESIGNS IN INDUSTRY
With particular reference to production  investigations

L - Pilot experiments and their interpire tatioh

Consideration of a variety of different possible interpretations
and representations as an aid to obtaining the best guide for the
planning of the final investigation appears desirable,
interpretations would often be greater than that which might be
thought sufficient from the point of view of the pure statistician
because the burpose of the pilot experiment 1S not only that of
giving the best consideration to the particular abjectively known
scientific and technical conditions of the materiuls and processes.
but jn addition that of enlisting the co operation of ali human
personalities involved in every aspect of the work, together with
their knowledge and experience

The variety of

2 -~ Final invest.gations, the.r farm and interpretation.

At this stage it is desirable to have the mode of interpretation

and the methods of representation agreed beforehand and strictyy
adhered to. as s usually recommended so that the validity of the
statistical significance tests is not threatened by preferred choices.
However. renewed experiments With analysis and representation become
desirable as soon as the results of the investigation lead to the
consideration of further investigations.

3 =~ Practical illustration

from an investigation connected with tool
manufac ture.

The above considerations will be illustrated by means of results
obtained in a recent Industrial investigntion in which the writer has
cooperated, the subject being that of hardness variations of standard
drills in relation to the various assignable causes given by the raw
materials and the methods of production and test,

HAof K
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D.C. Lowry (University of California Berkeley Cal.;

VARIANCE COMPONENTS WiTH REFERENCE
TO GENETIC POPULATION PARAMETERS

Ore of the importunt problems both of applied and of theoretical
enetics is the determination of the comparative effects of the
various factors which affect the Inheritance of quantitative charac-
ters, These characters may be controlled by the action of a large
number of gene pairs. by environment and possibly by the interaction
of genotype and environment, In analyzing their inheritance Fisher
Wright and others have found the analyvsis of variance a powerful tool
in identitying these effects and in characterizing the multigenic
system according to additive genctic effects. dominance deviations
from the additive scheme and non-allelic gene interaction. Their
unalyses have been based on models of Mendelian keredity which invel-
Ve some restrictive assumptions.

The detection and interpretation of components of vurinnce in the
study of quantitative traits involve statistical problems of two kinds
first, the construction of models und of experimental designs based
upon these models, containing fewer restrictive assumptions and.
second, Lthe consideration of the purely statistical aspects of the
functions of components of variance used as estimalbes of popalation
parameters.

This puaper is i1ntended as @ review of what has been wccomplished
in these two phases of study particularly the latter

tokesok
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L. Martin (Faculté de Médecine - Universite de Bruxelles).

SUGGESTIONS POUR LA COLLECTION ET L" ANALYSE
DE DONNEES LONGI TUDINALES" EN GERONTOLOGI E

Supposons qu' un médecin trouve que le cholestérol est normal (1,8
Br/1) chez un patient A et trop éleve (2,8 gr/1,) chez patient B qui
manifeste des signes cliniques d artér ioclérose. Ces deux patients
sont de méme ﬁgc, 60 ans par exemple. On peut supposer qu'ia 40 ans le
cholestérol sanguin était normal adans lles 2 cas, Si oui.

a partir de
i auel dge le patient B est-j] devenu “hors contrdle”? §j 1’ on peut
|

determiner cet instant, la méthode de 14 medecine préventive aura une
bonne chance de réussir, car Jles l1ésions nu sens large
peut-&tre encore réversibles. On propose de déterminer ies limites
fiduciaires pour la moyenne et une observation isolee & un fge donné
en ajustant des polynomes orthogonaux individucls & des données re-
cueillies sur un échantillon de patients suivis d°annde en année des
1-dge de 40 ans. L importance de cet échantillon ainsi qQue son mode
de prélévement dépendront des facilités techniques. Une telle méthode
i u été discutée avec le Prof. W.G. Cochran et appliquée dans le nas dy
développement de 1'activite histaminolytique chez 18 femmes suivies
pendant les 9 mois de la Brossesse. Référence est fajte 4 une sugge -
stion de Sjdégen et une autre de Tanner. Ce dernier étudie dans le cas
de la croissance des enfants,les mérites respectifs de 1°* information,
tirde de donnédes tranversales (a temps flixe) ou longitnd inales (méme
individu suivi & des moments successirs),
L auteur fait une suggestion de collection de données a
collaborative intra-et inter pays civilisés,

du mot sont

une dchelle

Aok
|
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1lines of Mendelian genetics. Finally we sha]le‘require a theory of
variability interpretuble in terms of mendelix‘m; theory but differing
in structure from it, and the recognition of e;f;fective units of inhe-

ritance whose relatioa to the genus of Mendelian genetics will re-

quire close consideration.

|
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E. Morice (Institut National de la Statistique et des Etudes
Economiques, Paris)

A STATISTICAL STUDY OF THE PHENOMENONS OF MUMAN GROWTH (Exhibit)

The inquiry held in the United Stutes in 1936 contains a great .
number of documents on the measurements of the numerous elements of
the human body in children -~ boys and girls from4 to 17 years of
age ~ as well as on the correlations between these measurements at
various ages

The compurison of these various measurements with the height for
instance,enables us to determine the relations in allometry (relatlive
growth) of a general formy = K x“, One notices that the hypothesis
o = constant is confirmed only exceptionally for some dimensions. In
general from 4 to 16:

a) for verticul dimensions, w, at first superior to ! diminishes to

become approximately | or inferior to I
by for horirvontal dimensions and perimeters, as well as tor the

weight, the variations of o, are, in general, in the inverse order

of the preceding ones and more accentuuated.

On the other hand, the correlations between the various measure-
ments - studied for seven of them -~ show important variations with
the age, variations of different types
a) according to the sex
b) according to the nature of the variables placed in correlation,

37
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! J. ‘Neyman (University of Culifornia)
|

FRISCH®S PROBLEM ON LINEAR STRUCTURAL RELATIONS

| IThe original problem formulated by Ragnar Frisch in 1936 1s con
cerned with two not directl]y observable random variables ; and
n: o« * PE where o and B are unknown conStants. Instead of observing

the values of £ and 1. we observe those of X = £ *+ U and of Y ooV
P

\Yhere U and V are random errors of meusul‘ement assumed independent of

E}Qnd n and independent of each other., Frisch s question was what

; must be the distribution of € U and Vv s‘o that, irrespective of the
v‘zju‘ues of o and 8, the regression of Y oh X and of X on Y be lincar,
The purpose of the present paper 1s to report on the resujts related
t'iclx ithis problem that were obtained by members of the staff of the

Si‘:aftistical Laboratory, Unijversity of Callifornia Evelyn Fix T. Fer
e
E’lzls‘on, Terry A, Jeeves, E.I. Scott and the present author.

dkwk
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V.G. Panse (Indian Council of Agricultural Research -New Delhi-~Indiay

I
PRINCIPLES OF THE SURVEQ METHOD OF EXPERIMENTAT 10N

The urgent need of increasing agricultural production by passing
on to farmers the results of agricultural research has ted to a ra -
pidly growing emphasis in India cu%ing the last few years of what may
be termed tlie survey method of exﬁerimentntion, as against the clas -
sical type of experiments at ﬂgrihultural experiment stations The
results from the latter, valuable as they are, cannot he recommended
directly for large scale use underiuctual farming conditions, because
the number of experiment stations i1s small and cannot be regarded as
fully representrtive of the trn(t%served by them. Experiments on u
representative sample of the culllynted area therefore become neces -
sary, before recommending a technlique to farmer. Such a sample can be
secured only by selecting fiel kor experiments randomly out of
fields on which a particular c¢ropl is grown in the tract

The aim of the experiments is génernlly to estinate with a reaso-
nuble degree of precision the Everdge response to treatments over the
tract, detect any interaction of tﬂese responses with variation umong
agriculturally homogeneous sub—d#vision into which tract may be
divided and estimate the responS(siin the individual sub-divisions
The precislon of the estimates is|based on the random variat ion among
fields selected for experiments| or rather on the interaction of
treatment responses with this vur}?tlon Consequently, the importance

of the experimental errcr, as calgulated in the classical replicated
experiment recedes to the backg ound and replication in the same
field. which 1s essential for estlﬂntlng the latter, may be sacrifi-
ced nltogether in order to secure nore information on the variation
among fields Replication in the sense of the number of repetitionsof
the experiment in different field% is, of course, important, but
randomization of treatments in ench field has not the same role in
securing the unbiased comparison between the treatments as in the
classical experiment. It is, howevér, safe to adhere to it in order
to avoid possible biases arising Irbm border and competition effects
peculiar to any fixed arrangament of experimental plots in a field

The third principle of replicated e#periments, namely, local control
involving a compact arrangement of}plots and attention to size and
shape of plots and blocks is alsg of little importance, since the
variation between fields is far gredter than variation between plots
in a field which local control is intended to minimise, This allows
the Iantitude nceded for fitting the%experiment in the farmer’s sche-
dule of operations with the least possible disturbance of the latter,

which is an essential orgnnisutionnllconsiderution.
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Two sets of projects on the survey type of cexperiment have been
undertnken in India recently In one scheme following the recommendi-
tions made by Dr. A.B. Stewart in his report on Soi!? Fertility In-
vestigations in India, two or three treatments with the local prac -
tice as control are tried in cach field selected randomly in the
tract. The treatments are those which State Departments of Agricultu-
re consider as likely to increase the yield on the basis of the past
results at experiment stations. A more ambitious programme of experi
ments has been commenced this season in several arcas under the ferti
lizers research project sponsored jointly by the Government of India
and the T.C A., with the object of acquiring information on the
response of certain important food crops to different nitrogeneous
and phosphatic fertilizers

A scmewhat different type of experiment is represented hy the
assessment surveys. conducted by the Indian Council of Agricultural
Research in different States in order to estimate the odditional
yield resulting from various Grow More Food schemes such as distri -
button of improved seed and fertilizers provision of new sources of
irrigation tractor ploughing weed infested land etc. Comparison is
made between the yield in the area which has reccived one or more of
these aids and an appropriate control. The experiment [s not a stric -
tly controlled one in that the treated areas are not selected random-
ly vis~d-vis the control und the comparison may therefore he open to
bias. These suiveys form an example of operational research in agri-
culture and have yielded much valuable data.

Aespesteoke
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A.F. Parker-Rhodes -~ M.A., Ph.D. N

I
ESTIMATING POPULATIONS OF IRREGULARLY OBSERVABLE ORGAKISM

l The problem treated is that of estimating the total populﬁtion of
l an organism in a given area when we cannot assume that all menbers of
\

: i
the population are ever observable simultaneously. There are many
examples of such cases: my own work concerns the higher Bua}dlomyﬂ
cetes,

whose mycelis do not fructify every year and cannot be iden-
tified uniess they do so. '

It is assumed that a permanently and constant populution exlists in
the given area, cases where the population changes appreciably huring
the period of observation, and where the lifetime of an i1ndividual 1is
comparahle to the phenological periodicity, are excluded, &

I
The principle of estimation 1s this. If we have a number N of
|

consecutively numbered counters, known to be less than N but jother-
wise indeterminate, and sampte L of them t times with replucgment,

\ the highest ordinal borne by any of the counters taken, H, wiljl have
] u determina‘e probability distribution depending on t, N, and N
|
i
1
|

Thus.given t, ©, and ﬁ, we can estimate N and obtain fiducial limits.
The formulae are:

te2
L~ t _ A (a/f) -1

E [N] = I
2 -t (n/N) -1

Posy (M) = 20 20

If the frequency distribution of the fraction of the population

|

i <
observable over all the occasions when observations are made should
be rectangular, the problem of estimating the total populntiom is

\ formnlly identical with the above, provided we know the upper 1imit

N. But if the actunl frequency distribution is f(x), it can be shown
that n(x) = f f(x)dx is a rectangular variate over the same fiéld,
provided that Lt n(x) is finite; if this condition fails there 1is no
rectangular vﬁ?fﬁte.

In general the form of f cunnot be foreseen; in the cuase of mykdaw
ta on basidiomycetes it can be shown to be at least approximately
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\1 true that

i s (x; = x(l..[_,)s_.r. : :
“ In general one of the limitations ot the method will be that i

; there may he no way of discovering f On integration. this value of f ‘:
i gives an incomplete gamma function \

i hd

i nix) = «! |(1og 2)x Le n(x) = \
| p X0 \\
‘ -

“ 0t the two parameters. 8 can be expressed in terms of ¢ and the ! l
| (duly weighted) mean of the observed numbers of fructifications X i |
\ The parameter ¢ requires great labour for-its rigorous estimation.

‘ but. for the purposes of this methoed which is necessarily rather \
| . -

‘ crude, graphical methods are sufficient.

“ For each series of observations to be

analysed. we first estimate
and thence compute a series of n values corresponding to the

{ From the highest of these we can cajculate by the
\ figures tor F - [N]. E [N]. and F
‘\ inverse function tao n in order to
! tation and fiducial limits of the unknown population X
‘; These estimates are of course nhot strictly
! general f (B[NH#E [f(N)] but the errar
‘ trivial, The expectation distribution
‘\‘ upper

59

XS formulae given
{N] We can then employ the

estimate from these Lhe expee-

|
v

raw ! ‘
|

|

|

correct since in
involved is relattvely

I

|

is extremely skew, so that ‘ ‘\
fiducial limits are often meaningloess \
|

and represent Jmpossibly ~1
i large populations., But the estimates of population which the method ’
! gives can be generally be relied upon to within 50% either way. This |
\‘ may not sound very good, but most of the error is inherent in the ‘l
‘\ nature of the probhlem, ond more rigorous methods would not usefully }
‘ reduce 1it, .
t Particular examples of the kind of fiducial limits one gets may : ‘
~ be cited from my work on Skokholm Island, Wales, which I estimate to 1
i have the following total populationsof certain basidiomycetes: \ .
| lowar upper | .
! Species fiducial Estimate fiducial \ |
limit Timit !
1 5% 5% ||
‘\ Naucoria nana 5,000 7,000 50.000 \\
| :
| Panaenlus papilionaceus 1,000 2.000 10,000 : ‘
| |
“ Clitocybe fragrans 500 1.400 17,000 ‘,
i Panazeolus campanulatus 150 250 %00 \ l
| Il
| (these fiducial 1limits include also errors of sampling in the raw . !
‘i data). [ i
\ * : |
‘g 42 i\
} 0
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S C. Pearce and G.Il Freeman (East Malling Research Station, Enst Malling|
Maidstone. Kent)

REPEATED CHANGING OF TREATMENTS tN TRIALS WiTH LONG LIVED SPECIES
(Exhibit)

With long-lived species it is u good plan to arrange that a fresh
set of treatments can be imposed on the experiment after it has
served its original purpose. 1t is a useful extension to provide for
a third set ot treatments. The des:gn shown here mokes this pussible
when there are no longer any residual effects of the first set, and
indeed permits the introductiun of an (n 2)th set when there are
no residout effects remaining trom any of the first n sets. thus
permitting indefinite use of the original experimental material

The rop diagram represents a design with seven treatments the two
below it show the addition of a second sel. either of four or of
seven treatments, In the bottom diagrams it is assumed that the ori-
ginat treatments no ionger have any residual effects. and a third
set. either of four or of seven treatments. 1s added to euch of the

middle diagrams

This property 1s possessed by many experiments designed initially .
like this one. 1n balanced incomplete blocks = At any stage. an analy-
sis of vartance on the data can be carried out readily by solulion

of the parametric equations.

ok Aok

s
)
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S, Peto (Microbiological Research Department. Ministry cf Supply
Porton, Wilts)

A DOSE-RESPONSE EQUATION FOR THE INVASION OF MICRO-ORGANISMS

I1f severanl batches of test animals are exposed to invading mi
cro-organisms. linearity between log (proportion surviving) and dose
is theoreticelly established, assuming that

(i) the test unimals are homogeneous

(ii) the probability of one organism killing its
host is constant and small

(iii) the organisms act independently of each other

The relevant maximun likelihood solution is given und tables
recommended to help computation.

When doses are expressed in terms of the EDIO a fixed regression
line emerges from the underlying hypothesis. Illustrative examples
taken from practice are quoted. Comparison with probit analysis is
discussed The problem of cconomical use of test animals is treated
The method can bhe applied to d¢ilution series Bacteriological Re
search in general might be stimulated and immunologieal phenomeny in
particular elucidated if the mode of action of puathogenic organisms
is explained by the hypothesis expressed in this paper Luntern
slides are used to illustrate essential points

Ao
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. R. Prigge (Paul-Ehrlich Institut, Frankfurt a.M.)

DIE ANWENDUNG DER "MUTUNGSBEREICHE' IN DER IMMUN)TATSFORSCHUNG

i i Im I. und IT.Abschnitt wird die Frage behandelt, welche Rueckschlus
! i se aus den an einer Stichprobe gewonnenen Ergebnissen eines Immu-
. nisierungsversuches auf die Zusammensetzung der Gesamtpopulation
gezogen werden durfen der die Stichpraohe antnommen ist.Die verschie-
denen Verfahren werden hesprochen. um den "Mutungsbereich” zu er-
mitteln, innerhalb dessen der unbekannte wahre Anteil der immunisier-
ten Tiere erwartet werden darf. Es werden Angaben iiber die Wahrschein
lichkeit der so gewonnenen Aussagen gemacht. Im IITI. Abschnitt wird

ein Ndherungsver fahren erértert, dessen Resultate mit den nach den

exakten Methoden gewonnenen Ergebnissen gut i{ibereinstimmen und das

die Rechenarbeit erheblich reduziert.

Der IV, Abschnitt diskuotiert die treffertheoretische und die va-

riationsstatistische Deutung von Immunisiecungskurven und zeigt

die
Moglichkeit,

mit Hilfe der Mutungsbereiche zu einer Entscheidung zwi-
schen beiden Erklirungsversuchen zu kommen.

Im V. Abschnitt wird die Verwendung der Mutungsbereiche zur Er-

: mittlung des HWirksamkeitsverhdltnisses zweier Impfstoffe behandelt
| ! Im VI  Abschnitt wird die Anwendbarkeit der Neherungslcsung auf das

Geblet der seltenen lLretignisse nachgewiesen und ihre Verwendung zur
‘ Bestimmung des Keimgehaltes von Flussigkeiten besprochen.

ook
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C. Radhakrishna Rao (iIndian Statistical Institute - Calcutta,

A GENERAL THEORY OF DISCRIMINATION
WHEN THE INFORMATION ABOUT ALTERNATIVE POPULATION
DISTRIBUTIONS IS BASED OM SAMPLES

The problem may be stated as follows

Two samples of sizes n, and n2 are available from two populations
P1 (x ]el) and P2 (x [62) where x stands for all the measurements and
6 for all the parameters. An individual with given measurements y has
to be assigned as a member of one of the two groups basing the decj -
sion on the observed values only. the parameters occurring in the
uliernative distributjons being unknown. In this paper an attempt is
being made to lay down a decision rule tndependent of the unknown
parameters.

If the measurements are p in number we have a total of (nlinzri)P
observations which can be represented hy a point in a Euclidean
Space The decision rule requires the division of the space 1nto two
regions Ri and n2 such that when the point of ohservations falls in
Rl the individual is assigned to the tirst graup and otherwise to the
second Whatever may be the set of regions . it should have the pro-
perty that errors of clussification when the alternative populations
are different must be smaller than those when the populations are the
same. This criterion {eads to the restriction that the size of each
region should be the same whenever the two prebability densities Pl
and P, are identical irrespective of what the actual values of the
commoﬁ parameters are

We have now to fix the Size of the regions ﬂl and R2 when P1 and
P, are identicul. When the population distributions are identical.
tﬂe decision may be equivalent to that of tossing an unbiassed coin
So that it is reasonable to take each size as 50 percent The Special
case of fixing the size at the 5% level leads to a test of the null
hypothesis that the individual belongs to the first group at level
5%. the alternative being the second group,

The problem is now to determine such similar divisions R1 RQ
covering the entire space which have fixed values when the two distrj
butions are identical und for which the errors of classification is a

Tegion common to the surfaces of sufficient statistics as in the
generul problem of testing composite hypothesis,

Again, in all cases no uniformly bhest division is possible on the
surfaces of sufficient statistics. We may then determine regions for
which the errors of classification is least locally, i.e. for small
departures from the equality of populations,

The theory is general and can he applied even when the alternative
distributions are more than two,

46
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D.R. Read (Research & Development Dept., The Distillers Co,
Great Burgh - Epsom - Surrey)

Ltd. .

THE DESIGN OF CHEMICAL EXPERIMENTS

The main features that are more or less peculiar to chemical (as
contrasted with biological) experimentation are briefly set out, and
attention is subsequently confined to the following case which often
; arises: experimental error small and a prior estimate available,
| need for local control,
H tors:

no
sequential procedure and quantitative fac-
the object of the investigntion being to estimate a set of op-
; timum conditions for a chemical reaction process,
‘ giving maximum yield or minimum impurity,
| A short account is given of the methods already developed by Bo
} & Wilson, which consist essentially in carrying out experiments in a
1 sequence of small groups, estimating first- or second-degree regres-
{ stons that give approximate local fits to the reaction surface, and
| using the estimated regression from each group as a guide to the most
effective disposition of experimental points in the next group, These
methods ure then illustrated by an example of their use in a typical
problem of chemical development.

e.g., conditions

Aol
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: E.L. Scott| (University of California) |
! i

BI!VARIATE COHTAGIOUS DISTRIBUTIONS
f counts of certain larvaz in experi- '
mental plo?s exhibit marks of ohtngion: if one plot contains a larva i
i then somewhere in the vicinityjthexe was o batch of| eggs and this
implies an|increase in the probability of there being| more larvae in
‘ the same and neighboring plotsT‘Thia machinery underxies the single ;
‘: variate coqtngious distributions! deduced by Neyman nnq later genera-
A lized by Beall. The present pwpgr gives formulae for{the analogous

a

bivariate distribution that m ;be useful in closer studies of the
b behavior of] larvae, ! ‘

The observed distributions

|
|
|
\\
1
‘s
\

|
|

i !
I i
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C M B Smith wChe Galton Laboratory University Cor‘lege - Londan)

THE CALCULATION OF CORRELATION BETWEEN COUSINS

For any given character it is possible to find
correlation by plotting all points
the usual

he cousin cousin
(X y) in a correl‘.ation diagram in
way where x y are the measured values in n\‘\pair of cousins.
if two sibs have large numbers of children“ every child of
one will be a cousin of every child of the other. ')i'l"nis will produce
a very large number of points in the dingram which may swamp the

contribution of the other cousin pairs. It is betteI to use a three-

Hovever

stage analysis of variance, giving sums of squares (i) between indi-
viduals within sibships (ii) between sibships, within cousinships
(iii) between cousinships. By the use of suitable formulae both the
sih-sib and cousin-cousin correlatjons can then he :uml,.

Aesferte s
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\ J M Tanner (Sherrington School of Physiology
|

St. Thomas s flospital,
Lnndon)
|

SIZE. SHAPE. AND REGIONAL DIFFERENCES IN THE VERTEBRAL COLUMNS OF
INBRED STRAINS OF RABBITS STUDIED BY ANALYSIS OF VARIANCE
(Exhibit)

The lengths and breadths of the bodies of vertebrae numbers 2-29

were measured in two of Dr., P.B. Sawin's strains of inhred rabbits at

Bar Harbor, Maine. The rabbits were af various

being qguite full-grown. The problem

to describe the inter-strain differences in the vertebral columns
as succintly as possible, as a basis

body build in the rabbit

\
\ Analysis of variance was nsed,

the Jackson laboratory

ages from 75 to 1440 duys. not all
was

tor genetical experiments on

with a three-way classification
(28 classes) race (2 classes)
The data provided considerahle replication
} an average of 8

hy
vertebral number and age (4 classes),
within each cell however,
rabbits having been measured within each age group of
\ each race The mean values for each cell
\ . with an estimate of the variance

error mean square.
|

were the figures anualysed
of these ceil means used as the

The triple interaction term and the other inteructions have then
all clear The conclusion from their
tests is that one stralin differs from the other in (i)

general size of all vertebrae (ii) shape of the vertebral column as a
whole one

biological interpretations
signiticance

stranin beoing slenderer. and

{1i1) shape of vertebrue in
particular and circumscribed regions

of the calumn
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A. Vessereau (Institut de Statistique Université de Paris)

ENSEIGNEMENT DES METHODES STATISTIQUES APPLIQUEES A LA BIOMETRIE

Ce n est qu apres la derniére guerre qu-une action coordonnée a
eté entreprise pour, diffuser et appliquer les méthodes statistiques
dans différents domaines recouverts par le terme général de “Biomé-
trie”.

Un enseignement de ces methodes a été créeé en 1946 & 1" Institut de
Statistique de } Université de Paris il n ¢€t€ suivi dés le déhut et
continue R étre suivi par les etudiants qus sec destinent & 1a re-
cherche ugronomiqufsdans les territoires de lu France d Qutre-Mer
ainsi que par des chercheurs déja affectés a des Centres de Recher-
ches. Quelques annces plus tard 1 Institut de Statistique a Egale
ment créd un enseignement de “Génétique des populations”

11 ¥ a quelques années. 1°Institut National Agronomigue a inscrit
1 enseignement des méthodes statistiques au programme de sa troisiéme
année d dtude (didéves se destinant 4 des carribres de recherches
généticicus peédologues, ete . .) des compleménts de mathématique et
en particulier des no%ions de calcul des prohabilités preparatoires a
cet enscignement sont donnés au cours des deux premiéres années d ¢-
tude :

bans le cadre de la Faculteé des Sciences. les étudiants qui pre-
parent le certificat de ”géndtique” regoivent les notions de stati-
stique indispensuhles en cette maticre. Les étudiants en psychologie
appliquee (Institut de psychologie de 1 Université de Paris) recoi-
vent également un enseignement statistigue de base et un enseignement
spécialisd, } !

Si. dans les secteurs “biologie” et "agronomie”. 1’ enseignement
des methodes stutistiques se trouve organisé de facon & peu pres
cohérente. par contre dans le secteur "medical”, il n'y a eu jusqu’ 1~
c¢i que des tentatives fragmentnires (quelques séries de conférences)
insuffisamment coordonnées: des progrés importants restent & faire
dans ce domaine,

Une des principales difficultés rencontrées duns 1 enseignement
des méthodes statistiques réside dans 1 insuffisance de formation
mathématique de la pluparte des éldves (leurs études anterieures ont
eté orientées surtout vers les sciences naturelles) et dans la
nouveauté que présente pour eux le mode de raisonnement probahiliste.
Cette situstiun pourrdit 8tre améliorée si une initiation statistique
et probabiliste était donnée au cours des études secondaires, et si
certaines modifications étaient apportées au programme des connais-
sances exigées des candidats aux carriéres biologiques et médicales.

51
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ement dispensé 4 des étudiants de formation mathému

écaire. 11 est souvent préfdrable de renoncer au
et de faire appel a des raisonnements approchés ou
putefois masquer les difficultés le strict domaine

1y - . I3
%‘methodes doit d-eutre part etre bien précisé

uique, sans sacrifier le notions Lhﬁurxques essen
nément doit rester aussi concret que possible. Les
egisont indispensables et peuvent prendre plusieurs
mént ou vérification de lois statistiques et pro

Fﬂilons_ a partir de tirages de houles jeux de deés
ts|.problemes destines a faciliter 1 assimilatiron des

s|de 1° enseignement applications numériques avec
;ejdes calculs et emploi de machines a calculer.
|

EETE T3

TT# 2004/02/11 : CIA-RDP80-00809A000500400179-7



Approved For Release 2004/02/11 : CIA-RDP80-00809A000500400179-7

LIST OF MENBERS (Additions)

Dr. H.C. BATSON Dept. of Public Health
. 1800 West Fillmore St.
CHICAGOD.- 12 (U 5.4,

‘ Prof. RH. BEKGSTBﬁM Chalmers University of Technology
: Dept. of Appl. Mathematics

! GOTEBORG (Sweden)
I

Prof. J. BERKSON Mayo Clinic
ROCHESTER. NMinn. (U.5 a.)

Dr. B.B. DAY 3136 Dumbuarton Ave N.W,
WASHINGTON 7 D.C (U.S. 4.,

Prof. M, FRECHET 2, Rue Emilie Paguet, 14°©
PARIS (France)

Dr. I.C. HAMAKER Philips Research Laboratories
EINDHOVEN (The Netherlands)

i Dr. L.B. HOLT The Wright Fleming Institute
St. Mary’s Hospital
Paddington, LONDON ¥.2 (England)

i Prof. Q. YAN ITERSON Eemnesserweg 89
* BEARN (The Netherlands;

Miss. E.A.G. KNOWLES 26 Westfield Rd,
Edgbaston
BIRMINGHAX 15 (England;

Prof. E.J. MACBONALD 2310 Baldwin St,
HOUSTON 6 Texus (U,S A.)

Prof. J. NEYMAN Statistical Laboratory
University of California
BERKELEY 4 California (U. S, A 3

Dr. E. OLBRICH Millerstr., 59
INNSBRUCK (Austria)
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Dr. V.G. PANSE | Indian Council
‘: of Agricultural Research

NEW DELHI (iIndia)

Dr. M. PROBSTEL Eberstidterstr. 13
PFUMGSTADT/HESSEN (Germany)

Dr. ®. RODDEWIG ; Walluferstrasse 4
ELTVILLE/RUEIN (Germany)

Dr. . ) |
r. E.L. SCOTY | Statistical Laboratory
University of California
BERKELEY 4 Calitornia (U.5.A.)
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J. Berkson (Division of Biometry and Medical Statistics. Mayo Clinic,
Rochester. Minnesota, U.S. A )

MAXIMUM LIKELIHOOD AND MINiMUM CHI-SQUARE
ESTIMATES OF REGRESSiON COLFFICIENTS

Severa ﬁunctions will be briefly discussed, but chiefly attention

‘ ¥ill be given to the logistic function, P = I/1-e” (& * BX)  yiep the

observatipn|on P assumed to be a random binomially distributed va-
riable, as‘%n the model for bioassay with quantal response. Three
estimatnrs dre investigated: (1) Maximum likelihood, (¢2) Minimum X2

(Pearson), an (3) Minimum logit XE tBerkson, J.. J.  Am, Statist, A. .
39 [1944]) j3sm),
Two cases!are considered, (1) 3 known, « to be estimated and (2)

a and 3 both to be estimated. In the example dealt with. there are

\
i three equnll& spaced values of x (”doses” in bioassay) with N = 10

|
at euch, Tr dose arrangements are for P = 0.3, 0.5. 0.7, correspon-

e
ding respectively to the three consecutive doses, and for other sets

|
of three dosps each, in which the value of p corresponding to the
central do&elis 0.6, 0.7. 0.8, 0.85.

|

In the c¢ase with B known, « to be estimated the results are based

oh calculations of the total sampling population; in the case with

both « and Blto be estimated, they are based on a sample of 2,000
\

with each dose arrangement.

For cen.r%l dosage P = 0.5 each of the three estimators is un-

biased: for other dosage arrangements each jis biased, the maximum

likelthood estimate positively, each of the X2 estimates negatively

The mean squdfc error and variance about the mean are largest for the

maximum likelihood estimate, smaller for the minimum Pearson X2 esti-

mate, and sngﬁlest for the minimum logit XZ estimate.

The estimates are considered in relation to the Cramer-Rao lower
: bound for tfe

for the max m#m likelihood estimate, lower for the minimum X2 esti-
f mate. and lgwest for the minimum logit X2 estimate, but the m.s.e. of

\

all three estimates is higher than their respective lower bound va-

mean square error. The bound value itself is highest

lue.
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Each of the estimators is sufficient. Blackwell’s theorem (Ann. : :
Math, Statis. 18 [1947] 105), may therefore appropriately be applied, : !
The "Blackellized” value of the estimate (conditional expectation of
estimﬁte for fixed value of sufficient statistic) is the same for the
maximum likelihood estimate as before Blackwellization, but with the :
minimum logit X2 estimate, the mean squarc error is diminished by :
Blackwellization to its lower bound value.

ok
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L.B: llolt (Wright Fleming Institute. London)

QUANTITATIVE STUDIES IN DIPHTERIA PROPHYLAXIS

diphtheria prophylactic in mathematical terms (responses to a single

' An attempt has been made to characterise the antigenicity of any
‘( H

\ inoculation).

‘\

4 “e is made of the ohservation that the responses among a group of

similar subjects, identically treated. is log. normally distributed;

a5 well as the observation that when the results of a dose-response

experiment are plotted as probit y% against log. dose administered a

straight line is obtained - the probit regression line,

\
i
\, Itt'was found that three variables are involved, namely d. the dose

required to produce some arbitrury reference pnint of response, b.,
the slope of the probit regression line, which gives information in

respe :t; of the percentage increase of subjects attaining or exceeding
i

some arbitrary level of response with increase of dose, and 9y 0g.

'\ the standard deviation of logs of titres. These three varigbles are

incorporated into one general equation:

Log.‘i‘G.M.(dose by = 108 GMo qoge gy ' Upogs, D (los. 92520,
Th “product af Slogs. and b, for any one set of data is a constant
(K.) 'nich is numerically equal to the slope of the dose -response
! curve log. G.M./log. dose.
I The 1vulne of K. for the diphtheria prophylactic P.T.A.P. measured

in chijldrer was found to be aupproximately 0.86 and in guinea pigs

about 0, 6; and the Yl1og. of titres 0.65 for children and 0.51 for
[ guinea)|pigs.
]1 Bvidence is offered to show a marked dissimilarity in the con-
stants |for other prophylactics measured in children and in guinea
\' pigs; slametimes the guinea pig will underrate a prophylactic in terams
of chilldren, and overrate it for another kind of prophylactic.
\, The :‘mportnnce of the laboratory use of appropriate ”Standard An-

! tigens” 1l:lmc have been calibrated in the field is stressed.
\1
|

\ \ |
\‘1

ApproveJ For Release 2004/02/11 : CIA-RDP




|
M
Approved For Release 2004/02/11 : CIA-RDP80-00809A000500L00179-7

M. Keuls (Institute of Horticultural Plant Breeding, Wagepningen)

TESTING DIFFERENCES IN AN ANALYSIS OF VARIANCE

: The problem: in applying an analysis of variance, after|having

concluded from an F-test at a significance level 0,05 that the null-

hypothesis Wy = g = tp has to be rejected, so that at least \some of

the ny are different, most research workers feel the lack of

Lu con-
venient statistical procedure stating what differences should be con-
sidered real. In general we may be interested in the question what

contrasts within a previously chosen subset of the set of n\
i

11 con-
trasts 2 a; py (3 ag = o) should be considered different from null.

: A procedure in general use is the least significant d'xfkerence

test (1.s.d.-test), consisting of applying an ordinury t-test to each

’
difference or contrast seperately, then and only then, {f the F-test
rejects the null-hypothesis. This procedure has been denounced by

i most writers to-day, as it highly exaggerates the significance !of the
| -

conclusions.

Several alternative procedures which fall into two classes have

been supggested, The oldest are the multilayer significance tests

(Newman, Duncan, Tukey, Keuls), Although these tests implicnte‘ some
v

nominal significance level, the renl significance levels are

pro-
blematic.

The other class contains procedures of multiple confi

statements (Tukey, Scheffe, Roy, Bose
; minal
|

dence
and Roy and others). Here no-

and real significance levels are identical, The procedures are

simple and will be clear alsoc to non~statistically trained readers of
| the records.

In discussing old and new procedures, the following points uTe of

interest: \

\ 1, There may be defined different significance levels or uccordix;g to
prof. Tukey "error rates”.

There may be n choice between a significance level procedure and a

procedure of confidence statements. l

A point that has been insufficiently stressed by writer on confi-

dence procedures, 18 to indicate, before choosing a procedu\re,
[

! 60 \
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A.R.G. Owen, (Department of Genetics, Cambridge).

EXPERIMEXRTAL DESIGN (N GENET!ICS

Analytical genetics is a suitable term to describe that kind of
genetical research where, by controlled breeding of organisms, we
follow the assortment and recombination of sets of discrete Mendelian
i factors. The analysis and interpretation of the data which arise
\ involve a coherent system of statistical methods, exhibiting points
\ both of analogy and contrast with those so well-known in the realm of
\ agricul tural experimentation.

In analytical genetics we are concerned fundamentally with the
) estimation of certain pure numbers such as segregation ratios or re-
\ caombination fractions; i.e. those parameters which enable the breed-
i ing behaviour of organisms to be predicted. In agriculture we tend to
| stress the detection of differences between
\ This
[

1
|
i
|
|
\
|
\
|
|
I

stocks of treatments.
however is clearly a quustion of estimation and the dif ference
is only one of emphasis.

In agricultural statistics almost everything involves normally
distributed variates, and the prime tool is the analysis of variance,
with the principle of orthogonality as guiding consideration nllowing
individual effects to be distinguished., In genetics the variates are

always whole numbers being multinomial class frequencies.

Taking
estimation as the hasic problem,

complete coherence of method is
ncheived by proceeding from the waximum likelbood theory,

using the
technique of scores,

a mcde of presentation whose power is not yet
] always fully apprecinted.

\ Scores are linear functions of the class freguencies, and they
1\ lead directly to the analysis of Chi-~-Squared which is our prime tool

and the counterpart of the analysis of variance. The analysis of

[ Chi-squared can be arranged to exhibit such features as orthogonality,
\ component effects, interaction and error terms,
i Both discriminant functions for grouping and the normal theory of
| curvilinear regression have their Chi-squared analogues in this field.
\\ The Latin Square occurs inevitably and essentinlly in the design
j of multiple point linkage tests,
ratios {rom viability effects,
‘ the subject. For

when we wish to sepurate Mendelian
but it is used in a way peculiar to
instance the feature of randomisation is absent,

EE 22

\ 63
|

|
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M. Sirecker.

DESIGN AND IMPLEMENTATION OF A SAMPLE ON MILK PRODUCTION N AGRICUL-
5 TURAL AND FOREST FARMS OF BAVARIA IN THE AGRICULTURAL YLAR 1951/1952

In the compass of a research commission the Bavarian Statistical
Office implemented n sample on milk vroduction in the agricul tural
and forest farms of Bavaria from 0.5 ha of agricultural area and more
for the agricultural year 1951/52.

The inquiry was designed as a stratified sample with "cow-keeping
agricultural farm” as unit of selection. For an efficient stratifica-
tion the following three main strata were considered:

a) farms from 0 to less than 50 ha of agricultural area (sampling

ratio 2 per cent)

b) farms from 50 to less than 150 ha of agricultural area (sam-

pling ratio 10 percent)

c) farms comprising 150 and more ha or agricultural area (complete

enumeration),

On the whole, aubout 9, 100 cow-keeping agricultural farms in Bava-
ria (2.15 per cent of the totul) were covered.

The cow keepers selected had to report the cow s milk produced on
their farms on a fixed day every month on a report form. The collabo-
ration of the cow-keeping farms included at random in the sample was
voluntary. Therefore only shout half the cow keepers selected had
filled in their report torms. As is well known, the disregard of such
cases may bias the estimates of the sample to an unknown extent, For
this reason detailed investigations on the problem of non-response as
' defined by K. Hansen and W. Hurwutz were made: the population of the
: respondents may be divided into two groups:

Group A = those who ure readu to answer and would send back the

completed report form:

Group B = all others not inclined to answer,

In selecting the respondents, the contingency must be taken into
account that a respondent can be found who responds. In a camplete
specification of this item every respondant would have to be given
a4 probubility measuring this contingency.

As estimate for the milk production x’

x? =% (m il i s i;) may be accepted. The mean deviation belonging to
i it is
o, N2 N.-—n__ 2 N 2 - 2
Oxt N IR YT o4 —S-Ei—l (k - 1) of
64
L)
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Here are: \
N = number of cow-keeping farms ‘
n = number of farms selected

m = number of answers received

§ = n - m = number of non-respondent

S == total number of cow-keeping farms unwilling to answer

epers for another

r == number of cow keepers selected from the s cow ke
requiry ‘
- S

k = r

02 == dispersion of the N cow keepers

ug .- dispersion of non-respondent cow keepers \

- |

x'l = average milk production from the m answering CO‘T keepers
c
|

overed in addi-

|
i

3'2’ . average milk production from the r cow keepers
tion

The result was that the sample wns not binsed by non-response.

|
The mean square deviation of the NION-~RESPONSE problem was for x’,
0.8 per cent, the mean square devmti‘on for x*. without taking into

account the non-responding cow keepers, 1.0 per cent.

etk
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A DOSE-RESPONSE EQUATION FOR THE INVASION o
“ MICRO-ORGANISMS

S Prro
Microbiological Recwareh Department, Ministry of Supply, Porton, W ilts.

The Problem

. i . . . .o
A series of & (l]().\"ns (y y ey - oo, g micro-organisms) is administered
tomy , my, - ;,: my test animals respectively, and the corresponding

survivors are observed to number /ey, - , 75 . ("The terms “surviv-

»and “killed[whenever they oceur subsequently, are meant to cover
also the ease when “not infeeted" are compared with “infected’). This

paper derives o II‘(I)S(‘-I'('.\'])()IIS(' relation from a hypothesis based on the

'
ors

maode of action ol" the micro-organisms against their host tirst suppgestecd
by H.o A Druett (2),
. \
Assuming that!

(i) the test animals are homogencous,
(1) the probubility of one organism killing its host ix P (smualdly,

\
iti) the urp;:ln‘isms act independently of each other,
: 1 s

then if » is the number of organisms administered (o ench subject, the
expected proportion surviving is given by

S=( = p) e M

The statistical| problem is to estimade the single parameter p from a
series of nl)svr\';lli‘d)ns of corresponding values of the :etual proportions
surviving rom and the numbers of attacking organisms n. Eqguation (1)

may be written

. | In S = —pn (1a);
thus it we plot |
i r s T
In=5 In " oo e
m, R m,

against ny , on., - J‘ s i and fit o stenight line (o the resulting points, the

negative slope of this line will represent g, the probability of any one
organism killing :nT{ animal.

It follows lImt.‘(Iosv-ruspnlls«- relationships Tor all kinds of orgunisms
and test animals should be represented by o single line of constaut slope’

when the doses are expressed as multiples of the ED., . For taking ¢
i 1

-
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organisms to be the KD, , cquation (1a) hecomoes
n0.5 = —pe (1)
and putting n = f¢ we obiain :
IS = 7Inos (2) i
The Maximum /A'A':%lflmml Nolution

Let the probability thut one particular animal survives he

then the probahility: of » surviving out of m animals
|

I
i
» N ewn |
| P=(l — )" = oy ,
atb risk will he |

I

Prirsarv. of m} = (2{')/‘”(! - )T = ("f)v " — ey

A

and the logarithm of the likelihood is

li= —p z nr, - Z (m, —r)In(1 — ¢ ") - const.,

Hence
W S o S tmy = g - O
dy = nr, (i — r)n; 1 g
= —-‘Z nn, - 1‘; > (m, — r) - "-’7)-_,'“’_ (3)
-
and
&L g
}/pu - Z m = r)n] (1 — ¢y
Co . e
= — =y m;, — r)(n.p)” -— = -
“ 2 R D

Substituting n,p = oy equation (3) takes the following form for L,,,. :

=0 (5)

¢

Sy = =3 mun, + ]') X (mi —r) ~ -

and using the sume substitution for equation (1) the varianee of pis
given by

e S -
dil Lt ©
dpt 2 Gne =) -

¢ ol aceurncy with the
s Method of approxi-

Var (p) =

Liquation (5) can be readily solved 1o any degre
help of the Table A and the application of Newton

2

®
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melion; Table 3 oval

wates expression (6) in order to obtain lidueial
limits 1o p. '

The goodness of fit ean be tested with x%, and confidence limits cun
be assigned ot any desired lovel of dose or response.

A Nwmerical Eeample

This department obtained the following data (fiest, 1 columns of
Table 1) fram one of a series of experiments in which B anthracis spores
were allowed to enter guinen pigs by the respiratory route (3).

The necessary steps to complete Table T and to obtain the reguired
results are as follows:

(1) After having entered the values r7m in the appropriate column,
In r wis plotted against o (preferably on log paper) and o line
through the origin is fitted by cye; an estimate p, (0.019) of the
slope p s thus obtained (see (g, 1).

(2) "'he npy values are comprted and entered in the w-colimn, leav-
ing room for correspouding vidues of o second eyele (np)).

(3) Tables A and B ogive the following values:

£ ool e ) [ prf (e = )
0,32 3 1160 0902
0.6t | I it 0.961
by | [T (0 S8
It ! R 0.7
The L values o (b — ¢ ) are multiplied in tarn by 8, 18, 21,

28(m — reolumn) the sum of these produets being 133,214 the

vadues o5¢ (¢f — 1) are treated likewise yvielding 6466, Then
the residuc of equation (3 f(pyy = 80 and Var (py = 0.00000558
are obtained as set out in the lower part of Table 1.

1) A second approximation p, to p is computed by applying New-
ton's Mcethold: p, = p = S Var (0) = 00191

(3 In the w-column the new pre values e entered in brackets
.33 - 193), and f(poy = 43 s evaduated using Tuble AL
Clearly no closer approximation is required and in faet Ve (p)
neetd not he recomputed.,

(6) The expected nnubers of survivors are ealeulanted, and used to
eviduate 7 with degrees of freedom one less than the number of
doses, sitee one parameter has been estimated from the data,

3
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TAnLE A
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{ | 1.06 1 o0n 1 1 1 1.0us !
] 1103 1 [ T [ RTN 1 ! ;
3 1157 1. 1174 HEGII A 1 1. i
K 1213 1 1240 1 248 1 1 1 ;
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TABLE L

| m8(1 —
Dose Nu.of Prop. | ; ! '
BAK il | oSurve |ORilked D Sur o e | !
Spores ik T ing ! abseryed !
! |

— —— -—- — : S
16.8 - § 1 0Bl o3 0.33) 280 ' 1 016
317 32 14 I8 044 0 1 6 5 163 —23 0 66
[N 32 1 21 0 34 123 1,25 0 20 93 417 044

100 5 32 4 28 0125 10 i1.45) 014 130 05 0.0
L . —— T __

266 s s | o o | ! i i ; =132
using equation (51

o1 o . ) 0.000361 . .
- Z mn= =206 X 32 = —6931  Var (p) = Site = 0.00000558  (equation 6)
)10t
133.214

oo S 0 pe=pot ) Var(p) = 0.019 4 §p X 558 X 107" = 0.0194
TSR PhE e L9V () = 0.0240]

S = —0.0104n P = p = 1967 Var () = 0.0148)
ED;y (using equation 1h)

95% lower Lim: In 0.5 (=plt 0.5 (—poy 959 upper Lim:In 0.5 1 = pt1)
B ——35 7
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Experimental Verification of the H ypolhesis

The extent to which the basic hypothesis fits the experimental fuets
is shown by the figures in Table 11 which gives the pooled values of x*
for several experiments on these different micro-organisms.  The indi-
vidual responses are plotted in figs. 2a, b, ¢; the doses have heen expressed
as multiples of the IXD.,’s, and the lines have the theoretienl slope of
In0.5. Itshould be noted that in the ease of B. anthracts the experiments
were not replicates sinee the particle size of the eloud was made to vary
considerably from experiment to experiment, so that individual regres-

DOSE

0 20 40 60 80 100

T T T T

T

0.9

o071

06|

oS |-

04 -

Q3 |

PROPORTION SURVIVING

o2}

o.l L
FIG. 1.

Relationship between dose of B, anthracix spores and In proportion surviving of wainea pigs, showing
regression lne ditted by eye),

7

|

|
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sion lines were obtained in widely different positions. The 8 experiments
on L. typhosum were picked at random from 56 similar ones,

TABLE T VARIOUS BELATIONSHIPS FITTING ONK FIXED LINE

Route of No. of Deger, ‘
Orgunisin Test Antinals Infeetion Expts. | x* {ofir. | Graph
Brucelln suis (1) [ 300 Guinen pigs | Respiratory 4 3.2 3 fig. 2n
B, anthracis (3) | 990 Guines pigs | Respiratory 5 25.4 22 fig. 2L
B.typhosum (1) | 640 Miee Intraperi-
toneadly 8 19.8 14 fig. 2¢

09
08}
o7}

0.6}

04}

03}

PROPORTION SURVIVING
X

023

AR
FIG. 2a.
Fixed rageession linein rolation ta the rosndt of 4 exporiments with frucella suis; doses of the sub grousps
are oxpressed oo maltiples £ of the EDw of ench individunl experimment.,

8

Approved For Release 2004/02/11 : CIA-RDP8




M
Approved For Release 2004/02/11 : CIA-RDP80-00809A000500400179-7

Iistimation of Relative Poterey

If different strains of the same pathogenic organism are to be com-
pured as to their virulence with respect to a host, one dosc-response line
is fitted for cach strain and the rutio of the slopes estimates the relative
potency.  Forlet. p, and p, be the slopes of “standard” and “unknown?’
respectively and n, and », be doses ])ru([ll(T:ng a4 common response S; it
follows from equation (1a) that n,p, = n.p. or

|
Relative Potency 2 = 2 = P
P Pa

‘ 1' Dose
09R .
0.8

o7L

o6k x

[oX- 5

04}

Q.IL =
FIG. 2b,

i
FFixod rogreanion lino in relation to the result of 5 oxporimenta with £, anthracrs,

9
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Since Var (p)) and Var (p,) have been computed already together with p,
and p, , fiducial fimits to 2 are readily assigned as
B Valk* 4 (1 =) Varpu/Var pl]

1 —g
where g = £ Var p,/p: and ¢ is the normal deviate for the level of prob-
ability to belused (3).
Compartson with probit analysis

This Department. used to apply the methods of probit wanlysis to
microbiologieal dose-response relationships (). When for example ani-

0 ! 2 3 4

T T T

4

0.9
08
0.7

x §

0.6

T
X

0.5~ > »

T
X

04

03}

ozf

oL x
FIG. 2

Fixud regression line i rolition to the reanlts of 8 experitients with B, Typlosun.

10
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mals were exposed to pathogens, a (log,, dose) — (probit killed) regres-
sion equation has fitted well the results in most cases.  If the hypothesis
expressed in this paper holds good, e if In 8§ = —pn (equation ia)

actually applies, all the probit, lines computed so farought toshow about
the same slope within experimental error (Examples are quoted in Ref.
2). Forlog,, dose — probit killed transforms an ideal dose — In propor-
tion surviving into a slightly hent curve (see fig, 3) and it is casily proved
that, if ¥ is the Probit. the slope dY/d log,, n al the KD, equals 2
(very nearly)

5.4 |

S524

w
o
T

PROBSY KILL
-
o
T

46
441 A
Log, (10 X multiple £1,,)
1 1 1 1 1 1 L
0.6 0.7 08 0.9 .0 1.1 1.2 1.3
FIG. 3
Anidend dose = In proportion sueviving relations<hip plotted as probits against loge dose. Tl shope
awt the 1910 s 22
Consider
[ i . .
I—8= / ¢ du and In 8= —pn
V2 J- ;
Now
dY - oii) s
5 = =\ 27 V- A
dsS Vi (1)
11
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N .

dn = TS (B) and
(T“I-({}I',rl =N log, 10 @);
- =0

Substituting in the product of (A} X (B) X (C) for Vi =5, for 8 = 0.5
and for prn = —1In 0.5 gives 2.0003.
It may be concluded that

(1) the two models differ only slightly and could not be experiment -
ally distinguished without forbidding expenditure in test ani-
mals, l

(it) that the ealeulated Dy, should be on the whole lower when
probit unalysis is used (seo Tuble ),

(iii) the present methaod compaies favourably with probit, nnalysis as
far as computation labour is concerned.,

Examples from practice have heen worked out by hlot;ll methods and
the results are given in Tables 111 and TITA. The estimates of relative
potencies provided by the (wo techniques are in good agreement, through-
oul; the probit. method appears in general to give s ightly narrower
fiducial helts but, the point at issue, of course, is not, which moethol gives
more appirent precision but which one is based on the more app:apriate
mathematical model,

TAHLE 1L COMPARISON OF TWO METHODS O ANALY SIS
Al probit analysis

Copresent, method

0,39 = 0,36 - 0,47
0 30 0,36 -2 0 47

A ’

Boanthravis, 1 particles*o 720 410 0 21— 00
Boanthracs, 3. 5u particles [1.33)0 SE 029 036G () 41
Doanthracs, D particles |1 1601 OS)0 40 -~ 051 -2 0 70
B.anthracis,  Su particles |1 ul(ifl SHle 38 - 3.
B.anthracis, 124 purticles 0. 1o 2800 - B
Bracella suis 0. 0G0 TGO = 3L
Brucella suis 10,8800 67, 25,3 - 35,
Brucelln suis 0.2610 05 21.0 - 3,
Brucella suis (LR L WA ETINs R Y

*Seo Table I,

3
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. |
TABLE HIA, POTENCIES OF 2 MUTANTS OF Ty
TO PARENT STRAIN, 2 DIFFERENT EXPERIM

RN 'S ORTAINED BY THIE

TWONNMETHODS
i ;
x® ol I Rel Roteney and its 9565 fid. s,
lixpt. Organism | et : -
Aln Al ; B
MV TH | Ty 1.963.04) | |
Mutant a [0.27 0,23 2,23 =330 =~ L00| | [12.17 348 =578
Mutant b ().I‘.l;l_ﬁ(b 00 ——‘1.()."1‘ —+1.50 1058 —1.01 —1.70
MVT. 85 . 0,950, 50 ‘ il
' Mutant a 0,241,270, —0. 0"')-»»0 042 ;0,()]‘.)-‘~0.()3()~>0.(H()
Mutant L [0.27°1.47] 0,047

—0). 0()‘) OL00D1 0,057 —0.0T5-0. 110

L (N S
B —— - (.

Choice of doscs

—
W hen experimental evidence lms shown'that. tl ¢ dose — In proportion
surviving ](‘[.','l(‘s\l()ll line holds ;,uod for a rertain|host-parasite relation-

ship, the:question arises: What is! e most eeonon l‘(':Ll investment of test,

animals?. In other words: Which dose nowill minimise the variancee of the

regression coeflicient p? \
I

|
Using equation (1) for one point: i
i

!
=t O

] @ — 1)

o

&L
dp*

= —(m

and putting (m — r) equal to its
i

b

qxpcctcd value ¢l — ¢~ we obtain

' = Vi ]
/| ! ‘
and hence the Invarianee of p can |be expressed in the form
1 | (In S -
Var (p) —‘_“ 1 -8 } ‘ (723
: ‘ 1 ;
Differentinting equation (7) w.r. to' n and pullmp;;
the oqlmtmn is simplified to ; i
i \ :
e —pp) — 2= 0. ‘ (8)
|
i

1 oo 2
|
|
\

!
Vl
|
|
|
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|
. .
| 5

Hence Var (p) is a minimum for

o= 1.5036 ()]
which corresponds to
| e = 20,377 survivors (94) ;
IV (Pl = Ii:’ X 06476 (9b)

In fig. 4 equation (7n) is plotted as a pereentage of its maximum
o value (equation 9b). 1t will he noted that the efliciency within the range
: of 107355 survivors is hardly affected; in practice the experimentor
would aim at a maoderately low suivivor rate

and know that, if he misses
within reason the theoretienl 20.39% optimum (equation 9n), economy

wonld still not. be appreciably impaired.

Relative Weight

: ? Su:rvivors
0

20 40 60 8o 100
! | .
b i FIG, 4,
i i
o Relutive Invarisnee of s eatitnte of-p based oo wosingle dose-level an nfunction of the broportion
! i nurviving,

If Tittle is known about p and even linearity is doubtful, ohviously
i more than one point is needed; but high survivor rates which carry little
e weight will he avoided, if p:nssihlu.

i Application to dibution series

o After this paper had been drafted the close analogy with the analysis
P of dilution series was pointad out to me by Me. M. JL R Healy. Using
the notation of this paper the relevant problem enn be presented in the
following rather condensed forn.. (For details references (7), (8) may be
consulted,) :

14
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i
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|
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‘
| |
| |

wnd 2

"

batweon an
|
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1

arin titer abt a certain tinc after the

S UL U Ui bl

antlpen infjection, '-l}lj.C?':‘ appito.cdicies L “dne of maxinue respouse.  The quality

off the aniitoxin which rauen Ly wos subjected Lo intense study by Jerne((’) is also

omitted Irom this discussion, wihere antitoxi

[ titer simply denotes the highest dilu—

tion of a serum which ne atralizes a glven do.;e of toxin to a certain end=-point

reaction. Since the titers are uniforml dm}:ermined throurhout the assay, this

o

study deals with corparison orf response, where the absolute value of the response
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|
|
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|
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fror cquation (V) obisined from all 120 swiplesn.

Jovent

Lo notl odralllcosld

o ool variunee (Tavle 1)) shows thot tiie components due to Xy are at

dleast as lrportast asg those duc to ve lionee, it is cuncloded that inherent Smmniza-

bilivy is ¢ function which is independent of tho primary response.s
Discusgion

Irt the atberpt to anuivse the vordsbles which influcnce the secondery rosponse,

the procedurce has Usen roptricted Lo analysis o Lincoer compuncnts. ‘ho true Dane-

tionel equations aro prolably exponcatial Mmictlions with curves tendine toward
apppboies ot Ligh voaleces of the reapoctive voxriables. Sueh fuanetlons are not
Ly

arawblo bo egpliecit rorreasion o wilyala, and no incroaae in iniorretion wus o

walinod Ly edding hicher Gerts of u polymomial expanagion. The throe moasurable

variatles:
(z) potency ol secondary dosage .
(xz) potenay of primary dosage

(v) antitoxin before secondary immunization
woro all found to have some rolation o tho secondary reaponse. Tho coryelation,

howaver, vanishes ot hirl values of all or clther of the variableg.
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Johanmne s Tasen: Factors of Dosage and Host Delermining Antibody Response

to Secondary Antigen Stimulusi,

RS

Symbols and Egquationse.

leg (antitoxin titer) plus 3, fourteen days after secondary dose is injectedo‘
loe (antitoxdn titer) plus 3. twenty-eight days after primary dose is injectedo
factorial o indicate difference in host immunizability (Mongoloids Xq = %;1}, |
Dysendecrines xz) = +1, Obhers xzp = 0)e

jop relative potency of primary dose (see Table 2).

leg relative potency of secondary dose (see Table 2).

Lapoorancy equa.tio{ns , for secondary response.

Y

411 128 individuals, disregarding immnizability, including primary dose
and secondary doseo

Ta2l3 & 0087&2 + 1o2862 - 0.667%pz (1)
A1 128 _L't‘ld,‘].‘ ; duals, including immunizabilitye

1aSh9 0,636y + o001z = 0uh35xpz + 1o197xp = 0.872%12 (2)

Zauation (2) |rearranged

2a5L9 ¢ 00636 (LeB8xy + xp) + 14001z ~ 0,435z (2,00x7 + xp) (3)

~

ALL 128 ;\‘.nd.iv{ldua.ls, using primary response (v) instead of
primary dose l(xg)..

LaTL? e 0,,567\ (2.07x1 + W) * 0,917z « 0497z (LoTlxy + ¥) (8
50 :E;ndividual? with measurable primary responses

LoSL # 0072 (1a80X] + V) + 1o272 = 00822 (Lo3kxp + v) (9)
|
l
\\

R
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PRIMARY (v) AND SECONDARY \TITER (y) (IN 1.OG ANTITOXIN +3) |
FOR 128 INDIVIDUALS, BY anmﬂ AND, SECONDARY DOSE OF TETANUS TOXOID. | 'x
\
i L \ l
T “
PRIMARY\ DOSE OF TOXOID \
SEC. ' - ‘ 1 3
DOSE ____ Toxcid A Toxoid 5| Toxoid C _____ Toxoid E |
OF Dol ml ] 0.5 ml | 0oL ml || 0.5 mi 0ol ml | 0.5 ml  |Ool mi || 0.5 ml !
TOXOID mla| 2 || Oa2 0.9 0.9 | 16 Qo5 1.2 0,0 0.7 (x5) |
vy 1l v vyl v ¥V _ vy v ¥y v ¥y v v ¥y l‘\
! i |
A 10.7] 042 0.1 343 10 1.7]0.1 2.0 21.,0 263 | 0ol Qel [T1a6 305 |0el 167 0.2 1.0 “
| Oo.} 3--. Oo).& 2.0 1.6 256 Osl 2,0 ou. 3u2 0ol 209 Qo 206 {
: i ‘y 1 ey =T~ :. 1
| i T |
065 | 049 260 0.1 2,610, 243 1103] 3.2 0.1 3.2 [2.2 1.7 [0.1 Lol |0.1 1.7 g
Gol 206 106l 305 | 0ol Iol ||Le0| 266 | Ook 302 [1o3 3.2 | 0ol 203|001 2,51
\‘ | Ool 2.9 oh 2% |
! ~ | | s |
B 0] 09 [0al 345 |22 303|001 1ol |[1e6] 266|001 2.9 1.9 2.3 [0.1 2.3 | 0.1 2,6 |
| 0.1 3.2 [0.1 2.9] 0.1 1oL [[0.7]2.6] 0.1 2.9 (0.1 2.9 0.1 2,0 16 2451
{ 1 : ‘ i 1
1] ; ; |
Oe5| Lab (0ol 3e6|0el 309|210 2.9 [1“”9 1302 | 0.1 3.6 0.7 3.2 [0.1 2.6 0.L 305{}'
0.1 3.7 (0.5 2.5 0.1 2.9[103 355 0.1 2:2[1.0 3.6 0.1 2.9|0% 3.2 |
| o1 32| |07 33 |
. ? L j !
C [0l 0u5 0oL 249 |0e1 203|166 209 | 1e6 206 [ 0ol 305 [ 1o6 2.9 | 041 202 2,5 g
Oel 1a7 1007 2.3 ?{h \17 Cali 342 | 0s1 2401 Tor For &;
i ‘ T i
0u5] 102 f0ol 302 (100 269 | 0ol 342 | 007 2¢6| 1eQ 206|109 260 | 0ol 263 | 0oL 342
Ooli 309 [0e7 249 | Le3 26| Gol 208 | 0ol 302 | 00l 2.6 0ol 203 0.1 2.6] 1
0ol o w i ‘
] . ! \
* T ! I
E  10el] 05 0ol 0ol [1e3 3.2 | 1e0 302 0p7 o0 0ol Loh|0el 206| 0oL QoL 0.1 1o} |
1001 Lol [Cel 209 | Lo9 209 2ob 203 | Qa1 Qo | 0ol 206 | Tol 07| 0.7 240} 1
| L ‘ }) ‘\
; [ i ‘:
005 07 [[Qel Qo |Ooli 2.9 | 0si Lok 1..112 32| 021 3o Oel 0.1 Qu Z.9f !
i Oel 240 |0l 345 | Oa7 246 Odls Zali| Oel 3"2% 0o 100| 06l 240 a
B

Mongoloids. !

gzgendocrizxes
AR R NSRRIy

0.l 'indicates values less than lower i‘limi'b of titration (0.00125 AU). ‘\
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Table 2

sean Primary and Secondary Response, by Fotency of Toxoid Dose

Toxoid l D “ Relative Log Rel, Number Pr:x.mlfary Number | Secondary | Primary
OxOL OS€ | Potency | Potency Response Response Response?
i
|
i Col ml 1.0 00 16 051(90 1 1.79 0a51
A ol ml 1.6 Ce2 16 0.119 15 2.27 0oho
G 0ol ml 302 0s5 16 00213 1 24149 0066
i Co5 ml 5.0 0.7 16 0.L00 1 2,16 0,36
A O.S ml \ 800 On9 16 Ooh?ﬁ 18 2 uhB On)_LB
B Osl ml || 8.0 0.9 . 16 06550 16 2,61 0.57
C o5 ml || 1640 1.2 16 0,888 17 2,84 0.51
005 ml |, L0.O 1.6 16 [ 1,15? 18 3425 Ooh7
]

*lkiea.n Titer of Group Before Secondary Dsse vias Injected.

\
Table 6 \
\

PrJ.mar'y Response in Three Groups of Di_fi‘eren‘i'b Tmminizabilitye

_ ) Average Percent with Mean Primary
Group Humber Primary Dosage Measurz\\xble Antitoxin Response (V)
- ! I -
MNormals" 102 0a77 L‘LQ?_% 00521
Mongoloids 21 0667 23.8% 06229
Dysendocrines 5 0a76 ‘6000% 0.880
‘ 1:
Diiierence in Immunizability
llongololids vs. Dysendocrines 0035 % 0,31 079 %= 0al0
(in terms of primary dosage) ‘\ v
)
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|
|
|

of Squares| and

|
|
X2 _ ué‘é‘ J(l]_ ZX7,

. \ |
Eiwe | | J
I
|

; s
i
' 1,54 _ | 21693
| ng12 30 ohil | \ 11,25
rwn L2as? 2300 h7a 3‘9~ \ 22020
. | n? 095 1480 . 1a82) 201,00

126314,
w2 o2y

1002037

“ _J w3all 0oif 5a17]

125 ~06120 2.507

‘ l 2 W 237 “ :x.l\ 24
3 . B U
| : 31456 !

v =G a23. Ub oLl
{ g 15607 3.2 LZ oli2|]
| g «~Z 095 7,39 k3

|
|

M- Na778 Dal87

; S w8412 568 2.0l 17,68
. N -. e e ‘. - - - \ .
! | &
1 ~06125 ~0,120 2,507
\

50 Obsarvarions ¢+ iar

| ] % A0 v ®» Ky b
&l 176853
| i

\ 5403
| 0496
) : 3,88
8.39 0ol

z i2a07 10,96 26013
N w1 059 3038 1,01 |
| 2. 165 3,81 0.86 |

|

‘\

159 16025 ]
|

|

0

|
\l ‘\\ \ 18 0321.)42
e e D.B06 1,090 0.84T || | w0061, 2,76

Approved For Release 2004/0




Approved For Release 2004/02/11 : CIA-RDP80-00809A00050Q400179-7

Table L

Analysis of Variance

\
|

Primaiy Dose (x2), Secondary Dose (z) and Tmunizability (x)
T

» Component, Sum of Squares DoF, : Mean Square

: Total (¥) 100620437 127

' wEssiaT. on % 19.6615 1

iy Ational regre on xu 4.0898 1

= ) ee lieraction xpz 3a2Lu2 1

R ’h.—\ it o —
i 73.21L82 12)y. : 05902

~-tvional regr. on xy 7.5678 1
- interaction x;z La.SLOT. 1
Remmaindar 611003 122 0.5011

Primary Response (v), z and ¥y

- ‘ ™, () 1002437 127

e ‘ negression on z 19,6615 1
§ Additional reg. on v 306298 1
- dnteraction wa L.2811 1

. 7246613 e Q.5860

T

__ AaddirLonal. regr. on x3 66,5125 1 |
;1' intsraciion xyz aD122 1 “
- _ Penaande 6122305, 122 | | 0.5019
50 Individuals Hawving v Larger Than 0.1
? . e (y) 183442 Lo

7 on cn z 169693 1)

4dulllonal regr, on v o 1566 1)

’ ~ interaction vz 1.3829 1) 11320
| Adentional regrs on xy <5706 1)
| - lnteraction X2 Lo5727 1) i
 Remainder 12,6001 1, 0.2883
el
[PEd
) |
b { ;

|
| n-g . ‘ . |
|
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iTable 5
Pt \

B \
-

\ " i
1 ‘
Uoserved and Expected ]\Mea.ns for Ten Diagnostic Categ?xiasu |

! 1
Expectation frolmll Equ=stion (1),Disregarding ‘ |

loherent Immmizability, a.pd from Equation (2), Inc.ludi::g\; Group Co
] |

t a
| |
.

|
Inmunizability
i

b
|

L \
i v""""""""j—"—— hnd N :« r'—'—‘
H Eguation (1) l Bguataon 121 i

Number OI:zs]gr’V'ed Ekpec ted | "Student * " E@%;3 ted { “Studenris’ |
ie) Hean | 1 Mean e Mean B
ey i

[

=D 0L

|

2

A6 T 24
|

o o

b

[
a%3

o—
o
(V3]

VL
L

0
[}
e
-]
~y
2

vt

AND CTHER

59 1 als)
oyt 2¢7

7 =040 ‘

5
6 | 2027 41,603 2 .36 083
] ’ o
6 2420 ] yzaﬁz
& 2082 | |26
L 2,38 | |2aLZ
Loz 2,56 1 | 2.52
WOBOLOLDS 2L 2,08 2.0
TEEIDOC 1) NS 5 3018 2,23
| |
|
IR
b
o
Lol
I
P
L
i
I \
: |
k il *
i ;
g i

|
i
i
‘ H |
' Il . ‘ '
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