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FOREWORD 

T h i s  pape r  was o r i g i n a l l y  deve loped  t o  s e r v e  a s  a 
d i s c u s s i o n  paper fo r  a special  Program P l a n n i n g  Committee 
(PPC) s e s s i o n  on "Models and T h e i r  Role i n  GAO," h e l d  on 
May 2 4 ,  1978.  A t  t h e  s e s s i o n ,  t h e  Program A n a l y s i s  D i v i s i o n  
was r e q u e s t e d  t o  r e v i s e  t h e  document and i s s u e  it t o  a l l  GAO 
p r o f e s s i o n a l  s t a f f  t o  f a m i l i a r i z e  them w i t h  G A O ' s  p r e v i o u s  
involvement  w i t h  mode l s ,  t o  p r e s e n t  some of t h e  l e s s o n s  
l e a r n e d  from pas t  GAO model ing  e f f o r t s ,  and t o  i d e n t i f y  some 
model ing areas  which r e q u i r e  f u r t h e r  w o r k .  . II 

To d e v e l o p  t h i s  i n f o r m a t i o n ,  d i v i s i o n  and o f f  i ce  d i r e c -  
r e p r e s e n t a t i v e s ,  were i n t e r v i e w e d .  From t h e s e  

d i s c u s s i o n s ,  Or i t  was o b v i o u s  t h a t  models  have p l a y e d  v a r i e d  
roles  i n  GAO r e v i e w s  and t h a t  w e  can expect an expanded 
emphas is  on them i n  t h e  f u t u r e .  GAO r e v i e w s  conce rned  w i t h  
a u d i t i n g  and e v a l u a t i n g  models  from t h e  s t a n d p o i n t  of economy, 
e f f i c i e n c y ,  and e f f e c t i v e n e s s  d i d  n o t  i l l i c i t  much c o n c e r n  
from management. These ro l e s  seemed t o  f o l l o w  a n a t u r a l  pro- 
g r e s s i o n  i n  i n c r e a s i n g  t h e  comprehens iveness  of  a u d i t s .  How- 
e v e r ,  it seems t h a t  t h e r e  is c o n c e r n  w i t h  t h e  ro le  of models  
a s  an a u d i t  t o o l .  T h i s  c o n c e r n  may be summarized as f o l l o w s :  

G A O ' s  i n t e g r i t y  and i t s  r e p u t a t i o n  for  b e i n g  accu- 
r a t e  are e x t r e m e l y  i m p o r t a n t .  I n  v iew of t h i s ,  how 
much r i s k  i s  GAO w i l l i n g  t o  assume by u s i n g  a p l a n -  
n ing  or p o l i c y  model t o  a n a l y z e  f u t u r e  e v e n t s  and . 
t h e n  issue a report  based on t h e  m o d e l ' s  r e s u l t s ?  

S p e c i f i c  q u e s t i o n s  a sked  by d i r e c t o r s  on t h i s  and o t h e r  as- 
pects of model ing are c o n t a i n e d  i n  Appendix A. 

T h i s  paper d o e s  n o t  c o n t a i n  guid.ance c o n c e r n i n g  t h e  u s e  
of compute r -gene ra t ed  d a t a  or t h e  e v a l u a t i o n  of computer 
models .  Such g u i d a n c e  i s  p r o v i d e d  i n  t h e  FGMSD document ,  

(FGMSD N o .  17-S/P, May 1 9 7 8 )  and P A D ' S  f o r t h c o m i n g  e x p o s u r e  
d r a f t  " G u i d e l i n e s  for  Model E v a l u a t i o n "  (PAD-79-17}. 

I " A u d i t  Guide f o r  A s s e s s i n g  R e l i a b i l i t y  of Computer O u t p u t  

e z- o m p t r o l l e r  G e  4 'er 
of t h e  U n i t e d  S t a t e s  
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CHAPTER 1 

MODELS AND T H E I R  INCREASED USE 

To d e a l  w i t h  complex i s s u e s  i n  s u c h  areas  a s  s o c i a l  
welfare ,  f o o d ,  e n e r g y ,  t h e  e n v i r o n m e n t ,  t r a n s p o r t a t i o n ,  and 
u r b a n  p l a n n i n g ,  gove rnmen t  p o l i c y  a n a l y s t s  and d e c i s i o n m a k e r s  
a r e  i n c r e a s i n g l y  u s i n g  models t o  perform program and p o l i c y  
a n a l y s e s .  What are  models?  How are t h e y  used  i n  GAO? H o w  
are t h e y  c l a s s i f i e d ?  Is t h e r e  a n  i n c r e a s e d  role for  mode l s  
i n  GAO r e v i e w s ?  T h e s e  are  some of t h e  q u e s t i o n s / a r e a s  ad- 
d r e s s e d  i n  t h i s  c h a p t e r .  

WHAT I S  A MODEL? 

A model i s  a s i m p l i f i e d  r e p r e s e n t a t i o n  of t h e  i n t e r r e l a -  
t i o n s h i p s  among e l e m e n t s  of some p o r t i o n  or aspect o f  real- 
i t y .  For s i m p l i c i t y ,  t h i s  se t  of e l e m e n t s  and t h e i r  i n t e r -  
r e l a t i o n s h i p s  may b e  c a l l e d  a sys t em.  T h i s  d e f i n i t i o n  is 
v e r y  g e n e r a l  and c a n  b e  a p p l i e d  t o  many d i f f e r e n t  t h i n g s ,  
f rom a t o y  car  t o  a f u l l - s c a l e  prototype of a s u p e r s o n i c  a i r -  
c r a f t ;  and  from t h e  game of Monopoly, which r e p r e s e n t s  t h e  
real  e s t a t e  b u s i n e s s  i n  A t l a n t i c  C i t y ,  t o  a s e t  of mathemat- 
i c a l  e q u a t i o n s  t h a t  r e p r e s e n t s  t h e  b e h a v i o r  of t h e  n a t i o n a l  
economy. 

When i t  is  impractical  t o  m a n i p u l a t e  a system i t s e l f ,  a 
model i s  g e n e r a l l y  used  t o  c a p t u r e  t h e  system's  k e y  f e a t u r e s .  
However, i f  a l l  of t h e  system's d e t a i l s  were i n c l u d e d  i n  t h e  
model, t h e  model i t s e l f  m i g h t  become too complex t o  e a s i l y  
m a n i p u l a t e .  A model  is t h u s  a n  a b s t r a c t i o n  o f  r e a l i t y  which  
p r e s e r v e s  o n l y  t h o s e  f e a t u r e s  which  are t h e  most r e l e v a n t  t o  
i t s  p u r p o s e .  

HOW ARE MODELS CLASSIFIED?  
I 

A model  may b e  c l a s s i f i e d  i n  many ways,  i n c l u d i n g  by 
(1) i ts  i n t e n d e d  u s e ,  ( 2 )  i t s  s u b j e c t  mat ter ,  ( 3 )  how it  
h a n d l e s  t i m e ,  ( 4 )  i t s  i n t e n d e d  c l o s e n e s s  of f i t  t o  t h e  o u t s i d e  
w o r l d ,  and ( 5 )  t h e  t e c h n i q u e s  used  t o  c o n s t r u c t  it. The  f i r s t  
p o s s i b i l i t y  is best s u i t e d  for  t h i s  paper and is d i s c u s s e d  
below. 

Under t h e  f i r s t  c l a s s i f i c a t i o n  method,  m o d e l s  c a n  b e  des- 
c r i b e d  as t r y i n g  t o  d o  o n e  ( o r  more) of t h e  f o l l o w i n g :  

- -Classify t h e  v a r i a b l e s  ( t h e  d a t a )  and  show how t h e y  
re la te  t o  each o t h e r  ( d e s c r i p t i v e ) .  
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- - P r e d i c t  o n  t h e  b a s i s  o f  t h e s e  i n t e r r e l a t i o n s h i p s  how 
t h e  v a r i a b l e s  w i l l  behave  when o n e  o r  more o f  them a re  
changed  ( p r e d i c t i v e ) .  

t h e  v a r i a b l e s ,  t h e  b e s t  ways o f  combining  o r  c h a n g i n g  
them to  a c h i e v e  some d e s i r e d  r e s u l t  ( p l a n n i n q ) .  

- -Determine,  g i v e n  t h e  o b s e r v e d  i n t e r r e l a t i o n s h i p s  o f  

Some mode l s  c a n  b e  m o d i f i e d  t o  d o  all. t h r e e  of t h e  above .  

The f o l l o w i n g  is  a s i m p l i f i e d  e x p l a n a t i o n  o f  how t h e s e  
t y p e s  o f  mode l s  e n t e r  i n t o  m a n a g e r i a l  d e c i s i o n m a k i n g .  Con- 
s ider  a c o r p o r a t i o n  whose management w a n t s  t o  know i ts  f i n a n -  
c i a l  s t a t u s  t o  borrow money f o r  i n v e s t m e n t  p u r p o s e s .  To  
d e m o n s t r a t e  t o  p r o s p e c t i v e  l e n d e r s  t h e  f i n a n c i a l  c o n d i t i o n  o f  
t h e  c o r p o r a t i o n  a t '  a g i v e n  t i m e ,  management d i r e c t s  t h e  
a c c o u n t a n t  t o  u s e  t h e  d e s c r i p t i v e  model " A s s e t s  = L i a b i l i t i e s  
+ N e t  Worth" t o  d e v e l o p  a b a l a n c e  s h e e t  and e a r n i n g s  s ta te -  
ment.  T h i s  model  is  d e v e l o p e d  by c l a s s i f y i n g  and c a t e g o r i z i n g  
f i n a n c i a l  t r a n s a c t i o n s  i n  a c c o r d a n c e  w i t h  g e n e r a l l y  accepted 
a c c o u n t i n g  p r i n c i p l e s  . 

G e n e r a l l y ,  b e f o r e  t h e  l e n d e r  accepts t h e  i n f o r m a t i o n  
p r e p a r e d  by t h e  a c c o u n t a n t ,  a n  i n d e p e n d e n t  a u d i t o r  m u s t  cer- 
t i f y  t h a t  t h e  f i n a n c i a l  s t a t e m e n t s  a c c u r a t e l y  r e p r e s e n t  t h e  
c o r p o r a t i o n ' s  f i n a n c i a l  s t a t u s .  The a u d i t o r ,  i n  a c c o r d a n c e  
w i t h  g e n e r a l l y  a c c e p t e d  a u d i t i n g  s t a n d a r d s ,  s t a t e s  t h a t  t h e  
d a t a  and r e l a t i o n s h i p s  d e p i c t e d  i n  t h e  d e s c r i p t i v e  model  are 
a c c u r a t e  and r e a s o n a b l e .  H e  may d o  t h i s  by t a k i n g  a represen- 
t a t i v e  sample of t r a n s a c t i o n s  and a n a l y z i n g  them i n  d e t a i l ,  
so t h a t  h e  c a n  i n f e r  t h a t  a l l  t h e  c o r p o r a t i o n ' s  t r a n s a c t i o n s  
are  a c c u r a t e  as  r e p r e s e n t e d  i n  t h e  b a l a n c e  s h e e t  and e a r n i n g s  
s t a t e m e n t  and t h a t  t h e  t w o  are f a i r  r e p r e s e n t a t i o n s  of t h e i r  
f i n a n c i a l  s t a t u s .  

H a v i n g . t h e  i n d e p e n d e n t  a u d i t o r ' s  s t a t e m e n t ,  t h e  c r e d i t o r  
u s e s  a p r e d i c t i v e  model  t o  d e t e r m i n e  t h e  f u t u r e  e f f e c t s  of 
l o a n i n g  money t o  t h e  c o r p o r a t i o n  ( i . e . ,  " W i l l  t h i s  c o r p o r a t i o n  
be a b l e  t o  r e p a y  t h i s  l o a n ? " )  . 
t i v e  model ,  t h e  i n v e s t o r  is d e v e l o p i n g  a p l a n n i n g  model  t o  
i d e n t i f y  t h e  a l t e r n a t i v e  e f f e c t s  o n  t h e  b a l a n c e  s h e e t  and 
e a r n i n g s  s t a t e m e n t  o f  i n v e s t m e n t s  i n  s t o c k s ,  bonds ,  a n d / o r  
o t h e r  i n t e r e s t s .  
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Meanwhile ,  w i t h  t h e  i n f o r m a t i o n  p r o v i d e d  by t h e  d e s c r i p -  

THE INCREASED USE OF MODELS I N  GAO 

The i n c r e a s e d  u s e  of mode l s  i n  b o t h  t h e  e x e c u t i v e  and  
l e g i s l a t i v e  b r a n c h e s  o f  t h e  F e d e r a l  Government  stems p a r t l y  
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from advances  i n  computer t e c h n o l o g y  and f r o m  t h e  e v e r  
i n c r e a s i n g  need fo r  i n f o r m a t i o n  by d e c i s i o n m a k e r s .  GAO f i r s t  
u s e d  models i n  t h e  l a t e  1 9 6 0 s  when it c o n t r a c t e d  f o r  t h e  
deve lopment  o f  a mathematical model t o  p r e d i c t ,  u n d e r  v a r y i n g  
e n v i r o n m e n t a l  c o n d i t o n s ,  t h e  water q u a l i t y  of t h e  Merrimack 
R i v e r  Bas in  i n  N e w  England.  I n  1 9 7 1  GAO i s s u e d  a r e p o r t  
which examined selected aspects  o f  c o m p u t e r - o r i e n t e d  war 
gaming, s i m u l a t i o n s ,  and c o n t r a c t  s t u d i e s  s p o n s o r e d  by t h e  
Depar tment  of Defense .  The u s e  of model ing  w i t h i n  GAO h a s  
s i n c e  grown t o  i n c l u d e  a p p l i c a t i o n s  i n  problem s o l v i n g  and 
dec i s ionmak ing  i n  n e a r l y  a l l  major i s s u e  areas. 

Over 40  ongoing  a s s i g n m e n t s  i n v o l v e  models i n  some way 
and ,  s i n c e  J a n u a r y  1976,  a p p r o x i m a t e l y  7 0  m o d e l i n g - r e l a t e d  
reports have  been  i s s u e d .  G e n e r a l l y ,  these a s s i g n m e n t s  have  
d e a l t  w i t h  models  i n  th ree  d i f f e r e n t  ways: 

- -Audit ing and e v a l u a t i n g  a n  a g e n c y ' s  deve lopmen t  and u s e  
of models (economy and e f f i c i e n c y - o r i e n t e d ) .  

- -Audit ing and e v a l u a t i n g  a model t o  d e t e r m i n e  t h e  
r e l i a b i l i t y  of i t s  resu l t s  ( e f f e c t i v e n e s s - o r i e n t e d )  . 

--Using and d e v e l o p i n g  models. 
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CHAPTER 2 

A U D I T I N G  AND EVALUATING AN A G E N C Y ' S  

DEVELOPMENT AND USE OF MODELS 

Reviewing t h e  development  and use of models by exec- 
u t i v e  a g e n c i e s  from t h e  s t a n d p o i n t  o f  economy and e f f i c i e n c y  
c l e a r l y  f a l l s  w i t h i n  t h e  bounds of  G A O ' s  r e s p o n s i b i l i t y .  
GAO a s s i g n m e n t s  i n  t h i s  a r e a  have ranged from r e v i e w s  of  
t h e  model development  p r o c e s s  i n  g e n e r a l ,  t o  s u r v e y s  t o  
a s c e r t a i n  t h e  e x t e n t  of  model ing a c t i v i t i e s  i n  an a g e n c y  o r  
f u n c t i o n a l  area ( e . g .  e n e r g y ,  e n v i r o n m e n t )  and t h e  ways 
i n  which models  are used .  

There  h a s  been  c o n g r e s s i o n a l  i n t e r e s t  i n  G A O ' s  examining 
some of t h e  b r o a d e r  d a t a  and model ing issues a t  t h e  F e d e r a l  
l e v e l .  For example,  t h e  l a t e  S e n a t o r  Humphrey had asked  GAO 
t o  s t u d y  t h e  s t a t i s t i c a l  c o l l e c t i o n  and a n a l y s i s  a c t i v i t i e s  
o f  t h e  e x e c u t i v e  a g e n c i e s  t o  d e t e r m i n e  i f  t h e s e  a c t i v i t i e s  
c o n t r i b u t e  t o  what he f e l t  was t h e  "less t h a n  s a t i s f a c t o r y  
i n f o r m a t i o n  p r o v i d e d  pol icy-makers . "  S e n a t o r  Humphrey 
acknowledged t h e  broad scope  of t h e  s t u d y  and s u g g e s t e d  
GAO r e s t r i c t  t h e  d a t a  areas o f  conce rn  t o  "economic and 
social  d a t a  a s  used i n  p o l i c y  a n a l y s i s  s t u d i e s  and i n  o t h e r  
soc ioeconomic  model ing and a n a l y s i s . "  

GAO r e v i e w s  which focused  on model deve lopment  i d e n t i -  
f i e d  a number of  r e c u r r i n g  problems,  i n c l u d i n g :  

--Poor q u a l i t y  and/or lack of documen ta t ion  made i t  
d i f f i c u l t  t o  u n d e r s t a n d  t h e  m o d e l ' s  a s s u m p t i o n s ,  
u n c e r t a i n t i e s ,  and l i m i t a t i o n s  as w e l l  as i t s  
capab i l i t i e s .  

--Model deve lopment  e f f o r t s  lacked s u f f i c i e n t  c o o r d i n a -  
t i o n  between t h e  d e v e l o p e r  and t h e  u s e r .  The user 
d i d  n o t  p a r t i c i p a t e  i n  t h e  p l a n n i n g  of t h e  model o r  
i n  problem d e f i n i t i o n ;  t h u s ,  t h e  model d i d  n o t  c l e a r l y  
r e f l e c t  user needs .  

--Model deve lopment  e f f o r t s  were n o t  a d e q u a t e l y  mon- 
i t o r e d .  

--Workable p r o v i s i o n s  f o r  u p d a t i n g  t h e  model f o r  f u t u r e  
u s e s  were n o t  made: t h u s ,  t h e  model soon began t o  
p roduce  o u t d a t e d  i n f o r m a t i o n .  

- -Obtaining d a t a  needed t o  m a k e  t h e  model f u n c t i o n  was 
n o t  a lways  p o s s i b l e .  
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T h e s e  p rob lems  prompted GAO t o  recommend a f i v e  p h a s e  
a p p r o a c h  t o  model  deve lopmen t  a imed a t  r e d u c i n g  wasted expen-  
d i t u r e s  f o r  models  n o t  u s e d ,  r e d u c i n g  cost  o v e r r u n s ,  and 
i n i t i a t i n g  model  deve lopmen t  e f f o r t s  t h a t  w i l l  b e t t e r  s a t -  
i s f y  demands p l a c e d  on  them. - 1/ 

GAO h a s  s u r v e y e d  and is s u r v e y i n g  t h e  e x t e n t  t o  which  
mode l s  a re  used i n  t h e  F e d e r a l  Government.  Topic areas 
r a n g e  from t h e  1 9 7 1  DOD model  s u r v e y  i d e n t i f i e d  ea r l i e r ,  
t o  a s u r v e y  o f  m o d e l s  u sed  f o r  f o o d  and a g r i c u l t u r e  po l i cy  

. a n a l y s i s ,  2/ t o  a n  ongo ing  s u r v e y  o f  water q u a l i t y  s t a n d a r d s  
and m a t h e m a t i c a l  mode l s .  These  s u r v e y s  and o t h e r  r e v i e w s  
h a v e  p o i n t e d  o u t  t h a t  models  are  used  i n  a l l  facets  o f  Govern- 

T h e s e  mode l s  a d d r e s s  many areas o f  i n t e r e s t  and  i m p o r t a n c e  
r a n g i n g  from n a t i o n a l  p o l i c y  mode l s  t o  m o d e l s  which  a n a l y z e  
v e r y  spec i f i c  i s s u e s .  For example,  mode l s  have  b e e n  used  i n  

* ment  f o r  d e s c r i p t i v e ,  p r e d i c t i v e ,  and  p l a n n i n g  p u r p o s e s .  

- - the f i e l d  of e n e r g y  t o  a n a l y z e  t h e  N a t i o n ' s  a l t e r n a -  
t i v e s  t o  a c h i e v e  e n e r g y  independence  and  t o  a n a l y z e  
t h e  t e c h n i c a l  aspects o f  s y n t h e t i c  f u e l  deve lopmen t ;  

--economics t o  a n a l y z e  n a t i o n a l  economic  po l ic ies  and  
l o c a l i z e  economic  i s s u e s ;  

- - t r a n s p o r t a t i o n  t o  a n a l y z e  t h e  i n t e r s t a t e  highway 
system and t o  d e v e l o p  i n t e g r a t e d  t r a n s p o r t a t i o n  p l a n s  
fo r  m e t r o p o l i t a n  areas; 

- - h e a l t h ,  e d u c a t i o n ,  and w e l f a r e  t o  a n a l y z e  a l t e r n a t i v e  
n a t i o n a l  w e l f a r e  r e f o r m  m e a s u r e s  and  t o  d e v e l o p  inven-  
t o r y  c o n t r o l  fo r  a c i t y ' s  b l o o d  bank; 

- - the  e n v i r o n m e n t  area t o  a n a l y z e  t h e  i n t e r a c t i o n s  of 
many f a c t o r s  a f f e c t i n g  t h e  t o t a l  e n v i r o n m e n t  and t o  
a n a l y z e  water q u a l i t y  i n  i n d i v i d u a l  r i v e r s ;  and  

- - the  food  and a g r i c u l t u r e  area t o  p r e d i c t  t h e  l e v e l  
o f  wor ld  g r a i n  r e s e r v e s ,  t o  make n a t i o n a l  and i n t e r -  
r e g i o n a l  a g r i c u l t u r a l  p r o j e c t i o n s ,  and e v e n  t o  p r e d i c t  
t h e  price o f  e g g s .  

- l/"Ways to  Improve Management o f  F e d e r a l l y  Funded Compute r i zed  
Models , I' (LCD-75-111) . 

- 2/"Food and A g r i c u l t u r e  Models fo r  Po l i cy  A n a l y s i s , "  (CED-77-87). 
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CHAPTER 3 

A U D I T I N G  AND EVALUATING A MODEL TO DETERMINE 

THE R E L I A B I L I T Y  OF I T S  RESULTS 

Reviewing t h e  e f f e c t i v e n e s s  of a model u s &  by an agency  
i s  c l e a r l y  w i t h i n  G A O ' s  r e s p o n s i b i l i t y .  To d a t e ,  t h r e e  d i v i -  
s i o n s  have completed work i n  t h i s  area and s e v e r a l  ongoing  
a s s i g n m e n t s  have been i d e n t i f i e d .  G A O ' s  work i n  t h i s  area 
h a s  ranged from a u d i t i n g  models which s u p p o r t  t a c t i c a l  and 
s t r a t e g i c  weapon s y s t e m s  development  t o  e v a l u a t i n g  models  
used f o r  p o l i c y  a n a l y s i s  i n  s o c i a l  programs. 

Models are  used t o  s u p p o r t  a rguments  i n  agency  a n a l y s e s ,  
p o l i c y  p a p e r s ,  and e x p e r t  t e s t i m o n y .  They have impacted on 
p o l i c y  s t u d i e s  and,  p u b l i c  e d i t o r i a l s - - t o  s a y  n o t h i n g  of t h e i r  
r o u t i n e  use i n  f o r e c a s t i n g  s e r v i c e s  and agency o p e r a t i o n s .  
A l l  t o o  o f t e n ,  answers  a r e  n o t  a v a i l a b l e  t o  bas ic  q u e s t i o n s  
such  a s ,  "HOW much c o n f i d e n c e  c a n  I ( t h e  d e c i s i o n m a k e r )  place 
i n  t h e  r e s u l t s  p rov ided  by t h e  model?".  As more complex models  
are be ing  developed  and u s e d  by many u n i t s  of t h e  Federal 
Government, t h e r e  i s  a need t o  e v a l u a t e  these models  t o  o b j e c -  
t i v e l y  assess t h e i r  c a p a b i l i t i e s ,  t o  h e l p  gua rd  a g a i n s t  t h e i r  
i n a p p r o p r i a t e  u se  ( e i t h e r  i n t e n t i o n a l  o r  u n i n t e n t i o n a l ) ,  and 
t o  promote t h e  i n c r e a s e d  use of models  i n  a p rope r  s e t t i n g  s o  
t h a t  t h e  dec i s ionmaker  can  have g r e a t e r  c o n f i d e n c e  i n  t h e  
m o d e l ' s  r e s u l t s .  

Some p o l i c y  models, such  as t h e  P r o j e c t  Independence  
E v a l u a t i o n  System ( P I E S ) ,  have a t t rac ted  c o n s i d e r a b l e  p u b l i c -  
i t y .  PIES was used by t h e  Federal Energy A d m i n i s t r a t i o n  
t o  s u p p o r t  t h e  Project  Independence  e f f o r t ,  whereby t h e  e f f ec t  
o f  a l t e r n a t i v e  p o l i c i e s  on t h e  s u p p l y ,  demand, and price of  
a l l  forms of ene rgy  i n  t h e  Un i t ed  S t a t e s  was assessed. GAO 
r e c e i v e d  a c o n g r e s s i o n a l  request from t h e  S c i e n c e  and Techno- 
1ogy.Committee t o  r ev iew PIES. 1/ The i n t e n t  of t h e  r e q u e s t ,  
a s  e x p r e s s e d  by a commit tee  sta?f member, was t o  d e t e r m i n e  
t h e  "rough l e v e l  of c o n f i d e n c e "  which c o u l d  be placed i n  t h e  
model 's  resu l t s .  

F u r t h e r ,  t h e  need f o r  a c a p a b i l i t y  t o  a u d i t  models  and 
agency a c t i v i t i e s  i n  t h i s  a r e a  was e s t a b l i s h e d  by t h e  Energy 
C o n s e r v a t i o n  A c t  which  s t a t e s  t h a t :  

- l /"Review of  t h e  1974 P r o j e c t  Independence  E v a l u a t i o n  System 
( P I E S )  ," (OPA-76-20, A p r i l  2 1 ,  1 9 7 6 ) .  
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The p r o c e d u r e s  and methodology o f  t h e  O f f i c e  o f  
Energy I n f o r m a t i o n  and A n a l y s i s  ( F E A  o f f i c e  
r e s p o n s i b l e  f o r  P I E S )  s h a l l  b e  s u b j e c t  t o  a 
t h o r o u g h  a n n u a l  p e r f o r m a n c e  a u d i t  r e v i e w .  
Such r e v i e w  s h a l l  b e  conduc ted  by a P r o f e s s i o n a l  
A u d i t  Review Team which  s h a l l  prepare a repor t  
d e s c r i b i n g  i ts  i n v e s t i g a t i o n  and r e p o r t i n g  i t s  
f i n d i n g s  t o  t h e  P r e s i d e n t  and t o  t h e  Congres s . .  
t h e  Chairman o f  t h e  P r o f e s s i o n a l  A u d i t  Review 
Team s h a l l  b e  d e s i g n a t e d  by t h e  Comptroller 
G e n e r a l .  ( P . L .  94-385 P a r t  B ,  Sec. 55 ( a ) )  

The f i r s t  report  which  f u l f i l l e d  t h i s  r e q u i r e m e n t  was 
i s s u e d  i n  December 1977 and  d e s c r i b e s  a c t i o n s  needed  t o  
improve t h e  c r e d i b i l i t y  o f  e n e r g y  models  and d a t a .  A/ 

The t a s k  o f  a u d i t i n g  and e v a l u a t i n g  mode l s  u sed  by 
a g e n c i e s  is hampered by t h e  l a c k  o f  g e n e r a l l y  a c c e p t e d  g u i d e -  
l i n e s .  The Program A n a l y s i s  D i v i s i o n  i s  i n  t h e  process o f  
i s s u i n g  a n  e x p o s u r e  d r a f t  r e p o r t  c o n c e r n i n g  g u i d e l i n e s  f o r  
model e v a l u a t i o n .  A d d i t i o n a l l y ,  t h e  F i n a n c i a l  and G e n e r a l  
Management S t u d i e s  D i v i s i o n  (FGMSD) h a s  d e v e l o p e d  g u i d e l i n e s  
t o  assess t h e  r e l i a b i l i t y  o f  computer  o u t p u t .  - 2/ 

However, i n  e v a l u a t i n g / a u d i t i n g  a model,  i t  i s  v e r y  
i m p o r t a n t  t o  r e c o g n i z e  t h a t  a model mus t  n o t  be judged  o n l y  
i n  t h e  a b s t r a c t  a g a i n s t  c e r t a i n  i d e a l  g o a l s .  C o n s i d e r a t i o n  
mus t  be  g i v e n  a l so  t o  i ts  p u r p o s e  and o b j e c t i v e s ,  t h e  way 
i t  is  b e i n g  u s e d ,  and o t h e r  f e a s i b l e  a l t e r n a t i v e  a p p r o a c h e s  
which  m i g h t  b e  used  t o  s o l v e  t h e  problem.  Anyone e v a l u a t i n g  
a model  s h o u l d  b e a r  t h e s e  t h o u g h t s  i n  mind. 

The c r i t e r i a  f o r  model  e v a l u a t i o n  d e v e l o p e d  by t h e  Pro- 
gram A n a l y s i s  D i v i s i o n  ( P A D )  and p e r t i n e n t  q u e s t i o n s  wh ich  
a d d r e s s  t h e s e  c r i t e r i a  are g i v e n  below: 

Documenta t ion  

--Is t h e  m o d e l ' s  d o c u m e n t a t i o n  w r i t t e n  so t h a t  
t h e  u s e r / d e c i s i o n m a k e r  c a n  u n d e r s t a n d ,  u s e ,  and 
m a i n t a i n  t h e  model? 

- l / " A c t i v i t i e s  of t h e  O f f i c e  o f  Energy I n f o r m a t i o n  and  Analy- 
ses," D e c .  5 ,  1977.  

- 2 / "Aud i t  Guide  for  A s s e s s i n g  t h e  R e l i a b i l i t y  of Computer Out- 
p u t , "  May 1978 .  
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V e r i f i c a t i o n  

--Has t h e  model been  a d e q u a t e l y  t e s t e d  t o  e n s u r e  
t h a t  it b e h a v e s  as  t h e  d e v e l o p e r  i n t e n d e d ?  

V a l i d i t y  

--What theoret ical  a s s u m p t i o n s  are made i n  d e v e l -  
o p i n g  t h e  model ;  how a c c u r a t e ,  impar t ia l ,  and  
appropr ia te  a re  t h e  da ta  used  i n  t h e  model; a n d ,  
w h a t  e f f e c t  does t h e  u s e  of t h e s e  a s s u m p t i o n s  and 
d a t a  have  on  t h e  m o d e l ' s  r e s u l t s ?  

M a i n t a i n a b i l i t y  

--Have a d e q u a t e  p r o c e d u r e s  been  e s t a b l i s h e d  t o  main- 
t a i n  t h e  model o v e r  i t s  l i f e  c y c l e ?  

U s a b i l i t y  

--Is t h e  model u s a b l e  by p o l i c y  a n a l y s t s / d e c i s i o n -  
makers? 

T h e s e  c r i t e r i a  are i n t e r r e l a t e d  and t h e y  impact o n  o n e  a n o t h e r ,  
t h e r e f o r e ,  t h e y  need  t o  b e  c o n s i d e r e d  c o n c u r r e n t l y .  A l s o ,  
some c r i te r ia  w i l l  assume g r e a t e r  i m p o r t a n c e  t h a n  o t h e r s  f o r  
a p a r t i c u l a r  model e v a l u a t i o n .  The e x a c t  mix or b l e n d  w i l l  
depend upon s u c h  f a c t o r s  a s  t h e  i m p o r t a n c e  of t h e  process t h e  
model  was d e v e l o p e d  t o  s i m u l a t e  and t h e  e v a l u a t o r ' s  e x p e r i e n c e  
and  p e r c e p t i o n  of t h a t  process. For  example ,  t h e  model may 
have  been  e v a l u a t e d  by a n o t h e r  i n t e r e s t e d  p a r t y .  Such a n  
e v a l u a t i o n  m i g h t  e n a b l e  t h e  p r e s e n t  e f f o r t  t o  f o c u s  a t t e n t i o n  
o n  p r e v i o u s l y  i d e n t i f i e d  w e a k n e s s e s  i n  t h e  model.  O r ,  a 
good e v a l u a t i o n  of a n o t h e r  model d e v e l o p e d  f o r  t h e  same p u r p o s e  
may have  been  completed; t h i s  m i g h t  permi t  a compar i son  o f  
t h e  t w o  models. 

Model e v a l u a t i o n  is  n o t  a s t r a i g h t f o r w a r d  process. 
I n d e e d ,  model e v a l u a t i o n  is i n  i t s  i n f a n c y  and is c u r r e n t l y ,  
more a n  a r t  t h a n  a s c i e n c e .  
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CHAPTER 4 

THE USE AND DEVELOPMENT OF MODELS W I T H I N  GAO 

Al though GAO h a s  e x p e r i e n c e  i n  d e v e l o p i n g  and u s i n g  
models ,  t h i s  ro l e  p o s e s  some c o n c e r n  for  GAO. T h i s  i s  be- 
c a u s e ,  as  w e  p r e v i o u s l y  s t a t e d ,  G A O ' s  i n t e g r i t y  and r e p u t a -  
t i o n  for  be ing  accurate  may be a t  s take  i f  models  are  n o t  
used j u d i c i o u s l y  and c a r e f u l l y .  However, b e c a u s e  of i n c r e a s e d  
demand by Congres s  i n  t h i s  a r e a  and because  of more complex 
a u d i t s  t h e r e  is  no q u e s t i o n  t h a t  GAO is  g o i n g  t o  be a sked  
t o  do  more r e v i e w s  u s i n g  models.  

R e c e n t l y ,  models  were deve loped  a t  GAO t o :  

- -Evalua te  how t h e  Navy ' s  spare e n g i n e  support  s y s t e m  
fo r  t h e  F-14 e n g i n e  would behave u s i n g  G A O ' s  s tock  
l e v e l  p r o p o s a l .  - 1/ 

--Review p roposed  V e t e r a n s  A d m i n i s t r a t i o n  and m i l i t a r y  
h o s p i t a l  c o n s t r u c t i o n  pro jec ts .  - 2/ 

- -Evalua te  t h e  e f f e c t  of a n t i r e c e s s i o n  a s s i s t a n c e  of 
T i t l e  I1 of t h e  P u b l i c  Works Employment A c t  of 1976 
i n  s t i m u l a t i n g  t h e  economy d u r i n g  a downturn .  - 3/ 

I n  a d d i t i o n  t o  d e v e l o p i n g  models ,  GAO r e v i e w s  have o f t e n  
used models  deve loped  by o t h e r s  to :  

--Determine t h e  p o t e n t i a l  impact on t r ade  of i n c r e a s e d  
t a x a t i o n  of U.S. c i t i z e n s  employed o v e r s e a s .  4 /  - 

- - P r e d i c t  t h e  p r o b a b i l i t y  t h a t  i n d i v i d u a l s  w i l l  n o t  f i l e  
income t a x  r e t u r n s .  

- l / " A l t e r n a t i v e s  A v a i l a b l e  f o r  Reducing Requ i remen t s  for  S p a r e  
A i r c r a f t  Eng ines , "  (LCD-77-418, Oc tobe r  1 2 ,  1 9 7 7 ) .  

- 2 / " I n a p p r o p r i a t e  Number of A c u t e  Care Beds P lanned  fo r  VA f o r  
N e w  Hospi ta ls ,"  (HRD-78-102, May 1 7 ,  1 9 7 8 ) .  See a l s o  
HRD-78-51, F e b r u a r y  6 ,  1978;  HRD-77-104, May 20 ,  1977;  and 
MWD-76-117, A p r i l  7 ,  1976.  

- 3 / " A n t i r e c e s s i o n  Assis tance--An E v a l u a t i o n , "  (PAD-78-20, 
Nov. 29,  1 9 7 7 ) .  

- 4/"Impact  on Trade  of Changes i n  T a x a t i o n  of U . S .  C i t i z e n s  
Employed O v e r s e a s , "  (ID-78-13, Feb. 2 1 ,  1 9 7 8 ) .  
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I n  p a r t i c u l a r ,  G A O ' s  use  o f  l a r g e ,  commerc ia l ly  a v a i l a b l e  
economet r i c  models ,  has  grown. The f i r s t  commerc ia l ,  econo- 
metric model was deve loped  by Data Resources, I n c .  ( D R I )  i n  
t h e  l a t e  1960s.  GAO began us ing  economet r i c  models a b o u t  
t h i s  same time and ove r  t h e  y e a r s  has  i n c r e a s e d  i t s  model ing 
a c t i v i t y .  I n  f i s c a l  y e a r  1977,  GAO s p e n t  o v e r  $70,000 t o  
use seven  d i f f e r e n t  models ,  and t h e  f i s c a l  y e a r  1978 budge t  
i n c l u d e s  o v e r  $ 2 0 0 , 0 0 0  t o  use f i v e  d i f f e r e n t  e c o n o m e t r i c  
model ing  s e r v i c e s .  The f i g u r e s  f o r  1977 and 1978 d o  n o t  
r e p r e s e n t  t h e  t o t a l  GAO e f f o r t  i n  model ing .  The O f f i c e  o f t e n  
r e c e i v e s  f r e e  access t o  models  i n  o t h e r  a g e n c i e s  and i n  Con- 
g r e s s  and there  is "model ing money" i n c l u d e d  i n  ADP b u d g e t s  
and e x p e n d i t u r e s .  

However, G A O ' s  use of  l a r g e  scale  p o l i c y  models  d e a l i n g  
w i t h  s o c i a l  issues; such as t h e  P IES  model, h a s  been minimal .  
T h e s e  models ,  which are  g e n e r a l l y  more complex and which are  
d e s i g n e d  f o r  l onge r - t e rm p l a n n i n g  , i n h e r e n t l y  produce  more 
u n c e r t a i n  resul ts .  I t  is a l s o  g e n e r a l l y  ag reed  t h a t  models  
d e a l i n g  w i t h  s o c i a l  issues e n t a i l  more u n c e r t a i n t y  and r i s k  
t h a n  models  d e a l i n g  w i t h  p h y s i c a l  o r  n a t u r a l  phenomena. I t  
f o l l o w s  t h a t  g r e a t e r  c a u t i o n  shou ld  be exercised when u s i n g  
t h e  r e s u l t s  from models d e a l i n g  w i t h  s o c i a l  i s s u e s ,  p a r t i c u -  
l a r l y  i n  t r y i n g  t o  j u d g e ,  as a c c u r a t e l y  as p o s s i b l e ,  j u s t  
how much c o n f i d e n c e  one  can  p u t  i n  t h e  r e su l t s  o b t a i n e d  
from t h e s e  models .  

S i n c e  u s i n g  a model may be l i k e n e d  t o  us ing  a c o n s u l t a n t /  
e x p e r t ,  we shou ld  keep i n  mind GAO's r e c e n t l y  r e v i s e d  p o l i c y  
f o r  u s i n g  e x p e r t  a s s i s t a n c e ,  which s t a t e s :  - 1/ 

Use o f  e x p e r t  a s s i s t a n c e  

I n  s i t u a t i o n s  where h i g h l y  t e c h n i c a l  matters are 
t o  be e v a l u a t e d ,  we shou ld  f i r s t  c o n s i d e r  u s i n g  t h e  
s e r v i c e s  of  GAO s t a f f  members who have spec ia l  t e c h n i -  
ca l  expert ise .  A t e c h n i c a l  a s s i s t a n c e  g roup  i n  t h e  
F i n a n c i a l  and Genera l  Management S t u d i e s  D i v i s i o n  is  
s t a f f e d  t o  p r o v i d e  e x p e r t  a d v i s o r y  s e r v i c e s  i n  
a c c o u n t i n g  and o t h e r  f i n a n c i a l  management mat ters  
and i n  t h e  f i e l d s  of a u t o m a t i c  da t a  p r o c e s s i n g ,  
s y s t e m s  a n a l y s i s ,  a c t u a r i a l  s c i e n c e ,  and s t a t i s t i c a l  
sampl ing .  

- l /Comprehensive A u d i t  Manual I ,  Chapter  8 ,  PP. 6-80 
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I f  o u r  work i n v o l v e s  t e c h n i c a l  mat ters  on  which 
we do  n o t  have  t h e  in-house  c a p a b i l i t y  needed t o  
express a u t h o r i t a t i v e  o p i n i o n s ,  w e  s h o u l d  a s k  t h e  
agency  t o  r e v i e w  and t e s t  t h e i r  p r o c e d u r e s  i n  ascer- 
t a i n i n g  compl i ance .  Under some c i r c u m s t a n c e s  i t  d a y  
be d e s i r a b l e  f o r  u s  t o  o b t a i n  t h e  c o o p e r a t i o n  and 
a s s i s t a n c e  o f  t e c h n i c a l  e x p e r t s  o f  t h e  agency  whose 
program or a c t i v i t y  w e  are  examin ing .  I n  o t h e r s  
w e  migh t  p r e f e r  t o  o b t a i n  a n  i n d e p e n d e n t  check  t h r o u g h  
t e c h n i c a l  a s s i s t a n c e  o b t a i n e d  d i r e c t l y  by u s  ( e . g . ,  
o u t s i d e  l a b o r a t o r i e s ,  t h e  N a t i o n a l  B u r e a u  o f  S t a n d a r d s ,  
o r  o t h e r  appropr ia te  Government a g e n c i e s ) .  

The complex and t e c h n i c a l  n a t u r e  o f  some a u d i t s  
may make i t  n e c e s s a r y  f o r  u s  t o  u s e  o u t s i d e  e x p e r t s  
and c o n s u l t a n t s  t o  assist o u r  own s p e c i a l i s t s  i n  
r e v i e w i n g  s p e c i f i c  problems.  However, i t  is n o t  enough 
s i m p l y  t o  g i v e  a c o n s u l t a n t  a t a s k  t o  perform. W e  
s h o u l d  m o n i t o r  what  is done  and how i t  is  done  and d o  
e v e r y t h i n g  n e c e s s a r y  t o  s a t i s f y  o u r s e l v e s  t h a t  w e  and  
t h e  c o n s u l t a n t s  f u l l y  u n d e r s t a n d  and a g r e e  o n  t h e  scope 
and o b j e c t i v e s  of t h e  work. 

The e x t e n t  o f  o u r  day-to-day invo lvemen t  w i t h  
e x p e r t s  and c o n s u l t a n t s  i n  t h e  p e r f o r m a n c e  of t h e i r  work 
c a n  va ry .  I n  most i n s t a n c e s ,  it w i l l  b e  a d v a n t a g e o u s  
t o  a s s i g n  s t a f f  t o  work w i t h  them o r  t o  m o n i t o r  t h e i r  
a c t i v i t i e s  and d i s c u s s  p rob lems  w i t h  them. I n  o t h e r  
i n s t a n c e s ,  t h e  n a t u r e  o f  t h e  work may be  s u c h  t h a t  
l i m i t e d  invo lvemen t  and d i s c u s s i o n s  w i l l  b e  adequate. ,  

The o b j e c t i v e s  o f  o u r  i nvo lvemen t  a re  t o  (1) under-  
s t a n d  t h e  n a t u r e  o f  t h e i r  work, t h e  s i g n i f i c a n t  assump- 
t i o n s  t h e y  have  made, t h e  r e a s o n i n g  u n d e r l y i n g  t h e i r  
a n a l y t i c a l  c h o i c e s ,  and t h e  r i s k s  i n h e r e n t  i n  t h e i r  
d a t a  and a n a l y s i s ;  ( 2 )  make s u g g e s t i o n s  t o  them so 
t h a t  t h e i r  work w i l l  be  o f  most b e n e f i t  to  us;  and  ( 3 )  
s a t i s f y  o u r s e l v e s  t h a t  t h e  work b e i n g  done  confo rms  
t o  what  w e  i n t e n d e d .  

W e  s h o u l d  d e t e r m i n e  e a r l y  how i m p o r t a n t  t h e  work 
of e x p e r t s  and c o n s u l t a n t s  is i n  r e l a t i o n  t o  t h e  t o t a l  
a s s i g n m e n t  and how w e  i n t e n d  t o  u s e  t h e  resu l t s  o f  t h e i r  
work. I f  w e  d e c i d e  t o  u s e  i n f o r m a t i o n  d e v e l o p e d  by 
them i n  o u r  repor t ,  w e  s h o u l d ,  t o  t h e  e x t e n t  p r a c t i -  
c a b l e ,  requi re  t h a t  t h e y  f u r n i s h  u s  s u f f i c i e n t  sup- 
p o r t i n g  d o c u m e n t a t i o n  so that w e  c a n  i n d e p e n d e n t l y  
s a t i s f y  o u r s e l v e s  as t o  its a c c u r a c y  and v a l i d i t y .  
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I n  a d d i t i o n ,  we s h o u l d  a d v i s e  c o n s u l t a n t s  and e x p e r t s  
of o u r  r e p o r t i n g  po l i c i e s  c o n c e r n i n g  t h e i r  work 
as s t a t e d  i n  C h a p t e r  5 o f  t h e  Report Manual. 

I n  c o n c l u s i o n ,  s u b s e q u e n t  t o  t h e  PPC s e s s i o n ,  M r .  S t aa t s  
i s s u e d  a memorandum which  e s t a b l i s h e s  FGMSD a s  t h e  p r i m a r y  
s o u r c e  o f  a s s i s t a n c e  i n  t h e  r e v i e w  or u s e  of models i n  GAO 
( see  Appendix D ) .  PAD and  FGMSD c u r r e n t l y  are working  to- 
g e t h e r  t o  i d e n t i f y  t h e  t r a i n i n g  n e e d s  o f  GAO s t a f f  i n  t h e  
mode l ing  area.  

12 



APPENDIX A APPENDIX A 

PAD RESPONSES TO QUESTIONS RAISED BY DIVISION DIRECTORS 

The answers  p r o v i d e d  i n  t h i s  append ix  a re  d i r e c t e d  to- 
wards  t h e  p r e d i c t i v e  and p l a n n i n g  mode l s  d e s c r i b e d  i n  C h a p t e r  
1. Some examples  of  t h e s e  models  are  PIES, t h e  S t r a t e g i c  
Env i ronmen ta l  Assessment  System (SEAS), t h e  T r a n s f e r  Income 
Model (TRIM), and t h e  M e s a r o v i c - P e s t e l  World Model. 

I .  Q u e s t i o n s  r e l a t i n g  t o  a u d i t i n g  and e v a l u a t i n q  a n  a g e n c y ' s  
use o f  models  

1. What c o n t r o l s  and g u i d a n c e  are needed w h i l e  models  
are used?  ( T h i s  q u e s t i o n  is a l s o  appropriate  f o r  
u s i n g  models  as  a n  a u d i t  tool . )  

C o n t r o l s  and g u i d a n c e  f o r  t h e  use o f  mode l s  
a r e  n e c e s s a r y  t o  e n s u r e  t h e  user o f  t h e  m o d e l ' s  
c r e d i b i l i t y .  T h e r e f o r e ,  it is i m p o r t a n t  t h a t  t h e r e  
be  c o n t r o l s  t h r o u g h o u t  t h e  model ing  process from 
d e t e r m i n i n g  t h e  need f o r  a model ,  t h r o u g h  t h e  d e v e l -  
opment of  a model,  t o  t h e  m o d e l ' s  use and u p d a t i n g .  
These  c o n t r o l s  may t a k e  t h e  form o f  b u d g e t a r y  
c o n s t r a i n t s  a s  w e l l  a s  d i r e c t  management o v e r s i g h t  
t o  e n s u r e  t h a t  t h e  mode l s  a re  b e i n g  used  e f f i c i e n t l y  
and are b e i n g  a p p l i e d  t o  p rob lems  t h a t  need t h i s  
t y p e  o f  a n a l y s i s .  O t h e r  c o n t r o l s ,  s u c h  a s  documen- 
t a t i o n  and i n d e p e n d e n t  c h e c k s  on  t h e  r e su l t s  o f  t h e  
model ,  s h o u l d  be  d e v e l o p e d .  A l s o ,  g u i d e l i n e s  s h o u l d  
be  d e v e l o p e d  f o r  t h e  u s e  o f  t h e  model.  F u r t h e r ,  
GAO h a s  p r e v i o u s l y  recommended t h a t  t h e  Depar tment  
o f  Commerce f o r m u l a t e  s t a n d a r d s  and t h a t  t h e  G e n e r a l  
S e r v i c e s  A d m i n i s t r a t i o n  d e v e l o p  and p r o v i d e  g u i d a n c e  
for  improving  F e d e r a l  a g e n c i e s '  management of com- 
p u t e r i z e d  models .  ("Ways t o  Improve Management o f  
F e d e r a l l y  Funded Computer ized  Models ,"  LCD-75-111, 
Aug. 2 3 ,  1 9 7 6 ) .  

2. Who s h o u l d  c o n t r o l  a n  a g e n c y ' s  use of  a model? 

T h i s  is  n o t  fo r  u s  t o  s a y .  I t  w i l l  depend upon 
t h e  agency  and i t s  f u n c t i o n  and r e l a t i o n  t o  o t h e r  
a g e n c i e s ,  t h e  p u r p o s e  o f  t h e  model ( e . g . ,  i n t e r n a l /  
e x t e r n a l  use f o r  p r e d i c t i o n / p l a n n i n g ) ,  t h e  s i z e  o f  
t h e  model ,  t h e  cos t  t o  r u n  it and a n a l y z e  i ts  
r e s u l t s ,  t h e  u n c e r t a i n t y  of t h e  r e s u l t s ,  and t h e  
r i s k  associated w i t h  t h i s  u n c e r t a i n t y .  
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3. Does t h e  cos t  o f  t h e  model j u s t i f y  t h e  r e s u l t s  
o b t a i n e d  from u s i n g  it? 

T h i s  q u e s t i o n  s h o u l d  be  a s k e d  a t  t h e  b e g i n n i n g  
o f  any  mode l ing  e f f o r t .  I t  is t h e  c l a s s i ca l  cos t  
v s .  b e n e f i t s  q u e s t i o n  and a t tempts  t o  answer  it 
s h o u l d  be  made. Factors t h a t  s h o u l d  be c o n s i d e r e d  
a re  what  a l t e r n a t i v e s  e x i s t  and what  costs, b e n e f i t s ,  
and r i s k s  are a s s o c i a t e d  w i t h  them v e r s u s  t h e  pro- 
posed  model ing  e f f o r t .  Obv ious ly ,  t h e  answer  t o  t h e  
q u e s t i o n  m u s t  be made on  a case-by-case  b a s i s .  

4. How c a n  e f f e c t i v e  d i a l o g u e  between model u s e r s  and 
d e s i g n e r s  b e  e s t a b l i s h e d ?  

The  d e c i s i o n m a k e r / u s e r  o r  h i s  r e p r e s e n t a t i v e ,  
a l o n g  w i t h  t h e  d e v e l o p e r / a n a l y s t ,  s h o u l d  be  c l o s e l y  
i n v o l v e d  w i t h  t h e  p ro jec t  from i t s  i n i t i a t i o n  t o  i t s  
completion. Such invo lvemen t  w i l l  h e l p  t o  e n s u r e  
t h a t  t h e  d e c i s i o n m a k e r ' s  d e s i r e s  are a p p r o p r i a t e l y  
i n c o r p o r a t e d  i n t o  t h e  model .  Methods t o  f a c i l i t a t e  
a n  i n t e r c h a n g e  c a n  i n c l u d e  a d e q u a t e  d o c u m e n t a t i o n  
o f  t h e  c o n c e p t u a l  b a s i s  o f  t h e  model ,  i t s  assump- 
t i o n s  and l i m i t a t i o n s ;  t h e  invo lvemen t  o f  a n  i n t e r -  
m e d i a r y  o r  " p o l i c y  a n a l y s t ; "  and improvement i n  t h e  
form i n  which resu l t s  a re  p r e s e n t e d .  

5.  Should  models  be used  i f  t h e y  i n c r e a s e  t h e  e f f i c i e n c y  
o f  t h e  j o b ?  

All o t h e r  t h i n g s  b e i n g  e q u a l ,  and assuming t h e  
cost  of t h e  model is n o t  p r o h i b i t i v e ,  t h e  answer is 
y e s .  The o v e r r i d i n g  c o n s i d e r a t i o n  s h o u l d  b e  i f  
you c a n  d o  a b e t t e r  j o b  w i t h  a model t h a n  w i t h o u t  
one ,  t h e n ,  by a l l  means,  u s e  t h e  model. 

11. Q u e s t i o n s  p r i m a r i l y  conce rned  w i t h  a u d i t i n g  and e v a l u -  
a t i n q  a model 

1. How is t h e  v a l i d i t y  o f  a model d e t e r m i n e d ?  

S i n c e  a model  i s  a n  a b s t r a t i o n  o f  r e a l i t y  and 
i s  o f t e n  r e g a r d e d  a s  a s u b s t i t u t e  f o r  t h e  r ea l  sys-  
t e m  i t  r e p r e s e n t s ,  a major f a c t o r  i n  d e t e r m i n i n g  
i t s  v a l i d i t y  is t o  i d e n t i f y  how c l o s e l y  t h e  model 
mirrors r e a l i t y .  
a g r e e m e n t  be tween t h e  c o n c e p t u a l  model and t h e  r ea l  
s y s t e m  i t  r e p r e s e n t s  i s  g e n e r a l l y  c a l l e d  " v a l i d a -  
t i o n . "  A model is o f t e n  r e f e r r e d  t o  as h a v i n g  been  
v a l i d a t e d - i m p l y i n g  a p r o c e d u r e  t h a t  c a n  e s t a b l i s h  
t h e  t r u t h  or f a l s i t y  o f  t h e  model.  

The p r o c e s s p u s e d  t o  t e s t  t h e  
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3 .  Does t h e  cost  of t h e  model j u s t i f y  t h e  results 
o b t a i n e d  from u s i n g  i t? 

T h i s  q u e s t i o n  s h o u l d  be asked  a t  t h e  b e g i n n i n g  
of any  model ing e f f o r t .  I t  is t h e  c l a s s i ca l  cos t  
vs .  b e n e f i t s  q u e s t i o n  and a t t e m p t s  t o  answer i t  
s h o u l d  be made. Factors t h a t  shou ld  be c o n s i d e r e d  
are  what a l t e r n a t i v e s  e x i s t  and what costs, b e n e f i t s ,  
and r i s k s  are associated w i t h  them v e r s u s  t h e  pro- 
posed model ing e f f o r t .  Obv ious ly ,  t h e  answer t o  the  
q u e s t i o n  m u s t  be made on a case-by-case basis .  

4 .  How can e f f e c t i v e  d i a l o g u e  between model users and 
d e s i g n e r s  be e s t a b l i s h e d ?  

The d e c i s i o n m a k e r / u s e r  or h i s  r e p r e s e n t a t i v e ,  
a l o n g  w i t h  t h e  d e v e l o p e r / a n a l y s t ,  shou ld  be c l o s e l y  
i n v o l v e d  w i t h  t h e  project from i ts  i n i t i a t i o n  t o  i t s  
comple t ion .  Such involvement  w i l l  h e l p  to  e n s u r e  
t h a t  t h e  d e c i s i o n m a k e r ' s  desires are a p p r o p r i a t e l y  
i n c o r p o r a t e d  i n t o  t h e  model. Methods to  f a c i l i t a t e  
an  i n t e r c h a n g e  c a n  i n c l u d e  a d e q u a t e  documen ta t ion  
of t h e  c o n c e p t u a l  b a s i s  of  t h e  model, i t s  assump- 
t i o n s  and l i m i t a t i o n s :  t h e  invo lvemen t  of a n  i n t e r -  
med ia ry  o r  " p o l i c y  a n a l y s t ; "  and improvement i n  t h e  
form i n  which r e s u l t s  are  p r e s e n t e d .  

5. Shou ld  models be used i f  t h e y  i n c r e a s e  t h e  e f f i c i e n c y  
of t h e  job? 

A l l  o ther  t h i n g s  b e i n g  e q u a l ,  and assuming t h e  
cost  of t h e  model is  n o t  p r o h i b i t i v e ,  t h e  answer is 
yes. The o v e r r i d i n g  c o n s i d e r a t i o n  s h o u l d  be i f  
you c a n  do a bet ter  job w i t h  a model t h a n  w i t h o u t  
one ,  t h e n ,  by a l l  means, u s e  t h e  model. 

11. Q u e s t i o n s  p r i m a r i l y  conce rned  w i t h  a u d i t i n g  and e v a l u -  
a t i n g  a model 

1. How is t h e  v a l i d i t y  of a model d e t e r m i n e d ?  

S i n c e  a model is an a b s t r a c t i o n  of r e a l i t y  and 
is  o f t e n  r e g a r d e d  as a s u b s t i t u t e  f o r  t h e  real  sys -  
tem it r e p r e s e n t s ,  a major fac tor  i n  d e t e r m i n i n g  
i t s  v a l i d i t y  i s  t o  i d e n t i f y  how c lose ly  t h e  model 
mirrors r e a l i t y .  The process used  to t e s t  t h e  
agreement  between t h e  c o n c e p t u a l  model and t h e  real  
sys t em it r e p r e s e n t s  is g e n e r a l l y  called " v a l i d a -  
t i o n . "  A model is o f t e n  r e f e r r e d  t o  as h a v i n g  been 
v a l i d a t e d - i m p l y i n g  a procedure t h a t  can  e s t a b l i s h  
t h e  t r u t h  o r  f a l s i t y  of t h e  model.  
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model t o  s i m u l a t e  p a s t  h i s t o r y  ( i . e . ,  u s e  1 9 7 4  
d a t a  and assumpt ions  t o  e s t i m a t e  1977  c o n d i t i o n s  
and compare t o  1 9 7 7  known c o n d i t i o n s ) .  

3 .  How is  t h e  model ' s  c r e d i b i l i t y  e s t a b l i s h e d ?  

There a r e  no g e n e r a l l y  accepted  g u i d e l i n e s  
f o r  e s t a b l i s h i n g  a model 's  c r e d i b i l i t y .  I n  addi-  
t i o n ,  t h e r e  is not  a g e n e r a l l y  accepted  t h r e s h o l d  
beyond which a model can be termed " c r e d i b l e . "  
The concept  of c r e d i b i l i t y  v a r i e s  g r e a t l y  between 
model b u i l d e r s / d e v e l o p e r s  and use r s /dec i s ionmaker s  
as w e l l  as among i n d i v i d u a l s  w i t h i n  e i t h e r  of these 
two broad groups .  The fo l lowing  d i s c u s s i o n  
d e s c r i b e s  a procedure which can be used t o  e s t a b -  
l i s h  t h e  c r e d i b i l i t y  of a model a c c e p t a b l e  t o  both 
model b u i l d e r / d e v e l o p e r s  and model u s e r s / d e c i s i o n -  
makers.  T h i s  p rocedure  d e a l s  w i t h  documenta t ion ,  
v e r i f i c a t i o n ,  and v a l i d a t i o n  of t h e  model and t o  a 
l e s s e r  e x t e n t  w i t h  t h e  c r e d i b i l i t y  of t h e  model 
d eve1 oper . 

To e s t a b l i s h  t h e  c r e d i b i l i t y  of a model, t h e  
p r o c e s s  t h a t  c r e a t e d  it should be documented and 
t h e  model should be t e s t e d .  A s  an a b s o l u t e  minimum 
s u c h  documentat ion m u s t  i nc lude  t h e  in tended  purpose  
.of t h e  model, t h e  key assumpt ions  made, a d i s c u s s i o n  
of t h e  r easonab leness  of t h e s e  assumpt ions ,  and t h e  
b a s i c  s t r u c t u r e  of t h e  model. N a t u r a l l y ,  t h e  more 
complex a model is ,  t h e  more s u p p o r t i n g  documenta- 
t i o n  w i l l  be r e q u i r e d .  A s  complexi ty  or  compre- 
hens iveness  i n c r e a s e s ,  it a l s o  becomes n e c e s s a r y  
f o r  t h e  deve loper  t o  e x p l a i n  why any seemingly  
r e l e v a n t  v a r i a b l e s  or e f f e c t s  have been omi t t ed  
from t h e  model. Of c o u r s e ,  t h e  e n t i r e  modeling 
e f f o r t  is a l o n g ,  involved p r o c e s s  which u s u a l l y  
r e q u i r e s  many ad jus tmen t s  t o  t h e  i n i t i a l  "model" 
b e f o r e  t h e  deve loper  i s  s a t i s f i e d .  Thus, docu- 
men ta t ion  should i n c l u d e  a c l ea r ,  c o n c i s e  summary 
of why t h e  p r e s e n t  form of t h e  model is a reason-  
a b l e  r e p r e s e n t a t i o n  of r e a l i t y  f o r  i t s  in t ended  
use .  More comprehensive documentat ion would 
i n c l u d e  a d i s c u s s i o n  of t h e  range of a p p l i c a b i l i t y  
of t h e  model. 

Model documentat ion is  t h e  p r i n c i p a l  method 
by which t h o s e  i n t e r e s t e d  i n  a modeling e f f o r t ,  
- - the  u s e r ,  t h e  model d e v e l o p e r ,  p o t e n t i a l  u s e r s ,  
e v a l u a t o r s ,  etc.--can communicate. Complete docu- 
men ta t ion  is impor t an t  t o  (1) e n s u r e  t h a t  t h e  model 
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is t h o r o u g h l y  u n d e r s t o o d  and c a n  b e  o p e r a t e d  and  
m a i n t a i n e d  i n  t h e  p r e s e n t  and t h e  f u t u r e  and ,  ( 2 )  
f a c i l i t a t e  e v a l u a t i o n  o f  t h e  model by a t h i r d  
p a r t y  ( i . e . ,  someone o t h e r  t h a n  t h e  model d e v e l o p e r  
or i n i t i a l  u s e r ) .  C r e d i b i l i t y  c a n n o t  b e  e s t a b l i s h e d  
i f  t h e  model d o c u m e n t a t i o n  is n o t  s u f f i c i e n t  f o r  
a t h i r d  p a r t y  t o  u n d e r s t a n d  and u s e  t h e  model .  

I f  t h e  model is programmed f o r  and used  on  a 
compute r  a n o t h e r  s o u r c e  o f  error is added  s i n c e  
t h e  compute r  program is y e t  a n o t h e r  l e v e l  of ab- 
s t r a c t i o n  beyond t h e  c o n c e p t u a l  model. The  process 
u s e d  t o  t e s t  t h e  a g r e e m e n t  be tween t h e  c o m p u t e r i z e d  
model and t h e  c o n c e p t u a l  model is g e n e r a l l y  c a l l e d  
" v e r i f i c a t i o n . "  Some of t h e  many t e s t s / q u e s t i o n s  
t h a t  e x i s t  t o  e s t a b l i s h  c o n f i d e n c e  i n  t h e  v e r i f i c a -  
t i o n  process are:  

- - A r e  t h e  v a r i a b l e s  and r e l a t i o n s h i p s  o f  t h e  
c o n c e p t u a l  model  a c c u r a t e l y  r e p r e s e n t e d  by 
t h e  c o d i n g  i n  t h e  computer  program? 

--Have acceptable management,  compute r  s y s t e m ,  
and  program c o n t r o l s  been  e s t a b l i s h e d  for  t h e  
e x e c u t i o n  o f  t h e  program? 

--Have acceptable debugg ing  p r o c e d u r e s  been  
used?  

FGMSD h a s  been  working  i n  t h i s  area for some t i m e  
and h a s  p roduced  s e v e r a l  documents  which  p r o v i d e  
a more comprehens ive  g u i d e  t o  a s s e s s i n g  compute r  
m o d e l s  and  programs.  Some o f  t h e s e  documents  are:  

- -"Audi t ing  a Computer Model: A Case Study"  
(May 1 9 7 3 )  

--"Guide for  R e l i a b i l i t y  Assessmen t  o f  C o n t r o l s  
i n  Computer ized  S y s t e m s  - F i n a n c i a l  State- 
ment  A u d i t s "  ( E x p o s u r e  D r a f t ,  May 1 9 7 6 )  

--"Guide f o r  E v a l u a t i n g  Automated Sys tems"  
( E x p o s u r e  D r a f t ,  March 1 9 7 7 )  

--"Guide f o r  R e l i a b l i i t y  Assessmen t  o f  Com- 
p u t e r  Processed Data" (May 1 9 7 8 )  

Model v a l i d a t i o n ,  as d i s c u s s e d  i n  t h e  p r e c e d i n g  
q u e s t i o n ,  is  a process of a s s e s s i n g  a mode l ' s  s t r u c -  
t u r e ,  d a t a ,  and c o n t r o l s  a c c o r d i n g  t o  spec i f i c  
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c r i t e r i a  or s t a n d a r d s  which are deemed d e s i r a b l e .  
T h i s  process leads t o  a l e v e l  of  c o n f i d e n c e  a b o u t  
t h e  model or a n  a s s e s s m e n t  o f  t h e  m o d e l ' s  s t r e n g t h s  
and l i m i t a t i o n s .  The v a l i d a t i o n  process g e n e r a l l y  
f o c u s e s  on  t h e  m o d e l ' s  a s s u m p t i o n s  and t r i e s  t o  
t e s t  t h e i r  e f f e c t  on  t h e  m o d e l ' s  a b i l i t y  t o  make 
s t a t e m e n t s  a b o u t  r e a l i t y .  

T e s t s / q u e s t i o n s  which c a n  be  a p p l i e d  i n  e s t a b -  
l i s h i n g  t h e  c r e d i b i l i t y  of t h e  d e v e l o p e r  and o f  
t h e  model are: 

--What is t h e  " t r a c k  r e c o r d "  o f  t h e  model? 
( i . e . ,  how h a s  t h e  model  pe r fo rmed  i n  
e x p l a i n i n g  o r  p r e d i c t i n g  t h e  e v e n t s  i t  w a s  
i n t e n d e d  t o  a n a l y z e ? )  

--What are t h e  c r e d e n t i a l s  ( i . e . ,  knowledge,  
e x p e r i e n c e  and t r a c k  r e c o r d )  of t h e  m o d e l ' s  
d e v e l o p e r (  s )  ? 

--What pressures  e x i s t  on  t h e  o r g a n i z a t i o n a l  
u n i t  r e s p o n s i b l e  f o r  o p e r a t i n g ,  m a i n t a i n i n g ,  
and /o r  mod i fy ing  t h e  model? 

--What are t h e  r e s u l t s  of a s s e s s m e n t s  o f  t h e  
model  made by t h o s e  who were i n d e p e n d e n t  
o f  i ts  development?  

--Have t h e  r e s u l t s  of t h e  model been  compared 
j u d g m e n t a l l y  t o  t h e  r e s u l t s  of a n o t h e r  model 
d e v e l o p e d  f o r  t h e  same o r  s i m i l a r  pu rpose?  

T h i s  l i s t  is - n o t  a l l  i n c l u s i v e ,  b u t  is meant  
t o  i l l u s t r a t e  t h e  t y p e s  o f  t e s t s / q u e s t i o n s  needed 
t o  e s t a b l i s h  t h e  c r e d i b i l i t y  o f  a model  and i t s  
d e v e l o p e r ( s ) .  The process, o f  n e c e s s i t y ,  is a v e r y  
s u b j e c t i v e  o n e  s i n c e  o b j e c t i v e  m e a s u r e s  f o r  e a c h  
of t h e  t e s t s  c u r r e n t l y  d o  n o t  e x i s t .  Recogn iz ing  
t h i s ,  t h e  f o l l o w i n g  is s u g g e s t e d  as a p r o c e d u r e  t o  
communicate  i n f o r m a t i o n  c o n c e r n i n g  a m o d e l ' s  cred- 
i b i l i t y  and a p p l i c a b i l i t y :  

1. S t a t e  t h e  purpose f o r  which t h e  model h a s  
been b u i l t .  

2 .  Document t h e  c o n c e p t u a l  model and t h e  com- 
p u t e r i z e d  model .  
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3 .  Specify 

- - the  domain of a p p l i c a b i l i t y  ( e . g . ,  the 
prescribed condi t ions for which t h e  com- 
puterized model has been compared aga ins t  
r e a l i t y  and judged s u i t a b l e  for use) and 

--the range of accuracy ( e . g . ,  demonstrated 
agreement between the computerized model 
and r e a l i t y  w i t h i n  a s t i p u l a t e d  domain of 
a p p l i c a b i l i t y )  and r e l a t e  these to  t h e  
purpose for  which t h e  model is intended. 

4.  Verify and v a l i d a t e  t h e  model u s i n g  appro- 
p r i a t e  t e s t s  and d i s c u s s  t h e  model's 
L 

s t r eng ths  and l imi t a t ions .  , 

4.  How many resources should be expended i n  evaluat ing 
a model pr ior  t o  its use? 

As i n  any eva lua t ive  e f f o r t ,  cos t  vs. b e n e f i t s  
or r i s k s  of the e f f o r t  m u s t  be given adequate 
t h o u g h t .  The  amount of e f f o r t  expended on a model 
evaluation m u s t  be commensurate w i t h  t h e  estimated 
b e n e f i t s  or r i s k s .  The degree of evaluat ion needed 
w i l l  depend upon such f a c t o r s  as the l e v e l  of 
decisionmaking the model impacts, t h e  purpose of 
the model, t h e  cos t s  to  develop and execute t h e  
model, and t h e  degree t o  which t h e  model may be used 
by o thers .  

The GAO s tandards of evidence (CAM I ,  p. 9 - 4 )  
- su f f i c i ency ,  competence, and relevance - a r e  
a l l  represented i n  t h e  t e s t s  sugges ted  i n  quest ions 
1 through 3 .  These tests can be u s e d  to  generate  
information upon which a judgment of r i s k  can be 
made - b u t  it is a judgment .  The more complex 
the model is, the more it r e l i e s  on t.heory which 
is subjec t  to  debate ( e .g . ,  soc i a l  s c i e n c e ) .  
Also, t h e  fu r the r  i n t o  the  fu tu re  the model is 
being used t o  fo recas t ,  t h e  l e s s  c e r t a i n  t h e  model's 
r e s u l t s  become, and consequently the r i s k  of inac- 
cura te  r e s u l t s  is  g rea t e r .  

The importance of t h e  model r e s u l t s  m u s t  a l so  
be considered when determining the resources t o  
expend i n  evaluating a model. For example, a model 
whose r e s u l t s  are  to  be used a s  background informa- 
t i o n  m i g h t  warrant l e s s  evaluat ion than a model 
whose r e s u l t s  are  t o  be used to  support a f i n d i n g  
or recommendation. 
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5. How is a m o d e l ' s  e f f e c t i v e n e s s  e v a l u a t e d ?  How a re  
mode l s  used  e f f e c t i v e l y ?  

Models a re  e v a l u a t e d ,  l i k e  a n y t h i n g  e l se ,  by 
a p p r o p r i a t e  c r i t e r i a .  One method used  t o  e v a l u a t e  
a model ' s  e f f e c t i v e n e s s  i s  c o n t a i n e d  i n  o u r  r e c e n t  
r e p o r t  on  t h e  T r a n s f e r  Income Model ( T R I M ) ,  
(PAD-78-14). What are t h e  major a s s u m p t i o n s  made 
i n  t h e  model ;  is t h e  d o c u m e n t a t i o n  w r i t t e n  s o  t h a t  
t h e  u s e r / d e c i s i o n m a k e r  c a n  u n d e r s t a n d ,  u s e ,  and 
m a i n t a i n  t h e  model;  and is t h e  model  u s a b l e  by 
p o l i c y  analysts/decisionmakers; are  some q u e s t i o n s  
t h e  TRIM ' report  addressed. A d d i t i o n a l l y ,  e f f e c t i v e -  
n e s s  c a n  be d e t e r m i n e d  by how w e l l  t h e  model 
d e s c r i b e s  o r  p r e d i c t s  e v e n t s .  

Models may be  s a i d  t o  b e  used e f f e c t i v e l y  
when used  by d e c i s i o n m a k e r s  f o r  t h e i r  i n t e n d e d  
p u r p o s e .  To be  s u r e  t h a t  t h e  model is  b e i n g  used  
as i n t e n d e d  would require some s o r t  of i n i t i a l  
e v a l u a t i o n  which may be  v e r y  c o s t l y  i n  terms o f  
t i m e ,  money, and s t a f f .  However, t o  u s e  a model  
w i t h o u t  some s o r t  o f  r e a s o n a b l e ,  s u b s t a n t i v e  
a n a l y s i s / e v a l u a t i o n  is unwise .  

111. Q u e s t i o n s  r e l a t i n g  t o  t h e  u s e  and deve lopmen t  of models  
w i t h i n  GAO 

1. What q u a l i f i c a t i o n s  are  n e c e s s a r y  when r e p o r t i n g  
r e su l t s  b a s e d  o n  a model? 

The t y p e  o f  model used and i t s  g e n e r a l  cha rac -  
t e r i s t ics  s h o u l d  be s p e c i f i e d  i n  t h e  repor t .  
F u r t h e r ,  t h e  workpape r s  s h o u l d  a t  a minimum i d e n t i f y  
t h e  a s s u m p t i o n s  u n d e r l y i n g  t h e  model ,  i m p o r t a n t  
i m p l i c a t i o n s  which c a n  b e  d e r i v e d  from t h e s e  assump- 
t i o n s ,  and t h e  resu l t s  of t h e  model ,  e tc .  T h e r e  
s h o u l d  a l so  be  a n  i n d i c a t i o n  o f  how, when, where,  
e tc . ,  t h e  a s s u m p t i o n s  d i f f e r  f rom p e r c e i v e d  r e a l i t y  
and g i v e  r e a s o n s  why i t  i s  b e l i e v e d  t h e s e  d i f f e r -  
e n c e s  a re  i n s i g n i f i c a n t  f o r  p u r p o s e s  of t h e  p r e s e n t  
a n a l y s i s .  N a t u r a l l y ,  t h e  a v a i l a b i l i t y  of t h i s  
i n f o r m a t i o n  p r e s u p p o s e s  t h a t  t h e  model h a s  been  
e v a l u a t e d  a p p r o p r i a t e l y ,  b u t ,  i n  o u r  o p i n i o n ,  t h i s  
is a n  e s s e n t i a l  s t e p  which  must  b e  comple t ed  b e f o r e  
a model is  used by GAO. O t h e r w i s e ,  t h e  v a l i d i t y  
and c r e d i b i l i t y  o f  GAO s t a t e m e n t s  b a s e d  o n  t h e  
model are  q u e s t i o n a b l e .  A d d i t i o n a l  comments o n  
t h i s  are g i v e n  i n  C h a p t e r  4 and i n  CAM I u n d e r  u s e  
of e x p e r t  a s s i s t a n c e  (pp.  8 . 6  t h r o u g h  8 . 8 ) .  
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2. How can  GAO's u s e  of a model be communicated t o  
o t h e r s ?  

I n  some ins tances ,  GAO's use of a model might 
be r e l e g a t e d  t o  a r e p o r t ' s  t echnica l  appendix or 
it may be p a r t  of a r e p o r t ' s  body. For some novel  
a p p l i c a t i o n s ,  a s t a f f  s tudy  approach might be b e s t ,  
b u t  t h e  u s e  of a model should no t  cause  abnormal 
changes t o  t h e  GAO produc t .  I n  any e v e n t ,  t h e  end 
p roduc t  should c o n t a i n  t h e  i n fo rma t ion  d i s c u s s e d  
i n  q u e s t i o n  5,  p.20 i n  c l e a r ,  c o n c i s e  language .  
A d d i t i o n a l l y ,  a s  GAO u s e s  models ,  it is l i k e l y  
t h a t  c l o s e ,  p r o f e s s i o n a l  communication would 
deve lop  between GAO modelers  and p e r s o n s  us ing  
t h e  same model or  s i m i l a r  t y p e s  of models.  

3 .  I f  w e  use a model developed by someone e lse ,  a r e  we 
no t  i n c o r p o r a t i n g  t h e  b i a s e s  of t h e  deve loper  w i t h  
our a n a l y s i s ?  

A l l  a n a l y t i c  models have some type  of b i a s .  
Th i s  is t h e  p r i n c i p a l  reason why we emphasize 
e v a l u a t i n g  t h e  model p r i o r  t o  i ts  u s e .  However, 
i f  w e  u s e  a model developed by someone else,  w e  
would n o t  n e c e s s a r i l y  i n c o r p o r a t e  t h e  b i a s e s  of 
t h e  deve loper  i n  t h e  GAO a n a l y s i s .  The model 
should  be judged on i t s  own m e r i t s  and its a b i l i t y  
t o  answer c e r t a i n  t y p e s  of q u e s t i o n s .  In t h i s  
manner ,  w e  can p robab ly  i d e n t i f y  any b i a s e s ,  whether 
embedded i n  t h e  assumptions or t h e  unde r ly ing  
methodology, and a d d r e s s  them i n  any s t u d y  using 
t h e  model. If a model was found t o  c o n t a i n  many 
of t h e  d e v e l o p e r ' s  b i a s e s ,  an e x p l a n a t i o n  of how 
t h e s e  b i a s e s  a f f e c t  t h e  model ' s  r e s u l t s  m u s t  be 
g i v e n .  

4 .  What l e v e l s  of c o n t r o l s  a r e  needed when d e c i d i n g  
t o  u s e  a s p e c i f i c  model? 

When d e c i d i n g  t o  u s e  a s p e c i f i c  model,  c e r t a i n  
c o n t r o l s  such a s  (1) de te rmin ing  whether t h i s  model 
is  a p p r o p r i a t e  t o  a d d r e s s  t h e  problem, ( 2 )  d e t e r -  
mining t h e  c o s t  t o  u s e  t h e  model, and ( 3 )  d e t e r -  
mining t h e  r e s o u r c e s  n e c e s s a r y  ( i n  t i m e ,  money, 
and p e r s o n n e l )  t o  use t h e  model, should be main- 
t a i n e d .  A d d i t i o n a l l y ,  if w e  c o n s i d e r  t h e  use of a 
model t o  be t h e  same a s  t h e  use of e x p e r t  a s s i s t -  
a n c e ,  t he re  a r e  c e r t a i n  c o n t r o l s  s p e c i f i e d  i n  t h e  
CAM, P a r t  I ,  and which have a l s o  been i d e n t i f i e d  
i n  Chapter  4. L a s t l y ,  i f  a model,  p a r t i c u l a r l y  
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a l a r g e - s c a l e  model,  i s  t o  be deve loped  f o r  a 
s p e c i f i c  u s e ,  t he re  a re  a d d i t i o n a l  c o n t r o l s / f a c t o r s  
t o  c o n s i d e r .  These a r e  d i s c u s s e d  i n  more d e t a i l  
i n  q u e s t i o n  3 ,  p .  1 6  and i n  t h e  r e p o r t ,  "Ways t o  
Improve Management of F e d e r a l l y  Funded Computer ized 
Models" (LCD-75-111, 8 - 2 3 - 7 6 ) .  

5 .  How do w e  d e t e r m i n e  when t o  use a model? 

F i r s t  o b s e r v e  t h a t  models  a re  used a l l  t h e  
t i m e ,  o f t e n  u n c o n s c i o u s l y .  Anytime t h e  b e h a v i o r  
o f  a sys tem is e s t i m a t e d ,  a model of  some kind is 
b e i n g  u s e d .  Determining  when t o  u s e  a model is 
s i m i l a r  t o  d e t e r m i n i n g  when t o  u s e  a c o n s u l t a n t ,  
and ,  as  w e  have a l r e a d y  p o i n t e d  o u t ,  t h e r e  is a 
p r o c e d u r e  f o r  u s e  of e x p e r t  a s s i s t a n c e  (See CAM, 
P a r t  I or Chapter  4 of t h i s  p a p e r ) .  

A l s o ,  whether  t o  u s e  an e x i s t i n g  model whose 
s t r u c t u r e ,  b e h a v i o r ,  and a b i l i t y  t o  g i v e  r e a s o n a b l e  
a n s w e r s ,  e t c .  a r e  known, whether  t o  d e v e l o p  a new, 
p e r h a p s  more comprehens ive  o r  p e r h a p s  s i m p l e r  
model shou ld  be c o n s i d e r e d  a long  w i t h  d e t e r m i n i n g  
when t o  u s e  a model. T h i s  b a s i c a l l y  is a c o s t /  
e f f e c t i v e n e s s  q u e s t i o n  ( i . e . ,  t h e s e  a r e  two a l t e r -  
n a t i v e s )  which m u s t  be a d d r e s s e d  on an i n d i v i d u a l  
b a s i s .  Many times i n  t h e  p a s t ,  managers  have 
r e l e a r n e d  t h e  l e s s o n  t h a t  it would have been cheape r  
t o  d e v e l o p  a new model t h a n  it was t o  l e a r n  how t o  
use an e x i s t i n g  model a p p r o p r i a t e l y ,  and v i c e - v e r s a .  
A f a c t o r  which  shou ld  be i n c l u d e d  when answer ing  
t h i s  q u e s t i o n  is t h e  i n s t i t u t i o n a l  l e a r n i n g  which 
can accrue t h r o u g h  t h e  deve lopment  of a model.  

The u s e  of an e x i s t i n g  model ,  of c o u r s e ,  
depends  on t h e  a b i l i t y  t o  t r a n s f e r  t h e  model.  Fac- 
t o r s  i n v o l v e d  h e r e  are s u i t a b l e  f a c i l i t i e s  ( i . e . ,  
computer  s y s t e m s ,  hardware  or s o f t w a r e ) ,  s t a f f  
t e c h n i c a l  c a p a b i l i t i e s ,  adequa te  d o c u m e n t a t i o n ,  
and t e c h n i c a l  s u p p o r t  from t h e  d e v e l o p e r s ,  as w e l l  
as  i n s  t i t u  t i o n  a1 c om pa t i b i 1 i t y  . 
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APPENDIX B ' 
APPENDIX B 

TO : Program Planning Committee 
Heads of Divisions 
Regional Managers 

FROM : Executive Secretary, 

SUBJECT: Special PPC Session on the Role 
of Models in GAO Review 
(PPC-78-16, 5/24 /78)  

A summary description of the session and decisions reached 
as a result of it follow. 

P U R P O S E  

To discuss several possible functions or activities related 
to modeling and the possible assignment of responsibility for 
them to GAO divisions and offices. 

CONCLUSIONS REACHED/ 
A C T I O N S  TAKEN OR P L A N N E D  

--There are two basic approaches to how GAO can deal 
with models as analytical tools both a s  users and 
evaluators: (1) develop the necessary expertise 
in each division, or ( 2 )  concentrate the expertise 
in a single division which serves as the Office's 
consultant on model use and evaluation. At present 
both ?AD and FGXSD have some modeling expertise and 
have  assisted other divisions. Other divisions, 
such as C E D  and P S A D ,  have also used and evaluated 
models. Thus, the Office has been taking a hybrid 
approach to models--two divisions have developed 
considerable expertise and are assisting other 
divisions, some of whom are developing experts 
of their own. 

--FGESD and FAD will prepare a paper outlining 
what modeling assistance each presently offers 
and what each would provide in the future. 
Bcwever, r'G?!SD/TAG will be considered the primary 
source of modeling assistance for other divisions. 
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--In many w a y s ,  G . k O ' s  e x p e r i e n c e  w i t h  rodels r i r rors  
its a u t o r , a t i c  d a t a  p r o c e s s i n g  e x p e r i e n c e .  T h i s  is 
q u i t e  e v i d e n t  i n  t h e  t r a i n i n g  a r e a - - s o z e  t r a i n i n g  
i n  m o d e l s  is n e c e s s a r y  f o r  most of our s t a f f .  FGXSD 
a n d  PAD w i l l  c o l l a b o r a t e  o n  a n  e s s e s s m e n t  of t h e  
O f f i c e ' s  o v e r a l l  m o d e l i n g  c a p a b i l i t i e s  a n d  t r a i n i n g  
n e e d s .  This a s s e s s m e n t - - w h i c h  w i l l  be u s e d  f o r  b u d g e t  
d e c i s i o n  making--should  i d e n t i f y  t h e  courses  a v a i l a b l e  
from o u t s i d e  s o u r c e s .  b e  

-PAD'S March * th ink  paper" i s s u e d  w i l l ,  w i t h  some r e f i n e -  
m e n t ,  s e r v e  as a v a l u a b l e  F a r t  of o u r  t r a i n i n g  process. 
PAD a n d  OPP w i l l  r e f i n e  t h e  document  a n d  d i s s e m i n a t e  it 
t o  GkQ s t a f f .  

Approved : 

&kdk. 
ACTING Comptroller G e n e r a l  

of t h e  U n i t e d  S t a t e s  

cc: Issue Area 
coordinators 
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A P P E N D I X  C 

UNITED STATES GOVERN.MENT 

Memorandum 

A P P E N D I X  C 

G ENEIL-iL ACCOLS'I'I~ G 0 F FI CE 

TO : Director, OPP 

SUBJECT: Modeling Assistance - Y o u r  memorandum of 6/19/78 
This memorandum is in response to the special kCC session on 

the role of models in GAO reviews. At that meeting it was agreed 
that FGMSD and PAD would prepare a paper outlining what modeling 
assistance each presently offers and what each would provide in 
the future. 

Current Assistance 

PAD has used large macro-economic models, such as the Wharton, 
Chase and DRI econometric models of the U . S .  economy, t o  a much 
greater extent than has FGMSD. P A D  has also reviewed in some 
detail the Transfer Income Model (TRIM) and the Project Independence 
Energy Systems (PIES) models. Again these are quite large models. 
The large macro-economic models have been used primarily in PAD'S 
own reviews, but have also been used t o  provide assistance to 
other divisions, e.g., to ID in its review of taxation of Americans 
overseas. TRIM was used to provide assistance to HRD, specifically 
to their task force on alternative income distribution systems. 

FGMSD'S experience has, for t h e  most part, been with smal1,er 
models. FGMSD'S Technical Assistance Group (TAG) has reviewed 
agency models on some assignments and has developed its own models 
for others. All the models FGMSD h a s  built have been relatively 
small. Examples of agency models reviewed or currently being 
reviewed by FGMSD/TAG include: (1) the IRS model used in selecting 
individual tax returns for audit; ( 2 )  the model used to compute 
heating oil index prices (i.e., the price that would b e  in effect 
had price control continued); ( 3 )  the CONRAIL model'used to fore- 
cast revenue and costs; and ( 4 )  GSA'S inventory method of supply 
model. 
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Examples  o f  m o d e l s  F G M S D / T A G  h a s  b u i l t  i n c l u d e  m o d e l s  t o  
( 1 )  compute  t h e  a i r l i n e  c o s t s  t h a t  would  h a v e  e x i s t e d  h a d  a i r  
f a r e s  been  d e r e g u l a t e d ;  ( 2 )  f o r e c a s t  P o s t a l  S e r v i c e  v o l u m e s ,  
r e v e n u e ,  a n d  c o s t s ;  ( 3 )  s e l e c t  w e l f a r e  c a s e s  f o r  r e c e r t i f i c a t i o n  
r e v i e w ,  ( 4 )  m e a s u r e  t h e  b e n e f i t s  Of a u t o  s a f e t y  s t a n d a r d s ,  ( 5 )  
a s s e s s  t h e  e c o n o m i c  e f f e c t  o f  f e d e r a l l y  c o n n e c t e d  c h i l d r e n  a n d  
s c h o o l  d i s t r i c t s ,  and. (6) d e t e r m i n e  t h e  c o s t - e f f e c t i v e n e s s  o f  
two m i l i t a r y  p h y s i c i a n  p r o c u r e m e n t  p r o g r a m s .  

F u t u r e  A s s i s t a n c e  

We recommend t h a t  FGMSD h a v e  t h e  l e a d  r o l e  i n  p r o v i d i n g  
m o d e l i n g  a s s i s t a n c e  t o  t h e  o t h e r  d i v i s i o n s  c o n s i s t e n t  w i t h  i t s  
o v e r a l l  t e c h n i c a l  a s s i s t a n c e  r o l e ,  i . e . ,  t h e  o t h e r  d i v i s i o n s  
s h o u l d  b e  i n s t r u c t e d  t o  c o n t a c t  FGMSD/TAG f o r  m o d e l i n g  a s s i s t a n c e .  
TAG c o u l d  t h e n  d e t e r m i n e  w h e t h e r  i t  c o u l d  h a n d l e  t h e  a s s i s t  o r  
r e f e r  t h e  r e q u e s t o r  t o  PAD. 

To t h e  e x t e n t  n e c e s s a r y  t o  a c h i e v e  a u d i t  o b j e c t i v e s ,  FGMSD 
w i l l  ( 1 )  r e v i e w  a n d  comment on a g e n c y  m o d e l s  ( o f  a s m a l l e r  s c a l e  
t h a n  TRIM), a n d  m o d i f y  them as n e c e s s a r y ,  a n d  ( 2 )  d e v e l o p ,  when 
n e c e s s a r y  m o d e l s  s u c h  a s  t h o s e  m e n t i o n e d  a b o v e .  On t h o s e  a s s i g n -  
m e n t s  w h e r e  FGMSD d e t e r m i n e s  t h a t  macro -economic  m o d e l s  ( o r  a n y  
o t h e r  m o d e l s  t h a t  PAD h a s  e x p e r t i s e  i n )  c o u l d  p r o v i d e  t h e  n e e d e d  
a n s w e r s ,  FGMSD w i l l  c o n t a c t  PAD t o  a r r a n g e  f o r  i t s  a s s i s t a n c e .  
(FGMSD c u r r e n t l y  h a s  l i m i t e d  e x p e r t i s e  w i t h  o n e  o f  t h e  m a c r o -  
economic  m o d e l s ) .  I f  a c o n t i n u i n g  demand d e v e l o p s  f o r  o p e r a t i n g  
t h e s e  m o d e l s  on b e h a l f  o f  o t h e r  d i v i s i o n s  ( o t h e r  t h a n  i n  c o n n e c t i o n  
w i t h  P A D ' S  g e n e r a l  ec.onomic a s s i s t a n c e  w o r k ) ,  FGMSD w i l l  d e v e l o p  
t h e  n e e d e d  s k i l l s  t o  r e l i e v e  PAD o f  t h e  b u r d e n  o f  r u n n i n g  t h e  
m o d e l s  a s  d i r e c t  a s s i s t a n c e  t o  t h e  o t h e r  d i v i s i o n s .  

F i n a l l y ,  o t h e r  d i v i s i o n s  s h o u l d  n o t  b e  d i s c o u r a g e d  f rom 
u s i n g  t h e  m o d e l i n g  e x p e r t i s e  t h a t  e x i s t s  w i t h i n  t h e i r  own 
d i v i s i o n s .  F o r  e x a m p l e ,  PSAD s t a f f  s h o u l d  c o n t i n u e  t o  g o  t o  
P S A D ' S  S y s t e m s  A n a l y s i s  s t a f f  f o r  a s s i s t a n c e  on war  games and  
o t h e r  w e a p o n s - t y p e  m o d e l s .  However ,  w e  b e l i e v e  t h e y  s h o u l d  n o t  
a t  t h i s  t i m e  b e  e n c o u r a g e d  t o  h i r e  new s t a f f  members  t o  d o  
m o d e l i n g  work  u n l e s s  a w e l l - d e f i n e d ,  c o n t i n u i n g  n e e d  e x i s t s .  
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t 

August 7 ,  1978 

TO : Heads  of D i v i s i o n s  and  O f f i c e s  * 

SGRJECE Source of  A s s i s t a n c e  i n  R e v i e w i n g  
or U s i n g  Models 

S e v e r a l  of G A O ' S  d i v i s i o n s  h a v e  e i t h e r  r e v i e w e d  m o d e l s  or 
u s e d  inode l s  i n  r e v i e w s  of a g e n c y  p r o g r n m s .  As o u r  e x p e r i e n c e  
h a s  g r o w n ,  t h e r e  h a s  b e e n  some c o n f u s i o n  a s  t o  w h i c h  d i v i s i o n ,  
if a n y I  could  be l o o k e d  t o  f o r  o f f i c e - w i d e  a s s i s t a n c e .  

A t  t h e  r e q u e s t  of t h e  P rogram P l a n n i n g  C o m m i t t e e ,  P A D  a n d  
FGMSD a n a l y z e d  v a r i o u s  m o d e l i n g  n e e d s  of t h e  O f f i c e ,  a n d  recom- 
mended t h a t  FGI4SD be t h e  p r i m a r y  source of m o d e l i n g  a s s i s t a n c e  
i n  GAO. I a g r e e  w i t h  t h a t  r e c o m m e n d a t i o n .  T h e  T e c h n i c a l  As- 
sistance Group of FGHSD should be c o n t a c t e d  whenever any d i v i s i o n  
n e e d s  a s s i s t a n c e  i n  r e v i e w i n g  o r  d e v e l o p i n g  m o d e l s .  I f  FGMSD 
b e l i e v e s  t h a t  t h e  requested a s s i s t a n c e  requires e x ? e r t i s c  ii.h'c:h 
PAD has, t h e  r e q u e s t o r  w i l l  b e  r e f e r r e d  t o  oi- FGIISD will a r r a n g e  
for a s s i s t a n c e  f r o m  PAD.  Where t h e  u s e  of o n e  o f  P A D ' S  l a r g e  
e c o n o m e t r i c  m o d e l s  i s  i n c i d e n t a l  t o  a s s i s t a n c e  i n  e c o n o m i c  an-  
a l y s i s  b e i n g  p r o v i d e d  by  P A D ,  t h e  FGrlSD c o n t a c t  is ,  of c o u r s e ,  
u n n e c e s s a r y .  

W h i l e  t h i s  a r r a n g e m e n t  e s t a b l i s h e s  a s i n g l e  p o i n t - o f -  
c o n t a c t  f o r  m o d e l i n g  a s s i s t a n c e ,  i t  d o e s  n o t  p r e c l u d e  o t h e r  
d i v i s i o n s  f r o m  d e v e l o p i n g  m o d e l i n g  e x p e r t i s e  o n  t h e i r  own. 
However ,  d i v i s i o n s  o t h e r  t h a n  PAD a n d  FGE'ISD a r e  n o t  a u t h o r i z e d  
to  e s t a b l i s h  m o d e l i n g  g r o u p s  o r  s t a f f s ,  nor a r e  t h e y  e n c o u r a g e d  
t o  h i r e  new s t a f f  members t o  do  m o d e l i n g  w o r k  u n l e s s  a w e l l -  
d e f i n e d ,  c o n t i n u i n g  need  c a n  be d e m o n s t r a t e d  t o  the P r o g r a m  
P l a n n i n g  Committee . 
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