


STATISTICAL PACKAGE FOR AUGMENTED DESIGNS 

(SPAD) 


Introduction 
In agricultural experunents otten the exi sting praetict's or cht.:ck val-icties called 
control trea tments are compan~d with new varieties ur gcrrnpla-sDls collecll:d 
through exotic or domestic collections, called test treatments . In some ca;;es 
experimental materia l for tc<;t treatmcnl s is limited and it is not pos~ib le 10 replicak: 
them in the design . However, adeqLlalc malcrial is available lor replicatiug cpntrol 
treatments in the design. Augmented Designs ,Ire usehll for sLleh experrmental 
situations. An augmented design is any sta l1l.1ard design in control I reatmLl1t~ 
augmented with aclJitional (new or lest) trca tmentl> in complete or im:omplde 
blocks in one-way heterogeneity setting A survey of the literature rCYl'al<i that 
gen erall y these experiments are conducted llsing an augmented fl1numuitl:t.l 
complete hl ock design. In an augmented fandom.i.zed complete block design_ lhe 
test treatments arc replicated once in the design and control treatnlcnh appeur 
exactly once in each hlock. However, the experimenters orten like to kllow how 
mallY times the control treatments be replicated in e<Jl:i1 hlock so <I!> tn max-imil.e the 
efficiency per observation for mak ing test trea tments vs conlwl trCil1meDls(~) 
compalisons? 

It has been establisbed lhat tbe optimum replication J1lUllber or each l'olltrol 
treatment ill evelY block of the design is given by square ro Ol (number of control 
treatments + number of blocks - one) multiplied by ~quare rnot of I1m nber of test 
treatments divided by (number or contro l treatments multiplied by number \11' 

blocks), provided that the number of test treat ment- is lllore than the (number o[ 
control treatments + number or blocks - one). H owever, lo! single control 
treatment , the opt imum replication number of control treatment in cad l block is 
given by sClllare root (number oftes !. lreatmell ts dividetl by number (lf bl'-Kk ~) I1lL~ 

optimum replication number of contml trealIm:nls is obtaineu by ll1<Lx im izing tl1\: 
e lllciency per observation in the desilW . 

There may, hovvever, arise a situation when the optimum rep licauon number or 
control treatment~ is not an intcgeL In such a situation one has to decide as to wbat 
integra l va lue of the replication number i, 10 he chusen_It h!L~ been establishcu that 
if the optimum replicat ion number (r) is larger than #_ 42 , then tu kc r* = int (r) - I 
and for values of r smaller than or equal lo #. 42, take r* = int (r) rOJ u 2': 2. For u = 
1, the same mle applies but the cut off va lue of r is taken as #. 45 instead 01'#. 42 

With this end in view, a uscr-[rienJly, menu driven, graphic user interface (GUl) 
based Statisti cal Package called STATJSnCAL PACKAGE FOR 
AUGMENTED DESIGN (SPAD) has bem deve loped al IASRl hy a kaLll 
comprising or Abhishek Rathore, Rajender Parsad and YK (rUpia . 1111.' package 
generales randomi7cd la yout of augmcuted J esigns and perlimns the analy~is oj 

data gener<l led. For given munber or test treatments, numher of contro l treatments 
and number of blocks, it compute, the optim uill replication number of I!ach wntro! 
treatment in every block ofLhe design such tbatthe effic iency per observiltJoll ofLhe 
test tr~atrnents vs control trcalment(s) compaJisons is maximum The package ubo 
provides t1exibility in choosing I he repl icalion number of eacb conllol u·eatmcnt in 
every bl ock. The user can define the n:pliciJ tion o J' each control tre<ltment in every 
block. Once the user defines the number of tes t treatments , number of control 



treatments, and number of blocks in the des ign, the mlldomized layou t uf the design 
is generated. The package also prov ides the all<lJ ys i ~ of Ult' d31a genel111ed from 
augmented des igns. A null hypothesis on allY uscr-dcfiued contra~1 can also he 
tested. 

The package l S very useful fo r cl as"room t~aL' hill g: as well as for the rcsearclkrs in 
stati stics with intercst in experimental des igns. The package has been developeu 
using Microsoft Visual C++ 6.0. Software is completely s t and-a lom~ and can be 
installed on any hard ware platform \Vi th 32 Bi t Microsoft Windows Operating 
System . Software can he exec uted with minimum spec ilication of RAM 1'01 host 
Operating System . Ins tallation of SPAD takes :2 MB of hald disk space aud a t kas\ 
I MB free space fO! its w.orking. Soft\V,m: is menu dr iwn and i, ver) user triendly. 
It has a rich edit control for tcxt ",clitor <1nd support s cut, copy, pa$le, undo, fi nd and 
rind-replace facilitie s. A Context Sensitive Help with Cqntents, lndex ar1d Search 
facilities is al,o available . The software is designed 10 ass], t experirut'nters UI 

planning and analyzing aflgmcntcd designs . 

Generation of augmented design 
Wc begin with the generation of l7\ \1domi zed Ltyout of augmented complete block 
design with each contro l replicated a (;:, I) times in each bl \lck . When a = I , Jl 

reduces to usual augmcnte'd randomized com plete block design and when a == r. the 
number of replications of control treatmeJlt~ per hloe l. th at maximize the effic iency 
per observation , Lhen we gc t the randomized layout of the augmen ted complete 
block design that maximi / cs the effici ency pel ohservation with respect to test 
treatment s vs cont rol treatment(s) conLra st~. One call select the option Angmentcd 
Designs from the menu and then select the sub-opl ion Generate Design. On 
sel ec ting the sub-opt ion Generate Dcsigu , a fOlm lor en te rin!! the design 
paramete r~ is di splayed. For generation of random ized layollt of augmenled tl,:~ ign , 
the inpnl in term s of number of contJ',)] tre atments, number of test lreatn ren t~ :IlId 

blocks available with experimenter is required . O nce the lJ~er t"llters the design 
parameters, the repli ca tion of control treatment(s) that maxjllliLe~ the elTiciency per 
observation is automatically computed and suggestl'd to Ihe exper imenter "1 here is 
flexibility for u, cr to change the replication numher 01 the coni rui lleatmen l!> 11.> 
change replication of cont lll i treatments, ,me has to check 0 11 the "Changl.' 
Replica tion of Control" check box. This wi ll L'nahle ,Ul edi t box fo r n:'plicatioll oj 

control treatments, where de~iredllumbcr of repl ic(llioll It)]' t:untrol treatments t:an 
be g iven . 

Once the desired number of replica tion s of control tn~alment(s ) is entered , the hox 
for entering replication 01 test treaLIllL'nt ~ and block ~ i /e~ get act ivated . Soltware 
also displays th", totalnumb~r or pl ots requi red . The block sizes all: II) be cnterl'O 
by the lIser. The package accepts blocks with llnequal sues a1so. 

Analysis of data generated from augmented design 
T he da ta pertai Illn g to au augme nted block design is analYf.ed as per procedure of 
analysis of general block Jesigm. The t.reat ment sum of s4uares is p;u1it iollctl into 
di ffe rent components of in teres t vii. ( i) among test lleatmen!s, (ir) mnong cOlltrol 
treatment s, and (jj i) among tes t tre ;) lmentg and control trea tments . The pairwise 
comparisons of tlealm~n t effec ts can he 'lmplified for an augmenleJ wmplete 
block design in which each ot the control trcil lInents appe ars in each block a 
times. For an augmented incomple le block desi gn, the ~ i gll i {ica ll~~ or all p(l"lbll! palm 1St 

Ircarmcnt cOlllpansons <:".11 be IC~I"d by au\omarically gcncnlling (IIlth!! posslt"e elementary 
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trcannt'll l C () nt r~lst S . 

l or jler/(lrming the analys is of dat a g l'tl lTRh:d thro ugh an augmcnted bkx:k d(;sign, an !\',CII 
data fil e in a spec iiied [(lrilUlt is requ ired. -I he nisting ASCII data fil l' 'all he Ope' lieU in Ihe 
S PA!) windo" us ing ril e-Open optiull s. A nc'\\ data file CWI abo he crcated in the '>PAI) 
wi nd()\\ usillg Fik-New option. One can aL", copy :md pask data illto SPi\ !) editor from illl)' 
will dows bas~d so !'iwarc like F"ce l or wh ieh slip ports ciipiJ {Jw'd QPcrat ioll s. f m ('!Calion ill 
data lik in a spee ifi "d ( >nU l\[. Ihe Ir('allne'nt s art: rellurnbcn:t! u, 1. 2, ... . 1I. 1I I. .. .. u \\ . 
!Jere fi rst u treatments HIC the cont ro l trcalmell \:> and u., I , .. .. 1I ; \\ arc the kst Irc·alm\'llh . 
Data ji le cOlltuins at least tllrcc column s: lir" t column rcp'-esen ts Illo('k Dumber sct:ond 
column rcprescnLs Ircatm l'Jl1 number and thi rd co lumn consists or nhserycd \ al.. " ,,!, 

characll' r. If'thGre i.' lll ore Ihun onc characlcr to be: ana lyzcd, then the Ch'tnK'tCl'!< can be C!l\I!/,Co.I 

rr(Hll fourt h colul1ln on\\ards. There is no limitation on the: nu mber of ch nnttl crs rn:"'nt in 
the Il k. /\ 11these d,l ta ",liues llilist be ~Lpara ted by a SI'ACL or a T.f\ Ll. 

hlr pC rlt)l'll1 ing the 'lIlal),s is Dr the dala gcncrateu thro ugh all al'l,,'T11t:nled hlo ck ucsign. om: 
can 'icicett he suh -opti on Analyze Block l)es i ~1l Frolll <Jpllon A ugm cnted Design ill the ml'"U. 
A diek 0 11 sub-option :\na l\'ze 13 10ck Des ign di;;p lays a dia log ho.\. In this diaiog ho" Lls.:r 
mUst spec il)·· the charac te r to analyzc . This b(l.\ wi :1 oilly ~ppear ir dala file ha" 111 0re then nne 
cha radeI'. Once a cham<;ter is seketed Itl r Ihe analys is. (olllpktc analvsls II jtll t'"" A"J( )VA 
tab le ,; Olle fu r tc>ting the cqual.ity of tl'<:atlllcnt , /'tects and 1Illoti1n lil r wSll ng the Clj lI<lIJt) Ill' 

hlock elkcls . j{ l . CncHkicllt o!,Variat ion. ROOI M<:Hn ~q u<lrc Lrror (R MS I: ), Gcn~ral Menn 
ane! adjuswd treatment mean, is gcne rated . For part itioning Ihe tl'('al illeli t , um o(squares into 
component!) or inlcrest viz. ( i) among test tn.:atmenL" (ii) ,ullong c,'lIl tro! treatme nt" and (iii) 
among lcst lreatments vs contrOllrcall11 cnt" olle can ,dell th ,' sub·option Conlrast AnalYSIS. 
Thcre arc ilm'c opt ions " ithin thc co ntrast analys is \ iL I i) I\ ugmcnted ( 13 dcs ign, (ii ) (iBn 
t,lI' Tests vs Conlrol(s) and ( iii) Usel' De fi ned Con trasts. l ien: Tests is lIsed I(lr tcst I I ~1\J1l~nts 
and Con trol (, ) for control treatment(s). If the data is gencrllll"d frOIll an augme nted des igJ1 ill 
which each cOlltrol Ircat l11C: llt appears eq lla li v olien in a ll the bloch, thcn Ule option 
Augmented CB dcsign can be u" d klr obta in ing parti tioned Slim or sq uare, lind entic~1 
differences If)r perfo rming ti ll p<.>ssihk pairw i., c treatntent com par isons. I t' tile data b 
gcncr;l tcd fro m an ~lll.lpll cnlcd incomplete block 'ksign. then the opl ion (il l l) I\JI TcsL\ \ ~ 
Contro lls) may be lI ~ed. In thi s option, lhe exact probab ili ty ICI'e1 , or' si g,nil icallc~ (Jf all 
poss ihle pai rwise trealment com par isons are g iven in J ( U + \\ ) X (u I w ) matri x. /\ null 
hypothes is on an y othe r c()nll'ast of intcrc:st can bc I<:slcu u,; ing thc Dpt ion l is, !' Ddim:cl 
Conlrasts . 
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