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DB & DIALBEH B Fisher @ 1926 FOMXE A TP 5, 1926 £ DX D E iz Fisher
BRD LSBT 2, FIHXPORMEIEIBEN ST DTH S,

“The Present Position. —— The present position of the art of field experimentation is one
of rather special interest. For more than fifteen years the attention of agriculturalists has
been turned to the errors of field experiments. During this period, experiments of the
uniformity trial type have demonstrated the magnitude and ubiquity of the class of ervor
which can not be described to cavelessness in measuving the land ov weighing the produce,
and which is consequently described as due to “soil hetevogeneity”, much ingenuity has been
expended in devising plans for the proper arrangement. of the plots ; and not without result,
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for there can be little doubt that the standard of accuracy has been materially, though very
irregularly, raised. What makes the present position interesting is that it is now possible
to demonstrate (a) that the actual position of the problem is very much more intricate than
was till vecently imagined, but that vealizing this (b) the problem itself becomes much more
definite, and (c) its solution corvespondingly more vigorous.”

Z Z T randomization #EL L 5L VH5DTH 5,

“The conception which has made it possible to develop a new and critical technique of
plot arrangement is that an estimate of field errors derived from awny particular arrange-
ment may or may not a valid estimate, and in actual field practice is usually not a valid
estimate, of the actual ervors affecting the averages or differences of averages of which it is
required to estimate the error.”

Z @ an estimate of field errors derived from any particular experiment &\ 5 DX, & 4
DEFAL T s7=SH (k—1) T, REHEHR H: =0 D F T

&(sh)=o+ b(k*l—l)—ﬂlﬂ
TH - T, aparticular arrangement "% 2.5 &, HESHEE (JT=0) TR R (1/5) -
IIifi »H< o® OReEfE & UTIE LWHETE(E valid estimate T7zb>. Actual errors affecting
the averages (% (1/6)I D Z L THA 5. mED the error L\ 5DX > DT ETH S,

SREPIE»D FETHEHRMEE ie. I=02150bhitThiE, sYRREEHNH: *
=0 DT TD o ORFEHEM &7 o T x3=S%o* ZEHBE (k—1) Ol x* FHRECI D0, &
D& XBREFTHR SE M

g(SE)=(b—1)k—1)o*+4d—bT'T
Lo TIREES H : 7=0 O T T si it the error 62 valid estimate 12 7¢ &7,

posi_ 1St

st b—1 St
D H O TF? null-distribution (X300 F-HARicis %
F(Lk;—l)) k-1 _ b(e—1)

F Yz ! F z a4
F(k;1>F<(b—1)2(k—l)>(b—1> (H b—l) exp( 202>

(A (DD (bR
X§0<2?!> (H bfl) PE(b—l)z(kl)>+l(>F(2b(kzl)§ d<b§1>

Lo TILAT A =2 A/ 26 BDRHBHBVFECE DbV EEEBEL T, 2h
13441z Student @ “balanced systematic arrangement” IZXf 3 58ED & = ATHHT 5.

¥ 1z Fisher (358 2 & When is a Result Significant ? DD <35 7 5 7 CP p. 86 TRD X
SIBRT B,

“If we thus put trust in the theory of errors, all the calculation necessary is to find the
standard ervor g —— The procedure outlined above, relying upon the theory of
errors involve some assumptions about the nature of field errofs; but these assumptions
are not in fact disputed, and have been extensively verified in the examination of the results
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of uniformity trials.”

= DR HEMEI AR b Fisher 37353738 independent normal theory assumption &
#3< model based inference T®H - T, non-parametric inference TiX7g\>, B4 DIH &
F—Th 5.

# 10 5 Errors Wrongly Estimated (BiE-» THE I B E)D .88, B2 5375 71
BROBRLD 5,

“The estimate of error is valid, because if we imagine a large number of different results
obtained by different random arrangements, the ratio of the real to the estimated error,
calculated afresh for each of those arrangement, will be actually distributed in the theoreti-
cal distribution by which the significance of the result is tested.”

Real error & (XETICZH 7z actual error @ & & CIFERH H O FTIE st THE X h, esti-
mated error &% sE TH - T, Th bk F=s5%/st % randomize E N -EEHECHEL L
g oW TEH a2 EAuE, #5232 significance % test T 540 F-0H03 B b5 L T T
W, BANRKILTHEY THS, 2% Y a particular arrangement 12 LT F/ (b—1)
® null-distribution %

-1
b

BIFLAAT A =2 ELTCTELIFL F-5M (B.1) Thx2bh, RIPHEOTe 7 ATOAED
permutation IZxf i3 % randomized blocks 22 543 % A ® permutation distribution (X%
L B-5745 (5.2) TH 2 6 h, (5.1) % (5.2) KB CTFHT 5 L L F-51i (6.3) 38 5
NH5EN50THS,

#%1c Joan Fisher Box DE3ET 5 & Z A% BEL< A, normal assumption X » % data i in-
dependent T7s < correlated 7225 F 5% C©7 { non-parametric inference BT L7z & W
5 D203, non-parametric 7z b S Ok DK ir L, correlation B\ A T b T R o
7AD EEOBRIEY b RITTHHHOER &E % 3l e b3 —— McCarthy 238 - CTHRK
L7 X 512 — F 72512 block fE]® correlation ¥ &= 5 72 & bk RTCDOFEM A E 2 il b
o\, W E OBRAE S ey MR E UTH 2 % regression =\ —— Z #uik Neyman et
al. (1935) I X 5 — D H BB TH - T, B4 IEEDORMIZ 2 - T & L T non-par-
ametric inference IZ&47 T 5 NEEZFDL L, ,

ZDRD A5 77 7135 EAxDERMELESFHET HE8ABTH - THRE L,

“Whereas if a group of arrangements is chosen such that the »eal errors in this group are
on the whole less than those appropriate to random arrangements, it has now been
demonstrated that the errors, as estimated, will, in such a group, be higher than is usual in
random arrangements, and that, in consequence, within such a group the test of significance
is vitiated.”

The real error on the whole &£\~ 5 Dk

A mima

#(s=0*+ oy 1

TH Y, estimated error on the whole (%

2y .2 1 __L 4
#B= 0 oD (" b ””>
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72055, real error T I »VNEL kB X O BREETR A—Q/0)II'I k2L kh, #o
T estimated error st 23k % < 't T, “significance test XK/ %" L5 DA, &
O F-SH%xiE 4 BRI TWB0THAL I WTFhiR LT F o4 4/20°
U A=(1/6)IT'IT/ 4 = depend F 30 F-AA 720 A B R E X vitiated TH 5, £ Z TR
o Student b GLEFEZB KT HAT — b AV FHES DTH S,

“Tt is particularly to be noted that those methods of arrangements at which experi-
menters have consciously aimed, and reduce the real errors, will appear from their (falsely)
estimated standard errors to be not more but less accurate than if a randomized arrange-
ment had been applied ; whereas, if the experimenter is sufficiently unlucky, as must often
be the case, to increase by his systematic arrangement the real errors, then the (falsely)
estimated standard error will now be smaller, and will indicate that the experiment is not
less, but more accurate,...”

Z i Fisher ORFI D 1926 FORIXIZE 4« DERILIC L > TRDOFE S e BFEHE S D
TH-T, #FDIc model based inference THFIE L 7= DI HEM OBE DEMIZE| - TN L
L T non-parametric inference 2179 % (Basu (1980) £2/&) HEXFE DL, X non-
parametric inference & model based inference TR ABRILEENH D Z LD ERTNET
# % (Thornett (1982) 2R).

FEHM2 Fisher H & % randomization D38 & U T The Design of Experiments (Fisher
(1935)) TIX “Lady @ tea testing” @ non-parametric inference Dl FA\VT\W525, HE K
I X % non-parametric inference ~DBIT PRI R~ LA RS bW L 5THB, &
{ D AZED randomization DB FRERE T % BT F HEED non-parametric 7z permu-
tation distribution #E b # 7. Welch (1937), Pitman (1937)%, Fhpidil7zX 5k
McCarthy (1939) (3HBI B b - 7-.

J53E ~ ix Box (1978) @ pp. 147-159 DFR AT TH L 5.,

“As theoretical justification for the revolutionary proposal of randomization, Fisher
argued in 1926 [CP48] that “The estimate of error is valid, because, if we imagine a large
number of different resuits obtained by different random arrangements, the ratio of the real
to the estimated error, calculated afresh for each of those arrangement will be actually
distributed in the theoretical distribution by which the significance of the result is tested.’
The theoretical distribution referred to is the distribution that obtains on the normal theory
assumptions, so that Fisher here claims that the error ratio will over all randomizations,
have the distribution appropriate when observations have been drawn independently from
a normally distributed population.”

ZZETREEDLTREAL—HTLDOTHSHD, REMS RFI/FIDAT— AV
#5253 512 Joan Fisher Box 37 = » F &R~ 7 + 2D A - 7z normal model X758\
X 57D T, kilid Fisher claims DEFHNBRED X 57b DL LTHEBIN TV B0
R H D, ROAT — b A v bk Welch, Pitman 7 EDfEFEDOZ L2 T - T0BH LW,

“This statement is not, in fact, strictly true, but it has since been proved that for most
data the distribution of the ratio generated by the randomization process does approximate
adequately to the theoretical distribution.”

Z Z ¥ TX - TE\WT, non-parametric inference B 5 REX T Tk, HEDOFT— %
7% non-normal 72D normal theory #{RETHZ L LIV X DEKXLZ &, F—%iXin
dependent T { MHB% b » T2 DIE, Zih% independent & LTEROIFE S DRIEEILE&H
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Fous Z ik Student WL TCWBE — 2 LR EWSDTH S, 7545 non-parame-
tric inference % &\~ 5DTH 5,

5] 2 4% rain in successive hours of the day & 7> yield on successive milking of a cow & 3,
% L correlation 23 B O TR Y regression JZ 27w v VIR EV I FIHELEA
LTCH Y| BDTH% (Neyman et al. (1935) BHB). Correlation * =5 kb7 w v 78
DOEEOBEE LTI TRHESRA S D random samples & LTEEILRETH 5,
McCarthy (1939) AR L= BEFEDREHRIC /> TR Lo, Box DEH & ZARFES
5.

“It is uncertain just when Fisher made the intuitive leap by which he recognized the
principle of randomization. In 1918 his analysis of variance of physical measurements of
various human relatives was based on “normal theory” assumptions; the observations
were assumed to have been drawn independently from a normally distributed population.
Later, on analyzing the variance of field observations into the two components respectively
within and between groups, he used the ratio of the variance s% of group means to the
variance s% within groups to assess departure from the null-hypothesis. He obtained this
distribution (of F'=s%/s%) in 1922, although he often chose to work with half the logarithm
of this ratio, z=(1/2)log F.”

Z & T ® Fisher ®iT1% “independent normal theory assumption” C# % 75, a particular
arrangement IZ% L CEE X hiz F/(0—1)=S%S: D H:r=0 ® T T ® null-distribution
M A=(1/6)IT" I/ 4 = depend § 5 IEL» F-5 74

(oe—1) %~
F( k;l)i((i—li(k—l)) <1<Jf_i>_>°<—‘;~ll eXp(“zﬁZ)
‘ b—1
xi(z—f’lz)l (1+ 55 )_lzl‘(l)A"'(l—A)l-"’(—F—)m
& b—1/ Zo\m b—1
F(b(k;l)+1>F<kgl>1ﬂ<(b*1)2(k—l)> .
X (B D) (B L) (B0 ) (553)
LB, A randomization i35 < permutation distribution 73B-4 %
F(b(kT_l)> AT =0T A
F(k;1>1-,((b—1)2(k—1))
THUHKZ DT, EOFEL F-5HOWRERY T O B-5MTFHT 5 Lol F-570
T A R )
F<k51>1.,<(b—1)2(k—1)) b—1 -1/ b—1

B E 5 7 r 4 AL Joan Fisher Box 3fiFeam vk 5 thH %, RA.Fisher BHH =D
CERHARRLICI ERD oD E S by, L L BIRER S & Ll
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T ATHB,

“Already, however, in 1923, in introducing the analysis of variance of field experiments,
he had made it conditional not on “normal theory” assumptions but on randomization of
the field arrangement.”

Z 7% non-parametric inference D Z EE TS TWADTHAH 50 ?

“Yet, in assessing his results, he used the same z test which was appropriate on “normal
theory” assumptions. Evidently ke saw that this “vandomization” distvibution of z would
approximate the “novmal theory” distribution of z. This conclusion was difficult to justify
theoretically and was for years fo cause trouble among statisticians.”

SHINBED IS BIRINTLHD0H L,

“At the time statisticians felt considerable concern about the normality or normality of
the distributions. We recall that Karl Pearson’s series of frequency curves had been
developed in order to fit non-normal distributions and that they were then much in vogue.
In contrast, Fisher seems from the first to have felt that moderate non-normality was not
an important factor. What he seems to have been much more concermed about was the
latent assumption that invariably went with the “normal theory” assumptions that the errors
of the observations were independently distributed. In many, perhaps most practical cases,
this assumption was clearly not justified. Observations of the fertility of adjacent plots,
rain in successive hours of the day, or yield on successive milking of a cow were not
independent but highly correlated. Despite this, whatever assumptions were made about
the specific distribution of the observations, analysis was traditionally based on the assump-
tion of independence. For instance, the well-known formula for the standard error of the
mean was only valid on the assumption of independence of the observations.”

Error % soil error IT & technical error e {2 73 F 211X w 1© >\~ T % adjacent 75 3 D 23
high correlation & % %, ie. 2221 mu—nr+ali-nrrar1/d DR E VL 5125 2 5 i
adjacent observations (X highly correlated T& - T, independent technical errors DR E &
FF& L7z, Technical errors Xt L T independent normal theory assumption ¥ T 3% 71
5H1¥ analysis of variance DFHIEEETHZ L REETRETH 5,

“Almost certainly it was the evident lack of independence of field obsevvations that led
Fisher to seek a foundation of his analysis which did not involve this assumption.”

7> T Fisher 1375 ZE ## % ¥ non-parametric inference I2BfT L7 & WO EEHRICEL
N, EEOMBILEDS. BONIE LB\ E 2 ATiLATRT Fisher t3 non-parametric infer-
ence & b B L xS T\ &P, Fisher 3 RFIDOERKT 1926 EFDH/HID L S5z &%
BELTNeh, ThOBFEHER TR L T o, ZhTRFENHBEERD LI T
1F 22789 non-parametric inference I~ 7 &\ 5 OBER TR D 5 22? ThilEE
DB TH D,

Fisher @ The Design of Experiments .2 % Lady © tea testing ®ZED X 5 I random-
ized allocation 72373 stochasticity &5z % 85 X\~ 23, field observations of yields
D X 5 7184 1% observations #° independently IZfhE E L BER Tk 7s <, technical errors e,
e, €0 WE N (0, 6%) 7> 5 independently iZflit Ehizb D L E 2 5D TH » T, soil errors w D
75Tk adjacent 7 % @ 1 highly correlated T B\ TH %, EFE X T & T Joan Fisher
Box OFTfRICEKRBEMEZEL TE L.

vz Fisher & ® R “randomization 34 » Bk = L %= W. Gosset=Student ® 1937 £
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DI ETANTHL S,

Student (1937) @ p. 363 ; CP31, p.199 @ § 1 The Effect of Lack of Randomness on Bias
IWH <, “agricultural experiments @ error ZE¥» % DIZH B 5 analysis of variance 73
strictly i@ H SN 5 BICIZROES>DREN LTI ntE s b iz,

(1) F3EE & 75 T\~ % system # normal variation # 22 &,
(2) Li7cd DD variance (THEEL W2 &,
(3) Sampling (EAfH ) 1 random Tt by, ”

CHEAXADRRNEZATH D, & 2 AT random sampling EIELAHHE &V 5 = & i3 obser-
vations BZEENHIL EV5 2 ETH - T, B4 S LTV 5% “randomization” & 115
7250 TH%. Random sampling X technical errors e D45 2 & TH D, “ran-
domization” &\~ 5 DX soil error w @ permutation distribution DB TH 5. Gosset=
Student X Z OWEXERL TV BDOTlkiawnrbibhb, foTRD L > BESHDS.

“(3) If, however, the sampling be not random, there are such possibilities of drawing
false conclusion that Prof. Fisher has introduced a system of artificial randomizing to
ensure that the third condition is satisfied and brands all other systems invalid.”

COART— AV MNIBHIERY THDH, 7 — £ QIR FESRT S A randomize T 5 D
Tik7z\ >, & 4 13 technical errors e 1543 % (K5 & L T independent normal theory % postu-
late L CEERIAD B0, TN Th F=s3/st DGMIIEL F-5HTH D, FDOI LT A — &
ix

=1

A=

mmmnia

THo>T, 77y 7HDAEDIEFITEEHETHS. 2D A RHERLL T, b F-HiuE
% %12 randomization 3B A XN DTH o7z, < 21 Student © randomization i23t3 5
BARPERAZ DD LICED. o TLERODIKDAT — 2 v FREEYEBDT, FOIF
BIFEREOL A ND2, BOTHHLLOZ LTI TH S,

“Nevertheless, it is possible, by balancing sources of error which would otherwise lead
to bias, to obtain arrangements of greater precision which are nevertheless effectively
random, by which I mean that the departure from randomness is only liable to affect our
conclusions to the same sort of extent as do departure from normality or inequality of
variances.

Lack of randomness can affect either the mean or the variance, and it is the first of these
is apt to lead to invalid conclusions...”

Gosset =Student X balanced systematic arrangement 1 % i3 soil fertility slop 7% linear
WA\ & &, FTEE sandwich ABBA OIN&E & D& FA T AICEST 223, BT~ n, o
NEHE BRI,

TxDEFALDO T T, balanced &\ 5 & & IMIRLNR 7, DHETEME (1/6) Ty ¥ 7213 ALERS)
R o difference ro— s © #eE M (1/6)(Toa— Ts) © & > bias ¥ 7 i¥ actual error s% @ bias
(1/6(k—1)I'IT % /N FHZ LD,
mnin

&
g(S%‘):Gz‘l‘EIZ‘g‘F ml_—l)
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mHRE OIS Y 5ic estimated error s D bias K EL o> TRIOFIZE D L b &Ik
Fisher $ 1926 FDRILTHEWL T B LT AHTH 5.
- LU Gosset=Student @ “Fisher-randomization” X3 % 22 I3 FEHHE R L B
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The Role of the Randomization in the Analysis of Variance of
a Set of Data Obtained by a Randomized Block Design
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A mathematical formulation of the Fisher randomization of the randomized block
design in the case of model-based statistical inference is given. Based on this formulation,
Fisher’s original 1926 paper proposing the randomization is critically examined. The
controversy on the randomization between Student and Fisher is also examined.
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