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17'ro g raHilil J li g th  e T ..abular Method 
of Analysis of V,,lrmnee', ' ,  for 
t a c t o i  l a i  g x  + • . . . . . .  _ p c n m e n t s  

S, ( i .  (;L, t lL~lEtt,  
2%.it'<]'<+it/! qf l Zh:noi,++, * ( /rbana,  l lh:noi,s 

The ease of programming the tabular method of analysis 
of variance for complete factorial experiments in a FORTRAN 
language is demonstrated. In this method, the total sum of 
squares is partitioned into orthogonal single degree of free- 
dom sums of squares; main effect and interaction sums of 
squares are then obtained by appropriate pooling of the 
single degree of freedom sums of squares. 

Program segments to accomplish the procedure are pre- 
sented, Modifications to handle hierarchal designs and repli- 
cated experiments are mentioned. A FORTRAN II program 
for an IBM 7094 is described briefly, 

]\lost. c(mlt)uter 1)rogran~s for the analysis of wwiance of 
ra<,,torial cxtJel'illl<?IiiS e l n p l o y  the conventional desk c.al- 
Ctl]LQOF l n e t l t o d s  fo r  c ( ) l t lput i l t tg  StllttS Of s q u m ' e s  described 
i l l  I l l , i l lS:  Sta t iS t  (tl,l l l l tq, hods  t e x t s .  [ [ o w e v e r ,  the <tubular  
I~ietilo(l <>t' analysis, i)reseutcd by Bifinbridge eL al. [1], 
<'of trill," i l l<i- i l l )or ( i f  [a(' lOl'S 0 lath o f  w h i c h  has  a, n y  n u m b e r  
<~f' levels offers several appe'clittg advantages as a c o l n p t l t e r  
mceh<>d flit' ( ,blait i ing lhe necessary stnils of squares. 

[7[11i1((" 1)l'Ogt't/ll lS w h e r e  the  ( ' onve i l t i o l t~ t l  n l e t h o ( t s  {tl'e 
(,nllJi(JLy(~(I , t i l t '  l (mg i  h It.lid < ' ( n n p l e x i t y  o f  a pr ( /g r f~ l i l  t){Lsed 
on l i t ( -  l a b t l l a r  l nc th<)d  is virtu~fl/y i n d e p e n d e n l ;  (ff the 
I l t l l I t l ) ( ' i  o f  ['~l('lol'S a l i a  [ he  l i t<t i l l )e l '  o f  levels of eaeh. A 
IIl{t.i()F l..)l 't i (m (fl" th(~ ( ' O l l l p u l i i l g  involves o n l y  l h e  ('alcul<+~ - 
ll>lt ~ ' i / l i l tS I " t l h e r  l h a n  t he  :,<tutoring of  sun is .  F in ' t . l l y ,  a l l  

{ i l l  arl~ y,~ uec(1 t~O subs<'rii)t.(,<l i l l  o n l y  oti(, ~ o r  l w o  ( [ i i t t c l l -  
.... IL,~. reaar<t[ess <~t" t h e  l / l l l t i } )o i "  <it" fa.(>t()l'S. 

I~ the ttfl)ular hie<hod. '<wllic'ienis for single degree 
f'c('e<t ,m o l ' l l l ( ) g~ Im I  <'() i l l l i ' t r isol l ,~ Iti'e t tsed f o r  each 

...... <>r. Wild lh<, (tara ttTi ' i l , l lgt)d i l l  t~ defini le pre-sorlod 
+~l+h,r I( vei  o f  l h e  ii.,<l l t t<qor ( ' h ' i l / g i i / g  l lu isL f r e q u e t i t l y ~  

('v<,l ot i tw l:~si tm'tor ch:ntging leasL J'requeiltly), lhe 
,>~.t h~)u :d ,-otqlh>iel~ls are ulilize<l for what 'HllOltltt$ t4) it, 
rcpui':.-si(>II ; t imlv~i ;< t)t' i h e  (la.l-~t h : l o  o r t b o g o n t t [  ('<)l/lt)O- 

~,:Jt:~. The ,'<,stdlit:g sil~le dc,~re(, of t 'ree(tOllt SUl/iS O[ 

~q~i', I'c~ i re t he l i  t~<tol(xl iit t he  ~tl)tw<~pria£e, i l l t t n n e r  1o 
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obtain rmdll effect attd interaction sums of squares for 
the analysis of variance table. 

Since interest lies in the pooled sums of squares the 
particular orthogonal c@fficients chosen for the single 
degree of freedom comparisons need not be memfingful, 
and, in fact, may be chosen for ease of computation and 
programming. A FORTRAN program segment in which 
suitable coefficients are generated ~nd used to obtain the 
necessary sums is shown below. For  illustration the coeffi- 
cients generated for a factor having five levels a+re shown 
in Table I (see next page). 

The  variat)le definitions ~re: 

N O B S  = to ta l  n u m b e r  of  o b s e r v a t i o n s  in tile exper i -  
m e n t  

N F A C T  = m t m b e r  of  f ac to r s  in the  e x p e r i m e n t  
K = N N ( I )  = munber  of levels  of f ac to r  I ,  [ = 1, 2, - . -  , 

N F A C T  
D I V S O R  (I, K K )  = d iv i se r  for  o r t hogona l  c o m p a r i s o n  ( K K - 1 )  

for  f ac to r  I 
X = o n e - d i m e n s i o n a l  a r r a y  w h i c h  i a i t i M l y  con-  

t a ins  the  d a t a  in a def in i te  o r d e r  a n d  s u b -  

s e q u e n t l y  c o n t a i n s  the  r e su l t s  of  c o m p u t a -  
t ions  i nvo lv ing  the  o r t h o g o n a l  coeff ic ients  

S U M  = o n e - d i m e n s i o n a l  a r r ay  u sed  as t e m p o r a r y  
s to rage  of r e su l t s  of e o m p u t ~ l i o n s .  

The  formM progr~m~ is: 
DO ~00 t = ~, NFACT 
K = N N ( D  
I G R O U P  = N O B S  / K 
J = l  
D O 9 0 K K  = 1, K 
L = K - K K - F 1  
N = I  
3,[ = K K  - 1 

I D I V  = L 
V = 0,0 
IF  ( L - K )  91, 92, 92 

91 I f ) IV  = I I ) I V  + L*L  
V = L 

92 1)IVS()I] ([, K K )  = I D I V  
I )O 80 K K K  = 1, I G R O U P  
~UM(J) = o.o 
DO 70 K K K K  = l ,  L 
SUM(J) = SUM(J) + X(NS 
N = N -I- 1 

70 CONTINUE 
S U M ( J )  = S U M ( J )  - V . X ( N )  
N = N + M  

J = J ,+ t 
S0 C( )N 'FIN UI!] 
90 C O N T I N U E  

I )O 95 ,II, = 1, N O B S  
!)5 X ( J L )  = S U M ( J L )  

100 C O N T [ N U E  
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Following the last exeeutiot~ of the loop ending x\ith 
s t~ tement  100, the single degree of t'reedon~ sums of 

squares are computed,  :rod the  degrees of freedom a.nd 

sums of sqtl~re8 for e~t':h source (>f v:u'iati(m are pooled. 
This  procedure is shown it1 the following progr~mll segment  

for s l tua l ions  where the n u m b e r  of factors, NF 'ACT,  is 
less t h a n  or equal t o  three. 

The  variable  definitions are :  

NFACT = as before 
NN([) = as before 
X = as before 
NS(I) = indicators to determiue to which sum of squares a 

particular mean square is to be added. 
SS = one-dimeusional array for storage of over-all main 

effect and i,~teraetion StLlllS o f  squares; the mt,nber 
of locations required is (2NF~crr--I); for the three 
factor situatiot, : 
SS(I) = sum of squares for A main effects 
SS(21 = sum of squares for B main effects 
SS(31 = sum of squares for A X /3 interaetio,, 
SS(41 = sum of squares for C main effects 
SS(5) = S/trill of squares for A X C interaetioa 
8S(61 = sum of squares for B X C interaction 
8S(7) = sum of squares for A X B X C i n l e r a c t i o m  

I)F = one-dimensional array for storage of degrees of free- 
dora associated with maitt effect aad interaction 
StlillS of squares; I)F(KK) eoatains the degrees of 
freedom associated with SS(KK). 

T h e  formM program is: 

KKK = 2**NFACT -- 1 
DO 150 KK = 1, KKK 
DF(KK) = 0.0 

150 SS(KK) = 0.0 
[ C  = NN(3) 
IB = NN(2) 
IA = NN(1) 
J = 0  
D O  200 N C  = 1, IC 
N S ( 3 )  = N C  
D O  200 N B  = 1, IB 
N S ( 2 )  = N B  
D O 2 0 0 N A  = 1, IA  
N S ( 1 )  = N A  
J = J + l  
KK = 0 
DIV = 1.0 
DO 190 I = 1, NFACT 
NL = NS([) 
DIV = DIV*I)iVSOR(I, NL) 
[F (NS( [ ) - i )  190, 190, 191 

19l KK = KK + 2 . * ( [ - 1 1  
190 CONTINUE 

IF (KK) 192, 194, 192 
L92 SS(KK) = SS(KK) + X(J)*X(J)/DIV 

DF(KK) = DF(KK) ÷ 1.0 
194 CONTINUE 
2(10 CONTINUE 

Althougtt  the a b o v e  progrmx~ segment  is writ ten for 
up to three factors, it f an  easily be extended 1;o more 
factors. For  each additi+mal factor, only three addit ionM 
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Ortho% 
O~(ll ['(tJlleS O" 
co,,.,, E K  J( L 

po:'isoJl 

0 l 0 5 i I 
l 2 1 :~ + I 
2 3 2 3 + l 

3 4 3 2 -t + I 
4 5 , !~ 1 - F 1 

! ':,+'t/i+i(:: + 

I t I l + 1 
FI i I F.I '--,! 

~+ I ! I -3 0 
i l 2 o 0 
- / o 0 0 

Divisor 

1:, 

L k l /  = 20 
L F L~= 12 
L + Z/ = (i 
L ÷ U = 2  

sta.Cements of the type 

1C = N N ( ; ~ )  

I)() 200 NC ...... 1, IC  

2 ' (  : \ s ( ~ >  = x '  

are required. Addi t iomd modifie~tiot~s Lo handle hiet 

arehal designs could be made  ra ther  s imply;  for example 

the sum of squ~res for B wi th in  A is equivalent  to the 
sum of squares for B plus the sum of squ~res for A × B, 

in. replicated experiments ,  rep/ieaJions can be treated as a 

factor thus allowing error terms to be ob ta ined  from the 

in terac t ions  with replications,  as, for example, in ran- 

domized complete blot.k, split  plot, and  repeated meas- 
ures designs. 

Extens ive  use of the te(.htdqttes deseribed above has 

been mxde in the au thor ' s  progratn  "AnMysis  of Varim~ee 

of Mult i - faetor  (Fa<'torial) Exper imen t s . "  The  program 

is wr i t t en  in FOUTaAN [ l  for an [B~I~ 7094. Replicated 

exper iments  with up to five t r e a t m e n t  factors and up to 

8000 observat ions  can be handled.  Up to 10 differem sets 

or kinds of dat~ front :~ single exper iment  may  be atm- 

[yzed dur ing  one run on the computer .  Provisions for 
numerous  t r ans fo rmat ions  of the originM da ta  tire i> 

eluded in the program. Typiea l  problems involving 30 to 
50 t r ea tmen t s  and four t .  six sets of da ta  use appr0xi + 

mate ly  1;5 to 20 seconds of IB.\[  7094 t ime for exeeuti0n. 

O u t p u t  in<',ludes a p r in tou t  of' t r e a t m e n t  metals, analysis 
of variance table, and (optionM) meaningfu l  single degIs'e 

of freedom comparisons for each set of da ta ;  punchout 0f 

t r e a t me n t  means  is optiotml. Copies of the sottree pro- 

gram and  a detMled set of it,strueti<ms are availM)le from 
the author.  
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