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Notes on the Construction and tlse of the

Summary Tables.

The presentation of the results of simple experiments is an easy matter, it being
usually sufficient to give the mean yields of the individual treatments rdth an associ-
ated standard error by which dilferences may be compared; a difference of three
times the staldard error of a treatment mean may be retarded as sigaificant. In the
case of complex or foctoial exFrme\ts, however, where there are all combi.nations of
several sets of treatments, or other factors, the mere presentation of the mean felds of
th€ sets of plots receiving all the different combinations of treatmelts does not give aD
adequate or easily comprehended survey of the results.

In order to illustrate the points involved we witl first consider the simple ty?e of
factorial design in which there are all combinations of two staadard fertiliseis, niirbgen
and phosphate, each at one level in addition to no application. This is called a 2x2
desi6a, and involves the four treatment combinations.

(r), n, i, nl,
the sl..mbol (l) being used to denote no treatment. Each treatmert combination will
bereplicated several times, using a randomised block or Latin square layout. In what
follows the_ s]'rnbols are taken to represent the mean lelds oieach pirticular com-
bination of treatments.

There are two responses to z, one in the absence of y', namely (l-(l) ), and one
in th_e _presence oI I , namelv (nl--l\. These two responies may differ, bui irequently
the difference is smatt-too small tb be distinguished from exdrimental error-jand in
such cases it is often suficient in considering the results of th; experiment to take the
average 

-respons€ to r when y' is both present and absent. This average response, or
maht efJecl, is clearly

N : E l("H) + (tt- (r) )l : llttl--!+r-(I )l : *['r-(I )] t + (t )1.
The advantage of the use of (l) instead of 0 to denote no treatment is that it makes
possible the above veryr simple formal algebraic statement.

The differentiat response to z in the presence and absence oi / is the diflerence
between the-re_sponse torl when, is present, and the response wtien y' is absent. In
the tables of the reports for lg34 and all previous years ihis difference,

(al--!) - (tt- (t | | : n H---a + (rl,
has been called the inlctactionbetween z and y'. In reports Ior the year lggS onwards
(i.e. beginning with the present report), the interaction has been redefined as ozc
half the atrcve difference, i.e. in s5rmbols by

N P: +l(n?--D-(t-(r\ )l: lln!-p-n+ (r)l:*h-(l)l t/-(r)l.
Note. l-qat th€ differential response to , in the presence and absence of y' is the same as
the differential respoEe to, in the presence artd absence o{ n, i.e., tfrere is only one
interaction between z and 1.

The introduction oI the factor I has the following advantages. First the standard
errors oI the main effects and all interactions oI any 2x2x2-x . - . design are then
equal, ard secondly the response to any treatment in issociation with any combination
of the other treatments is expressible as the sum or difference oI the various main
effects arrd interactions, without ary numerical {actors. Thus irt a ZxZ design tbc
following relations hold :
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llalrt-f-(rllr-(r)
,tp-?
,+-(r\

Expression in Terms oI
Response to

Response

,r (, absent, mear of & and no E)
; QD and I absent)

; andy' (mean ofAandno l) ..
r and , (& absent )
t, I and h (complete fertiliser)

Main Effects and
Interactions

Treatment
Combinations

r (mean over all r)r (l absent)
z (y' present)
randy' together ..

Sinilar expressions will hold for any other 2x2 design.
It should be particularly noted that the interaction does not enter into the expres-

sion for the response to z and 1 applied together.
Since the main eflects and interactions are statistically independent the standard

error of the sum or dif{erence of two o{ them is y' 2 ttnes the standard error of each.
Erumple. Peas, Biggleswade, 1933. The mean yields (ignoring slag, which

produced no apparent effect) were (in cwt. per acre) :

(l) r k nh
ort. per acre : 3i1.0 38.0 32.0 34.f

The main effects and interactions are therefore :

fl-l:lI.,.*
N.r(-1.41

There is a significant response to nitrogen and a significa-nt depression with potash,
the interaction not being signiiicant. If the interaction, though not sigaificant is not
assumed non-existent, the estimate of the response to n alone is

N_N.K:r_(r):+5.0 +1.41.
The estimate of the response to the two fertilisers together is

NII(:rn-(l):+1.2 *1.41.
The 2x2x2 arrangement is similar. The eight treatment combinations are

Q'1, tt, b, h, nP, tk, lh, ttlh.
The main effect ofrl is the average oflhe four responses and is therefore
N :ltaph-fh) t (n!--!lr @k-hlr (n-(t))l:It1-(t)l t?+G)l tlt (I)1.

The fbi[ orda interaction between N and P is defined as the average of the inter-
actions between N and P in the presence and absence of 1{, and is therefore

N.P : lll Qtlk --*k -lk+ h) + l(nQ----tt-l+ (t) )l : ltt-(t)l t?-:(1,)l It+ (l)1,
tnd the siifu order interaction is defined as ote lalf the difference oI the above two
interactions, and is therefore
N.P.K:ll!(nlk---nk--?h+ hl-llttl---lr-?+ (l))l:+tn-(l)l LD-{l)l tn-(l)1.
Just as t-here is only one interaition betwlen two treatments, so there are three
iirst order interactions between three treatments, one between each of the pairs of the
treatmmts, but only one second order interaction between the thrce treatments.

The following expressions for various tjpical responses may be noted :

N
N-N.P
N+N.P
N+P

in Terms of

+1.00

Expression
Treatment

C,ornbirations

| [nh{n-h-(rl),-(1)

![n]k!ttf-k-(t)l,rr-(r)
rfk-(rl

Main Effects and
Interactions

1V-]V.P
N-N?_N.I(

+N.P.K
/v+P
N+P-N.K-P.K
N+P+K+N.P.K
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If the second order interaction is ignored the response to all three factors in con-
junction is equal to the sum of the main ellects oI th; three {actors.

When three levels of a fertiliser are included the situation is somewhat more
com-plic_ated. If the yields at no single and double dressing a.re to, ,r, ,ri the response
to the double dressing, which may be defined as the lincq zcsy'ozse, is measured by

N a:'t2'--4o,
and the excess of the response to the second dressing over the response to the first,
which may be defined as the c$flalu?c ol the responsi curve, is measured by

Nc: (t;-<tr)- (tt r---aol:nr-2nt+n o.

With the ordinan- tlpe of fertiliser response curve the curvature will in general be
negative.

With this convention the response to the single dressing is given by
rr---ro:;(Nr-N!),

and the additionat response to the double dressing is given by
. ,t ---zr:{(NrfNr).

With two fertilisers each at three levels the linear response and curvature to each
fertiliser will be the mean of such responses over all three levels ofthe other {ertiliser.
T\e i*qaction of thc linear r*|unsei will be defined as

N r.Pr: l(n;p r----otdpo--adp2+ntp o): lllr----tto) (pr--lo\.
(The factor { is omitted in the tables given in the 1934 report.) The other three
components of interaction may be defined similarlr', but in a first study of the results
of 3 x 3 fertitiser experiments it is usually sufficieni to confine attention to the above
component of interaction. In 3x3x3 experiments ltre s*oad older in elaction ol
linear respolses, namely
Nr.Pr.Kr: [(n rt rk E-'-ttgp rh o----ttSp rh r---"ttol zh z**olok zlr,ol. 2h o+rtO oko---adp oko): I(ar----ao) @r__iol @z_ho),
may be ot mterest.

The summaries of this report are so arranged that as far as possible the main effects
and first order interactions are available without the nece;sity oI taking out any
means. The first order interactions are often given l, the fo.ri., of respoise to one
treaament in the presence of, and in the absenie of the other, under thi heading of
".tlifferential responses." The standard errors (prefaced by the sign +) applicabli to
all comparisons which are likely to be of interest are alsoshotni Thev iri deduced
from the standard errors per plot, which are given in the details of the ixperiment.

The rough flrle for use with standard erors is that a quantity is significant iI it is
treater than twice its standard error, and the difference beiween iwo quantitiei having
the same standard error is significant if it is three times that standard error. ThG
tht.mear.response to sllphate of ammonia in the lg33 Brussels Sprouts experiment at
Woburn is given as g.0l clfl.t. +1.89 cwt., which is there{ore s'igariticani, since the
response is alrnost 5 times its sta:rdard error. The responses in the absence and
presence of poultry manure are 12.38 cwt. and 5-64 cwt., each urith a standard error of
+2.67, and the differential response (or interaction) which is the difference of these,

though suggestive, is not significant, being only about two and a half times the stand-
ard error of each of them. The responJe to'sulphate of ammonia in the presence
qt poult.y marure, 5.64, is significa-nt, being more than twice its sta-ndart error.
The same interaction car be looked at from tbe point of view of response b poultry
manure in the absence and presence of sulphate of ammonia, These responses
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1."",8ti9.1+n y., again with a siandard.error of +2.67, giving a mean response of
+.61 cwt. rvrth a standard error of +I.89. The mean response and the responie in the
absence oI- sulphate of arnmonia are therelore signiticint. tui thl response in the
presence of sulphate oJ ammonia is small and not s"igrrificarrt, W" harr" lie." , ..r" oi
cornmon occurrence where one of two quartities is significant and the other i" 

"oi, 
Uui

where the tryo quantities do not diffeisignificaatty"f.o- orr",r,oth"..
Standard errors, besides their use {or testing the significaace of comparisons from

one particular-er:pe_riment, are of importance when thjresult. oi a nlr-L.oi"1p.+
1T!:Iil.i?ir:d, since they serve as ameasure of the,reliabitity of each experhieni,
ano also gtve the lntormation necessary for lelliag whether the variation froh exoeri_ment to experiment in the effect under suwey 1s a real one or whether rt cai 

-be

atl ributed to experimental errors.

. The s-ejond and higher order interactions are likely to be of even less importanc e

1!{.}lr. f!r"t o..95. interactions..and this fact is made ue of in confounding, ;hich i; a
modrltcatron of the randomised biock method, introduced in order to keep-the number
of plots 

-pe-r 
block small rvhile allouing a la.rge number of different triatments. In

confound-ed experiments certain compaiisons iepresenting high order interactions are
confounded (i.e. mixed up) with dilferences b6tween biocki. Thus in the 2x2it
arrangement.c given.above., the plots receiving the treatments trA, ,, p and A might be
put- in_ one set of sub-blocks oI 4 plots, and the plots receivirg tr:eatinents b,;h. bkand (I) rn another set of sub-blocks of 4 plots. The second order interacti6n worild
then be completely confouldcd. On irregular land a considerable increase of precision
may result from keeping the blocks small, There are mary examples of conforinaine of
varyilg complexity in the experiments of this report. Thire is not space to discu.r"ali
the implications of confounding here, but it will-be seen that ir gen'eral the results of
interest,, namely the main effects and first order interactions: are unaffected bv
confounding, and tables involving these interactions only can be used without regart
to the confounding.- In- certain cases, e.g., Bx2x2 and'Bx3x2 exlrriments, wiere
some of the first order interactions are uravoidably slightly coniourided, these inter-
ac-tions have slightly higher standard errors than the olheri; this is indicated in the
tables themselves, the correct standard errors being given.

The higher order interactions are not only unimportant, but it can often be con_
fidently predicted that they are likely to be very sniall in magnitude com;ared with
the experimental errors._ They can therefore be used to provide an estimate of experi-
mental error instead oI the usual estimate provided- by replicatiou- This m'akes
possible complex experiments in which each combination of ireatments occurs once
only, thus enabling greater comptexity to be attained with a reasonable number of
plots.. The 1933 potato experiment at Wisbecb is an example of this type of layout.
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