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Notes on the Construction and lJse of the
Summary Tables.

The presentation o{ the results of simple experiments is an easy matter, it being
rrsuallv iuficient to eive the mean vields 6I the individual treatments with an associ-

ated siandard error"by which difflrences mal' be compared; a difference of three
times the standard error of a treatment mean may be regarded as sitnificant. In the
case of complex or Jaelorial expetiments, however, where there are all combinations of
several sets'of treafments, or other factors, the mere Presentation of the mean yields of
the sets of plots receiving all the different combinations of treatments does not Bive an
adequate or easily comprehended survey of the results.

In order to illustrate the Points involved we will first consider the simple tlrye of
lactorial design in which there are all combinations of two standard Iertilisers, nitrogen
and phosphale, each at one level in addition to no application. This is called42x2
design, and involves the four treatment combinations

(t), n, p,if,
the svmbol (I) being used to denote no treatment. Each treatment combination will
be repticated several times, using a randomised block or Latin square layout. fn what
fotlows the sl,Tnbols are talen to rePresent the mean yields oI each Particular com-
bination of treatments.

There are two responses to z, one in the absence of y', namety (z-(f) ), artd one

in the presence of, , iamely (np-p)- These two responses may differ, but frequently
the diiJerence is small-too small to be distinguished from exPerimeEtal error-ard rn

such cases it is often sufrcient in considering the results of the exPedment to take the
average response to z when l is both present and absent. This average response, or
mait elJect, is clearlY

N : L l@H) + (n- (r)ll: llzl-f*z-(l )l: tlz-(l )l t?+ (l)1.

The advantage oI the use of (l) instead of 0 to denote no treatment is that it makes
possible the above very simple formal algebraic statement.

The dillerential response to ,, in the Presence and absence of 1 is the difference
between the req)onse to n when 1D is Present, and the response when, is absent. In
the tables of the reports for 1934 and all previous years this difference,

(tt f- pl - (tt- (r) ) 
: n l-l-n + (t\,

has been called the iNera.lionbetweet ,, ard y'. In rePorts for the year 1935 onwards
(i.e. beginning with the present report), the interaction has been rede{ined as ona

,ar/ the above difference, i.e. in s1'rnbols by

N.P : llQtf-!)-(tt-(r) \l: llttp--1---d+ (l )l : itr-(l)l tA-(1)1.
Note that the differential response to ,, in the presence and absence of y' is the same as

the diflerential response to f in the presence and absence of tr, i.e., there is only one
interaction between z and y'.

The introduction oI the factor I has the following advantages. First the standard
errors of the main effects and all interactions of arry 2xzx?x... . desiga are then
equal, and secondly the response to any treatment in association witl any combination
of the other treatments is expressible as the sum or difference oI the various main
effects and interactions, withbut anv numerical factors. Thus in a 2x2 design the
following relations hold :
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Expression in Terms of

Similar_ ex_pressions will hold for any other 2 x 2 design.

-It,;h9yld 
be narticularly noted that th€ interaction d6es not enter into the expres-

N.P. K : tlt (ttl h-nh- lh t k) - t (nf .n_1 + ( l ) ) l : +lr_ (l 
) l tr_ (l ) l IA_ (r ) 1Just as there is only one interaction betueen ti.r,o treitmenii,'so tniid 

"r" tti.eefirst order interactions between three treatments, one bet.""n 
"""1 

or tt" p"i.a oJ tl 
"treatments,, but only one second order interaction between the three treatments.

fl-31I *'.
N.K-t 4 I

.. There is a significant response to nitrogen-airil a sigaificant depression with potash,
the interaction not behg significant. _If the interaction, though;ot significanl, is;oi
assumed non-existent, the estimate of the response to r alone isN_N.&:r_(r ): +5.0 +t.4r.
The estimate of the response to the two iertilisers together isNIK:rh_(l):+1.2 ;t.4r.

The 2 x 2 x 2 arrangement is simila;. ' The eight treatment combinations are
- (l), z, p, h, np, rh. !k, ttlh.

I ne maln eltect ot ,, rs the average of the four responses, and is therefore

,."];"II9lJ?.f J.L[fr #,fJlrr?"1(fi]]J,1":Jri.,(ilr#"I"!*r#ili*-
actions_between N and P in the presence and absence of -tr(, and is therefore

""{-i;,!!#P"!,7,1;!JmI*ift ffi t*W;^!tt*)lH;(lIJl*t?L
interactions, and is therefore

all ?) *lnf+*-?-Q)l
,t--(ll N-.tv.P

N+N.P
N+P

The following expressions for various typical responses be noted :

Erpression
Treatment

Combinations

irt Terms of
Response

Response to Treatment
Combinations

trlain Effects and
Interactions

Main Effects and
Int eractions

N-N.P
N-N.P-N.1<

+N.P.K
.iv+P

N+P-N.K-P.K

.. irt

sion_for the response to ,, and y' applied together.
since the main effects and interactions are statisticauy indeprendent the standard

error of the sum or difference of two of them is y' 2 times ihe st^andaxd error of each.Exampe. Peas, Biggleswade, 1983. The mean vields (igaoring slag, wh;h
produced no apparent ef{ect) were (in cwt. p€r acre) ;

(l)nErh
cwt. per acre: 33.0 38.0 3Z-O 34.I +1.O0

The main effects and interactions are therefor€ :

(mean of A and no i)
(i absent)

I laklr-h-(tll
a-(l)

tlrph+r'i-h-(t)
h N+P+R+N.P.K

n (y' absent, mean of & and no t)
z (/ and A absent)

n and Ir and f
n- b and
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If the second order interaction is ignored the response to all three factors in con-

iunction is eoual to the sum of the main effects of the three factors'

When three levels of a fertiliser are inctuded the situation is somewhat more

.nmoiicated. If the yielcls at no, single and double dressing are 
'{0, 

t'l, llr the resPonse

io ttie double dressirig, which may be defined as lhe litear rcsponse, is measureo Dy

N r:nr'--4ot
and the excess of the response to the second dressing over the resPonse to the first'
iirj"ii'-"v u" a"i ined as'the cnnclazz of the reslnnse curve, is measured by

N r: (n r---tt r\ - (tt t--'tt q\ : tt 
"-2n 

r*, o.

With the ordinary t}?e o{ fertiliser resPonse curve the curvature will in general be

negative."-"friitt-ttti. 
"onuention 

the response to the single dressing is given by
zr-zo: |(Nr-'M) '

and the additional reslrcnse to the double dressing is given by
zr-fr:|(N1f .IV1)

With two fertilisers each at tbree levels the linear response and-curvature to each

f*tifjl"i *iri *-ii," -.r" of such responses over all three-levels of the other fertiliser'

ihe inteructiott o! the lbrcar rcspottszs will be defired as

N r.P r: | (tt, I r-tt zl o-th I zl tt ol o) 
:, (r r-,t o\ (l "-l o\'

tThe factor I is omitted in the tables given in the 1934 report') The other three

)i-".iirt",ir irrt"t*iion may be de{ine-d similarly, but in a iirst study of the results

oi S-iSiettititet 
"xperiments 

it is usually suficient to confine at-tention to the above

;;;;;;t';il;H.tt"n. In 3 x 3 x 3-exPeriments the seeoad oTdet i'tt'racl;on oJ

litetr rcsfiotses, namelY

N ,.er.X r:21tt4*Ar----+4p2ko'---aQohr-trt2h.2*tt6p9kr*nopSo*trl&o---qol&l:L
(n,---'t 6\ @ r- | ol (k 2- h o\,

mav be ol interest.^""d;;;;; of this rePort are so arranged tbat as {ar as lnssible the main effects

-rd^ilJ;;e; interactioni are available without the necessity of taking out any

ilJ"r.- ff," fiot order interactions are often given in the form of response to one

treatment in the presence of, and in the absence of tbe other, under the heaomg or
:j;?{I;;;iil;;rdnio." ttt" 

"t.nd.rd 
errors (prefaced by the sign +) apPlicable to

oll cnmnarisons ivhich are tikely to be of interest are also shown' -they are oeouceq

i."-*if,I"-"t-a*a errors per pt6t, which are given in the details oI the experiment.

The roush rule for use with stardard errors is that a quantity is siSnificant-if it is
,,'.^t". th.i t*i"" its standard error, and the difference between two quantities ha]rng
ii".r-e standard error is sig-nificant if it is tfuee times that standard error' lnus
iir; ;; ;;po"." to sulphatd of amnonia h the 1933 B- russels Sprouts experiment at
iirioU*" 

-i.-il""" 
as 9-0i cwt' +1.89 cwt., which is therefore signilicant, since the

i*-.-"." i. ""frnost 5 times its staldard error. The responses in the absence and
llL""i "i r-rrttw manure are 12.38 c\f,t. and 5.64 cwt., each with a standard error oItii,ez-."iin. aiiferential response (or inter-action) which is the difference of these,

aiiu"i *es".ti"", is not signi{icanrt, being only aborrt two-and a balf times the stand-
;;e;;o.;i each o{ them. The resPonse to sulPhate of ammonia in th€ Presence
.*r-r-"lt* manure,5.64, is sigrilicart, being more than twice its standard error'
fft5 r.rn,i i"t".""tion can be to;ked at from the point.of view of response to Poultry
;;;; ir the absence and presence of sulphate of ammonia' These responses

aie g.i8 a"a t.aa c"t., again with a stardard error of a2'67, giving a mean response of
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4.81 cwt. u,ith a standard error of a1.89. The mean response and the response in the
absence oI sulphate of ammonia are therefore si6aificant, but the response in the
presence oI sulphate of ammonia is smatl and not significant. We have liere a case of
common occurrence v'here one oI two quantities is signi{icant and the other is not, but
where the two quantities do not diIIei significantly from one another.

Standard errors, besides their use for testing the signi{icance of comparisons from
one particular_experiment, are of importance when the results of a number of experi-
ments are combined, since they serve as a measure of the reliability of each experiment,
and also give the information'necessary lor telling whether the viriation lroin experii
ment to experiment in the effect under suwey is a real one or whether it can be
attributed to experimental errors.

. The second and higher order interactions are likely to be of even less importance
than the first order interactions, andthis fact is made use oI in confounding, rihich is a
modification of the randomised block method, introduced in order to keepihe number
of plots per block small \i/hile aUowing a large number oI different treatments. In
confounded experiments certain comparisons representing high order interactions are
confourded (i.e. mixed up) with differences b€tlveen blocka. Thus 1\ the 2xlxz
arrangement given above, the plots receiving the treatments ,t rl, z, 1 and A might be
put in one set of sub-blocks of 4 plots, and the plots leceiving treatments ni, ih, lhand (l) in another set of sub-blocks of 4 plots. The second order interaction worild
then be completely conlounded. On irregllar land a considerable increase of precision
may result from keeping the blocks small. There are man_v examples of confounding of
v_arying complexity in the experiments of this report. There is not space to discusJall
the implications oI confounding here, brit it will be seen that in geniral the results of
interest, namelv the main e{fects and first order interactions, are unalfected by
confounding, and tables involving these interactions only can be used without regari
to the confounding. In certain cases , e.9., Xx2x2 and 3 X 3 X 2 experiments, where
some oI the first order interactions are unavoidably slightlv confounded, these irter-
actions have slightly higher standard errors than the others; this is indicated in the
tables themselves, the correct standa.rd 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 small in magnitude compared with
the experimental errors. They can therefore be used to provide an estimat6 of exper!
mental error instead of the usual estimate provided by replication. This m-a-kes
possible complex exp€riments in which each combination of treatments occlm once
only, thus enabling greater complexity to be attained with a reasonable number of
plots. The 1933 potato experiment at Wisbech is an example oI this t)pe of layout.
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