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HISTOGRAM AND ONE-FACTOR ANALYSIS OF VARIANCE 

DECUS Program Library Write-up DECUS NO. 12-38A 

Hardware Requirements: P D P - l a ,  two TUS5 t a p e  u n i t s ,  8 K  memory. 

1,anguage. : 1 Foca 1 - 1 2  

The Program: Performs t h r e e  pr imary f u n c t i o n s  which may b e  execu ted  
s i n g l y  o r  i n  any d e s i r e d  combinat ion i.e., d a t a  s t o r a g e ,  h i s tog ram 
c o n s t r u c t i o n ,  and a n a l y s i s  of v a r i a n c e  computat ion.  Accepts i n t e g e r  
d a t a  e n t e r e d  v i a  t e l e t y p e  and s t o r e s  t h e s e  d a t a  on LINC tape  u s i n g  t h e  

.D ia l  index. D i sp lays  a h is togram of t h e  i n t e g e r s o n  r e q u e s t  
u s i n g  t h e  PDP-12 scope. D i s I  l a y s  minimum, second smallest, second 
l a r g e s t  and maximum v a l u e s  of t h e  d a t a  a r r a y .  Computes e i t h e r  a one- 
f a c t o r  r e p e a t e d  measures  o r  a one f a c t o r  Completely randomized a n a l y s i s  
of v a r i a n c e  on t h e  d a t a  i f  r e i u e s t e d .  T h i s  program package i s  composed 
of t h e  fo l lowing  program segments: $ANUVii, $tIISTGll, $INT, $GPH, U V ,  
"i,2AV, %3AV. 
t i m e  and t h e  l a r g e s t  number of i n t e r v a l s  t h a t  t h e  h i s tog ram may have is 
95. 

The package w i l l  hand le  a maximum of 60P, numbers a t  one 

Opera t ion :  P l ace  t h e  L I N C  t a p e  c o n t a i n i n g  Focal-12 and t h e  program pack- 
age on u n i t  8.  
C a l l  Dial ,  load Focal-12,  t hen  t y p e  "L G,$ANOVA,@". 
t h e  t e r m i n a l  c h a r a c t e r  f o r  a l l  l i n e s  i n  t h e  program package. It should 
be typed a f t e r  responding  t o  each  q u e s t i o n  i n  t h e  programs. 
q u e s t i o n s  r e q u i r i n g  a y e s  o r  no answer, t h e  c o r r e c t  r e sponse  is e i t h e r  
c'Ycc ( y e s ) ,  o r  "N" ( no ) .  

Place a second LINC t a p e  c o n t a i n i n g  Dial  011 u n i t  1. 
The space b a r  i s  

For any 

$ANOVA : 
HOW MANY TRIALS? : 
a )  f o r  d a t a  from a one - fac to r  r e p e a t e d  measures des ign  ( c . f .  Meyers, 
Fundamentals of Experimental  Design, p. 152) ,  respond wi th  t h e  number 
of l e v e l s  of t h e  t r ea tmen t  v a r i a b l e  ( A )  i.e., t h e  number of t r i a l s  
g iven  t o  a s u b j e c t .  
subjects . 
b)  f o r  d a t a  from 
p. 51), respond w i t h  t h e  number of l e v e l s  of t h e  t r ea tmen t  v a r i a b l e  A. 
c >  f o r  a l l  o t h e r  d e s i g n s ,  respond wi th  a number t h a t  i s  a f a c t o r  of t h e  
t o t a l  number of d a t a  p o i n t s  t o  Le e n t e r e d  i.e., i f  50 numbers are t o  be 
e n t e r e d ,  t h e  r e sponse  cou ld  be  e i t h e r  10 o r  25, t h e n  t h e  answer t o  t h e  
next  q u e s t i o n  would be e i t h e r  5 o r  2. The product  of t h e  numbers g iven  
a s  answers  t o  t h e  f i r s t  two q u e s t i o n s  r;lust e q u a l  t h e  t o t a l  number of 
d a t a  p o i n t s  t o  be en te red .  

( r e sponse  v a r i e s  acco rd ing  t o  d e s i g n  of exper iment )  

I t  i s  necessa ry  t h a t  t h i s  number be e q u a l  f o r  a l l  

one - fac to r  comple te ly  randomized d e s i g n  (c . f .  Meyers, 

HOW MiiNY SUBJECTS?: 
a >  for a o n e - f a c t o r  r e p e a t e d  m e a s u r e s  design, respond with  t h e  total 
number of s u b j e c t s  (S) t e s t e d .  
b)  f o r  a comple te ly  randomized o n e - f a c t o r  d e s i g n ,  respond wi th  t h e  number 

( r e sponse  depends upon expe r imen ta l  d e s i g n )  
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$ANOV~, ( con '  
of s u b j e c t  
number of 

t ) :  
s t e s t e d  a t  one level of t h e  treatmeiit v a r i a b l e  i.e., t h e ,  
s u b j e c t s  i n  one i r o u p .  

- 
c )  f o r  a l l  o t h e r  des i / : n s ,  respond wi th  t h d t  number which when m u l t i p l i e d  
by t h e  number g iven  i n  response  t o  t h e  f i r s t  q u e s t i o n  w i l l  equa l  t h e  
t o t a l  number of d a t a  p o i n t s  t o  be e n t e r e d  on t a p e  o r  brought  down from 
s t o r a g e .  
,.IRE DATA O K  TAPE?: 
"Y" r e sponse  c a u s e s  cornputer t o  l o c a t e  .ind d i s p l a y  on t h e  scope d a t a  
p r e v i o u s l y  s t o r e d  on L J N C  tape.  I f  t h e r e  are t o o  many d a t a  p o i n t s  t o  
d i s p l a y  s imul t aneous ly ,  t h e  s c o p e , w i l l  f i l l  up w i t h  t h e  f i r s t  segnent  o f  
d a t a  and d i s p l a y  t h i s  u n t i l  t h e  o p e r a t o r  h a s  checked t h e  e n t r i e s  and t h e n  
t y p e s  l i n e  f e e d  t o  advance t h e  d i s p l a y  t o  t h e  nex t  segment of t h e  da t a .  
I f  any e r r o r s  a r e  d i scove red  i n  t h e  d a t a  l ist  a t  t h i s  t i m e ,  t h e  o r d i n a l  
p o s i t i o n  of t h e s e  e n t r i e s  should Le reco rded  so t h a t  l a te r  m o d i f i c a t i o n  
may L e  made. 
"N" r e sponse  w i l l  make and open a 10 b lock  d a t a  f i l e  on u n i t  1. The scope 
w i l l  c lear  and a c o l o n  (:) w i l l  dppear  on t h e  s c r e e n  a f t e r  which t h e  f i r s t  
nuniter i n  t h e  d a t a  a r r ay  should  be typed  fo l lowed by t h e  t e r m i n a l  c h a r a c t e r .  
Colons h i l l  c o n t i n u e  t o  appea r  on t h e  :coke a s  long ds iIiore d a t a  a re  t o  
be e n t e r e d .  (Kernemher t o  t y p e  t h e  t e r m i n a t o r  a f t e r  each  e n t r y . )  

The or t ie r  i n  which the d a t a  are  e n t e r e d  i s  de termined  by t h e  expe r imen ta l  
des ign .  
a )  o n e - f a c t o r  r eped tcd  measures  d e s i g n  - e n t e r  t h e  d a t a  from one s u b j e c t ,  
a t  a t i m e ,  from f i r s t  s c o r e  t o  l a s t  sco re .  iissune 2 s u h j e c t s  (S) are 
t e s t e d  tliree times each  (ii r e p r e s e n t s  t h e  t r i a l  numbers).  

These s i x  s c o r e s  must Le e n t e r e d  i n  t h i s  o r d e r :  
f i r s t :  SIAl 
second : S 1 k 2  
t h i r d :  b1A3 
f o u r t h :  S $ 1  
f i f t h :  S2A2 
s i x t h :  C"xi.3 
b )  o n e - f a c t o r  co~ i ip l e t e ly  randomized d e s i g n  -- e n t e r  t h e  d a t a  from t h e  
f i r s t  s u L j e c t s  i n  eac!i of t h e  a t r e a t m e n t  groups ,  t h e n  t1ror.i t h e  second 
s u b j e c t s  i n  each  p,roup,and so on u n t i l  t h e  s c o r e s  f r o n  t h e  nth s u b j e c t s  
i n  each  group have been e n t e r e d ,  
a s s igned  t o  the  t h r e e  l e v e l s  of  t h e  t r e a t m e n t  v a r i a b l e  (A). There w i l l  
be three t r ea tmen t  g roups  wi th  two d i f f e r e n t  s u k j e c t s  i n  each.  

~ i s s u ~ t i e  0 s u L j e c t s  (S) are  randomly 

($%, 
5 S- These d a t a  are  t o  be e n t e r e d  i n  t h i s  o r d e r :  
f i r s t :  S l A l  
second: S3A2 
t h i r d :  S5A3 
f o u r t h :  S 2 A l  
f i f t h :  S4A2 
s i x t h :  S.5113 

- 
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ANOVA ( c o n ' t ) :  
5 ' 1 1  o t h e r  d e s i g n s  -- t h e  o r d e r  of e n t r y  i s  immaterial. 

A f t e r  a l l  d a t a  have been e n t e r e d  they  w i l l  be d i s p l a y e d  on t h e  scope so 
t h a t  t hey  niay be checked f o r  e r r o r s  d u r i n g  e n t r y  ds d e s c r i b e d  above. 

TYPE "C" TO CONTIbilJE: I n d i c a t e s  t h e  end of t h e  d a t a  l ist .  "C" r e sponse  
w i l l  c ause  t h e  program t o  con t inue .  

XODIFY DATA? : 
"N" r esponse  causes computer t o  by-pass  t h e  c o r r e c t i o n  sequence and be- 
g i n  computing t h e  minimum, maximurn, second l a r g e s t ,  and second smallest 
v a l u e s  i n  t h e  d a t a  a r r a y .  
I'Yc' r esponse  i n i t i a t e s  t h e  c o r r e c t i o n  p rocess?  

G I V E  hU. U P  INCORRECT ENTILY: 
t h e  i n c o r r e c t  e n t r y  i n  t h e  d a t a  l i s t .  

respond w i t h  t h e  o r d i n a l  p o s i t i o n  ( x )  of  

W(X)= 
(Fg) i s  d i sp layed .  

The e x i s t i n g  v a l u e  of t h e  Xth number i n  t h e  d a t a  a r r a y  

NEW VALUE=: respond w i t h  t h e  c o r r e c t  v a l u e  of FQ)(X). 

MODIFICATION C C J ~ T I  ETE? : 
"N" response  i n d i c a t e s  t h a t  more c o r r e c t i o n s  are t o  be made and d i s p l a y s ,  
G I V E  NO. C I F  INCOKKECT EEiTKY: a g a i n ,  which beg ins  t h e  c o r r e c t i o n  sequence. 
' lYtt  r e sponse  w i l l  d i s p l a y  t h e  d a t a  array on t h e  scope once more f o r  a f i n -  
a l  check. After typ inp  lCt' t o  c o n t i n u e ,  a response  of "N" t o  II0I)TFY DATA": 
c a u s e s  t h e  program t o  PO on wi th  c o r r e c t e d  d a t a  l ist .  
NIN== t h e  va lue  of t h e  smallest number i n  t h e  d a t a  a r r a y .  
s 2= t h e  v a l u e  of t h e  second smallest number i n  t h e  d a t a  a r r a y .  
MI\)(= t h e  v a l u e  o f  t h e  l a r r e s t  number i n  t h e  data a r r a y .  
N 2= t h e  v a l u e  of t h e  second l a r g e s t  number i n  t h e  d a t a  a r r a y .  

UANT A H I  STOGK;\N? : 
"N" response  i n d i c a t e s  t h a t  t h e  d a t a  are n o t  t o  be  d i s p l a y e d  a s  a his togram. 
I ' Y t t  response  w i l l  i n i t i a t e  t h e  h i s top ram sequence of t h e  program package. 
I t  w i l l  tdlie 1; minutes  f o r  t h e  computer t o  g e n e r a t e  a h is togram from an 
a r r a y  of 6(b@ numbers wi th  95 i n t e r v a l s .  
v a l s ,  the process i s  more r a p i d .  

With l e s s  d a t a  and /o r  fewer i n t e r -  

I\NAJ.YZE 1)tiTt-r": T h i s  i s  d i s p l a y e d  a t  t h i s  p o i n t  on ly  i f  a n  "N" response  
was g i v e n  t o  N\NT A ilI:,TUGUPi? 
v'N" response  w i l l  cause t h e  c o q i u t e r  t o  h a l t .  

i n i t i a t e  the f i r s t  cor.iputations f o r  t-he a n a l y s i s  of  v a r i m c e .  
I 1  Y I I  response  w i l l  cause  t h e  cor-iputer t o  s k i p  t h e  his togrLim segments and 

$llSTGM: I n i t i a t e d  by r lYc'  response  t o  WANT 11 !II:8TUGhbl?: 
I4 I STOGMM 

MAX= t h e  v a l u e  of t h e  l a r g e s t  number i n  t h e  d a t a  a r r a y .  
NEXT MAX= t h e  v a l u e  of t h e  second l a r g e s t  number i n  t h e  array. 

CHUUSE UPPEA HOUNIh\KY 
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$IISTGPI: ( c o n '  t 1 
!rE / = t L J  t h e  upper  bcundary se1c:ctetl must n c t  exceed ILlX.  
UF+: respond w i t 9  the  v a l u e  selr .c ted as  t!ie h i : , t op ra i i ' s  upIser 1-oiindary. 

I.!IN= t h e  v a l u e  of  t h e  s i i ' t l l e s t  nur:dler i t !  t : ie d a t a  a r r a y .  
NEXT ! Ibi= t h e  v a l u e  oE t h e  secnrid f;rai.:illest numtter i n  tlie a r r a y .  
1F. /=?;Ih t ' ie lower Loqindary se lcc tec?  i . iust  iiot be less than H I N .  
I l:=: respcird w i t 5  t!ic. v a l u e  s e l e c t e d  a s  t h e  h i s t o ;  rai:'s lower imundary. 

( ' ' ILt '> I;: 1 r.1 !:,i ],Ol'I,J),il{I'  

W i .  ; I A Y  lP:TL1<V i ls?: I*nter the riiii.her of  i n t e r v a l s  t!iat t h e  h i s t o g r a n  i s  
t o  cctntaii : .  Lince t h e  pro$ rar, hand les  only  i n t e z e r  d a t a ,  t h e  progranrier  
i s  C2UticjTled no t  t o  r e  u e s t  a nuriber of i i i t e r v a l s  g r e a t e r  t han  IJE-LI.. T h i s  
I * i :  1 1 r even t  d i s t o r t i o n  o f  t i le l i i s t o y r m  which would r e s i l t  from a s k i n g  how 
nany i n t e g e r s  f a l l  i n  i n t e r v a l s  no t  con ta in in ; ;  any i n t e f r e r s .  Tn any case,  
rhe 11tti111er of  i n t e r v a l s  r i u s t  no t  exceed 9 5 .  (me u r  t bo  of t le i n t e r v a l s  
n:ay be over f low i n t e r v . i l s  dependiril, upcn t \ e  v a l u e s  s e l e c t e d  f o r  UB and 
I C .  That i s ,  i f  t h e  p rog ra rxxr  r e - j u e s t s  8/b i n t e r v a l s  and chooses  f o r  Ilk, 
and L L ,  P h X  and IITh r e s p e c t i v e l y ,  he w i l l  have a his tokrar , i  t h a t  c o n s i s t s  
of e@ e r u a l  i n t e r v a l s .  tiowever, i f  U& i s  less thart !LIx t h e  upperniost 
i n t e r v a l  w i l l  be an overf low i n t e r v a l  of width kkiX-lIK.  The remaining 
79 i n t e r v a l s  w i l l  be e y u a l l y  spaced between FiIK (which=l€! i n  t h i s  p a r t i c u l a r  
i n s t a n c e )  and Uf:. b i r n i l a r i l y ,  i f  lfi i s  greater than  ?.I114 (and UE;=i4AX), t h e  
1owerr.iost i n t e r v a l  w i  11 Le a n  cwerf low i n t o r v d l  of wid th  LB-k!Ih. The 
remaining 79 i n t e r v a l s  w i l l  Le equal  l y  spaced 1 etween LII and ILiX ( U E ) .  I f  
L.otki UE: i s  l e s s  t h a n  PLIX and  1 1 ;  i s  g r e a t e r '  t h a n  ~ X K ,  t h e r e  w i l l  Le an  
over f low i n t e r v a l  a t  each end of t he  h is to i ! , rm \ ; i th  78 e : u a l l y  spaced 
i n t e r v a l s  f a 1  l i n g  Letween IJL and L h .  
I f  t ' ic  procrai.uticr chooses  d lower LoundLiry which i s  sr- ia l ler  t h n  M I N  a n d / o r  
an  urr-.er twundary whic'i i s  l a r g e r  t han  lki,Y. he w i l l  be p iven  t h e  i!iessage(s): 
1 I- I S  TO(, :;S,il I 
I F  /= ( ? i l N )  I T !  cannot  Le less  than  11114. 
11\=: Enter  A new valiue f o r  I f ! .  
and /o r :  
UT; 1s T;!c1 l L i i 3 ( : L  
IIE /==( - tLii:) IJI. cannot  be g r e a t e r  t+an f L G .  
UL=: En te r  a new va lue  f o r  L I E .  
?iheI-t t h e  vaj: ies of U l ~  .inc? 11. a r e  w i t h i n  t i i c b  ! . roper rar1y.e t h e  nex t  p r o r r a n  
i n  t h e  pach.i:.e w i  1 1  Le i n i t i a t e d  automtt. icJ1 ly .  

- 

$IXT: I n i t i d t e c !  by $HST(;ti. T h i s  segment f u n c t i o n s  t u  corq u t e  and d i s p l a y  
or. t + c  scope t h e  up! er~i ios t  L o u r d a r i e s  ( t h e  !<-coordinates)  of  t h e  i n t e r v a l s  
i n  t.+e t i l  stoy,ram. The l o c a t i o p s  of thc  X-coordinates  clre corn1 cited Ly div-  
i d i n g  t'ie rar-ipe between Uh and LE b y  the  number of i n t e r v a l s  desired ( less  
any overfl i iw i n t e r v a l s ) .  I f  tile (!isl : lay of t h e  v a l u e s  of  t h e  X-coord ina tes  
t i  11s t h e  scope Lefo re  a11 coc?rd ina tes  ' lave Leen shown, advarice t h e  d i s p l a y  
t ,y t y i  in:! l i n e  Eeed. 
'ry]'; I 'C" J', C h  i v T l l L l ~ ~ ~ :  Tnt l icates  t!ie end of  t he  l i s t i n p  C J ~  c o o r d i n a t e s .  
"C '  r e sponse  w i l l  cause tlie pro! rar:i t o  c o n t i n u c  and i n i t i a t e  t h e  nex t  1:ro- 
prdra sep,er!t . 

$CF11: I n i t i a t e d  Ly $INT. T1ii.s segment func t i .ons  t o  compute t h e  Y-coord ina tes  
for the h i s tog ram and d i s p l a y  t h e  cor,iI l c t e d  graph  on t h e  scope.  The 
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m: ( c o n ' t )  
Y-coord ina tes  r e p r e s e n t  t h e  nu!.iler of  p o i n t s  f a l l i n g  a t  o r  below t h e  X 
v a l u e s  f o r  each i n t e r v a l .  

"N" response  brinp,s t 'ie program t o  a h a l t .  
I ' Y ' l  response  w i l l  i n i t i a t e  t h e  next  sequence which computes a s t anda rd  
o n e - f a c t o r  a n a l y s i s  of va r i ance .  

LiNkLYLE DAT:\?: 

- %AV: T h i s  segment i s  i n i t i a t e d  by a l lYt l  r e sponse  t o  t h e  q u e s t i o n  ANAIYZE 
DATA? i n  e i t h e r  t h e  $A14OVii o r  t h e  $C€H program seguents .  
t o  c a l c u l a t e  p re l imina ry  sunis and suins of s q u a r e s  t o  be used i n  t h e  
computat ion of t h e  sum of squa res ,  mean squa res  and F - r a t i o s  f o r  t h e  ana l -  
y s i s  of v a r i a n c e .  The computa t iona l  forrrulae employed are: 

I t  f u n c t i o n s  

bhere  F(b i s  t h e  d a t a  a r r a y ,  5 i s  t h e  number of s u b j e c t s  ( t h e  t o t a l  nuniter 
i n  a r epea ted  measures des ign  o r  t h e  number of s u b j e c t s  i n  one groub i n  
a c o ~ u p l e t e l y  randomized d e s i g n )  and A i s  t h e  number of  l e v e l s  of t h e  t r ea t -  
ment v a r i a b l e .  These computa t ions  are s t o r e d  on LINC t a p e  f o r  u s e  i n  t h e  
nex t  program segment. 
SFECIPY UEbIGN 
C=Cb MP LE TE 1 Y 1LiNI)OFiI LED 
R=XEYEHTE:U MMbUKEb 
DE 5 I G hk : 
"C" response  i n d i c a t e s  t h a t  t h e  d a t a  be ing  ana lyzed  conform t o  a comil le te ly  
randomized one-f a c t o r  des ign .  The program segrlient which comple tes  t h e  
a n a l y s i s  of v a r i a n c e  f o r  t h e  coriipletely randomized des ign  w i l l  be  i n i t i a t e d  
by t h i s  response.  
"R'' response  i n d i c a t e s  t h a t  t h e  d a t a  be ing  dnalyzed conform t o  a o n e - f a c t o r  
r e p e a t e d  measures des ign .  T h i s  response  i n i t i a t e s  t h a t  program segment 
which € u n c t i o n s  t o  complete  t h e  a n a l y s i s  of v a r i a n c e  f o r  a o n e - f a c t o r  re- 
pea ted  measure design.  

7'2~V: T h i s  program i s  i n i t i a t e d  by a n  "K" r e sponse  t o  DESIGN=: i n  t h e  p re -  
ceed ing  propram (YdiV). I t s  f u n c t i o n  i s  t o  comple te  t h e  a n a l y s i s  of var i -  
ance f o r  a one - fac to r  r epea ted  measures des ign .  I t  computes ra t ios  f o r  
bo th  A ( t r e a t m e n t )  and S ( s u b j e c t s ) ,  and t h e n  p r i n t s  o u t  t h i s  i n f o r m a t i o n  
i n  a t a b u l a r  form l i s t i n g  t h e  source  of  v a r i a n c e  (SV), sums of squa res  (SS), 
mean s q u a r e s  (MS), F r a t i o s  (F ,  were a p p r o p r i a t e )  and d e g r e e s  of freedom 
(DF) .  

p 

The formulae-employed i n  t h e  c a l c u l a t i o n s  are  desc r ibed  i n  Meyers, 
p. 155. 

- %3AV: T h i s  program i s  i n i t i a t e d  by a "C" r e sponse  t o  DESIGN==: i n  program 
segment %kV. I ts  f u n c t i o n  i s  t o  compute t h e  a n a l y s i s  of v a r i a n c e  f o r  a 
comple te ly  randomized one - fac to r  des ign .  I t  computes t h e  E r a t i o .  f o r  t h e  
t r ea tmen t  e f f e c t  (ti) and then  p r i n t s  o u t  t h i s  i n fo rma t ion  i n  t a b u l a r  form 
l i s t i n g  t h e  sources of variance (SV), suilis of squares (SS), mean squares 
(MS), E r a t i o  ( F )  and degrees  of  freedorn (DF). The f o r n u l a e  employed i n  
t h e  c a l c u l a t i o n s  dre d e s c r i b e d  i n  Meyers, p. 70. 
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L LJ$HSTGMJP) 
* J  
C FOCAL-12 

Q 1 3 . f l K  
83.19 
03.21 
c13.82 
03.24 
03.29 
03.38 
03 e 4 3  
63 046 
03.49 
03.5PI 
n3.52 
03.55 
p13.58 
93.59 
03 069) 
03.63 
03.66 
03.69 
03.72 * 

L LJSGPHJQ) 
*W 
C FOCAL-18 

01.69 0 C;L OJFBJIJDIJI;L O J F I J F J D ~ J I ; S  B=:Fl<R) 
01.13 S MAX=Fl(l);S TNS=F1(7);F K=lrTNS;D 2.47 
01.20 GOTO 3.51 

c13.51 
013.57 
03.58 
413.641 
03.83 
03.91  
413 e 9 2  
413.94 * 
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