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and laid stress on the need for consorving ether space
in the transmission of television sigpals. T'bis phase
of the subject will becoms of enhanced importance
when the possibility of colour television is discussed,
and aiso in connexion with the relaying of programmes
over very grest distances. Ten supporting papers
contribute much detailed joformation to thiy question,
and two of these deal with some fundarsental aspents
of colour telavigion of both a gubjective and objectivo
nalure,

There is no doubt that the holding of thia con-
vention brought together a Jarge amount of detailed

and expert technicsl }\nmwh,dvm on the various sspecty
of television described a,‘ouve; and this knowledgo
will prove very valuable to those responsibie for the
future development of television everywhers. The
complete proccedings of the cmwr'mion,'oortainin'?
the addresses, the [ull toxt of all the papers aad
roports of the discussions, will be published in four
issues {Nog., 17 20 inclusive) of a speeial vohune of
the  FProceedings of the Institulion of K !
Bngineers, Part 11 A, The fizst of these apocial
issues 18 expected fo appear shortly. Those requiring
copdes should apply to the Institution of Electrical
Engincers, Savoy Place, London, W..2, from whom
dotails of the contents and subseription-rates may be
obtained. 1. L. BSsurs-Hosk

PRINCIPLES GOVERNING THE
AMOUNT OF EXPERIMENTATION
iN DEVELOPMENTAL WORK

By D, F. YATES, F.RS,

Rothamsted Experimental Siation

SREAT BRITAIN bhas lagged badly behind the

Z United Btates in the practical udilization of
gotentific discoveries. This is reflected iu the demand
for men of science in the two eountries. Fhe recently
published Tifth Annual Report of the Advisory
Counell on Solontific Policy?, for exsmple, directs
attention fto the fact that the United States ig
munins; out nearly three times as meny men of
science in proporvion te the IBbour force as Great
Britain is, and is planning further increases, par-
ticularly st the higher level. In part this iag in
puﬁ"ng, seientifie dnswveme& o practical use s
attributable to our neglect of the experiments and
tosts which are necessary in developmental work.
‘These experiments differ markedly from the labor-
atory experiments required in pure scientific ros earch,
sinco thetr main function is to establish empirical
rules of operation which are applicable vnder pragtical
conditions,  With the present drive for economy
there is sevious danger that even such facilities as are
avaiable for cxperimental work of this kind will be
curtailed or not used to fnll advantage. Tt is there-
fore important to stress that sueh curtailment will
rosult in much more substantial and immediate losses
through failure to determine the best practices.
Developmental work must be expanded, not con-
1;1*&::%«9&, if we are to survive.

It iz perhaps somewbat remarkable that no very
precise considerstion appesrs to have been given to
the expenditure that is justifiable in developmental
work. Instead, sxpeorimenters bave tended to rely on
their intuitive judgment on the accuracy that should
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he aimed at, and are frequently influenced in this
judgment by the demands, often misplaced, for
economy.  In it essentiale the problem is very
sizailar to that of deciding the accuracy requured in
a sample swrvey. For this latber problem I put
forward the general principle that the accuracy
should be such that the sum of the cogt of the survey
and the expected losses duc to errors in the results
should be minimized®, The same principle can be
applied o cxperimental work. It is indeed hiore more
widely applicable, sinee it is ususlly easier in experi-
mental work to assess ths losses due to errors of a
given magnitude In the results.

To experimoental work, howewer, we have at the
outset $0 consider the type of rasulig that are likely
to emerge and the way in which they will be used.
in the case of a treatment of the all-or-nothing type
wo may simply require a decision on whether or nob
to apply the trestment uniformly o the whole of the
material, or o certain categories, alresdy defined, of
the material; or we may hope that the experiments
themaselves will reveal a way of classifying the
material into eategories {or some of which the treat-
ment will be profitable and for others unprofitable.
Similarly, in the cagse of g quantitative treatment, we
may reguire ouly to determine what uniform level
of treatment gives the greatest sconomic retaun, or
we may hope to divide the material into categories
for which different levels of treatment will be most
:eonomie, oF {ind sorne goantitative characterigtic of
the maberial which i8 ocorrelated with the most
eoonomnie lovel.

1f the discovery of appropriate oab egories for non-
aniform ireatment iy the aim, more elaborate expert-
ments will often be required. We may alse be
prepared to sacrifice some of the smaller painsg
resulting from pushing the simpler type of investi-
Qﬂﬁ( n to s economic limit in the hope of cblaining

the much larger gaing which witt result from the
effeetive use of differential lovels of treatment, For
the mwoment, however, we will leave aside these more
diffieult problems, and consider the simple case in
which the whole of the material is to be treated
uniformly.

When & decision whether or not to apply & treat-
ment is vequired application of the above principle is
complicated, and wo shall not discuss the matier
further here. The preblem i plO})&ny oy soluble
in terms of fiducial probability, using the segquential
approach, and then with difficulty. It is essentially
that propounded by Wald in his “Btatistical Decision
Funetions”?. When the most economis level has to
be determined, on the other hand, the solution is
very simple, and reveals s number of features of
general interess.

At the outseb it will be well to make clear exactly
what is meant by the concept of expected loss due
to errors in the results. Consider, for example, the
guestion of the use of fertilizer on an agricultural
Crop. he orop 18 1o be treated alike,

If the whole of b
tho most economic level of dressing, which for con-
venience we will call the aptimum level, will be the
tevel st which the cost of a8 further gmall Brorement
of dressing exactly equale the valus of the rasulient
average increment in response. In the neighbourhood
of the optimuum the net loss due to departure from
the optimmum will in general be proportional fo the
squars of the difference of the actual dressing from
the optinoum. If, therefore, instesd of the optimwmn
dressing £ we apply & dressing£ + 2o there will be
a net loss of M3z}* per sove, where X is sorue constand.
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I & is estimated by means of 2 set of experiments,
and the estimate is subject 40 an error variance V{£),
then the average valus of (Sx)? over s large number
of such sete of experimentg will he V{2), The sxpected
fors due o error in the optimom will therefore be
2V{(g:. The actual loss may of course be less or
greater than the expected loss. An insccurate set of
experiments, for exasmple, may by chance pive the
eorrest pngwer,

1, therefore, the cost O, apart from any ‘overhead’
or congtant componend, of an amount g of experi-
roentation is og, and the error variance of the estimate
of the opiimmum level determined from such experi-
roentaticn is v/g, the expected loss L will be Rdu/g,
where 4 is the amount of the material to be treated,
We therefore have

O+ L = cg + rdvfg.
This is 8 minimum when
g = +/{rndefc),

In this case
C = L = 4/(24ve).

In other words, &he most economic amount of
experimentotion s that in which the cost of the
experimentation apart from overheads is egual o the
expectation of foss due to errors.

If an smount 4 of material has to be trested esch
year for sn indefinile period, sud the experiments
take a vear to carry oub, 4 1must be replaced by
Ajr, where L is the interest rate. If constancy of
conditions cannot be assumed indefinitely and i is
deecided to repest the experiment after ¢ years, then
4 is replaced by

3 R

!
7 L Aol
The net loss resuiting from undertaking a fraction
or multiple f of the most economic amount of
experimentation ia

(f + Lf — 2)C.

if, for exsmple, the cosl, apart from overhoads, of
the most econcmnic arnount of experimentation s
£4,000, the costs and losses when f has the values of
1, } and } will be s follows:

Cost of Expecied {omt -+ loss
f experiments (7 toss (L) 0 + 4
i £4,000 £4.,000 £8,000
2 £2,000 £R,0006 £10,000
1 £1,000 £16,500 £17.000

This table can be looked on as giving the expected
additional gains frem additional amounts of experi-
mentation in the neighbouthood of the most econormin
amoimt. The tetal gain from the experimentaticn as
& whole eannot, of course, be assessed by this means.
In the common case in which the applieation of the
treatroent cannot be risked without some expert-
mentation, the total gain will be that due to the use
of the treatment. This will often he large compared
with the marginal gain in the veighbourhood of the
most economic mmonnt of experimentation. If, for
example, the gain from using the treatmeont at the
correct optimum lovel is £100,000, grLd overheadsz gud
preliminary fundamental  seientific regearch  are
costed ab £5,000, with other cosks as above, the total
and pet gains will be as follows :

Research Bxpected Expected
expenditure tctal gain net gain
1 (0 + £5,000} (£300,000 ~ L)
i 54,000 £06,000 £87,000
b3 £7,000 £92,000 £85,000
4 £6,000 £84,000 78,000
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In other words, the retury on the firgd £8.000 of
resesrch expenditure is £84,000, on the next £1,000
is £8,000, and on the next £2,000 is £4,000.

1f, therefore, experiinentad rescurces ave scarce
there may be a cese for wot carrying out the full
amount of experimentation that can be justified on
economie grounds, since the returug on the last few
incremental steps are relatively small, and it mway
therefores be possible to use the immediately available
experimentsl resources more effectivoly on other
problems. However, the experimentation which isg
required to determine an opbtitnom  for uniform
treatrent is often eapable also, if properly planned,
of providing a basis for differentisl tecatment. 11
successful i $his respect further large gaing may
acorue.  Consequently, since gaing wust on  the
average vesult from increasing the experimentasion
o the mosh econormie level for uniform treatinent,
even if no effective basis for differential trestment is
foursd, there is every justification for building up an
ecxperimental organization which is capable of dealing
with this volume of experimentation.

There is one further point which iz often of con-
siderable practical boportacce. In many types of
experimentation it is somewhat difficult to ensure
that experirnental conditions fully conform to the
conditions under which the ireatment will be used
in practice. If thiz is not the case a constant com-
ponent of ervor, that i3, a bias, will be introduced.
An ervor of this kind will not be eliminsted by
increasing the smount of experimoentation, nor will
it be rovealed by the variability of the experimental
results. Although the gaing resuliing from increased
experimentation will on fhe average ke the same
whether or not g biss exists, the elimingtion of the
hias may result in souch larger gains,  Additional
experimental offort may therefore in such cases be
rouch better directed to the elimination, reduction or
correction of the bias, rather than to #he reduction
of the relatively small random component of error.
Tao eiffect this s radically different type of experiment
may be requirved.

As an example of the application of the above
principles to a practical stbuation we may consider
he experimental work on the offoet of fertilizers on
sugar beet, a crop introduced inio Britain after
the First World War. The early recommendations
were based on Continental experience, but after
various uneo-ordinated experiments had been carried
out & co-ordinstod series of factorial experiments was
gtarted in 1933 aond continued to 1849 to tesh the
responses te nitrogen, phosphate and potash. The
aversge nunber of experiments was iwenty-two per
vear, and the total snuusi cost, exclusive of over-
heads, was about £700 per annum at pre-way
prices.

As an exampde of the practical value of thess
experiments it may be mentioned that the results
obtained up to 1928 enabled confident reocom-
mendations to be made in 1940 on the manuvring of
sugar beet under war-time conditiongt. & was
reconvoended, for szarsple, that a dressiag of -7
ewbh. nitrogen per acre would be optimal, in contrast
to the dressing of 045 cwt. nitrogen which had
previensly been recovamended®, and which was, in

o n

fact, sboub optimum at the prices ruling prior to the
War., The net gain resulting from the changs from

0-45 cwt. nitrogen to -7 cwt. nitrogen was aboub
E8s. per acre at 1940 prices. If this change were
made on the whole of the sugar beet acreage the
total vet gain would be £300,000 per annum. The
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actual net gain was probably considersbly larger,
mines under-manuring of sugar beet {and other crops)
was cormmoen before the War,

The determination of the most economic number
of experiments in a situstion of this type iz com-
plicated, owing to the fact that there is an additicnal
random component of variation in response from
year 1o year duoe to variation in metecrological
conditions, and there is also a possibility of long-
termn chenges due to changes in agricultural con-
ditions, Without going into details, which will be
dealt with elsewhere, it may be stated that an
analysis of the variation In the nitrogen responses
indicates that as far as this fertilizer iz concerned
about sixty experiments per year, possibly falling to
forty per year after the first few years, may be
regarded as most economie, fn view of the fact that
many farmers do not ag yet follow at all closely the
recornmendations emerging from such oxzperiments,
the programme can be regarded as about adequate
for the simple function of determining optinmum
uniform dressings. Indeed, from this point of view,
the most serious defect of the experiments was the
fact that the selection of the sites was not fully
random, so that appreciable biases may have been
introduced inte the resulis.

The experiments were, however, guite correctly
undertaken with the additional and more ambitious
aim of investigating poassible differences in response
on different soil types, and establishing relations
hetween responwes and chexnionl analyses of the soils.
In the case of nitrogen, for example, it was confirmed
that the responses to nifrogen on fen soils {con-
gtituting 10 per cent of the sugar beet acreage) were
very small, and would not pay for the cost of nitro-
genous fertilizer. This fact is still not fully appreciated
by the fariners concerned, 85 per cent of whom,
according to a 1945 survey of fertilizer practics,
applied nitrogen averaging 0-3 cwi. nitrogen per acre.
Omission of this nitrogen would save about £25,000
per anpurn ab present prices, that is, aboub twenty
simes the annual cost of the experiments. Consider-
ably larger gaing may be expected from the better
utilization of the differences in response to phosphate
and potash on different soil types and their relations
with the chemical analyses of soils. That there is
room for substantial econornies is obvicous when it is
realized that the total cost of fertibzers applied
to sugar beet is of the order of £3 million per year.
For these meore ambitions objectives a larger
pumber of experiments would certainly bave been
SCONOIMIC.

But if the experimenial work on sugsr beet mmust
be judged to have been scarcely adequate for the
purposes for which it was undertaken it is, in fact,
the high-light of all experimental work on fertilizers
in Creat Britain. Sugar beet is the only crop on
which auy co-ordinated series of modern well-designed
factorial experiments has heen carried out and the
only ome for which there has been any attempt to
securs o selection of flelds for the experimental sites
which would be reasonsbly repregentative of the
whole of the land growing sugar beet. For no other
crop is there any adequate series of experiments for
whiel chemical analyses of the soils of the experi-
mental sites have been made, or for which there are
any adeqguate descriptions of these zeils. On the more
difficult questions of fertilizer practice, such as how
to use fertilizers on grassland, and the residual values
of phosphate and potash, the amount of co-ordinated
experimental work is negligible.
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If experimental work in agriculture s to be
expanded to a more economic level it will, of eourse,
require s complete reconstruction of the existing
machinery for experiments. More work ig required
6ot only on fertilizers but alsc on the many other
aspects of crop and livestock production that ave
capable of simple and exact investigation by empirical
experiments. If properly organized, such activities
need not interfere with more fundemental scientifie
research, since techniciang rather than research
workerg are the main reguirement. The principal
funetious of the resesrch workers will be to determine
what egperiments are worth while, to see that they
are properly planned, and to examine the results for
relationships which are unknown or only sospected
when the experiments are begun.

T have chosen an example from agriculture because
this i3 the fleld with which [ am most familiar, and
kecauss it can be demonstrated by the prineiples set
ot in this article that the amount of empirical expori-
mentation ig here entirely inadequate. The general
principles enunciated are of wide application in
many other fields, and in particular in many branches
of industrial resesrch. The fechuigue of empirieal
experimentation on  highly wvariable material is
relatively new, depending io large part on statistiosl
developments made by British workers during the past
thirty years. We have yet to learn how to usc this
technigue to the best advanisge, but that it justifies
wider and more thorough use there is no question.
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OBITUARIES
Prof. H. A, . Meville, CTBE.

AcriovLrural educstion and the University of
Reading have both suffered a heavy loss by the death
on Jume 17 of Prof. H. A, 3. Neville, emeritus
professor of agrieultural chemistry in the University
of Reading.

Neville was born at Blackburn in 1880 and was
educated ab Queen XElzsbeth’s School and the
Technical College, Blackburn, obtairdng, from the
latter institution, the degree of B.8e. (London) as an
external student. After a brief spell ag demonstrator
under FProf. W. J. Pope, at the Manchester College
of Technology, he returned to Blackburn as lecturer
and demonstrator under Dr. R, H. Pickard. From
there he went, in 1908, to the County Laboratories
at Chelmsford, and it was here that he made his first
countawts with agricultural chemistry., In 1811 he
proceeded to Cambridge to work with Prof. T. B.
Wood and Prof. . Gowland Hopking ; there he was
in the midst of agriculiural chemical teaching and
research., Aungust 1914 found him in the Royal
Engineers, He rose to the rank of captain and was
mentioned in dispatehes. By ¥I817 be was carrying
out research in the Munitions Investigation Depart-
ment., Neville returned to Cambridge early in 1918,
but by Septemnber of that year he was appointed to
the chair of agricultursl chemistry at University
College, Reading., Within a year he was elected dean
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