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Notes on the Construction and Use of tl.e
Summary Tables.

The pr€sentation-o{ t}e results of simple experiments is an easy matter, it being
usually suficient to give the mean yields of the inaividual treatments'with an associated
stardard error by which differences may be compared ; a difference of three times the
standard error of a treatment mean mav be regarded as significant. In the case oI
complex or foclorial, experiments, however, where there are all combinations of severa.l
sets of treatments, or other factors, the mere presentation of the mean yields of the
sets of plots receiving all the different combinitions of treatments doinot give an
adequate or easily comprehended survey of the results.

, In.ord.er to i-llustrate the points involved we will first consider the simple type of
factorial design in which there are all combinations of two standard fertiliseis, niir'ogeu
and phosphale, each at one leyel in addition to no application. This is caltid a ZIZ
desiga, and involves the fout treatrnent combinations

(l), tt, !, ttp,
the synbol (f) being used to denote no treatment. Each treatment combination will
be-replicated several times-, using a randomised block or Iatin square layout. In what
follows the-s)rynbols are taLen to represent tlre mean yields of iach pirticular com-
bination of treatments.

- There are two responses to n, one in the absence of 2, namely (z-(l) ), and one
in t he.presence of y', namely (np-p\. These two responses may diffbr, bui iiequently
the difference is smaU-too small to be distinguished from experimental eror-lsnd in
such cases it is often suftcient in considering the results of the experiment to ta-ke the
average-response to lr when y' is both present and absent. This iverage response, or
,rain elJecl, is clearly

tt :tl(ai -il + (l- (r[l:lttQ -t+,' - (I)l:+tz-0)l tr+ (l)1.
The advantage of the use of (l) instead of 0 to denote no treatment is that it makes
possible the above very simple Iormal altebraic statement.

The differential response to n in the presence and absence of f is the difference
between the-response to, when 1 is present, and the response whin p is absent. In
the tables of this and previous reports this difference,

lnp -!) - (n - (r)):nl -, -l+ (r),
has been called the iNerqction betwee\ r and y'. In future reports (i.e- reports {or the
year 1935 onwards) the interaction will be reilefined as otc idf thi abvi difference,
i.e. in syrnbols by

N x P :*lln? -!) -(r- (t))l:{ta1- | -nr (tll:Sltt-(l)l tr- (l)1.
Note_ that the dilferential response to z in the presence and absence of / is the same as
the differential response to 2 in the presence and absence of z, i.e., there is only one
interaction between , and ,l

The introduction of the factor * has the following advantages. First the standard
errors of the main effects and all interactions of any 2 x 2 x 2 x..,.,design are then equal,
and secondly the response to any treatment in association with any combination of
the other treatments is expressibie as the sum or dilference of the vaiious main effects
and interactions, without any numerical factors. Thus in a 2X2 design the following
relations hold :
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Treatment
Combinations

in Terms of
Main Effects and

Interactions

Expression
Response to

z (mean over all /)
,r (, absent)
,, (, present)
,, and , tosel

(l) ,.
cwt. per acre: 3:1.0 38.0

Llnt+tt-?-(r)'l
,s- (l )

h
32.O

N
.M-(lv xP)
/v+(NxP)
n+P

Similar expressions will hold for any other 2 x 2 design.

. It shodd be particularly noted that the interaction does not enter into the expres-
sion for the response to ,r and , applied together.

Since the main effects and interactions are statistically independent the standard
error of the su.rn or difference of two of them is y'2 times the standard error of each.

Erottfu. Peas, Biggleswade, l93il. The mean lelds (ignoring slag, which pro-
duced no apparent effect) were (in cwt. per acre) :

,h34.r +I.0o
The mairt eflects and interactions are therefore :

I(-2.4 | +l.oo
IV x tr(-1.4 I

There is a significant response to nitrogen-and a significant depression with potash,
the interaction not being significant. II the interaction, thouth not significant, is not
assumd non-eistent, the estimate of the response to , alone is

N_Nxt(:z_(l):+5.0 +r.41.
The estimate oI the response to the two fertilisers together is

Nfr:zA-(l):+1.2 +1.41.
The 2 x 2 X 2 arrangement is similar- The eight treatment combinations are

(r), n, i, h, n!, *k, fh, nfh.
The main effect oI z is the average of the {our responses, and is t}erefore
N :Lt(n?h - ?h\ + (ttl -!) * (rh - k) * (z - (t ) )l :|tz- (t )l t + 0 )l tn+ (l) 1.

Thefirst ofier interaction between .lI and P is defined as tfre average oI the interactions
between lV and P irr the presence and absence oI K, and is therefore

N xP :ll$(ttPh-nk*lk+k)+L(,tl-tt-f { (r)\l:lltt-(l)l tr-(l)1 t}+ (l)1,
and the second order interaction is delind as ow lu$ the dillerence of the above two
interactiors, and is therefore
N xp x K:+LL!.rth-r1h-lh+h\ -t(4-n -?+ (t))l:}tz-(r)l t/-0)l F-(r) I
Just as there is only one interaction betv/een two treatments, so there are three first
order interactions between three treatments, one between each of t}te pairs of the
tr€atments, but only one second order iateraction between the three treatnents.

The following expressions for various typical responses may be noted :

r (r, absert, mean of I and no A)
z (y' and E absent) ..

z and / (mean of A and no A) . .

z and 1 (& absent

Expression
Treatment

Combinations

in Terms of
Main Effects and

IBteractions

N-(NxP)
x-(NxP)-(Nxx)

+(xxPxr)
/v+P

-(Pxr)

| [re]r-A-(r)lr- (l)
Llnlk+tzl-k-lr\l

*, ) and k
1V+P-(N x
N+P+Ir+r xPx
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II the second order interaction is ignored the response to aU three factors in con-

iunction is equal to the sum o{ the main effects of the three factors.

When three levels oI a fertiliser are included the situation is somewhat more
complicated. If the yields at no, single and double dressing are zo, ,t1, ,! the resPonse
to the double dressing, which may be defined as the lineu rcslonse, is measured by

Nt:fr2-fro'
and the excess oI the respons€ to the second dressing over the resPonse to the first,
which may be defined as lhe ctrvalul, of the resPonse curve, is measured bY

N ,: (n r-*r\ - (nr-no\ :n2-2r11+ no.

With the ordinary type ol fertiliser resPonse curve the curvature will in general be
negative.

\\.ith this convention the response to the single dressing is gir-en by
ar-no:l(N r-N"),

and the additional response to the double dressing is given bv
zr-ar:{(Nr}Nr).

With t\r'o fertilisers each at three levels the linear response and curvature to each
fertiliser will be the mean of such responses over all three levels of the other fertiliser.
The interaction of lhe li*ear resloflses *'ill be defined as

N rx P r:l(n qp r-n 2?o-to? z+ nfio\ :i(r r-nd (? z-!o).
(The factor ] is omitted in the tables given in the 1934 report.) The other three com-
ponents of interaction may be defined similarly, but in a first study of the results of
3x3 fertiliser experiments it is usuallv suficient to confine attention to the above
componcnt of interaction. In 3x3x3 experiments the secoad order inle/actioft of
I inear rc spon s e s, nannely

-Yr xPr x 1(r:1(rrrr, &z-nzl &o-n e-f& r-flof rk r*no?oh r*ttof rhotn lpoho-4l6knl:I (r, z- lol ([ r- I ol (b r- h ol,
mav be of interest.

The summaries of this report are so arranged that as far as possible the main effects
and first order interactions are ava.ilable without the necessity of taking out any
means. The first order interactions are often given in the form of response to one
treatment in the presence of, and in the absence of the other, uader the heading of
" dilferential responses." The standard errors (prefaced by the sign +) applicable to
all comparisons which are likely to be of interest are also showa. They are deduced
from the standard errors per plot, which are given in the details of the experiment.

The rough rule for us€ with standard errors is that a quantity is significant iI it is
geater tharl twice its standard error, and the difference between two quantities having
the same standard error is significant if it is three times that standard error. Thus
the mean response to sulphate oI ammonia in the 1933 Brussels Sprouts experiment at
Woburn is given as 9.01 cwt. +1.89 cM., which is therelore significant, since the
response is almost 5 times its standard error. The responses in the absence and presence
oI poultry manure are 12.38 qrt. and 5.64 cwt., each \Mith a standard error ol +2.67,
and the dif{erential response (or interaction) which is the difference of these, though
suggestiye, is not significant, being only about two and a half times the standard error
oI each of them. The response to sulphate of ammonia in the presence of poultry
manure, 5.64, is sigrrificant, being more than twice its standard error. Tha sam;
interaction can be looked at from the point of view oI response to poultry manure
in the absence and presence of sutphate oI ammonia. These responses are 8.18 and
1.44 cwt., again with a standard error of +2.67, $ving a mean response of 4.81 cvt-
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with a standard error of + L89. The mean response and the resoonse irl the absence oI
sulphate of ammonia are therelore significant, but the response in the presence of
sulphate of ammonia is small and nof significant- We havi here a case of common
occrurence where one of two quantities is significant and the other is not,rbut where
the two quantities do not difler significantly from one another.

Standard errors, besides their use for testing the significancr of comparisons from
one particular.e-rperiment, are of importance when the results of a num'ber of experi-
ments are combined, si nce they serve as a measure of the reliability of each experinient,
and also tive the information'necessary for telling whether the viriation frolm experii
ment to experiment in the e{fect under survey is a real one or whether it ca; be
attributed to experimental errors.

. The second a-nd higher order interactions are likely to be of even less importance
tha!- tlre first o_rder interactions, and this fact is made use of in coafoatd.ing, which is a
modification of the randomised block method, introduced in ordeito keep"the number
of plots per block small while allowing a large number of different tr6ahnents. In
confounded experiments certain comparisons iepresenting high order interactions are
confounded (i.e. mixed up) with diiferences between blocts. Thus in the 2X2X2
arrangement given above,-the plots receiving the treatment s nfh,4 f and b might be
put in_ one set of sub-.blocks of 4 plots, and the plots receiving treatments ,t?,;h, ph
and (l) in another set oI sub-.blocks of 4 plots. The second order interaction worild
then be completely confounded. On irregular land a considerable increase oI precision
may result from keeping the blocks small. There are many examples of confounding of
v-aqzing-complexity in the experiments of this report. There is n-ot space to discusiall
the implications of confounding here, but it witl be seen that in geniral the results of
interest, 

- 
namelJ'- the main effects and {irst order interactions-, are unaffected by

confoundin-9, and tables involving these interactions only can be used without regari
to the confounding. In certain cases, e.g., 3x2x2 and 3x3x2 experiments, wlere
some of the first order interactions are unavoidably slightly confounded, these inter-
actions have slightly higher standard errors than the oiher!; this is indicated in the
tables themselves, the correct standard errors being given.

The high order interactions are not only unimportant, but it can olten be con-
fidently predicted that they are likely to be very small in magnitude compared with
the experimental err-ors. They can therefore be used to provide an estimat6 of experi-
mental error instead of the usual estimate provided by replication. This m-akes
possible complex experiments in which each combination of-treatments occurs once
only, thus enabling greater complexity to be attained with a reasonable number of
plots. The 1933 potato experiment at Wisbech is an example of this tvpe of layout.
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