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When thia 110rk vu contemplated, the end wu certa1nl7 not 1n 
•1Sbt and no am knew Jut where the answer m1gbt ha.To obscured 1t• 
self. The ex1at1Dg 11t.ature, tboush. background, to:nHd a rather 
.uncota1n apr1Dg board frail vhioh to approach the problem; ao that 

tailins wre unaT014able ~tore the actual course was 
taken. ror this reason, I cannot be too srateflll to Dr.Boyd Bareh-
barpr tor hie putting at 11t1' .. d1apoaal., h1e recent l'Mearchea on the 
amlya1a of the TU'ioua lattice 4eaigne. Without his numeroua con-
etl'UOt1ve cr1t1oismll, his auaseet1cma, and h1a gracioua interest, 
th1a work could nner have been pcs:eible. 

a1Doere tbanJal BP al.eo, to Mra. lembold for not only pre-
panns a roush draft tram the manuscript, a part1oularly d1tt1cult 
Job cons14er1n8 the t:,pe of atuq, bu.t al.ao for -prep,.,.r1ns the final 
copiea for presentation. 

Blaokaburg, V1rg1n1a 
J'ebruar,-, 1945 
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INTROIXm'ION 

In the field of ree-.rch and analya1a, particularJ.s 1n asn-
cult111'9, it often beoomee d.ea1rable to te•t a larp number ot -n.rietiee or 
other tactore at one time. Ans experimental d.ea1gn auoh aa the Latin square, 
vhich uee111 u repl1cationa u tbtN are var1et1ee, 1a clearly too bulky 
and exp.ne1Te to be of any help. The eyetem ot :randant&ed blocks is also 
unatisfaoto:ry, becauee •oh block D1U11t contain too D'llUlY plots to be efficient. 
Th• ws• of control plots to tum1eh an index of block variation 1a also 1n-
eft1c1ent, because the preo1a1on 111 reduced, du• to th• fa.at that moni 
are allotted to the control than to er, other variety. 

In 1936 Yatee1 deT1aed the lattice aqu.a.n or peuedo-tactorial. typ• of 
~nt. It h&a the advantap of beinS able to compare a larp number 
of var1et1•s and at the aame time to eliminate var1at1ona due to blocka ot 
va.l.uee. The latter operation 18 &OCQ'lq>liahed by rearra.ng1ng the order of 
var1et1•• 1n the replioatione by cbangh1g the ayetem of allottin8 vn.r1et1ea 
to . blocks, ae ¥111 be ahovn 1n the next ~•ct ion. 'l'h• arrangement may be 
cloiw 1n a number of ways, but the moat popular designs are those containing 
thne arrangements or the triple lattice, and tho•• containina tvo arrang-
menta, or th• lattice. 

All too often 1n experiments carried out in practice, a -n.lue 1a either 
very questionable ocnpared with the other nluea, or it 18 mieaing altogether. 
In euch a caae, the 11,nmetry of the experiment and the orthoBJ):nal method of 
analysis breake dovn. The first reC06llit1on. ot th1e problem wu made by 
Wishart and Allen2 1n 1930, vti.n they d9r1Ted fo:nnula• for use "1th the ran-
damized bloclm and Latin aquare. Their work was later amplified by Yatoe3 
and still later by Com1eb4• ltowvor, Cornish vu the only one to attanpt 
th• problem. tor th• 1Att1oe d.es1gna. In hie lateet paper, variows tonnulu 
are developed using only information obtained within blocks for hie esti-
mate. In tact, the following at&temmt is made 1n hie emamary, ''Th• dete.,.... 
m1nat1on ot oetima.tee vhicb vill em.bl• 1nterblock info:mation to b4I NCOV•~ 

pnt1ente a cllffennt proble Vb1oh ie nov und.4ar COMid.eration. '' 
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This paper attempt• to preaent an adequate fomula tor the eatiation 
of a block, using 1nterblook well a• intrablook information. The 
'Yalue obtained V111 be ahovn to giTe a oloaer appro:x:1mat1on to Yhat the tl'lle 
-ralue would ha.Te been, depend.ing on the amount ot 1nterblock fl.riation. Also 
it tollova that aince a approach 111 •de to the Jlliaaing plot, a more 
accurate nt1mate 1a made ot all errors and inTolTed. An 
actual example vill be worked to 111U11tnte the nevmetbod of eet!nation. 
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.AJIAL1BIS OF lAfflCJ Sc;.UARI DllSlCB 

'1'I» pneral conatrl10t1oD. and anal.181• ot lat.t.J.oe ••1Sml haft bNn 
t'onnally giTen b7 Yatee5, Cochran.6, and Ba~r7J hence, the •JllbolS 

ueed mre VUl coinc14e •• DN.rl,y aa poaeibl• to thoN al.rNd7 •bodied 
1n the nomenclature. A gmeral. 41eauaa1on ot 'tlMt lattice and theory 
of•ana1Ja1• W1ll pnoeti41 the DUlllffical problem ••lected tor illustration. 

TM number of tnat.-mta or 'Var1et1•• teated b7 tbe lattice a 
peJ'f'ect . equan, y,2, auch that each IMl1J,llft or incCIDplete blook Y1l.l haft 

p ft.1'1.-t1•• on a e1de. The llmllMr or uaot n_pl1cat1ona 1n each group 
Y1l.l be denoted. by q, and t!1ct two dittennt typn · ot ~ta uaed 
Y1ll l» by Croa.p X and. Group Y. Uaing aubeor1pt man.n.le to 
aie)nty ftr1et1••• the tllO SftJQP5 an Ulutn.t.d 1n Figun I. 

OruupX Group Y 

vl v2 't'3 • • • •p ~- (1) i Tl Tp+l• • • YP2•p+l 
vp+l Tp+2 Tt>+3 • • • "2p x2. (2) T2 Tp+2• • .T2p+2 p -
• • • • • (3) T3 Vp+3• • • TP2•p+3 
• • • • • • • • 
• • • • • • • • 

• (p) 

The l"0V and. column total.a an 1nd1cated at the a14H and bottan of each 

aquaro nspect1Tely, vtth tm grand total at tbe lowr rigbt comer ot each 

sroup. '1'he ftlues ot Piguro I my be cona1dend to r.pneent the totals ot 
all the q like repl1cat1ans :t"or eaoh srouP• 

In pnctioe, the blockll u WU •• tlle Tarietiea Within Neb block, are 

campl•tel:, nmdcni!Wd, UIIU&llJ Vi.th tbe help ot tabl•a ot l'IIDliatt DlDD:bel"e. 
Aleo, MCh or tbt q repl1cat1om tor each group 1• randmil•d aepamt.ly ao 
that an unbiaMd eat1mate or KCh 'fBriety or tnatm.nt 1• aftilabl•. 

• 
• 

• 
__. 



To Jlllke an anal.JWia ot the uetsn 1n l'tgiu,e I, 1.-t it be aaaumed that 

all the ftrloua etteota ope:rate aclcl1t1ftlJ. Then let the yield T•1J be 
looated u tbe .1th ftl1.ety 1n the 1th block in the etb repl1cate, and u 
y.t 1rre~1ve ot group. 'l'btm, tollovmg equation can be tormecl: 

(l) 

vbtn µ 1• tbe true popuJ.at1an mean, a.• ta ti. ett.at of the eth npl1catton, 
J31• 1a the ett.at of the 1th block in the •th replicate, VJ• 111 tM J)Op'lla-

tion etteot of the .1th ftl1.et7 8't1ll 1n the •th nrpJ.1c,ate, and E •iJ 111 the 
upenmntal error of the •1Jth plot Vh1ch 1e allocated to cmnce. i'urther, 
tt 1• aasmraed that the •~J111Mmtal errore per plot are 1nupenclfmt and 
nomally diatrtbttted, and tllat tm 1JUm of the e:ttecta tor npl1cationa, 
blocka, and 'YllrietiN, 18 &el'U. 

Using tba •boT• reetriotiona, thtl e.ttect.11 DIily be eattmated b1 th• method 
of lee.et equana. 'ftma it 111 noceeaar, to min1111&e: 

'P (b + b' ) A .t •i e1 + • 
3• 1•1 ' 2 • • 

2q 
E 

Where z1 •••••• s5J are tu J.na.pendent multipliers Which Vill -0. l.l9ed u 
Krouckff a.ltu, and tile ftlu• of Y•iJ are dependent on then. Th8 priJnee 
indicate col'l"MJ)ODd1Dg ftl.WNI 1n tb• UIICt Npl1c.t1one • J'or the latt104t 

design, z1 • l f'Or all cuea,; z2 • 1 for all ftlues of plots 1n replicate, 
•• but • O ; • 1 for all ftlu•• of plots 1D tll• 1th block, and 

· • •l in the •act r._pli,:ate of the itll block, but • O ela"VbereJ ·s4 • 1 for 
the tr.ntire 1th block as Wll u tor ite en.ct r9plic.1te, but• 0 elanbere; 
z5 • l tor the Jth variety, wt• o •lanhere. 

By employing tbN• reatr1oted "f'&lun or the z•a end by virtue of the 
fact tbat all the expreaa1on to tM r18ht of the squared pannthNia drQpe 
out when partial der1fft1TH are taken, a aeries of normal equations 

(2) 
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may be tonn.c1 to ezpresa ti» ftrioua •ttecta. '1'hua on part1al dU't•:r-.n• 
t1at1on of ( 2) Vitb reepect t.o the gr,md mean., m., one obta:lna: 

vhon: 

2q 4 p (b 1- b'i) q p (b 1+ b'i) 
E r E E • • E £ • • • 2 ?-'P 2 l ••l i•l .. 1 i•l 

v J • x •• + r •• • T •• 

J _d.,..... .... :;_,. o 

•0 

(3) 

orw sets: 
p2 
.& T 4 •R1 

J•l ,J 

or s-neral.17 for the •th r9Pl1oat.: 

p2,. + p2r + p 1 (b.t-2b;1)+ P (b•i+ i,;i) + ;.2 v • ll (4) 
• -fl i•l •~l 1•1 2 J•l J • 

d • •O 

p p 2 

S1noe 1: bei • 0 and I: -v1 • O, 
l 1 

2 2 pm+pr •R • • 

w Jw.ve: 

Thu& the •ff.et of each r.pl10at1on may 'N deteminod 1n termo of kDOVn 

quantities. 

'l'!M effect ot the diffenncea bet11'1Htll blocks vithin a group may be 
b - b' deteminGK\ b1 dUtenntiattng tr Yi.th respect to tbt term ( •i •1) and 

2 
e•tt1ng tbe r.eul t equal to zero. 



Bence: 

when: 

6 

(b • b' ) (b i o' 
pr _ pr' + P e1 e1 +p e1 ei) • B • B• 

o e 2 2 01 ei 

J (bi-~l) 
2 

•0 

1n t.be sen-nu oaee, sot.bat: 

(be1· b~i) (Bei- B~i) (re• r~) (Be1· 1;1) ( B•· R;) 
2 • 2p - 2 • 2p • 7-,2 

p 

Thia relation 1e an 1ntegrol part of ocmrponent. "a", due to block 
ftriance 1n the ana11111s of ftrianae table, as Will be ebovn, and 1s 
readil;y calculated from data. 

At t.b.1.e point in tho anal,sia, all 1n:f0nnat1on avtl.11.able baa been 

obtained tram the separate replications 1n each group, so they are now 
lidded toeether to tom ti» group totul.e as 1nd1cated 1n ll'igure I. The 
blooka are now confounded H.nd the equation tor a plot yield 1n both groups 

may be 81 ven b7: 

(6) 

Where the block andTariotal otfocta have 41tt1me& their or1ginal values 
and yh vill represent the group ettect. This equation ma.7 be ?ilil1mized 
1n tbe same IIIIIIID8r as ( l). The double primo (" ) will be used to diet.in• 
quiah tho eatimatoa of those new paremetera f'n.:im eimJ.lar OUN made pre-
v1oua17. To t1nd. the group ettect, (6) may be reaffml814 and partially 

differentiated With respect h: 

p~" + p2ff h + p(bi + b2 + • • • + b;)+(yl + v2 + • • • + v;2>• Gh (7) 
When: 

,r" -, " • 0 
'1 g h 

It ohonld 'be noted that Sn the problem under d1BOUHiOD Gb may be equal 

to X •• i·,, Y •• 
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Since the aum. ot the block ettecta 1a sero tor each sroup, ve ha.Te 
the tollovins Talue tor the group etteot: 

(Gh • p2m") ~2Gh • ! .. ) 
8h • 2 • 2 (8) 

p 2p 

when there an two groups. 

The effects due to blooka 'JJ&7 be obtained b7 partial differentiation 
of ( 6) rean,mp4 and aet equal to sero. Ve baTe, tor aJlT bloll:k 1n the 
tint sroup: 

and ebdlarl7 tor ezq block 1n the aecond group: 

•" --.b"-•O 
i 

Before aolTing (9) and (10) for the block it 1• 
to find the nrietal effect; vbioh •JJ be done b7 41tterent1at1Dg (6) 
rean,mged Yith respect to •:;. '1'hua the ftr1etal effect tor the 
"r&lr1et7 ay be e:xpreaaed: 

When: 
2a" + IL+ «-.+ b" + b" + 2':" • V -i -~ l p+l 1 1 

•" • 0 
•1 

It the like (11) are aummed throush the pth nriet7, that 1a 
tor one group, ve haTe: 

(11) 

2pm" + pb" + (b" + b" + • • + b2p" )+ 2(T1 + T2+ • • • + Tp) • l p+l p+2 • 
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Solving between (12) and (9): 

b" • (Xl. - Y.l • 2p8:J_ ) • (P1i. - pY.l :• 2Gl+ T. •) ,., 
1 --------- ·- 2 (13) p p 

The Tal.ue thue obtained ia flree tram sroup and-varietal effect• and 1a zero 
vhen aummed for a group. The Tarietal etteota may be V61 ved nov from ( 11) 
b7 eubatitut:i.ng 1n the proper of b1• Then for any variety 1n the 
first block: 

p(Yi. - x.1>· 2G2 3T ••. 
p,.. - ,p2 (14) 

and the value of T j for any 1nd.1vidWll plot may be obtained from (14) b7 
diT1di.ng b7 q. It may be noted that thie ia not true in the oaee of blooke 
tor then the replications within a group are confounded. The deaisn baa 
nov been eolved tor the of all the various o(DJ>Onenta. 

The analywie of variance ma7 DOY be made uaing the Juat ob-

tained for the varioua It ia otten desired to teat the aisnificance 
of certain Yb.1.le a1Jnul. taneoual.y condeding other In view of 
the preceeding the tolloving identity may be noted: 

2 . 2q q P( b - b' ) 
S Y91J • (T •• )m + t r R + t t ei ei (B81- B~1) 

e•l • 8 e•l 1•1 2 

b - b' b + b' ( ei ei) z • ( ei ei) z _ vz )2 
2 31 2 41 5J 

(15) 

Where each otthe iummation 1n the first part of the equation 
repreeenaa a reduction 1n total Tari8Jl0e due to the particular factor con-
cerned. Therefore, each really a partial regreasion coefficient meaaur-
ing. the •;Pecifio importance of a variable. 

The ot aquaaee attributed to regn,eaion in then: 
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2q q p (b • b" ) q _p (b + b' ) 
('l' • • )m + J: r R + £ & e1 e1 (B _ B• ) + E E e1 et 

.-1 e • .. 1 1•1 2 • 1 ei eal 1•1 2 

p2 
(B + B• ) + 1: T 4 VJ e1 e1 Jal ., 

(16) 

Wblle the l"N1dual 8\Jllbf IICl1J8l"98 or error ias 

(b • b' ) (be1+ bo'1) 2 
S(Y - JBL • r a - •i ei s ---- • n ) (17) eiJ 1. e 28 · - 2 31· 2 41• 5J 

It 1a noted that (16) and (17) together Jmlke up the total ftr:tance of the 

populatum e:raw1ne4 80CIBt the latter m.y be obtaiMd b7 aubtraot10D. 

:rrm (4) aD4 (16) the beat eet:1.maw IB7 be ma.de at tm expected w.lue 
of the 8Ulll ot aquaree 1n the regreeaion due to replioat1ona. Wot1DS that 

'1'.. 21 ( \.. '1" 2 a • - , £ 'I • '1' •• , ,,. bBTet T •• 11M • • • 2 IIIMls 
2qp2 e-1 • 2qp 

l: R r • l R 2 • .tt;.:122 
e e P2 .-l e 2qp 

(18) 

Vhtoh may be used. 1n a table tor the amlyll1a of ftriance. Tbe 4e8l"N8 of 
:treedm attached to the repltoation ama of 8'IJf.lft8 Y1ll tlwn 1kt ( 2q - l) 

:rraa (5) and. (16) the beet eatSJnate of tbe expect.eel value O't tile sm o-r 
squares attributed to tbe d.1.fferenoee 1n reaulta of paired bl.oca maybe ob-
tained. The aprNaiOn tor a pair of' U.ke replioatea 1a toun4 to 'be: 

(19) 

Uamg tbe 110tation tbat tbt 4itt~ betwen two blook total.a of t110 
like repl1oat1cm8 1n 01"0Up X be dMiBJBtecl Bu• Bk• D1x an4 •:LmUarl.7 for 
Clrotrp Y, the total. 
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Expreaaion for tvo groupa to (19) ma7 be written: 

is the tor: 

p (b - b' ) E e1 ei 
1•1 2 

p q p 
t D )2 - (E t D )2 
1 X 1 1 y (20) 

in equation (16), and 1a called component "a" ot the aumot equarea. It can 
be ahovn to haTe 2(p- 1) degrees of freedom. 

The next step 1a to obtain the beat eatimate of component "b" which corr-
espond.ea to: 

term in (16). The seneral equation tor the block etteot 1a given by (9), Yhioh 
1a eon.founded Vith Yariety ettecta due to the occuranoe ot non-ortho-
gonality in anal19ia. Therefore, the block totals mw,t be lumped together for a 
group u indicated 1n Figure I. We ma1 now, however, correct the block ettect 
tor Tarietal effect and repl1oat1ona effect by using the equation (13). 'l'hia 

to aubtraoting the occurring 1n blocks tor one group from the 
aame aa they accur in a column tor the other group, and finding the 
Yarianoe• ot theae ditterencea. 

Adopting Coohran'a6 notation, we let tbe d1:t1'erence between a column total 
1n Group X and the e1lllilar rov total 1n Group Y by- I .i - Y1• • rhoyi. In the 
AN manner, Y. 1 - x1• • rhcxi. J'rall (13) we might write the block ef'feot 1n 
theae tema and noting that G1 + G2 • T •• , we obtain directly: 

p 
-prhc + t rho X X 

b" • l x1 2 p 
. , 

p 
-prhc + t rho ., 1 y 

b" a -------71 2 p (21) 

vhioh ta the ettlct 1n the groups. Since the like replications baYe 
been added, the block totals aa g1.Ten tor a aiDgl.e replication before, are nov 
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cam.billed to tom the group block total. The block effect term of the regreaa1on 
per block would then become: 

tor Group X; 2! B11 tor Group Y. 

ror oom:plet.eneee, the block total• Bxi and Byi are corrected for b1 
aubtr&cting from the column total 1n the other sroup ao that Bxi becomes -rhcx 
and B~ becCDes -rho • . .,... 1 

Bence, aubatituting the Taluea ot b and B, we have: 

p 2 2 
p E rho - (E rho} 

l X . X ------2----; 
p 

p 2 p 2 
pr. rhc -(t rhc) 

l 1 1 7 1 y 
2q E byi B71• 2q p2 

The aboTe equationa may be oanbined nov to giTe the total of squares attribu-
table to blocke contoun41.ng like replications snd correcting for varieties aa: 

p 2 p 2 p 2 
p E rkc + p E rkc - (E rkc ) -

1 X .l 1 l X 

2 2 p 2 
p E rkox + p E rkc - 2(t rkox) .,. 1 

• 

(22) 

Thia reault agrees with that obtained by Bair8 and is termed comp11nent "b" 
for the block regreaaion. Like component "a" it is with 2(p- 1) 
degreea of freedom. 

The Tarietiea are of neceaaity confounded with replications and groupa 
aa well, ao only -n.riety totals for the entire experiment are used. It may 
DOY be noted that (14) could be written 1n terms of our neY 

l 
T = 2 j 2p 

2 ( p v3 + prkc + prko • T •• ) 
% 1 

(23) 

Mu1 t1:ply1ng ( 23) by the Tariety total and summing, Ye obtain the regression 
sum of square• due to varieties alone 1n the tom: 
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2 
P2 p 2 2 f v., . T •• 

(24) 

There are (p2- 1) d.9gr9ee ot treedoa allottoi to varieties 1n an 
The error tem ia tound by aubtraot1.ng the euma of aquarea due to the 

var1oue knovn eff'ecta fra.11 the total variance of all ti. Taluoa, vhioh 18 
tram the usual ~t1n1tion of' variance: 

(25) 

Vith 2qp2- l degrees of' freedom. 
In the canplete table for anal.7&1• ot variance ia given 1n 

general f'om in J'ig11re U. 

Sou.roe ot variation 

Varieties 

Blockai 
Component "a" 

Component ''b" 

Repl1oat1ons 

Error 

Total 

AIALlBlB or VARIABCE 
Degrees of J'reedolll Sum of Squarea 

2 p - 1 

2(p- 1) 

2(p- l) 

2q- 1 

2 2 2qp - p - J1-p- 2q+ 5 

2 2qp - 1 

P2 P2 2 2 
I: VJ - T •• 

p 
p E 

1 

l 

2 2p_p 

2 
2qp 2 2 

E VJ - T •• 
l 
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It a. 'been proTe 4 b7 Yai.8 that the of the IJ\B ot 8CJ.1:L&NI• 
tor IID7 ftr1ate ma, be eatiaated b7 41T1d1ng it b7 the ,...,.,,ns ._ of 81.llBl'N 
bm>l"f'iDS all Tar1atN except the one being teated. '!'he ratio Jl&7 then be teated 
aga1nw't the appropriate Talue 1D a S.deoor• a "r table. 

Although the dellisll thu tar baa been 801Ted tor all Ta1"1ablea, all tbe 
aftilabl• 1nto1W.1.tion bu not 'been. ut111Hd. It my be noted by referring to 
J'igure I, that block l of Croup X·contains the ftr1et1ee l through P, and 
block 2 contatna Tar1et1ea p + l throogb 2p, the 41tterence bet'lfND the ..,.. ot 
theN two bloclcD 1a alao an e11tmate of the d1ttenmce 'betwen tboae tw ..ta ot 
T&riet1ea. The 1nfomat1on obtained tram euch an inter-block cone1derat1on •7 be 
uaecl p1VYided the eatimatea der1Ted haa the cc:apariaon are proprel7 cc:a'b1netl Y1th 
the pnrriou Ntmate. Sinoe there are p plota contaimad 1n each block total, it 
1a nat1U"al to upect a hi&ber 'betveen block Tariance than vithin , tor w ha.Te a 

a1tuat1on dalopus to the 11Plit plot wip 'Whe:re the mea1n block oam.pariaon 
unall7 uh1b1ta a higher "tU"iame.:..tban do eu.b-plota. It tbentore, neoeaa&r7 
to Ntbraate the error va.r1ance ot the inter- and intra- blool: compariaona and to 
ccn.bine tJaaa to the beat adTm'!.tftge. Both Yatea and Cochran have found aolut10na 
b7 reprd1na the deeisn M f'aotorial, but a Jffthod Yill be c1eTeloped here 'lhioh 
¥111 be &long the lirJea ot tho an.al19ia Juat 4.iacuased., ADA 19t lead to the 
ea:me eanen.1 reeu1te. 

The error tor 8117'•'Plot mq be resa,r4ecl aa the na ot two indspena.nt pa.rte 
2 tint a part • wh1ch "f'ar1N tram plot to plot ¥1th. "n1rianoe, 9111 a1 , and a 

pan b 'lddch 1• comtant tor all plota 1n a gi..-en bloc..1t. 'the latter error 
Tariff f'rall blook to b1ook with a Tar1ance c:r:, ,md. the error 0~ tbe 41tter-

ence between t'IIO plot• 1a ( e1r ~). The error ot a block total -.7 tb8J1 be 
written: 

which baa a TariAnce ot: 



n. ...ariuoe of the •• or cl.1tterence ot blook totals tor the groups ia: 

To bbtain ompcment "a" the 119.1181'U of the differenc• 'betW'ND the block 
total• an d1T1ad. b7-1,o to obtain the error per bloolc. Thus, the aean 111uare 
for ocaponent. ''a" 1• ree.117 an •till&te ot: 

Cc:apcnmt "b", holl\n'er, 1• corrected. tor ur1.-t1N b7 aubtracting the 
co1Do14J.Da "t'IIZ'1et1 totals of tbe other group• aD4 not auooiated with a block. 
StDce Noll •· 1a ~t of all other e• e, as wll aa all the b' the 
coett1o1ent of a: tor tile Man plot ¥111 ~unit7. '!'be probl• thm reaolTee 
to ftnd1ng the n:pecW. ftlue of the 1ntftl-,.'t'&l"1anN. fte np:rNaion tor the 
regreuloa 8ma of 9l1l&l"N m to the oClllpOMDt "b" block etteot bu 'bMD a-
r1'"4 (22), an4 tor our preHDt pru.poae it will be pem1••bl• to cou14er 
OD17 om group, ault1p7 'b7 two, an4 a1na. b7 the usree• ot frMcka to 
obtain the M8D aim.re tor the error. The -,reaa1on thn beocaH: 

p 
p I: 

l 
2 2Q (p • l) 

nae enor tor rhos: -.q be 'WJ"l\tm :mc-etatel7 aa: 

I ~bl • (bp+l + bp+2 + • • • + b2p) 1 

(27) 

(28) 

aince each 8l'OllP conta1Da I iwplloat1ou. &i-.r1Ds (28) fl"CII the aapeot of 
the error ODl.J', w find. the .ftriaDoe tor rhcx 2 1a qp (l + p) c,: . Suming 

OYer allftl.UN 1D a group and mul.t1pl11D8 b7 p, the error ot : 

1a: 

tp3 (p + 1) c{ (29) 
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p 

The n:pected n.l11e ot t itox ot inter block error ma7 be written now - 1 
4n tema of' error u: 

and vben thia error 1a •1.~ to become the vanance otz 
p 
(t rho )2 
l X 

ve have: 

(30) 

When (29) and (30) are subnituted 1n the numerator of (27), it 1a 

expreaaed 1n te:ma of the interl>look nr1anoe. Adding the 1ntra-blook Tariance 
and reducing the e2Pr9aaion, w eatabl1ah that oanpo.nent ''b" ie an estimate of: 

(31) 

To aumarise ve nov have the expected ftl.uea tor the tollovine mean aquarea 
as in Fipre Ill. 

An estimate of a: 1a a-railable f'l'Om the error and oaaponent "a" 
a direot estimate of the onor mean 9C1uan,1 betwen blocka 01nce the 41tt-
el:'9DCe betwen totals ot pain ot blocks, conta1na the aae ~et ot Tar1et1ea. 
Thia latter eatil'late can N iapl"OTK b7 a4jwlting caupon6Dt "b" al.so to g1 Te 

an esttmate ot a:+ p 0:. 
J'or ocmb1n.1ns CQ'JlJ)ODellt "e.'' ¥1th component "b", it he.a been llhovn 'b7 
' 6 ' Yates end Cochran that tbe leas 1n aocurac7 due to a aimple aTerege 1a 

Te17 slight, and my be neglected. Hence equal .-18ht• ma.1 be u.eed. 

:S7 aTerasiDs (26) and (31) it mq be eeen that the aTerase mean square, 
B, ot OClllJ)OMllta "a" and "b" is an estimate ot: 



!I!. 
BloeJm: 

C : ; aNm • a• 2(1>-l) 

CoeJ!Wt ..... 2(1>-l) 

hfl>r aitP2-,2-..-.., 
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,wm 

AIW.1818 9f 'fARIAIIC% 

._of!!S!!:!'!! 

P2 r2 p 2P 2 
pt J> t~ l>J1-(t Dn) -(t D_.) 

1 x l 1 1 JI 

. 2p2p 

p 2 p 2 2 
pt t,acn ,tpt l1JCJ1. .. 2(1: rµox1 > 
i l ---

21P2 

1q aubtre-Ot1cm. 

~8P!:! 

'2 r2 P P 2 
1'n+pJ: DJ1.(J: J>xt) • (J: D71) 

1 l l 1 
I 2p :, l(pel) 

p 2 p 2 
pt ntoxi ,tp& ~-/:- 2(J: 1Mz1) l 1 ., .. 

21,p., 2(p-l) 

- guM.rut10II 

bJeotecl 
NNaSS-i, 

•12+ :p «: 

•12+ 1/2 p-: 

2 
c,1 
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Since the intra-block error mean stuare, E, 1• an eatimate of a:, an 
eat1mato ot a: + 9 a:, the tr11e 'Yarianoe bert.wen blocks ie given b7 E + 
4(B - E) • (4B - E) and w• --, be taken u __3__ • 

3 ~) 

Bence, tbe Yariance ie nov uttmted. trca 4(P • 1) degrees ot tl'eedam 
imttead ot Just 2(p - l) degroea of treemm 1J:l cue ve had Wied onl7 oanpon-
ent "a", tor eat:1Jlat1DS the inter-blook 'YB.r1ence. All varieties could now 
be oorncted. tor 1nter-blook as well aa mtra-block ftrianQe torvbich an 
elegant method baa been developed. b:, Barahbarger. 9 
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the error sum ot squares or intra-block Tarie.nce s. m1ntnmm. We nov come to 
the question ot how to modif'7 (32) to take into account the inter-block 
variance. 

J'iret consider vbat 1a expected ot an estimate ot a miaaing :plot. Since 
the intra-block error baealrea~ btten uin:im:hed, no 8Bl)unt or tmn:perinS with 
(32) Will make 1t amallw. It seems reasonable to suppose, that if a Tal.ue 
vere misaing tram an experiment an estimate would bo desired. vhich wuld 
indicate e.s nee.rly r.-s possible the miaaine -value and uae all the aTailable 
1n1bmat1on to Ill.8.ke it comparable to the raa1ning data vhen all factors 
other than thoso to t>. cons1deNd and chance are axoluded. Vi th th1a aim 
1n mind (32) ma:, be adjusted to take into aooount the inter-block information 
to :,ield a closer, more accurate eat1mate of a missing value. 

In the anal.ysia of the deeisn,, 1t Yru! ~&ffi + .. bat the vdiP.nce due to block& 
was 41T1d.ed into two parts d.eo1S'l"-ted caponente "a." and "b". Coo:zponent "a" is 
the bo•t direct eutimte of inter-block 'ffir:lanc.a, bein8 a aim;;,le variation of 
block differences; while oamponent "b" is really a term built on the deviation 
betveen a blook total !l.nd 1 tB e~'?{Y.18nt vi,:rieties unconf.'ounded 71 th a. block. 
To obtain tbe beat eetimo.te of t1ie 1nter-blook vsrlsnco, then, 1t1e clearly 
advantageous that component ri-;,," 'b& 11.s ame.ll as possible. Tharetore, to tind 
a m1sa1ng v-n:. ue 1n accordance Yi th inter-block Tari.2mce, l.et it be the "Yalue 
which makes COJIIPOnent "or" a mintnruro so that the mean square uaoribed to the 
inter-block 'Variance will then ba ea c.ccurate a.a possible. 

By &motinG the T.J.1saing Talue DOV b7 b and aubati tutiDS 1n ( 22) ve 
have: 

Where: 0 u •um or 1Utuare• of all Y8luee ot rhc:t and rhc1 not containing b 

<X • y • X'" .1 1. 

IA y - X"' 1. .1 

1' • Y •• • X1'1 
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VIia. (3i.) 1a b7 41tfen:t1at1ng aa4 Ntt1Jla et.ual to &ero 

w 01Jtam1 

l' (Sill+ 2b • 2i\ + 2b) - (-4 f + 4b) • 0 

or: 
»Cl' 1 + t 1 - :rt" , - xn1,) • 2 (T. • - xri ) 

'b - • • ,. • 
2 (:p - 1) . 

Whioh 1a tlMt tomulM tor the aie•!Da· ,1ot1 1n te1'JIII of 11lt.r-blook 'TU"1at1on. 
OD.l.T• DI ...,_,1cm. (35) Jl&T be '9V1t1e4 in tbe W !IN>MT U uae4 prnioual.7, 
b7 ~-1na ti. tollorinl 14Rt1t1e• u8Ull1q no ftl'1ano• u4 aol:nnc fer 'b. 
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To obtain an eat:llate of a aiuing plot uainS both the 1ntereblock end 

intra-block 1ntomat1on, it is nov neoeH&17 to oaabine (32) and (3,) into 
a ccaposite ••timate using the proper w1ghtins :taoto:ra. Uaing the wighting 
factors tor the two var1.ancM,s reapect1Tel.7, and. lett1n@ the ccabineA eetuate 
be c, Ye haTet 

w w• 
0 • w + w• a+ w + ii• b 

which is at once both a manifest prod.edure ot interpolation and 1n accordance 
¥1th Cochran's wighting prooeclure tor obta1n1ng estimates of main etteote. 

Before procee41rig to the numerical example, let ua first e:rmn1ne aau ot 
the conaequencee of u1ng (37) in place ot (32), to obtain tbe Jll.1ae1.ng plot. 
In practice, (32) must be used alone to tind an estimate of V and V•; after 
vb.ich (37) •7 be uaed it it ia apparent that there 1a •1sn1f1cant inter-
block 'VU'iance present. When the mv Talue, o has been caluolatecl, it bu 
been found 1n practice espec1all7 vben the number of var1et1ee teat.a ia 
fairly large, that the effect on w and w• is absent or negl1giable. If, hov-
eTer, the w,e of o in'place of a does cauee a sisnificant change in Wand w•, 
turther appro:dmation may be carried out. 

The extremes of ( 37) 'tlOUl.d occur in the cues where the error teni is 
zero and where the sum of •tuare• tor bloolm is aero. 'l'heee con41t1ona could 
happen a1mu.luneoual.J in vhioh oaae the ftlue 'IIOUl.d tit into a prefect lav, 
and the question of block Tariance 1'0Uld cease to exiat. When the error tem 
is Ul'O and 'block tem 1• finite, - BN that (37) reduce• to (32) and O • a. 
It 1a 1mposa1ble to haTe the third oaae Yhere the error tem 1a f'1n1te and 
ther bloclm tem is zero, 'becaua• it bu been uen frail (26) and (31) that 
the error tem 1a alao in'YolTed in the block aura of square. Jlow'Yer, campcm-
ent "a" or oamponent "'b" erroneoualy oould_ be tinite aingl.7, en41n theae 
tin1al caaea, the emat Talue ot the Jliaaing plot could be obtained only by 
inSnSmS1ing the CDIP()Dellt conaerned. To COTer euch instances, it would be 
necessary to veigbt the esttmate aauthing like: 

V 
w + w• + V' a+ w + w• + W" b+ W" 

W + W' + V' c 
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Vbere c 1JOU14 be the Tlllue obta1md b7 •1n1•1d!:18 ccaponent "a" Y1th. ftJ"1ance 
r}- • It me 'bNn tcnmA, honl'er, that auoh Teraitillt7 1n 1'tlD1al. 1Dlltano• 1• 
o'bta1necl at the expcl89 of aocurao7 1n the ntmal :nmae ot Tariwea, 
the mtra-bloek error 1e often unc1ul.7 1DonUed. b7 IIU.Oh eetbaatu. 

Tblretore, UN 0£ (37) be expeote4 to giTe an Ntimate ot a m••ins 
'ftllue b7 ltllansSns the error t.rm aa little aa pca1ble am. at the MM tSme 
4eol'9aae tba effect of OClllpODIUt •'b" to• m1ninn. Thu the 1nter-'bl.ook 
1ntol'mat1cm 1a UN41. u a modit1er ot the OOU'Hr eatiate buedcmly on tbe 
total espe~ error. 
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laAMPLll: A ·cOBI VARDTY DPDIMl1l'.r 

1'o Uluatrate the aethod ot eetimt1on Juat 41•ou•e4, au e:i.pff1ment 
ue4 b7 the V1l'g1n1a Pol,tecJm!o Inat1tuw· hperfMllt Station to teat the 
71•14 of tbirtJ••h 'f&riet1ee of oom 1n LN Oount7, 1'1l'g1n1a, 1a pl"Nell't-
ed. The 71,elda "faried s:r-tl7 and oomeciuentl7 there waa cormid.erable 
1nter-'bloolc varianoe. n. •JC.P•rment oona1ated of four npl1oat1cma, two· 
l'lmdali&ed 1.n O:roup I and tm 1n Group Y. Tb1a pft, 1n au· wat7-tour 
blooJca or a:lx plots each arJ:'BJl89d 1n the tour repl1cat1ons of ab: blocks 
each. 

Without indicating the ft\l1dan an,mpmenta, -r&ble I 81'"8 t!Je actual 
ind1v1dual plot 71•148 tor eaoh 'Vll.1'1et7 1n the toi.r repl1oat1ona. . The var-
1el1e• are •need 'b7 the small nmber in tH apper risbt oomer of each 
plot. The blook and l'WJ)lioate total.a are also ehown 1n the Table •. 

'l' Alll'.B I 
Plot Yields for Lattice l.xp•riR~::t,s of Oount7 Oorn 

Replication I 

Blf2lal Total.a 
l 2 3 4 5 

(1) g]£4 20.l ~-,. .~-~ .. 12.3 147.6 
7 8 9 10 ll 12 

(2) ~i.2 .J616 18.6 21.3 JJ.2 ~-3 148.2 
13 14 15 16 17 18 

(3) 14.7 29.4 32.7 1., 20.1 19.8 118.2 - 24 19 20 21 22 23 
(4) gJ.1 1813 11.I 28 

IB .. 3 12.0 18s2 102.3 
2' 26 29 30 

(5) 33.0 24.6 31.a 28.2 J:~.6 lI1I 1~0.2 
31 · 32 333 31i 35 36 

(6) 27,Q 21.0 30.6 49.2 37,a 34,8 200.9 

867.6 



GBOOP X (contd) 

Bepl1oat1an n 
Blookll Totals 

l 2 3 4 -,. 0 
(1) ~-I 66.6 J0-2 i..1.4 "'l•~ 12.2 261.3 

7 8 9 10 11 12 
(2) 126.l ll0.8 126.l 66.o ~-6 6l•2 §92.2 

13 14 15 16 17 18 
(3) 122.1 1o6.8 126.2 111.2 ,,1j1<A.1 ~-8 666.6 

19 20 21· . 22 ···24. 
(4) .. 26.4 a.~ 26.1 12•l 21.2 16.8 1g:z.a 

26 27 28 29 30 I 

<,> ___!.2.2 J0.6 ~1.:6, 30.9 gi.i 26.3 219.6 
3l 32 33 3~ 35 36 I 

(6) i.,.o 17.l 40.2 ,a.a 1+2.3 Jio.8 2Ja.1J.2 -
2129.Ja. 

GBOUP y 

Replication Ill 

Blooka Tota.la 
1 7 ll 19 25 31 

(1) 42,6 75.0 gr.::1 66i3 57.6 47.4 316.2 
2 if 14 20 2b 32 

(2) 32.1 22., 36.6 22.5 21,3 12,0 138,0 
3 9 1, 21 33 

(3) 1'-4.l ;1,2 ?,.8 .'9,4 47,1 
3Ji. 

52.5 260.1 
Ii 10 16 22 26 

(la.) 32.l 41 .... 11.4 ~9., 30.3 51,,0 215.7 

' 11 17 23 29 3, 
(5) 

6 29.7 9.6 
18 

34.5 24 
Jila..7 12,6 

36 
26,1 157,g 

12 30 
(6) 28.2 44.4 ,2,, i.2.6 48.9 43.5 260,1 

13ti.7.3 



GROUP y 

Replication IY 

BloolcB Totals 
1 7 11 19 25 31 

(1) 56.1 90.0 48.6 70.8 23.4 61.2 38o,1 
2 8 14 ~o §() 32 

(2) - 1~.o 60.9 4z.1 37-2 56.4 20.7 270.9 
3 9 15 21 ift 33 

(3) 11-6.8 41.7 37.8 37.5 lik.1 tio.2 248,1 ,~ 10 16 26 .. 34 
(4) 61.5 43.0 32-7 32.1 

29 43.8 67.8 281.7 

' 11 rr 23 35 
(5) f>'J.8 '3-7 66.o 59~1 16.a 70.2 390.6 

6 12 18 2i 30 36 
(6) 22·1 39.6 i.o.2 lf.4,7 70.2 45.6· gro.o 

1841.4 

The like rep11eat1cna m;r now be combined to foni the totals tor each Sl"OUP• 

Thia 1a eho1m. 1n Table II , vhich la the analog of l'igare I. 

TA:SL'I II 

Ccab:1nat1ona of like Replications 
GROOP X 

Blooka Totals 
l 2 3 4 5 6 

(l) 83.1 86.7 56.4 67.2 84.o 31.5 ~-9 
7 8 9 10 11 12 

(2) 157.5 14 
167.4 14Jt..9 

16 87.3 109.8 91,2 758.1 
13 15 17 18. 

(3) 136,8 136.2 159,6 ll3.lf. 124.2 11i..6 78~.8 
19 20 ~J. 23 24 

(4) 1a.2.~ 
26 

39.6 37.8 
28 

33.6 33.9 32,I 230,1 
25 zr 29 30 

(5) :r,.9 55.2' 83.4 35 
59.1 42.9 

36 
54,o 337,5 

31 32 33 35 
(6) 72.0 3811 70,8 108,0 80,1 75,6 4",6 

Totals . 574.8 523-2 552 -9 1+68.6 i.14.9 1to2.6 2997.0 
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GROOP y 

Blocks Totals 
l 1 13 19 25 31 

(1) 98,7 165.0 75.9 137.1 111.0 lo8.6 696.3 8 14 20 26 32 
(2) 7!.l a3.4 . - 84.l .. 29°1 11.:1.. 32,1,.7_._ 11-08.9 

3 9 15 21 27 33 
(3) 99.9 12.2 63.6 96.9 91,2 92.7 508.2 

1i 1·) 16 22 ~Ji .., 
( 1,) .~.6 a~.~- 44.1. 81.6 14.1 118.8 ~97.4 

5 11 17 23· 29 35 
(5) 94.5 63.3 100.2 10~.8 89.4 96.3 547.8 

6 12 ;?.~ 30 36 •I .L.., 

(6) 57.9 8~.o ---- 92.7 -~ J.19.l 89.1 530.1 

Tot&la 506.7 5i3.8 J;.61.1 260.~- 568.5 538.2 3188.7 

l'imilly, the '\l'e,riety totals l:\.!'.f be obt1jned. ;,- ccmb:1.n.ing like varieties 1n 

Group X and Y to give UA Ts.tle In. 

TABLE Ill 

VARIETY TotAL YmDS: 

L 2 3 ~- rL-----,• 6 
181.8 - J.51 .a 147.3 16o.a 178.5 89.4 

7 9 10 ll i2 
322.~ ~.8 2lL8 112.2 - 173.1 18 

175.2 
13 14 15 16 17 

212.7 220.5 223.a 157.5 221'-:·1 207.3 
19 ro 21 22 23 21¥ 

186.6 22·3 134.7 115~.L..29.131·1 123.0 
25 2> . Z1 30 

186.9 132-9 33 
174.6 

34 
133.2 132-3 173.1 

31 32 35 36 
180.6 70.8 163.5 226,8 176.4 1~.7 



The oc:aplete ana1.1111a ot variance ma:, mv be made according to the 
equations set fort,ll in J'igu.i"e II. J'or the reeul.ta ahom 1n fable I, w 
haTe the tollOY1ng table tor ·the anal7Sis ot Tariance ahO'm u Table IV. 

1'.Am IV 

Analysis of Yarim:.ce--Ltie Count;; Com 
Source of V&.1•a-;ion D/F Sum or Squares 
Repl1cat1oaa: 3 ~,759.01 

Mean Square 
8,586.3366 

Component "a" 10 2,57~.159 

Ccm,ponent 11b!' 10 

:Blocko( elim:inat;wg val'.·) 20 

Varieties( 1guor~; bkcokc) 35 

_'B_rror __ (_in:_:t_ni_-b_l_o_c_k __ ) ___ .§2 

Total :.43 

14,782.62 

4o,524.21 

-20,431.77 

---------------------
and. W' = o.0004 

2.,026.2105 

uo.9924 

If nO"ff' ln!L~sume one plot to be :m1ns1ng, ve may eetimate its 'T8.l.u.e b7 
ueo of the to~e ot the last section. AB t.n eotreme ease, let us 
the yield for n, ... ;:--ie'ty 16 1;o be missing in Replicetion l of Group X. First 
est:bnate the Taln& frott. tM intra-block 1n:f'oima.tion b7 using (32); then, w 
find the neoeesc.r;; qu.entitiee to be: 

q ,. 2 

p. 6 
B"' • U6.7 

'Whence: 

vr9 • 1'6.0 
X'" • 783.3 1. 
y1. • 497.~ 
? •• •3108. 7 

x:'.i • 467 .l 
Y a lt61.1 .1 
xrt a2995,5 

23oo.a + 5616.0 - 7684.2 + 36.0 + 193.2. 11 3 a D 5.7 • 

Ua1ng this n.luo 1n place of the one acutally obtained, w haTe the 

tollcnrins table tor the onal,aia ot varie.13ce: 



TABLB V 
Aml.1918 ot Tar1ance--t1a1ng 11.3 tor Yield of Plot 

16, :Replicate 1 Group X 

Sovce ot Variation -eh. Sum of' sere• 
Replications 3 25,391.11,3 

Cam.ponmt "a" 10 25,196.02 

Component "b" 10 15,082.31 

Blooka(elbdnating.var) 20 !Jo,278.33 

&iet1ee( 1por1Dg blocks) 35 20,381..92 

Error( intra-b1ook) 2,3TI.48 
Total lla.4 95,i.32.16 

l'l'Clll Table V w t1nd W • .0091 . an4 w• • .0004 

Mean sg;uare 

'It, now, w aolTe tor the m1aa1ng ftl.ue, using onl7 inter-block 1.ntor- . 
mat1on, w haTe aocordins to (35): 

b -1751.~ - 386.4 213 8 • 10 •. • 

Ccabinmg th1a ftlue with the •t~~, a, aucl aubetitutmg 1n (37), w 
ha'91: 

c • 0.9574 • 11.3 - o.0421 • 213.a • 10.a - 9.0 • 1.s 

When c 18 aubat1tute4 1n tor the Jliaains value and. an anal.1111• ot variance 
1a made, w ha1'e Table VI: 
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T.ABLZ VI 
ot Vai1ance--T1a1ng 1.8 tor Yie14 ot Plot 16, Depllcate l Group X 

Source of Tar1at1on 

Beplloatiou 

Ccmponent "a" 

Component "b" 

10 

10 

Blooka(elblinating -.ar) 20 

Tar1et1ee( ignoring blooke) 35 

Error( intra-blOldc) 

Total 

SlDll of Squares · Mean Squares 

1>.,791.6o 

uo.22 w • o.0004 

By ccmparins the Tables U and V and VI, it oan be aeen tbat c is a JllllCh closer 

approximation to the actual oondit1ona ot the experiment than. a. Aleo, the 
champa in.the Jlll8ll square tor blocks as wll aa their reapeot1•• veigbting 

taotora w negl.1giable. 

A8a1n , euppoee that the ftl.ue tor plot 25, Replicate 11 Group X is 
Ddaaing. T1111Dg (32) w obtain: 

q-2 V'" 1 • 153.9 X"' .1 - 541.8 

p•6 X"' 1 • 337.5 Y.1 - 562.5 

Bttt • ll7 .8 Yi. • 696.3 Xrt • 2,9&.o 

Whence: 

a• 

Y •• • 3,188.7 

2,agr.2 + 5,5~.4 - 6,202.s .. 121'.2 + 224 •• 26•7 
5.17 
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When th1a fllue 1a UHd in place ot the 33. O aotuall7 found, the follow-
ing table tor the anal.J111• ot variance la obtained: 

T.ABL'I TII 

.Anal.7&18 of Variance-• uains 26. 7 tor Yield of Plot 25, Beplicato l Group I 

source of Variation Pl!. sum ot s1uan• Mean !39,uare 

Bei,11cat1ons 3 2',m.42 

Ccarponent "a" 10 25,595.66 

CClllpODe11t"b" 10 14,916.42 

Blooka(el1minating Tal') 20 40,512.08 2,025.6o v• • 0.000 

Varietiea( 1por1ng blocka) 35 20,393.93 

J:rror( intra-11.1.oak) 9,410.17 110.71 W • 0.0090 

Total lltJt. 96,31~-20 

ff DOY w eolTw'or the miaaing plot using (35) we haTe: 

When the 'hlue of b is cc:abined Yith a to f1n4 o, w baTe the tollovinga: 

o • o.957Jt.• 26.7 + o.oi..26 • 182.a • 33.3 

which 1a much cloaer to the original. ftl.ue. When o is eubatituted be.ck into 
the experimental results, ft haTe.the folloving emal.791& of variance~ 



TABI& l'III 

AnalpiJI ot Tar1ance-•Ua1Dg 33.3 tor Yield of Plot 25, Replioate l Croup X 

Source ot Variation Pa Sum ot Sq,uaree Mean S51,uare 

Bepl1cat1cma 3 25,747.70 

C011pODent "a" 10 a,.,72'8.67 

Cam;ponent "b" 10 14,776.39 

Bloo1m(e1Dlinat1Dg Tar) 20 40.,525.06 2.,026.~ v•• 0.000 

Tar1et1eaP0,gnor11Jg blocka) 35 20.,434.05 

Brror(intra-blook) a, 9,Jt.36.61. lU.01 .V• 0.0090 

Total llt-3 96.,143.45 

BJ use ot a closer appro%3.mat1on. to the missing Tal.ue, Table VIn 1a 
nearer+ actual figures 1n Table If than 1a 'l'abh VII. 

The JDOclU1cat1on baaed on inter-block 1Dtomat1on ;mioh 1a :mcle on the 
mating 1ntra-blook tonmlae tor eatblatin8 a miaa1rlg block bu thus abcnm 
itaell capable of reproducing the e2;Per.bnental results more accuratel7 than 
wae previously possible. 

Since the writing ot this thea1a., a Tery pertinent induatr1al pl'Oblem 
baa came to the attention ot the author 1n vbioh the lattice cleaign baa 
proTri. 1ta eff'1o1eno7. In a certain engtneering proceaa, a nmber ot re-
oorcl1Dp are •de autamatioall7 tor eadluyt of production. The records are 
then measured b7 operators to c1etem.1ne 'Yllrious oomtanta relating to the 
quality ot the product. It was desired :t.o find out the Tariabil1t7 1n the 
results caused b7 the cl1ff'erenoe between operatora., and at the aeme t1me 
cleteimine a method of corrMt1on tor the d1tterenoe. A lattice cleeign has 
been set up vh1ch 1a 1clent1cal 1n structure 111th the preT1ous 1Uustrat1Te 
e:mmple whereb7 operationa take place of bloots, produoticn unita take the 



place of 'ftriet1ea, ancl repl1oate recoru on each unit are UHd tar the 
replloatione. 

Thus, the lattice 4ea1gn has found its ny into :ln4u.at17, and may 
soon r1shtl1' take 1te place '111th the control charts aaona the tools of 
the 1n4utrial atat1at1c1an. 
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smtfAB'f 

!'he pJ.'OCt.4un 1Dtl'o4uoed 'b7 Cornuh 4. eat1-.t1ng a a1utng ftl.u 
1n a latt1oe 4uifJD., bu 'bNn n:tenae4 here an4 11041f1e4 to 11JOl114e not 
only :lntra-bloolc ba:tomat1on, 'but alJlo 1Dter-bloolr: 1Dfol'Jlat1on u wll. 
!he aml.Jll1a of tlle lattice ae.1p. bu been pneen.te4 with ... a111pl11'1-
oat1cm appUoa'bl• to t.ba1 tn,e ot lattioeJ thwl, allowin8 a are mdtona 
4nelopif11Nl't tban bu appfMU'94 before. 

!I» 1Jlpl1oat1ana 1a tbe 1Sa1t wre em1ned :tor tbe UH of the II04-
1t1oat1on ot 1nta-blook eatation fomula, and it waa uowa that the 
tom VN4 .. an &PJl'OJl'iate praotioal tool. An aotml aper!Mnt waa 
aal.JN4, aere oe:rta!a plot. .wre oau14ere4 lliaatq, an4 1t ,.. abown 

tlat the a441.t1onal UM ot t.- !Dtff-blOck !afOlllation, u ff14enoM 'b7 
tbe .ufle4 tonmla, 'IIOl11.4 gl.Te a wh bettez- ..,, 1 : e'te of a a1N1Da 
ft.1.u than bu ._ l)ON1'bl• pJfftoul.7 ill ti. preNBCO of a1gn1f1oant 
1Dtez'-'blook ftl'i&Uoa. 

'1'he latt1oe wtcn bu tbua bee llde etabl• 1n ti. e'Nllt ot lou 
of arq :,lot ....iue. ft1a 4Ntp ha4. bee pJ'O'fD uetul 111 Sa4utr1al. a-
&l.1Ua, a4 1ta at1llt7 ..,- '11/,1'1 be p:roteotecl by a aon oaapl.-t. 1"NO'Nl7 
of a1aa1ng 111:tomatioa. 
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