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PREFACE

The thesis aims at utilizing latic squares in the design
and analysis of carry-over effects of treastments in block
experiments. It 3lso aius abt prepzring compubter programs for
the processizg of data in some of the <esigns presented in

the thesis.

The thesis is compozed of tarez parfts, the first of
which introduces gencral msathemitical approach for block
experimenis with estimators of parameters ic the linear
rodel adopted for these experiments 2nd bthe types of static—
ticel tests of linear hypotheses under ivvestigation. This
first part includes computer programs for computation of
estimaces and conlucting statistical tests. It also throws

lizht ca some aspecis of spellt experiaenss.

Yoreover, t.is first part is couposed of three chapters,
the first of waicn is concerned with a general nathematicel
aprroach to thc enclysis of tblock experiuments, the second
deals with properties and aethods cof desigring block
expzricents, ani t.c last cuoapter deals with spoilt

exneriments.

In the secoad part emphesis is pul oo two-way, three-

way and nultiple—-woy classified experimenbts. We introduce
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basis of designs sod metbods of anelysis.

Kew conbtribution in hyper cubic labin designs is also
introduced. The second part is composed of three chapters,
the first of which considers two-way clessified experiments,
the second three—wey, and the third multiple classifactory
designs. The author introduces some basis of designs of his
experiments and their metheds of analysis and tests of hypo-
theses invclved, Couwputer programs are 8ilso supplied in

this part.

Io the third part emphasis is being put on carry ovex
designs using lstin rauares. kethods of estimations of
carry over cffects are introduced as well as the statisbical

tests of hypotheses involving carry over effects.
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PART _ONE
THE DESTGN AXD ANALYSIS OF BLOCK EXPERTMENTS

1.1 Introducticn

4 block experiment is an experimen! whose purpose isg
50 est.mate tha effects of certain trscimects asppiied to
some material which ie gmuped into relsvively honogeneous
blocks., Ir the aozlysis of &he results of such experiments
cere must be Saket t0 susur: that dzerssse in verizbilisy
of resporse arisicz from %Hne grouping is reflected in Sha
treztment estinabze, fxperiments of this kirpd constibute
the majority of experients which sre gubject to statistical
sn2lrsing.

is three-fcld, First, it is

cr

Ths purpose of thLis par
insended to derive the cowmor forag of vnalyeis .f such
cxperinents using 22:riz methods. The systemetic use of
this condensed nocation enebles the comuon fecatures of as

22l as tne differezcos between the VeDloue 2uealysis used
t. be betier apprecicted. Is alse briangs ouv the essentisl
ginllerity of tos sasiysis for diff.reut ex_erimental
irrasgexerts,.

Tu2 second pulpose is so breparc tn« couphbauions
necessary in tnase anclysis in a form suitxble for use on

automnsic cslcula%izz machines. Such wechines, once given
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their insfructions, will be able $¢ ana.yss =my experimental
date chasiderably wore quickly than burm.o computers, &nd
with the added =zdvantage of relievicgz the Sedium of routine
calculaticn. However, before this is & practical possibility,
it is necessary to prepare ons s3% of iastmictions which
will ewable the wmachine jo snslyse 211 possible experinents.
Unless thie dis done She labour of devising afresh a set of
iastructions for zach individusl design wculd destroy ths
edv-atage of the use of such mechines ovar magual cgiculation.
The mstrix praccatstisn of the accepted methods of
enalysis leeds immediately to the pst -ern of caleculetion
wiich can form the basis of such a sas of instructions.
Obviousiy, the use of she Caleculeiing nachines may
Serve the purpos2 bus is far inferior &~ the use of an
elcebronic computer.
i.0y if the suzo of computation~i ok is grest, we
nave proposed a Fortrar progrems to raduce it end make i%
practicelly applicsbl: o b2 eancouniered in pracsical life.
The .28t function of this part is &¢ present She problem
of desizn. It ig widely recocnized th: : tha purpose of azy
exparimenat of chis kind is to estimate tin: effects of the
vre2tments as sccurately as possible.
It will algo b- shown nnw the problens of the 2ps.ysis
of gpoilt experizznts can be tackled ugin; the s2me basice

nottern of celc:lation.
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Macrix Notations Adopted

This section is deveoted to a brief sunmary of the
preperties of the principal mathematicsl Lools we sball use
io ths following chaptexrs. Readers who are familiar with
natrices are advised no% Lo omii tais section altogether,
2s although the results are all reasched by elementary means,
certain non-standard notations are iniroduced for convenience.

4 vector whose elemente are all units is denoted by
L. If the lengch (i.e. pumber of rows) of the vector re-
guires indication, this is placed ag a subscript in square
braczet, e.z. ;Ln}. & square matrix witt all off-diagonal
elements zero is called diagonal. If the diagoral elements
ar: arranged ag ¢ vechor X, thez tne diagieael matrix is

e . . A s e A
denoted by X~ and tiz inverse of this diegonal catrix is

. —~D
Gerobed br X 7.,
The 2sin problem arising in the Tollizwing cheonters is

the inversion o7 ceriain sSquare symmetric matrix, we have

(lo+ ab)":L = 16— 3(16+ bz) "t 5

Gui&  caa be proved by dirsct aulciplic=sion.
The extreme ccse wbeaia} is & column vectvor {and herce

b is a2 row vactor) is very useful., Ir this cage 16+ ba

5

reduces to a sczler ¢ad  the inversion csp be coimputed as

.
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an exemple. Suppose a =)1, b = 1* then if the vectors are

of length n then,

6

(16 + A1 l')nl 1" -1 ey

11

Matrices of this type comstantly occur sand we dofine theo

left-hand side of this equation as

gzn (7\);' ’l, then

Also, we must note that |zn(})| =1+ 0A
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CHAPTER ONE

l.2- AFALYSIS OF 3LOCK EXPERTLETLS

l.2.1- The genercl linear ses-up experimenbts and its analysig:

Suppose thet ar experiment gives rise to o observations,

we require to describe toe disvributiog from which these
car be resarded as = sample, we assume vhe following pro-
perties:-

i) the observaticus are uncorrelated with each other.

ii) they all tave equally variance <.

iii) their mean vsluescen be exprassed as knowo linear
compounds of # get of p parameters end p g n.
iv) no mesn can ¢ expressed 8s a8 lirear compound of less

than p other means.

Suppose we heve a veator J denotes the observations
and that @ is thes vschor foraed fror the parameters.

Then th¢ linear s-t-up is siven by Ge eguetions

() = 2 8, V() = 52 1°

where{a} is n x p mebtrix of rack p, of known coefficients in
the various linear coupounds denoted by the design mstrix,

and 52 is the variance of <oy individual obscrvetion.

The furdasnental result for the wiols thocry of design of
experinents as developed here is the Guuss-ilarkoff theorea,

t'is statoes trat -
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¥ the unbiased lincar estimaite of ninimum variance
of any parcmebter 1s thst given by the method of

least squares".

This result is sc well koowe that its proof will not be

produced here, the explicit expressiocu Tor the best estimabe

-~

¢f 9 is dezoted :y @, and

6 =(a'2)" a'y

Supposc we write

=86 + € 4 FPaiing the expectation for both

F4

sides then E (€) = o

-~

¢ = (arm)" Lot o (ara) lar(oe 4+ €)

, -1 ~1
= (ety) “(a'a) 8 + (273} ale
- -1 -
=g+ ('a) a'<
then
) ~
(g =8 , ..:-26 ¢ 1s an uublesed estlante for 6.
~ il
5180, 9 - & = (2'2) " a'€ , ; - a g =¢
N - - e} g £ -
Vi = Bq{gr (-8 &' - s{ceg?) =17 5%,

Jhus btoe vazolmico m8brix of bte escivatesol parenetar

veeter g which Ioror tho centre of Iabruest in Gie design of
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