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SUMMARY 

A h i s t o r i c a l  p e r s p e c t i v e  i s  p r e s e n t e d  i n  terms of t h e  major f e a t u r e s  and 
s t a t u s  of two f a m i l i e s  of computer s i m u l a t i o n  models developed by Applied Psy- 
c h o l o g i c a l  S e r v i c e s  i n  which t h e  human o p e r a t o r  p l a y s  t h e  pr imary r o l e .  Both 
t a s k  o r i e n t e d  and message o r i e n t e d  models a r e  inc luded .  

Two o t h e r  r e c e n t  e f f o r t s  a r e  summarized which d e a l  w i t h  v i s u a l  i n f o r m a t i o n  
p r o c e s s i n g .  They i n v o l v e  n o t  whole model development b u t  a  f a m i l y  of subrou- 
t i n e s  customized t o  add t h e  human a s p e c t s  t o  e x i s t i n g  models. 

A g l o b a l  diagram of t h e  g e n e r a l i z e d  model deve lopment /va l ida t ion  p r o c e s s  
i s  p r e s e n t e d  and r e l a t e d  t o  15 c r i t e r i a  f o r  model e v a l u a t i o n .  

INTRODUCTION 

Our g o a l  i n  t h i s  r e p o r t  i s  t o  d i s t i l l  t h e  e s s e n c e  of over  2 1  y e a r s  of con- 
t i n u o u s  e f f o r t  a t  Appl ied P s y c h o l o g i c a l  S e r v i c e s  t o  develop and v a l i d a t e  d i g i t -  
a l  computer models. Our pr imary a r e a  of c o n c e n t r a t i o n  h a s  been t h e  emula t ion  
of sys tems i n  which t h e  key e lement  i s  t h e  human who o p e r a t e s  a n d / o r  m a i n t a i n s  
equipment sys tems.  Over 30 p r o j e c t s  ( c o n t r a c t s )  have been devoted t o  t h e  e f -  
f o r t s  r e p o r t e d  and t h e  models have been a p p l i e d  t o  sys tems f o r  a l l  of t h e  m i l i -  
t a r y  s e r v i c e s  a s  w e l l  a s  NASA and i n d u s t r y .  

The models a r e  summarized i n  t h r e e  f a m i l i e s  as o u t l i n e d  i n  Tab le  1. Three 
I I  t a s k  o r i e n t e d  models'' were developed t o  s i m u l a t e  man-machine sys tems.  T h e i r  
major  d i s t i n g u i s h i n g  f e a t u r e  i s  t h e  s i z e  of t h e  crews which t h e y  s i m u l a t e .  They 
a l l  o p e r a t e  on i n p u t  d a t a  d e s c r i b i n g  a  l i s t  of t a s k s  o r  s u b t a s k s  which t h e  oper- 
a t o r ( ~ )  o r  groups  of o p e r a t o r s  perform. Each t a s k  i s  s i m u l a t e d  s e q u e n t i a l l y  by 
t h e  l o g i c  of t h e  model implemented by a  computer program s o  a s  t o  a l l o w  o p e r a t o r s  
t o :  work independen t ly  o r  t o g e t h e r ,  w a i t  f o r  each o t h e r ,  t a l k  t o  each  o t h e r ,  
moni tor  and o p e r a t e  c o n t r o l s  and d i s p l a y s ,  w a i t  f o r  equipment,  s k i p  n o n e s s e n t i a l  
s u b t a s k s  i f  t h e  o p e r a t o r s  a r e  busy,  make d e c i s i o n s  which can a l t e r  t h e  s u b t a s k  
sequence,  r e c y c l e  i f  r e q u i r e d  i n  t h e  e v e n t  of an  o p e r a t o r  f a i l u r e ,  become par-  
t i a l l y  o r  comple te ly  i n c a p a c i t a t e d ,  and respond t o  unexpected f a i l u r e s  and emer- 
g e n c i e s .  

The major  a t t r i b u t e  of t h e  two models i n  t h e  second f a m i l y  i s  t h a t  t h e y  
t r a c k  each  message i n  a  communications system. Embedded i n  e a c h  of t h e s e ,  how- 
e v e r ,  i s  a  t a s k  o r i e n t e d  module--a m i n i a t u r e  of t h e  f i r s t  model f a m i l y .  



T a b l e  1 

Model F a m i l i e s  

Family Family Name Models 

I Task O r i e n t e d  Models One-two Man Model 
I n t e r m e d i a t e  C r e w  Piodel 
Large Group Model 

I I Message O r i e n t e d  Models T a c t i c a l  Opera t ions  Message Handling 
F i e l d  E x e r c i s e  Moni tor ing 

I I L  Human O r i e n t e d  S u b r o u t i n e s  T a r g e t  D e t e c t i o n  & C l a s s i f i c a t i o n  
f o r  Models F a c i l i t y  Defense Combat 



The paper a l s o  desc r ibes  two r ecen t  e f f o r t s  no t  d i r e c t e d  a t  development of 
an e n t i r e  model--because t h e  model i n  ques t ion  had a l ready  been developed. I n  
t h e s e  cases ,  i t  was r e a l i z e d  a f t e r  model completion t h a t  t he  human a s p e c t s  were 
no t  adequate ly  s imulated.  A s  a r e s u l t ,  a  group of subrout ines  was developed t o  
add the  r ea l i sm of a  human element i n  t a s k s  such a s  scan ,  d e t e c t i o n ,  and t a r g e t  
c l a s s i f i c a t i o n .  

A l l  of t hese  models were designed f o r  u se  i n  s imula t ing  d i f f i c u l t  o r  un- 
t r i e d  missions--those i n  which t h e  ope ra to r ' s  phys i ca l  and mental l i m i t a t i o n s  
may p lay  an  important p a r t  i n  t he  a b i l i t y  of t he  man-machine system t o  perform 
i t s  func t ion .  The conceptual  design of each member of each model was based on 
our  unwavering b e l i e f  t h a t  human behavior i n  a  dynamic environment cannot be  
v a l i d l y  represented  by d e t e r m i n i s t i c  methods. L a s t ,  t h e  paper d i scusses  model 
v a l i d a t i o n  and a  s e t  of v a l i d a t i o n  c r i t e r i a .  

FAMILY OF TASK ORIENTED MODELS 

Consider f i r s t  t h e  family of t a s k  o r i e n t e d  models--the mainstay i n  our  a r -  
s e n a l  of s imula t ion  t o o l s .  

A l l  models i n  t h i s  family were prepared t o  s imula te  men ope ra t ing  and/or  
maintaining equipment. A l l  have major s imula t ion  v a r i a b l e s  t o  r e f l e c t  t h e  re-  
a l i t i e s  of t h e  equipment, t h e  mission i t s e l f ,  and one o r  more important t ime 
func t ions .  Yet they  a l l  possess ,  i n  a d d i t i o n  (and t h i s  r e p r e s e n t s  t h e i r  d i s -  
t i n c t i v e  f e a t u r e ) ,  psychological  and s o c i a l  v a r i a b l e s  p e r t a i n i n g  t o  t h e  ope ra to r  
o r  t o  groups of opera tors .  Examples of t hese  a r e  s t r e s s ,  o r i e n t a t i o n ,  p r o f i -  
c iency ,  mental  load,  and f a t i g u e .  F l e x i b i l i t y  i n  s imula t ion  i s  provided i n  t h e  
models through t h e  a b i l i t y  t o  a l low paramet r ic  v a r i a t i o n  of such f a c t o r s  a s  t h e  
speed of the  ope ra to r s ,  t h e i r  s t r e s s  breaking p o i n t s ,  and mission time l i m i t s .  
I n  a d d i t i o n  t o  t h e  more common o r  system o r i e n t e d  r e s u l t s  such a s  equipment re-  
l i a b i l i t y ,  working hours ,  and ope ra to r  f a i l u r e s  which one has come t o  expect  
from computer models, t h e s e  t h r e e  models gene ra t e  d a t a  on personnel  performance, 
morale ,  cohesiveness ,  goal  o r i e n t a t i o n ,  and man-machine system e f f i c i e n c y .  A l l  
y i e l d  computer ou tput  t a b u l a t i o n s  r e f l e c t i v e  of t h e  man-machine system under 
s tudy  i n  o rde r  t o  p r e d i c t  system "performance," personnel  over loads ,  pe r iods  of 
unusual s t r e s s  and excess ive  de lays ,  d i s t r i b u t i o n s  of how mission time i s  spen t ,  
a  v a r i e t y  of end-of-mission cond i t i ons ,  and imp l i ca t ions  of manning s t r a t e g i e s .  

The p r i n c i p a l  f e a t u r e s  and d i f f e r e n c e s  between t h e  t h r e e  models a r e  shown 
i n  Table 2. 

The 1-2 man model ( t h e  f i r s t  e n t r y )  s imu la t e s  une o r  two ope ra to r s  and ac- 
commodates up t o  300 ind iv idua l  a c t i o n s  by each ope ra to r .  Each such ope ra to r  
a c t i o n  which would r e q u i r e  a  few seconds o r  minutes of ope ra to r  performance i s  
s imulated by t h e  computer i n  about 3 mil l i s econds .  Consequently, 100 computer 
i t e r a t i o n s  of a  maximum t a s k  (300 a c t i o n s  f o r  each ope ra to r )  take  about two t o  
f o u r  minutes of computer time. 

I n  t h e  in te rmedia te  model, a  crew of up t o  20 men may be s imulated.  It 
handles  t h e  case  of multi-day missions i n  which t h e  t imes of i n d i v i d u a l  even t s  



Table 2 

NAME 

One-Two Man Model 

Intermediate C r e w  

Large Group 

Major F e a t u r e s  of  the  Task Oriented Models 

Number of Duration of  Duration of Number of 
Personnel Simulated Mission Tasks, Events Tasks, Events 

1-2 minutes ,  hours  seconds ,  minu tes  up t o  300 

3-20 a few days tenths of hours  80 p e r  day 

20-100 many days t e n t h s  of hours ,  hours  100 p e r  day 



a r e  measured i n  minu tes  o r  hours .  T h i s  i s  accomplished by p r o c e s s i n g  t a s k s  per-  
formed by g roups  of one o r  more men. Here, t h e  computer s i m u l a t e s  each  of t h e s e  
l o n g e r  e v e n t s  i n  abou t  20 m i l l i s e c o n d s .  I n  t h i s  c a s e ,  100 i t e r a t i o n s  of a  max- 
imum m i s s i o n  (80 crew e v e n t s  p e r  day) f o r ,  s a y ,  a f i v e  day m i s s i o n ,  t a k e  abou t  
1 0  t o  15 minu tes  of computer t i m e .  

I n  t h e  l a r g e s t  model, a  crew of from 20 t o  a s  many a s  100 men may be simu- 
l a t e d .  The miss ion  is composed of work u n i t s  which may be minu tes  o r  hours  i n  
d u r a t i o n  and t h e  t o t a l  m i s s i o n  may l a s t  f o r  s e v e r a l  dozen days .  The l i m i t  h e r e  
i s  p r i n c i p a l l y  a  p r a c t i c a l  one based on computer runn ing  t ime.  

Tab le  3 i t e m i z e s  t h e  p r i n c i p a l  c o n c e p t s  of t h e  t a s k  o r i e n t e d  models. The 
e lements  i n  t h e  t a b l e  a r e  p r e s e n t e d  p r i n c i p a l l y  t o  i n d i c a t e  t h e  scope  of models,  
L i s t e d  under  "Major Human F e a t u r e s  and V a r i a b l e s "  a r e  t h e  t y p e s  of f u n c t i o n s  t h e  
model can  h a n d l e ,  i . e . ,  t h e  p r i n c i p a l  v a r i a b l e s  i t  c o n s i d e r s .  The o p e r a t o r -  
o r i e n t e d  v a r i a b l e s  s e l e c t e d  f o r  i n c o r p o r a t i o n  i n t o  t h e  models a r e  t h o s e  which 
p s y c h o l o g i s t s  have determined t o  be  i n f l u e n t i a l  on t h e  performance of a n  i n d i -  
v i d u a l  o r  of a  c l o s e d  s o c i a l  group. L i s t e d  under  " P r i n c i p a l  Parameters"  a r e  t h e  
i t e m s  t h a t  t h e  sys tems  a n a l y s t  who i s  u s i n g  t h e  model can  vary- - tha t  is ,  he  can 
s e l e c t  v a l u e s  f o r  each  paramete r  f o r  each computer run  of t h e  model. Under "Ma- 
j o r  o u t p u t s "  t h e  p r i n c i p a l  c a t e g o r i e s  of p r i n t e d  computer o u t p u t  a r e  shown. 

THC ONE-TWO MAN MODEL 

T h i s  1-2 man model h a s  been i n  a c t i v e  u s e  f o r  a lmos t  two decades .  It h a s  
been t e s t e d  a g a i n s t  r e a l  l i f e  and a g a i n s t  l a b o r a t o r y  c o n t r o l l e d  c r i t e r i a ,  and 
h a s  found t o  g i v e  r e a s o n a b l e ,  i n t e r e s t i n g ,  and v a l u a b l e  r e s u l t s .  

The major  r e s u l t s  from u s i n g  t h i s  model a r e :  

@ t h e  p r o b a b i l i t y  of success - - tha t  i s ,  t h e  p e r c e n t a g e  of t i m e s  
t h a t  t h e  p r e s c r i b e d  sequence of s u b t a s k s  was completed wi th-  
i n  t h e  t ime l i m i t .  

t h e  shape  of t h e  s t r e s s  f u n c t i o n  d u r i n g  t h e  s i m u l a t i o n .  

@ t h e  d i s t r i b u t i o n  of t i m e  s p e n t  working,  w a i t i n g ,  and 
i n  r e p e a t i n g  work n o t  p r o p e r l y  performed. 

T h i s  model i s  s t i l l  i n  a c t i v e  u s e  by a v a r i e t y  of government and commer- 
c i a l  u s e r s .  S e v e r a l  a p p l i c a t i o n s  have been made by t h e  o r i g i n a t o r s  and many by 
o t h e r s  i n c l u d i n g  l a n d i n g  a n  a i r c r a f t  on an  a i r c r a f t  c a r r i e r ,  l a u n c h i n g  an a i r -  
t o - a i r  m i s s i l e ,  an i n f l i g h t  i n t e r c e p t  of a n  enemy a i r c r a f t ,  and s i m u l a t i o n  of 
a n  i n f l i g h t  r e f u e l i n g  o p e r a t i o n .  These r e p r e s e n t  b o t h  one and two o p e r a t o r  s i m -  
u l a t  ions .  

A p r e p r o c e s s o r  program h a s  been developed which y i e l d s  a n o t h e r  v e r s i o n  of 
t h e  model. It c a l c u l a t e s  a d j u s t m e n t s  t o  d a t a  normal ly  p rov ided  a s  model i n p u t  
p r i o r  t o  s i m u l a t i o n .  I n  t h i s  c a s e ,  t h e  e f f e c t  of r a d i a t i o n  exposure  on perform- 
a n c e  t i m e  and s u c c e s s  p r o b a b i l i t y  i s  determined f o r  man and /or  machine degrada- 
t i o n .  



Table 3 

Features  of t h e  Task Oriented Models 

NAME 1-2 Man Model In te rmedia te  Crew Large Group 

Major Human Fea- p ro f i c i ency  p ro f i c i ency  
t u r e s  and Vari- t i m e  s t r e s s  time s t r e s s  & men- 
a b l e s  t a l  load  

cohesiveness  f a t i g u e  & s l e e p  
d e c i s i o n  making p h y s i c a l  c a p a b i l i t y  

i n t e l l i g e n c e  
l e a r n i n g  
a s p i r a t  ion  
supe rv i so r s  expecta- 
t i o n  
s i cknes s / i ncapac i ty  

p r o f i c i e n c y  
t i m e  s t r e s s  

f a t i g u e  
norms & goa l s  
cohesiveness  
s o c i a l  p r e s su re  
l e a r n i n g  
morale 

P r i n c i p a l  Equip- r e l i a b i l i t y  r e l i a b i l i t y  ( f a i l -  r e , l i a b i l i t y  
ment/Environment u re s )  
Va r i ab l e s  & Fea- equipment re- emergencies emergencies 
t u r e s  sponse communications communications 

t a s k  postponement t a s k  postponement 
consumables consumables 
hazard l e v e l  mean t i m e  t o  r e p a i r  

Major Outputs success  probabi l -  
i t y  
s t r e s s  p r o f i l e  
work, i d l e ,  f a i l -  
u r e  t ime 
performance 

t a s k  r e p e t i t i o n  
t i m e  
t a s k s  f a i l e d ,  ig-  
nored 

success  probabi l -  
i t y  
s t r e s s  p r o f i l e  
work, r e p a i r ,  i d l e ,  
f a i l u r e  t i m e  
MTBF, MTTR, ava i la -  
b i l i t y  
performance adequa- 
c  Y 
t a s k s  f a i l e d ,  ig-  
nored 

P r i n c i p a l  Para- ope ra to r  time l i m -  
meters  i t s  

ope ra to r  stress ope ra to r  s t r e s s  
t h r e sho ld  th reshold  
ope ra to r  individu-  crew work pace 
a l i t y  f a c t o r  
nuc l ea r  r a d i a t i o n  work day l eng th  
dose 

acceptab le  perform- 
ance l e v e l  
crew q u a l i f i c a t i o n  
l e v e l  

success  probabi l -  
i t y  
crew e f f i c i e n c y  
morale 

t a s k s  f a i l e d ,  ig -  
nored 
work, i d l e ,  f a i l u r e ,  
r e p a i r  t i m e  

crew s i z e ,  increment 

ope ra to r  p ro f i c i ency  

ope ra to r  s t r e s s  
t h r e sho ld  
accep tab l e  perform- 
ance l e v e l  
work hours  pe r  day 

crew composition 



Appl ica t ion  

Current  Use 

a i r c r a f t  landing USCG P a t r o l  Gunboat FBM submarine 
s t a t i o n a r y  under- 
water  s t a t i o n  

i n f l i g h t  i n t e r c e p t  AN/SQS-76  Sonar nuc lear  m i s s i l e  
sonar  
i n f l i g h t  r e f u e l i n g  
m i s s i l e  launching 

The 1-2 man model was a l s o  adapted f o r  subject-to-computer dynamic, on-l ine 
i n t e r a c t i o n .  Here, t he  model s imula tes  t he  performance of perceptual-motor a c t s  
and r o u t i n e  ope ra t ions  whi le  one o r  two s u b j e c t s ,  who a r e  s ea t ed  a t  independent 
g raph ic  video d i sp l ay  te rmina ls ,  p,erform s e l e c t e d  t a s k  elements.  

THE INTERMEDIATE CREW SIZE MODEL 

I n  t h e  in te rmedia te  crew s i z e  model, a crew of up t o  20 men and multi-day 
miss ions  may be s imulated.  

The model, which is  heav i ly  group o r i e n t e d ,  i nc ludes  t h e  use  of s e v e r a l  
t ypes  of s t a t i s t i c a l  d i s t r i b u t i o n s .  For example, numbers a r e  drawn from an ex- 
ponen t i a l  d i s t r i b u t i o n  t o  determine the  t ime(s)  t h a t  equipment f a i l u r e s  a r e  t o  
be imposed, from a r ec t angu la r  d i s t r i b u t i o n  t o  determine placement of t h e  emer- 
genc ies  i n  t h e  l i s t  of events  each day, from a normal d i s t r i b u t i o n  f o r  e s t ima te s  
of mean performance time, and from a poisson  d i s t r i b u t i o n  t o  s e l e c t  t he  number 
of days du ra t ion  of s i ckness  of opera tors .  The gene ra l  s imula t ion  sequence is :  

Crew formation--The model i d e n t i f i e s  each crew member 
and a s s igns  a va lue  f o r  speed, a s p i r a t i o n ,  and competence. 

e Daily schedule generation--This is  done by i n t e r s p e r s i n g  
prearranged mission events  wi th  unforeseen r e p a i r s  and 
emergencies. 

Personnel  assignment f o r  each event  sequentially--Here, 
t he  model s e l e c t s  an i n d i v i d u a l  man o r  a group of men t o  
accomplish t h e  work of each even t ,  ignor ing  even t s  depend- 
i ng  on t h e  e s s e n t i a l i t y  of t h e  events  and o the r  f a c t o r s .  
The l e a d e r  of t h e  group i s  a l s o  assigned.  



Event s imula t ion- -Ca lcu la t ion  of c o n d i t i o n s  e x i s t i n g  
p r i o r  t o  t h e  e v e n t ,  and how w e l l  and how q u i c k l y  t h e  
a s s i g n e d  men accomplish  t h e  work e v e n t ,  and s e l e c t i o n  
of t h e  n e x t  c o u r s e  of a c t i o n .  

Update--Modification of t h e  numer ica l  s t a t u s  of psycho- 
s o c i a l  and o t h e r  v a r i a b l e s  as a r e s u l t  of group perform- 
ance.  

@ Output--Selection and p r i n t i n g  t h e  v a l u e  of key v a r i a b l e s  
and summarizing end c o n d i t i o n s  f o r  each e v e n t ,  e a c h  day,  
each m i s s i o n  i t e r a t i o n ,  and a summary of a l l  i t e r a t i o n s .  

The i n t e r m e d i a t e  model was t e s t e d  t o  a s s e s s  i t s  s e n s i t i v i t y  and t o  e s t i -  
mate  i t s  v a l i d i t y - - t h a t  i s ,  t h e  e x t e n t  t o  which t h e  mode l ' s  o u t p u t  a g r e e s  w i t h  
independent  c r i t e r i o n  d a t a .  The m i s s i o n  s e l e c t e d  f o r  s i m u l a t i o n  was t h a t  of a n  
82-foot U.S. Coast  Guard b o a t  r e s p o n s i b l e  f o r  p a t r o l  of Vietnamese w a t e r s .  T h i s  
four-day m i s s i o n  invo lved  a heavy s c h e d u l e  of i n v e s t i g a t i n g  v a r i o u s  r i v e r  c r a f t ,  
board ing  a s u s p e c t e d  b o a t  f o r  s e a r c h  o p e r a t i o n s ,  n a v i g a t i o n ,  s t e e r i n g ,  e n g i n e  
moni to r ing ,  c leanup ,  c l e r i c a l  work, p r e v e n t i v e  maintenance,  a d m i n i s t r a t i v e  du- 
ties, meal p r e p a r a t i o n  and eating--60 t o  65 e v e n t s  i n  a l l .  

T h i s  model h a s  been i n  a lmos t  con t inuous  u s e  s i n c e  i t s  i n i t i a l  development 
and v a l i d a t i o n  i n  1969. It h a s  been improved by deve lop ing  a v e r s i o n  which s i m -  
u l a t e s  equipment,  human, and system r e l i a b i l i t y  o r i e n t e d  c a l c u l a t i o n s .  As a 
r e s u l t ,  t h e  model y i e l d s  a number of o u t p u t  numerics  b e l i e v e d  t o  p o s s e s s  consid- 
e r a b l e  r e l e v a n c e  t o  human and system a v a i l a b i l i t y  and r e l i a b i l i t y  p r e d i c t i o n .  
These i n c l u d e :  human r e l i a b i l i t y ,  a v a i l a b i l i t y ,  and MTTR; equipment r e l i a b i l i t y ,  
a v a i l a b i l i t y ,  MTTR, and MTBF; and system r e l i a b i l i t y ,  a v a i l a b i l i t y ,  and MTTR. 
T h i s  u s e  advances  t h e  r o l e  of t h e  r e l i a b i l i t y  e n g i n e e r  from t h a t  of a n  a c t u a r i a l  
t o  t h a t  of a t r u e  sys tem d e s i g n e r  o r  sys tem d e s i g n  a d v i s o r  who p r o v i d e s  a n  ac- 
t i v e  and ongoing c o n t r i b u t i o n  t o  t h e  t o t a l  sys tem d e s i g n  and e f f e c t i v e n e s s  as-  
s u r a n c e  p r o c e s s .  

T h i s  model was a l s o  t h e  s u b j e c t  of a s e t  of p a r a m e t r i c  computer r u n s  f o r  
t h e  purpose  of deve lop ing  a set of human t r a d e o f f  curves .  These were  p u b l i s h e d  
t o  show, i n  handbook fo rmat  f o r  d e s i g n  e n g i n e e r i n g  u s e ,  t h e  r e l a t i v e  impact  of 
some human o r i e n t e d  v a r i a b l e s  on system performance. 

THE LARGE GROUP MODEL 

I n  t h e  l a r g e  group model, t h e  m i s s i o n  is  composed of work u n i t s ,  each  of 
which may be  minu tes  o r  h o u r s  i n  d u r a t i o n ,  and t h e  t o t a l  m i s s i o n  may l a s t  f o r  
s e v e r a l  dozen days.  S i n c e  t h i s  model is  concerned w i t h  group performance,  t h e  
i n p u t s  t o  t h e  model a r e  p r i n c i p a l l y  concerned w i t h  group o r i e n t e d  v a r i a b l e s  sa- 
l i e n t  t o  behav ior .  I n  t h i s  mode, v a r i a b l e s  such  a s  crew mora le ,  c o h e s i v e n e s s ,  
o p e r a t o r  o r i e n t a t i o n ,  p r o f i c i e n c y ,  performance t i m e ,  over t ime ,  communications,  
s i c k n e s s ,  and system e f f e c t i v e n e s s  a r e  computed. 



I n  t h e  u s e  of t h i s  model, we conceive  of s u p e r v i s o r s  and workers  who to- 
g e t h e r  form a  r e l a t i v e l y  l a r g e  crew. I n  t h e  performance of each j o b ,  t h e  com- 
p u t e r  " s e l e c t s "  t h e  p roper  number of a p p r o p r i a t e l y  s k i l l e d  men t o  form a  group 
who "accomplishes" t h e  work i n  a t ime and under o t h e r  c o n d i t i o n s  which a r e  numer- 
i c a l l y  c a l c u l a t e d .  

The l a r g e  group model i s  t h e  o n l y  one of t h e  f a m i l y  i n  which t h e  computer 
i s  programmed t o  c a l c u l a t e  t h e  crew s i z e .  T h i s  is  an  o p t i o n a l  f e a t u r e  s o  t h a t  
s i m u l a t i o n  r u n s  can be made w i t h  t h e  crew composi t ion p r e s p e c i f i e d ,  o r  i f  l e f t  
u n s p e c i f i e d ,  s i m u l a t i o n  w i l l  be  i n i t i a t e d  w i t h  what is  c o n s i d e r e d  a  minimum crew 
as determined by t h e  l o g i c  of t h e  model. Then a d d i t i o n a l  s i m u l a t i o n s  a r e  per-  
formed success ively--each t ime w i t h  a  l a r g e r  crew. For  e a c h  i n c r e a s e ,  t h e  com- 
p u t e r  s e l e c t s  t h e  most needed can o r  men t o  be added t o  t h e  crew. T h i s  p r o c e s s  
c o n t i n u e s  u n i n t e r r u p t e d  u n t i l  a  p r e s e t  p a r a m e t r i c  l i m i t  on crew s i z e  is exceed- 
ed,  o r  u n t i l  t h e  crew r e a c h e s  a  s i z e  which e l i m i n a t e s  t h e  need f o r  over t ime  work. 

S e n s i t i v i t y  r u n s  made on t h i s  model were based on a p p l i c a t i o n  t o  a  f l e e t  
b a l l i s t i c  m i s s i l e  submarine. A  s e r i e s  of 10 day m i s s i o n s  w a s  s i m u l a t e d  w i t h  
crew s i z e s  which ranged from 33 t o  44 men working a t  f i v e  s t a t i o n s ,  u s i n g  ac tu -  
a l  d a t a  a v a i l a b l e  d u r i n g  t h e  FBM p lann ing  s t a g e .  The model was run through 
c r u i s e  o p e r a t i o n s ,  s t a t i o n a r y  submerged o p e r a t i o n s ,  and emergency d r i l l s  which 
a r e  r e p r e s e n t a t i v e  of t y p i c a l  m i s s i o n s .  The r e s u l t s  compared f a v o r a b l y  w i t h  
a c t u a l  system m i s s i o n  d a t a .  I n  p a r t i c u l a r ,  p r e d i c t i o n s  from t h e  model of sys -  
tem e f f e c t i v e n e s s ,  i n  t h e  composi t ion of t h e  crew, and i n  i t s  p r o f i c i e n c y  agreed  
v e r y  w e l l  w i t h  q u a n t i t a t i v e  d a t a  a s  w e l l  a s  q u a l i t a t i v e  o p i n i o n  summarized from 
i n t e r v i e w s  w i t h  o f f i c e r s  of FBM submarines.  

O p e r a t i o n a l  v a l i d a t i o n  of t h i s  model was completed u s i n g  d a t a  from under- 
s e a s  c r a f t  of t h e  627 c l a s s  of submarines.  Numerous computer s i m u l a t i o n s  of a  
21-day m i s s i o n  were made w i t h  crew s i z e s  v a r y i n g  from 48 t o  61. 

It i s  no ted  t h a t  t h i s  model r e q u i r e s  e x t e n s i v e  d a t a  i n p u t ,  and p o s s i b l y ,  as 
a  r e s u l t ,  t h i s  i s  t h e  o n l y  model of t h e  t h r e e  t a s k  o r i e n t e d  models which h a s  
had no r e c e n t  a c t i v i t y .  

MESSAGE ORIENTED MODELS 

Two models were developed t o  s i m u l a t e  t h o s e  a s p e c t s  of sys tems whose p r i -  
mary purpose  i s  t h e  o p e r a t i o n a l  h a n d l i n g  of messages.  These models keep t r a c k  
of e a c h  message t e x t  p rocessed  i n  t h e  sys tem and a l s o  s i m u l a t e  t h e  a c t s  and be- 
h a v i o r s  of o p e r a t i o n s  p e r s o n n e l  a s  t h e y  r e c e i v e ,  p r i o r i t i z e ,  code,  and e n t e r  
messages i n  t h e  sys tem,  The models a r e  comple te ly  g e n e r a l  and a l l o w  f o r  t h e  
s i m u l a t i o n  of p e r s o n n e l  of d i f f e r e n t  competencies  and s t r e s s  t o l e r a n c e s ,  a l o n g  
w i t h  a  v a r i a t i o n  i n  message l o a d  and c o n t e n t .  

These models combine t h e  e f f e c t s  of such  f e a t u r e s  a s  message g e n e r a t i o n  
and queuing,  d e t a i l e d  message p r o c e s s i n g  p rocedure ,  e r r o r  r a t e s ,  and p e r s o n n e l  
c h a r a c t e r i s t i c s ,  a l o n g  w i t h  s t o c h a s t i c  v a r i a t i o n s  t o  y i e l d  p r e d i c t i o n s  of sys-  
tem performance.  As i n  t h e  t a s k  o r i e n t e d  f a m i l y ,  t h e  b a s i c  n a t u r e  of b o t h  mod- 
e l s  i s  s t o c h a s t i c .  A s  a  r e s u l t ,  a number of r e p e t i t i o n s  i s  r e q u i r e d  t o  produce 



a  s t a b l e  r e s u l t .  

Along w i t h  t h e  s i m u l a t i o n  of human message p r o c e s s i n g ,  t h e  models i n c l u d e  
t h e  s i m u l a t i o n  of t h e  computer embedded i n  each  of t h e  t a r g e t  sys tems.  Some 
g l o b a l  i n f o r m a t i o n  abou t  b o t h  of t h e  message p r o c e s s i n g  models i s  g i v e n  i n  Ta- 
b l e  4. Both models h a n d l e  m u l t i p l e  message t y p e s  of v a r y i n g  p r i o r i t i e s .  

The f i r s t  of  t h e  models,  i n i t i a t e d  i n  1972, was d i r e c t e d  t o  t h e  s i m u l a t i o n  
of message p r o c e s s i n g  w i t h i n  t h e  T a c t i c a l  O p e r a t i o n s  System. TOS i s  a n  auto-  
mated, s e c u r e  i n f o r m a t i o n  p r o c e s s i n g  system des igned  t o  a s s i s t  m i l i t a r y  command- 
ers and t h e i r  s t a f f s  a t  F i e l d  Army, Corps,  and D i v i s i o n  l e v e l s  i n  t h e  conduct 
of t a c t i c a l  o p e r a t i o n s .  

There  a r e  up t o  f o u r  sequences  of t a s k  e lements  p rov ided  t o  r e p r e s e n t  t h e  
t a s k s  execu ted  by an  o p e r a t o r  i n  performing h i s  d u t i e s .  Each sequence h a s  t h e  
c a p a c i t y  of up t o  20 t a s k  e lements .  The model h a n d l e s  up t o  6 men of  2  t y p e s ,  
4 t y p e s  of o p e r a t o r  e r r o r s ,  7 t y p e s  of messages,  4 message p r i o r i t y  c l a s s i f i c a -  
t i o n s ,  and a  s h i f t  l e n g t h  of up t o  12 hours .  

At t h e  s tar t  of s i m u l a t i o n  f o r  a  new TOS s h i f t ,  a back log  s u b r o u t i n e  gen- 
e r a t e s  d a t a  r e p r e s e n t i n g  messages i n  t h e  a c t i o n  o f f i c e r ' s  "in-box" a t  t h e  s t a r t  
of e a c h  i t e r a t i o n .  A message g e n e r a t i o n  s u b r o u t i n e  deve lops  d a t a  r e p r e s e n t i n g  
messages which w i l l  a r r i v e  d u r i n g  t h e  coming hour .  These a r e  merged w i t h  t h e  
back log  i n  o r d e r  by t ime of a r r i v a l ,  and e a c h  message of t h i s  h o u r l y  message 
queue is  processed  i n  t u r n  by a  s i n g l e  s e l e c t e d  o p e r a t o r .  The o p e r a t o r  stress 
and a s p i r a t i o n  c o n d i t i o n s  a p p l i c a b l e  t o  t h a t  s i t u a t i o n  a r e  c a l c u l a t e d  n e x t .  
The d e t a i l e d  t a s k  element-by-task e lement  s i m u l a t i o n  f o r  t h e  message and opera- 
t o r  s e l e c t e d  is  accomplished by a  s u b r o u t i n e  which m a n i p u l a t e s  m i s s i o n  t a s k  an- 
a l y s i s  d a t a  i n  a  way v e r y  similar t o  t h a t  used i n  t h e  1-2 man model d e s c r i b e d  
e a r l i e r .  

Output  from t h e  model i n c l u d e s  d e t a i l e d  and summary t a b u l a t i o n s  i n c l u d i n g  
an  h o u r l y  summary, s h i f t  summary, and r u n  summary. 

The s i m u l a t i o n  r u n  summary i n c l u d e s  s e c t i o n s  f o r  manpower u t i l i z a t i o n ,  mes- 
s a g e  p r o c e s s i n g  t ime ,  o v e r a l l  e f f i c i e n c y  i n d i c a t o r ,  workload summary, and e r r o r  
summary. I n  t h i s  form, t h e  o r i g i n a l  s e n s i t i v i t y  t e s t s  were run ,  and t h e  model 
was v a l i d a t e d  a g a i n s t  a  s e t  of e r r o r  d a t a  c o l l e c t e d  from a n  independen t  source .  
A h i g h  d e g r e e  of correspondence w i t h  t h e  independent  d a t a  w a s  found. 

I n  a  follow-on e f f o r t ,  t h e  model was modi f i ed  t o  o p e r a t e  i n  a n  i n t e r a c t i v e  
t ime s h a r i n g  mode, a l l o w i n g  t h e  exper imente r  and one o r  more s u b j e c t s  t o  i n t e r a c t  
i n  a   conversational" mode w i t h  t h e  model and t o  e n t e r  d a t a  "on l i n e . "  Var ious  
e x t e n s i o n s  of t h e  o r i g i n a l  model were a l s o  made a t  t h i s  t ime.  A  v a r i a n t  of t h e  
o r i g i n a l  model was a l s o  i n c l u d e d  which a l lowed c o l l e c t i o n  of d a t a  d u r i n g  a n  ex- 
per iment  i n  which one o r  more a c t u a l  o p e r a t o r s  performed a  p a r t  of t h e  p r o c e s s  
and t h e  computer s i m u l a t e d  t h e  remainder  of t h e  TOS a c t i v i t y .  

More r e c e n t l y ,  t h e  TOS model was adap ted  f o r  t h e  UNIVAC 1108 computer,  and 
s e v e r a l  new c a p a b i l i t i e s  were added which i n c r e a s e  t h e  r e a l i s m  of t h e  s i m u l a t i o n .  
It was modi f i ed  t o  exchange d a t a  w i t h  two o t h e r  independent  Army computer models 



Table 4 

Description of Message Handling Models 

System Simulated Tactical Operational Military Exercise control/ 
Sys tem Evaluation System 

Program Name MANMOD 

Maximum Number of Men 
Simulated 6 

Types of Personnel 2 

Major Input Parameters Shift Length 
Number of Personnel 
Error Rates 
Operator Characteristics 
Speed 
Precision 
Aspiration 
Stress 
Message Characteristics 

Major Output System Effectiveness 
Time Worked 
Operator Stress, Aspira- 
tion 
Message Processing Sta- 
tistics 
Errors 

Shift Length 
Number of Personnel 
Error Rates 
Operator Characteristics 
Speed 
Precision 
Aspirat ion 
Stress 
Message Characteristics 
Network Data 

System Effectiveness 
Time Worked 
Operator Stress, Aspira- 
tion 
Message Processing Sta- 
tistics 



i n  such  a  way a s  t o  maximize t h e  s t r o n g  p o i n t s  of each  of t h e  models. 

The end r e s u l t  is  t h e  a b i l i t y  t o  answer q u e s t i o n s  such  a s :  

How does  sys tem e f f e c t i v e n e s s  v a r y  a s  a  f u n c t i o n  of message 
load ,  o p e r a t o r  l e v e l  of a s p i r a t i o n ,  message a r r i v a l  t ime  
d i s t r i b u t i o n ,  o r  p e r s o n n e l  p r o f i c i e n c y ?  

What i s  t h e  e f f e c t  of i n c r e a s i n g  o r  d e c r e a s i n g  t h e  manning 
l e v e l  o r  p e r s o n n e l  p r o f i c i e n c y ?  

@ How much s t r e s s  was on t h e  o p e r a t o r s  d u r i n g  t h e  perform- 
ance  of t h e  work of each  hour?  

What is  t h e  e r r o r  r a t e  f o r  v a r i o u s  message t y p e s  and f o r  
v a r i o u s  mannings and p e r s o n n e l  a t t r i b u t e s  w i t h i n  manning? 

@ How much t i m e  was s p e n t ,  on t h e  average ,  p r o c e s s i n g  each  
t y p e  of message? 

The Army F i e l d  E x e r c i s e  Model 

Most of t h e  t e c h n i q u e s  used i n  t h e  TOS model were u t i l i z e d  i n  deve lop ing  
a n  expanded model f o r  s i m u l a t i n g  t h e  message hand l ing  a s p e c t s  of Army f i e l d  ex- 
e r c i s e s  i n  which up t o  27  r e f e r e e s ,  27  r a d i o  o p e r a t o r s ,  and 3 c o n t r o l l e r s  i n t e r -  
a c t  i n  a  f i x e d ,  c l o s e d  loop  network of communication l i n e s  w h i l e  s h a r i n g  t i m e  
on a  c e n t r a l  computer. Messages i n t r o d u c e d  i n t o  t h e  sys tem a r e  p r e p a r e d ,  proc- 
e s s e d ,  and e n t e r e d  i n t o  t h e  computer by v a r i o u s  p e r s o n n e l  and d e l i v e r e d  t o  t h e  
c o n t r o l l e r s  f o r  e v a l u a t i o n .  

Each computer r u n  of t h e  model r e p r e s e n t s  a  s i m u l a t i o n  of up t o  10 hours  
i n  d u r a t i o n ,  i n  which up t o  2000 messages can be  p rocessed .  I n  t h i s  model,  
each  o p e r a t o r  t y p e  h a s  i t s  own t a s k  a n a l y s i s .  

T h i s  model h a s  r e c e n t l y  been t h e  s u b j e c t  of b o t h  s e n s i t i v i t y  and v a l i d a t i o n  
t e s t i n g .  A s e r i e s  of 59 computer r u n s  enab led  s t a t i s t i c a l  t e s t  on t h e  e f f e c t s  
of a  v a r i e t y  of p e r s o n n e l  and workload v a r i a b l e s ,  manpower c o n f i g u r a t i o n s ,  and 
t a s k  v a r i a b l e s .  The r e s u l t s  were found t o  be r e a s o n a b l e  and a p p r o p r i a t e ;  t h e  
most i n f l u e n t i a l  v a r i a b l e s  were o p e r a t o r  speed,  o p e r a t o r  p r e c i s i o n ,  and network 
c o n f i g u r a t i o n .  The p s y c h o l o g i c a l  f a c t o r s  ( s t r e s s ,  a s p i r a t i o n  l e v e l )  e x e r t e d  a 
much l e s s  powerful  e f f e c t  on o u t p u t .  

HUMAN ORIENTED SUBROUTINES 

Two o t h e r  developments have r e c e n t l y  been completed which l e d  t o  t h e  spe- 
c i f i c a t i o n  of s e v e r a l  computer s u b r o u t i n e s  des igned t o  p r o v i d e  t h e  c a p a b i l i t y  
t o  s i m u l a t e  t h e  p e r s o n a l ,  p s y c h o s o c i a l ,  and group i n t e r a c t i v e  a s p e c t s  invo lved  
i n  t h e  t a r g e t  system. The s u b r o u t i n e s  a r e  des igned  t o  be  s u i t a b l e  f o r  i n t e r -  
f a c i n g  w i t h  a  p a r e n t  program which s i m u l a t e s  o t h e r  a s p e c t s  of t h e  system. 



The f i r s t  e f f o r t  produced f o u r  t y p e s  of d i f f e r e n t ,  y e t  r e l a t e d ,  computer 
s u b r o u t i n e s  o r  modules. Each of t h e s e  was conceived t o  o p e r a t e  a s  a  p a r t  of a  
g l o b a l  computer program whose g o a l  is  t o  s i m u l a t e  t h e  p r i n c i p a l  ground based ,  
man-machine o p e r a t i o n s  invo lved  i n  t h e  AN/UPD-X system. I n  t h i s  USAF system,  
v i d e o  t y p e  d i s p l a y s  p r e s e n t  r e p l i c a s  i n  r e a l  t ime from processed  d a t a  sensed  by 
a s i d e  l o o k i n g  r a d a r ,  mounted i n  a  USAF reconna i ssance  a i r c r a f t .  

The s u b r o u t i n e s ,  d e f i n e d  h e r e  a r e  t h o s e  human o r i e n t e d  f u n c t i o n s ,  invo lved  
w i t h  t h e  c a p a b i l i t y  of s imula ted  o p e r a t o r s  t o  perform b a s i c  t a s k s :  

@ I n  t h e  SCANIDETECT Module t h e  o p e r a t o r  s c a n s  a  ca thode  
r a y  t u b e  (CRT) s c r e e n  f o r  t h e  p resence  of t a r g e t s  and 
d e t e c t s  t a r g e t s .  

e The CLASSIFY Module i n v o l v e s  de te rmin ing  which t y p e  of 
t a r g e t  h a s  been d e t e c t e d .  

The DECISION Module s i m u l a t e s  o p e r a t o r  d e c i s i o n  making. 

The COMMUNICATIONS Module i n v o l v e s  s i m u l a t i o n  of i n t e r -  
o p e r a t o r  communications d u r i n g  AN/UPD-X o p e r a t i o n s .  

Each of t h e s e  s u b r o u t i n e s  de te rmines  t h e  amount of o p e r a t o r  t ime r e q u i r e d  
i n  t h e  s i m u l a t e d  performance of t h e s e  t a s k s  and de te rmines  whether  o r  n o t  t h e  
s i m u l a t e d  o p e r a t o r ( s )  performed t h e s e  t a s k s  a d e q u a t e l y  ( i . e . ,  s u c e s s f u l l y  o r  
u n s u c c e s s f u l l y ) .  

The ANIUPD-X system was i n  t h e  des ign  o r  " e v a l u a t i o n  of a l t e r n a t i v e s "  phase  
d u r i n g  t h e  model development p e r i o d .  A s  a  r e s u l t ,  t h e  human o r i e n t e d  s u b r o u t i n e s  
were developed i n  a  s u f f i c i e n t l y  g e n e r a l  way t o  a l l o w  t h e i r  u s e  d u r i n g  compara- 
t i v e  s i m u l a t i o n  of a l t e r n a t i v e  AN/UPD-X system designs--even t h o s e  developed by 
d i f f e r e n t  i n d u s t r i a l  c o n t r a c t o r  teams i n c l u d i n g  d i f f e r e n t  AN/UPD-X equipment con- 
f i g u r a t i o n s  and d i v e r s e  o p e r a t o r  sequences .  G e n e r a l i t y  w a s  a  g o a l  i n  t h e s e  mod- 
u l e  designs--so t h a t  t h e  modules w i l l  be  v a l i d  a c r o s s  v a r i o u s  equipment and AN/ 
UPD-X system d e s i g n s  developed by s e v e r a l  USAF c o n t r a c t o r s .  T h i s  o b j e c t i v e  was 
ach ieved  i n  t h a t  a  u s e r  o f  t h e s e  modules need o n l y  modify i n p u t s  t o  s u b r o u t i n e s  
i n  o r d e r  t o  accommodate sys tem o r i e n t e d  f e a t u r e  d i f f e r e n c e s  such a s :  

@ r a d a r  coverage a r e a  

0 CRT d i s p l a y  c h a r a c t e r i s t i c s  and s i z e  

e t a r g e t  t y p e s  

0 o p e r a t o r  a b i l i t y  

m i s s i o n  t i m e  

0 communications load 



NUCLEAR FACILITY ATTACK SIMULATION 

The o t h e r  e f f o r t  l e a d i n g  t o  human e f f e c t  modules was d i r e c t e d  t o  a  model 
which p i t t e d  an  a t t a c k i n g  f o r c e  a g a i n s t  a  f o r c e  defending a  n u c l e a r  f a c i l i t y .  
The h o s t i l e  i n t r u d e r  a t t a c k  had been s i m u l a t e d  by a  h o s t i l e  a t t a c k  s i m u l a t i o n  
model which p r e v i o u s l y  had no human b e h a v i o r a l  f e a t u r e s .  

Four  f e a t u r e s  were s e l e c t e d  because  of t h e i r  impor tan t  e f f e c t  on human per-  
formance and were i n c o r p o r a t e d :  

0 e f f e c t s  of n u c l e a r  r a d i a t i o n  

v i s u a l  e f f e c t s  of i l l u m i n a t i o n  ( l i g h t  l e v e l )  

e f f e c t s  of s t r e s s  

group cohes iveness  e f f e c t  

MODEL VALIDATION CONCEPTS 

Emshoff and S i s s o n  (1970) i n  a  d i s c u s s i o n  of model v a l i d i t y  concluded t h a t :  
" t h e  o n l y  p o s s i b l e  ev idence  of v a l i d i t y  f o r  a  s i m u l a t i o n  model t h a t  h a s  been de- 
veloped s p e c i f i c a l l y  f o r  a s i t u a t i o n  i s  t h a t  t h e  model h a s  made s a t i s f a c t o r y  pre-  
d i c t i o n s  i n  t h e  p a s t . "  They sugges ted  f i v e  " p r e l i m i n a r y  c r i t e r i a  f o r  e v a l u a t i n g  
f i r s t  t ime  modelst t  a s  d e s c r i b e d  by Hermann (1967).  These f i v e  a r e  i d e n t i f i e d  by 
an a s t e r i s k  i n  t h e  more comprehensive l ist  of 15 c r i t e r i a  f o r  e v a l u a t i n g  a simu- 
l a t i o n  model which a r e  d i s p l a y e d  i n  Tab le  5. These  c r i t e r i a  are n o t  n e c e s s a r i l y  
m u t u a l l y  e x c l u s i v e .  Some a r e  o v e r l a p p i n g ,  b u t  a l l  are c o n s i d e r e d  i m p o r t a n t  i n  
some s e n s e  and /or  f o r  some c l a s s e s  of models. 

I n  o r d e r  t o  p l a c e  t h e s e  c r i t e r i a  i n t o  some p e r s p e c t i v e  and t o  view t h e  se -  
q u e n t i a l  s t e p s  through which o u r  models p a s s ,  c o n s i d e r  F i g u r e  1, which a t t e m p t s  
t o  t i e  t o g e t h e r  t h e  v a r i o u s  model deve lopment /va l ida t ion  phases  w i t h  t h e s e  15 
c r i t e r i a  f o r  model e v a l u a t i o n .  T h i s  f i g u r e  d i s p l a y s  t h e  major s t e p s  ( l a r g e  rec -  
t a n g l e s )  from concept  and model requ i rements  d e r i v a t i o n  th rough  t h e  s i t u a t i o n  i n  
which t h e  model can be  cons idered  f o r  d e c i s i o n  a i d i n g  and e v e n t u a l l y  f o r  d e c i s i o n  
making. The 15 numbered v e r t i c a l  a r rows ,  r e p r e s e n t i n g  t h e  15 c r i t e r i a ,  show t h a t  
each s t e p  i n  t h e  p r o c e s s  y i e l d s  some measure of u t i l i t y ,  f e a s i b i l i t y ,  c o s t ,  rea-  
s o n a b l e n e s s ,  o r  v a l i d i t y .  It  i s  sugges ted  that: a model whose d e s i g n  meets t h e  
c r i t e r i a  emanating from t h e  model d e s i g n  box b e  s a i d  t o  be  " s u i t a b l e "  ( s e e  lowest  
o v a l ) .  A model which is  programmed and debugged e n t e r s  a s t a t e  h e r e  c a l l e d  " t e s -  
t a b l e . "  A f t e r  s e n s i t i v i t y  t e s t i n g  (and t h e  implementat ion of c o r r e c t i o n s  t o  
t h e  model a s  r e q u i r e d ) ,  t h e  model i s  s a i d  t o  be  " reasonab le . "  Fol lowing adequa te  
v a l i d a t i o n  t e s t i n g ,  t h e  model is  termed "va l id"  o r  "useable"  f o r  d e c i s i o n  a i d i n g  
and,  a f t e r  t h e  e x p e r i e n c e  of u s e ,  t h e  model i s  " o p e r a t i v e ,  " "proven, " o r  "ef f  ec- 
t i v e . "  The v a r i o u s  t y p e s  of d a t a  and i n f o r m a t i o n  r e q u i r e d  a s  i n p u t s  t o  each 
phase  are shown e n t e r i n g  from t h e  l e f t  w i t h  t h e  r e s u l t i n g  documentat ion o u t p u t s  
e x i t i n g  t o  t h e  r i g h t .  



Table 5 

C r i t e r i a  f o r  Evaluat ing t h e  U t i l i t y  of a  Computer Model 

C r i t e r i o n  D e f i n i t i o n  

I n t e r n a l  cons is tency  Extent  t o  which t h e  c o n s t r u c t s  of t h e  
model a r e  marked by coherence and s i m -  
i l a r i t y  of t rea tment  

Ind i f f e rence  t o  t r i v i a l  aggregat ion P o t e n t i a l  of t he  model t o  avoid major 
changes i n  output  when input  groupings 
o r  condi t ions  undergo i n s i g n i f i c a n t  
f l u c t u a t i o n s  

Correc t  p r e d i c t i o n  i n  t he  extreme Extent  of agreement ( co r r ec tnes s  of 
( p r e d i c t i v e  o r  empi r i ca l  v a l i d i t y )  p r e d i c t i o n s )  between model and actu-  

a l  performance a t  very  high/low va l -  
ues  of condi t ions  

Correc t  p r e d i c t i o n  i n  midrange Like above f o r  middle ranges va lues  
( p r e d i c t i v e  o r  empi r i ca l  v a l i d i t y )  of cond i t i ons  

Construct  v a l i d i t y  

Content ( v a r i a b l e  parameter) 
v a l i d i t y  ( F i d e l i t y )  * 

Theore t ic  adequacy of t h e  model con- 
s t r u c t s  

Extent  t o  which the  model's v a r i a b l e s /  
parameters match r e a l  l i f e  condi t ions  

Realism o r  "face v a l i d i t y f ' *  Extent  t o  which s e l e c t e d  content  
matches each a t t r i b u t e  modeled 

Richness of ou tput  

Ease of use 

Cost of development 

12.  Cost of use  

Number and type of ou tput  v a r i a b l e s  
and forms of p re sen ta t ion  

Extent  t o  which an  a n a l y s t  can r e a d i l y  
prepare  d a t a  f o r ,  apply,  and e x t r a c t  
understandable r e s u l t s  from t h e  model 

Value of e f f o r t  t o  conceive,  develop, 
t e s t ,  document, and support 

Extent  t o  which d i f f e r e n t  systems, 
missions,  and conf igu ra t ions  can be 
s imulated 

Value of a l l  e f f o r t  involv ing  use of 
model inc luding  d a t a  ga the r ing ,  i npu t ,  
d a t a  process ing ,  and a n a l y s i s  of re- 
s u l t s  



13 .  I n t e r n a l  v a l i d i t y *  

14 .  Event o r  t i m e  s e r i e s  v a l i d i t y *  

15. Hypothesis  v a l i d i t y *  

E x t e n t  t o  which o u t p u t s  are r e p e a t -  
a b l e  when i n p u t s  a r e  unchanged 

Exten t  t o  which s i m u l a t i o n  p r e d i c t s  
e v e n t  and e v e n t  p a t t e r n s  

Ex ten t  t o  which model r e l a t i o n s h i p s  
correspond t o  similar r e l a t i o n s h i p s  
i n  t h e  o b s e r v a b l e  u n i v e r s e  

* Approaches t o  v a l i d a t i o n  d e f i n e d  by Hermann (1967) 



FOOTNOTE 

The tssk oriented models were originally developed under contract with the 
Engineering Psychology Programs and Organizational Psychology Programs, Office 
of Naval Research. Enhancements for radiation (and other decrement effects) and 
reliabilitylavailability effects were sponsored by the Aeromedical Research La- 
boratory, Wright-Patterson Air Force Base and the Naval Sea Systems Command, re- 
spectively. The message oriented models were sponsored by the U.S. Army Research 
Institute for the Behavioral and Social Sciences. 

The modules relating to hostile attack on nuclear facilities were developed 
for Sandia Laboratories, and those relating to electronic processed imagery sys- 
tems were sponsored by Aerospace Medical Research Laboratory and the University 
of Dayton Research Institute. 
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