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I. INTRODUCTION 

This program was originally adapted by William L. Carlson, 

Systems Analysis Group, HSRI, from material contained in 

Hartley (1962). Jerold S. Lower, Human Factors Group, HSRI 

made extensive revisions to the program, including variable for- 

matting of input data, transformations, automatic selection of 

error terms, provision for 3- and 4-way tables and printout 

of all cell means, and repeated analyses without reloading, as 

well as optimizing the execution time, reformatting of the print- 

ed output, and generation of this write-up. Carole D. Hafner, 

Computer Services Group, HSRI, wrote the routines for performing 

Newman-Keuls and Tukey tests on main-effect and interaction means. 

11. GENERAL DESCRIPTION 

ANO*GA is a general, flexible program to perform analysis 

of variance on a wide variety of experimental designs. The 

program can be used with equal cell frequencies, or to perform 

unweighted-means analyses using unequal cell frequencies. 

(For the general method of performing unweighted-means analyses 

and the circumstances in which they are valid, see Winer [1962, 

pp. 222-2241.) It permits a large number of optional features 

to be selected by the user. It accepcs many types of crossed 

and nested designs, and selects the correct error term automati- 

cally, in accordance with principles described later in this 

write-up, to form the necessary F - ratios. Significance tests 

may be performed on post hoc comparisons between main-effect -- 
means, either on an overall basis, within each level of a second 

variable, or within each combination of levels of two other var- 

iables. Either the Newman-Keuls method or the Tukey (b) method 

(Winer, 1962, pp. 79-92) may be selected. A complete table of 

cell means and tables of means for any desired two-, three-, 

or four-way interactions may be printed out at the option of the 



u s e r .  (Main-ef f e c t  means a r e  oiways p r i n t e d . )  Data may b e  t r a n s -  

formed a c c o r d i n g  t o  s e v e r a l  mz themat ica l  f u n c t i o n s .  M u l t i p l e  

a n a l y s e s  may be  performed on t h e  same ( o r  d i f f e r e n t )  d a t a  w i t h  a  

s i n g l e  $RUN command, t o  s a v e  program l o a d i n g  c o s t s .  

111. RESTRICTIONS 

1. The number of independen t  v a r i a b l e s  may n o t  exceed t e n .  

2. The n u r h e r  of c e l l s  i n  t h e  d e s i g n  may n o t  exceed 10,000.  

There  i s  no l i m i t a t i o n  of t h e  number of  o b s e r v a t i o n s  p e r  c e l l .  

3 .  The number of  l e v e l s  of each  i n d e p e n d e n t  v a r i a b l e  must 

be  such t h a t ,  i f  w e  l e t  k .  e q u a l  l + n  where n  i s  t h e  number of 
1 i ' i 

l e v e l s  of v a r i a b l e  t h e  p r o d u c t  of a l l  t h e  k i s  less t h a n  o r  i ' i 
e q u a l  t o  60,000. No v a r i a b l e  may have  more t h a n  9 9  l e v e l s .  

4. Exper imenta l  d e s i g n s  must be  ba lanced  and have  no m i s s i n g  

c e l l s .  

5. Only one independen t  v a r i a b l e  may be  a  random f a c t o r .  

6. Only one v a r i a b l e  may be a  n e s t e d  f a c t o r .  T h i s  f a c t o r  

must be  random arlci may be n e s t e d  under n o t  more t h a n  two f i x e d  

f a c t o r s .  The number of l e v e l s  of  t h e  n e s t e d  f a c t o r  must be  con- 

s t a n t  f o r  a l l  f a c t o r s  o r  combina t ions  of f a c t o r s  under  which it 

i s  n e s t e d .  

While t h i s  program i s  d e s i g n e d  t o  accommodate a  l a r g e  m a j o r i t y  

of t h e  t y p e s  of ba lanced  d e s i g n s  found i n  t h e  b e h a v i o r a l  s c i e n c e s ,  

it can a l s o  be  used f o r  o t h e r  d e s i g n s  i f  t h e y  a r e  c a p a b l e  of b e i n g  

r a t i o n a l i z e d  i n t a  comple te  f a c t o r i a l  d e s i g n s  ( s e e ,  f o r  example,  

C l i f f o r d ,  1968; B o g a r t z ,  1 9 6 8 ) .  For  i n s t a n c e ,  d e s i g n s  w i t h  one 

f a c t o r  n e s t e d  under t h r e e  o r  more o t h e r s  can  be  ana lyzed  by t h i s  

method, though a t  some a d d i t i o n a l  c o s t  due t o  t h e  manual computa t ion  

r e q u i r e d  t o  c o n s t r u c t  t h e  r e s u l t i n g  v a r i a n c e  t a b l e .  

I V .  R U N N I N G  THE PROGRAM 

T h i s  program i s  c u r r e n t l y  s t o r e d  under  u s e r  number SAYM, i n  

t h e  read-on ly  f i l e  ANOVA*. I t  i s  d e s i g n e d  f o r  e i t h e r  b a t c h  o r  

* I t  i s  p o s s i b l e  t h a t  a t  some f u t u r e  t i m e  i t  w i l l  become 
n e c e s s a r y  t o  u s e  a  d i f f e r e n t  u s e r  number. I n  t h i s  c a s e ,  t h e  new 
number may be o b t a i n e d  by c a l l i n g  t h e  HSRI Human F a c t o r s  Group, 
764-4158. 
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terminal operation. In hatch mode, the set-up to be described 

below nay be placed on cards and submitted along with the data 

deck, or may be stored in a file prior to the run. In terminal 

mode, each line of the set-up is prompted for by the program. 

Data is input via logical unit 2, and set-up via logical unit 4. 

Results are printed out on logical unit 3, and prompt lines to 

the terminal are issued via logical unit 5. If the set-up is 

submitted on cards along with the data for batch use, the re- 

quired run command is: 

$RUN SAYM:ANGVA 2=*SOURCE*, 3=*SINK*, 4=*SOURCE*, 5=*DUMMY* 

If the set-up has been previously placed in a file the command 

should be: 

$RUN SAYM:ANOVA 2=*SOURCE*, 3=*SINK*, 4=SETUPFILE, 5=*DUMMY* 

and if the data has also been previously placed in a file, the 

name of this file may be substituted for *SOURCEk in the spec- 

ification for logical unit 2. For terminal use the command should 

be as follows: 

$RUN SAYM:ANGi7A 2=DATAFILE, 3=BULKFILE, 4=*SGURCE*, 5=*SINK* 

(Simple analyses having a small volume of output may be written 

out directly on the terminal by assigning 3=*SINK*.) In either 

terminal or batch mode, if multiple analyses are to be performed 

on the same set of data within one run, the data must be in a 

file and this file may not also contain the set-up. 

The set-up file or deck should consist of the following 

cards (or lines) : (These will be prompted for in terminal mode. ) 

1. Label. A heading consisting of 80 characters which 

will appear at the top of the printed output. 

2. Cell Design. This should contain the number of independent 

variables, in columns 1-2, and the number of replications per 

cell, in columns 3-4. For unequal cell frequencies, this parameter 

should be entered as -1. The next two columns should contain 

the number of levels of the first independent variable. The 

next column (7) is blank, followed by a 4-character name or 



l a b e l  f o r  t h i s  v a r i a b l e  in columns 8-11. The n e x t  two columns 

(12-13) c o n t a i n  tl ie nuniber of l e v e l s  c f  t h e  second independen t  

v a r i a b l e .  The n e x t  colurnn ( 1 4 )  i s  b l a n ~ ,  t h e  n e x t  f o u r  columns 

(15-18) c o n t a i n  t l ie  name o r  l a b e l  f o r  t h e  second independent  

v a r i a b l e ,  e t c . *  I n  some r a r e  i n s t a n c e s  i n  which t h e  raw d a t a  

v a l u e s  a r e  ve ry  l a r g e  o r  ve ry  s m a l l ,  t h e  magnitude of t h e  r e s u l t s  

p r i n t e d  o u t  may be i n a p p r o p r i a t e  f o r  t h e  fo rmats  used .  I n  t h e s e  

c a s e s ,  2 s c a l e  f a c t o r  o r  m u l t i p l i e r  may b e  e n t e r e d  i n  columns 

7 5 - 7 9  of t h i s  c a r d .  The decimal  p o i n t ,  u n l e s s  e x p l i c i t l y  e n t e r e d ,  

i s  assumed t o  be a t  t h e  end of  t h i s  f i e l d .  A l l  i n p u t  d a t a  w i l l  

t h e n  be m u l t i p l i e d  by t h i s  v a l u e  b e f o r e  a n a l y s i s .  I f  t h i s  

f i e l d  i s  b lank  ( t h e  normal c a s e )  no such c o n v e r s i o n  w i l l  o c c u r .  

I f  a  m u l t i p l i e r  i s  used,  t h e n  t h e  o u t p u t  d a t a  w i l l  need 

t o  be r e c o n v e r t e d  i f  they  a r e  t o  be e x p r e s s e d  i n  t h e  o r i g i n a l  

u n i t s .  Means shou ld  be d i v i d e d  by t h e  m u l t i p l i e r ,  w h i l e  sums of 

s q u a r e s  and mean s q u a r e s  shou ld  be d i v i d e d  by t h e  s q u a r e  o f  

t h e  m u l t i p l i e r .  Degrees of freedom and F ' s ,  of c o u r s e ,  remain - 
unchanged. I f  b o t h  a  m u l t i p l i e r  and a  t r a n s f o r m a t i o n  a r e  

e l e c t e d ,  t h e  m u l t i p l i c a t i o n  t a k e s  p l a c e  b e f o r e  t h e  t r a n s f o r m a t i o n .  

3.  Independence of R e p l i c a t i o n s .  I f  w i t h i n  c e l l  r e p l i -  

c a t i o n s  r e p r e s e n t  independen t  o b s e r v a t i o n s ,  e n t e r  "1" i n  column 

2 ;  i f  t h e y  r e p r e s e n t  c o r r e l a t e d  o b s e r v a t i o n  (e .g .  r e p e a t e d  measures 

on t h e  same s u b j e c t s ) ,  e n t e r  "2 ."  (Omit i f  t h e r e  i s  o n l y  one 

s c o r e  p e r  c e l l .  ) 

4 .  Random F a c t o r  Design. I f  t h e  d e s i g n  i n v o l v e s  on ly  f i x e d  

f a c t o r s ,  e n t e r  " 2 "  i n  column 2 ;  i f  one f a c t o r  i s  random, e n t e r  

* I n  g e n e r a l ,  for d e s i g n s  i n  which each s u b j e c t  r e c e i v e s  
each combinat ion  of one o r  more t r e a t m e n t  f a c t o r s  ( n e s t e d  d e s i y n s  
and o t h e r s  which employ a " s u b j e c t  p s e u d o f a c t o r " )  s u b j e c t s  musf 
be e x p l i c i t l y  e n t e r e d  i n t o  t h e  d e s i g n  c a r d  a s  an independen t  
v a r i a b l e .  1 n  comple te ly  c r o s s e d  d e s i g n s  t h e  number of l e v e l s  
e q u a l s  t h e  number of s u b j e c t s ;  i n  n e s t e d  d e s i g n s  i t  i s  t h e  number 
of s u b j e c t s  p e r  group.  



5. I d e n t i f i c a t i o n  of Random and N e s t i n a  F a c t o r s .  ( O m i t  - - - - - - - - - - - - - - - - - - 2 

i f  t h e  d e s i g n  i n v o l v e s  on ly  f i x e d  f a c t o r s . )  The l e t t e r  d e n o t i n g  

t h e  random f a c t o r  should  be e n t e r e d  i n  column 1. I f  t h i s  f a c t o r  

i s  n e s t e d  under o t h e r  f a c t o r s  t h e  l e t t e r  f o r  t h e  f i r s t  such f a c t o r  

shou ld  be e n t e r e d  i n  c o l u m ~  3 and f o r  t h e  second such f a c t o r  i n  

column 5.  

6 .  R e p l i c a t i o n  Code. I f  t h e  d a t a  deck i s  s o r t e d  i n  normal 

f a s h i o n  ( s e e  s e c t i o n  V . )  w i t h  a l l  r e p l i c a t i o n s  f o r  a  g iven  c e l l  

o c c u r r i n g  c o n s e c u t i v e l y ,  a  "0" shou ld  be  e n t e r e d  i n  column 1, 

I f  t h e  o p t i o n a l  s o r t  i s  employed, w i t h  a l l  c e l l  s c o r e s  f o r  t h e  

f i r s t  r e p l i c a t i o n  o c c u r r i n g  c o n s e c u t i v e l y ,  t h e n  a l l  f o r  t h e  second 

r e p l i c a t i o n  o c c u r r i n g  c o n s e c u t i v e ~ y ,  e t c . ,  a  "1" shou ld  b e  

e n t e r e d  i n  column 1. ( O m i t  i f  c e l l  f r e q u e n c i e s  a re  unequal  o r  1.) 

7 .  l~umber of Observa t ions  Per  Data Group. The d a t a  group 

r e f e r r e c  t o  h e r e  o r d i n a r i l y  w i l l  c o n s i s t  of  one c a r d ,  b u t  i n  

s p e c i a l  c i r c u m s t a n c e s ,  such a s  t h e  c a s e  i n  which d a t a  f o r  t h e  

s e v e r a l  r e p l i c a t i o n s  w i t h i n  one c e l l  occupy more t h a n  one c a r d ,  

t h i s  d a t a  group may c o n t a i n  a s  many c a r d s  ( o r  c a r d  images) a s  

n e c e s s a r y ,  s u b j e c t  t o  t h e  r e s t r i c t i o n s  t h a t  t h e  maximum number 

of o b s e r v a t i o n s  i n  one such group i s  SO. E n t e r  r i g h t  j u s t i f i e d  

i n  columns 1-5. 

8.  Format of Data Group. This  c a r d  shou ld  c o n t a i n  a  s t a n d a r d  

F o r t r a n  F-type format  d e c l a r a t i o n  d e s c r i b i n g  t h e  format  of t h e  

i n p u t  d a t a  w i t l - ~ i n  t h e  d a t a  group r e f e r r e d  t o  p r e v i o u s l y .  Th i s  

format  w i l l  be used i n  r e a d i n g  i n  d a t a .  P a r e n t h e s e s  around t h e  

d e c l a r a t i o n  must be  s u p p l i e d ,  and t h o s e  p o r t i o n s  n o t  e n c l o s e d  

i n  p a r e n t h e s e s  ( s t a t e ~ n e n t  l a b e l  and word FORMAT) a r e  t o  be 

omi t t ed .  

9 .  T rans fo rmat ion  Code. The d a t a  t o  be  analyzed may be  

s u b j e c t e d  t o  s e v e r a l  t y p e s  of t r a n s f o r m a t i o n s .  The d a t a  a r e  

t r ans fo rmed  a t  r e a d - i n  t ime ,  and a l l  o u t p u t  from t h e  program 

i s  i n  te rms of t h e  t r ans fo rmed ,  r a t h e r  t h a n  t h e  o r i g i n a l ,  s c a l e  

of measurement. 'fhe f o l l o w i n g  t r a n s f o r m a t i o n s  a r e  provided.  



Code Number 

0 No Transformation 

1 Square Root 

Natural Logarithm 

Reciprocal 

4 Arc Sine 

(Enter the appropriate code in column 1) 

In each case, the specified function is evaluated with respect 

to the number contained in the input data and the result is 

entered in storage to be used in the analysis of variance. 

If the arc sine transformation is selected, an additional 

line of information will be prompted for at this point. This 

consists of two items. The number of discrete, independent 

events represented by each data point should be entered in 

columns 1 to 5. A code in column 10 should be set to 0 if the 

raw data are proportions, and 1 if the raw data are frequencies. 

For further information on this transformation see Winer (1962, 

p. 221). If the data are frequencies, the program computes the 

proportion automatically. The second of the two formulae given 

by Winer is used. 

10. Augmenting Factor. In the case of several of the above 

transformations, such as the reciprocal and logarithmic trans- 

formations, it is often desired to add a small constant to each 

score before transformations, to avoid zero values in the data 

to be transformed. If such augmentation is desired, this con- 

stant should be entered in column 1 to 5. The decimal point is 

assumed to be after column 5 unless it is explicitly entered. 

If this augmentation is not desired, this card should contain 

blanks or zeros in columns 1 to 5. (Omit if no transformation.) 

If t h e  set-up is on cards along cith the data, the data 

should foZiow h e ~ l e .  T h e  set-up then r e s u m e s  as SoZZous:  



11. C e l l  Mean Card. Should c o n t a i n  "01" i n  columns 1-2 

if a  complete t a b l e  of c e i l  means i s  d e s i r e d ;  " 0 2 "  o t h e r w i s e .  

1 2 .  P o s t  Hoc Comparison Cards .  For each such s e t  of  com- 

p a r i s o n s  d e s i r e d  a  c a r d  w i t h  a "1" i n  t h e  second column s h o u l d  

be  i n s e r t e d  h e r e  fo l lowed  by a c a r d  c o n t a i n i n g  t h e  l e t t e r s  f o r  

t h e  v a r i a b l e s  on which comparisons a r e  t o  be  performed.  On 

t h i s  second c a r d ,  t h e  l e t t e r  f o r  t h e  v a r i a b l e  on which compari- 

sons  a r e  t o  be  made shou ld  appear  i n  column 1. I f  t h e s e  compar- 

i s o n s  a r e  t o  be  made w i t h i n  l e v e l s  of a n o t h e r  v a r i a b l e  o r  w i t h i n  

combinat ions  of l e v e l s  of two o t h e r  v a r i a b l e s ,  t h e  l e t t e r  f o r  t h e  

f i r s t  such v a r i a b l e  shou ld  appear  i n  column 3  and t h e  l e t t e r  

f o r  t h e  second such v a r i a b l e ,  i f  u s e d ,  shou ld  a p p e a r  i n  column 5.  

A t h i r d  c a r d  s p e c i f y i n g  t h e  t y p e  of  t e s t  must f o l l o w .  For  

Newman-Keuls t e s t s  i t  shou ld  c o n t a i n  a "1" i n  column 2 ;  f o r  

Tukey ( b )  it shou lu  c o n t a i n  a  " 2 . "  T h i s  p r o c e d u r e  shou ld  be  

r e p e a t e d  f o r  e a c h  such comparison wanted. When no f u r t h e r  com- 

p a r i s o n s  a r e  war1ted, t h e  s e r i e s  shou ld  b e  t e r m i n a t e d  w i t h  a  c a r d  

hav ing  " 2 "  i n  column 2 .  Note: A v a r i a b l e  hav ing  more t h a n  

15 l e v e l s  may n o t  be  used i n  p o s t  hoc compar isons .  

13. Tab le  Cards .  I f  a  2 - ,  3-, o r  4-way t a b l e  o f  means i s  

d e s i r e d  f o r  t h e  combinat ions  of  2 t o  4 independen t  v a r i a b l e s ,  

a  c a r d  shou ld  be  i n s e r t e d  h e r e  w i t h  a  "1"  i n  column 2.  Note 

t h a t  i f  a  g i v e n  se t  of v a r i a b l e s  h a s  b e ~ n  used i n  pe r fo rming  

p o s t  hoc compar isons ,  a  t a b l e  f o r  t h a t  s e t  h a s  a u t o m a t i c a l l y  

been produced.  The v a r i a b l e  whose d i f f e r e n t  l e v e l s  w i l l  form 

t h e  columns of  t h e  t a b l e  shou ld  be  e n t e r e d  i n  column 1 of  t h e  

n e x t  c a r d .  The v a r i a b l e  whose l e v e l s  w i l l  form t h e  rows o f  t h e  

t a b l e  shou ld  be  e n t e r e d  i n  column 3. The v a r i a b l e  ( i f  any)  whose 

l e v e l s  w i l l  form t h e  minor b l o c k s  of  t h e  t a b l e  shou ld  be e n t e r e d  

i n  column 5 ,  and t h e  v a r i a b l e  whose l e v e l s  w i l l  form t h e  major  

b l o c k s  of  t h e  t a b l e  shou ld  be  e n t e r e d  i n  column 7 .  L e t t e r s  shou ld  

be used .  For g r e a t e s t  speed and compactness of p r i n t i n g ,  t h e  



f a c t o r  w i t h  t h e  g r e a t e s t  number of l e v e l s  among t h o s e  i n v o l v e d  

i n  t h e  t a b l e  s h o u l d  normal ly  be used a s  t h e  column f a c t o r .  I f  

t h i s  f a c t o r  h a s  more t h a n  e i g h t  l e v e l s ,  i t  w i l l  a u t o m a t i c a l l y  

be i n t e r c h a n g e d  w i t h  t h e  f i r s t  f a c t o r  i n  t h e  l i s t  which h a s  

e i g h t  o r  l e s s .  I f  no such exchange i s  p o s s i b l e  each  b l o c k  of  t h e  

t a b l e  w i l l  be broken i n t o  eight-column sub-b locks .  Except  f o r  

t h e  above l i m i t a t i o n s ,  t a b l e  l a y o u t  i s  a t  t h e  d i s c r e t i o n  of t h e  

u s e r  and some o t h e r  l a y o u t  may r e s u l t  i n  a  t a b l e  e a s i e r  t o  i n t e r p r e t  

i n  a  g i v e n  s i t u a t i o n . *  

T h i s  p r o c e d u r e ,  l i k e  t h e  p o s t  hoc compar isons  p r o c e d u r e ,  

shou ld  be r e p e a t e d  u n t i l  no f u r t h e r  t a b l e s  a r e  wanted,  The s e r i e s  

shou ld  t h e n  be  t e r m i n a t e d  w i t h  a  c a r d  hav ing  " 2 "  i n  column 2. 

T h i s  t e r m i n a t e s  t h e  a n a l y s i s .  

1 4 .  Repeat  A n a l y s i s .  I f  a n o t h e r  a n a l y s i s  i s  d e s i r e d ,  e n t e r  

"1"  i n  column 2 ;  o t h e r w i s e  e n t e r  " 2 "  t o  t e r m i n a t e  t h e  job. 

15.  Rewind Data S e t .  E n t e r i n g  "1" i n  column 2 c a u s e s  t h e  

d a t a  se t  s p e c i f i e d  a s  l o g i c a l  1.0. u n i t  #2 i n  t h e  $RUN command 

t o  be rewound. I f  t h i s  d a t a  s e t  i s  a  d i s k  f i l e ,  t h i s  w i l l  c a u s e  

t h e  s u c c e e d i n g  a n a l y s i s  t o  b e  done on t h e  same d a t a  a s  used  i n  

t h e  i n i t i a l  a n a l y s i s  ( a  new v a r i a b l e  may b e  s e l e c t e d ,  however,  

by a l t e r i n g  t h e  i n p u t  f o r m a t ) .  I f  t h i s  d a t a  se t  i s  a  t a p e ,  

it w i l l  be rewound t o  t h e  beg inn ing  of t h e  t a p e .  Thus t h i s  

o p t i o n  shou ld  n o t  be  used when t h e  d a t c  a r e  on t a p e  u n l e s s  i t  

i s  d e s i r e d  t o  u s e  t h e  f i r s t  f i l e  on t h e  t a p e .  I t  can  n o t ,  

c o u r s e ,  be  used  when t h e  d a t a  a r e  on c a r d s .  I f  t h e  s u b s e q u e n t  

a n a l y s i s  i s  t o  be  r u n  on new d a t a  which f o l l o w  t h e  d a t a  f o r  t h e  

p r e c e d i n g  a n a l y s i s  i n  t h e  deck o r  f i l e ,  e n t e r  " 2 . "  

16 .  Labe l .  E n t e r  a  new head ing  f o r  t h e  s u b s e q u e n t  a n a l y s i s  

i n  columns 1-80. 

*To p r i n t  t a b l e s  of  more t h a n  5 columns on a  Western E l e c t r i c  
model 33 o r  35 t e l e t y p e  o r  s i m i l a r  t e r m i n a l  w i l l  r e q u i r e  s e t t i n g  
%LEN=132. Need less  t o  s a y ,  t h e  r e s u l t a n t  "wrapping around"  
of o u t p u t  l i n e s  w i l l  r e s u l t  i n  s u b s t a n d a r d  appearance  and r e a d a b i l i t y .  



1 7 .  Same Design.  I f  t h e  d e s i g n  t o  be  used i n  t h e  sub- 

s e q u e n t  a n a l y s i s  i s  t h e  same a s  t h a t  i n  t h e  p r e c e d i n g  one 

(same number of f a c t o r s  and r e p l i c a t i o n s ,  same name and number of 

l e v e l s  f o r  e a c h  f a c t o r ) ,  e n t e r  "1" i n  column 2 and t h e n  r e t u r n  t o  

i t e m  3 of t h i s  l i s t  t o  s e t  up t h e  new a n a l y s i s .  I f  a  d i f f e r e n t  

c e l l  d e s i g n  i s  d e s i r e d ,  e n t e r  " 2 "  i n  column 2 and r e t u r n  t o  i t e m  

2 of t h i s  l i s t  t o  s e t  up t h e  new a n a l y s i s .  

V .  SORTING OF DATA 

1. Equal  C e l l  F r e q u e n c i e s .  The d a t a  must be  a r r a n g e d  

w i t h i n  t h e  deck o r  f i l e  i n  c o r r e c t  o r d e r .  Two o p t i o n s  a r e  

a v a i l a b l e .  The t w e  o p t i o n s  a r e  shown s c h e m a t i c a l l y  i n  t h e  

d iagrams below. I n  t h e s e  d iagrams t h e  l e t t e r  

S t a n d a r d  S o r t  ( R e p l i c a t i o n  Code = 0 )  



"R" r e f e r s  t o  r e p l i c a t i o n s ,  whereas t h e  l e t t e r  "A" r e f e r s  t o  

l e v e l s  of t h e  f i r s t  f a c t o r ,  "El' r e f e r s  t o  l e v e l s  of t h e  second 

f a c t o r ,  e t c .  I n  t h e  f i r s t  (and u s u a l )  o p t i o n ,  a l l  r e p l i c a t i o n s  

w i t h i n  a  g iven  c e l i  appear  c o n s e c u t i v e l y  w i t h i n  t h e  i n p u t  d a t a .  

The c e l l s  a r e  a r ranged  a s  f o l l o w s :  h o l d i n g  a l l  f a c t o r s  e x c e p t  

t h e  f i r s t  one c o n s t a n t  a t  t h e i r  f i r s t  l e v e l ,  t h e  c e l l s  f o r  t h e  

v a r i o u s  l e v e l s  of t h e  f i r s t  f a c t o r  appear  i n  n a t u r a l  o r d e r .  

The second f a c t o r  i s  then  advanced t o  i t s  second l e v e l ,  and t h e  

l e v e l s  of t h e  f i r s t  f a c t o r  a r e  a g a i n  r e p e a t e d  i n  o r d e r .  Th i s  

i s  fo l lowed by t h e  same procedure  a t  t h e  t h i r d  l e v e l  of  t h e  second 

f a c t o r ,  e t c . ,  u n t i l  a l l  l e v e l s  have been exhaus ted .  The t h i r d  

f a c t o r  i s  tl>.en advances t o  t h e  second l e v e l ,  e t c .  Note t h a t  

t h e  o b s e r v a t i o n s  which appear  c o n s e c u t i v e l y  i n  t h e  i n p u t  d a t a  

need n o t  n e c e s s a r i l y  occupy c o n s e c u t i v e  p o s i t i o n s  on t h e i r  

r e s p e c t i v e  c a r d s ,  nor  be on c o n s e c u t i v e  c a r d s ,  p rov ided  t h a t  

t h e  p a t t e r n  of t h e  d a t a  fo rmat  i s  a  r e g u l a r l y  r e c u r r i n g  one. 

By u s e  of a p p r o p r i a t e  format  s t a t e m e n t s  it i s  p o s s i b l e  t o  s k i p  

over  unwanted d a t a ,  

I n  t h e  second o p t i o n ,  which may be d e s i r a b l e  i n  c e r t a i n  

s p e c i a l  c i r c u m s t a n c e s  (e .g .  when t h e  r e p l i c a t i o n s  r e p r e s e n t  

r e p e a t e d  measures t a k e n  w i t h  s u b s t a n t i a l  time p e r i o d s  i n t e r v e n i n g ) ,  

t h e  c e l l s  of t h e  desicjn a r e  a r ranged  i n  t h e  same o r d e r  a s  i n  

t h e  f i r s t  o p t i o ~ ,  b u t  t h e  c e l l  d a t a  from t h e  f i r s t  r e p l i c a t i o n  

occur  i n  a  b l o c k ,  t h e n  t h e  e n t i r e  sequence of c e l l s  i s  r e p e a t e d  

t o  form a  s i m i l a r  b lock  f o r  each subsequen t  r e p l i c a t i o n .  The 

exan~ples  shown assume a  2 X 2 X 2 d e s i g n  w i t h  2 r e p l i c a t i o n s .  

The l e t t e r s  A ,  B ,  and C r e p r e s e n t  t h e  independent  v a r i a b l e s ,  

and R r e p r e s e n t s  r e p l i c a t i o n s ,  w h i l e  t h e  numbers r e p r e s e n t  

l e v e l s  of t h e  f a c t o r s .  



O p t i o n a l  S o r t  ( R e p l i c a t i o n  Code = 1) 

2 .  Unequal  C e l l  F ' requencies .  I f  c e l l  f r e q u e n c i e s  a r e  u n e q u a l ,  

t h e  d a t a  must  b e  s o r t e d  i n  t h e  s t a n d a r d  f a s h i o n .  ( A l l  s c o r e s  f o r  

a  g i v e n  c e l l  grouped  t o g e t l ~ e r . )  The d a t a  d e c k  o r  f i l e  must  c o n t a i n  

a s u f f i c i e n t  number o f  f i e l d s  f o r  e a c h  c e l l ,  i n c l u d i n g  t h e  l a s t  

c e l l ,  t o  accommodate t h e  l a r g e s t  number o f  r e p l i c a t i o n s  found 

i n  any one  c e l l .  Wi th in  e a c h  c e l l  the f i e l d s  s h o u l d  be  punched 

c o n s e c u t i v e l y  u n t i l  a l l  s c o r e s  have  been  e n t e r e d ,  and t h o s e  

r e m a i n i n g  s l lou ld  be  l e f t  b l a n k  o r  f i l l e d  w i t h  z e r o s .  

d a t a  must  p receded  t h e  f o l l o w i n g :  

a .  A c a r d  c o n t a i n i n g  t h e  maximum number o f  s c o r e s  i n  

any c e l l ,  r i g h t  j u s t i f i e d  i n  columns 1 - 4 .  



b.  A s e r i e s  of c a r d s  c o n t a i n i n g  t h e  number of s c o r e s  

i n  each  c e l l ,  a r r anqe i i  i n  t h e  same o r d e r  a s  t h e  c e l l s  a r e  a r r a n g e d ,  

twen ty  p e r  c a r d ,  r i g h t - j u s t i f i e d  i n  f o u r  column f i e l d s .  

V I .  SELECTION OF ERROK TERM 

been d e s i g n e d  t o  a u t o m a t i c a l l y  c o n s t r u c t  

a  v a r i a n c e  t a b l e  and compute 2 - r a t i o s  f o r  e a c h  main e f f e c t  o r  

i n t e r a c t i o n  whicii i s  t e s t a b l e .  The methods of  s e l e c t i n g  t h e  

e r r o r  term ( s )  a r e  d e r i v e d  from \diner (1962)  and McNemar ( 1 9 6 2 )  . 
They a r e  sumrnarizea below. 

1. ~ e s i y n s  I n v o l v i n g  F ixed  F a c t o r s  Only.  

A.  Des igns  Without  R e p l i c a t i o n .  The h i g h e s t - o r d e r  

i n t e r a c t i o n  i s  used  a s  t h e  e r r o r  term. S i n c e  t h i s  c o n t a i n s  t h e  

d e s i r e d  e r r o r  t e rm confounded w i t h  any r e a l  n-way i n t e r a c t i o n  - 
t h a t  may e x i s t  among t h e  n f a c t o r s ,  it w i l l  l e a d  t o  t o o  few - 
s i g n i f i c a n t  F 3 s  u n l e s s  t h i s  i n t e r a c t i o n  i s  z e r o .  (The s i g n i -  

f i c a n c e  of t h e  i n t e r a c t i o n  i s  n o t  t e s t a b l e . )  A warn ing  a b o u t  

t h i s  confoundiiig i s  p r i n t e d  o u t .  Of c o u r s e ,  i f  any o f  t h e  F ' s  - 
a r e  s i g n i f i c a n t ,  one may a s s e r t  w i t h  more t h a n  u s u a l  c o n f i d e n c e  

t h a t  t h e  e f f e c t  ( s )  r e p r e s e n t e d  a r e  n o t  due  t o  chance ;  however 

t h e  i n t e r p r e t a t i o n  of  a n e g a t i v e  r e s u l t  i s  more t e n u o u s  t h a n  u s u a l .  

. Des igns  w i t h  R e p l i c a t i o n .  I f  r e p l i c a t i o n s  a r e  

i n d e p e n d e n t ,  t h e  " w i t h i n  c e l l s "  means s q u a r e  i s  used  a s  t h e  e r r o r  

f o r  a l l  s q u a r e s .  

I f  r e p l i c a t i o n s  a r e  c o r r e l a t e d ,  t h e  d e s i g n  i s  t r e a t e d  i n  

t h e  same f a s h i o n  a s  a  d e s i g n  w i t h o u t  r e p l i c a t i o n  e x c e p t  t h a t  a n  

F - i s  c a l c u l a t e d  f o r  t h e  h i g h e s t - o r d e r  i n t e r a c t i o n ,  u s i n g  t h e  

" w i t h i n  c e l l s "  mean s u u a r e  a s  denomina to r .  T h i s  - F i s  m e a n i n g l e s s  

a s  a  measure  of t h e  s i y n i f i c a n c e  of  t h i s  i n t e r a c t i o n ,  s i n c e  i t  

i s  o r d i n a r i l y  confounded w i t h  i n d i v i d u a l  d i f f e r e n c e s .  I n  t h e  

u s u a l  s i t u a t i o n ,  t i le  denomina to r  of  t h i s  - F i s  v a r i a n c e  a t t r i -  

b u t a b l e  t o  u n r e l i a b i l i t y  of measurement ,  and s i n c e  real i n d i v i d u a l  

d i f f e r e n c e s  u s u a l l y  e x i s t ,  t h i s  - F may o r d i n a r i l y  b e  e x p e c t e d  t o  

b e  s i g n i f i c a n t ,  A s m a l l  v a l u e  f o r  - F' h e r e  s h o u l d  be t a k e n  t o  



i n d i c a t e  u n r e l i a b i l i t y  of  measurement  and t h u s  c a s t  d o u b t  on 

t h e  p r e c i s i o n  of t h e  expe r imen t .  The o t h e r  F ' s  - a r e  i n t e r p r e t e d  

i n  t h e  same f a s h i o n  a s  f o r  d e s i g n s  w i t h o u t  r e p l i c a t i o n .  

2 .  Des igns  I n v o l v i n g  a Random F a c t o r .  

A .  Crossed  Des igns .  The random f a c t o r  i s  n o t  

t e s t a b l e  f o r  s i g n i f i c a n c e ,  n o r  a r e  any of t h e  i n t e r a c t i o n s  between 

t h e  random f a c t o r  and f i x e d  f a c t o r s  e x c e p t  t h e  (n-1)-way i n t e r -  - 
a c t i o n s ,  where n  i s  t h e  t o t a l  number of  f a c t o r s .  The denomina to r  - 
f o r  F i n  t l l e se  c a s e s  i s  t h e  n-way i n t e r a c t i o n .  T h i s  i s  a l s o  used  - - 
a s  numera to r  t o  form an F w i t h  t h e  " w i t h i n  c e l l s "  mean s q u a r e  a s  - 
denomina to r  when t h e r e  i s  w i t h i n - c e l l  r e p l i c a t i o n .  T h i s  l a t t e r  

F, l i k e  t h e  one d i s c u s s e d  i n  s e c t i o n  V I . l . B . ,  i s  i n t e r p r e t a b l e  - 
o n l y  i n  terms of a  comparison between v a r i a n c e  due  t o  i n d i v i d u a l  

d i f f e r e n c e s  and t l l a t  due  t o  e x p e r i m e n t a l  e r r o r .  

Each main e f f e c t  and i n t e r a c t i o n  i n v o l v i n g  o n l y  f i x e d  f a c t o r s  

i s  t e s t e d  f o r  s i g n i f i c a n c e ,  u s i n g  t h e  i n t e r a c t i o n  between t h i s  f a c t o r  

o r  combina t ion  of f a c t o r s  andl t h e  random f a c t o r  a s  e r r o r  term. 

. Nested  Desicrns. I n  t h i s  d i s c u s s i o n  a  f a c t o r  n e s t e d  

unde r  one  o r  mcre o t h e r  f a c t o r s  w i l l  b e  r e f e r r e d  t o  a s  a  n e s t e d  

f a c t o r ,  w h i l e  t h e  f a c t o r s  unde r  which it i s  n e s t e d  w i l l  b e  

r e f e r r e d  t o  a s  n e s t i n g  f a c t o r s .  A l l  o t h e r  f a c t o r s  w i l l  b e  

r e f e r r e d  t o  a s  c r o s s e d  f a c t o r s .  

The n e s t i n g  f a c t o r s  and t h e i r  i n t e r a c t i o n  ( i f  any )  w i l l  

be  t e s t e d  f o r  s i g n i f i c a n c e  a g a i n s t  poo led  e r r o r  term c o n s i s t i n g  

o f  t h e  v a r i a n c e s  due t o  t h e  n e s t e d  f a c t o r  and t o  i t s  i n t e r a c t i o n s  

w i t h  t h e  n e s t i n g  f a c t o r s  and t h e i r  combina t ion  ( i f  a n y ) .  Thus 

i f  t h e  n e s t i n g  f a c t o r s  a r e  A and B and i f  t h e  n e s t e d  f a c t o r  i s  C, 

t h e  poo led  e r r o r  terrn f o r  t e s t i n g  A ,  B, and AB would c o n s i s t  

of CtACtBCtABC. 

Each of  t h e  c r o s s e d  f a c t o r s  and t h e i r  i n t e r a c t i o n s  w i l l  b e  

t e s t e d  f o r  s i g n i f i c a n c e  a l o n g  w i t h  i t s  i n t e r a c t i o n  w i t h  t h e  

n e s t i n g  f a c t o r s  and t h e i r  c o m b i n a t i o n ,  u s i n g  a  poo led  e r r o r  term 



c o n s i s t i n q  of t h e  i n t e r a c t i o n  between each combinat ion  t o  be 

t e s t e d  and. t h e  n e s t e d  f a c t o r .  Thus i f  t h e  f i r s t  c r o s s e d  f a c t o r  

i s  u, then  D, A D ,  ED, and ABD would be  t e s t e d  a g a i n s t  t h e  pooled  

e r r o r  term DC+ADC+BDC+ABDC. When r e p l i c a t i o n  i s  p r e s e n t ,  t h e  

" w i t h i n  c e l l s "  meal: s q u a r e  i s  used a s  denominator  t o  perform F - 
t e s t s  on each e r r o r  term. Tliese a r e  i n t e r p r e t e d  l i k e  t h e  s i m i l a r  

t e s t s  under " ~ r o s s e d  ~ e s i g n s .  " 

V I I .  POST HOC COMPARISONS 

Comparisons between m a i n - e f f e c t  means a r e  made a c c o r d i n g  t o  

t h e  methods o u t l i n e d  i n  Miner (1962,  pp. 77-89).  These methods 

have been extended t o  p e r m i t  t e s t i n g  t h e  d i f f e r e n c e s  between t h e  

means f o r  d i f f e r e n t  l e v e l s  of one f a c t o r  w i t h i n  each  l e v e l  of 

a  second f a c t o r  o r  w i t h i n  each combinat ion  of  l e v e l s  of two 

o t h e r  f a c t o r s .  

T h e  u s e r  may c l ~ o o s e  between Newman-Keuls tes ts  and t h e  some- 

what more cor i se rva t ive  Tukey ( b )  t e s t s * .  R e s u l t s  a r e  p r i n t e d  

o u t  i n  t h e  for:n of a  lower t r i a n g u l a r  m a t r i x  showing t h e  v a l u e  

of t h e  q s t a t i s t i c  f o r  each combinat ion  of  l e v e l s  of t h e  t e s t  

f a c t o r .  These a r e  rnarked w i t h  a s t e r i s k s  t o  i n d i c a t e  s i g n i f i c a n c e  

l e v e l s .  One such m a t r i x  i s  p r i n t e d  o u t  f o r  each l e v e l ,  o r  com- 

b i n a t i o n  of l e v e l s ,  of a d d i t i o n a l  f a c t o r s ,  w i t h i n  which t h e  t e s t  

f a c t o r  e v a l u a t e u .  

When d i f f e r e n c e s  between l e v e l s  of t h e  t e s t  f a c t o r  a r e  t o  

be t e s t e d  o v e r a l l ,  t h e  e r r o r  term used i s  t h e  same one used i n  

t h e  s i g n i f i c a ~ l c e  t e s t  of t h a t  f a c t o r  i n  t h e  a n a l y s i s  of v a r i a n c e ;  

when tl ie t e s t  i s  t o  bc rnade w i t h i n  l e v e l s  of a n o t h e r  f a c t o r ,  t h e  

e r r o r  term i s  o b t a i n e d  by p o o l i n g  t h e  e r r o r  te rm f o r  t h e  t e s t  f a c t o r  

w i t h  t l i a t  f o r  i t s  i n t e r a c t i o n  w i t h  t h e  o t l i e r  f a c t o r ;  when t h e  t e s t  

i s  w i t h i n  combinat ions  of l e v e l s  of two o t h e r  f a c t o r s ,  it i s  o b t a i n e d  

by p o o l i n g  t h o s e  f o r  t h e  t e s t  f a c t o r ,  t h e  i n t e r a c t i o n s  between 

t h e  t e s t  f a c t o r  and each of t h e  o t h e r  f a c t o r s ,  and t h e  three-way 

i n t e r a c t i o n .  These r o u t i n e s  may a l s o  be  used i n d e p e n d e n t l y  w i t h  

t h e  r e s u l t s  of a  p r e v i o u s l y  conducted  a n a l y s i s  of v a r i a n c e  a s  i n p u t  

d a t a .  The p rocedure  f c r  tl:is i s  d e s c r i b e d  i n  t h e  Appendix. 

* See P e t r i n o v i c i l  and Hardyck ( 1 9 6 9 )  f o r  a d i s c u s s i o n  of  
e r r o r  r a t e s  w i t h  t h e s e  t e c h n i q u e s .  
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VIII. SAMPLE RU!4 

The f o l l o w i n g  s e t u p  i s  f o r  a n a l y s i s  of  d a t a  from a  hypo- 

t h e t i c a l  exper iment  employing 80 s u b j e c t s ,  40  male and 40 female.  

h a l f  t h e  males and h a l f  t h e  females  a r e  used a s  d r i v e r s  i n  t h e  

exper iment ,  t h e  o t h e r s  be ing  used a s  p a s s e n g e r s  ( t h e  " t a s k "  

f a c t o r )  . 
l iote  t h a t  t h s  number of  l e v e l s  of t h e  s u b j e c t  f a c t o r  ( o r ,  

more p r o p e r l y ,  pseudo- fac to r )  i s  on ly  2 0 .  I n  n e s t e d  d e s i g n s ,  t h e  

number of l e v e l s  of t h e  s u b j e c t  f a c t o r  i s  e q u a l  t o  t h e  number 

of s u b j e c t s  used  i n  each combinat ion of  t h e  n e s t i n g  f a c t o r s .  

Each s u b j e c t ' s  r e a c t i o n  t ime  i s  measured a s  he  responds  t o  

s i g n a l s  g i v e n  by f i v e  d i f f e r e n t  s i g n a l i n g  sys tems.  Each sys tem 

i s  p r e s e n t e d  f o u r  t imes  i n  each of  f o u r  d i f f e r e n t  modes f o r  a  

t o t a l  of 80 t r i a l s  p e r  s u b j e c t .  (Hence t h e  number of r e p l i c a -  

t i o n s  i s  f o u r  and t h e y  a r e  c o r r e l a t e d ,  s i n c e  t h e y  r e p r e s e n t  

r e p e a t e d  measures on t h e  same s u b j e c t s . )  

Each s u b j e c t ' s  d a t a  occupy a  t o t a l  of  4 0  c a r d s ,  two f o r  each  

combinat ion  of system and mode. The d a t a  a r e  i n t e g e r s  and a r e  

punched a s  f o l l o w s :  The f i r s t  t r i a l  f o r  each  combinat ion 

of sys tem and mode i s  i n  columns 51-60 of  t h e  f i r s t  c a r d ,  t h e  

second t r i a l  i n  columns 7 i - 8 0  of t h e  f i r s t  c a r d ,  t h e  t h i r d  t r i a l  

i n  columns 1 1 - 2 0  of  t h e  second c a r d ,  and t h e  f o u r t h  t r i a l  i n  

columns 31-40 of  t h e  second c a r d .  The remaining columns a r e  

assumed t o  be  b lank  o r  f i l l e d  w i t h  i n f o r m a t i o n  i r r e l e v a n t  t o  

t h i s  a n a l y s i s .  

Each s u b j e c t ' s  c a r d s  a r e  con t iguous  i n  t h e  deck and a r e  

s o r t e d  i n  a scend ing  o r d e r  by sys tem,  and,  w i t h i n  each sys tem,  

i n  a scend ing  o r d e r  by mode, The s u b j e c t s  a r e  a r r a n g e d  i n  t h e  

f o l l o w i n g  sequence:  male d r i v e r s ,  male p a s s e n g e r s ,  female 

d r i v e r s ,  female p a s s e n g e r s .  The raw d a t a  are t o  be t r ans fo rmed  

t o  n a t u r a l  l o g a r i t h m s .  



P o s t  hoc compar i sons  between sys t ems  a r e  d e s i r e d  f o r  e a c h  

mode. I n  a d d i t i o n ,  a four-way t a b l e  showing means f o r  e a c h  

combina t ion  of  t h e  f o u r  f i x e d  f a c t o r s ,  and a two-way t a b l e  o f  

means f o r  t h e  c o ~ n b i n a t i o n s  o f  s e x  and t a s k ,  a r e  d e s i r e d ,  

The i n p u t  d a t a  a r e  s t o r e d  i n  t h e  f i l e  DATAFILE, f o l l o w e d  

by some a d d i t i o n a l  d a t a  t o  b e  used  i n  a second  a n a l y s i s  f o l l o w i n g  

t h i s  one.  The a n a l y s e s  a r e  t o  b e  made i n  b a t c h  mode, and o n l y  

t h e  p o r t i o n  of  t h e  deck p r e c e d i n g  t h e  e n t r y  o f  p a r a m e t e r s  f o r  

t h e  second  a n a l y s i s  i s  shown. 

The s e t - u p  c a r d s  r e q u i r e d  a re  shown i n  F i g u r e  1, on t h e  

f o l l o w i n g  page.  
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Appendix I 

Program t o  Perform P o s t  Hoc Comparisons -- 
On R e s u l t s  of P rev ious  Analyses of  Var iance  

T h i s  program p e r m i t s  t h e  u s e r  t o  u t i l i z e  t h e  p o s t  hoc com- - 
p a r i s o n  r o u t i n e s  from t h e  H S R I  Human F a c t o r s  ANOVA program i n -  

dependen t ly  t o  compare means from a n a l y s i s  of  v a r i a n c e ,  r ega rd-  

l e s s  of whether  i t  was performed by t h e  ANOVA program. 

The means t o  be compared, t h e  a p p r o p r i a t e  e r r o r  mean s q u a r e ,  

and t h e  p r o p e r  number of d e g r e e s  of  freedom must be  s u p p l i e d  

by t h e  u s e r .  

R U N N I N G  THE PROGRAM 

The program i s  i n i t i a t e d  by t h e  command 

$RUN SAYM:POSTHOC 3=BULKFILE 4=*SOURCEk 5=*SINK* 

f o r  t e r m i n a l  use .  F J ~  b a t c h  use  1/0 u n i t  # 3  shou ld  b e  a s s i g n e d  

t o  * S I N K *  and 85 t o  "DUMMY*. 

The s e t - u p  i s  a s  fo l lows :  

1. Label  Card. Up t o  80 c h a r a c t e r s  t o  appear  a s  a  head ing  

on t h e  p r i n t e d  o u t p u t .  

2 .  Parameter  Card. 

Col .  1- 5  T o t a l  number of  o b s e r v a t i o n s  i n  t h e  a n a l y s i s .  

Col.  6-10 Number of l e v e l s  of f a c t o r  t o  be t e s t e d .  

Col. 11-15 Number of l e v e l s  of  f i r s t  f a c t o r  t o  be  h e l d  c o n s t a n t .  

c o l .  16-20 Number of l e v e l s  of second f a c t o r  t o  be h e l d  c o n s t a n t .  

Col .  22-25 Four -charac te r  name of  f a c t o r  t o  be  t e s t e d .  

Col.  26-30 Kame of f i r s t  f a c t o r  t o  be  h e l d  c o n s t a n t .  

Col. 31-35 Name of second f a c t o r  t o  be  h e l d  c o n s t a n t .  

Col . 4 0  0 i f  t a b l e  i s  wanted*. 
1 i f  no t a b l e  wanted. 

*The t a b l e  r e f e r r e d  t o  i s  a  lower t r i a n g u l a r  m a t r i x  c o n t a i n i n g  
the v a l u e s  of t h e  9 s t a t i s t i c  and one a s t e r i s k  f o r  v a l u e s  s i g n i f i c a n t  
a t  t h e  . 0 5  l e v e l ,  o r  two a s t e r i s k s  f o r  t h o s e  s i g n i f i c a n t  a t  t h e  . O 1  
l e v e l .  I f  t h i s  t a b l e  i s  n o t  r e q u e s t e d ,  t h e  v a l u e s  a r e  p r i n t e d ,  one 
p e r  l i n e ,  a t  t h e  l e f t  of t h e  paper .  



Col. 45 0 f o r  Newrnan-Keuls. 
1 f o r  Tukey ( b ) .  

3.  E r r o r  Term Card *. 
c o l .  0 -10  E r r o r  mean s q u a r e  f o r  main e f f e c t  of  t e s t e d  f a c t o r .  

c o l .  1 1 - 2 0  E r r o r  mean s q u a r e  f o r  i n t e r a c t i o n  between t e s t e d  
f a c t o r  and f i r s t  f a c t o r  t o  be h e l d  c o n s t a n t  ( i f  a n y ) .  

Col. 21-30 E r r o r  mean s q u a r e  f o r  i n t e r a c t i o n  between t e s t e d  
f a c t o r  and second f a c t o r  t o  be h e l d  c o n s t a n t  ( i f  a n y ) .  

Col.  31-40 E r r o r  mean s q u a r e  f o r  3-way i n t e r a c t i o n  of above 
f a c t o r s  ( i f  a n y ) .  

Note: Unless  t h e  decimal  p o i n t  i s  e x p l i c i t l y  punched, it i s  - 
assumed t o  be  between c o l u m ~ s  5-6,  15-16, e t c .  (F10.5 f o r m a t )  . 

4 .  Degrees of Freedom Card. Should c o n t a i n  t h e  number of 

d e g r e e s  of freedom a s s o c i a t e d  w i t h  each of  t h e  above e r r o r  te rms.  

Col .  1- 4 d . f .  f o r  f i r s t  e r r o r  term. 

Col .  5- 8 d . f .  f o r  second e r r o r  term ( i f  a n y ) .  

Col .  9-12 d . f .  f o r  t h i r d  e r r o r  te rm ( i f  a n y ) .  

Col .  13-16  d . f .  f o r  f o u r t h  e r r o r  term ( i f  a n y ) .  

I n  a l l - f i x e d - f a c t o r  desicrns where a l l  of  t h e  above main e f f e c t s  

and i n t e r a c t i o n s  a r e  t e s t e d  a o a i n s t  t h e  same e r r o r  te rm.  t h i s  
- - - - - - - -- 

e r r o r  term and i t s  d.;. should  be  e n t e r e d  o n l y  once. 

5. Data Deck. The means t o  be  t e s t e d  shou ld  b e  punched 

e i g h t  t o  a  c a r d ,  i n  8-column f i e l d s  s t a r t i n g  i n  column 1. The 

decimal  p o i n t  i s  assumed t o  b e  between t h e  f i f t h  and s i x t h  columns 

of t h e  f i e l d  u n l e s s  e x p l i c i t l y  punched (F8.3 fo rmat )  . The 

ineans shou ld  be i n  t h e  f o l l o w i n g  o r d e r :  

t h e r e  a r e  two c o n s t a n t  f a c t o r s ,  s t a r t i n g  w i t h  l e v e l  

of each c o n s t a n t  f a c t o r  t h e  means f o r  each l e v e l  of t h e  t e s t e d  

f a c t o r  shou ld  o c c u r  i n  n a t u r a l  o r d e r .  Repeat  f o r  l e v e l  2 of  t h e  

*The " e r r o r  mean s q u a r e "  f o r  a  g iven  f a c t o r  o r  i n t e r a c t i o n  
r e f e r s  t o  t h e  e r r o r  term which was used a s  t h e  denominator  of  
t h e  F r a t i o  f o r  t h a t  f a c t o r  o r  i n t e r a c t i o n  i n  t h e  a n a l y s i s  of  
v a r i a n c e .  



f i r s t  c o n s t a n t  f a c t o r ,  and s o  on u n t i l  a l l  i t s  l e v e l s  have been 

exhaus ted .  Then proceed t o  l e v e l  2 of t h e  second c o n s t a n t  

f a c t o r  and r e p e a t  t h e  p r e v i o u s  p rocedure .  Cont inue  i n  t h i s  

f a s i l ion  u n t i l  a l l  t h e  means have been punched. 

For example,  i f  R i j k  i s  t h e  mean f o r  t h e  - ith l e v e l  of  t h e  
- 

f i r s t  c o n s t a n t  f a c t o r ,  and t h e  kt'' - l e v e l  of t h e  second c o n s t a n t  

f a c t o r ,  and i f  each  f a c t o r  h a s  t h r e e  l e v e l s ,  t h e  means would 

Le punched a s  f o l l o w s :  

6 .  Te rmina t ing  t h e  Run. I f  a n o t h e r  s e t  of  comparisons i s  

wanted ,  t h e  d a t a  deck shou ld  be  fo l lowed  immedia te ly  by a n o t h e r  

s e t u p ,  s t a r t i n q  with a  new l a b e l  c a r d  (item 1).  I f  no more an- 

a l y s e s  a r e  t o  f o l l o w ,  t h e  d a t a  shou ld  be  f o l l o w e d  by a  

SENDFILE c a r d  ( o r  by e n t e r i n g  an e n d - o f - f i l e  c h a r a c t e r ,  i f  run-  

n i n g  from a  t e r m i n a l ) .  



SUMMARY OF ANOVA SET-UP CARDS 

CARD REQUIRED I F :  

1. T i t l e  or  heacier 

2. C e l l  design 

Always on 1 s t  ana l .  

Always on 1st ana l .  

3 .  Corre la ted  r e p l i c a t i o n ?  >1 s c o r e / c e l l  

4 .  Random f a c t o r ?  (yes/no) (Note 2 )  Always 

5. Random & nes t ing  f a c t o r s  Previous card = 01 (yes )  

6 .  Type of da t a  s o r t  Ce l l  f req .  equal  and >1 

7 .  Observations per  da t a  group Always 

8 .  Data format Always 

9 .  Transformation* Always 

10. Augmenting cons tan t  

11. Events/observ; 
Freq. o r  propor t ions  

Transform. o t h e r  than a r c  s i n e  
(prev. card = 1, 2 ,  o r  3 )  

Arc s i n e  t r a n s ,  

1 2 .  C e l l  means Always 

113. Do mul t ip le  comparisons? Always 

Note 1 1 1 4 .  Mult. comp. f a c t o r  card Mult comp. wanted 

115. 0 1  f o r  Newman-Reuls, 
02 f o r  Tukey (b) 

1 6 .  2- ,  3-, 4-way t a b l e ?  
Note 1 

1 7 .  Table se tup  card 

q 18. Do another  ANOVA? 

1 9 .  Rewind da t a  s e t ?  

Mult comp. wanted 

Always 

Table wanted 

Always 

Another ANOVA wanted 

20. T i t l e  o r  header Another ANOVA wanted 

21. Same c e l l  design? 
( I f  yes go back t o  3 ;  
I f  no go t o  2 . )  

Another ANOVA wanted 

Note 1: These  groups a r e  repeated fo r  a s  many t e s t s  o r  t a b l e s  -- 
as  wanted. The l a s t  one must be followed by an "02" ca rd  t o  
encl t l ~ e  series. 

Note 2 :  A l l  yes-no ca rds  use Ol=yes, 02=no. --- 
*O=NONE l = S Q U A R E  ROOT 2=LOGe 3=RECIPROCAL 4=ARC SINE 

'15 n uncqunl, card i=Max. c e l l  n ,  ca rds  with c e l l  n ' s  - - 
(20/card) -must precede da t a .  



TABLE 1 . SUMMARY OF ANOVA SET-UP CARDS 

CARD REQUIRCD IF:  

1. T l t l e  o r  header  Always on 1st a n a l .  

2. C e l l  d e s l g n  Always on 1 s t  a n a l .  

3. C o r r e l a t e d  r e p l l c a t l o n ?  >1 s c o r e / c e l l  

4 .  Random f a c t o r ?  [yes /no)  (Note 2)  Always 

5. Random h n e s t l n g  f a c t o r s  P r e v i o u s  c a r d  = 0 1  ( y e s )  

6 .  Type of d z t a  s o r t  C e l l  f r e q .  e q u a l  and >1 

7 .  O b s c r v a t i c n s  p e r  d a t a  group  Always 

8 .  Data format  Always 

9 .  Transforn la t ion*  Always 

10. Augmenting c o n s t a n t  

11. E v e n t s / c b s e r v ;  
Freq .  o r  proportions 

Transform. o t h e r  t h a n  a r c  s i n e  
(prev .  c a r d  = 1, 2 ,  o r  3 )  

Arc s i n e  t r a n s .  

DATA ( I F  SUBllITTED WIT3 SETUP) 

12. Cell nreans Always 

113. Do n u l t l p l e  coniparlsons? Always 

Note l ( 1 4 .  Mult .  conp. f a c t o r  c a r d  Mult comp. wanted 

115. 01 f o r  Newn~an-Keuis, 
C2 f o r  Tukey ( b )  

16. i - .  3-, 4-way t a b l e ?  

1 7 .  T a b l e  setl:p c a r d  

Mult comp. wanted 

Always 

T a b l e  wanted 

18. Do a n o t h e r  A&OVA? Always 

19.  Rewlnd d a t a  s e t ?  

213. T l t l e  o r  header  

21. Same c e l l  d e s l g n ?  
( I f  yes  go back t o  3 ;  
I f  no go t o  2 . )  

Another ANOVA wanted 

Another ANOVA wanted 

Another ANOVA wanted 

Kote 1: These groups  a r e  r e p e a t e d  f o r  a s  many t e s t s  o r  t a b l e s  
a s  w a n t e d .  T h e  l a s t  one r , u s t  be fo l lowed by an "02" c a r d  t o  
end t h e  s e r l c s .  

Note 2 :  A11 ycs-no c a r d s  u s e  Ol=yes ,  02=no. 
' C = N O ~ J E  I=SQUA.?E FOOT 2=LOG 3=RECIPROCAL 4=ARC SINE 
L 

'I£ p unequal ,  c a r d  l=Max. c e l l  n, c a r d s  w i t h  c e l l  f i t s  
(2O/card)  must p r e c e a c  d a t a .  

The above t a b l e  ( T a b l e  1) b r i e f l y  summarizes  t h e  s e t u p  

c a r d s  n e c e s s a r y  t o  r u n  AN3VA. I t  h a s  been  r educed  s o  t h a t  it can 

be  d e t a c h e d  and  mounted on a 5 "  x 8 "  card f o r  convenien t  u s e  as  

a  q u i c k  r e f e r e n c e .  




