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1. ROLL: OF STATISTICS IN RESEARCH

: o ination i-¢ critical ;
Research according Lo Websler 18 seyydious inguiry or exam Ang

4 , : discovery ol new faeg .
exhgusiive invesiigation or expromentalion having for its aim e J g

their cor ol interpretation”.
I ims al i
i 5 ' |y discay i
o lzvising accepted conclusions, theories of |aws in the light of new]) ered facts,

+  Continued search for kninwledge and understancing f. the reasons lor and (e
Therefore research s an inguiry int the mature ©%, o 1

consequences of any particular sel of ClrcumSlances. whether these Circumstances arc

experimentally controlled or recorded just as the occur.

1.1, SCIENTIFIC METHOD
It 13 & pursuit to achieve a svslemans inlerrelation of facts, through expenmentation,
observation and logizal arpuments from accepted posiulates, and a combination ol these thre:

in varying propartions, Thus research and scientific method are closely related. if not one and

the same Lthing.

Statistics supplies a ki of 1ools that can be extremely valuable in research, The

course will present these tools and methods of how, when and why to apply theze would b
discussed. For a research workey there is a lot to offer in stalistics and an mtelligent research

warker 1> alwavs making use of siatislics in planning. analyzing and interpreting the result
of research.

The word statistics is used in @ variety of differem wavs, When used in singular sense

it 15 synonymous with data. When used a5 0 plural to word statstic it refers (o quantitie?
calculated from sample obeervations. Alsp

in singuiar sense Statistics is a science whic
deals with:

* Collecting and summarizing datg

» Desipning experiments and surveys

o Measunng the magnitude of varision in both experimental and survey data
Cslimating population paramelers ; ; B : .

i 3 1 5 And Dm%"lljlﬂg VATIOUE - ralh

i s E THIEA g actcy
and precision of these eslimales sures of th
e Testing hypothezes phowt popilatons and

e Suuying relationships among two or more variah|ee
In short stanstics and research go hand in hand q PUrsuit of new

knowledgs.
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1.2, TYI'ES OF REASONING

1.2.1. DEDUCTIVE

I s the determination of the consequences involved m a set ol prenmises cannal
] 3 . + 1 L . n
thereforz 1sell add 1o knowledge of natural phenomena but can be used 10 aid the cerificano

of theories based on a sel of premises.

1.2.2. INDUCTIVE

i ' al sions fr anticul
It is the process of generalizanon, of diawing general conclisions rom 3 paric

' ' ' moyt which we mak termenls
sel of mstances being a fair sample of the population about Which we make Statem

Induction results lack certaimty and contmn an element of ermar or probable ness.

i ' ' a5is lnctive
The theory of stalistics which is entirely deductive prosides the basis of mdt

inference/process.

ylalISLCS | ientif T 10N lv descnption.
Role of Statstics in the scientific method uses _Lh.rn: funclions, namet’ Vﬂerm

analyses and prediction.
N

' " data, ¢ Pl n
Description deals wilh the reduction in the mass of datz, c.p. ages of il peaple

= ] =T ! i [ F
Pakistan 10  small set of numbers as passible. 1L may be deductive if the data is for the whol

population or inductive if the data is collected fvon: only part of the populahion.

N . i of
Wlen we are dealing with samples and using inauction then we are more 1n need

analyses. We want 0 make comparisans of populations on the basis of information collecled

from samples drawn independently. We want to estimaie the charactenstics of the samples
| ]

and this reguires use of analysis.

' 51 ' 5. %0 we see there 15 a strong link ’
Description and analysis help to make prediclion g ‘,-

between all three functions of statistics and we nead L0 wnderstand this linkage 1o make use of

iL.

1.3 APILICATIONS OF STATISTICS IN RESEARCH

« Imoroved analylical tools 1n sgniculiral and biological sciences
L h g n . : % i o o
. Aulrnn::rrnisls conduct endless number ol experiments lo determine dif ferences amonz
iclds of various crop vaneties, effects of fertilizers und best methods ol cultivation
VICIC S ;

g1 tor better yields for higher productivily,

. 3 hr’:td!n % E.ﬂETﬂﬂJ bl’l:,l.‘_.[h"ﬂ_ - - d t i F '
] '|.-

5l M zhes of eng -ever far ail laboratory
i i aty branches of enginesnng. Howey
ich a5 chemistry, physics and \
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_ ; v of rescarch. Evon ihe chan
experinu s e apphicati o Sulistcs improves quaity Lt vl

culle naes weishiod averags weiphls ol the namie weigls
elemenis showing the atumii: weighls naes Weignled vt F '

15 = I . 1rs L] s
ol the « Gvidial asnlepes oi e gIven element, Lhe weights boing e licguency gf

R — e,
aceurre . of the elements e a norinal o natoral v occuring il

[} 3
R " ields line nescorology an
o st applicaong are nov melvs very common 1m it BY an

. Dt qsed Far lareeasis 17 given salisticul treatment cefors ot can be usgy
Lo forerasiing wenlhe:.
o Siistics is now plavma an amporint rale in engineering like study o Dieat transfey
augh nsuisting nmeerialfunils iume, performance  puaranice lesiing Programs,
production contiol, and iventory contml, standardization of filz an« loierances of
kchine paris,

o Aericuloral engineermg cnmbines (e practices of engmeering and agriculiore.
sealistics belp evaluatmg the performance of machines an different seiting,

o Sowial geiences have also wide applications of stisues. Sorvey methods are psed to
cvsnate public opimen or behavier e dilferent policies of the Ciovernment, In
< cespmnies statisteal applications are alnost indispensahile

e ool statistics has been used 1o identily criminals through DN A lesting to help lav

e order authonbes o the area ol criminology,

This can be an unznding Jist, Some other areas of unportance are pubhe heall
stdies, caidemiology. demorraphy. iological assay, psyehnlngv, edueation, sociology aml
vanous weas of home econmmes.

The sulyect matier of statistical applications is nol only conflined 1o v ientifiz world
bt has opplicalions e ols 1o

o IS teen nsed o awd i deermiing the: anthorship of eertain snapnscipts

ahilvzing the length of senlences

v Scdhentieny of panings has glso heen valabliziicd by analyzing (he Sreguency o

Il ghpnkes
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2. INTRODUCTION

2.1, SOME USEFUL DEFINITIONS
Vo AN Experiment 15 planned ingjuiry W discover new lacls, orio continn «r deny T

reaills of previous investigalions,

X A Ireatment 1% u procedure whose effect on the E;;]]ﬂ'”“en[.u.l maerial 15 W he
Magsi3ured,

3. A particular cluss of related reauments 15 often calied fooroi

4. The siates of a factor, ie., the wrewtments within the class, are called the fevels of e

{ o

30 A Experimenial Unif (2L 18 (he piece of experimental material @ which one triai of
a single experimeant 15 appliel.

6. A sampling unit 15 that fractuon of the experimentyl ami @n which the =heet of he
HEibment 15 measue )

7. A soup of homogenous expermental units 5 called a flock

5. AR f'lfl-:.'.r'irm'm:r! :]'-E“.‘ifL_'" 15 5ioser of mles |1j.' whioh the Lrealmenls o 7w WSSO0 itn
e1{enment arc assigned 1o the e perimanlal unis.

O |7 irestments are assigned 1o set of umits imosuch o way that every v is equalls
likely o receive any treatment, he assignmmenl v ik Lo be rarder,

10, When a teaiment appears more than ance 1 an eaperiment. the tresic -t is ssid Lo

ne replicared.

i | [ ay K I .
11, Eanerimental ervor is the variulsm amont epenmental units, which have heen
o

trepted alike, _
Varalinn comes fromm two main SOUICes, Fyrstly there s tne mherent varidlniny thit exists
drls

: wre arslied Secomd. there s the vanaton.
in the experimental matenal 10 which, treutments are uppilied. Second, |

, el comelue 3 sl
which 1e<ults from any lack in uniformity on the phy sicil wancluct of the expering

¢ (AR TERERA L im Ll e anid
One uf the major goals of a sound research provedure is 10 educe EANERING L e
& Lh i ; I
P Y i TR i.-'l— 4,
thus increyse precision. Experimental errarcii b recuced 1 e Tollowing wis
v Blocking
Increase the number of replicakn

¢ Vroper use of efficient stulislical desika

4
Scanned by CamScanner

Scanned by CamScanner



. E'nnc'nrnnzml-.'w.ll'lt

ayial NS
v Sipe and shigpy n{'-'!"-l't'|”m‘”'IIIL

EXPERIMENT

i 5l1|-h a Wwa

2.2 MEANING OF DESIGN OF AR

thal the snformation Wnat winld b
3 v ih

[* " 1 |-|._-.-I.|-I-I-II:||-|l ¥

I 1= the planmng of an S8

Therefore. design of an experimey,
collected i relevant tn the probic w0

yre that the appropriate data will b

der mvestigatar

parl of o ens
15 complele sequence af sieps lahen ane B D e

. inferences with Tegard 1,
- ea g valid inle ]
oliained i a wiy that aliows an alyective annljcs--‘- leading 10V

1he set hypatheses

2.3, StAtisTic Al DESIGN RN T S
A etistical desien 15 @ s af slatisucni Tules for allocaling =

experimentil unilsiplots w ihe grven numper of ireatments.

2.4, Firemoms 0F A STATISTICAL DESIGR %
1. lv=emtanele  freatmcn dilferencesivniation  [Tom variation/differ=nces amonge
¢+ rorimenial unitsipleds: sy i separate whest from chall.
31 provide unhigsed estiinates of teaiment differences,
3 (eleasure wincertanty it the esumates of teament differences 1n termes of Standand

Lieviation (505, Standmd Error ol estimales (SE) etc

4 5 BaSIC PRINCIPLES OF STATISTICALLY SOUND DESIGH
|. Replication of realmens

7 Randomization of 1reaiments

1, Local control of vanauon among expenimental upils

2.5.1. REPLICATION

i i the number of distine non-overlapping expenmental units assigned 1 o
treatmenis. Mo expenment should be comducted withour complying with this basic pﬁrrtIT'“
This is the mast important ingredient of an experimen

prli:auhn 15 musl a5 11 helps 1o

I. FEstimate expenimentol error

WAL }ﬁ't{, 1€ LI €3t UL L mf, oL ddtic St
we ey { ! ' - L FElpen
"i_ g A e, Vet

i ﬂ.l'!'lr!llf {';I'ﬂ' i
o Y, i Casle % - i
i F el X \ealies T‘H‘f g . f et €y gty Litduact |
arable st eltd co.. ie ks i o contiz
22 et . : t-.,w,i!'
- O e
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5 :
= Lipve ; . ERY
Brecise estimates of treaiment eflects oS anv elfects due 10 uncamrnlled laciorns
ALY o . o the
. Q CXPEnmenty] CITor and |:||-||}r_ trealment effecis remain o Lhe eslimdies of the

L meng Eir'{-.mf
NOTEN A1 1o

LATH [T e .
Hiuple obsergiony laser: fromm une experimentul urit only o OV cemdm o

mlervy® o= P S 2
"= nolreplications. These do nay provide o validl estimate of experiseental erroc. b

mulliple shservations ure 1nken | :
SHIF Servalons are taken from differen purts of expennmental wnit they are called

samples 2 their varation 1esulls o sampline zfly

2.5.0.7. How MANY REPLICATIONS

Phe number of replicauons in an experumsnl depends upin

1. HL‘SCI-U rees dyvailahble {T]'IIE often dominanes G'-'EJ"\"."I'I"IL'. el

12

Miagnitude of experimental ero;

3. Sigeof treatment diffcrences whizh i bialoricalty LpaTinL.

i

& small difference 1o be desected reguires more replicalions than a large dillerence.

Howe caow Coeflicient of Yanaooo (0% and Stamdiond S ol Meas (30 <00 from smmne
previons cxperiment of & similar type we ¢ use e relatonshigy W get wn - iea aboul the
numhbei ] replications for & new experiment which is plunned

It oo sech nformation exists then we should vse the principle thut wt lew. -5 degrees
of [reedor are available for estimating o, Tlis means il crror degress o soedom in any

case sl d not be less than 10, Thes gives someinng hile the tollowimg for ree anes

Nu, of Treatments 1 4 &5 n

I L]
| T —_—
No. of Replicates | 1015 64 4-0 45

NOTE:-..5 a rough estimate use us many number of replication for which covor degree of

freadom: ix not less than & and number of renlication ior which emor degie of recdon

) . ertrree: 1 Case of later SHuabins 1Ty T aak! s0ne Abikc
greate: wan 20 is wastape of resources. |

restmeats o other factors 1o have mare heneficial st of the resuurees. This s like askiny
2 ] chails

MOre g s LoNS.
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a g7 RANDURMIZATION N
P v thiat each unit has

e allocation af reaments o the experimental unis in such a wiy
rhe i :

| change of TeCemving Ay treatment 15 called randomizabion

an e .
pegew gy (i ocder to ehpmnate any personal bias i the allocation

| fandomization s o
o prealments 1o the experimeribi LTS
v f_i;r'lE:EI'I'IEI'Illﬂ unitiples

v pypery reatment 2¢18 the s e chanee to g [ an

257 ). WHY RANDOMIZE”

| Peovalidate stanstical analvais islalistical reas
sumates of treatment differences (Scienti
e wilh anv Systematic pallem

aning: [ndependence of enursi

fic reason).
3 Topolect agmnst hias i e

Al rareCrmee Al rEatment 5|'H-!J|I'_| nol 1|'|[E'I'I|:i-|'|:||.ﬂ”_':-' C'D['I'Ih'll'l
reatment differences.

-

among orsumis o produce svstemalic ro t

Fxamief | o
Lxperimental Units | 1 1 4 5 6 7 B

— | —
Variely A B A B A E A B

Luppose there i3 o fentility wend among experimental umts from kel v nght. Then §

alwavs fall m oo relatively less fenile land #s compared to A, therefore, B is
disadvaniageous postion alopether. It is very rare that randomization will resulis in gk

ahave systematic allncatin. Watehful eves can even sometimes detect a bad randomizatie

and g lor randomizing onge more

EXAMPLL
Ten measurements each are taken on two machines for checkine their speed ¢

making a compheated caleulation. First 10 measurements are taken of machime A and the

10 measurements are takes an machine B, S”FT’DE[‘- that the operalor taking measuremes
m = _ =
akes less errors and 1s be oming expert with every measurement taking operation, The

one machine is at diendvane:
machine is at dismivanage as compared to the other sn bias creeps in the tre
: i ;Hﬂﬂ

esLimales
Therefore. we must randomize except when there are compelling practical
ical reast®

I B Fr”.?.l- e -
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i y [ 1 i § ' .
. CONTROE , ploching it BHOUMNE OF Expermenty) gy
: 3 LOCAL | paluncite: T s
- L] . X
= 5 10 £ | destan The purpuse o local control =10 myke ()
[y rele grishicdl B *
Ltl®
(gd » ey fest DL SIEOC wnce ;
joved ihe 34T frcient |1 mvahes Gt} ek = =+ TS Sensilive or ey
o il L W P L 4 a
C eepa M dirce ey ul SENsHvIy g I ene
pypenimentd gete Tiis INEIFSE i el UTPIWET 08 o5 hegyyy
erful. st tde o The estiimate of expe
- miore o (e MBS ; ERPennengy)
edire T i racduce | : L8 1147}
prts ocal pntral Wik 7
: = b
proper |
q{“i S T . s < =
e {‘.F!,i‘.IUF'- et 0l homegenous expenmental umts jmin NOMILeRDLy.

Y [ aLl|‘||L'-.'ll::-.J 1 |J|r'[.;_'1en|_ Lt e, Thiste

ExaMelk i} company io invesligalng lhe comparative ehects of Ihee PIoposes
4 pharmaceulic ; .
P B Experiment 15 oy be conducted on rats by ingecung compound
L .':'L. ' an i
compounds |

e g biter consistimp of 11 rats avarlabie fur this expenment. We
pina reactian. We nave d

1ecd

s and mject compinnds A, B, and C. The thiee groups
' (o iree groups il
randoml e 2sSIEN LS

1 4 amd 3. The compounds A. T8, and O arc given 1o gronps Gy, Gaoand G
have tal> 1 ot

respecinel

25.3.2, BLOCKING |
/ This means zllocation of the expenmental unils 1 such a way that the amis within @

hhock are relatively homogenous, while blocks may difter trony ine anathe:. " hat 15, usane
ihe reszarcher's prior knowledge about the expenmental umts of expenment siuaon. He

uses this knowledge 10 control variation and comes up with a more efhicient ""'ﬂ'”",/

Exameir e
Let us assume that 12 rats are available and pedigree shows that & are from HLLer A,

: : : ~will
from liver Y and 3 from liver Z. Since it mav well be expected that rais in the sune lier w1

- : sstics ). It

pertorm more nearly alike than rates from different liters (due to inhented characlen
i e from linier

would secm nawral to form three blocks. The first block would contiin the G LS 0

A gy it the 3 rass

e sicond would contain the 3 rais fram litter Y, and the third would €

' ; . ibeoryy 10 the FLS

: _ _ arane & AL
Within blacks. Since each rat i subjected to only cne (reatment. the block cunkuniis

g
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Gl T st spEIRE trealmeEnt L : !‘-:I:I"F treatiment IE‘ nnd: -

nojnubted|y end LAV : Cing
ur 1l have single rats seeing each treatment
"5 L -

wiu Id

eEnl "~ The other [wd plocks Wi .
- gt there are thiee hlocks buteach ireatment 13 repeaic: 4 tmes ¢,
2 ere that 1 : 1 M
Voo cal e it ; .
; licares are the sam
| ympaortant B nole that hlocks and repli e

o o g2y ATEL ITTHERTEA

ploas N Lk

a ¢ 77 BALANCING ,
- o hpaimng ol the expermentl unils. the BroUpIng. the “ocking, r,
- nis will mean ohiutmiy - 5

This il pxperimental umis i such a wav tho 5 hﬂlan.;.:,:
i At 184

al (reatments _ H |
ave little or an balance. partial halance, appToximate bajgy,,

(he assigunent

gqran results, We may n

config
or complste alance i Aty particular design
: ks guch thal:
Lsines for grouping P""“":-‘l"'?”mml"’l it into hlocks

Imporial

s

Ciots within o hlack are s like s pissible,

Nars i difierent blecks Gre
I.
fi e bl k. Ciond ]'Ili'IEE In El'l-l“h-ﬂr lalece.

ns different as possiblc.
=

+ iladplots
Fach tremiment gets cach hind of plo.
» Tgtimates ol tremment cilferences @ic e accurate hecause the svsiemay-

vanation between hlocks is removed from these estimales

The expennmental ermor now remaining consists of plot to plor vadiation with

-
wlocks which due 1o randomizaion of teatments to plots withie block, i
effectivelv random in magmitude and directinn,

#  The magnitude of this experimental error 15 smaller than what it would have heen

o the absence of bMucking, provided hlocking has heen properly and cffectively
implemenied
» Treatments are compared under  more nearly equal condihons  because
cumpansons are made within blocks of uniform units,
e lr: wan somelmes increase the information from an experiment. Blochks need not
W placed | :
Placed at the same location or run g (he Sime time. By placine blocks

lifferent location
alons, for example, a wi )
b i |dET '||-':1|"|r11|| nr P L
i ; o ondition 1N he Jed!
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; 2.6 SUMMARY
In & byoader sense I
e ol which 15 ¥

eapenmentatil ks Place stch thal we have o number

plied 10 puch experimental umt Wy observe the

£ e usual

difterent I ~alments, ¢
pent ove

ent, Qur mdil
Cpce the rediments, e expenmentl wins, and o

¢ a penod o e andd measure e response s decided begore

response (4 edch ngatl

; t:' PO
1 |_I| ll'"_- &x |‘1Ll‘| im

(he stad
an amiong units-

uncontrolled varat |
e been decided (1€ principal requirement af the expen - am gre:

patre o ahservalions hav

Expenmental umis receiving diflerent gments should difler in no systemat
- : i = | i

vy from one anather.

v paperimental emmer cnould be rasonably smill and this should be w:neved with

45 few units as possible i order 1o reduce the cost of the expenment.

The conclusions should have wide range of validiy
w e resulls should be achieved witl the sinplest possible design with desired

precision
» & proper statistical analysis of the duta should be possible withoul making an

pnrealistic AssUMpLONS,

We sdhere to the principles of expenmental desipn as our ohjective 15 10 Increass
accuracy in conducting an experiment, either 10 reduce the width of the snterval estimaies of
o decreare the size of the dJifferences for sigmficance. We get increased accuracy as the
standard error of a treatment mean, Sy, OBCTEASEs There are a number of wiys we can
INCTEASE PLOUTACY:

» increase the size of the experiment by mcrensing replications 07 v includimg
more trealments, We should be careful as this can also be geli Uefeaung

increasing the size may resull in helerngeneous experimental unit:
qelonal treatment glructure

, cun help 10

» Proper selection of ireatments may lead to wse of f

which had a feature of hidden replication [or some companisans. T

imprave the precisicn and stability of the esnmares.

Scanned by CamScanner

Scanned by CamScanner



et hamogeneous hlocks 15

» (Groumne the expromnen il un
anon ahou

techmigue and st De used where priot iplorm

experimental umits 15 avalahie
. W

rechngue 15 also useful method of 1mpr¢

Refinement of the I€

expenmen
arable where availi

Neasure on a concodntlant ¥
the gxperiments.

of covarance o unprove the aecuracy of

(nice the expenment has been completed, the data obt

a well establishey

[ the tye and nature gf

ing accuracy of the

ahle can he used through analyss

qined are subjected o g

ic wav of pam'lmm'ng the total

systemal

[‘l-l'm:l.‘:mlll" called :mllu:h of vanance. This 15 a
i - —— .,.-—I—-—-_.___--_ :
vanation into components each of which 15 aqmcmmd wllh souIce of variation. One of the
treated alike

—— __'___-_-..__.—_|—--'I-
importan! sources of variation 15 the varianon among the expenimental units

This is 1 measure of experimental error which pr
significance tests and unless this is available there 15 no use of doing expenments

ovides the basis for inlerval esumales and
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! ault
.:I 1 g - i X .. I:,\I ; II-.I"ILII-J
¢ - STRATEGIES-DESIGN OF EXPERIMETN i the s<1€M
Ll LIVEI 15 4 chiech lial il |_'||,||;':q'!_|.l|'::."l-.-l;'l.ll-~ _Ir“| i II_,..,r-|||-..
himsell 1o become a good designer of expet!!
- ent an Lng
) . pxpentm
A1 STATING THE OBIECTIVES rectives sl the EXT
I Have vou stated clearly and pxplictity 10 il .
S myent can de
reasans for undertaking i1’ T e expenm
2. Have vou wrunsluted these obyjectives eIV ey UEETE
enpecied 1o answer !’
RENCES ARETO I MADE
3.2. DEFINING THE POPULATION ABOUT WHICH |KFERL:

Jiing Lo ke

o ure scekiIng
B e | B L LY HiL%

L. Wave you defmed carefully the populauor oyt which 2

r , pae _|_:Il' . | '-l
interences from the results of the expenmen o |
L sl detmed populatiot

genlalve ol L |
e aimals, s l.

2. lsthe site ar location af the expesiment e

L B > .:]'.{”I. c'r"
3. 15 the B:‘.Pﬂﬂmﬂnlu[ material 1o be used 1m {h {:'i.l"'-.l' T

water, elc., representative of the defined pepulation .

3.3, SFLECTION OF EXPERIMENTAL TREATHENTS

ufliciently precist
1. Vave the experimental treaiments beei defimed sufliciently preuis
peal the expenment.

Iv for them o be

wpplied correctly by the experimenter ti by Those wishing Lo T8
and are they reahistic”

2 If the “treatments’ consist of species. vanelics, O SIGLNS of organisms, ure they
representative of some defined population of organisms”

3 Cam the experimental lrealmends be expressed i "factors”. that 15 us groups of
peatments 2t two of more fevels?

4 If so. can all combinations of fuctors be achieved and are these combinations
pealistic’

5. |s the number of levels within each factor restricted 1o two or three”

6. 1i not, is there any real advaniage in using mote than three Jevels 10 determine the
shape of the response curve”

7. Dathe levels of any cne factor chunge by 4 constunt amount or in a constant ratin”

8. 1 nal, is there a good reason for deprting from hinear relutionships or relationships

which can be made linear by an appropnate wansionnaton”
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i dk
e Mk o by
it e gomet ol thase combinan e ethips . a:l.,“"
i e | I SEQueniy|p,
: I clene R LIHER ;
 paturdl? drinest COnTel Trewment e, shauld |
Il |- e - ¢ ||'|-._'|-|g|_-|[-"| in
it by
crenmet
E*
- o w1 Bz
b IJ| [ :‘Iill:.l ""xl £ ' eI [l 1- I'l |
14. e [ the expenmcnt delmed by the nayre o the i
s 11 o LY Ly ”:1.,__| i
I IJ'l L1 :'|, m1f"r
L
, Jere I-\.||..'I
- mosed plot siIze enahlz the treaimenys
4 gt wilk TE e M | o

. i y hrd i'“l:.J ..:|”‘||'I|| 1|'=-
R 'I'I:':H fk |-|- ||..I “lﬂ.'ll.:ll'
L - r

= ol T L nature al the ex - :
i '|'-|-J| el define l i MEnmen |y matertal or hrillﬁl:n['ér'

: lIIIL “Ill II."" ]-||'|:1|'I,'If-|l.-'l.| |.>|I|] "2||.".|‘-C‘ |:|'I:'||.:|f ””: !1'I:E1IITICHH 11_'I hE ﬂl."rl‘llflf‘ :|_r|“.| a”';“." 1|“F

Joiredd qecnrds o he e .
3 Arc the r1.pen:m"-al:-,l plots al!t of the same size and Shape !
¢ 1w, me you pware of the problems that may be encountered during e anabveis g

the resulis of the experiment?

2 s there likelv 1o he nteraction hetween the individual plots of the expersaent’!

& (o this competition be reduced by increasing the space hetween plots v surmu e
cachiplet by o buffer zonc

g, A the plois of the expenmenl of the smallest size consistenl with the oty

ponelraints”

13 NUMRER OF REPLICATIONS
1. Dovvow have any preliminary estimares of the precision likely o be achicved by ihe

eeneriment (expressed v o eoefMicient of variatan, for example)”

I

I 4t possible to conduct  pilm experiment to determine the coefficien: of variab

kel 10 be encounered. und to tesl the experimental procedures”

Hivz g o ;
Yo deermined the size of the difference between treatment means which wr

Wil e i : ;
"2 # of practical impartance, if such a difference were 10 exist”
1, HiI'I.'E Wil i
FH tewiated the number af rephications that would be necessary 1o maich the
870 0l the dify
t-l - 3 1 . 4 e
£nees likely 1o be devected as significant with the size of differences

v TR ag g Al

actical imppmgnee”
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I =

”Jn.

36 Layout OF THE LEXPERIMENT

OV Y where n = number of pephications and 5= standard crmn o mean
e n = :

5 [n the conruls need 10 e Coor ess lreguentiy et e RRE
fuce preuier ernjiisis mn [T COT T AT

rephcaled  ma

(rsgments. i order i

{the exporiment of the experimental matenal i

I 1y 1t possihle Lo divide the site v
ks withitn each of which there will big less varaton Than over the experimeant as

hioc
wihiatle”

v e e size of these blucks sulliciently lurge 1o contan al least one piol of eact
ireatment and contrals”

1 Jigve wvou considered lhe advantages ol robustness and ease of o -alvsis ol o
randomized block design”

4 1i e blocks are ol large enough Lo contun b feast une plot ol each ealment !
cortrols, 15 there same way of aliocaney i realmedil replicanon: S0 that B
Herlant COMmparnsons e estimniited with the preatesl precisiun’

51 e treatmen! comparisung are el orthoeonal do you know how (ke data can be
annbvzed, and will that analysis answer the questions the expenment J designed te
!r -_-\.'l_'la'

6 Are there any regular trends across the expermental sile of material? 1 sw, Wi thesy
pends in one or both dircctions !

9 Heve vou considered the use of row and column designs 1o remove e sects af one
o P way trends

: . 0

§ 1= there likely to be any advantage m the use of i spli plot design

9 11 o are the treatments apphed 1o the sub-plots the ones for whici lhe greatest
precision is reguired”

10. W il confounding of treatment fuctors or interacions with block differc:ves improve
lire efficiency of the design”

[1. Hve you planned to use the blocks ol the expenments 1o absorb as mus L as possibie

o the extranevus variation in the execution and conduct of the expenimzi.

12. Is il possible that plots may be lost thruugh accidents or mishaps™

13, 11 5, does your choice of experimental luvout allow for a meaningtul imiempretation of

the iesults?
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1.7. RANDOMIZATION

M

{ the experiment by g,
Have the treatments and contrels been allocaled 10 the |'||'L':'[5 0 b LY ap

explicit randomizing procedure - F.
W Jompzatien €40 ittt for each block or Tow of the cxnenment
1% 3 separate randonies !
ik h T e rammmizaten camecily ﬂpphﬁd
Youere the cunstr |
¢ re-randomize any part of the allocation of weatments gny
I rcmrncu

Were you o .
apparently unforiunate comeidences

g hecatls of

controls W ple o . | .
knnwledze of varation n the site or expenimental materiy

' m
If 50, o vou hOYE £
oi been incorporated mi the design of the expenment”
which has 0

plan xis showing the allocation of the treatments and Contrals to (je
[oes @ ek

individual plois:

1.8 RECORDING OF RESULTS
1

L

Mues cach plot of the expeniment have a clear number or designation, linking o
ungmbigucusly to the plan of the experiment”

have vou delned the ume intervals at which assessments of the experimental résuli
are 10 he made”

hiave you defined the vanables ar attributes 1o be counted or measured at eqch

assessment”

Il 5o, are the measurements meaningful and relevant to the obisclives of Lhe

experiment”

Are any of the assessments 10 he made from samples of the experimental plot rathe

“han from the whole plot”
If 50, has the efficiency of the sampling been tested”

Are any of the assessments to be used as covariates (g correct for unavoidable bu
measurable differences between the plot?

If so, will these assessments need to be made be fore any of the experimens

'reatments are apphied, or can take any effect?

Have you planned 1o use the blocks or rows of the experiment to absorh

Lnw 1ation 1 '
anted variation in assessment, e.g. different observers, assessments on differsn
days or at different times of the dav?
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[, ficve you dgﬁ,igngd a record form which will ensure that all USSCEAINCNS e cumplely
and are recorded agamst the correct ploc”

11. Have the ass€ssors been trained te measure and cound the vanables or attributes

efiicicntly and accurately

12, 1s there space on the record forms lur observalims o be recorded o unexpeeied

changes or eftecls. and have the assessors been encouraped Lo louk for L se ellects”

3.9, PLANNING FOR ANALYSIS
1. Have the hypotheses 10 be tested m the unalysts ol the results ol the eaperiment. and

their allernatives, been defined  prion”

Are these tests eapressed, as far as possible, as null hypotheses”

-2

1. Have any special contrasis o be tested or estimuted i the analysis heen defined in
auvance of a first mspection of the resulis of the expeniment™

4. 13 you understand the methods of analysis it will need 1o be used for this
esperiment and made arrangements for the computations 10 be done 01 LOmpUier, 01
eraawhere !

5. i aof, have you obtained advice from a qualihed siatstician on 1 analysis and

jierpretation of the resulis, preferably before starung on Lhe evperne::

310, THE FINAL (AND MOST IMPORTANT] QUESTION
1. il you are in doubl aboul the purpose of any of the questions m tins chechhist, should

vt not obtain some advice from @ stalistictan with expenence of vour heid o

rescarch before continuing with the experiment”

[ There is usuallv litle that a statisieran can do to help vow once vou
lave commitied vourself to a particular experimental design
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g _ FURMULATION OF QUESTIONS 43 | FPOTHESIS
E & # As clzarly a8 possible even if not ag precise as a statistical hypothesis
= N g
® 0 ! =
% O _ _ Statistical e
3%
.w. = FORMULATION IN TERAS F A SUBJECT MATTER MODEL _U Nean-sta
= Listing of all the factors thar may influence the outcome sieps
2 = of the experiment (ireatment Lictors, clussification factors)
B S -
e e
= B TRANSLATION INTO A STATISTICAL MODEL : 2
Lincarinon-Yineas model, Transformations. DEVELOPMENT OF THE 5TA .-..B.ﬁﬁ;h EE.EE._E......E
H Variance components, Covarance COmMponent: m:F.-nE..._.E_ &nmpm? Prewtment design, observation
f..._.._.um_:,... of assummians (=Sumpling) design
..... ___ et RSy oy e T e i .____
“_ FERFORKMANCE OF EXPERLY F_.._...,.;._
L] o .
\ / )
= - ; ) COLLECTION OF DATA
= _ STATISTICAL ANALYSIS ._..
ﬂt m = - H
= - |
El= - *
BE ﬁ INTERPRET AT 100N 0F amE.E.m_
= —_—
Z: L
P&
1]

L’ FORMULATIHIN (1 NEW ___Q___..E.:__..v.m.__.l_

o
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4. EUh!FLETEL‘!' R ANDOMIZED DESICG

4.1, INTRODUCTIO

Conpleteh Randomzed Design 15 i UESIER mlwhicl the teamnvents die dssigned o
e E\F’f“mf““" umis compleiely al random. thas 18 e rundonisatan s don wtoul an
st The design 18 completely ewble, 1 e mummber il treativents and ol

calions iy b usEs. Moreover, the number o paplicatiens lon e freanmenl needs my!

1o be equal. A CoMPLETELY RANDUMLIED DESGR 15 comsidered o e el uselul

repl

TR RIS w e,

» Tne expenmental gnita/matenel is homagereols
» The expenments are small such as laborato v expennients

% Some expenimental unis are Tikely 1o be destroyed ar fal L0 rEspone |

4 1.1. ADVANTAGES OF COMPLETELY RANDOMIZED TIESIGH

F The design 15 completely leaible, 2., ank number of r2ulments and of replications

may be used. Moreover, the number of replicanons lor any sreatment nesds put to he

eyl

» It pives maximum degrees of frecdom [ur emvor sum of SqUares & compared with 1he

other designs for the same siuation. ;
w The design 15 very simple and 15 easily Lusied ol
v The statistical analysis 15 very simple bath for equal and unegui number of

rephications.
I the data from some gxperimental wuts 15 TOISSIME, i does not comphicate the

e

gnalysis. The missing observations can he discarded w thaut affecting the resulis of

e experiment and efficiency of this design is not severely affecied.

417, DISADVANTAGES OF COMPLETELY RANDOMIZED DESIGN
The design is applicable only 02 small number of trealments.

Fd
% The design is applicable only 1o homogenenus eXpen mentil material

% 1l the experimental umits are nol hOMOEENEQUS. then the use of this desipn gives the

large expenmental eror as compared 1o some other designs, wnich use the

Scanned by CamScanner

Scanned by CamScanner



.« hlacks and alumatcly reduce 1y CRPETImEn

emopenenus expermental ks

.L.I.ll. H ¢ ! Lk L gl
nt amonge e eXPorimes)

ilpey ol enlErme the whale of the vanation E
1:2TC 15 r'|1-'~:-'|l|1l LA -RLE iy

’ he jandomization 15 Aol resticle.

amentd ervor, as ng
ads o the gxpennentd CrEn,

et [T ff
A

4.7 ITERPRETATION [ THE BESULTS OF ANOV A

4.7 1. INSIGNIFICANT F-RATIDHR TREATMENTS e o det
Insignificant F test for treatel inlicate the farlure @

al. in anv way, prove that

nces. based on the insigmbicant Fieg

all the mement are the

differcice among Healments It chwesn

aifure 10 detect Leatment difiere
small or no reatment differences o a very lany

msignificant. the re wzrcher should

same. because the |

could be the result of pither v
expersiiznlal emor, of hoth Thus, whenever the F 1est 15
the numerical differences among [reatmer

exaniie the size of the expenmenta emmor anl
repeated and the effons should be made 1

meane I§ bath values arc large. the tial may be
e differences among treatments. 1& any. can b

reduce the expemincalal ¢por so th
are small. the difierences amon: 1zatments an

deteciedt, Un the other handd, oF botle v odues
alie and thus no addional tnals we necded

probably 100 amall fn he of any ecome e

.77 F-RATICHN THAT ARE LESS THAN UNITY

An #-value less than une 15 a valuable warming sign. Suppose m;“ F-ratio with ¥, and \.
————

T v
degrees of freedom 15 so small that f ==, with Vs and V' degrees of freedom is significan
then it seems reasonahle 1o reject the prstulited statsical mode!

If the stanstical madel 1s rejected because of sienificant F' value then the following sep

L]
et

should i «aken
' The experimenta! wrocediny should be reviewed to see whether the assumptior:
of ANOVA are squshed For example, 1f the proper randomiTation was oo
emploved, the valility of the independence assumption is doubtfu!
L I suflicient ohservations are wvailable, then check the assumption ¢f normaliy b

plating the data on normal probability paper or use computer software 1o dras
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____

the nermal plot and w the event ol rejecton of the B¥rotiesis o lwamoeensily ol
varianees ok for an appropridle on e e or response v sl

1 (Check the assumplion ol omogeneiy, ol winamees b using Wartlen 1oy
4 The underlying phencinenim should b restudied 1o see 10 e wstimied i

model 15 0 goud approximanen el world siwation. 1 e sssrmed model

= [P | ksl gk |
rejected then develup o new maode! nelier descibes e ehaoived datie undes

ivestigalion.

f COEFFICIENT OF VARIATION
s M'T'-r‘ii,

CN.oz— " i

Grrind Meun
T_hn.: C."_l-" mdicates the gepree of mecision will wineh the testments e compared
;.Eﬂ_is_-_ o _'gl:tﬂd_lﬂﬂﬂiii of the Ttliah'ﬂﬂ}' al the tp,pr_:|'||'|'|E|'|'|_ The CV eapresses the amount ol
expenmental emvor relative 1o the size of the Gna, The small value of C% medcates that Ve

results of the expenment are reliahle,

The CV varies greatly with the nawre of the experiment and the character measured, so
there 15 03 hard and fast rule for the acceptabiliny of o particular OV vulue, Fla sxpenment 1
considered as reliable for any value of CV range from 3% 10 204 (depending upon the nature
of the expenment). For the laboralory experiments where expenmental matenal 15 guite

homogenous. less than 10% 15 an acceptable vatue of O

4.3. INFERENCE AFTER ANOVA
1;-:: & I-"_T" When Fﬂ|!|:lrlrcallln|:nlg 15 sigmhcant, 1 means et there 1s evidence 1w at least two
IJarru:anns. dilter from each other. We can lest the sipmbicance of difference betwocn treaiment
means hy construcung confidence intervals for difterence between means. (If
confiuence interval contains o value !hen the two neans are
not significant 1.e., ne difference becwgen tw: means!.
Alternanvely, different methods have been developed for locating significant differences
among \eatment means atier completing analvsis of vananee T
4.3.1. MULTIPLE COMPARISON TESTS

There dre two Lypes of pair comparisons
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Companisons suggested bY the data or AgUINg dlle

anlanned Pair Comparisons |
" pecific companson 15 chosen g

o shenpingl i which e $

b fucts also catled da |
i 15 compared 10 identily pairy

ot nf (reatment mEeans

¢ lnsteand, cvery hle
atlvance. Instead, cvery PRsSInc |
can's Muluiple Range lesl (DMRT,

of wreaiments that are sigmbcantly different Dun
and is very commonly used by

v apphcahle o anplanned pair compAITIOn

inlngizts _
: - s identified
Planned Pair Comparisons In which the specific pair of treaiment Wil e

before the start of the experimen: The Least Significant Difference tes! (LSDY) is the

most appropriale est when the compansons are meaningfully planned in lerms of

T —

% i ‘ o procedure {0
the F test for treauments. Least significant Increase (LS5 2 valid test p

e

comnpanng different treatments with control,

LSD is not a valid test procedure for comparing all possible pairs of tregtmenl means
(unplanned comparisons), especially when (he number of ireatment is large. For the number
of weatments less than 6 holl LSD and DMRT can he used appropriately for unplanned
comparizuns provided that the treatments are not of quantitative nature. When treatments are

of quantitative nature then fttmg a suitable function is surely more approprate method of
b —
analysis for descrbing the data

Some other commonly used 1e51 procedures are;
¥ Leasi Tuckey's Honestly significant difference (HSD)
+  Scheffe's lest
+  Studen!-Newman-Keuls' multiple ran pe tesl
-

Dunnet!'s 1esL.

4.3.2. CONTRASTS
In planned expenments treatments are usually selected to answer specific questions
posed by the objecis of the expenmenters. Single degree of freedom companisons are the

most informative method of extracting the information from 8 sei g ta beyond the analys:s
ys!

of variance when frealments have spme if) i
I SP-E‘EIEJE StnuCture, [t g noln
. ECessary o |.'l¢l'fﬂﬂ1'| NvEl

all test of significance prior 1o carrving ol '
¥ing oul the single degree of
reedom compansons,
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- N

€L = Echyl m E C.ih, with the restrictio 1 Lhat l nCoa=Ad

The significance of a single degree of recdam contiasl may bt tested by using Lor F st
fie S48

Twin Coninisis amone fieaimenis meins see ganie 10 he arthogonal i each olher if they utilize

ver lapping pieces of nformation from en experiment. bnim expenment of 1 ieatment:
o=t

here may be so many contrasts, but only (111 contrasts will be onbogonal, Twe contrasts are
L h 3 :

cgid 10 be arinogonal if Er|,{:'“['_. =)

=l
For onthogonal conlrasts the foliowing condition musl hold

Treatment 35=Contrasl 155+ Contrasla S5+ ..+ Contrasl ;5%

4.3.3. KESPONSE CURVES: WHEN TREATMENTS ARE DIFFERENT LEVELS OF
QUANTITATIVE FACTOR |
The technique of Tegression analysis can e used to make more complete ans

informative analyses of dat in which the treatments arc difterent levels of 2 single
guantilative faclor. If the trearments are af quanlitative nature in Such situations 1015 MHE
sepsible o investigale how the measured charucierisic vares with the change in the level of
the remment. That 15, we wish 10 pain some idea of the shape of the respons curve so thal
an estimaie may be made of the opumum level af the teamment. To sce the relalionsmip plet

the trestment means against the levels of the quanutilive \actor, take some idea about the

general shape of the respanse curve and then undertake a more ngorous analysis of the data,
(ne can use polynomial egression 10 develop a response curve for the dula and if the

treatments are equally spaced Lhe target can he achieved by using urthoponal rvoomials.

4.4, PRESENTATION OF RESULTS - i
Although ANOVA table is a convenient way of summarizing certam aspects of the

analysis of the data but 1l tends 1o overemphasize tests of hypotheses and underemphasize
estimation. For the better understanding of the results of the research work should:

~ Always accompany an ANDVA table wilh lables of means, together with the

standard errors
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+ Whenever possible. porway the resulis jn graphical fom a8 1L1s metes compi,),

than looking at the numbes

4.3, THE RELATION BETWEEN CRL) AND -TEST
i a CRD mvalving snlv two treatments. 1 test the hypathesis Ty-1 =l} by using

ANOVA 15 equivalent totest o l=n2, where 1= +T1 and o 2= 472 by using 1 fest.

'v'/lgi; MPLi.

The fullowing table shows some of the vesulls of an experiment on ihe effects u
apphicatiuns of sulphur m reducime scah disease of potatoes, The object in applving sulphor s
Lo aneress the acidite of the snl, since seab does pot thrive in very acid soil. by addition Lo
untreate plots wlich serve as a contrel, 3 amounts of dressing were compacd—300. Al
and Q00 liv. per acre. Both o fall and 2 spring application of each amount was tesed, so tha |
all there were seven disunct resiments. The suiphur was spread bv hand on the surface of U
soil. amdt then diced inta o depth of aboul & inches. The quaniiy 1o be analvzed is the “scok

index”. “That is roughily speaking. the percentage of the surface area of the potato that i,
infected with scab. It 13 obtained by examining 100 potaloes at random fron: each plo,

grading each potato on a scale from (1o 1009 infecied. and taking the average.

| FIELD PLAN AND SCAB INDICES FOR A !
COMPLETELY RANDOMIZED
EXPERIMENT ON POTATOES |
F3[ 0 [56[F9 86|59 53|Fﬁ|
9 112 [18 110 [24 {17 |30 |16 |
O [S3[F9 F6[S3[0 [0 [S6!
017 (4 (10211242912
FY 89 |F6 'O |F6|S9|F3|Fo
9 |7 18 130 |18 |16 |14 | 4
530 8918 |0 [F9|0 |F3
19 {18117 119 [32(5 |26 !4 |

Notation: F = Fall, § = Spring application, 0 = Contral. The numbers 3. &
amounts of sulphur in 100 Ih, per acre,

and U are (he

Analyze the experimen! and wrie a statistical description of the anulyzed da

highlighting the main finding.
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RESULTS GROUPED BY TREATMENTS

O [F3!S3 TFo Tse [Fo Sy
12[30(% (30 16 K 107
miIs(Y [7 |10 A

24032016 (21 [18 |92 4 16
wiwi4 1o [k T10 |5 117 |
ToraL| 181 [ 167 762 (73 (23 [%7 |Gesi]

Mean (226 |95 (168155 18,

Analysis:
Correction Factor = {(Grand Totali2 ¢ Total ne of chservatwn-

= (IR 14384+07+ . +23+8712032 = (W00 = 7538 TR
Total 55=(12)2 + (1002 + (224 #1624 (1712 = CF = Y936 - T843.781 = 2095219

.Iﬁ: 3R L, v T i : ] IFII a, .-..I:l = R
1[':[!“““[55:':181 +I: I JI-I'E' ! _'.EI%I I_...I ]II +I'_'I +I'l‘l' _'::j-
g 4 4 4 4 4 A

=8R16.125-T83.T8] =972 335

Error 55 =Total 35 - Treatment 58 = 2005,219-072.345 = 11226874

4 -t
-  ANOVATamr
SOV L 58 Tbr TMss | Fcal.
TREATMENT | 072345 -l =6, | 1620575] 361%,
Ernror 112287 |n-t33.7=75 44 uldb
| TOTAL 0952191 32-1=3 |
e B ] ¥
. 53712 2%
*Sigailicant at S, ;
— ’ e ——
i ; 4 a
cr=-ME 100 2220 100 = 42824
Grand Mean 15,6303
STATISTI AL KEPORT

The F-rwio for trearments is highly sigmficant at the 1% level. From the treairent means 1l
appears that all dressings had some beneficial effect, and that the fall appheaion was more
effective than the spring one (because the means for full applications are i.f,_"'-"- Lthan that ol
spring arplication). There 1z lile or no evidence thal the higher diessings were more

effective ihan the lowest dressing. _
Il the swnmary is conducted from this ponl of view, we should isolaw =nd lest twa

individial components of the treatments S5: 111 4 component megsuring the average effect ol
all dressings, (1) a companent comparing the fall and sprmg applications. The lollowimy
computations gre required to do the same

L
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3320, representing 24 plois. Sipe,

5
| pver all dressings 1. _‘1“5”'31& = 223, The CﬂT‘E!lihu-"rl_ A

miEnns 15
{233 ar 516,

——

¥ iygis o variance 15

1o the sum of squitres in [he analysis o 9 .
2423-67-73-57) = =74, leas afviny,
|:‘| :.' :

: im 13
Fall versus spring application: The companson 18 (3B+6 |
bt e sums of SQumes 15—
compansen. The cantribution o th -

Average effect of sulphur: The 1ol
I:'L"lrﬁn.-l] (Mal. ]HI. rEFIELEn”, E FI-|||'15. lhﬁ I:ﬂm'l'lﬂ

orthagonal to the previous T

2252

arsons aman
The remaining four companents of the Lreatments 55 must represent cOMp B ih

levels of sulphur.

H: 3l = p2+pd+pd+pi+phrn’ .
Cl=3Y1-Y2-Yi-Y4 -YE-Y6-YT.= 3{]8]}-35-{33'-152-?3-23-5? =2

We are antempting to compare the mean of § observations with the mean of 24 ohservition,
(d+d+4+444+4). 11 15 necessary 1o adjust for the spuriows welghting given by our compans;

of treaiment iotals based on unequal numbers of abservanons, Since the smailest Inleger thy
may be divided evenly by both & and 24 s 24 [LCM(8, 24) = 24], we see that 3 (24/8) and
1{24/24) are the indicated weights to be used if our comparison is to be unaffected by the
differing numbers of abservations associated with the vanous treatments.

H: u2+pd+ub = p3+p5+p7
C2=Y2+ Y4+ Y6 - YI-Y5- YT = 38+62423-67-T3-57 = -4

|'-'ﬂw" O |FAIS3|F6|S6 FI2ISI2|C |y S5C) VamiCn

(18138 [67 |62 [73[23 | &7 : =M TE«ECn
il 3 sl =l gl =1 =1 -1 133 3x|:]}r+4x[—|:|1‘+4x{—[f+ S1R0I0 | 44 9= =

- | df=11F =11 +dwi-17" + 13104
I
. | duf-17?
= 85
c2 O (1 [-L {1 [T {1 -1 [-T4|6xd=24 2E.166T [ 44 9x14 =
1077.6

(180" (320) {5017

4 R
=8361.79167-7843.78125 = 518.0]
(123)° (197 (3200
2 12 24
=4494.83 - 4266.67 = 228.163

Control vs Sulphur 55 =

Fall vs Spring §5 =

Among Fall application 55 = (38) L [62) L2 awy
T BT

=1454.15-1260.75=191 5
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;
Among spring applicalion 55 gl

677"

- o— e =

= 320673 -2 M 0B} =32.47

ORTHOGONAL POLYROMIAL UONTRASTS FOR FALL APPLICATIO

[E3]Fo [ Fi2| i
CONTRASTS | 38 | 62 | 23 C =ZCY, | 2 | 55,
LINEAR 0 b [as (T yamass |
Quapratic [ 1 [-2 |1 [-63 16 [163375 ]
TOTAL . | 193.500 |

URTHOGONAL POLYNOMIAL CONTRA

STS FUR SPRING APPLICATION
sase sz T
ConTRasTs [67 173 |57 | B, =ZCY, | ZC0 155, |
LNeaR L [0 [T |-l T 12500
QuapraTic [ 1 -7 T T332 & L an167 |
 ToTaL | i 30667
ANOVA TasLr "
SOV |58 DF_ |MSS iFcan |
TREATMENT 972,345 o 162.058 | 361+ |
CUNTROL V5. SULPHUR SIROLI |1 SIB.0L0 | 11547 |
FALI Vs, SPRING APPLICATION 28167 ! 228167 : H.08*F
AMONG FALL APPLICATION 193500 |2 96750 | 115 |
LINEAR 28.123 1128125 |06 |
QUADRATIC 165,375 | [165375 T38|
AMONG SPRING APPLICATION 12 667 2 16335 036 I
LINEAR 12 30K | {12500 1028 |
(JUADRATIC W67 {20167 l045 |
Ergor 1122 87 | 25 | 44915 | i,
TOTA!, | 2095216 E | | |

The average reduction in scab due 1o sulphur 15 sipnificant at the 1% level, while the
supenonty of the fall application is also sigmficant. Differences among the levels show no

sign of sipnificance.

Tue conclusions might be phrased as “The application of sulphur produced a
significur decrease in the scab index, the averape being 22.6 for the untreate) plots, 16.4
{=(16.84 5.2+ 1423} for plots with the spring application, and 10.2 |=(9.5+15.3+5.8)f3 | for
plots witk: ihe fall application. The fall application proved significantly betier t1:2n the spring
applicare: There was no indication that the higher levels of dressing were n.ore effective

than the lowest level ™

Scanned by CamScanner

Scanned by CamScanner



5. RanposizeDn CoMPLUTE prock DESIG

_l-lu !.‘-:Ipnfll.[ 'r]rb'\- . 1 1I-H:- E: nrn’!ﬂrl_ T 1
!I i l&1 .\.i, symdomn T 1'||"'\-||F."I I'a U:I:I;.‘i WIE! |t H 3 [
L '“ L=l B =l At L - - by | e

% N T "I'El'l lﬂIEE 'rE.TI.:I 1|||._.-. I -..
|1 |||l;|‘!e"-|!|||' h“l_ [“{u‘.. a2 Elli'l |1|-I'| W 1hfrr |5 EI&I-! 3 :
‘ |1'-"5'||‘| v Tr'l.ﬂ-k' ll.l':“:L‘- 1” g'u"r“‘ a Jhﬂl-l't- [I..-.: [

experimet 14l matenal and ot
Ws.
arpcular block are relatively homogeno

EXpenme il anils withmm 2 m |
v design (RCBD. The lrealments are assigned .

such siuaton 15 randomized complete buock
means the randomization

random 1y [he E\an:nfﬂlj! T with 1n fﬂ-'._h bl.mk “'hLLh

ain omective of blocking 15 1o reduce
e and 10 maximuze the vanzuon amon;

n agnculture cXpenment:

The desiza applied ;,

- i the vanahilily amos;
restnicied within blocks. The m .

experimental umits withm a block as much as possibl
blocks. Rondomized complete block designs are commonly used 1
when the fertiliy and other soil factors show variability across field. The blocks are mac:

perpendicular to the vananon present i the expenmental matenal. If there are no difference

among blocks. then RCBD would net contnbute to improve precision wn detecting

differences among treatment means The word “Complete” here indicates that cach block

comtains the complete sel of treatments

5.1.1. ADVANTAGES OF R aNnOMIZED COMPLETE BLOCK DESIGN

¥ The design is (levible, 1c. anv number of ireatments and of rephcation (but not les:

thin 21 may be sed

#  The statistical analvsis s lanly simple when there are no missing observations

It 15 easy to adjust for mesing ohservanions.

-.‘_r

# Grouping the expenmental matenal contrals the source of extraneous vanation and
hence [.ht estimate of the expenmental ermor 1s decreased.

¥ When the vanabihiy among blocks 1s large then precision increases because the sur
oi squares for blocks s extracted from the sum of squares for expenmental emy
leading to smaller mean square error (MSE ).

» Placing blocks under difierent conditions increases the scope of the experiment.

# Iiprovides unhiased estimates of the means of the T

‘.1'

A Pandomized Complete Block Design is generally more efficient than Complek
Randomized Design subject 1o proper hlock orentation
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512, ISADVANTAGES OF RANGORIZED COMPLETE BLOCE DESIG

+ v comrols vanabhity only inunt direction

, |15 not a suitable design when he number of Diealmen 1s 3er larue u

blocks are not humogeneow:

whien Lhe

~ Wyih the mcrease in bluck size. within block varmabubty increases Wil s med Te it
1

al s desigt: hecause OUT PUITEsE 15 L reduce vanalaliey st th hjocks and W

nanimize the amaong hlock varublne

r Msstne observations in the d.uI;LIC:lulr.I: |'|7||‘.1'.|.'t'1 in the analyses, Qne e e TR TERS

ohservations can be handied easly bt more missing observalions altect the

efficiency of the design

» The degrees of freedom 10T COOC 15 less Lar Randomuzer Complete Block Design

because of the formanon of blgcks as compared with the Completely Randomized

Design. Tlis loss can be dangerds when hiocks eftect 15 non-significan

Lxample 4.1

The following table comes from an experiment in which four seed ircamenl were

compared with no treatmenl {check ) on sovbeun seeds. The dats e the numb. of plams that

failed 10 emerge out af 100 planied & gach piot The tow cntena of clussification ars

rearment and replications (blocks).

& No of failures out of 100 planted Suybean seedls
Rep. (Block) |
* | Treatments |1 2 Ta [4 |5 | Tuolal | Mean
. | Check FEEINEEIRL
Arasin al &) TR & 6.2
Spergon gl 9f 8]0 4l 8.1
: Swmesem. Jr. | 3] §! 9700 & 33 6.6
* Fermate o] 7| 5[ 5] 3]l 2, &8
Total 26138142147 |35 | 188 1.51
Analysis:

Comection Factor = (Grand Total}*/ Total no of observatins
= (188)125 = 141376
Total §S = (87 + (207 + (4)%+.. +6) '+ (3 - CF= 1634 - 1413.76 =220.24

L
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Block 55 - E{'_ . ._"»‘-:_| " '.ﬁ_ i l|_-|'_ ,L-"ql_ i'. (F = 14616 - 141270 = 4% 1

A K 5 K 3

L= - |-': F "'-1“: II B | ) 3
Treatmen: 55 = i | SLLIN 4 . e r'!fl —CF = 4976~ 1413760 =% 54

5 5 5 5

Error 85 = T otal 85 — Block 58-Treatment 55 = i*s.ﬁt’-

ANOVA TapLE
RO 8 | DE___ | hisS
Block 4981 14b-1) =4 | 1246 ]
[ Treatment | 6384 [ri-l1 =4 14099
| Turror 86.56 | th-the-1} =16 | 4| _
[FOTAL (22034 [(bn-ly, =241 1

'n.ulr_l'llfr-';'T - ""Iﬂ: = HI’].‘J?-'-“’

b T ———
k Mean 7.52

STATISTICAL REFOXT emnination of sovbean seed i
Bince Fomalie for (replmenis s E.ignlrl’:.’lrll & e {‘l'.'l'IE|:I:IdE tha Ech ¢ there are mh-gr LIT Moo )
diffarent for different tresiments. A high value of OV indicates [ q? cantrolled for

factors that are responsihle for varianon in the da that needs 100e

improvement i the precision of the experiment

Standard i .reors:
Srandard Fovorof @ treatment miean —1‘ o ‘I.El z

[IMSE _ [2x541 _| 5
-Tl = _'5 -

Srandard Error of the difference between pwn (ealment means = "I.I

As the treatments have some specilic SIrUCLLe SO We can perform more detail analvsis

extract useul mformation hevond ANOVA able.

(3P (547 (188Y
Chemical Vs Cheek 85 = ,,”“"" : . %

i

= 67.24

COMIF An 29y (1)
¢3|}+ul|‘r.-1+i91 il

Among Chemicals 55 = ; ; ; ";‘Tﬂﬁ-ﬁ”
ANOVA TABLE
SOV 88 DF MSS | Fen -
| Block nu =4 [1246 i
|_Freatmeni #3854 5.1 =4 2086 [3B74° _
i hemical Vs Check | 67 24 2.1=] 67.24 [ 12420
| tmong Chemacals | 16 60 4-1=3 5.53 10237 |
Lrror 86,50 4-8=16 |54 '.
"FOTAL mMH | 251 |

"0
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STATISTICO oL REPORT

The apphication of chemical Teaimsnts s sigmbcantly teduced the pumber of seed
germnaion fulure & compared to withoul applaton of chenical remment, | lowever al
gemical Heglments se¢m 1o have similan shect on the seed permination faiun

b L] I

Example 4.2 i )
In an expenment o compare the effect of tour drugs A, 8, O and [y o the Ivmphoc v

culnis i miee d randomized block dL‘Elyﬂ stk Sour e brom eecho ol free lintess was usco.
the lter being regarded as blocks. The lympnocyie couns (thousand per mumn” of blood are
piven in the table below:

" LawersiBlocks

T T3 2 |5 TTOTAL |MEANS |
UTATL [61 169 |56 [64 1321 [6dr
& [BieJ 30 [58 |51 |58 I13&n  |872
| Cl7.1 (58 62 (50 [62 [305 606 |
- Dia? [54 [57 (52 [s53 |23  [aen |
TOTAL Ma2241247 1209 (237 | 1193 5.6
ANALYSIS

Cormection Factor = (Grand Totaly' ! Total no ol obsereations = (11937120 = 71142

Total 55 =(T.1)+6.7) +...+(53) - CF= 72051 -711.62 =8.89

(32.1) i (2B.6) M (30.31° 3 (8.3
3 5 5 3

6y 224y (317

Blooks§ = 4 220y L

Ermor 55 =Total 55- Treatment 55 - Block S5=8.89-6.40-1.85=[1.64

TrearmemSS =

~CF=71347-711.62 = 155

—CF =TI8.02=T11.62 = 640

ANOYA TabLL
SOV S5 | DF [ MSS [ Foan |
BLock | 6404 | 1600 3010+ |
TREATMENT | LES [ 3 | (sle ! (159 |
ERROK 06412 0053, |

TOTAL B.EY| 10 |

CV.= YMSE 0052
Grand Meann  5.59%

3.BO%

STATISTICAL REPORT

The four drugs have different effects on the lymphocyie cownts i mice. As the value of CV

15 not very high so the resubts of the experiment are reliable. Using litters as blocks was guite
effective in reducing the size of experimental eror,

I-l.l:l r 3
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STANDARD ERRORS:

MSE _ fo0ss

Soanclard Errorof o treatment mean —,ll . | —

il | -

IMSE  [2+00%3 :
1 I A ¥ — =_ =1l I_:,-
Soanchard Frrorof the difference between iwo ITealment means V b |

A the Ireatments are unsinuctured s we can apply multiple compansen tests io
identify sipnificantly dhiferent treatment pairs.

[ . T :.
DMR TEST FOR ALL PAIR OF MEANS [UNPLANSED CoOMPARISONS]
STEP |:-amanee all treatment means i ascending order
TreatvEnts (D (B (O 1A

[ MEaNs (546 | 5.72 | 606 | 642
STEF 1:-Calculate DR value by usme 1 Sormula
(MSE
DMR =r, ... | xi—ﬁ—*

Where reeplEdf) Duncan's mulorle range 1able valoes
MSE=Mein Square for [rmor
h= No ol Blocks

P 2_[& 14 ]
roP(EDF) | 208 [ 323|333 |
l

MR 161 0333 [ 0.43 |

STeP I11:-Make Compansons among all possible pairs of Lreaiments means as

IFFERENCE | 'i
BETWEEN
COMPARISON | MEANS DMR ¥ALUE | RESULT |
A vs [ 170 0.3 Significant ;
AvsT | 0,70 .33 Significant |
Aws T | 036 0.3E sgmificant |
CwviD .40 0.333 Significant '
Cvs B (34 0318 Significant |
BusD 000 0318 | Nol-significant |
D B C &
266 572 606 642
¢ £ b a

Treatment means shanng common letler are insipnificant.

5.2. RELATIVE EFFICIENCY OF RCBD AS cOMPARED TO CRD
The pnmary purpose of blocking is to reduce experimental emor by eliminating the

contribution of known sources of varigtion among experimental units, One measure of tht

K|

= - __.J
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LS ____—

E‘"-El:"""mtu DI— bll;:l:i.l]lll._.' |$ I.I"‘.' IL-H"HI“':' |"‘Ir I:'l:':.'i..& ]-.Il'-I'-L"-;_- 1% q.".ll".'llul."l.:l:l ellechive n

reducing expenmental emor if F-Ratie for block 1 signilicant. An imzignifizan F-Ratio for

blucks Teveals that there 35 a0 diffezence among blocks. |c., the blocks e ressonably

homagennus as among bloch vaniation was non simificant, On the otbher hand signidscant -

Ratio for blocks indicates that blocking kas been ellectve n reductng expenimentil ermor and

hence hincking was useful for icreasing the efficiency of RUBI as . rmpared o CRD

A more precise measure of the efficiency of the RCBD relanve 10 the CRD for 2 piven

siaation is obtaned by compuung the relanve effio ency [RE) as

RE = S N1 L T lIn'IF."in'_
':IIJ[ = J:l.‘lin.'f;n!:_
Where b, t =Number of blocks and treatmenrs i RO

MSE, MSE =Block and Error mean sum of sguires from ANOY A of RCBD

IWRE > 1, then the RCED is more efficient than would have been = CRD in the sanic
situation. The quantaty (RE-1)x U1 15 the percent increuze in efficiency resulting from the use
of RCBD. The guantity 5xiRE) is the number of replicanion in CRD that would have been
required L obtaim the same precision as thar oblamed by wsing RCBD with "5 blocks

For example 4.2, RE = (L= IMSB+ bt~ LIMSE (5111 6+ 514 - 110,057
| (b =1IMSE {854 = 10,033

=714

As RE » 1, so RCBD is more efficient than CKD 10 1ke same situation. The number of
replication i CRD that would have been required o obtain the same preciawn as this

oblained by using RCBD by using 5 blocks only is equal 1 (537, 141234

3.3, MISSING OBSERVATION (N RCED

During the conduct of expenmenl, il 15 possible 1hal one or more observatons ure
Gestroyed. This may happen when an animal become sick or dies but not as a resull of the
ireatment, when rodents destroy a plot in a field tral or when o flusk breaks in the |l abordtor
Occuence of missing data results in two major difficuliies—loss of mioimet o and non-
applicabiliy of the stendard analysis of variance lechmgue a5 ireatments we no longel
onthogonal to blocks as every treatment does not oeeur in every block as a result euch blnck

i5 not & complete block. In this sitwation, the missing observation is esimated by using
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appropriate formula according o the experimental design used and the usuzl anaiyss g
vanance, with sowre slight modifications, 1s pericmed jusl as if the estimated observang,

wasz real dala

I thers 15 only one missing ohservation then &stimate the issing ohservanon by ugn,
the formu. .

Pt 4 7 ="
[h] STFPE :.'r =HI—
(o= lpr =

Where Y= Estimae of missing observation. :
B.T=Sum of ohserved values of hinck and treatment having a missing ohservanon

b.t = Number of blocks and treatments
G* =5um of nhserved values, 1.¢.. sum of all the values except missing value

o STre2 Subtract one from botk the total and error degree of freedom

lp-r- 11T
o STrtd Calewlate the amnwn| of bins ag: H|;;5:='—--%
i =1

and then subtract this smount of bias Trom both Treatment 55 and

Total 55.

For mose lan one missing ahservalion use 1lerative procedure,

Example

Consider in example 4.2. the mouse in litter | who received the drug A has died and

data is not available for final analysis. Estimate the response for this mouse and then perform
ANOVA.

JLi[lﬂSfElﬂEhFil |
! | ] 2 3 4 5 Totals | Corrected
Total
: A YA |60 |69 |56 |64 [250 32.53 '
¢ B 167 |51 |59 [51 (5% | 286 [286 |
e Ic 7.1 58 {62 |50 {62 [303 (33
) D 6.7 54 (57 152 |53 [283 (233
TOTAL 205 24147 20923711122
CORRECTELTOTAL | 2803 [224 | 247 2091237 119.73

f, " 50205 +4i251-112>
(5-1nd-1)

=753
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Caleulation for amount of bias

- 2 —_-,;:l.
[205-i4-1 83 i

Bias=
44 =11
Adjusted ANOVA TALL]
SOV | DFE NS | MSS | Feal
| Treatmem | 4-1=3 | 226036 = | §u V0632 | 13 16
| Block §-1= 1.24 L AT
Error 12-1=]] |0.53 | (045 \
TOTAL | 20-1-1=18 | 10.04-0.364=9.476 | |

Staustical software MSTATC can be used 1o estimale the mssing value(s) in the data. The
analysis cun be completed by putting estimated value in the data. However 1l anaivsis is done
by first estimating the missing value and then by puttmg the value i the data and then
completing the analysis may result in an mappropriaie ANOY A as adjusiment of df tor en
15 not accomplished by the program. If program is asked to estimate the mussing vitlue and
complete the analvsis 1n one go then data 1s properly analveed and conclusions can be drawn

from such analysis directly.
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0. LATIN SOUARE DESIGN

6.1, INTRODUCTION

V. hen the gradient 0 vanatan 15 tound i two direclions il becomes necessary o Laj,
account of both these two sources of vanavon Simultanecusly. This can be achieved b
simulianenis blocking of eapenmental wmis i two mulually perpendicular direcuons. calle
rows and columns. The design used i these swuations m called Lann square design. Sing

each row and each ¢ u"“""'” 15 a compiete f"-lhk 50 e4ch (reatment must appear once and onky

] [ A
once 10 epch Tow and each column lontoal g d |E. vk w g

In Latin :nuaTr aesign. the number of treaiment

o Tem5 15 r.quil 0 Eh_e&:rnhrr of rows and
10 the nim ruz-r of mlum'u TI1-= nhiar

e Tt 0; y JEClive 15 10 ,J:llmll'lal:l: the variabilay Eiur o rows and
columns «1om the expenmental emor.

lut i 11 15 Ed\'{ltﬁltﬂ that these designs are uselul wher the

T!umf'r:-n_1_rem_1'nems 5 hetween 5 and 10, When the number of weatments increases 1

—_—

———

—

hecomes I"Imnmﬁ 10 use this desien

e

6.1.1 u.ﬁmmwmza OF LATIN SQUARE DESIGK

=
# A Latin square desipn reduces (e emor vanance by controlling twn source of

J g = :
fr ok A”H nd;ﬂ'ﬂ\'::n.llmn . K-S ek &L

d;_.ﬁ"'* i‘r The analj.*sl't_ without mussing values 1s siraghtforward. 2
#A Lilin square design 1= generally more efficient than a Ru.ndgr:ﬂmrﬁ Complete Block
A Diesign.
; * / E?,E;.h oW azcé -.;g'lunm 15 & complete replication,
! % ‘;. e '{"'}NE B v emaning %a"fﬁj Ymple nifs
-(’\/ 6 2. DISADYANTAGES OF LATIN SQUARE DESIGN
f,.\ lalm. square design 15 less Tlexible than a Randomized Complere Block Design. |

15 waclntahlr oniy for 5 w10 reaiments. When the number of treatments excesds 10
the design 15 seldom used

4
3 )E; r & small number of treaments, 1 Latin Square desipn does not pmwdﬂuﬁqmm

Tl . |
3 (= om

™,

number of rephicates w give o vahd estmate of error as-vwo few o are-tefr o estma
—8H0F Varanee. '

'ﬂ" When number of treatments 15 less than 4. the degrees of freedom for error 15 rather

small thus validity of experimenta)l error becomes questhionable.

33

| TS
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’_-_.--""Ffu_-p||_.a|tu:|:| in Latin Square design 15 cosil

may be labonous and approach 1o the
w# H—there—aremissing observanons Ik

Ln-i-Tr}FC'.:Tr!L._

=

FEY T

L

Examjuc

»  In agnculiural expenments. the land reguirement s ngic. W otual Leveou inthe fielc
~EN1Gad st plots Decomes diffic

iC i:l-.;":'.-..:. INER e afalv=1t DECOHTe-

Fil :: L] Y L.ii.:'. iL!-._.: :.'l._'\'_:'i'.'.*i'. I

Th: following table shows the field lavout and vield of

on the elicct of spacing on ¥ield of maller plamis. Five Seveis of specing were u

el £y

on yield «2rams/plot) was recorded and 15 given helow

ANALYSI-

Vields(G) of plots of millet arranged ina 1 % 1| J/”_‘, ¢
(Spacing in inches A. 2, B.4: C.6: D, 5: F.10 l
i Columie, - 4. lotal | A=
Row |1 E [3 42 [= j
! {B: 257 1E: 230 ta- 27| C 237 1D 202 |)358
2 [DM5] A28 [E- 245 6260 | € Jo0 [ 1313
3 JE: 182 [B:252 [ C: 260 | D Mo f 4250 1210 J}—suau
4 A2 | CAM[D 2T TE M3 (B 230086 |
5 €: 231 |D:271 [B. 2ok |A: 30 |E: 30 [ 1440 | LB
Jfotal A18 1240 T1297 Jida0 1309 .mu_'_,}——
TRy
f Treatmenis 1*_4______._.—-—--—
A B Jc_Ip |E  lTeal| ¥y 9|
Total 1349 11314 11262 11191 [ 1i8s [e3d | + °
Mean | 269.8 | 262.8 [ 252.8 | 238.2 | 237.6 | 2322

Correctien Factor = (Grand Totaly/ Total no of observations

L]

= (6304)°725 = 1589616.6-

Total §5 = (257) + (2457 + ...+ (338Y = CF = 1626188 - 1589616.04 = 3657. *4

Row 85 -

(12557 (1313)° (1210) Elﬂﬁtr‘.-"+1l4-‘|1|-3

-

i | b

= 1603218 - 1589616.64 = 13601.36

Column 55 =

"

PRI

3

= |595762.8 - 1589616 64 = 6146.16

(1118)°  (12400° fl:‘l?r_kﬂ,“-mn"

5 5

| ]
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=1

5 ERE, 1 E"'
"'Fi‘l"::I (L340 (13 l'|?h_l_1{1|'5||] +£HE | _CF
- ; z ; 5

-

= 1593773 1o | 5806 fd = d 5650

, ing §5 = 12667.2
Error 5§ = Total §5 - Rows 8§ - Column 85 - Spacing §§ = 1260

ANOVA TABLE o
TSov | 8S  [DF] MSS | Fa Fran
" Rows | 40136 T 34003 | |
Columns | 614616 | 4 | 1530 54 | o
Spacing | 415050 | 4 !U}'—-’FHlﬂ'}ﬁ 3359
“Error | 12667.28 | 12 | 105561
TTOTAL | 3687136 | 24

(-

IMSE JIDRE6] o coc
\ _—.._-—." :-:'II_"I'I_'Izd———_-—L-_.ES-‘f
Cirand Yean 25210

gla =7
Emmﬁmifj :;:I:mh.:mes. thet vield of muliet planis 15 same for all ihe{‘sﬂwipacm? Td':'
mveshgation. [t does nol prove thal (e wvield from different row Spacing reallv are the saine
but onlv shows thal e thfterences enuld be observed on the busis of staistical evidence
obtained from the given data 11 may he that either there are really no differences or HEHGRE

small differences which are nw.klfil due to the small sample sizes, A large value of mcar
T P

Mﬂhll'\'ﬂ (o> e Lmh-::a:es that honzontal blocking is vseful in reducing the

experimental error and hence helpfnl in improving the precision of the experimei

e
' £
Standari Errors.
'I"-‘IR'E 1035 607 -
Standan Error of o treatment mean = "|. =14.53%"
""“:-" '-'l-lr.-ll lﬁ.tmﬂ.-p.t wr i 1‘ I ‘l

L

|2MSE l'_vmsm* ”

VN 8

Srandant Prror theof difference between two treatment means

Fead ,'J;:',‘&‘r el ‘Hwﬂ. EKJI\E,{J;%L_L' Egviwr Exflel mbnt
1. RELATIVE EFFICIENCY OF LS DESIGN AS COMPARED TO RC

a) l.'_-unsrdmng Column as [Hm:ht.

—:E'—_‘
PSR+ 112 TISE '14[!1}]4+1§x![ﬁﬁ 607 _
TRLTATA . 5% 1055 607 ' -

g DS L-DINL

E‘E |edndsE #

RF_
Qs,

n
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The result indicates that there 1s considerable gan el ey dvie womineds e of o

vatighle (12, honzontal blocking
=g Loy [E—1hhrld
b Considering Row as Blocks Py T T

MEC 4 =NMEL 1536 54 4 d o TS5 07
Hl = —— - —— —-_l‘l'-l

- -

NARIATA MulUAS A

The tesult imdicates that the introducnon ol column varable e vercal bhocking s

not much effective in reducing expenmental erros i abwsve siwanion. a RUBE with mw

blocks would have been a5 efficient as o LS design o

1 Relative efficiéncy of LS design as compared (o CRIY

MR+ MSC + (= 0MSE 340034+ 133654 + 21035007 i
RE = ; = : | i-;.J_
1+ DMSE ~ 6 1053.6017 -

As RE -sl, so L§ design in present siuation is esbimaled W Increise the expenmntil
precision over CRD by 45% .

R

6.3, MISSING OBSERVATION [N LATIN SQUARE DESIGN

If there is only one missing observation then eslimate the missing observauen by
using the formula

_ R+ C4+T1=-26¢
(=10 =21

o STEPI ¥

A

Where Y= Estimate of the missing observation,
R, C. T=Sum of observed values of tow. column and trediment ilaving
missing ohservanon
t = Number of treatments
G* =Sum of observed values ie., sum of all the values excepl TI-SINE value
o STEP2 Subtract one from both the total and error degree of fresdom

[G=-R-C=- 0T}
i =Lir =21

o STEP3 | Calculate the amount of s as: Bias=

and then subtract this amount of nas from both Treatment 55 and
Total 55.
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Ehﬂf"r'"-“ umn 5 und row |

. \ 1 in col
In above example suppose thal nbservation for row spacing D

ova
that ohservation and then perform the AN

was not available for final analysis. Estimate — Corrected |
| [ 4 1 4 = ] Tﬂ'tlll Tﬂtlll
e | B: 257 T3 A 279|287 D:2v5.08| 1053 1348-15
c D 315| A 283] E 4] Beso| C:260) 1313 2
= TR0 B 257 C.280 | D: 246 A:250] 1210 1210
- <03 C. 20| D: 227 | E: 193 B:259 | 1086 L Lo
‘: G 31| D 271 B:266 [ A:334]  E:33 1441'1: 1440 |
Torl 1118 1240 1297 ] 1340 i;ﬂ: - 6397
Corrected Total | 1118 1240 1297 [ 1340
Treatments
| A R ( D E T :'::rﬂtf:l
: "y 11 =
Total 1340 | 1314 [ 1262 | 989 | U =
Corrected Total | 1349 | 1314 1262 | 1284 | 1188 ‘ 6397
5 _HR+CHTI-2G% _ S(10S3+1107+989) - 26102) _ 5505
" (r=1{r=2) 43
G*—R-C-it-N0T]  (6102-1053-1107-4x989)" _ 1 3¢
— - = = =1.50
Amount of Bias -2 (4x3)°
Adjusted ANOVA TABLE
| Sov DF | S8 MSS Feal
| Row | 4 14771.6 16929
| Column |4 9327.0 2331.7
Tres.nent | 4 2944-1.36 =2942 64 73566 | 0.05™
Ermror 12-1=1] 8508.3 773.48
TOTAL | 25-1-1=23 | 35550.9-1.36=35549.54
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7. FACTORIAL EXPERIMENTS T, et make _:.{,_,,,Lf.j,un,m;.,f. e feelled
Loty

7.1, INTRODLCTION
Factosial experiments permil thﬂ&% l'_ljlg.-:r.ltl to evaluste he combined =t fecl of two
#1 [ — e ———,

—

or more faclors simulianecusly. Informatinn ontwmed from taclonal expenmionts 15 mor:

e

complete than that oblained from a series of single fugtor expenments in U sense tha

factorial expenments also evaluate interaction eftect which 15 impessile an angle facer

— R

expenments.
ﬂmﬁfﬂﬂtﬂa&i@ﬂml experiment 15 that 1 15 difficull 10 handle large number

of factors_or levels because in this case size of the experiment becomes very larps, Fur

example a factonal experiment with, 6 [actors each ol two levels requires 64 £ penmentai

units for gmgle replicate of this experiment, for such expenment it 15 difficull o have laree

(amount of @mngmﬁwﬂ experimental mm::n'ali Mh'u%r in the presence ol higher orde

i_m_erar.:ii-:'ln,t: the interpretation of resulls becomes more comples

—

For example, many of the properties of the chemical substance HoO {waler| cannol bs

predicted rom the properties of Cixygen and the properues of Hydrogen studied in 1solation.

Most of the properues of water are atiribwiable 1o the effect of the interacaon between

oxygen und hydrogen. The compound formed by this interaciion has properiics, which are

not given by simply adding the properties of oxygen (o the properies of hydrogen

Factor: A factor is a kind of treaiment e.g.. If diet 15 2 factor, several diets may be used, ¥
buking temperature is a factor, several temperatures will be used for baking, I
pesticide 1 a factor, several conCentrations may b tested on insecls

Level: The term level refers to the several treatments within any factor. in the above

example, different baking temperatures are Jevels of the factor lemperalusc.

NOTATIONS IN FACTORIAL EXPERIMENTS

Factors are denoted by capital Jetters e, 4. B, € ...and levels of 1 factors are

denoted by small letters and subscript number 10 show a level number. The «~rresponding

small letiers are used to indicate the number of levels of thal particular factor

For example if a factor spray w control insects has 3 levels then we m. vnie thest

levels as 51, 5, 51 and s=3 to indicate the number of levels of the factor spray.
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In factonal expenmenis. the expenmental treatmens are formed by combining

e

I Jifferent factors £.0. if an expenfent involves spray  al lhee ‘J'-”'-‘.I'E-r"
fevels o GHETETETE : !

nesniralions 10 conirol msects and these are apphicd by using  (wo  metiods then g,
COWRCC IRl E LR 2

wm=th <ol RS Are 50 a1 51T Sm; ~.-_-.m..53111;
oy -_— B o™ 8
I ts: A St |'I1T|-|li’ :;-r'm:l 15 the thfffrmt{‘:" [ IESTI-.'II"IEEF.:I belween twao |!:'..-|:'|-:_-._ : =
Simp l ! '-'I: = & - - |}
b I rlac D“: e, 10 measure the vaniahon a <
factor [ora ceriam |'E"|E|1 {I'f E"|.|1E‘|. f [ 5]‘ SRR l'l'll.]r,_t

difterent levels of u factor for a specific level of other facior.

actor. Sn ot
Aain Effevts: A main efiect 15 the average of simple effects of a factor. 5o 1l measure,

i, N - aim cifest of o factor s -|:|.|:-|'||_-|,||:d
varianons Among various levels of a facter. M

b the letier of that facior : _
ifferent levels of
Interaction Effects: The iniciaction measures the change 10 response of di [ - 5
is the_diflerence of
jactor over (he levels of other factors. For two levels 1t 1
Sy

.“ -
. simple effects

i I uces a differem
Two faciors arc said to mnteract, when a chenge in one Iar:n]:l-r ]Fr:i i
chanee in the response at one jevel of another factor than at other level of tht .

ExasPpiLc
SIMPLE, MAIN AND INTERACTION EFFECTS
. Simple effects | Main efiect A Imeraction effay
' of A | of Aand B
" bl a0 32 | 32-30=2 | Ei=6
T po 3R 44 | 44-36=8 | (Bs22=5 |
| Simple effects t J i .
| of B | | ;
| Main effec! | (6+1212=0 |
|I ﬂ'r E | . |
| Interacuon effect | 2-6=t |
| of AB !

|
|
i 5 |
Main effect of factor A=Average of simple effects of factor A=5
Main effect of factor B=Average of simple effects of factor B=%

As the simple efiects of factor A 2‘5 different at different levels of factor B (2 and &) so the
two factors are ot independent 1.e.. they interact with the other. The effects can be shown

graphically a:-below. Had they been independent or there was no interaction we would have
a parallel iines graph.
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" |
Interaction Plot '
!
7 R - |
| e
2 40 | RSB
g ' l._.p-"""f gapyl
EF 1l ————— I
a
| @ . —w b2
c 0+ i PR :
|3 | s |
1
I al &l
| 1
_agian
ExaMPLL
SIMPLE. MaIN AXD INTERATTION | EFFECTS AR
L T
il a? | Simple efiets 1 M eitect A I|~|c-rﬁ-::|'1n eliect |
u‘l' = | at .'.". d.I-Iﬂ.I:I __,-:
bl 30 37 | 32-M=] !' T [raah |
b2 36 3% | 38-36=C =1 i
Simper etiesls fa f | |
of B = | '
Main «!iecl (61 =0 | : |
of B _ sl | :i
Intersic ion effect b-b =1 I ' :.
of AB ' [ S——

Main effcet of factor A=Averige of simple effects of fuciar A=l

Main effet of factor B=Averdge of simple eflects of tactor B=b

As the simple effects of factor A are same &l dillerent levels of [acior B (2 & 2) 50 fhe Two
L]

factors are independent LE., they do not interict with each piher.
raction main effects ane same 43 simple ellecls

The effects can be shown graphically as below. Parallel hines shaw |

hetween the (wo faclors.

In case of nointe
he ansence e InlEracuon

42
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g e e Pl e 1 il i

Interaction Plot

jui]
.

Response
T_
|
B

7.2. INTERPRETING THE RESULTS FROM A FACTO
The maor advantage of dong cxpenments wie

nature 15 that you are able 1o study the interact
results from a single Tactonal

The results from Lhe deta analyss

compared Lo single facier expeniments. The way the means are prose

{here is 2 significant meraction and i so. how significant.

RIAL EXPERIMENT
0 the treatment siructurc 18 of factony)

nom ‘_-.E['.".-:E!I'I [l]j'f{::ﬂ'ﬁ[ fﬂt[ms-. T!”: h:‘]ﬁ 4] kl

exnersnent rather than conducling many sl ngle factor ingls.

in faclorial experniments are presented differently o

nied depends om Whethe

I If vou see o evidence of inleraction which means that the hypothesis of presence o

nteeaction cannot be rejected as the Foeatued for interaction is 1ess than Fasgue then

vy hase results on the significant main cffect means. This suggests thal since

Lilors are worhing independently therefare all information hes in the main effe:

S0 we car compare mam effect means for the factors which are tested in e

expenment using ppropriate standard emor of mean or difference.

1

should look at the size of the F-rano.

I vou see evidence of interaction and reject the hypothesis of no interaction then yo:

The interaction 15 significant but the Feratio for imeraction 15 much smalle

than F-ratio for the main effects. In this siuation present the two-way table o

treatment means together with the overall means for each factor. Present &

standard errors for the main effects as well as standard error for the differenc

hetween the two means in the body of the table.

43
—
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b. The mteraction 15 significant bul the F-ratio 15 ol the same order of EVER
greater than the F-rato of the muin effccts. In this case 1he mann effec of each
factor 1s I!T'IEHL'IiTﬁg|¢55_ Therefors yill hitve 10 present d Lwr-wa ¥ [ﬂl'.'lll:-' il
ITEAlmMEnt means withoul Whe overall means lor each fugior Due o this
factonal expenment s much mme precise s compared e SINgle factor
EAPCTIMENIS.
i
Factonal :r.p:nnmnu are very useful 1ype of expeoments as they help to conduct B

expenment mstcad of doing many experiments 1o understend comples  phenomenas

involving many factors.

_~1.3. ADVANTAGES
When the factors being studied in the expenment are indcpendent, then there are bwo

gdvantages of using factorial experiments.
L. Al of the simple effects of a facior are equal 1o the main efiects. Ther-fore the maim

effect is all that is needed 1w describe the function of a factor. .,

2. Cach main effect is estimated as if the whole experiment wus conducted for this factor
A L’.l]'l'E-Oith phenomencn wsually calle dlpidden rephcationys a salient advanlage of
{actorial structure.

3. Without factorial structure it is difficull or impossible 1o investigate ingractions and
the interpretation of factor effects may be misleading. Converselv wher interactions
are small or non-existent the main effect gstimates are of generul applicability

because now we know that the effects of one factor are the same whatever the level uf

the other factors. "‘ﬁ? *

deophefolion o foduhd o oliffeecll
1A Dk A @ e 3° 4§ i

There are two primary disadvantages of using factorial experiments.

1. When the number of factors increases th_fsjzfz of the expenment becomes very large
wi]tE;h is difficult to handle. For example an experiment with eight faciors each at two
levels would need 256 expenmental units [or a single rephcmi."f:bnk? This makes the
experiment (oo large for limited resources which are normally avalable to the

experimenier. Also 1o find uniform material for such an experiment is diflicult

a4
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qumber of factors nerease and the {actors QreE interacung with one another

> Asths
It 1oy nterpict the resulis.

then i1 1: difficu

7.3. USES |
al expenments are useful in a number of situations:

Despite conlar: Jisadvantages Lhe lactori
| In exmioratory experimeants where oulv aim 15 10 decide which factors arc umportan
els of the

and wrich are not. In carfier Slages of rosearc
criments are used Lo reach at

in particular to find the presence and

h when it 15 not clear what lev
- Wk Ry
factors are to be apphed jactorial exp suitable levels”

To gy relationships among several factars.

L2

farent 1aC1Ors.

magniiude of inleractions amang di
a wide vanety of

3. In experiments where the ool 18 tn make recommendations OVET

cond:Liens 1l 18 necessary 10 Use [actorial experments.
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t' ;' -|I__|, : -'lr 1 I"'---_!-

..:"': Feld i e j"'--.‘-_‘g 5
7.6. FACTORIAL EXPERIMENT UNDER CRD) J
J« Y
; i - =
L onseder an dEFONOMIC SADCRmenl 10 assess tie eflecis ot date ol "||'.r1|_'."" Lti.:I'H Ll
:.|l:r1 and [wpe 0] I-.':I‘Illl.;.,i..' mone, Asra. M ar koo the vicld of sovbesns, Therry-lw
i [ ..-"'_" S R

1
ﬂ'i"'”'-?'E“"':"'-""' "-‘-"-imnmfmll' plots were ava |4I‘|||_ L.L Heatments wele ussigned Lo the Pl Ll
r' [ [ e
radon, subject l!lll:. 1 the restvwciion Lthat < n_:_'u!h b s sinm _|J._._.,| with tach ol 1 % freatmen

—l

combinations. The data are given in the table below Ang vze the datn end cons'ract 2 tahle of

—

r::-.'iﬂ:r with uPFE'UPI'IrNE standard errors and wnle g short gport on the conclusions W hicn can

=y — i

be drawn from this expenment, ]_-.'Imu. any graphs you deem At o explamn the g

;'-ll'-":l ilﬂ.ﬂ'-’f
e TN P R
. : : e o B, e
| Experimental Unit peir i
Date of | Within Treatments )
Planting Fertilizer 1 . k! 4 "-_Ml"J:
Check 2861 66| 3271 310 [ 1%0-T
Early | Afro 201 2, wa| 0l 44l
. | Ne 84| 24| 260)p 292 ) M
k e mdl | 15, | "-_{7 ’, oy ] 117-)
| Check | % 303 R TR TR 00 [ s [
Aeru 317w Aol 183 -
Lalf . i L | :__ A : _I:':'
Ma | 303 123 340 14 -G —
K | 370l mgl mnsel Wi 14¢.6
T sty 1o% e
ANALYSIS ;BF" g’”‘ ¢ Wes-¢
ALY .
b X oAxy -
Comectism Factor = (G.T)/(Total no of observations) r

= (2B.6430. 1428 4+, +3 +E‘J.-‘Iﬁ32 = {'E'Eﬁ.-'n‘.]:.f.li = 303050125
$ : =
Total 85 .a.-rzn.mhc:q.ni+._.+{29.4}-*_ F= 3(1529.34 -30368 80125 = (67133873

Two-way interaction table tor Date of Plenting and Fertilizer

T.: A 1
£A _ﬁﬂ‘d‘- Date ol i Fertilizer
planting | Check Aero Na = K | Total

Early | B30 M 1180 LILY 1170 [4708
“Lafe” " [T12%T 283 1299 1256 [ 5089.
Total 1558 2465 2410 2427 9858

4169 (508.0)°
16 T

Bate of PManting 8§ = = CF =30400.80125 - 30368 8012 = 32
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i T L]
Freadapgnd '-"i'f'.-'ul—‘-l'ff_r L l;f"':.?'Ll-r'..i'r
[y

AsE Y (6N (41D° (42T

2 / I 5 o
Fertihzer 55 = : - — : : :
L = 30355 2025 - 30368 80 25 = 1640125
15 (1307¢ 1801 {1299V Q286K o
TreatmentSS = + by e -CF
d 4 4 4

= (455,505 - 30148 80125 = 8670175
Date of PlanungxFenihizer 85 = Treatment 55 - Daie of Plunting 85 - Ferulizer 55
= B.79175 - 37 - |6.40125 = 383925

Error 55 = Tatal §5- Treatment 85 = 16053875 - ER.TITE =TA 045
ey |

'A TABLE o
ahovA Feal | '£-“-1~{:Lcﬁ.t

% SOV |85 DI MS |
] : [ ivate af Planting CAa0 | (w-li=ll = |- | 32.00! 10. FRLaaL x
L G S | Fertilizer | t6s | ({h-11=d-1= 3 547 178 | s
: . | [tate of PlantingxFertilizer | 364 | (a-L(b-11= 3 11280 417% |1 :-r.,:-
TRrrer 737 |woin-l) =24 | 307 \.l{- Jre e
lﬁmm [lens[3-l =3 ' _
: tf
= A MSE %] = _""IIE_-E.-S Enﬂ'rf'i' ' fﬁ{ &
- Graed Mean 08 — ey
b A
e TABLE OF MEANS &NP-SE’S
S i) Date of Planting
E*L .La | Fertilizer | lLarly Late
oy 7 ' Chech | 31,28
/ ]”b} ! Pl‘ﬂ“'{ | itm 13208 (0 )
w Mee” | Na 3248 (0
S e | K 29,24 ) | 31.40
h'“: {':'J | Average | 2081 {0'gd) 13181 (0M) |
e GE l!:la- i = 100 gd's, ﬁn e ll-‘ Planiinf =0l

© STATISTICAL REPORT
f The significant inleraction indicates that the yield response due to the upphcauE ifferemt

d fertilizer depends on whether the date of planting hes been early or Jate, (W Vithe cation
of any fertilizer the yield response almost remains the same at both early and late p[anunf) :

For all type of fertilizer the late planting vields more than early planting and yield will be
highest for application Na at late planting. which 1s almost same vield with application of
Aero also ar Jate planting.

The standard ervors of the treatment means shown i the above table were calculated as:
Standard Errors:

I e IF'__,' i
SE{ Dare of Planting ) = I E |J.Iﬂl 2
yﬂh# |

U Jﬁ P‘Jﬂmﬁ'ﬁ? szft’d‘]'-f.r " ! &.f
_,I" i_’,r Fup rl?llf" ‘_"
e ‘f'f"‘”ﬁ’}!f fﬂ" (24 "’ }‘féxf ﬁzﬂf{{awgfw’ Lﬂ:—: o "ﬂjl.
infiaclion “%N iﬁf( o fev g’?‘:r i ola /| J'"Xﬂn,’# el

r”'PLhJL if—atf .,y.,l{u j
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Eé-,-_-x,f,tu.:_}] o ¢

[30%
SB[ Daie » Fertilizer) = .EE - I'-l'"l:]' = 0 8§ =
.Ii F_.".;#'II 4
[ 2MES]

E -.'Ff- #SEDae » Fernhzer

SE of difterence between two values in body of table |
Voo

=42x0.8k=1.24
SE of difference between two Dale of Planting mean:

y'llh::E = %SEDate) =2 »0.44 =062
Lz
Vo Filachi Pl - LS M o Tomdol Sooeeres T H“H‘_;..n--
- Gk :_Hx -F_‘_F-H-HH- I
o H.:.:
b g N\ | |
|
i NS
| —
_ fed s -
SE bho ang $Jolhge - QMSE 24307 4 87
P &
SE 4 i frog et of ;2:'5_?'”-1‘ e Gkl
H."-::Frﬁ"”%? F
eE for dale o planling 3 £, 64, MSE
r planieng 4 bt e, - AALCY 2 1

(*Gp s
oy T R -
QEE t.- ,t.J.l ey LA s F—;z AIII;:; '-‘/E ﬂ?- “I_E.J-_

@55 e date of Fl“'"t‘f'ﬂﬁ fee J";u pndev ot Tion = """it' ,F‘”-' 0: E'LD

rilfin

jﬂag"?_ ""“-.I:'frl".:'

AR o Aenf s L PEQT{L'—'{L MICR ,l wig s =
Y Pron b mﬂﬁu;,. mesng- (35501 _._ oyl

nElL .
3‘% ang o o s o dule me ﬂﬂf-
44

Plaswling 3 ilhhju -ﬂﬂ*’“h”“
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77 Tactiial EXPERIMENT UNDER RCBD R T P

oo Wilses ul
siraw herties under cloches W mvesigale the rEs|Hees U

e b oy ke O :
AR LEPCTIE o s cpniducied o was used. will four \
gl =

L fowat vianeliss n#lhril.:-‘?[;jjfl\ I-]'_'-'E'-mm" A r.'mﬂn:fll?ﬂd tl]l:':k dI:S-iF'I

bocks and vwelve neatment coirhmations

freahment fegpotsmtnldd sy £z 52 3x4- 48

L I8 .
y 2 I:,[ :-5.1' e {r. | Time of , Blocks
“h | covering | Vit |i 2 3 4 ;-
-9 | % P10z 10 12.1] 123 |ubi g
| = | —— =i
T e {7 -'III R BG g | 3an
J% ![;['h :1 E 6k | T 0« N Lae o
. il B
, |G s3] 8] oAbLoda et
| — 1 = &0 57 12.100 L -
' " g7: 79, 103 1.2 ] 2!
| Mar I ;S.[:I 0.0 ' 9.:':_._ e H:F_._U_'F?._s' ‘
| G | 34 2| 13| 16]394
Ty ~[Tau| &t| B[ 6lliat
i IR weol Ba| 65| 2] 38
PADE bt TR ot
' G | a2l
' Tulals | BO3
ANALYSIS ._ 3 oo
i : £ { .
Comecion ucter = (G TV Tosal o of observationz) = [_._f—'la-!;' = = f:'_:;"'__l‘t_
= (10,2415 146,84 +8.71 48 =2694.00 = 2E44. 4
_Total 5R=1JI].1]1+ (1 LAY 4% [E.TI:—E]:= 3133, 16-2604 .00 = 430.16
OSN3 (RBGY  (930F (910 7
Lol e v e T T
=2707.7 = 2694 00 = 12,70
'T.1.l.'n-w:|1. interaction takle for times and "Eﬁ'{"ﬂ
ey e Ape. Lovering __Variety
:f HIT J'I ol 1 lb'l Liw ;{. . _Tim | N . H ! .II. .E Tﬁtﬂl
Lpluly gest e Feb MT 289 T 300 247 | 14404

S koo Mar 1375 381 317 2350 fagm
|L| 5 ‘: !Iui'.l'lj?"ll-"#.‘ = A.PT 196 35.':' 15..[ E-I| TE'q-
bahat=g Tols [ 1008, (130 BRO 550 3506

: (10L& (1130 (88997 (55.0¢°
"|'IIITII!|:|'S-F"T - e ]E_T-_I_:- l.l ‘[-F:'].S:'.I

UBI.J.RLLI Z\t_i{j *Enrﬂﬂmiﬁ;{ CAm Be CL\E,(J.LL.{}I 'L--""l-"-;}“ ,'Lfd'{,al?
Wl U epbirin s 1 gy il ry Jed s d
4
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"alh'\-u.o-l.s'l et L f'-._lr .

.-.‘:-"";.,4_II|_".. Aagri --'.'--'-:.._‘l.'J i
T4 E '-lr.l'q.'l 1.4.-.-"

e ; g 4
Covenng Tune 55 = La i i‘EL L R 18311
Ih I_I' II P AR {_ i
O B L—-“ ] fadid Tie (160 s Il-.aE:\-!'|..-E"'I"'-"'!l.'ﬂ\_. . J
".an:11.ﬂf_|neml|=T|mc Subiphless = - i i L;LI i S e O o AL !
Tujewida - 4
".,_;|-:1|:|_'.:|l{ overing Time 55 = Yariely & Oy '|FI- it Subeable 55 - VorerySS - Covenag Time S5
AT s = 356.02-152.64- |40 = .
ANOVA Tanvs .
| SOV 'Ss T DF M5 | Feal
| Blnck. [ 1370 (im0 =% V4.5
_ 1.,:&-1" | Varietes [ 15266 | 5.1 =1} ol |3
4ain : |'~_ Covering Time [ 16301 | th-11 = IRLS0 | 388 i
i _.:'1']. - & | VarinyxCovering tiowe | 3037 | ja-dub-11 =6 | h7* | 32 4
' Error | 6936 | fuh-lyn-1v =33 | 2017
TOTAL | 43916 | iaho-1y =37
JI..E'.*.-.‘..: b3 L ‘-i'*i' oy s b — B Lo -Basung &
) % I- I i S
O 04f fom 0+ e CN 2 30T =Y e Moo 33
?6' Mean e s 2
STATISTICAL REFOR 7Y el o S

As Interaction 15 significant so vaneties and covenng dae ars nnl m ]‘l'ﬂu|Eﬁ| 5 present e
twa way fuhle of means

Two-way interaction table fon times amd vanene: s

Covering Yarici ! LML L
Time YV R F G| Means [

Feb 112 97 90 62| 9M

Mar 04 98 94 A0 §.5

Apr 49 38 35 2} 4y

Means | B35 %94 74,47 T3

.lf_-ﬁ'_':r'tgﬂ P X vale'e f:f :

Standard l.rrors: 1
any .-mt{i'-rfﬂL,E'M [2MSE _ (2xLIC:

SE of dilicrence hﬂweeu'twmaluesin body of the thie = 1III T e 103
[2MSE (=202 ..
SE of dificience between two vanely means = T =\ i s T
|25 (Ix 202 —_
SE of difference between (wo COVENNE UME Means = 5 = 1II-—]-':--- [}
et GE for Ve T
SE“"“"? _ \ME e for THEA
Ka i . — _.-—T" 5!-—{-‘:_!__1-"]"'1"

- §E oo ompe Frend e
SE MSE CF ? sy g‘n-v{"L'L'-ﬂ.

Tx K
B o R “pe any pe Y YAV
J""_‘L‘E/ﬁﬂ: e A
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bain Effect Plot

=
-

] Time of Cove "

] o L

.

_I
S Variety

+ H

*
L

af

For cach variety the difference between the means for the first 1wo covering times was no
significant: For all vancues except R the third covering time gave lower vield than the other
two times. For the first two covening time variety G was lower than the {:.:'ther threc vanens
while for the third covering time variety R pave a higher vield than the other three vanenes
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7.8. FAUTORIAL EXPERIMENT UNDER LaTiy S0t 430 e
An engmeer 15 Studving methods fuy e et e B LI ERLE R S0
Two tactors she considers o e IMPOrtani are (he amisnt of Backeraund aoee S “epounsd
claiter. on f.i'u:' Si.'ﬂ_ﬂE'. amid B Ivpe of {iliz [Vial g e g, i St

usimg nree IEVELS Ol ground clutie T [TEN O [ e e e PN TN, ] T
randomI¥ Selecling o treatment | fm‘-'-hm..r.ll.‘k.-_ TL.'{;'.:.E!':T]l....f.l'fﬂf?".lt.:.l “"': i L'
miroducIng 5t SIEnal representing the targer 1o e i 'i.n:’ LS
increased until the operalor observes |1 The REREITe TEvel i detasiiin. v thes AR P
the respanse varable, Because of operator R operaks
and keep i or her at the scope urnl all 1he o e huvie been made. Fintheime
operators diller in their skill and BN i i s - e GBREE E sbes sl 15
the D]:Il:lﬂh‘ﬁl:': us blogks. SIN Operators are rardomly selecsed, Onee ;I.II aperaio 1y vhosen. i
order in which the six treatmem combinanons m:- G g rnibl i e
the setup e mqutre::l. only six tuns can be made per v, Thus, dovs Decome 4 second
ran@omMIZAoN resinchion. resulting in the =G Latm Square Desien. a8 shown o the
following table along with the intensity level measurement :

W by iy 1y ETECT Lan BE s Ll b galdal SR

OvEr the serecnn Ao canenmeis - te si2ney

Cperator L I
Dav | o 1 P 5 -
| Aillr. =% Bilig:= 061 Cligo= 1050 Die o6l Filo =0 Sigo=sw
2 Cg=114) Alhe =96  Bifig= 1050 Fe.=53  Ed..=bo D fage = 84
3 Bila=I21 E(fg:=900  Filpe=95  Ag o=y D =K Vil = 1H
+ Eifzg. = K7 Dii:g = B4) Allg = W00 Bifjg: =My Cilpea= 100 Fifape= B
3 Rilg-=9  Ciiga=112) Difip =92 Eifw.=®0 Asfoo =90, Vitd e = OB
6 Dife=86 Fifg,=91) Efig=071 Cifip:=91 Bifip =100, Al =920

In this table we have used the lowercase letiers §, and ¢, 1o represents the ith and il wevels of
filter type and ground clutter, respectively, That 1s, [,ga represems filigr type | and tnedum

ground clutte. _

Note that now six operaters are required, se the number of heatment comb=ranons o
the 3%2 factanal design exactly equals the number of restrictioms levels, Furthers - oim e
design, each operator would be used unly once on each dav. The Latin letiers ALK U, DL
and F represent the 3x2 = 6 factorial treatment combinations us follows: A =ty B =gt

=g, D=i-2,, E=fig:, F=Mgs The cuta analysis is given below:

ANALYSIS ‘
Correction: Factor = (G.Trf(Tutal no of observitions)

(0041 b 1004 4984020126 = (33001136 = 32035

Total 85 = (90 + (114)° +...+ (920 = CF= 323154 - 320356 = 270¢
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Two-wav imterachon table for Ground Clutter and Filter Type:

Ground | Filier Type |

Clutter | | > | Total
Lew | 5600 512 | 1072
Mediom 607 525 | 1138
High 640 543 | 1189
Total 1813 1553 [ 3306

(5637 +[.~14.1t:r
i b . ) 6 B 6
= 320360.333-320756=4.13
Col/ Operatarss = T2 (5787 597 (530 (56107 (557
o b 6 i 6 &
= 320784— 320356= 425

Grand Clutte- §§ = D072 (1135¢ (UT89Y e 290927.5 - 320356 = §71.5

(SGET (SORET (SO5T (564
{56 +[er {ﬁ]*{ﬁ’l—lﬂ[—'

Row!Davis=

12 12 1=
i '-:-".l: e
Filter Type 8§ = Lo 3837 op 901525 44 - 320356 = 1469.44
1% Ik
3 At 1T ; ) ;
i I (5600 (5121 (607) +4’52.E} +f=546t:-} +f54ﬁ:‘-} -CF
{.I ['-_ IEI E'

= 322523.667 - 32013536 = 21§7.66°
Ground Clutier xFilter Type 8§ = Treatment S5 — Ground Clutter 8S - Filter Type 88
= 2167.667 - 571.5 - 1460.44 = 126 767

Error 85 = Yol 85 - Treatment 55 -Row 55 - Cal §5§
=ITUR -G 66T -4 3% - 428 = 198.005

ANOWVA TABLE

SOV 58 DI MS Feal |
Rowilss . 4.33 [(ab-1y =5 0.86 |
ColOprrator T |
Ground Cluteer 37050 | (&-1) =2 285.75 | 28.86%* |
Filter Tvpe [46% .44 | (b1 =] 1460 44 |45.41Hi
Ground Clutter=Filter Type | 2. 77 |I3-]].|_'h-|l| =2 63 E.E*', ﬁ.l.d,EI“
Error 198,00 {ab-1j{ab-2y =20 '!J'-QU- —
TOTAL 2798.00 | (ah) -] =1] |

STATISTICAL REPORT
The major difference ahserved was in the filt
measurement difference of around |3 naints
statistically siznificant, The difference from
between | and 2 filter types from 48 10 103
to be significari,

;-::s nbs;rved from low to high levels which was
o ::r high levels of ground clutter increysed
'Ch Was the main reason for interaction effect
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Ve :v-ﬂﬁ
7.9. GENERAL ANOVA TABLES (For FacTORIAL EXPERIMENTS |

First two columns of ANOV & table fy; -

2 und 3 factors {aclonal expennmenis
CRD '
2-Factor - e e e
|50V TDF _".aw Tl — . i@
| A a-1 ___II.L L - '-1
|B (h-1} |1+ {1 b
!HE fa-h-1) [ et G
Emor abir-1) .uJ:i a4 . M
, AL | e Latc-1 | Ir:g; =
BC {h-1ic-1) m:,
ABRC |ru I301-10e-10 i Cp—
[
= _ Errar ahcir-1) kool | AR
| TOTAL | abr-| | TOTAL | aber b %
RCBD 7 fba’
1. ﬂt t} -

. -Factor 3-Tactor - |Eem -~
5.0V DF | S.0N I DE =4 !"‘LF':-ii.'.L—"— -
Block {r-1) | Black Lir-11 |l
A ' | e

a-1; A | 1a-13 |EE~Y
B {b-11 | E (b-11 |I:'_I.I
AR (2-1)k-1} e fc-14 |pE
Error {ab-L(e-1) AR  [2-1)(b-1) AGL J‘:%{F
AC | (- diie-1) ir"":';- g5
| BC ol e
ABC {a-1)h-1)1e-11 RELE ~
Error | tabe-Lir-11 /#ed g | BDE.—
TOTAL | abr-] | TOTAL | aber-] —|PebE—

LS Design ALDE —
2-Factor | 3-fuctor A cpE —~
oV |DF SO\ | DF !

Row (e-1) Row | (r-11 !

Column {1-1 Column (1-11 I|

A (2-1] A (a-1) '
B (b-1) B | {b-11
AB {a-1){b-11 C fe=1)

Emor | (ab-2){r-1} AR {a-1ib-11 |

AL fa-1)c-11 |

| BC (b-13ic-11 |

ABC | fa-1)(b-13(c-1] .

Error | (abe-20r-1) b L -3 o]
TOTAL | abr-! TOTAL | abcr-| B

54
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8. SpLIv PLOT DESIGH
he unable 1w apply the sel of oIl treatmen

S, 1. INTiDUCTICN
e, W MY
wan procedure Jppropridt

T AU lilagter Gesks

fr e
comhinai ot B IRE eaperimental uniis acenrding (o the randomizal!
i o dUIES Tt
i e C10 RCE av Latia spine desions. However, ofher randomizatien procedurts
aives rise 1o the split-plet LEI::t.LE wiich 15 ¥

e e ol the allermale randomizalions g

a'.n;JEHbl :

spectal kind 2l Incomplele B lack Design
- . used or r.JIZlﬁT'I..I| e;.p..lmu.ms

o -.Jl..':-.i'-_"nF- e e
£ g
L Squirne desIgns. The un{l::r]".-'mn ; |L1'|-:1]1.-: "

Spti-g
mcorporate e e mwre af e, Clk.RCBorLa

that there - w hiorl En-;ram whole units. 179 '-thﬂri

then. thesa whole plots are divided mio U aul:lrulc-t*: ar auhumt*: 1

|I1I~. Ln.h whale unil becomes 4 7% a bloc
e

additionaf pectors are u|‘.'p|.u,

Such design man

T

iewls nf one of more factor ait appuc;,
o which | levels of tr2 OF mor:

ck for _the :u‘num-_

fgaleenl:.. :
ed 1o large cspenment)

F[h ESIENS, 11 which 1I1r |L'|E|‘= ur one Hcmr can bc EF'[‘]'
T T 1 degio
to the subunits, are k known as “split plo designs”, In

anits and e levels of the ._-_.rh«. fac Lo
e —— RS

ol sqcoe e assgned al randam Lo larger Exilﬂﬁmﬂﬂl-ﬂ units ang

hese Lﬁéai_. .. the icvels o) on
ithin the Iﬂlgfr

: the ather faciors are applied al random 10 the subunits w

the level: .
e the large experimental unils

cxperiment.. umits, The subunits are abtained by dividing
levels of one factor to the main plot,

The spht pini design invoives EssIENINg the
arrunged on & CR, RCB or Latin Square design. The levels of the other factor

which ma: O
plois within each main plat. e.g., if there are three varietics and thre:

are assigned 10 the sub
fertilizers and we want more precision for the fentilizers, then with the Randomized Compiete

Block Design with three replications, the varieties are randomly assigned to the main plot:

within three hlocks using 4 separare randomization for each. Then the levels of {=rilizer an

randomly assigned to the subplots within the main plots using a separate randomization 1
Iﬁ‘I

cach main plot. The lavout :s shown in figure

Block within block and this IS incomnlate ki,

i T P, o Block 3
g ¥ 1"I.' I'l._ "I-' ll|,| ' . =
‘Ifl '|||."z|': I'rll;nl-_ % I-II 1|,'| I \II r 1 : f‘i i Y . LU
‘ RS i afy £ ' vf
R R R T A
I R U o 'l', _-f . 1.-_1i_~ 1"ll!. 15..*1; qu_. III.' 1.,|i.
1 - A Vsl Vil
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The twial number of reatmeny T this experiment e 3x3=4% From thw 2vodi

clear thal uil the 9 wreaiments occur once n each black bt within o blocl b levels of

yanetes DCUr topelher, 5o with Tespect W variees, 11 15w randomnzed complete ook witl

ihree vanetes and three blocks. But s un e waplere biock us bor as the full set o
reaimenits 15 concemed. For this reason, sply plol destpns wre abst called Incomnioe Bloc)
Designs

The restnction imposed on randomization jor assipming the levels of fackrs within 2
I:I]':‘H:k- gIVE Nse to 1D -:::s.penrnr_nlal erraTs jor the 5|1|||.-p'|.;31 {,,:»,,g,-I_ Cine erTor 15 (ot Thain
plots and the other 15 for the subplots. The Eﬂ‘ﬂ-ﬂﬂwﬂl“ aper lavout i usec

This is because itinvolves vanability among closely spaced subplats within the main ploee.

Mostly the whole plot error {E,) is grewter than subplot error (Ey) becouse L

anEI'\'H-UDﬂE o the subunits of the game whale wntt 1ead 1o he I..I""S”""'EI”'I correl L'|_'.'::l'_lu and Teat

more alike than subunits from different whole wnits, Butif by chance E,<Ex then vee consider
nore alike _

' . . R a
poth E; and Ep as estimate of the same and consequentiy the two muns o1 squares cun b

pooled and divided by the pooled d.{. 1o oblain the estimute of o

2 1.1. THE SPLIT-PLOT DESIGN [$ DESIRABLE IN THE FOLLOWING SITUA" NG "f%-—

i, Tt may be used when the treatments associaled with the levels of one or Tiie of the
factors reguire larger amount of experimental materiil inoan expenmental 1 than duw
reatments for other factors. That the nature af faclors may be such that levels of one
factor Tequire larger experimental units as compared 10 the levels of the miver factor.
For example, if the two factors are the sowing metliods and mrogen levels, thin n wo
factor experiment the sowing methads require machinery, so they remnre jwes
experimental units and the mtrogen levels can he apnlied o the smatler umis

ii. The cesign may be used when an additional foctor 185 to b incorporied an an
experiment 10 increase is SCOpe ,i.r:. il may be that new realiments have o be
introchi=ad into an experiment which 15 alregey i PIOCTLE:

i From previous information, it may be krown that larger Jifterences can b axpected
amone the levels of certain factors than amona the levels of others.
iv. The r_;;_.;*lgn is used where greaier precision 15 desied fur compansons wn b CETLAs

factor: than for others, greater precision miny be requuired for levels ol v actor &
£ -
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e

OFs, VaneDs

re two f
compared 1o the levels of other faglor ¢ g.. if we want 1o Compal fact

sren yaehies showid be o
: reguired for fertilizes. then Vi

CuT

unial lefiphizers and mors precislon

i tae larger umts and the femibazer reatmenis would be appiied

ance 10 sphi-plat expe
¢, the factors which require sImalier amour
ce, or Which are expecied |

|'| Fia.

10 the ST Eer LILE

"

[menis vanation among Subumiis

In summary.

e VR Tl e

exrected 1o be loss than amang whole umt

copenmental mdtenl. which are of major Imponans

aces. or for which greater precision 15 desired for any reaso

ex hibit smaller differe
Woie that in split plot desigms. factors 'Ei-i“'ﬂif_

aswened 10 the subplots

(1 1

—

| —

§.1.2. STANDARD ERROR OF THE MEAN DIFFERENCE FOR EACH Or THE FOUE
Types OF Palk CoMparison In A SPLIT-FLOT DESIGN
Typi OF Pall COMPARISON
NUMBEL BETWEEN MEASURED S Exampir  SE OF DIFFERENCE
| Twn man-plot means I12E,
averaged over all e IR ME
Subplot treatments |

= Two main-piol means ab-ab, a; by -aaly, |'11 (b-1)E, +E,|
at the same or dificrent 1|.! ka
sub-plot reatments a,by-ab, aybo-a,hy
3 Two sub-plot means E
javeraged over all by-by, by-h- "|| -
main-plot treatments B
4 Two sub-plot mean: E_
at the same main-plo ab-ah, arhy-aybe —
_Treatment: \ n ;
r[";:l:":f"r:;- o E® Mgv.. 1 = Numter o) HEFE:; Il;r:. ) :hu_n] ¢1 of main-plats weaments, b= Number of sub-plol i
mat,g Pl e /o 'g X fhek I
wh pla b o { ¥
ExamrLr VX UE Suwhplo ma(n s [Least PPt 4o b |

A researcher’ iﬁa} mn&emd o compare , 4 u:menes of wheat

S22
CI?‘[’ — 7 aty 3 seadig rates. An
' cxpenment w
Crif p 1 was conducted in a Comp EEJRandﬂnuud Design wuhm and

Al DA il ingmain plots and A seeding rates in subplots. The data recorded about the
i plant herzit at matunty (cm) 15 gs fu?lmu T

Hﬂl[ﬂdi”’
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1 j'
lljlr "'i 4 LI '
Sy o L { i 5
1.——.I — = ) ‘;:f.'_;a
S S T5 e T e s =
, H—lal Y3 | WMy M 5. %, LN
‘_ L|'.'\-. Sll '-_|||:-|||:.. IFiJI:..:'q"I.;_T| _|i_'_ 4 = I_I q__-_ t{:\-\-""‘-\-.‘
g h_;_._ 52 .-':'_i_"-_‘_l_::-l-‘.u ,1.{_-“| S : Ilj Ty “:'_-;d f-:-_"'l
T R et LW | 910U e
.ﬁ* i '-_.-u 58 Th 90104 TR ——
i tﬁmr—-— — . | sl Ak % .-.-nd
L R i X L T
b, e N b 3
I 518118 7% 5 ¢ “pl A
Ly [B3041901270176] [GEmn osma 1oz K =, B,
9L68 | 937370640 [Ghnn w1 9712 Q=3
:itzlc EIE"T‘{‘II:.IIJEL‘. L:l'__h._| -.|||.L-\.|l'“ L3 '-I,!, 'r:—\__ r"\-.\__
(9316 79232 88,60 (9998 Tui s 9690 X
L B L 2L 5
Analvze the data and present the ANOV A lahle i e
ANALYSIS
Correction Factor = (G.T)/(Total no of observations:
= (03.80+494.52+ 449 36496 2011145 = (4503 36745 = 422505,2352
Total 85 = (93.80)7 + (94.52) ., + (96,205 = CF= 42132 4234 - 422505.2352= %16, 1882
Two-way table for Vaneties and Seeding Rates _ _
Seeding | 4/.¢v .. (Varien _i | Rxvx s
Rate Vs LTS Vi |V, [Total |Mein g xux}
5 6408 | 37431 | 36406 386121 148867 |93 (4
S, | 368.52| 39104 | 36364 386.16 | 1506.36 | 94.1F

51 16297 | 38176/ 369.00 | 39460 | 1508.33 | 94.27

Total | 1092.57 [ 1147.11 | 1096.80 | 1166 88 | 450336 | 93.82

Mean 9105| 9559 9140 9724 9YiR2 )

Two-way table for Vaneties and Replicates

Variety |
Replicate |V, ~ ¥, Vi Y, Total
1 AEs 32 | 28852 | 206521 29636 1137.12
2 27649 | 29639 | 28580 | 29236 | 115104
3 26272 | 27932 | 26788 | 288.08 | 10UE (K}
4 268.04 | 26288 [ 27620 | 20008 ! 1117.20
Total 130257 | 1147.11 | 1096.80 | 116688 | 450330
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AL e (L A N L 8- +mr1:'l'
Vanety 8% - -—— -—'F‘_T_’]: 12

LY
=

- 25d5,B1 8- 422505.2452 = 340 5758

T T AL S ) (LT (2R§.08) (290081 i
Ht'p's"'-'{'.i‘:-uht.-.i*lq'T-1r'.r.l 8 b et == --+_-1|—-—ar—---—._1h

= 32189 IV | - 427505.2352 = 583,536+

Man Plet T or Emory 85 = kepx' Sumable Total 55 - Vanety 55
= 581.8364 = 10,5758 = 243.2606

“43:4 7l rlﬁfulr..ﬂﬁ.- A |l.‘-'-[I'15..‘.I*J" -CF
I H ._I"‘.

= 1059 REE - 225052352 = | 46520

Seeding Ratw 55 =

Fi6d |:.' o - TR L} ':I.'
361087 (365527 (386161 (460N o
.. 4 4 4

= 422896 M2 -413505,2152 = 3926169

W Fl(S ubtal} > Total 55)=

VarnetyxSeeie Rate 85 = VxS Sublable Tatal 85 - Variery S5 — Seeding Rate 85
= 302 8167 - 340 5755 — 14.6528 = 37.5683
Subplot Errn o Ly, 85 = Towl §5 -Viriery »8cedine Rawe Subtable Total 85 = Error; 35
= J16,1RE2 - 3U2.EIAY — 2432606 = 1801107

_____ AMOVA TapLr
v 755 DT ‘M5 | Feal |
'rl.ri::»r | MIOETRE | a-1) =3 [ 113.5253 | 5.60* |
| Error, L3266 (et =124 202717 N
(SeodingRoee | 19.6525 (b ) = 2| 7.3064 | 095
E_'l.:u:-.-rl}'xkfdiu: Iatr | 3TARTE | fallih-]y = £ 0.2647 | 554“1
Errae: B e T o e
,-'ir_-‘f' LR TDT iD= 24 | 7500 4 |
EJIM. ‘| Blh )8R | [abin-]i =47 | | -_i
LT S e ) =1'—J£I-'—]- = 4 8075
e Wiga gEEE
e Y MSE, 7 5014n
L e w | = L-r-—. =
: Moo (G327 29[':.5'

STATISTICAL eopors

As e TOCU s nal sronifie LR
W s:gailieant so Variety and Seed rare re achng indepen-iontly of

difference in the wield due 1 differen secding rates. Ag m

of Yarietyrs.  aificant spowe s m
: ol oE Aome vy table of varer
A L E[:l wins -|_'|-]]]||':

each other, Ther is oo
min effect

o 1]
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Varey TV, vy,
Mean | 9103

=

T TV TR I

variety V¢ produced the maximum vield where g v | praduced the mimimum vichd which 1
not much different from yield of V3. Thus seeding rates used did nol produce sigmiicantl
ifferent viclds.

gandard Errors

» SEof difference between lwo main plat means

28, _ [220.2717
frecae N =123
Ver

Axd

r SE of difference between two main plat sneans o the same or dilfereny sath-plus
reatments

I'Jl.'.:-—l]EL + ., |2x3=1750461+ 202717 :
——t = = 7425
% b 3 Jad

ExaMpLE (Note: This is the same exampla bul considered as Spht piet in RCBID for the
purpose 0l demonstration of Analysis)

A researcher was interested 1o compare 4 varicties of wheat at 3 secdn® rales, AT

plots and 3 seeding rates in subplots. The dala recorded aboul the plant heig' 0 maluniy

icm) 15 as follows:

¥i

S | S: [ S |
Block | | ! I
1 | 9380 | 96.08 | 95.44 | | 44.10 | 98.64 | 9571
94,52 |91.68 [ 90.29 | 19591 | 101.12|99.36 |
8632 | 87.92 [ BE4R | |9420] 93919110 :.
T§9.44 | 80.84 (6576 | | 9004 9730 [958

Lo | Fad | E-R
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L 'mlTI'uul*"u 7| OR.80 195,64 | 101.92 |
! ] e
———T9[os 9571 | 9840 | 196,08 |99.16| 97.1-
99 36

_'i__""'ﬂﬂ-m ouru| CIEEEE
BT CJ.HIMS{. |_uu44|=,4444| 96.20 |

A

(R,

Analvze the data and complete the ANOVA wuble

SOLUTION
Correction Unctor = (G T “iTatal no of observatians)

= (03 80404 574 +90 36+96.70)748 = (4503.36)7/48 = 422505.2352

Total §§ = (738017 4 (94,5217 &+ (96.200° - CF
= J1332] 47234 - 470505 2152= B 6.1882

H3T130 (51047 {1098.00F (1117.200°
Block 55 = I'_I:____I = ...._.._1_1 + = ~=F

= 22639568 - 427505 2352 = 1343328

Two-wav tahle for Varieties and Blocks

. Variety !
Block1 V, | V, Vy vV, | Total
| | 28532 288520 260092 | 20630 1137.12

1640 | 20639 28580 | 292.36 | 1151.04
26272 2032 26788 2E8.08 | 1098.0(
4 | 26804 ;0 XRDBE, 276.20 0 29008 | 1117.20
Total | 109257 | [147.11 | 1096.80 | 1166.88 | 450336

2
3

Two-wav table [or Varieties and Encde Rates

Seeding | Variety |

Rate :' Vi | ¥a | Wy | V, |Total |Mean
5 | 36408 | 37431 [ 364.16 | 386.12 | 1488.67 | 93.04
S, 365.52 | 39004 | 36364 | 386.16 | 1506.36 | 9415
5 362971 38176 | 369.00 | 394.60 | 1508.33 | 9427

Total | 1092.57 | 1147 11 | 1096.80 [ 1166.88 | 4503.36 | 93.8°
Mewn | 9I05] 59T l0[ 9124] o3m] )
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L ﬂl!

e

f : & s
.i‘-":l E‘i{:{-’t"!r'.-[ dlr L[r'i.'ﬂ,|{|; '-'!I:':':.{-:'_H,: 2
FrY. prierndl s o h

T fpesen vy

; d f
Tedidd fo ik i Pigiirg -

£ -'[; le =40/ N 574 i1g
Variew 8§ = D923 AN 096 k0e 1 10p8
: : I: I e —— AT

1.
=422845 811 -422405 352 = 34 a74s

1FY 5,
FEB5.A2v 1 v9g 4y
S Y r

FAaggr e

E]L";L %' Subtabie Totul b= ol Cl

28kl

A
SR K0
Main Plot Bmor o Brrony 55 = BlockxVaricty Sublable Toca! 55 - Vanere 85— Wit 85

= 423080 17 )6 — 422505 0380

= JB3.E364 = 3405756 — | 34,3305 = 1NRA2T

TH4B8ETV (15063017 150823
e —— ———— i e e
It ' [

1 I Fi
= 423519 BBE — 4225015 2357 = |4 3 2a

(3R4.081 385 57
VxS Suintable Tatal 5§ = - 365,52,

Sﬁ._-d_”;;__' Raue 5% =

(386,161 (3 00Y

-

T
il 4 i
= 4228080521 - 422505 2351 = 2.6
vanelv=Geeding Rate 88 = VxS Subtable Tota] §5 - Vancty 55 - Seeding Ko 35
= 3025169 < 2405758 - 14,0528 = 375585
Subplen Error or Ermor: 55 = Tetal 55 -¥xS Sublabe Tatal 85 - Error S5 - Tiesk 52

= R16.1887 - 392 5160 - 089277 - 13,3020 = 1B

ANOVA TalLE__
55 | I

e

-
|
|

as | benl

=5 44,7770

SOV

Rlack

- ———

| L oo

Varien M0 5756 (-l = 8 1 LIASDS

(Bevar (1080217 [Geeliilt =9 1 1210 o
Sording oie (Ao =20 Jaelb,
yarigtyxseeding Rate | 375883 Gbhlel s 00 U b b

IB01L07 | aib-lpin-1h=24 ¢ TS

aip. 1882 [iabn-10 =41 i

_El'fﬂ'.'
TOTAL

o —

120030

.,JUHSE- 1 ey '||.'||_-| E 1--:'-

Mean
o MEE,
P ki .

Mean

EII'I_;, = ® 100 = g3 gz

J7 A

Kl.l.-;l:l‘_' _.-——-'5'|[

035

= 2915

cv,

StaTriT1cAL REPORT

As imierction is not significant sn Ml ﬁ::_f rln

e e o :ﬂe'l- Uuuh— [ sy A e

Varici, - sipnificant 5o present one Wity table of VerE Ik ;
i

d Geedl e are acting iRdepsnds

H showld 88

;.11‘" il
Al

Byl Each

o dedferent seecing rate. As ma wiject of

0l
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_____:__-—-—-—T"_'_'
Variety |V, 1, _-_1:'_._-_._#-’4?_'_.
Mean | 9107 G5 5L g].40 §7.24

, ield which 15
- imimum yield

Variety V4 produce the maximum vield where 15 V| produces the m

not much different irom vield of V1.

Standard Errors
SE of difference between two main plot means
J2E,  +f2x12.1031

(7] Ixd N )
&F of differcace between two main plot means at the same or different sub-plot

jﬂﬂﬂﬁi ) 1hfz;l-fj — (75046} +12.1031 — 0.54

=04l

(reatments

i ix4d
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8. 1.3. GENERAL ANOVA FOR 2 AND JFACTORS SPLIT P Bl
CRD
| 2. Fuctor Vet
'ﬁ*—-_-_ﬁ'-l_- KT I
A ab B
| E air-| | air |
[} ib-i i i 1
| AR {@-13k-13 Al TRLLE
E! aiks-| {i-| EY [ il
| i
A La-d e
B (b ] Wg=|
AR | {a-1Wh-1Hc-1i
E3 [abtgd il ey
| TOTAL | abr-| TOTAL | ahwr-| o —
RCBD B
| 2-Facwoi | Ifactor —
{1 5.0\ | D.F | 500N | D}
| Block [ dr=1) [ Binch [ re]i
| A | (a1 A | fa-11
| El | fa-1r-11 | E! | ta=dir-]
B | (b1} | B | th-1"
| AB | (a-1Mb-1" | Al fa=110b11
i £ | atb-1r-11 E? a:nl-lnh-ii
[ o [e=li
I | AT la-dc-1
I Hil (b=l pe-1)
| ; ABC fa-1)rb-1 -1t
' El whic-Lir11
| TOTAL | abr-| TOTAL abcr- | B
LS Design )
2-Factor | I-factor
50V D.F | 5.0V | DF
Row ir-ls R | tre11
Column ir-l} Calumn [ [r=1}
A {a-1) | A {11
El {a-2)r-1) | E: | (-2
B (b-1) B (b1 .
AR (a-1)ib-11 Al | (=] Wh=11 .
E2 a(b-1)r-1) E: Lah-10r-1 !
C g1
Al [ {a=1Me-]11
e (b-lie-1,
ABC La- L1 ye-1
Ed abic-1i-1t
TOTAL | abr-| TOTAL ahor-|
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0. SELIT ©_0CK OR STRIP 1Lo7T DESIGN

9., INTR: i 2ICTION rment 10 which the
The Stop-plot design 15 specificall v suited for a two-factor eXpe

the iteraction eflect helween the two

accompi
thai 107 mewsaang e man efleci of ayther ore of he two factors. This 15 r

factors is hagher thay

c i covrn for measunng i '
desired prec ‘ 1ahed will

the use of three plot sizes

I Ver.  “strip plot Tor the Tirst facior—the vertical factor.

Eigr: - zal-sivip plat [or the second [actor—the horizontal facior.

3. dnters iae plas for the interaction berween the twao factors.

: . 5 , I ach other.
The verw:d-stnp and the hononia-sanp plot are always perpendicular 10 eac

z . : : n plot and
However, t.re 1s no relationsnip between ther s12es, unlike the case of main |

subplot of the split-plat desizn. The interaction plot is, of course, the smallest. Thus, In a

strip-plot design, the degrees of srecision. assceizted wich the main effects of both factors are
sacrificed in ardler 1o improve the precision of the mteraction effects
In the Split Plotr Design, the levels of second [actor B are independently randomized
within the subpats of each level of first facior A, Butit mav be that the levels of fuctor B are
applied in strips across an enre replication of the faclor A in main plots, this is callad “Spli
Block or Strip Plot Design”,

In the 5:np Block design the levels of one factor are assigned to stip plots in one
direction 2nc ‘e levels of the second factor lo the strips perpendicular to the firsi stnp. A
separate randomazanion 15 done for each block for each factor A and B,

The design facilitates physical operations and increases the precision for estimation of

AR interactc:

T . . it .
if ther: are three vaneties and three fertilizers where the varieties are in main plots

and the fertilizers in subplots, then the layout given below for one block indicates the

difference betvween a Split Plot and a Split Block Design
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SPLIT PLOT |H“~i_|’LIT BLOCK
\ALAAEA E TR
PR B
| Fs |F; | F | I_I h ||1”'
FIRTR]  heh—
. 1. i
Fr [F | F, |_I [T %

graNDARD ERROR OF THE MEAN DIFFERENCE Foi Fach OF THE FOUR TYPES
OF PAIR COMPARISON IN A SPLIT-BLOCK DESIGN

~TyeE 0F PAIR COMPAFISON

" KRCE

NUMBER BETWEEN MEASURED A5 ExaMPLE  SE OF DIFFE!
il g e
| Two honzontal means

{averaged over all
vertical treatments)

-2

Two horizontal means
al the same vertical
treatments

] Two vertical means
(averaged over all
honzontal trea.ments)

4 Two vertical means

at the same hnriznmal_

treatments

FF_-.
‘l_._'

d,-3, fp-a; v bn
I;:“h"i}E‘:r E E-'_'i_
E1hj'ukh| u|1.'3'|-i.=|]'|~'| ‘III b!’. g
h|'b_! h]-'rl: .IHI-'E
J“-'Ha -DE, +E,|
aibj-aby abemb: Ty

E,= MSgruria), Et= MSEroriby Ear= MS grraeatr # = Number of Replications

a=Number of levels of horizontal factor,

ExampLE

b = Number of levels of vertical factor

. : : \imieation rales on three
A researcher was interested to determine the effect of three imgaton relcs &

vaneties of chickpea cultivars. He made three blocks and assigned three vaneties 1

three plots in each block. Irigation

strips of

jevels were then given (0 strips of three pleis ross the

variety plots at right angles. Separale randormization was used n each case. The crage of

N0dules per plant of chickpea cultivars are recorded as
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[ % L]
|
|H|“'l.'“|{ '-—II —i—h—i-—l;‘ [ 1 l; i I
I ]

T (] 4381444
T (205|250 ]33] (2401458

E 1 24.2 ] ~|{-J_'~‘~ [37.5 8.3 | 0.7
A o2 a7 68 (2573711439

Analyze the i1 and campletc the ANOWVA table.

SOLUTION

Tw-wav table for Yanezies and Blocks

Block ! Variety
| v, | v: [ ¥y |Total
1 | 78611227 740 264.5
2 | 93.7| 1165 | 82.6|2928
a | 7971087 | 6702554
Total | 2520 | 3374 | 223.6 | B13.0

Two-wav tahle for Vancties and Irrigation Rates

Irrigation | Yariely

Rate v, Vi Vv, [ Total | Mean
1 63191 770 5261937 213
I L1102 T7B12767 1 307
Iy 414101 93234261 380
Total 2520 | 3374 | 223.6 | 8130 |
Mean CIED| MA| 24E

Two-way table for Vareties and Imeetion Rates

Block | Irrigation Rate

', | I, | 1, |Total
1 | 651 9381059 | 264.8
2| 682110131233 2928
3 | 604 B16[1134]2554
Total | 193.7 [ 276.7 ! 342.6 | §13.0

Comection Factor = {G.T‘J"‘h_’Tnm] no of observations)

= (20.53+424.2+ . +34.1430.7127 = (B13.0)%27 = 24480.3333

Total §§ = (20.5°+ (242 +.. .+ (30.7V* - CF= 26787.8200 - 24480.3333= 2307 4867
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R R =

(264.8)° +c2';|:.51" (25547

ok SS= 9 T g T -Gk

= 24564 448% - 24480 33313 = B4.1156
(25200 (3374Y (2234

yanety 8357 g g uF

(18.6)° {937y _
AT 1able Total §5 Te— e T (82 671 y
EH]‘:L};".I. Subta . — et 11] +[f| -:._JI s

= 15355.0931—-2445'7!-,333?

= B77.7600
yariety Error ot Ermrory 55 = BlockxVariety Subtuble Tow 58 - Wuricty S5 - Block 55

= BT7.7600 - 7796356 — B4 1156 = 140088
(193.7)  (276.7% (u26)
+ it — T
g g * ) L
=25T17.4822 - 244803333 = 12371480

jrrigation Rate 55 =

. 7 Ayl i
B]ﬂ:kxlSubtﬂhieTﬂlalSS:ms_;” Jﬁﬂr-%-*' i (1223 +{111.L .

ey CF
A 3 &

= 25844 4533 - 24480.3333 = 1364 1200

jmigation Error or Error) SS = BlockxIrrigation Subtuble Total 55 - lmgation 55 - Liock 55
= 1364.1200 - 1237, 1489 - 84,1156 = 42 BR55

1 - 17 : ¥ 7y
R ) L ) R )
1 3 3

= 26580.3933 - 24480.3333 = 2100.06010

Vx| Subtable Total S8 =

VarietyxIrrigation Rate SS = VxI Subtable Total 55 - Variety S§ - lmigation Rate 55
= 2100.0600 - 779.6356 — 1237.1480 = §3.2740
VI Error or Errory; SS = Total SS - VxI Subtable Total 55 - Erory §5 - Eror, 55 - Block 54
_ 7307.4867 - 2100.0600 — 14.0088 — 42.8555 - 84.1150= 664467
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ANOV A TABLE .

SOV 88 i | Mo =

| Hinck | B4 1156 | (n-]} = 2] 420578, e
| Varienn TI0 035 | L = 2| 380.8178 | 111.31

| Error, T 10RS i (a-hlin-11 = 41 3 | et
L Irpigatin . 1237 1484 | il'--".' = 2| HIR.5744 | 57-'7{'1;—-_
| Error, 2 i ..quﬁﬁll I {h-11n-1} = 4| 107139 I r

| Warietyst-igation Rate | 832750 | (a-1 )bl = 4| 208189 251 |
[Errarv, T 664367 | ta-1ib-1iin-1 = B | 83058 |

| TOTAL 2307 4867 | (abn-1] =26 ! !

STATISTICAL RiEPORT
An insipnificatt nteraciion  indicales thar Vamety and lmigatnion  Rate are  aching
independentlv af each other. There is difference in the yield due to different Vanetes s well
as due 10 diffeivnt mgation Rate. Present the results 1n one way table of means for Vanenes
and Irmgation Raotes separately.

Irrigation Rate | 1, 14 K

M zan | 21.52 3174 38.03

——

The yield of cluckpea cultivars is highest for 3" level of Irigation and this behaviour
remains the sane: for all three varenes

Variety [V, W, Vi o
Mean [ 2800 3449 24 84

Vanety V- pro ces the highest yield and this remains true for all irrigation levels.
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GTANDARD ERROR OF THE Mg 55 Dipy
ﬂr PAIR COMPARISON IN A Spp. IT-RB T CRENCE T OREACH O Tug Four 1 vees
L

- g OR CIICKPEA 1y AN
-:ﬁm'}_[".&lﬂ COMPARISON R NN ANMEL)
BETWEE™, B T e
e MEasug oy g
i Two norzonta) my ans el il A 1]|||r|,r,|--.;1
{averaged over gl |2 L g o
vertical treatmen s A, . |—1' il
/ 1||| |_‘_|'_| ?-'-\.__
:{'-5-3-.'.3
2 Two hotizomal means VR
ai [he same verucy| 12{in-1 S
Ireatments 1' _'__lm— s
3-|hj'|'.lk_|_'|
-' _ [2hs- 1A 0585+ 35000
'I- 3n
TN B e
3 Two vertical means T e
(averaged over all b-h ,_41'; _ :_lmu.ﬂw_
- i i - o
honzontal treatments) TR S PO
=1.543u
1 Two veriical means TS T -
.1 the same horizonta] 1&'1 2 Mg R
lreatments i
aibab, =1 E30SN 410717
1 P
= 2 4642

E:= MSenoniar- Ev= MSemorni, Esv= MSenoran, # = Number of Renﬂcmmns
a = Number of levels of horizontal factor, b = Number of levels of vertical facton.
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10. NESTED OR HIERARCHICAL DESIGNS

10,1, INTRODUCTION
In cerizin mulutuctor expenments the
another factor (2.8, factor A).

1 the levels of factor B nesied under the |

similar
level of one factor (€.E.. factor B) arc similas

Guch an arrangement is

videnticu] for different levels o
hut not ide Yy

called 2 Nestec or Hicrarchical desigi, will

factor A

i i factor A oCcurs
Factor - 18 sad to be crosséd with another factor B il every level of

; al 1 : seen n the factonal
with every level of factor A and vice versd. This 15 what 18 usually &

o . Factor B is sa
expeniments. Somettmes the factors may be nesied inside of one anather d to

be nested with another factor A if the levels of B exist anly within the levels of A. In the

crossed classification the levels of factor B are identical whereas in the nested classification.
the so called jevels of B are similar. The terms Hierarchical is also used for nested

classification.

The linear star'«.ical model fcrihe twa stage nested design 15

el
Y'JF = M Tk ﬁ_lli'+ £ i I -8 PR
R P

Thai 1s. ihere are o levels of [actor A, b levels of factor 8 nested under each levels of
factor A. and n rephicates. The subscnipt j{i} indicates that the jth level of factor B is nested
under the ith level of facter A. It is convenient to think of the replicates as being nested
within the comoinatien of levels of A and B, thus, the subscript (ij)k is used for the emor
term. This is a halanced nestxd design since there are an equal number of levels of B within

each level of A and equal number of replicates. Since every level of factor B docs no ama'

with every level of factor A, there can be no interaction between A and B.

EXAMPLE

Four plants were laken at random. and then three leaves were randomly selected from

each plant. Froim each leal were taken twao samples of 100 Mg in which cale;
alicium was

determined by microchemical methods,
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Calei : l
I|:|.|.m1l:_um1-n:1-nt|-.-.-. o D i b
| B B ALY P N
Fuch of nug T
i Ly v i
G ; P Plan, usd g srevinatb L at
'lill TR s e
A0 vl
e Ll-l‘- Iih-lm II'|L11.tlIHI
1= | ] = I =
PERE oo friea __.____ 1 |
] i L ey N
B 14
3 i TEN
E - et .
3 T 204
1 L i 2.0
3 . 7 Jabd
- - ~
l 178 ik
4 £ 4,07 e
i L R

SOLUTION
Correction Factor = (G.T)(Total no of ehserviticns,

"I

DR300+, 4RI VLI = (720000 = 2072

Todal 85 = l’_.”:n.EE‘.l' (3,000 4.+ (3317 =CF= 2220130

-2 5794 an

Wizis

Tw a-way table lor Plants and Leaves

| Plant Vi -
| Leal | T 2 1] _El Tota'

67, 4001 5431 76512435

I :
3 | 7000 579 1081 E14126.) m
Y | 568 4360 500 G02]21 7%,

===

Total | 1905 | 1307 | V7.1 | 224617229,

19.05)° (13.07¢ 110, (224607 .
Plams 35 = S22, _CF

6 : 3 {1
=775.3030 - 2177455 = 7 56014

(63T 4.0y ___ria*r.cﬁ

: e = ; - .:'!'
Piants» Leaves Subtanle 3> =

l-I L i |

=277 43405 =21 T. 435 = [TRD R
Leaves within Plants §5 = Plants xLeaves Subtable 55 - PManl 85
= 10.19055 - 7.5004 = T30l
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[rable 85

Eiror 8§ = 7.1 S8- Plantsx €0V " Plunts 55 11.
- wpe ywithim Plaa =
= Twi v 55-Plants §5- Leave -
= =16 10085 s LTSS =
"E'ﬁ”ﬂ.lll'l"fk r[x'it-,!’l'.]:'—-—-—i— Jcal '|"-='h“'|lrI
e | MY L i
SO0 __-hl__ G _,_:u]-—'—-_'_'_'_'_l_'_.-,b?][”
e Coqy = 3] 25200 ,
L ETH T | 75604 : |=11 ! :
| LeavesiPlants) | 2632 la-)) =38 ! (1.3288 :
! | =0 _
| Frror [ (.07 ahin-11 =12 | (.00 , _.I 4
| TOTAL 10.2704 | jubn-11 =21 | ;
STATISTICAL REPORT o ig
| et ithin plants as well as differsy
There is difference m calcium determination 2mong 1caves W P % com
in determinauon Nom plant tw plant i
the
ava
vl
bﬂl
ex
am
bl
o
d
i1
u
"
{
L
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(1. INCOMPLETE BLGCK s

(1.1, INTRODUCTION

The subpect o Stsues deals witle vegod
Ine : W vaEhlng il methods e o desl sl it T

ne ol N MveSIElIan, he oo used 1,

|-||;jl'll'|'| BOMLEH sl e

| kefmemant of expenmental teein gy, |
.|

E]

of - AT ‘
Selection ol homageneous muen ! andbor enviromiment.,.

Groupir¢ (blocking, Siralifying) ey

I-_|_-\.

Mo homapeneors sebeioar e

sirilal. % COMpPare irealmies e, i as ST condivans o noes e
LEERER R LT R R LR ) R

4. Measorcment ofrelated variables and . of cuvariance.

. r I vg R Y B T 3 . . .
Thtfﬂ 'F-T'n. m-l".nzl Ull.l-l.l'gll ':- r:--..n. f'_ll.ll__ Lzl—mﬂglng_l I.'.‘-:. :'-l“i',':ll'u'l'lﬂﬁr-"l' .L”TI:"' [E'I U | b

coMpAranve EXPENmENt with ¢ treatments. 17 tne sample of Tlis 16 from o honegensous
!].gpula[iUﬂ- then no blocking s required and o completely rundenized expenimantal AR
e 1 treatments randomly alletted 1o the ¢ EUsfis wged, 1V momauenraus blocks of sesan
gyailable 1o acrcommodate ali f reaiments, 2 randormred eomplets hiock desigr s U
Grouping 1 experimental umits ino honogennus umls emoves (ke e B
l.fﬂl'iﬂ'l'l'lh[j' frios expenmenta ermor and hence 1t inereases the [ewer of tetecting bttt
betwesen treatinenis cue to small experimentul ermor. In o RCBD or Lavn soane oo s

experimental 1nils ure grouped 1mto blocks and every ealment PoCuTs DLLE b s i-'l'“”-l

and hence all eaiments are compares] with egual przcision
In case «f ;pree pumbar of treauients i is not possilie 1o mecs 0 mEmeRt angis

hlock die 1o in-::ii:]hili["v‘ of msufficient homogenmis ch_ru:r:rnr_':'n-ﬁ s, In ool bW

on animals, it will be desirable to compure teatments wathin hoers. but the it 2 wilh

] 1 Azt [ | - . : r T :'__' : b ': .l:!
depend on the: particular species and will often be such Bl 1t amBossivie 19 bnde u

reatments witkin  litter. Similar consideraticn apply 1¢ gIsenliouse DL CAPETMEIs Wi

- 1 i "y l:. nan r Tananbal, " R4
the block is resiricled 1o the widlh of the bench; W EXpeament on Rach Vs i Wil

[ ’ A ik L L 1 bs ".h i,
the block consists of a smal! nuisher of leaves on ach plant: L coCkery CAPETIMERL: 1ty

- . i mwattable Evar 18 a0 authcient aumber of ionw et
only 1 limitea number of sicves are avaiiable. Bven i # suliclel ' P

3 1 W ¥ aviem ] h 18 WG R Nk II"_
experimental erits are availabie to include ail tremmenis inzide a hlock, ten use o

the cost of (he ¢xpenment unaffordable. Ay generally it is e Uil e poEbi s ey
ok ; '
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blocks. One Way Lo rechic

is (o perform complele

able ewer lTEer
Block seze ge. - oses, so smaller hlucks e prelerable € g

n eipenment
e blocks, The techmigue of wirznging
aller than the

ol o

the Mloch siz. o rence ingradse e precials
DI
replicate of fui L0 of (acronil tregament s 10k IR DIt}

bt ks of size M
complete repisc. e ¢ fachal beaments i meoyplew N AS
' : od Confounding. AS i

: s call
wamber of fio, 10t negimen; combiiatians inoone 1-"?“':'“: ¥

| " ko we huve Lo
BT ompleie bloc
result of suci, & angemens o ihe eanerts o diferent 1nCAME

sacnhice mfomalon on scme of the sreatmeil CU!I!E-:B[[SJ i order Lo INCTEASE precision on
other treatmen-

However incomplete Block Dresomns (15000 "'::"n"i- daveloped for expenments if e
brecdine. whese 1115 desszed 1o make all compurison! aMONg pairs of treatments with equal
precision, Consavuently o diflerent method for reddzing the size of block 1s emploved a5
compared to taca ol of redaction of block size in eanfounding. An addiional advaniage of
the use of IRT: - vie reduction in the expenmenti: ol

In TRD heic com vwn dypes of emor siruclure:

I. Eror fi wtra binck comnansnn

2. Erroe Tor mter Bleck comsmanad:,

11.1.1. BaLANCED INcone ETE BLock, DEsioNs (BIBD)

When < treatment compansors are equally impartant, the treaiment combinalions
wsed 1n evch hoek should be selected in a balanced manner, that is, any pair of treatmen
pceurs tagether e same number of nme as any other pair. Thus, a balanced incompiete
hinck desegn 1+ oo meomplele blocs design m which any 1wn treatments appear together an
equal numher n! imes, This propey nf nalunce ensures that all treatments will be compared
with nearly e come precision even thaugh the difference among the blocks may he lurge.

The pavaneters & koo roand & orepresenting blocks, units in a block. treatments,

replicates. o tmes treasments wopether in g black mpmi.ﬁ.,:w: of 2 BIBD eannot be
chnsen arhiczirily. They rust satisly the 1elations: bk = m, rik-1) = 2t-1), b1 and hence
rek Evenil lie paramelers satisly these relations it is not alwa

¥5 possible to arrange the

weatments in blocks 10 get the corresponding desipn, 1e., the ahove relations are
necessary for BIBD but rot suflicient. 16 /. fthe number of Wmes (an imteger) a treatmen

15
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accurs with each of the athey IFE e -
-  desi ' WEam ncemplete block s oyua sor an Tl
of treatments, the design 5 balanceg et biock b oy

anig 1 II-'=- I'.il'll'.' friig o T s o ' e F_ﬂHLa
Mﬂw gesien 1y senl 1o be symmetn
b, =k—l_'-'—'— ;] '——-_[_.l_ : ol
-k KL=ty T o
¥ b - . if
For BIBL wi T dy il s mreeer then desien is balaneed
Example

w many blocks .
- ) of ‘size 3 and replicates e tequired lor a BIRL ol Y

reatments/vaneties?

BY using relation Dui i S = §4:26:7= 2:4:1 80 12 blocks (of sive 3) and 4 reghicales arc
required for BIBD

11.1.2. PARTIALLY BALANCED INCOMPLETE BLock DESIGNS (PBIBD;

BIBDs don't exit for all trealment combinanons that the expenmenier rigii wish 0
employ because of the constraint that 4 be an inleger can lorce eiher the number of hlocks or
e block size to be excessively large. For example. with 212t treatments 1 he an anged in
blocks of 7 piots each at least 36 blocks ars required. Conscquent!y for « 10 e an imeger
sverv treaiment has to be replicated at least 21 umes. To overcome this difficulty, the
expenimenter can employ Partially Balanced Incomplete Block Designs (PBIBDs1, with 1a

¢ e made much smatier as coirpared 10

2 BIBD. In PBIBD, some pars of treatments appear \ogether 4; UMES. SOME piirs AppS

together J» imes and so on , and the remaining pairs appear logether 4, tmees. Pl of

- o . I
reatments thal appear logether 4; imes are called ith-associaies. The design 18 o said

have m associale classes.

. - erngation where the experinenier
PBIRD is a useful IBT in situation where p i
qre more difficult W analvie

TeyUINCE JVEALEr Precision

lor some specific treatmient pairs than others. PBIBD

Salistically as there are severdl different SEs .
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1.2 BALaEp LaThOR DRl e und K
ok BT 31 HIH | | - ETTc h':i:lrr in
i (k| 1 replicats with k biocks | P

F (=] au ll.il:ﬂ I".'Il;'

5 once In W Same

A BIBD v b wcalmenis arranie
runs per hlozl .. called halanced laice dosiEt. The
distinauizhod trom ather lanics 1wonat gvany el pf (reatmeni GCcdl 1= 1ee 0f
- of tresiments is compared with the same GEE:
pmber of treaiments and number uf blocks

cted for 36, 100, sad 144

ineemniete bl Sonspountiy sl P

precision. To witis Sulince somc restnclion on o
has 10 he s Paianced lamee design cennot be CORSITU

EENT2NLL,
ather vand. v Once

afiice desion, every vanety is compared with every

As el
necessary Lo havy ik+1]

. SRR R L i
and oniy once o (he same incomplere blocks of size "k It 15

~auis, (W8 f= 1t replicates for B vaneties and 59 CF

plicaies Toy - oy

P21 ADV *ITAGES OF LATTICE DESIGH

1y i 1= .
sumiber of lreatmenis may be compared within relatively smali Dlocks

——
. A &g

T o B P e S

2 They mo be analyzed vs RCBD o 25 o CRD depending upon whether or nol the
ncompicie biocks are araneed in complete block. This procedure introduces o small
bra: iz wone@ Gesions and in some methods of analysis. For practice] purposes. the

amcliie & SiormEicn from latiice s never less than for the comparable complete

block dezies.

ioh e

11.2.2. Dise " ANTAGES OF LaTTICE DESIGS

I. They ar. _core complex computationally, This 15 especially true when missing plots

OCCUT OF UHicn COVANANCE analvsts 1s required,

2. Laumice o oo are noo avaizole for ali number of meatments,
3. The anzicaie becomes complex if the trearments are subject to differeni error

varnance:

4. The desigrs are more difficult to construc
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pARTl’*'-“' BALANCED  Latries
.-

ot I LATTICE DESIGN |
!DEL-FL,L

jattict: design with & pemmens »
A £

DESion  (DoupLy, ik AR

ar ||.|ELI_I 1 - |1| ks '_'|||:I el 1t |-\_-||||'-'-.1||-"

_ 2,3, 4 is calied @ double, wiple ang quadrapic Luvce desig
; ey B - Lt h =

of simple Lattice: it tRal 1115 avilable for 3o, 100 ani 144 number of wealments

pEspechive T

The ﬂﬂuiﬂﬂ (stmpie) lattice 1 nol appropriate for 9 and 16 treatimenls, a2 i such

' , Vi
eatments the Tmor degree of freedom 52 are - gne T 2 compat 10 .

f FR S
ur# : 1 I k] L |
of freedom for errer in RCBD. The tnple latnce is not appnonce for 9 e
geree

14 RANDOMIZATION

mmmm];aliun in IBD) consists of three steps

| Use searate eandomization scheme for blocks within each replicate

. vl ] I:‘.,'I_'.I'.
Vse separale randomi tation scheme for allocanon of irepnments within each

Tk

Allocate the ireatment code 1o the Lreaments mndom.

[

1.5, RESOLVABLE DESIGK
alled 4
[BD in which each group of blacks contzins eash trereent cractly once 18 L4
” | g in sUchn a Wiy that Lhe

. "The

o (RD). If incomplets hiocie con Do ErOUDC

LVABLE DESI
S IRD 15 called RESOLYABLE DESIGN (.

gm]}cﬂnsililﬂ“'i a complete replicate then

2 r then Lhe
is that if blocking is not effective In reducire expernmental et

avantage of RO

db ceq Lamee 12 0 pronvihle
design can be analyzed DY

~pnsidering 1t as RCBD. ac Balan
design.

|||i=“ T | || I} re | I'.| || i].d'-'.'ll.‘l'ﬂ it 'L L
EII | i . I - d P] [II I|I- :
£ ! r

: £ num
Howees, in sicaaiions where (1 arghie 10 ane winch cannit. aned il

geparalt rephcales 15 pref
halanced design

2 desipn which can be arranged 17

talanced design 15 preferable 10 8 partiall¥
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1L SH—

| Trerat

I1Huduhgﬂ_

| Errar :

|T;|:':“il : _' Bes _. T
Paaaree e ol "-"-'4_.....“"' '.1'5"'5 '
L _r—-f——"“'“"_v'fg_ 46844 0 1na50
{ "—m_ﬂi“ O L T 246,844 | 16457

ml_Lln"H'l" ——— [ 151 |388.750 ! 91531'

|.- |n1.|.‘"1l~.||-r_'il_-—-—'—'_'_'_| 45 234, ':}3] jz[“l

B %ﬁﬁﬁ “Tg0] 480875 | 0[5
[ Fananmized (1 70 2043950 | 37263

———

|

As 16.45> 500 =0 Bocking is chiective

*Bincks withr: epacations [Ad)1e Intru Block Error 155
e Fllvcveney o) the E..?LPETH:'I.E':"I'. Relative Lo Rﬂﬂmmiﬂd I:ﬂm]ﬂﬂlﬂ Etﬂ{ I'Z= Hl i

A=0. 0420 MST g =04.13 MSE'=6.08 F=15,4¢"

Variance ¢ Means in Same Rlock 2.4358848

LSL'L-, ohd i .,.-...,
v i 4.157811

Adsied Treainem Me ins

e

_-_-_-—|_
t Treitmeris Lo T

-‘_-_-_-—-_
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ey -__I_'_'_‘—":' i
r-‘f{é?tmn:" b] It ""——h

ﬂﬁﬂ;ﬁ_-. El.r" '.| % r TN i: | |- - —— S

—— -'.[lzl:_: et e, ) HS I
TR OF PRRTRLLY B 00 iy o

ol l'l['fmifeﬁ N i
I gt : 5]
o )
Iy r W= S e
|.1_.| A b -
[1 -ﬁ: = j‘l. |
S T | ] [ mm——
[]F | _‘!i;-—\_b_ 2T N
“Replication k.T'_"'“—-———_.__._Eﬁ_'_J MSS
' A AL il e
Treatments{Unad.) | . o
: EH; b,
| BlockiAdj! rik-1i .
: e |
' Intra-Block Error : (rk—k-1)(k-1) 2l | i
Totdl e
1. Please remember that: If Ey=E, they, blocking 15 not effecuve. 16 there o . ity i

precision due 10 blocling, In this cifn i :
: = 1% Sluaan 1enore the restviction on blecsing snd

analyze the data as RCBD considen NE rephicaies s hipel:
FﬂFRCBD.SSE{HCE|]1=|:'SSB+SEE} Bipon=

MSE:HCEHF 5SE, Re1m dieean

U-I bk, 'R.-H'! flh".‘ il ._I_r|{ I‘l.:'ll HI-= 5

LI Ey > L then blockar g is effective, 1e.. there i gain in precision due to behang, In
this caie adjusted S5T 15 computed for 125t of siEmificance Loy mealment:
_LE -
" h(r=1E, !
v

$ST,,, =SST - Aklr-1) ————SSB,,, -S58.
=100+ Ak :

vwhere SSB =}%EEE:.| - CTF - 850

[T BT

MST=85 aapfi1=1)

Fattegt of sigmficance, the effective MSE 1
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L+l II“E‘AL

MSE =1 berh AN .
with (k™= 1), - Dk d

Fa MST ! MST

['air wise conipd rison ,
o i
Adjusted trestniit medn (V)= ; B
ST & % |2(MSE")
3y MST i B o TR
SE[T = IEIII-T‘ 250 ] ]I I

For more COTES: Valances L |
ame hlock 1’[¢.l'1=-—-’—|']+-[r-]}ﬂ]
-

The varnance of difference he -ween [reaiments N the &

¢

- PR A
' vck Vid)=—[1+ra]
The vanance of il ference between trealments in the different biock >

Relative elficienzy of LATTICL design as compere 10 RCBL

,ﬂ-f,‘f[rm Eri-
 MSE
IF RE=1(¥), ther, - . TTICE aesign is more precise han RCBD

« b0}
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T LT '
ol '_-'-

uﬂ‘ﬂunu{"l T
1

| P#I'E'r'iull‘ and Willizn g (RLT R ey

.[.i'l""";-':"ll"'
e desat The: main -J':'l.':lﬁl:ll_;:_- ol alm 15 Her i bl

b Lesipmy

% mes b y
[EFELL o T i mcateie blis s desirei e

Alni: OLBIDTE Brs sn drea e '

' ’ RS TERPEIS & Fereraizit o of D1 D Yin

P | B

gl 1t

it mumk " Ty s
whenever L number a| VHFTEOES § s multgic of Wlodl seze A el they s,

, gapted even SR 4k i
- Thest ey @lpha designs were aimed nnmagily ot comroliee vanareon down 1.
of plots in e field. This 15 yltey adequate when phits arc lung i e
gn and Huntzo (1981) have demonsiepted he eulye e g desiens: o sun

metanses in e ol guia i uficiency,

pniple
The :;EBI'I“:_'F['-J:' ane 5|l-|i| ik ses of v CONDLYTES DR S T EETOLVICS (0 [

jour plota, ¥ = 7o we would consider the Tour sers of seven wenmpes o e 1

it WE chotse: e seven blocks 1w he
i The Lirs genatype ol each se.

i, The scvond geneiynbe of each sel,

The scecnth genotvpe of each se

S _ -

I,
! Renlicate |

_ ol 8
Block & 2 3 <
1 RS
Lt TSR d
i T

= i

1 + 12 1 .
1

q == ¥ ! | i3
1

a P | "

Tk ] P

= AHd
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Then. as ror the secord and subsequent repheates ol 2 iiilce SESIED, WE CORSIouGy 4,
blocks in zech replicaze so iha
Each block iciud ' une genotype from each set. anc
1 eacr replicate 1n: penotypes 1n cach block nave not occurred logether .-

B o

T el B ok ST RS

Replicate 11

Sel
Black 1 2 3 4
Vi | g 17 X
Ix 2 3 I N
X i 11 19 2E
' X1 |4 12 M 2

xn (5 13 1 N

X € 14 1% 2.

AV 7 B 16 1

Array (0 1 2 4
|

S¢° 15 unchanged, st I 1s moved up one position, set 3 is moved up two positer:

and set 4 = moved four posiions. The blocks for the second replicate are formed from the

first, seconc...., seventh posinons in the cvcled sets.

Replicate I11

Set
Block 1 2 31 4
Xy 1 11 21 20
X¥I 12 12 15 =
XVII |3 13 16 2
XVIIl |4 14 17 23
XIX 5 B 18 24
XX g 9 19 2
XX1 il? 16 20 2

Array |0 3 6 5
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the third Tephcate se( 2
. P s moved Wnree g

se! 4 tive places
s and places, The choice for ae num

1;':.1. gr¢ made 50 thal each Pair of gery o "

&5 Irony 1y, el DOSHION &1 1
bers 0 :-"lil'.'l.,'.: I_'l'. Wl Cil gaek
§ K dif ; |
Citlerent velany,e POSIIONS 1n eyck
| L e gtﬂ:l[-ll.rltl J{.' [..I W=
i :#-I:Iﬂd repitcale With gen nype 24 apd 10 the third e
2 Ui

e (€8 for se1s 3 and 4, i he firsi replicage

1 EENGAvpe 22,

wlh

[
thag B Pt ¥
Ak = la . I-l

The Alpha designg ape i
. MOSL effeclive whep (j,e block size. £, 15 jogs -
. of the number of "W S+ B 15 135 mnan the sco:
..1_"|_ ':I'! L gtm‘}ptﬁ- F End |'||:|'_||:":I lege |:I1'|r R | ; bl :
sk o r"'h'"-':: .ll_..u 1y :-_:r"-jr.-

L. t Alpha d2siuns wi ; | e
S ph = it kg bt hese designs cannot AVl remolype p

I h u I haus _h'!l!' LTy Ly
sgether 1n & block th more than gne replicate L

If the numbe
| [ Of genotypes, &- 15 ML an exact multiple of 172

¢ construction of Alpha designs can stil] be ysag v B modifiel o=
zsign for the smallest value g', which 15

block size. &, the methud
. Eire we capsirps, o

Brealer tan the number of genotvpes and whnch 1s

us0 an exact muluple of & (5 = ¢'j
e £/x). The surplus (dummy genotypes are all mcluded in vhe
ast sel o0 5 genotypes. This ensures that thesa unwante! Eenvper wall never ogour wopeiher
@ block n the construcied design. For the aclwal desor we SNV OMLL 1he Suigil
Enatypes, with the result tha, in sach rephicate there 15 a mixture of block sizes, & and (1

5 e WE W . 1 j
uppose that we want a design with 1§ EENOLVRes wstng four rephicates with bloc-.

ke 4 {or smaller), We ser Up e anitia; oy of four sets of fes AEROLVDEL, WITR qeravE o

L0040, 1, 4,2),(0.2,3.4), md (0, 3.2. 1)

)

Replizate Replicate 1!

Sel | et S
Block |1 2 3 4|B|n-:|:|| 2 03 4
1 il. 6 11 W8IV (1 715 s
HE |2 7 2 17)vm |2 3 41 o
1 l': $ 13 1B(VIN [3 9 13 1
IV 14 9 14 190X |4 10 13 16
V5o s WX |5 6 14 1
CArray (0 00 E}i (0 1 4 2|

Bi
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O I

Neplicate Bt Lo

e oy et

Bk 1 308 4 mwl 1T 2 3 4

X TR X T ¢ B
NOTTE i T RTIRE NG TR R (YR R L O
; (XHE §d 0 1 17]XVIEIR 0 1S 19
l*“ I XIV o 1 ISIXIN 1 70D
1 X A S, A
F w3 2 1

by b Y X 4

——

The roe

. | PR
S Claitn Sas) om

urandemect o

v omiinT the senotvres 19 and 20 iz given belaw

"N A,

Hephmlr_f- | Replicate 11 |

il Se: ! Sel _

fBlock ' ! I 3 d4'Bleekl: 2 3 4.

= - ' i I

] L6 1 UG VT [T 7 15 181
ez oive |2 o
i ! > LY IRV 12 9 o

: , i

i 1Y N !I}. i‘~i [ 13 16|

A (5 10 13 | X |5 6 14 17 |

Ay (00 g ) T T

] Replicate 1] |

== |

Replicaie [V

|

L St | Sel

‘Block [1 2 3 4TBiock /1T 3 3 4
ru (18 14 XV

VI |1

e | .| I -
PA 12905 46 xvi '2 10 14 18|
[ v i . | -
PXIE (3 g J?lxﬂu!a 6 15 I
LXIV . : : |
i b of Wi 1 54
AT 5% g 5 '
. g |2 16 |

I

..l"iﬂ“'!},h 1 3 g
i - & i

foad
P

(

e
———

Scanned by CamScanner

Scanned by CamScanner



e e Choices 1o be gy
The e ypy QLB (fre

; ORMETE o e

5 new rephcale. Some roatigy Ptlerny )y TRl 1y g, sk |

g el i 1 Peoyk, I i g e
AUNE HUTTAYS, lor s LRl e,
sl gened ® . Producing g, P gy HIB s sl
. ERE _ : ! APy T, T .

ill'.'i":' fun i'|}1;|l'ﬂ.]| .'!'l.li'lh'l [.Ill.'f':.l.g;};. hy E':'mT'lrQr . LR LT |::. LR o
| : i ||':..;=-i|“_ll _"‘l_ Nl X :
|}|]'-'-| 15 :l.lb'.l ||1|':|]|.ﬂh'|E i pi:l:l".',dc ::I.I-"I”_I_II li,n-' ¥ | |J b .'1|-I'I |”||::,|-||-\- N8 .|-;,|:|.. P
ks wh MRELANE,

LIns EFFICIENCY FACTOR,

There !5 wide variation i= qualin bery
+ ORRveen all possibe R destms wng - e

.20 1 CROOSINE One {or n noee
i PE take & MRE 10 D pumipulyr ik There ane yman
’ . [ L Wl '- W, nl' IR
w ol incomplet £ desip PR
i of incomplete block designs oy (pe MEasLrs ol maogi el
I N - R Irievance vhece thie e
pcompanng 3l paies of virieties in e eElicieney fuorar 1) i ot I
gk Crie e B 115 vl -

A RTanE s
E = 2 =TaR vanance of dilferen-e in RCKL
e,

Averaor varr . e
FLEC varimee of Al lereyee 10 |C B

Assunnng 1he error rean SQUATES W (g same bt cases. Tie value of T ligs

] i I"II - i o me S
perween (it Loand s difieverce frpm aq. MEsLTEs the foss from confoundie:

meomplele Dincks. In pracuce onz expezis that s locs s mere thn R s
redUCLILTS 1N EFFOT Means sgdares [rom using small blucks, ingeed evLenLe T ith geread
wals 1 the Ui has shown net relative elfcienoes avermene 14w 150 i wther veoals e
benefit of alphz designs is roughiv touaient 1 having un e wsicale wow Gira - ohee
randomized complete block des:gn.

Patterson and Wilhans (19761 used £ as one crienon m dunlding up il gie of
high efficient #ipha designs for up to 107 wanzues (e e 0 lour ephiates. Tie o
their worth in nractice but by the early 1950's the demand for tpeer designa, and e wide:
gevelopmeni ol o compuner aigorivhm winch s

availability o microcomputers, leud Lo

- | e loho destems wath hich effwiency [actors [Pawenan ang
for and putomatically generites alpha desisms Wil Rt EAHEERES L

Patterson, 19843, Tu judge tae eficcivencss &
The ateorithm cor normaily moduce a alph

vie senneh, E oL ormpared with theosvelics:

upper bounds (Vilhams apel John, 19931,

- Pie desian with the sane prarmew
design with 1% of an upper

hound for any resaivi
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owever when the plots 2

122 RoY. - 'OLUMN DESIGN®
pon Can e i

hots are long and pammow. H

A+ bath (ow and column varal
guven and Wilhams, 1993} ha

row -column design; 1.e.. Where ir

Alphe desipns are useful when p
e

sapuarer in shafw then deseens wnich alls
solPN CONSLIUCTION (s

]
efiective. Forem development In o
produce efficient

ciangular array made up of 5 columns (blocks) an
micalar benzhit 1n Situatior

shovwwn hoe pipous degigns car Be used

plots of each rephoatc anal Banal cudl ifn in re
per block i Row-Caolumn designs should be ol pa
s within @ replicale in & rectangulur AITANZEINETL &S 15 1h

b rows (plots
where 1T 15 netural o orgams’ pio
case i manvy [owestry vanely IRuis

we-column designs are determined bv those of the Iwo Companen

The properties af ri
blocks given by the

binck design.. wme with blocks piven by the rows anc ihe ofrer wiih
columns, as -0l a5 by the vav the companents are put together A studv of the polentiy

value of row column desipns 1n 60 barkey vanety trails with plot sizes m the range 4x{).¢

Sx1 2. and 2.1 < metres has been done by Robinson ef af {1988). They found that the media

estmated eftwiency Tor row-colurmn desipns was | 66 compared with 1.41 for column

design

12.3. LATINIZED DESIGNE
Often m expenmenta! lavouts. replicates are placed next 1o each other so that the

columns (blocks) of each reshcale 'orm long columns runnmg down the replicates. Then

there 15 a need (o ensure hat 3 vanesly ooodrs only once 1n 2ach column. Lahmazed desiens
have (s propeny and can 0o used i conjunclion with alpha desipns and row-column

desipns. An esample of o siuanon where Latinized designs are useful has been piven tw

Williams (19F::
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. > T0 DIFFEREN
* EXPERIMENTAL DESIGN using 'iT%TI’it;'l?'
.l W, i M

|
Gwrich to Qenere’ =720 Wnda
» fachils

(GLM

» Open the file containing the
data sel (assumed that: the dat
file aircady exist)

P Anzivsis > Resume Analvys =
One-Way ANOVA

-‘!

Click OK Tab
¥ Click Vanables Tab

PERFORM

B ¥ amemigd iy

| T
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i e e —
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hoEpae nte FERAEs = -y
L legmpparaip al pig s e

$1ivamt il BARHLY R AR 209 Bty e AT b s g e

1 fa= H

E Yuisblt | AoN L.

Dependernk vanshie s o
= -1

Cargeistal bazin. P -

. oy
Betwstn ellest mote :

o — T

T
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Ei = R i
pe- = Ilm-‘fmﬁull'. Wi ¥
Namie of Derendent 1o

Resm: =i Vanahl
Der ¢ went variabhe [

3 mande Numbor o
M " Cateroncd 0 A |
Taltn ! ircanmens | o righle o .
the C .irceorical pr |
| L) et
I. Cpimel &b Spmed  Joaw Ggler] A Hpiesd Faan
L =renoers watuali ko . i g i prodesio ||-e1u_!

!
| . .

d
r -~ e -
= Che [2wice. the fellowing
il ; - v will apne [Py Icﬁmpl|np'm11l-|grh Fl..-llﬂi‘h-l-g | B
b v ot A fal JTHMCLT
b [ s ereerasc | EEED AN gltncs.
Tm L e, EemELslle I i ;=i =t 2] Etatienc, =
_{,t-p Twedid . o wifmolis et
o [rarwiagis TETEEE __ﬂn;ﬂ et e ke F
523 ). Lo e b il E el AUt |
’ _Ll T i L E mtarmmkis | t
]
diiliubem  mldo i o
EZordd . Formsibm: ‘.‘BEI. '_-E |
Bige. bmwel: [OG0 | Z |
|
T Mg Modify |  Clusm |
4§ LU pgata | Ao hice |

~ Chok Cetl samstics Tab o ser

Cligiey 5= sia1sine

Lotk L LT T ST,
O I
~ {-.-III..-| esudis I”"'ul\.

ANGS 3 Tyble

12.2. RCBs»
SWILCh o {.'wr arl Lanear Model (GLM)
~ Oncn it e contarmig the duta sel (assumed that: the data file already exist

* I esume A alvsas > Main effects ANOV A

£ ARG
r Cick D% 7

= Chck _‘gfu.'i-.llulrs’[m-

#  Enter Varable Number or Name of Dependent (o

Dependent variahle hs;
Enter Variable Numbers or Name of Calegorical predictors (facters{ block ani

treatmea. | variables nthe Caeeoncal predictars (fuctore )

Response) Variable in the
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134.

L]

b

k|

'!l_.'l.ll. k L_Ji'- (L EEN

Cick Cell sigtsne 7 N
Circk All eflects/C Tuy 1 g g, 3
Chich Umivar. resulis 1 gop AN a

VA Tkl

R i ;1r ey T

T e T -]

switch 10 General Linesr 4y
(ipen the file COMAMINE the 521 |
Jﬁl“ul:;rl!br}Rriumeﬁ”“h.hh}:d:l-” a.l.' L | VPR T e i) .«
Chick @k Tab AN |
Clice X vnables Tan

Ente: Variable Numpey g Name of Dy
Dependent variable g S
Enter Vanable Numbegs o Iy

treatment | ) vanahl I
ANABIES N he Cypope-
Ci-. i Ok twips ki

Odel iGLA

'|| r ¥
1 _||| r ;. 5 &
[ piaee Wl ikl g oy,

illl‘.'l\!'I!-.r:iLijl PEAICITS Chachons ) fosk o bt and
A ELIL oy, o TR
ol Cell statistics T
Chex All effecta/G T,

Clivk Lnivar. results

NG sep differens
hlo gep Emroe bar
Lo see ANOY A Tkt

Shallst:;

FACTORIAL BXPER ME— UNDER TS
Switch 10 General Liregr Model (GLAL

Open the fike contaming the data set (assumed thi the date e sy et
Aniysls > Resume Analvsis > Factong! ANOY » :

# Chis OK Tub

b

L I T

135,

VO A R

Click Variables Tab

Enter Vanuble Number or hame of Drependent vor Respomise s Vatiabale g,
Diependent vasiable li:

Emer Vanable Numbers or Name of Categoncal predictons Maciona | v i
Catecorical predicters ifaciors.

Chick Ok twice

Click Cell staustics Toi e see dilierent sialisns:

Chci Al effects/G T: b to see Eeror bars

Clich. Univar. resulls 1o see ANOVA Tubic

v .
3 |l

FACORIAL EXPERIMENT UNDER RCED

el 1 Linear Model (GLA .
f]:f;lt':: E[:“';::Wm 1 1he dsta sel l'.l:-b'ﬁr,!?'-' ’.|'I~_1’.i the data [ile slreody e
ﬁn;fx 58 = Resuma: ."';.1,'1'!‘.-'!»;:: R it et UL PR AR
Click JK Tab
Click _‘-{uIi:lh!:s Tak .
Enter Yariable .‘«‘.uml;u-.r of Na
Depscedient variable bt

me of Dependent (or Respunsed b anable m .,

U
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3

NN Oy oy

AU A e S

- SILIT PLOT EXPERIMENT UNDER RCBD

T SiERarical prediciors (facton

ﬂ:cl L'r

Cliich More optic,

Click Exit to svnlay ¢ 4

Muaiiied the DESIGH 5

DESIGN=I OO0 R +AL

Moore Mt AR 15 the abbresuicd 1orm of A4+ ATH
Clioh Ok fHan

L el stetisties T 0 B0 Se ihifferent gtalisti

ot ‘.i..'..'l.'.'..'= G Top o see Eimor bars

L Ursvar resulis 1o see ANOVA Table

oo PLoT FxperivMeEST DNDER CRD

S ch to Gieneral Linear Model (GLM)
(Yern the Nile contamt e the dale set (assumed that: the dita file “]r’:ﬂd_"" EXI

Analvsis = Resnme Analvsis > Nested design ANOVA
Clack OF; Tab

Chck lﬂl'l ables Tah
Crier Vanable Number or ivame of Dependent cor Kesjonse. Vaniorn.e in L
Dependent variabie 1

Enier Vanable Numbers or Name of Cateporical predictors (factors) vananles
( ategoncal predhciors ifaclors |

Click QL

Chick Maore opirar

Choek Random factors ontion

Select Replieate as raadom factor

Cini O

Cies Exat to symiax editor option

Aooctlied the DESIGN stmemen as
DESIGN=A+REPLICATE(A)+B+A*D

Click O (Run

Click Cell stanistics Tab 1o see different statistics
Click All effects/G Tib 1o see Errar bars

Clich Univar, resuits 1o see ANOVA Takl-

Swiich to General Linear Mode| (GLM
Cmen the file contaimag the duta sel (assumed that the data file alreadv exist)
Andiysis > Resume Anglvsis = Factorial ANOW A
Click OK Tub r
Click Yanables Tah
Entzr Varable Numily r or Name
! of De ] '
il 11 pendent (or Response) Variable in the
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[+ '_'r:', |‘|'.|#

Amal vs18 > Resume A g

: . v alvaig » Wi ol Faiie sbbegulsc e
Cich OK Tan YRS > Futtong) sny FILE

Ui Variables Tap
Bl X

ner ﬂtlul'l'l. hllmhr'_f {1 h;l'.]'l'.' 05 Thoq s
Diefesadeny varihle |y R R
E:1-‘:-.-'!' Viariable Mumbiers or Name of Cinegyr-
Categancal predsenors iTuctors; o
Clict Ol |
Chek More nptipe

Vet U grgghls

1
mn i
sl ||.||._|-\.||:,||_|._|”.|,..”II

Chet Random taciops: OpliG

Chich, Block as randon feyor

Clek O

Clich Exir vo svmiex ovlrer ontior

Miuitlied tie DESIGM stuzmen o
DESIGN=BLOCK+A+D LOCK*A+B+BLOCK "B A1
Click OK (Kuni

Clivi, Cell stanistics Tl w see different statisiic

Ch. i All effects/G Tik 10 see Error b

Clizk Univar, results o see ANTV A Tusle

. NESTED DESIGN

S iich to General Lincar Model iGLAD

Open the file eontaini g the dats set ragstimed ihatt the date fie sty e

Anaivsis > Resume Avilisis > Nested design ANDY A
Click OK Tab
Chil. Varables Tub

A
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[k

# Eaicr vonable Nommser of Nane of Depen

Crepwendent variabbe Dt e .
Enter Varizhic Numibwrs or Name of Lalcg

.
Careponcal predictors (Zncuars |

- Click £k
Clhicl. More uption
Clich, “ngiom factors opi

-

%
= Click of as pandarn [ 1t

= Click 3

# Chel "k (Bun)

= -l =l safrstics T a5 Lo §s cilierent s.ashics
= Clici, ' effects/G Tob 10 see Error bars

= Cligi i nivar, reswlis 10 see ANOVA Table

13.1G. INFERENCES BEY WD ANOV A

13.10.1. MULTIPLE Con PARISON TESTS
r Chek Comp, Tah
~ Seicel the required 12 o7 iz 2¢ sesied in Effect dialog box

#  Select Specify pusi-hocs for obs. means
#  Select the approprate Muliiple C ompanson Test

13.10.2. CtTRASTS

= Clicl. Comp. Tab
#  Seleci the required factor to be tested in Effect dialog box
:"— Select Specifv contrasts for LS means i
-~ Enter the cocfficients of Conirasts in relevant Column

13.10.3. ORTHOGONAL | "OLYNOMIAL CONTR ASTS

* Click omp. Tal:
# Seleet the required factor 10 he tesled in Effect dialog box

# Select Swecify contrasis for LS means
£ Selec! volvnomia) Tas
# Select the desired de gee of Polvnomiy|

r 5 -
dent (or Responsc ! Vastaie i T0C

cal prediciors (factors) variables in the
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