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A b s t r a c t  

Does t h e  Food Stamp program improve t h e  n u t r i e n t  i n t a k e  of p a r t i c i -  

p a n t s ?  An e l a b o r a t e  econometr ic  model, based on n u t r i t i o n a l  t h e o r y ,  i s  

used t o  de te rmine  whether t h e  program is  e f f e c t i v e  and t o  q u a n t i f y  i t s  

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

s t u d y  a r e  from t h e  Food Stamps Cashout P r o j e c t  and t h e  R u r a l  Income 

Maintenance Experiment.  

The r e s u l t s  concur w i t h  e a r l i e r  s t u d i e s .  Adequate income i s  no 

g u a r a n t e e  o f  adequa te  n u t r i t i o n .  I n c r e a s e d  income, whether from food 

stamps o r  from o t h e r  s o u r c e s ,  i s  a s s o c i a t e d  w i t h  reduced n u t r i e n t  i n t a k e ,  

a t  l e a s t  i n  t h e  two d a t a  s e t s  s t u d i e d .  Yet food stamps i n c r e a s e  food 

consumption,  and t h e r e f o r e  t h e  program s e r v e s  t o  reduce  hunger .  

Even rudimentary  knowledge of n u t r i t i o n  a p p e a r s  t o  i n c r e a s e  n u t r i e n t  

i n t a k e  c o n s i d e r a b l e .  I t  would appear  t h e r e f o r e  t h a t  a program t o  i n c r e a s e  

knowledge of what c o n s t i t u t e s  a n  adequa te  d i e t  would e f f e c t  t h e  d e s i r e d  

changes i n  t h e  n u t r i t i o n a l  s t a t u s  of t h e  poor .  



KNOWLEDGE I S  BETTER THAN MONEY: THE EFFECT OF 
THE FOOD STAMP PROGRAM ON NUTRIENT INTAKE 

The purpose of  t h e  Food Stamp program is t o  i n c r e a s e  t h e  n u t r i e n t  

i n t a k e  of t h e  poor. According t o  t h e  preamble of  t h e  law,  t h e  program 

is t o  l f a s s u r e  low-income households  t h e  o p p o r t u n i t y  t o  a t t a i n  a n u t r i -  

t i o n a l l y  a d e q u a t e  d i e t  through normal channe l s  o f  t r a d e  by i n c r e a s i n g  

t h e i r  food purchas ing  power and by f u r n i s h i n g  food purchas ing  a s s i s t a n c e  

t o  a l l  e l i g i b l e  i n d i v i d u a l s  who a p p l y  f o r  p a r t i c i p a t i o n . "  (See  U.S. Con- 

g r e s s ,  S e n a t e  Committee on A g r i c u l t u r e ,  N u t r i t i o n ,  and F o r e s t r y ,  1979.)  

The program a r o s e  wi th  a n o t h e r  purpose  a s  w e l l ,  t o  d i s p o s e  o f  s u r p l u s  

c o m m o d i t i e s  i n d u c e d  by a g r i c u l t u r a l  s u b s i d i e s .  I n  1973,  Caro Luhrs  

o f  t h e  U.S. Department of  A g r i c u l t u r e  s t a t e d :  

"We a r e  i n t e r e s t e d  i n  b o t h  [ s u r p l u s  food  and n u t r i t i o n a l  
problems] b u t  we a r e  t h e  USDA. We purchase  t h e  food we d i s t r i b -  
u t e  i n  any e v e n t .  Some o f  t h e  food we purchase  is i n  s u r p l u s  
i n  t h i s  c o u n t r y ,  bu t  much of  t h e  food we d i s t r i b u t e  is n o t .  
The f a c t  t h a t  t h e  USDA purchases  and d i s t r i b u t e s  non-surp lus  
food  c e r t a i n l y  i n d i c a t e s  t h a t  we a r e  a t t e n d i n g  t o  n u t r i t i o n a l  
problems." (Luhrs  1973,  p. 1153)  

The Food S tamp program (FSP) may be s e r v i n g  o t h e r  purposes  a s  

w e l l .  I t  may make donors  happy, e s p e c i a l l y  t h o s e  who would l i k e  t o  

g i v e  food r a t h e r  t h a n  money ( s e e  Thurow, 1974,  and G i e r t z  and S u l l i v a n ,  

1977,  f o r  example) .  A t  t h e  o t h e r  ext reme,  a b e l i e f  t h a t  food s tamps 

can  be s u b s t i t u t e d  f o r  cash i n  t h e  budget combined wi th  t h e  f a c t  t h a t  

e l i g i b i l i t y  is based on income and d e d u c t i o n s  b u t  n o t  f a m i l y  s t r u c t u r e  

can  l e a d  t o  i ts  being cons ide red  a kind of n e g a t i v e  income t a x ,  hence 

f a v o r e d  by t h o s e  who would p l a c e  minimal r e s t r i c t i o n s  on r e c i p i e n t s .  

T h i s  r e s e a r c h  is based on t h e  assumpt ion t h a t  whatever i t s  purposes  

may be ,  t h e  e f f e c t  o f  t h e  FSP on n u t r i e n t  i n t a k e  m a t t e r s .  The p r e v i o u s  



r e s e a r c h  h a s  i n d i c a t e d  t h a t  i t  is n o t  v e r y  e f f e c t i v e ,  b u t  t h a t  r e s e a r c h  

h a s  n o t  u s e d  t h e  b e s t  e c o n o m e t r i c  t e c h n i q u e .  T h i s  pape r  c o n s i d e r s  

a g a i n  t h e  q u e s t i o n  o f  w h e t h e r  t h e  FSP is e f f e c t i v e ,  q u a n t i f i e s  t h e  

e f f e c t ,  c o n t r o l s  f o r  s e l e c t i o n  b i a s ,  and e v a l u a t e s  t h e  e f f e c t  on  n u t r i -  

t i o n a l l y  r e l e v a n t  i n t a k e .  C o n t r o l l i n g  c a r e f u l l y  f o r  s e l e c t i o n  b i a s  

a n d  n u t r i t i o n a l  t h e o r y  c o n c e r n i n g  e f f e c t i v e  n u t r i e n t  i n t a k e  may o r  

may n o t  make a d i f f e r e n c e  t o  t h e  r e s u l t s ,  b u t  i t  r e f i n e s  t h e  estimates 

a n d  may h e l p  t o  show what t h e  program is r e a l l y  d o i n g  n u t r i t i o n a l l y .  

The f i rst  p a r t  of  t h e  t i t l e  r e f e r s  t o  t h e  f a c t  t h a t  i n  r a i s i n g  

n u t r i e n t  i n t a k e ,  a l i t t l e  knowledge o f  n u t r i t i o n  is more e f f e c t i v e  

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

The f o l l o w i n g  s e c t i o n s  p r e s e n t  ( 1  ) a l i t e r a t u r e  r e v i e w ,  ( 2 )  n u t r i -  

t i o n a l  and  economic t h e o r y ,  ( 3 )  t h e  e c o n o m e t r i c  methodology,  ( 4 )  t h e  

d a t a ,  ( 5 )  t h e  r e s u l t s  from t h e  o l d  p e o p l e ,  ( 6 )  t h e  r e s u l t s  from t h e  

r u r a l  p e o p l e ,  ( 7 )  t h e  p o l i c y  i m p l i c a t i o n s ,  and  ( 8 )  a summary. 

S e c t i o n  1 . L i t e r a t u r e  Review 

The s t u d i e s  o f  t h e  n u t r i t i o n a l  e f f e c t s  o f  t h e  Food Stamp program 

and similar programs are p r e s e n t e d  i n  T a b l e  1 .  The R u r a l  Income Mainte-  

n a n c e  Exper iment  is  c o n s i d e r e d  i n  one  s t u d y .  ( I n  t h i s  p a p e r ,  t h e  e f f e c t  

o f  f o o d  s t a m p s  i n  t h a t  sample  is e s t i m a t e d . )  The Commodity Food D i s t r i b u -  

t i o n  Program is examined i n  t h r e e  s t u d i e s .  

OIConnor ,  Madden, and  P r i n d l e  (1976)  examined t h e  e f f e c t s  o f  t h e  

R u r a l  Income  Main tenance  Exper iment  o n  n u t r i e n t  i n t a k e .  ( T h i s  l a ter  

a p p e a r e d  as OVConnor and  Madden, 1979 . )  Madden and  Yoder (1972)  s t u d i e d  

t h e  e f f e c t  o f  f o o d  s t amps  i n  two s u r v e y s  i n  Bedford  County and  two 

s u r v e y s  i n  Huntingdon County ,  P e n n s y l v a n i a ,  and t h e  e f f e c t  o f  commodi t ies  

i n  one  s u r v e y  i n  Bedford  County.  The r e s u l t s  f o r  commodi t ies  are r e p o r t -  



Table  1 

S t u d i e s  of  t h e  N u t r i t i o n a l  E f f e c t  of  t h e  Food Stamp Program 
and S i m i l a r  Programs 

1 0 '  Connor, Madden, and P r i n d l e  (1976) 
2 Madden and Yoder (1 972) (commodities)  

( food  s t amps)  
3 G u t h r i e ,  Madden, Yoder, and Koontz (1972) 

(commodities ) 
4 Lane (1978) (commodities and food s t amps)  
5  Johnson,  B u r t ,  and Morgan (1 981 ) 
6  Whi t f  i e l d  (1 982 ) 
7  Akin,  G i l k e y ,  Popkin ,  and Smith (1985) 
8  B u t l e r ,  O h l s ,  and Posner (1 985) 

Rura l  IME 
1 s u r v e y  
4 s u r v e y s  

1 s u r v e y  
1 s u r v e y  
NFCS 
1 s u r v e y  
NFCS 
FS C 

p a r t s  of NC and Iowa 
p a r t  of  PA 
p a r t s  of PA 

p a r t  of  PA 
Kern Co.,  C A  
n a t i o n a l  
T u l s a ,  O K  
n a t i o n a l  
parts of  N Y ,  OR, and SC 

N u t r i e n t  

C a l o r i e s  
P r o t e i n  
Calcium 
I r o n  
Vitamin A 
Thiamin ( B l )  
R i b o f l a v i n  (B2) 
Niac in  
Vitamin C 
Phosphorous 
P y r i d o x i n e  (B6 ) 

1 2  3 4 4 5  6  7 7 8  
I A CFDP ESP P  NP 
- **  + + * 0  + *  + *  + + - +  

Notes : * s i g n i f i c a n t  a t  t h e  5% l e v e l  
** s i g n i f i c a n t  a t  t h e  10% l e v e l  
Blank s p a c e s  i n d i c a t e  t h a t  a  n u t r i e n t  was n o t  i n c l u d e d  i n  a  s t u d y .  
IME = Income Maintenance Experiment 
NFCS = Nat iona l  Food Consumption Survey 
CFDP = Commodity Food D i s t r i b u t i o n  Program 
FSC = Food Stamps Cashout 

E f f e c t s  i n  r e f e r e n c e  2  a r e  based on  food s tamps and a r e  a v e r a g e s ;  i n  Hunting- 
don County s e v e r a l  e f f e c t s  were n e g a t i v e ,  and i n  Bedford County a l l  e f f e c t s  were 
p o s i t i v e ,  bu t  none were s i g n i f i c a n t  excep t  i n  t h e  f i rst  two weeks a f t e r  r e c e i p t .  
The r e s u l t s  f o r  t h e  commodities a r e  r e p o r t e d  a s  r e f e r e n c e  3. 

Reference  4 shows means c o r r e c t e d  f o r  income devoted t o  food  but  n o t  f o r  
any o t h e r  c h a r a c t e r i s t i c s .  A f i g u r e  o f  0  is no e f f e c t  a s  r e p o r t e d  i n  t h e  s o u r c e ,  
which r e p o r t s  o n l y  two s i g n i f i c a n t  d i g i t s  i n  t h e  s t a t i s t i c s .  

Reference  5  r e p o r t s  c a l o r i e s  and summary measures o n l y ,  o b t a i n i n g  s i g n i f i -  
c a n t  (5% l e v e l )  r e s u l t s  i n  a  summary measure based on  seven n u t r i e n t s .  

P  and NP under a  r e f e r e n c e  r e f e r  t o  p a r t i c i p a n t s  and non-par t i ' c ipan t s ;  t h e y  
e s t i m a t e  s e p a r a t e  e q u a t i o n s  f o r  each  group.  C o e f f i c i e n t s  r e l a t e  t o  measures 
of p a r t i c i p a t i o n .  Food Stamp bonus has  a  n e g a t i v e  e f f e c t  on c a l o r i e s  ( n o n - s i g n i f i -  
c a n t ) ;  its e f f e c t  on  o t h e r  n u t r i e n t s  is n o t  r e p o r t e d .  



e d  s e p a r a t e l y  i n  G u t h r i e ,  e t  a l .  (1972) .  Lane (1978)  used a  su rvey  

f r o m  Kern C o u n t y ,  C a l i f o r n i a ,  t o  s t u d y  food stamps.  Johnson,  B u r t ,  

a n d  Morgan ( 1 9 8 1 )  u s e d  t h e  same n a t i o n a l  s u r v e y ,  t h e  N a t i o n a l  Food 

Consumption Survey,  a s  Akin e t  a l .  ( 1 9 8 5 ) ,  b u t  t h e  f i r s t  s t u d y  employed 

o n l y  c a l o r i e s  and summary measures ,  whi le  t h e  second r e p o r t e d  r e s u l t s  

f o r  i n d i v i d u a l  n u t r i e n t s ,  and used more s o p h i s t i c a t e d  models. Whi t f  i e l d  

(1982)  used a  su rvey  from Tulsa  t o  s t u d y  food  s tamps.  B u t l e r ,  Ohls ,  

and Posner  (1985)  s t u d i e d  food s tamps u s i n g  one of  t h e  d a t a  s e t s  t o  

be  u s e d  i n  t h i s  p a p e r ,  bu t  wi th  a  d i f f e r e n t  s p e c i f i c a t i o n  from t h e  

one h e r e  . 
U n f o r t u n a t e l y ,  Lane (1978)  r e p o r t s  d i f f e r e n c e s  of  means c o r r e c t e d  

o n l y  f o r  income, n o t  f o r  any o t h e r  economic o r  demographic v a r i a b l e s ,  

s o  t h e  e f f e c t s  canno t  be i n t e r p r e t e d  as being due t o  food s tamps.  

C o n c l u s i o n s  from Akin e t  a l .  (1985)  p r e s e n t e d  h e r e  a r e  based on 

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

d i f f e r  f r o m  t h e  c o n c l u s i o n s  i n  t h e  I1Policy I m p l i c a t i o n s "  s e c t i o n  o f  

t h e i r  a r t i c l e ,  which a r e  based on t h e  average  behav io r  of  p a r t i c i p a n t s ,  

who d i f f e r  i n  o t h e r  r e s p e c t s  from n o n - p a r t i c i p a n t s .  

The c o n c l u s i o n s  drawn from Table  1 depend on t h e  we igh t ing  a p p l i e d  

t o  each  s t u d y .  Here we i g n o r e  Lane 's  s t u d y  (number 4 )  and weight  t h e  

o t h e r s  e q u a l l y .  The e f f e c t  of  t h e  Food Stamp program is p o s i t i v e  on 

most n u t r i e n t s  i n  most c a s e s  ( 5 5  of  6 8 ) .  Of t h e s e  e s t i m a t e d  e f f e c t s ,  

10 a r e  s i g n i f i c a n t  a t  t h e  5% l e v e l  ( 8  p o s i t i v e ) ,  and 5  more come i n  

a t  t h e  10% l e v e l  ( 4  p o s i t i v e ) .  C a l o r i e s  and Vitamin C a r e  t h e  most 

l i k e l y  t o  be a f f e c t e d  s i g n i f i c a n t l y ,  bu t  n e i t h e r  is comple te ly  c o n s i s t e n t  

a c r o s s  a l l  s t u d i e s .  The a p p r o p r i a t e  c o n c l u s i o n  seems t o  be t h a t  food 

s tamps and s i m i l a r  programs have weak p o s i t i v e  e f f e c t s .  



The o n l y  s t u d i e s  i n  t h e  list which c o n t r o l l e d  f o r  t h e  endogenous 

o r  s e l f - s e l e c t e d  p a r t i c i p a t i o n  a r e  t h e  l a s t  two. Akin e t  a l .  f i n d  

p o s i t i v e  e f f e c t s  based on t h e  e s t i m a t e d  c o e f f i c i e n t s  from t h e i r  e q u a t i o n s  

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

f o r  e l i g i b l e  n o n - p a r t i c i p a n t s  and i n e l i g i b l e s .  The l a s t  s t u d y  found 

p o s i t i v e  r e s u l t s  bu t  coded p a r t i c i p a t i o n  a s  a  dummy v a r i a b l e ,  i g n o r i n g  

t h e  amount of food  s tamps r e c e i v e d .  T h i s  paper is a n  extended r e s p e c i f i -  

c a t i o n  a n d  r e e s t i m a t i o n  of t h a t  s tudy .  Thus t h e  b e s t  e s t i m a t e s  i n  

a  s t a t i s t i c a l  s e n s e  a r e  t h e  weakest  f o r  t h e  Food Stamp program. 

The food  s tamps r e c e i v e d  by p a r t i c i p a n t s  i n  t h e  Rura l  Income Main- 

t e n a n c e  Experiment have n o t  been ana lyzed  b e f o r e ,  s o  t h e y  a l l o w  a  new 

assessment  o f  t h e  e f f e c t  of  food  stamps.  

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

from n o n - p a r t i c i p a n t s ,  a  f i n d i n g  o f  both  Lane and Akin e t  a l .  However, 

t h e  m a r g i n a l  e f f e c t  of food s tamps,  n o t  t h e  d i f f e r e n c e s  between t h e  

g roups ,  is t h e  a p p r o p r i a t e  measure of  t h e  e f f e c t  of t h e  p o l i c y .  That  

peop le  d i v i d e  themse lves  i n t o  groups  is n o t  t o  t h e  c r e d i t  of  t h e  program. 

S e c t i o n  2 .  T h e o r e t i c a l  C o n s i d e r a t i o n s  

N u t r i e n t s  a r e  n o t  p u r c h a s e d  d i r e c t l y  i n  most c a s e s ;  food  is. 

T h u s  n u t r i e n t  i n t a k e  is  a f f e c t e d  by a l l  economic and s o c i a l  f a c t o r s  

w h i c h  g o v e r n  t h e  consumpt ion  o f  food.  Fur thermore ,  n u t r i e n t  i n t a k e  

i s  a l s o  g o v e r n e d  by p h y s i o l o g i c a l  f a c t o r s  r e l a t e d  t o  t h e  body. The 

demand f o r  food i s  u l t i m a t e l y  d e r i v e d  from t h e  body 's  needs  f o r  n u t r i e n t s  

t o  r e m a i n  a c t i v e  a t  a  chosen l e v e l .  For most peop le ,  however, food 

s e r v e s  s o c i a l  purposes  a s  w e l l .  F i n a l l y ,  some people  seek  o u t  n u t r i e n t s  

d i r e c t l y ,  choosing foods  n o t  o n l y  t o  a l l a y  hunger f o r  t h e  moment b u t  



a l s o  t o  a c h i e v e  n u t r i t i o n a l  g o a l s  d i r e c t l y .  Thus,  both  economic and 

n u t r i t i o n a l  t h e o r y  must be c o n s u l t e d  i n  s t u d y i n g  n u t r i e n t  i n t a k e .  

S e c t i o n  2.1.  F a c t o r s  A f f e c t i n g  N u t r i e n t  I n t a k e  

N u t r i e n t  i n t a k e  is a  f u n c t i o n  of  income, demography, geography,  

e d u c a t i o n ,  t i m e ,  and t h e  p h y s i c a l  body. 

P h y s i c a l  f a c t o r s  de te rmine  how much of  each  n u t r i e n t  is r e q u i r e d  

t o  c a r r y  o u t  a n  a c t i v i t y  o r  a  l i f e .  Age, r a c e ,  and gender may a f f e c t  

t h i s ,  b u t  t h e  main r e a d i l y  o b s e r v a b l e  f a c t o r s  r e l a t e d  t o  n u t r i e n t  needs  

f o r  g iven  p h y s i c a l  a c t i v i t y  a r e  h e i g h t  and we igh t .  Weight is a p t  t o  

b e  h i g h l y  endogenous t o  n u t r i e n t  i n t a k e ,  h e i g h t  l e s s  s o .  Height  is 

used h e r e .  

Income a f f e c t s  b o t h  t h e  w i l l i n g n e s s  and t h e  a b i l i t y  t o  consume 

n u t r i e n t s :  t h e  w i l l i n g n e s s  th rough  c h o i c e s  made t o  a l l o c a t e  t h e  budge t ,  

t h e  a b i l i t y  th rough  t h e  s i z e  of  t h e  budget .  Food s tamp bonuses a c c e p t e d  

may a f f e c t  n u t r i e n t  i n t a k e  a s  o t h e r  income does ,  bu t  t h e r e  may a l s o  

be d i f f e r e n c e s .  Much r e s e a r c h  h a s  shown t h a t  a  l a r g e r  p o r t i o n  of  food 

s t a m p s  t h a n  of  o t h e r  income t e n d s  t o  be used f o r  food .  The e f f e c t  

on n u t r i e n t  i n t a k e  cou ld  be g r e a t e r  t h a n  f o r  o t h e r  income i f  r e c i p i e n t s  

buy n u t r i t i o n a l  food i n  t h e i r  i n c r e a s e d  e x p e n d i t u r e s ;  i t  cou ld  be l e s s ,  

i f  a  d e g r e e  o f  compulsion is involved which r e s u l t s  i n  i n e f f i c i e n c y  

i n  t u r n i n g  d o l l a r s  i n t o  n u t r i e n t s .  

Demograph ic  f a c t o r s - - a g e ,  r a c e ,  and gender--may a f f e c t  n u t r i e n t  

i n t a k e  f o r  a  v a r i e t y  of  r e a s o n s ,  some o f  which a r e  a l r e a d y  l i s t e d .  

I t  would be d i f f i c u l t  t o  guess  what t h e  n e t  e f f e c t  might be. However, 

a n o t h e r  f a c t o r ,  l i v i n g  a l o n e ,  p robab ly  reduces  n u t r i e n t  i n t a k e  based 

on l e s s e n e d  i n t e r e s t  i n  food o r  g r e a t e r  t e c h n i c a l  i n e f f i c i e n c y  i n  buying,  

s t o r i n g ,  and cooking f o r  one.  Men who l i v e  a l o n e  ( e s p e c i a l l y  e l d e r l y  



men) may be p a r t i c u l a r l y  u n s u i t e d  t o  domest ic  t a s k s ,  such  a s  p r e p a r i n g  

food .  Thus, t h e y  may be even l e s s  e f f i c i e n t  i n  consuming n u t r i e n t s .  

D i e t s  may d i f f e r  over  geographic  r e g i o n s ,  s o  one shou ld  c o n t r o l  

f o r  g e o g r a p h i c a l  a r e a s .  Rura l  l o c a t i o n s  may be s y s t e m a t i c a l l y  d i f f e r e n t  

i n  ways t h a t  a f f e c t  t h e  w i l l i n g n e s s  and a b i l i t y  t o  o b t a i n  n u t r i e n t s .  

E d u c a t i o n  is  a  m a j o r  f a c t o r  i n  models based on  human c a p i t a l ,  

a n d  t h e  p r o d u c t i o n  of  n u t r i e n t s  is a  major o u t p u t  of  t h e  household  

p r o d u c t i o n  f u n c t i o n .  Two t y p e s  of  human c a p i t a l  a r e  d i s t i n g u i s h e d ,  

g e n e r a l  and s p e c i f i c .  General  human c a p i t a l  is measured by y e a r s  o f  

f o r m a l  e d u c a t i o n .  S p e c i f i c  human c a p i t a l  is measured by a  key q u e s t i o n  

on  both  s u r v e y s  used h e r e  t o  measure knowledge o f  n u t r i t i o n .  The ques- 

t i o n  i n  t h e  Rural  Income Maintenance Experiment is: 

Next  I would  l i k e  t o  a s k  your i d e a s  abou t  what foods  and 
d r i n k s  a  p e r s o n  shou ld  have t o  keep i n  good h e a l t h .  What 
t h i n g s  d o  you t h i n k  a  h e a l t h y  person s h o u l d  e a t  o r  d r i n k  
d a i l y  t o  be h e a l t h y ?  (Family Management I n t e r v i e w  V ,  1970, 
P a r t  B ,  p. 2 9 ) .  

A s i m i l a r  q u e s t i o n  is asked i n  t h e  Food Stamps Cashout su rvey :  "What 

k i n d s  of foods  do you t h i n k  a  person should  e a t  t o  m a i n t a i n  good h e a l t h ? "  

( Q u e s t i o n  2 4 ,  p. 1 1 7 ) .  I n  each  c a s e ,  t h e  responden t  cou ld  name any 

number o f  f o o d s  and t h e  r e s u l t  was coded by c o u n t i n g  t h e  number of  

t h e  f o u r  b a s i c  food g roups  r e p r e s e n t e d .  These a r e  ( 1 )  f r u i t s  and vegeta-  

b l e s ,  ( 2 )  bread and g r a i n s ,  ( 3 )  meat o r  h i g h - p r o t e i n  s u b s t i t u t e s ,  and 

( 4 )  d a i r y  p r o d u c t s ,  e s p e c i a l l y  m i l k .  

Dining on t h e  weekends may be d i f f e r e n t  from d i n i n g  on o t h e r  days ,  

because o t h e r  behavior  is q u i t e  d i f f e r e n t .  Most peop le  do l e s s  market  

work, f o r  example,  a l t h o u g h  t h e  d i f f e r e n c e  i n  r u r a l  a r e a s  may be smal- 



l e r .  B ig  meals may be planned o r  o r d i n a r y  meals sk ipped .  The e f f e c t  

o f  weekends is ambiguous. 

S e c t i o n  2 .2 .  E f f e c t i v e  N u t r i e n t  I n t a k e  

E f f e c t i v e  n u t r i e n t  i n t a k e  may d i f f e r  from t o t a l  n u t r i e n t  i n t a k e .  

Regular  i n t a k e  o f  n u t r i e n t s  is r e q u i r e d  t o  main ta in  good h e a l t h .  I n  

o r d e r  t o  p rov ide  gu idance  i n  d i e t a r y  s t a n d a r d s ,  t h e  N a t i o n a l  Research 

Counc i l  o f  t h e  Uni ted  S t a t e s  p u b l i s h e s  recommended d i e t a r y  a l lowances  

( R D A 1 s )  d e f i n e d  f o r  v a r i o u s  combinat ions  o f  age  and s e x  ( s e e  G u t h r i e ,  

1 9 7 5  on t h i s  p o i n t  a n d  o t h e r s  d i s c u s s e d  h e r e ) .  The s t a n d a r d s  used 

f o r  comparisons of foods  and t h e  p e r c e n t a g e s  w r i t t e n  on t h e  s i d e s  of 

c o n t a i n e r s  o f  food ,  a r e  based on t h e  l a r g e s t  r e q u i r e m e n t s  f o r  h e a l t h y  

p e r s o n s ,  t h e  U.S. R D A  ( s e e  P e t e r k i n ,  1977,  and Souders ,  1 9 7 4 ) .  For 

e x a m p l e ,  i r o n  i s  b a s e d  o n  t h e  needs  o f  m e n s t r u a t i n g  women, Vitamin 

D on t h e  needs  of  growing t e e n a g e r s ,  e t c .  Thus, f o r  any p e r s o n ,  some 

n u t r i e n t s  a r e  n o t  needed a t  t h e  100% l e v e l  impl ied  by t h e  government 

s t a n d a r d s .  Aside from t h a t ,  t h e  R D A 1 s  a r e  s e t  s o  t h a t  a lmos t  e v e r y  

h e a l t h y  p e r s o n  would have enough o f  a l l  n u t r i e n t s  under them. When 

G u t h r i e  e t  a l .  ( 1  9 7 2 )  s t u d i e d  n u t r i e n t  i n t a k e ,  t h e y  c o n s i d e r e d  67% 

t o  be t h e  c u t o f f  f o r  n u t r i t i o n a l  d e f i c i e n c y .  I n  t h i s  p a p e r ,  67% and 

100% a r e  used.  

S e c t i o n  4.3 of t h i s  paper  d i s c u s s e s  t h e  problem o f  u s i n g  one d a y ' s  

n u t r i e n t  i n t a k e  t o  measure n u t r i t i o n a l  s t a t u s .  Under c o n d i t i o n s  d i s -  

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

a t t a i n m e n t  and can be used t o  g e n e r a t e  d i s t r i b u t i o n s  over  a  p o p u l a t i o n .  

A l l  n u t r i e n t  d a t a  i n  t h i s  paper a r e  d i v i d e d  by t h e  a p p r o p r i a t e  

R D A 1 s :  t h o s e  f o r  men and women over  t h e  age  o f  50 i n  t h e  Food Stamp 

Cashout d a t a ,  t h e  t o t a l  RDA of t h e  f a m i l y  concerned i n  t h e  Rural  Income 



Maintenance Experiment. The v a r i a b l e  s o  d e f i n e d  i s  c a l l e d  t h e  n u t r i e n t  

adequacy r a t i o  ( N A R ) .  A l l  t h e  a n a l y s i s  is done i n  t e rms  o f  t h e  N A R ' s ,  

r a t h e r  t h a n  i n  t e r m s  o f  t h e  a c t u a l  q u a n t i t y  o f  n u t r i e n t  consumed. 

The N A R  may be ana lyzed  un t runca ted  o r  t r u n c a t e d  a t  v a r i o u s  l e v e l s ,  

b u t  i t  is i n  any e v e n t  t h e  b e s t  measure o f  d i e t a r y  i n t a k e  of  one n u t r i -  

e n t .  When t h e  N A R I S  of a  v a r i e t y  o f  n u t r i e n t s  a r e  computed, t r u n c a t e d  

a t  a n  a p p r o p r i a t e  l e v e l ,  and averaged ,  t h e  r e s u l t  is t h e  mean adequacy 

r a t i o  ( M A R ) .  

S e c t i o n  3. Econometric Methodology 

The b a s i c  i d e a  is t o  use  r e g r e s s i o n  a n a l y s i s ,  b u t  t h e r e  a r e  complica- 

t i o n s  impl ied  by n u t r i t i o n a l  t h e o r y  and econometr ic  t h e o r y .  The f i r s t  

i m p l i e s  a  t r u n c a t e d  n u t r i t i o n a l  outcome, and t h e  second i m p l i e s  t h e  

e n d o g e n e i t y  o f  p a r t i c i p a t i o n  and t h e  t o t a l  bonus r e c e i v e d ,  which may 

be c o n s i d e r e d  a  problem o f  s e l e c t i o n  b i a s .  Were i t  n o t  f o r  t h e s e  mat- 

t e r s ,  t h e  e s t i m a t i o n  cou ld  begin  and end wi th  o r d i n a r y  l e a s t  s q u a r e s  

e s t i m a t i o n  o f  r e g r e s s i o n s  of  n u t r i e n t  R D A 1 s  on v a r i a b l e s  r e p r e s e n t i n g  

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

a r e  d e s c r i b e d ,  t h e n  t h e  s o l u t i o n ,  namely, method o f  moments e s t i m a t i o n .  

S e c t i o n  3.1. T r u n c a t i o n  of  E f f e c t i v e  N u t r i e n t  I n t a k e  

The t r u n c a t i o n  of  t h e  n u t r i e n t  i n t a k e  a t  a  s p e c i f i e d  p e r c e n t a g e  

o f  t h e  RDA is impl ied  by n u t r i t i o n a l  t h e o r y ,  because n u t r i e n t s  do  n o t  

s u b s t i t u t e  f o r  each  o t h e r  i n  g e n e r a l ,  bu t  t h a t  does  n o t  n e c e s s a r i l y  

i n v a l i d a t e  t h e  use of r e g r e s s i o n .  The u s u a l  s o l u t i o n  i n  c a s e s  o f  t r u n -  

c a t e d  r e g r e s s i o n ,  a  t o b i t  model, is i n a p p r o p r i a t e  h e r e ,  because  t h e  

u n t r u n c a t e d  d a t a  a r e  a v a i l a b l e  a s  w e l l  a s  t h e  measure of  e f f e c t i v e  

n u t r i t i o n .  A s  l o n g  a s  t h e  normal ly  d i s t r i b u t e d  r e g r e s s i o n  model a p p l i e s ,  



t h e  mos t  e f f i c i e n t  p r o c e d u r e  is t o  e s t i m a t e  t h e  r e l a t i o n s h i p  between 

u n t r u n c a t e d  n u t r i e n t  i n t a k e  and t h e  e x p l a n a t o r y  v a r i a b l e s ,  t h e n  a p p l y  

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

o f  t h e  p r o p e r l y  t r u n c a t e d  amoun t s  o f  n u t r i e n t  i n t a k e .  Appendix A ,  

"The T o b i t  Framework i n  t h e  A n a l y s i s  o f  N u t r i e n t  I n t a k e  Da ta , "  d i s c u s -  

ses t h i s  p o i n t  i n  d e t a i l .  

S e c t i o n  3 .2 .  T r a n s f o r m a t i o n  o f  t h e  E s t i m a t e d  Parameters 

The e s t i m a t e d  r e g r e s s i o n s  are t r a n s f o r m e d  i n t o  e s t i m a t e d  p r o b a b i l i -  

t i e s  o f  a t t a i n i n g  a n  a d e q u a t e  d i e t  and e x p e c t e d  e f f e c t i v e  n u t r i t i o n .  

Each e x p l a n a t o r y  v a r i a b l e ' s  e s t i m a t e d  m a r g i n a l  impact  on e a c h  of  t h e s e  

is c a l c u l a t e d .  The mean adequacy r a t i o  o r  MAR is t h e  mean o f  t h e  t r u n -  

c a t e d  N A R 1 s .  I t  is c a l c u l a t e d  as are t h e  m a r g i n a l  i m p a c t s  of  t h e  exp lan -  

a t o r y  v a r i a b l e s  on  i t .  The b e s t  summary measure o f  t h e  e f f e c t  o f  a n  

e x p l a n a t o r y  v a r i a b l e  on t he  d i e t  is found as t h e  m a r g i n a l  impac t  o f  

t h e  v a r i a b l e  on t h e  M A R .  Note t h a t  t h e  M A R ,  t h e  a v e r a g e  o f  a number 

o f  t r u n c a t e d  v a r i a b l e s ,  h a s  a complex d i s t r i b u t i o n ,  b u t  i t  c a n  be ana-  

l y z e d  by r e g r e s s i n g  e a c h  u n t r u n c a t e d  NAR on  a p p r o p r i a t e  v a r i a b l e s  and  

w o r k i n g  w i t h  t h e  r e s u l t i n g  t r u n c a t e d  normal d i s t r i b u t i o n s .  The MAR 

is d i s c u s s e d  more below. 

S e c t i o n  3.3. S e l e c t i o n  Bias 

The matter o f  s e l e c t i o n  i n t o  t h e  program refers  t o  t h e  f a c t  t h a t  

p e o p l e  choose  t o  be i n  t h e  Food Stamp program, and t h e  unobserved  o r  

random a s p e c t s  o f  t h e  d e c i s i o n  c a n  be c o r r e l a t e d  w i t h  n u t r i e n t  i n t a k e .  

P e o p l e  m o t i v a t e d  t o  j o i n  t h e  program may t e n d  t o  seek h i g h e r  o r  l ower  

l e v e l s  o f  n u t r i e n t s ,  o t h e r  t h i n g s  e q u a l .  Two problems ar ise.  The 

f irst  is t h a t  t h e  most i m p o r t a n t  c o e f f i c i e n t  i n  t h e  n u t r i e n t  e q u a t i o n s  



f o r  purposes  o f  p o l i c y  is t h a t  on food stamp bonus r e c e i v e d ,  but  t h a t  

v a r i a b l e  is endogenous and must be t r e a t e d  a s  s u c h ;  some kind o f  i n s t r u -  

menta l  v a r i a b l e  must be found.  Unl ike  many c a s e s  o f  endogenous v a r i -  

a b l e s ,  however, one is immediately a t  hand: p o t e n t i a l  food stamp bonus. 

P o t e n t i a l  bonus does  n o t  a f f e c t  n u t r i e n t  i n t a k e ;  o n l y  money a c c e p t e d  

can be s p e n t .  P o t e n t i a l  bonus, t h e r e f o r e ,  does  n o t  belong i n  t h e  n u t r i -  

e n t  e q u a t i o n .  I t  is c e r t a i n l y  c o r r e l a t e d  wi th  a c t u a l  bonus, however, 

and u n l e s s  people  behave s t r a t e g i c a l l y  t o  become e l i g i b l e  because  t h e y  

a r e  consuming n u t r i e n t s ,  p o t e n t i a l  bonus is u n c o r r e l a t e d  w i t h  t h e  d i s t u r -  

bance i n  t h e  n u t r i e n t  e q u a t i o n .  Thus,  t h e r e  is a n  i n s t r u m e n t a l  v a r i a b l e  

f o r  bonus r e c e i v e d .  

C o r r e c t i n g  f o r  s e l e c t i o n  b i a s  e n t a i l s  e s t i m a t i n g  a  p a r t i c i p a t i o n  

e q u a t i o n .  T h a t  e q u a t i o n  r e c e i v e s  l i t t l e  a t t e n t i o n  h e r e ,  s i n c e  t h e  

FSC r e s u l t s  a r e  d i s c u s s e d  i n  d e t a i l  i n  o t h e r  papers  ( B u t l e r  and Schoen- 

man, 1986,  and B u t l e r ,  1986) .  

The s e c o n d  p r o b l e m  is  t h a t  t h e  e x p e c t a t i o n  o f  t h e  d i s t u r b a n c e  

i n  t h e  n u t r i e n t  e q u a t i o n  is no t  z e r o  g iven  t h e  p a r t i c i p a t i o n  s t a t u s  

( i n  o r  o u t  o f  t h e  program),  o r  e q u i v a l e n t l y  t h e  a c t u a l  bonus r e c e i v e d  

( p o s i t i v e  o r  z e r o ) .  T h i s  problem can be handled w i t h  t h e  u s u a l  Heckman 

c o r r e c t i o n  (Heckman, 1 9 7 6 ) ,  b u t  t h e  lambda term r e p r e s e n t i n g  t h e  expec t -  

ed  v a l u e  of t h e  d i s t u r b a n c e  i n  t h e  n u t r i e n t  e q u a t i o n  g iven  t h e  p a r t i c i p a -  

t i o n  s t a t u s  is endogenous,  which cannot  be ignored  i f  t h e  c o r r e c t  s t a n -  

d a r d  e r r o r s  a r e  t o  be  o b t a i n e d .  A n o t h e r  i n s t r u m e n t a l  v a r i a b l e  is 

needed.  I n  t h e  c a s e  of t h e  Food Stamps Cashout d a t a  s e t ,  a s s e t s  a r e  

u s e d ;  t h e y  a f f e c t  p a r t i c i p a t i o n  bu t  n o t  n u t r i e n t  i n t a k e ,  because once 

income o f  a l l  t y p e s  is g i v e n ,  t h e  source  o f  p r a c t i c a l l y  a l l  spend ing  

f o r  f o o d  i s  s p e c i f i e d .  O b j e c t i o n s  a r e  p o s s i b l e ,  but  t h e  c o n n e c t i o n  



b e t w e e n  a s s e t s  a n d  t h e  f o o d  b u d g e t  seems t o o  t enuous  t o  m a i n t a i n .  

I n  t h e  R u r a l  Income M a i n t e n a n c e  Experiment d a t a  s e t ,  v a r i o u s  t r i e s  

n e t t e d  n o t h i n g  which could  e f f e c t i v e l y  i d e n t i f y  lambda. Unmanageable 

m u l t i c o l l i n e a r i t y  r e s u l t e d  i n  minuscule  t - v a l u e s  f o r  e v e r y t h i n g .  Thus 

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

t h e  e x e r c i s e  o f  e s t i m a t i n g  bonus amounts, r e p o r t e d  i n  Appendix D ,  found 

no ev idence  of s e l e c t i o n  b i a s  i n  t h i s  c a s e .  Akin e t  a l .  (1983)  a rgued  

t h a t  s e p a r a t e  e q u a t i o n s  shou ld  be e s t i m a t e d  f o r  p a r t i c i p a n t s  and non- 

p a r t i c i p a n t s .  We examine r e s u l t s  from such  a n  e x e r c i s e  a t  t h e  end 

of S e c t i o n  5.  

S e c t i o n  3 .4 .  E s t i m a t i o n  o f  t h e  Mean Adequacy R a t i o  

The mean a d e q u a c y  r a t i o  ( M A R )  p r e s e n t s  p a r t i c u l a r l y  i n t e r e s t i n g  

e c o n o m e t r i c  problems. The MAR is t h e  mean of  a  number o f  t r u n c a t e d  

dependent  v a r i a b l e s ,  s o  t h a t  t h e  MAR f o l l o w s  a  v e r y  complex mixed d i s t r i -  

b u t i o n .  I t  canno t  be ana lyzed  c o r r e c t l y  by r e g r e s s i n g  i t  on e x p l a n a t o r y  

v a r i a b l e s ,  because  i t  is t r u n c a t e d ,  l e a d i n g  t o  b i a s e s  of  t h e  s o r t  encoun- 

t e r e d  i n  t o b i t  models .  Even given t h a t  t h e  u n t r u n c a t e d  r e g r e s s i o n s  

a r e  e s t i m a t e d  then  modif ied  t o  g e n e r a t e  e s t i m a t e d  NAR I s ,  a  m u l t i v a r i a t e  

r e g r e s s i o n  w i t h  s e l e c t i o n  b i a s  c o r r e c t i o n  is r e q u i r e d ,  fo l lowed  by 

computat ion o f  NAR 's ,  t h e i r  ave rage  ( t h e  M A R ) ,  and t h e  c o r r e c t  s t a n d a r d  

e r r o r s .  Here we d e s c r i b e  t h e  s t e p s  i n  t h e  p rocess .  

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

of  t h e  e x p l a n a t o r y  v a r i a b l e s  on t h e  N A R I S ,  and t h e  r e s i d u a l  v a r i a n c e s .  

A l l  o f  t h e s e  h a v e  v a r i a n c e s  and c o v a r i a n c e s ;  t h e  r e s i d u a l s  and t h e  

c o e f f i c i e n t s  a r e  u n c o r r e l a t e d ,  however, because  t h a t  f o l l o w s  from r e g r e s -  

s i o n s  w i t h  normal ly  d i s t r i b u t e d  dependent  v a r i a b l e s .  Second, t h e  a n a l y t -  

i c a l  f o r m u l a e  e x p r e s s i n g  t h e  expec ted  v a l u e s  of t h e  t r u n c a t e d  NAR I s  



( a n d  o t h e r  f u n c t i o n s  o f  i n t e r e s t )  a r e  e s t i m a t e d  as f u n c t i o n s  o f  t h e  

p a r a m e t e r s .  These  are f u n c t i o n s  o f  b o t h  t h e  c o e f f i c i e n t s  and  t h e  r e s i d u -  

a l  v a r i a n c e s .  The v a r i a n c e s  o f  t h e  t r u n c a t e d  N A R f s  are found  by p r e  

a n d  p o s t  m u l t i p l y i n g  t h e  v a r i a n c e - c o v a r i a n c e  m a t r i x  o f  t h e  p a r a m e t e r s  

by  t h e  f i r s t  d e r i v a t i v e s  o f  t h e  n o n l i n e a r  f o r m u l a e  w i t h  r e s p e c t  t o  

t h e  p a r a m e t e r s .  T h i r d ,  t h e  MAR is a n  a v e r a g e  o f  t h e  NAR I s  and  r e q u i r e s  

a l l  o f  t h e  v a r i a n c e s  and c o v a r i a n c e s  from a l l  o f  t h e  e q u a t i o n s .  The 

same is t r u e  o f  t h e  m a r g i n a l  i m p a c t s  o f  t h e  e x p l a n a t o r y  v a r i a b l e s  o n  

t h e  MAR. The f o r m u l a e  are l i s t e d  i n  Appendix B .  

S e c t i o n  3.5. The Method o f  Moments 

E s t i m a t i n g  a m u l t i v a r i a t e  r e g r e s s i o n  w i t h  a s e l e c t i o n  b i a s  c o r r e c -  

t i o n  and  endogenous  bonus amount ( z e r o  i f  you d o  n o t  a c c e p t  f o o d  s t a m p s )  

is n o t  f e a s i b l e  by maximum l i k e l i h o o d ,  because  i t  e n t a i l s  a m u l t i v a r i a t e  

n o r m a l  i n t e g r a l  ( h e r e ,  a t e n -  o r  e l e v e n - v a r i a t e  n o r m a l ) .  The method 

o f  moments  i s  u s e d  i n s t e a d .  For d e t a i l s  o f  t h e  t h e o r y ,  see Hansen 

(1982) .  The e x p e c t e d  v a l u e s  o f  t h e  dependen t  v a r i a b l e s  g i v e n  t h e  e x p l a n -  

a t o r y  v a r i a b l e s  a r e  r e q u i r e d .  Then t h e  f a c t  t h a t  t h e  a c t u a l  bonus 

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

A s s e t s  s q u a r e d  are used  h e r e .  Assets are s t r o n g l y  r e l a t e d  t o  p a r t i c i p a -  

t i o n  b u t  n o t  r e l a t e d  t o  n u t r i e n t  i n t a k e .  The method o f  moments estima- 

t i o n  is d i s c u s s e d  f u r t h e r  i n  Appendix C .  

The r e s u l t  of  u s i n g  t h e  method of  moments is t h a t  t h e  e s t i m a t i o n  

is n o t  f u l l y  e f f i c i e n t ,  b u t  i t  is f e a s i b l e  and  g e n e r a t e s  s p e c i f i a b l e  

v a r i a n c e s ,  and i t  d e a l s  w i t h  a l l  o f  t h e  problems d i s c u s s e d  above .  



S e c t i o n  4.  The Data S e t s  

Two d a t a  s e t s  a r e  used i n  t h e  a n a l y s i s  o f  t h i s  paper :  t h e  Food 

S t a m p s  C a s h o u t  d a t a  s e t  and t h e  Rural  Income Maintenance Experiment 

d a t a  s e t .  I n  t h e  f o l l o w i n g  s u b s e c t i o n s ,  each  p r o j e c t  and t h e  c h a r a c t e r i s -  

t i c s  o f  t h e  sample g e n e r a t e d  a r e  d i s c u s s e d .  

The d e p e n d e n t  v a r i a b l e  i n  t h i s  p a p e r ,  n u t r i e n t  i n t a k e ,  canno t  

b e  m e a s u r e d  by d i r e c t  q u e s t i o n s .  Thus d i s c u s s i o n  o f  t h i s  v a r i a b l e ,  

i n  bo th  d a t a  s e t s ,  is d e f e r r e d  t o  a t h i r d  s u b s e c t i o n ,  where t h e  t echn ique  

used ,  t h e  twenty-four-hour r e c a l l  s u r v e y ,  is d e s c r i b e d  a l o n g  w i t h  o t h e r  

methods used i n  e m p i r i c a l  n u t r i t i o n .  

S e c t i o n  4 .1 .  The Food Stamps Cashout P r o j e c t  and Data 

The S S I / E l d e r l y  Food Stamps Cashout P r o j e c t  o p e r a t e d  from A p r i l  

1980 t o  August 1981 i n  s i x  s i t e s  i n  New York, South  C a r o l i n a ,  and Ore- 

gon. The b a s i c  r e f e r e n c e  d e s c r i b i n g  t h e  p r o j e c t  is Blanchard e t  a l .  

(1982) .  Barber ,  H i l t o n ,  and Ohls (1982) d e s c r i b e  t h e  p u b l i c  use  f i l e .  

A l l  o f  t h e  i n f o r m a t i o n  i n  t h i s  s e c t i o n  is drawn from t h o s e  s o u r c e s .  

I n d i v i d u a l s  w e r e  i n t e r v i e w e d  i n  t h e  f o l l o w i n g  demons t ra t ion  s i t e s ,  

i n  which cash  was s u b s t i t u t e d  f o r  food s tamps i n  payments t o  t h e  e l d e r l y  

and t o  pe r sons  r e c e i v i n g  SSI:  p a r t s  of  Monroe County ( R o c h e s t e r ) ,  New 

Y o r k ;  p a r t s  o f  D a r l i n g t o n  and  D i l l o n  C o u n t i e s ,  South  C a r o l i n a ;  and 

Mutnomah County ( P o r t l a n d ) ,  Oregon. Food s tamps were provided a s  u s u a l  

i n  comparison s i t e s  i n  Albany County, New York; p a r t s  of  Marlboro and 

Lee  C o u n t i e s ,  South  C a r o l i n a ;  and Lane County (Eugene) ,  Oregon. The 

r e s p o n s e  r a t e  o f  households  n o t  e n t i r e l y  e l d e r l y  was t e r r i b l e ,  s o  t h e  

sample and t h e  a n a l y s i s  were u l t i m a t e l y  r e s t r i c t e d  t o  t h e  e l d e r l y .  

The f o l l o w i n g  q u e s t i o n s  mot iva ted  t h e  FSC p r o j e c t .  How does  swi tch-  

i n g  f rom food s tamps (coupons)  t o  cash  a f f e c t  program administration 



c o s t s ?  What c h a r a c t e r i s t i c s  o f  t h e  p a r t i c i p a n t s ,  a s  a  group,  change 

under cashou t?  What e f f e c t  does  cashou t  have on p a r t i c i p a t i o n ?  Does 

s w i t c h i n g  t o  cashou t  d e c r e a s e  t h e  Food Stamp program's  e f f e c t  on food 

e x p e n d i t u r e  a n d  n u t r i e n t  i n t a k e ?  How do  FSP s t a f f  and p a r t i c i p a n t s  

f e e l  abou t  t h e  change? 

B o t h  t e l e p h o n e  i n t e r v i e w s  a n d  i n t e r v i e w s  i n  person were used.  

Pe r sons  were drawn n o t  o n l y  from t h e  r e c o r d s  of  t h e  Food Stamp program, 

t o  l o c a t e  p a r t i c i p a n t s ,  bu t  a l s o  from t h e  Master  B e n e f i c i a r y  Record 

o f  t h e  S o c i a l  S e c u r i t y  System. Sampling we igh t s  based on t h e  mode 

o f  i n t e r v i e w i n g  and t h e  s o u r c e  of t h e  person were c a l c u l a t e d .  

A l o n g  and complex i n t e r v i e w  was r e q u i r e d  t o  de te rmine  t h e  e l i g i b i l -  

i t y  and t h e  s o u r c e s  o f  income of  t h e  pe r sons  i n  t h e  sample.  A s u b s e t  

o f  t h o s e  who were e l i g i b l e  were r e - i n t e r v i e w e d  t o  de te rmine  t h e i r  food 

c o n s u m p t i o n  and a  few o t h e r  i t e m s ,  such a s  p s y c h o l o g i c a l  s c a l e s  and 

h e i g h t  and weight .  A l t o g e t h e r ,  2203 i n d i v i d u a l s  were i n t e r v i e w e d  wi th  

some d e g r e e  of  s u c c e s s  t o  t h e  end o f  t h e  food i n t a k e  su rvey .  Owing 

t o  m i s s i n g  d a t a ,  1867 of them were adjudged t o  have "good d a t a n  f o r  

a n a l y s i s ;  of  t h e s e ,  1542 pe r sons  were u l t i m a t e l y  used i n  t h e  a n a l y s i s  

i n  t h i s  p a p e r ,  t h e  d i f f e r e n c e  being t h a t  some persons  were m i s s i n g  

v a r i a b l e s  d e s i r e d  f o r  t h i s  paper .  

Tab le  2  shows t h e  means of  t h e  d a t a  o f  t h o s e  pe r sons  used.  The 

FSC d a t a  a r e  weighted i n  t h a t  t a b l e  and everywhere e l s e  i n  t h i s  paper .  

The sample is 34% Black,  33% male,  h a s  a n  a v e r a g e  of  7  y e a r s  o f  educa- 

t i o n ,  mos t ly  l i v e s  a l o n e  ( 8 1 % ) ,  is c o n c e n t r a t e d  i n  South  C a r o l i n a  ( 5 4 % ) ,  

and l i v e s  6 .3  m i l e s  from t h e  n e a r e s t  food stamp o f f i c e .  The a v e r a g e  

n u t r i t i o n  s c o r e  is 2.1 o u t  of 4  food g roups  r e p r e s e n t e d .  On a v e r a g e ,  

t h e  p e r s o n s  s a m p l e d  have $343 i n  income per  month, $320 i n  a s s e t s ,  



Table  2  

Summary S t a t i s t i c s  of Food Stamps Cashout Data 
(weighted based on sampl ing)  

S tandard  
Mean D e v i a t i o n  Minimum Maximum 

Age minus 65 
Black 
Male 
Educa t ion  ( y e a r s  ) 
Lives  a l o n e  

S i t e :  
NY Demonstra t ion 
NY Comparison 
SC Demonstra t ion 
SC Comparison 
OR Demonstra t ion 
OR Comparison 

Non-food s tamp income (monthly)  342.7 
Out d a i l y  0.6368 
Out weekly 0.2600 
Male - a l o n e  0.1760 
D i s t a n c e  t o  food  s tamp o f f i c e  ( m i l e s )  6.266 
Knowledge o f  n u t r i t i o n  2.1191 
I n t e r v i e w e d  abou t  a  weekend 0.2445 

A s s e t s  
Height ( i n c h e s  ) 
Rura l  
P o t e n t i a l  bonus (monthly)  
Actual  bonus (monthly)  

P a r t i c i p a t i o n  0.5022 

N u t r i e n t  adequacy r a t i o s  ( p e r c e n t a g e s )  
C a l o r i e s  64.79 
P r o t e i n  104.61 
Calcium 56.66 
I r o n  82.07 
Vitamin A 97.99 
Thiamin 90.31 
R i b o f l a v i n  92.03 
Niac in  81 .08 
Vitamin C 1 1  5.82 

* 
Sample S i z e :  1542 



and cou ld  r e c e i v e  $33 i n  food s tamps pe r  month. The i r  n u t r i e n t  i n t a k e s  

a r e  g e n e r a l l y  below t h e  R D A ,  and t h e y  show g r e a t  v a r i a t i o n  i n  Vitamin 

A and Vitamin C .  

I n  t h e  c o u r s e  of  e s t i m a t i o n ,  e i g h t  pe r sons  who a t t a i n e d  a n  i n t a k e  

o f  any n u t r i e n t  over  12 t imes  t h e  RDA (1200%) of Vitamin A ,  Vitamin 

C ,  o r  r i b o f l a v i n  were e l i m i n a t e d  from t h e  sample ,  because  t h e i r  v a r i a t i o n  

was i n t e r f e r i n g  w i t h  t h e  c a l c u l a t i o n  of  N A R 1 s  and marg ina l  impacts .  

They were i n d i v i d u a l l y  r a i s i n g  t h e  v a r i a n c e s  of  n u t r i e n t  i n t a k e ,  were 

i n c o n s i s t e n t  w i t h  t h e  n o r m a l i t y  assumpt ion,  and were m a t e r i a l l y  changing 

t h e  r e s u l t s  of  t h e  e x t e n s i o n s  of  t h e  model. 

S e c t i o n  4 . 2 .  The Rura l  Income Maintenance Experiment and Data 

The R u r a l  Income Maintenance Experiment (RIME) was one of f o u r  

exper iments  i n  n e g a t i v e  income t a x e s .  The o t h e r s  were t h e  New J e r s e y ,  

S e a t t l e / D e n v e r  , a n d  Gary n e g a t i v e  income t a x  exper iments .  The RIME 

c o l l e c t e d  d a t a  i n  Manson, Iowa, and Warsaw, North C a r o l i n a ,  from summer 

1 9 6 9  t o  Sep tember  1973. The i n f o r m a t i o n  i n  t h i s  s e c t i o n  comes from 

S e t z e r  e t  a l .  ( 1 9 7 6 ) .  The i n t e r v i e w s  p e r t i n e n t  t o  t h i s  paper  a r e  

F a m i l y  Management I n t e r v i e w  V (September  1970)  and X I 1 1  (September 

1972) .  

The p r i m a r y  p u r p o s e  o f  t h e  RIME was t o  measure t h e  e f f e c t s  of  

a  n e g a t i v e  income t a x  on income and work r e s p o n s e s  o f  t h e  r e c i p i e n t s ,  

i n  t h i s  c a s e  t h e  r e s p o n s e  of f a r m e r s  i n  p a r t i c u l a r .  Other  e f f e c t s  

s t u d  i e d  i n c l u d e d  t h o s e  on n u t r i t i o n ,  consumption,  h e a l t h ,  geograph ic  

m o b i l i t y ,  a s s e t  h o l d i n g ,  p s y c h o l o g i c a l  we l l -be ing ,  m a r i t a l  d i s s o l u t i o n ,  

and t h e  behav io r  of c h i l d r e n .  The r u r a l  a d m i n i s t r a t i o n  of  a  n e g a t i v e  

income t a x  was examined. 



I n  t h i s  c a s e ,  n u t r i t i o n  was measured f o r  t h e  e n t i r e  f a m i l y ;  t h e  

R D A  o f  a l l  members was added t o g e t h e r  and d i v i d e d  i n t o  t h e  n u t r i e n t  

i n t a k e  o f  a l l  members. N u t r i e n t  d a t a  were c o l l e c t e d  t w i c e ,  and n u t r i t i o n -  

a l  knowledge was m e a s u r e d  o n c e ,  i n  t h e  Family Management I n t e r v i e w  

V .  U n f o r t u n a t e l y ,  n u t r i t i o n  d a t a  from Iowa f o r  t h e  f i r s t  i n t e r v i e w  

h a v e  been l o s t  owing t o  computer e r r o r .  The sample c o n s i s t s  o f  799 

o b s e r v a t i o n s  from North C a r o l i n a  and 254 from Iowa. There  may be two 

o b s e r v a t i o n s  of  a  f a m i l y  i n  North C a r o l i n a .  

T a b l e  3  r e p o r t s  t h e  unweighted means of t h e  d a t a .  None o f  t h e  

RIME a n a l y s i s  r e p o r t e d  h e r e  u s e s  weights .  The members o f  t h e  sample 

average  48 y e a r s  of age  and 8  y e a r s  of e d u c a t i o n .  B lacks  c o n s t i t u t e  

47% o f  t h e  s a m p l e .  Only 8% p a r t i c i p a t e  i n  t h e  Food Stamp program, 

and many may be i n e l i g i b l e .  In fo rmat ion  as t o  d e d u c t i o n s  and a s s e t s  

used i n  o n e ' s  b u s i n e s s  ( h e r e ,  u s u a l l y  f a r m i n g ) ,  is n o t  a v a i l a b l e ,  s o  

a  f o r m a l  d e t e r m i n a t i o n  c a n n o t  be made o f  e l i g i b i l i t y .  The a v e r a g e  

n u t r i t i o n  s c o r e  is 2.9 o u t  of  4.  Except f o r  ca lc ium,  t h e  d i e t s  a r e  

u s u a l l y  a d e q u a t e ,  and t h e  N A R ' s  a r e  t r u n c a t e d  a t  999.99% by t h e  number 

o f  d i g i t s  a l l o c a t e d  i n  t h e  d a t a  s e t .  We do n o t  know whether anyone 

exceeds  t h a t  number (993.62 is t h e  maximum o b s e r v e d ) .  

S e c t i o n  4 .3 .  Measuring N u t r i e n t  I n t a k e  

N u t r i e n t  i n t a k e  is  m e a s u r e d  by d e t e r m i n i n g  t h e  f o o d s  consumed 

by an i n d i v i d u a l  o r  a  group,  then  c o n v e r t i n g  t h o s e  foods  i n t o  n u t r i e n t s  

u s i n g  c o m p u t e r  p r o g r a m s  o f  t h e  U.S. Department of A g r i c u l t u r e  based 

on U.S. Department of A g r i c u l t u r e  ( 1 9 7 5 ) ,  which was o r i g i n a l l y  c a l l e d  

A g r i c u l t u r a l  Handbook No. 8 .  More t h a n  2000 c a t e g o r i e s  o f  f o o d ,  cooked 

and uncooked, can be ana lyzed .  The problem is  t o  de te rmine  what foods  



Table  3 

Summary S t a t i s t i c s  o f  Rura l  Income Maintenance Experiment Data  
(unweighted 

S tandard  
Mean E r r o r  Minimum Maximum 

Age o f  head o f  household  
Black head o f  household  
Educa t ion  ( y e a r s  ) 
Lives  a l o n e  
S i t e :  

NC 
Iowa 

Non-food s tamp income (monthly)  
Knowledge o f  n u t r i t i o n  
In te rv iewed  a b o u t  a weekend 
A s s e t s  
Date :  

Q u a r t e r  3 (September 1970) 
Q u a r t e r  1 1  (September 1972) 

Used food  grown a t  home 
C h i l d r e n  i n  t h e  household 
Adul t s  i n  t h e  household  
E l d e r l y  i n  t h e  household  
P o t e n t i a l  bonus ( e s t i m a t e d  by a 

r e g r e s s i o n )  
Ac tua l  bonus 
P a r t i c i p a t i o n  

N u t r i e n t  adequacy r a t i o s  ( p e r c e n t a g e s )  
C a l o r i e s  105.48 
P r o t e i n  156.82 
Calcium 72.73 
I r o n  1 1  5.91 
Vitamin A 128.62 
Thiamin 167.19 
R i b o f l a v i n  141 .81 
Niac in  153.73 
Vitamin C 163.56 
Phosphorous 135.51 

Sample S i z e :  1054 



p e o p l e  consume, and how much. The f o l l o w i n g  d i s c u s s i o n  is based on  

P e a r l  ( 1 9 7 9 ) ,  wi th  o t h e r  s o u r c e s  a s  no ted .  

Two major t y p e s  of  s u r v e y s  a r e  used t o  de te rmine  i n d i v i d u a l  food 

consumption: t h e  l i s t - r e c a l l  method and t h e  d i a r y  method. I n  t h e  l ist- 

r e c a l l  method, a n  i n t e r v i e w e r  o b t a i n s  from a  responden t  a  list o f  foods  

consumed r e c e n t l y .  The l is t  is c a t e g o r i z e d  by t y p e ;  a  r e sponden t  is 

asked  whether s h e  o r  he consumed any o f  a  group,  and i f  s o ,  is asked  

a b o u t  t h e  s p e c i f i c  foods  w i t h i n  t h e  c a t e g o r y .  A r e c a l l  su rvey  a s k s  

t h e  r e s p o n d e n t ,  wi th  prompting by a  t r a i n e d  i n t e r v i e w e r ,  t o  name a l l  

f o o d s  consumed w i t h i n  a  pe r iod  o f  t ime ;  t h e  twenty-four-hour r e c a l l  

s u r v e y  is t h e  most popular  p e r i o d  and is used i n  both d a t a  s e t s  i n  

t h i s  p a p e r .  We d i s c u s s  t h i s  method f u r t h e r ,  a f t e r  ment ioning o t h e r  

p o s s i b i l i t i e s .  Weekly r e c a l l  e n t a i l s  remembering and r e p o r t i n g  more 

f o o d s  t h a n  t h e  cor respond ing  one-day method. Food f r e q u e n c y  methods 

i n q u i r e  how o f t e n  v a r i o u s  foods  a r e  consumed, r a t h e r  t h a n  what was 

consumed l a t e l y .  

D i a r y  t e c h n i q u e s  r e q u i r e  t h e  responden t  t o  r e c o r d  what s h e  o r  

h e  e a t s  f o r  one o r  more days .  The q u a l i t y  o f  t h e  d a t a  d e c l i n e s  r a p i d l y ,  

however. One g e n e r a l  problem wi th  any t e c h n i q u e  which i n v o l v e s  ex tended  

o b s e r v a t i o n  i s  t h e  p o s s i b i l i t y  of a l t e r e d  behav io r .  D i a r i e s  may be 

manipu la ted  t o  a v o i d  e x c e s s  work i n  r e c o r d i n g  o r  t o  a v o i d  embar rass ing  

d a t a ,  a s  w e l l .  Schnakenberg,  H i l l ,  and Kre t sch  ( 1 9 7 8 ) ,  who s t u d i e d  

m i l i t a r y  pe r sonne l  who cou ld  be observed w h i l e  e a t i n g ,  used a  combinat ion 

of twenty-four-hour r e c a l l  and extended d i a r i e s ,  14 days  o r  more, t o  

t r y  t o  o b t a i n  b e t t e r  d a t a .  They found, however, s i g n i f i c a n t  d e c r e a s e s  i n  

q u a l i t y  of d a t a ,  wi th  u n d e r r e p o r t i n g  i n c r e a s i n g  n o t i c e a b l y .  G e r s o v i t z ,  

Madden,  a n d  S m i k i l a s - W r i g h t  ( 1 9 7 8 )  compared twenty-four-hour r e c a l l  



and seven-day d i a r y  t e c h n i q u e s  f o r  e l d e r l y  r e s p o n d e n t s  who were indepen- 

d e n t l y  obse rved .  They found t h a t  t h e  r e c a l l  d a t a  tended t o  o v e r s t a t e  

t h e  low end and u n d e r s t a t e  t h e  h i g h  end o f  t h e  d i s t r i b u t i o n  o f  consump- 

t i o n ,  p e r h a p s  b i a s i n g  toward z e r o  t h e  e s t i m a t e s  o f  t h e  e f f e c t  of  a  

p o l i c y  i n t e r v e n t i o n ,  such  a s  food stamps.  The d i a r y  t e c h n i q u e  showed 

r a p i d  d e t e r i o r a t i o n  o f  t h e  in fo rmat ion  d u r i n g  t h e  seven  days .  

P e a r l  (1979)  f l a t l y  s t a t e s  t h a t  t h e  twenty-four-hour r e c a l l  s u r v e y  

c a n n o t  be  u s e d  t o  d e t e r m i n e  d i s t r i b u t i o n s  o f  n u t r i e n t  i n t a k e .  The 

problem is t h a t  one s e e s  a  c r o s s  s e c t i o n  o f  i n d i v i d u a l s  b u t  wants  a  

t ime  s e r i e s  t o  a s s e s s  t h e  q u a l i t y  o f  t h e  d i e t .  Suppose everyone h a s  

good and bad d a y s ,  b u t  consumes 100% of  t h e  a p p r o p r i a t e  R D A ' s  on a v e r -  

age .  Then t h e  c r o s s  s e c t i o n  is  o f  no u s e ,  and t h e r e  is no n u t r i t i o n a l  

problem. The q u a l i t y  o f  t ime s e r i e s  d a t a  ( d i a r i e s  o r  seven-day r e c a l l  

s u r v e y s )  is a p p a r e n t l y  i n f e r i o r .  Rather  t h a n  d i s c a r d i n g  any hope o f  

a s s e s s i n g  t h e  e f f e c t  o f  food s tamps on t h e  q u a l i t y  o f  t h e  d i e t  o r  s t r u g -  

g l i n g  w i t h  l a r g e  and growing downward b i a s e s  i n  t ime  s e r i e s  d a t a ,  one 

c a n  u s e  t w e n t y - f o u r - h o u r  r e c a l l  d a t a  w i t h  r e g r e s s i o n  models. These 

a s s e s s  a c c u r a t e l y  t h e  average  q u a l i t y  of t h e  d i e t  and t h e  e f f e c t  o f  

v a r i o u s  f a c t o r s  on t h a t  ave rage  q u a l i t y .  

The o b s e r v e d  d i s t r i b u t i o n  o f  d i e t a r y  q u a l i t y  is t h e  one d e s i r e d  

f o r  a n a l y s i s  o f  a  p o p u l a t i o n  o n l y  i f  everyone l o o k s  t h e  same e v e r y  

d a y ,  i .  e .  , t h e  c o r r e l a t i o n  o f  i n d i v i d u a l  n u t r i e n t  i n t a k e  over  t ime  

is +1.0.  I f  t h a t  c o r r e l a t i o n  a c r o s s  t i m e ,  c o n d i t i o n a l  o n  t h e  e x p l a n a t o r y  

v a r i a b l e s ,  is z e r o ,  t h e n  a l l  f a m i l i e s ,  c o n d i t i o n a l  on t h e  e x p l a n a t o r y  

v a r i a b l e s ,  have t h e  same mean. That is,  a l l  d i f f e r e n c e s  a r e  e x p l a i n e d  

by t h e  s y s t e m a t i c  f a c t o r s  i n  t h e  r e g r e s s i o n s .  I n  t h a t  c a s e ,  t h e  d i s t r i -  



bution of nu t r i en t  intake could be inferred cor rec t ly ,  s ince i t  would 

depend only on observable fac tors .  

The only evidence avai lable  from e i t he r  data s e t  t o  bear on t h i s  

problem is  t h a t  derived from the  two observations of North Carolina 

f a m i l i e s  i n  t h e  R I M E .  The corre la t ion coef f i c ien t s  of the  nu t r i en t  

intake in  the o r ig ina l  data and the proportion of the  variance explained 

by regression a r e  a s  follows: 

Nutrient 

Calories 
Protein 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin C 
Phosphorous 

Correlation 
Coefficient 

A l l  of t h e  c o r r e l a t i o n s  a re  s ign i f i can t ly  d i f fe ren t  from zero ( w i t h  

475 North Caro l ina  f ami l i e s  in the  o r ig ina l  da ta ,  a  corre la t ion of 

0.008 would be s ign i f i can t ly  d i f fe ren t  from zero).  However, they a r e  

not large .  For the RIME da ta ,  d i s t r ibu t ions  of nu t r i en t  intake could 

be de r i ved  from t h e  d i s t r ibu t ions  of the explanatory variables.  No 

d a t a  e x i s t  t o  consider t h i s  question fo r  the  FSC da ta ,  however, and 

in  the extensions of the models, we sha l l  consider a  hypothetical person 

of average charac te r i s t i c s .  No data s e t  has combined extensive socioeco- 

nomic data w i t h  a  diary technique t o  allow evaluation of the e f f e c t  

of the Food Stamp program on nutr ient  intake. 



Section 5 .  Results from Food Stamps Cashout 

The r e s u l t s  in t h i s  section a r e  presented f i r s t  f o r  the  regressions 

which were est imated,  then fo r  the probabil i ty of an adequate d i e t ,  

then  f o r  t h e  N A R 1 s  and M A R .  Brief discussion of the  par t ic ipat ion 

equation follows. 

Nine nu t r i en t s  are  analyzed from the  FSC data s e t :  c a lo r i e s ,  pro- 

t e i n ,  calcium, i ron,  Vitamin A, thiamine, r ibof lavin ,  n iacin ,  and Vitamin 

C .  Each is regressed on a  s e t  of 20 variables representing the  f ac to r s  

iden t i f i ed  in the theory section above. The 180 coef f i c ien t s  resu l t ing  

a r e  not presented, but Table 4 shows the signs and s t a t i s t i c a l  s i g n i f i -  

cance of the  coeff ic ients .  

Age does not have a  consistent  pattern of e f fec t s .  Blacks have 

sometimes g rea te r ,  sometimes smaller nutr ient  intake.  No pattern emerges 

for  males versus females. Education always increases nu t r i en t  in take ,  

c o n s i s t e n t  w i t h  human cap i t a l  theory, and the e f f ec t  is s ign i f i can t  

in  most cases. Living alone always reduces nu t r i en t  in take ,  but r a r e ly  

i s  t h e  e f f e c t  s i g n i f i c a n t .  No e f f ec t  of cashout, subs t i tu t ing  cash 

fo r  food stamps, is evident. The demonstration s i t e s ,  where cash was 

used, have 1 1  posit ive and 16 negative e f f ec t s ;  the comparison s i t e s ,  

where food stamps were used, have 10 posit ive and 8  negative e f f ec t s .  

( A  comparison s i t e  is the  omitted category.) Income other than food 

stamps always has a  negative e f f ec t ,  several  times s i gn i f i c an t .  Greater 

mobility outside the house usually has a  posit ive e f f e c t ,  and sometimes 

the e f f ec t  is s ign i f i can t .  Males l iv ing  alone a r e  not detectably d i f f e r -  

en t ,  other things equal. Knowledge of nu t r i t i on  has a  posi t ive  e f f ec t  

every time and a  s ign i f i can t  e f f ec t  a l l  but one time. Weekend intake 

of n u t r i e n t s  i s  always smaller ,  and several  times s ign i f i can t ly  so. 



Table 4 

Signs and Significance of the Coefficients i n  the  FSC Results 

Calo- Pro- Cal- Vita- Thia- Ribo- Vita- 
r i e s  t e i n  cium Iron min A mine f l av in  Niacin min C 

Constant 
Age-65 
Black 
Ma1 e  
Educaton 
Lives alone 
S i t e :  

NY Demo 
NY Comp 
SC Demo 
SC Comp 
OR Demo 

Non-FS Income 
Out Daily 
Out Weekly 
Male-alone 
Know1 edge 
Weekend 
He i ght 
Rur a1 
Actual Bonus 
Lambda 

*signif icant  a t  the 5% level  
**significant  a t  the  10% leve l  



T a l l e r  people  consume more n u t r i e n t s .  R u r a l  l o c a t i o n  u s u a l l y  i n c r e a s e s  

n u t r i e n t  i n t a k e .  Ac tua l  food stamp bonus a lways  r e d u c e s  n u t r i e n t  i n t a k e .  

To r e c a p i t u l a t e  t h e  major f a c t o r s ,  e d u c a t i o n ,  m o b i l i t y ,  and knowl- 

edge o f  n u t r i t i o n  i n c r e a s e  n u t r i e n t  i n t a k e ,  whi le  t h e  food stamp bonus,  

o t h e r  income, and weekends d e c r e a s e  n u t r i e n t  i n t a k e .  

T a b l e  5  d i s p l a y s  t h e  e s t i m a t e d  c o e f f i c i e n t s  and s t a n d a r d  e r r o r s  

o f  t h e  s e l e c t i o n  b i a s  c o r r e c t i o n s .  The e f f e c t  o f  program s e l e c t i o n  

is p o s i t i v e  8  t i m e s  o u t  o f  9 ,  and s i g n i f i c a n t  i n  f o u r  o f  t h o s e  c a s e s .  

That  i m p l i e s  t h a t  t h e  unmeasured o r  random e f f e c t s  on n u t r i e n t  i n t a k e  

a r e  p o s i t i v e l y  c o r r e l a t e d  w i t h  p a r t i c i p a t i o n .  People  who j o i n  t h e  

p r o g r a m  f o r  unmeasured  r e a s o n s  t end  t o  l i k e  n u t r i e n t s  f o r  t h e  same 

unexp la ined  r e a s o n s .  

T a b l e  6  r e p o r t s  t h e  e s t i m a t e d  p r o b a b i l i t y  o f  a n  adequa te  d i e t  

and t h e  n u t r i e n t  adequacy r a t i o  ( N A R )  f o r  a person w i t h  c h a r a c t e r i s t i c s  

g iven  by t h e  mean of  t h e  e x p l a n a t o r y  v a r i a b l e s  i n  t h e  FSC d a t a  s e t ,  

f o r  limits e q u a l  t o  t h e  RDA and two- th i rds  o f  t h e  R D A .  C a l o r i e s ,  c a l c i -  

um, and n i a c i n  a r e  p a r t i c u l a r l y  l i k e l y  t o  be i n a d e q u a t e ;  p r o t e i n  and 

r i b o f l a v i n  a r e  most l i k e l y  t o  be adequa te .  The NAR is t h e  pe rcen tage  

o f  t h e  maximum e f f e c t i v e  n u t r i e n t  i n t a k e  a t t a i n e d .  That  r a n g e s  from 

a b o u t  75% ( p r o t e i n )  t o  abou t  53% ( c a l c i u m ) .  Concerning ca lc ium,  G u t h r i e  

( 1  975,  pp. 125-1 2 6 )  s t a t e s  t h a t  

i t  is a p p a r e n t  from v a r i o u s  s t u d i e s  o f  d i e t a r y  i n t a k e  t h a t  
many p e r s o n s  i n  t h e  United S t a t e s  f a i l  t o  meet t h i s  s t a n -  
d a r d . .  . . The inadequa te  i n t a k e  i n  ca lc ium i n  t h e  d i e t s  o f  
o l d e r  women is o f  s p e c i a l  concern  because  o f  t h e  i n c r e a s e d  
l i k e l i h o o d  o f  o s t e o p o r o s i s  [ a b s o r p t i o n  o f  bone, r e s u l t i n g  
i n  e x c e s s i v e l y  porous t i s s u e  (Webster I s  1983 ) I  i n  t h i s  group.  



Table 5 

Selection Parameters i n  the  FSC Results 

Standard 
Equation Coefficient Error t-value 

Calor i es 

Protein 

Calcium 

Iron 

Vitamin A 

Thiamine 

Riboflavin 

Niacin 

Vitamin C 

*s ignif icant  a t  the 5% leve l  
**signif icant  a t  the 10% level  



Table 6 

Probabi l i ty  of an Adequate Diet and Nutrient Adequacy Ratios ( N A R ' s )  
from the FSC Data 

L i m i t  of 66 2/3% L i m i t  of 1008 

Nutrient Prob. Adequate NAR Prob. Adequate N AR 

Calories 

Protein 

Calcium 

Iron 

Vitamin A 

Thiamine 

Riboflavin 

Niacin 

Vitamin C 

MAR 

Note: Standard e r r o r s  of the estimates a r e  shown below the estimates. 



Although t h e  p r o b a b i l i t y  o f  a t t a i n i n g  t h e  RDA i n  c a l o r i e s  is very  u n l i k e -  

l y ,  t h e  NAR is n o t  s m a l l ,  s o  i t  a p p e a r s  t h a t  t h e  p r o b a b i l i t y  o f  being 

v e r y  low o r  v e r y  h igh  is s m a l l  i n  t h a t  c a s e .  

The b e s t  measure of  t h e  e f f e c t  o f  a n  e x p l a n a t o r y  v a r i a b l e  on t h e  

d i e t  is t h e  marg ina l  impact on t h e  M A R ,  which Table  7 r e p o r t s  f o r  t h e  

FSC d a t a  s e t .  Each y e a r  o f  e d u c a t i o n  r a i s e s  t h e  MAR a b o u t  0 .6  pe rcen tage  

p o i n t s .  The MAR is lower i n  South C a r o l i n a ,  o t h e r  t h i n g s  e q u a l ,  by 

3.2 pe rcen tage  p o i n t s  i n  t h e  comparison s i t e  and 4.6 p e r c e n t a g e  p o i n t s  

i n  t h e  d e m o n s t r a t i o n  s i t e ,  and  demons t ra t ion  s i t e s  i n  g e n e r a l  have 

no c l e a r  e f f e c t .  The average  non-food stamp income is $343 p e r  month. 

A change o f  $30 p e r  month would reduce  t h e  MAR by 0.6 pe rcen tage  p o i n t s .  

G e t t i n g  o u t  o f  t h e  h o u s e  d a i l y  i n c r e a s e  t h e  MAR by 2.6 pe rcen tage  

p o i n t s .  Knowledge of  n u t r i t i o n  r a n g e s  from 0 t o  4 ,  and t h e  e f f e c t  

o n  t h e  M A R  o f  a c h a n g e  o f  4 f u l l  p o i n t s  is 8 . 3  pe rcen tage  p o i n t s .  

Weekends lower  t h e  MAR by 3.1 pe rcen tage  p o i n t s .  F i n a l l y ,  t h e  a c t u a l  

b o n u s  r e c e i v e d  r e d u c e s  t h e  MAR by 1 . 5  p e r c e n t a g e  p o i n t s  p e r  $10 of 

bonus. The a v e r a g e  e n t i t l e m e n t  is $33 i n  t h e  FSC sample.  

T a b l e  8 shows t h e  c o r r e l a t i o n s  o f  t h e  r e s i d u a l s  from t h e  n i n e  

n u t r i e n t  e q u a t i o n s .  A l l  c o r r e l a t i o n s  a r e  p o s i t i v e ,  s o  t h a t  unmeasured 

s o u r c e s  of v a r i a t i o n  i n  n u t r i e n t  i n t a k e  a r e  p o s i t i v e l y  c o r r e l a t e d  a c r o s s  

a l l  n u t r i e n t s .  The c o r r e l a t i o n s  a r e  d i s t i n c t l y  lower  between Vitamin 

C and t h e  o t h e r s  and between Vitamin A and t h e  o t h e r s .  The l a r g e s t  

c o r r e l a t i o n  is 0.7452, between r i b o f l a v i n  and calc ium.  The s m a l l e s t  

c o r r e l a t i o n  is 0.2482, between Vitamin C and p r o t e i n .  

Tab le  9 shows t h e  p a r t i c i p a t i o n  e q u a t i o n .  People  who a r e  o l d e r ,  

have more y e a r s  o f  e d u c a t i o n ,  l i v e  a l o n e ,  have h i g h e r  non-food stamp 

income o r  a r e  o f f e r e d  a g r e a t e r  amount o f  food s tamps,  g e t  o u t  o f  t h e  



Table 7 

Marginal Impacts of t h e  Explanatory Var iab les  i n  t h e  FSC Data S e t  
Mean Adequacy Rat io Based on 66 2/38 and 1008 of t h e  RDA 

Bas is  of t he  Nut r ien t  Adequacy Rat io 

Constant 

Age minus 65 

Black 

Ma1 e 

Education (years  ) 

Lives a lone  

NY Demonstration S i t e  

N Y  Comparison S i t e  

SC Demonstration S i t e  

SC Comparison S i t e  

OR Demonstration S i t e  

Non-Food Stamp Income ($1 000) 

Out Dai ly 

Out Weekly 



Table 7 (continued) 

Basis of the Nutrient Adequacy Ratio 

Male- Alone 

Knowledge of Nutri t ion 

Weekend 

Height 

Rur a1 

Actual Bonus ($1  00) 

*s ignif icant  a t  the 5% leve l  
**signif icant  a t  thelOJ l eve l  

Note: Standard e r ro r s  of the estimates a r e  shown below the est imates.  



Table 8 

C o r r e l a t i o n  of t h e  Residuals  from t h e  FSC Nut r ien t  Equations 

Calo- Pro- Cal- Vita- Thia- Ribo- Vita- 
r i e s  t e i n  cium I r o n  minA mine f l a v i n  Niacin m i n C  

Ca lo r i e s  

P r o t e i n  

Calcium 

I r o n  

Vitamin A 

Thiamine 

Ribof lav in  

Niacin 

Vitamin C 



Table 9 

Estimated P rob i t  Model of P a r t i c i p a t i o n  i n  the  FSC Data 

Estimated Standard 
Coef f i c i en t  Error  t -value 

Constant 

Age minus 65 

Black 

Male 

Education ( y e a r s )  

Lives alone 

S i t e s :  
NY Demonstration 

NY Comparison 

SC Demonstration 

SC Comparison 

OR Demonstration 

Non-food stamp income ($1 000) 

Out d a i l y  

Out weekly 

Ma1 e- alone 

Distance (miles  ) 

Knowledge of n u t r i t i o n  

Assets ($1 0000 

Rur a1  

P o t e n t i a l  bonus ($100) 

* s i g n i f i c a n t  a t  the 5% l e v e l  
**s ign i f i can t  a t  t h e  10% l e v e l  



house d a i l y ,  o r  have more a s s e t s  a r e  l e s s  l i k e l y  t o  p a r t i c i p a t e .  There  

is no c o n s i s t e n t  e f f e c t  o f  t h e  s i t e s  on  p a r t i c i p a t i o n ;  two demons t ra t ion  

s i t e s  ( w h e r e  c a s h  was s u b s t i t u t e d  f o r  food s t amps)  have s i g n i f i c a n t  

e f f e c t s ,  one i n  e a c h  d i r e c t i o n  r e l a t i v e  t o  t h e  o m i t t e d  comparison s i t e .  

The n e g a t i v e  e f f e c t  o f  bonus amount o f f e r e d  can be i n t e r p r e t e d  a s  s t i g m a ;  

s e e  B u t l e r  (1986)  and B u t l e r  and Schoenman (1986) .  

Akin e t  a l .  (1985)  argued t h a t  s e p a r a t e  e q u a t i o n s  shou ld  be e s t i -  

m a t e d  f o r  p a r t i c i p a n t s  a n d  n o n - p a r  t i c i p a n t s .  I n  r e s p o n s e  t o  t h a t ,  

we e s t i m a t e  t h e  model, i n c l u d i n g  a l l  of t h e  e q u a t i o n s  i n  t h e  m u l t i v a r i a t e  

r e g r e s s i o n  and t h e  computat ions  o f  p r o b a b i l i t i e s  o f  a n  adequa te  d i e t ,  

N A R ' s ,  and t h e  MAR,  f o r  t h e  p a r t i c i p a n t s  o n l y .  The r e s u l t i n g  r e g r e s s i o n  

c o e f f i c i e n t s  and marg ina l  impacts  on t h e  MAR t r u n c a t e d  a t  t h e  RDA and 

t w o - t h i r d s  o f  t h e  RDA a r e  p r e s e n t e d  i n  Table  9-A f o r  knowledge o f  n u t r i -  

t i o n ,  t h e  a c t u a l  bonus, and lambda, t h e  c o r r e c t i o n  f o r  s e l e c t i o n  b i a s .  

The r e s u l t s  may be compared w i t h  t h o s e  i n  Tab les  4 ,  5 ,  and 7 .  

Knowledge i s  always  s i g n i f i c a n t  ( r a t h e r  t h a n  8  o u t  o f  9  c a s e s )  

t h i s  t ime .  Ac tua l  bonus r e d u c e s  n u t r i e n t  i n t a k e  i n  e v e r y  c a s e  a s  b e f o r e ,  

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

a p p e a r s  t o  be l e s s  s t r o n g ,  being s i g n i f i c a n t  i n  o n l y  two c a s e s .  Compar- 

i n g  Tab les  7  and 9-A shows t h a t  t h e  e s t i m a t e d  e f f e c t s  o f  knowledge o f  

n u t r i t i o n  and a c t u a l  bonus on t h e  MAR a r e  a b s o l u t e l y  l a r g e r  i n  both  

c a s e s .  U s i n g  t h e  RDA a s  t h e  l i m i t ,  t h e  e f f e c t  o f  knowledge is 4.2 

p e r c e n t a g e  p o i n t s  v e r s u s  3.2 be fo re .  The e f f e c t  o f  a  bonus of  $33 

is -8.6 p e r c e n t a g e  p o i n t s  v e r s u s  -7.4 be fo re .  (Note t h a t  t h e  c o e f f i -  

c i e n t s  and e f f e c t s  of  t h e  bonus a r e  s t a t e d  per  $100.)  E s t i m a t i n g  t h e  

e f f e c t s  on p a r t i c i p a n t s  a l o n e  l e a d s  t o  t h e  same c o n c l u s i o n s ,  bu t  t h e  

e s t i m a t e d  e f f e c t s  a r e  l a r g e r .  



Table 9-A 

Resu l t s  Using P a r t i c i p a n t s  Only i n  t h e  FSC Data 

Actual 
Coef f i c i en t s  i n  Regressions: Know1 edge Bonus ($100) Lambda 

Calor ies  

P ro te in  

Calcium 

Iron 

Vitamin A 

Thiamine 

Riboflavin 

Niacin 

Vitamin C 

E f fec t  on MAR: 
66 213% 

* s i g n i f i c a n t  a t  t h e  5% l e v e l  
**s igni f icant  a t  t h e  10% l e v e l  



S i n c e  n o n - p a r t i c i p a n t s  have no a c t u a l  bonus, one  canno t  e s t i m a t e  

a n  e f f e c t  o f  bonus amount on t h e i r  n u t r i e n t  i n t a k e .  

S e c t i o n  6 .  R e s u l t s  from t h e  Rura l  Income Maintenance Experiment 

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

t h e  p r o b a b i l i t y  o f  having a n  adequa te  d i e t ,  t h e n  f o r  t h e  N A R ' s  and 

t h e  MAR. 

Ten n u t r i e n t s  a r e  ana lyzed  from t h e  RIME d a t a  s e t :  c a l o r i e s ,  pro- 

t e i n ,  c a l c i u m ,  i r o n ,  Vitamin A ,  t h i amine ,  r i b o f l a v i n ,  n i a c i n ,  Vitamin 

C, and phosphorous.  Each is r e g r e s s e d  on a  s e t  o f  15 v a r i a b l e s  r e p r e s e n t -  

i n g  t h e  f a c t o r s  i d e n t i f i e d  i n  t h e  t h e o r y  s e c t i o n .  The 150 c o e f f i c i e n t s  

r e s u l t i n g  a r e  n o t  p r e s e n t e d ,  bu t  Table  10 shows t h e  s i g n s  and s i g n i f i -  

cance  of t h e  c o e f f i c i e n t s .  

Age h a s  a  p o s i t i v e  e f f e c t  i n  h a l f  of  t h e  e q u a t i o n s ,  b u t  o n l y  p o s i -  

t i v e  e f f e c t s  a r e  s i g n i f i c a n t .  B lacks  a lways  have h i g h e r  n u t r i e n t  i n t a k e ,  

o t h e r  t h i n g s  e q u a l ,  and s i g n i f i c a n t l y  s o  i n  f o u r  o f  t e n  c a s e s .  L iv ing  

a l o n e  (which is l e s s  common i n  t h e  r u r a l  p o p u l a t i o n  t h a n  i n  t h e  e l d e r l y  

p o p u l a t i o n  s t u d i e d  by t h e  FSC) h a s  a  s m a l l  n e g a t i v e  e f f e c t .  L iv ing  

i n  North C a r o l i n a  (as opposed t o  Iowa) h a s  a  n e g a t i v e  e f f e c t  i n  n i n e  

o f  t e n  e q u a t i o n s ,  f i v e  o f  t h e s e  e f f e c t s  being s i g n i f i c a n t .  Higher 

income r e d u c e s  n u t r i e n t  i n t a k e  i n  most c a s e s ,  bu t  never  s i g n i f i c a n t l y .  

N u t r i t i o n a l  knowledge i n c r e a s e s  i n t a k e  o f  e i g h t  o f  t h e  t e n  n u t r i e n t s ,  

s i g n i f i c a n t l y  i n  f i v e  c a s e s .  Weekends have no c o n s i s t e n t  p a t t e r n  o f  

e f f e c t s .  D i e t s  seemed t o  be a  l i t t l e  worse i n  1970 ( a s  opposed t o  

1 9 7 2 ) .  E a t i n g  f o o d  produced a t  home h a s  a  s l i g h t  p o s i t i v e  e f f e c t .  

C h i l d r e n  have a  p o s i t i v e  e f f e c t  on most n u t r i e n t s ,  bu t  never  a s i g n i f i -  

c a n t  e f f e c t .  The g r e a t e r  is t h e  number o f  a d u l t s  and t h e  g r e a t e r  t h e  

number of e l d e r l y ,  t h e  less adequa te  is t h e  d i e t ,  and t h o s e  e f f ec t s  



Table  10 

S i g n s  and S i g n i f i c a n c e  of t h e  C o e f f i c i e n t s  i n  t h e  RIME R e s u l t s  

Calo- Pro- Cal- Vi ta -  Thia- Ribo- Nia- Vi ta-  Phos- 
r i e s  t e i n  cium I r o n  min A mine f l a v i n  c i n  min C phorous 

Cons tan t  + * + *  + *  + *  + r  + * + * + *  + *  + * 

Black + * + *  + + + * + + + + * t 

Educa t ion  - - - - - + + + + * - 

L i v e s  a l o n e  - - K  - - - - + - - - 

L i v e s  i n  NC - - - i  - - t - - f + - t - + 

Non-FS Income - - - - - - - + - - 

Knowledge + * + *  + + 3c3t - + + * + *  - + 

Weekend - + *  - - + - + + - - 

Q3--1970 + - - + - *3t + - + - + - 

Homef ood + W W  + W  - + - + + + - + 

C h i l d r e n  + + + + + - + - + t 

Adul t s  - i - i  - t  - x *  - i  - * - 3c - i  - +  - 3c 

E l d e r l y  -ii - W  - W  - - + - * t  - i - - t - t 

Actua l  bonus - - W  - - - + - + - - 

* s i g n i f i c a n t  a t  t h e  5% l e v e l  
* * s i g n i f i c a n t  a t  t h e  10% l e v e l  



h o l d  i n  e v e r y  c a s e ,  wi th  a l l  a d u l t  e f f e c t s  and most e l d e r l y  e f f e c t s  

be ing  s i g n i f i c a n t .  Ac tua l  food stamp bonus r e d u c e s  t h e  n u t r i e n t  i n  t a k e  

i n  most c a s e s ,  b u t  s i g n i f i c a n t l y  i n  o n l y  one c a s e .  

To r e c a p i t u l a t e  t h e  major f a c t o r s ,  t h e  more a d u l t s  and t h e  more 

e l d e r l y  t h e r e  a r e  i n  t h e  household ,  t h e  l e s s  adequa te  t h e  d i e t  is ,  

b u t  B lacks  have h i g h e r  n u t r i e n t  i n t a k e .  Other  f a c t o r s  have much l e s s  

e f f e c t .  A p p a r e n t l y  s m a l l  Black households  have t h e  h i g h e s t  n u t r i e n t  

i n t a k e ,  l a r g e  w h i t e  ones  t h e  lowes t .  

T a b l e  1 1  r e p o r t s  t h e  e s t i m a t e d  p r o b a b i l i t y  of  a n  adequa te  d i e t  

a n d  t h e  NAR f o r  a household w i t h  c h a r a c t e r i s t i c s  g i v e n  by t h e  means 

o f  t h e  e x p l a n a t o r y  v a r i a b l e s  i n  t h e  RIME d a t a  s e t ,  f o r  limits e q u a l  

t o  t h e  RDA and t w o - t h i r d s  o f  t h e  RDA.  A s  i n  t h e  FSC d a t a ,  ca lc ium 

is l e a s t  l i k e l y  t o  be adequa te .  The NAR r a n g e s  from a b o u t  51% of t h e  

maximum e f f e c t i v e  i n t a k e  ( c a l c i u m )  t o  abou t  89% ( p r o t e i n ) .  The MAR 

is very  c l o s e  t o  t h e  f i g u r e s  from t h e  FSC, bu t  t h e  range  o f  N A R ' s  is 

much g r e a t e r .  

The somewhat p e c u l i a r  r e s u l t s  f o r  Vitamin C a r i s e  from t h e  l a r g e  

v a r i a n c e  o f  Vitamin C consumption i n  t h e  RIME da ta - - the  mean is 164% 

o f  t h e  R D A ,  t h e  s t a n d a r d  e r r o r  253%. Such huge v a r i a t i o n  l e a d s  t o  

much of t h e  d i s t r i b u t i o n  o f  a c t u a l  i n t a k e  be ing  beyond t h e  e f f e c t i v e  

maximum. Thus,  t h e  NAR a t t a i n e d  may be s u r p r i s i n g l y  s m a l l .  

Again,  t h e  b e s t  measure of  t h e  e f f e c t  o f  a n  e x p l a n a t o r y  v a r i a b l e  

on t h e  d i e t  is t h e  marg ina l  impact on t h e  M A R ,  which Table  12  r e p o r t s  

f o r  t h e  RIME d a t a  s e t .  B lacks  have h i g h e r  n u t r i e n t  i n t a k e  by 3.9 pe rcen t -  

a g e  p o i n t s  of  t h e  MAR. R e s i d e n t s  o f  Iowa exceed t h o s e  o f  North C a r o l i n a  

by 9.7 p e r c e n t a g e  p o i n t s .  D i e t s  i n  1970 were below t h o s e  o f  1972 by 

5 . 5  p e r c e n t a g e  p o i n t s .  An e x t r a  c h i l d ,  a d u l t ,  o r  e l d e r l y  pe r son  changes 



Table 1 1  

Probabi l i ty  of an Adequate Diet and Nutrient Adequacy Ratios ( N A R ' s )  
from the RIME Data 

L i m i t  of 66 2 / 3 %  L i m i t  of 100% 

Nutrient Prob. Adequate NA R Prob. Adequate NAR 

Calories 

Protein 

Calcium 

Iron 

Vitamin A 

Thiamine 

Riboflavin 

Niacin 

Vitamin C 

Phosphorous 

MAR 

Note: Standard e r ro r s  of the estimates a re  shown below the est imates.  



Tab le  12 

Marg ina l  Impac t s  of  t h e  Exp lana to ry  V a r i a b l e s  i n  t h e  RIME Da ta  Set 
Mean Adequacy R a t i o  Based o n  66 2 0 %  and 100% of  t h e  RDA 

- -  

B a s i s  o f  t h e  N u t r i e n t  Adequacy R a t i o  

C o n s t a n t  

Age ( y e a r s )  

B lack  

E d u c a t i o n  ( y e a r s )  

L i v e s  a l o n e  

Nor th  C a r o l i n a  

Othe r  Income ($1 000)  

Knowledge o f  n u t r i t i o n  

Weekend 

Q u a r t e r  3 ,  1970 

Home-produced f o o d  

C h i l d r e n  

A d u l t s  



Table 12 (continued) 

Basis of the Nutrient Adequacy Ratio 

66 213% 100% 

Actual Bonus ($100) -0.41 27 -0.51 04 
0.3286 0.4081 

*signif icant  a t  the 5% level  
**significant  a t  the 10% level  

Note: standard e r ro r s  of the estimates are  shown below the estimates. 



t h e  MAR by 2 . 9 ,  -2 .7 ,  and -5.7 p e r c e n t a g e  p o i n t s .  An e x t r a  $10 of 

f o o d  s t a m p  b o n u s  l o w e r s  t h e  MAR by 4.1 pe rcen tage  p o i n t s .  Only 8% 

o f  t h e  p e r s o n s  i n  t h e  RIME r e c e i v e d  food s tamps,  and t h o s e  who d i d  

r e c e i v e d  a n  average  of  $123 i n  food s tamps ($9.95/0.0806; s e e  Table  

3 ) .  

Table  13  shows t h e  c o r r e l a t i o n s  o f  t h e  r e s i d u a l s  i n  t h e  t e n  n u t r i e n t  

e q u a t i o n s  u s i n g  R I M E  d a t a .  I n  c o n t r a s t  t o  t h e  FSC r e s u l t s ,  t h e  c o r r e l a -  

t i o n s  a r e  sometimes s m a l l  and sometimes n e g a t i v e .  The h i g h e s t  c o r r e l a -  

t i o n  is t h a t  between Vitamin A and Vitamin C ,  0.8081 , j u s t  a  b i t  l a r g e r  

t h a n  t h e  c o r r e l a t i o n  o f  0.8059 between c a l o r i e s  and p r o t e i n .  The c o r r e l a -  

t i o n  o f  r e s i d u a l s  o f  Vitamin A and Vitamin C i n  t h e  FSC d a t a  was 0.4260, 

r a t h e r  low. Perhaps  t h e  d i f f e r e n c e  a r i s e s  from t h e  u s e  o f  f r u i t s  and 

v e g e t a b l e s  by r u r a l  a s  opposed t o  e l d e r l y  people .  A t  t h e  low end,  

t h r e e  n u t r i e n t s  h a v e  n e g a t i v e  c o r r e l a t i o n s  wi th  n i a c i n ,  t h e  l a r g e s t  

of  t h e s e  be ing  -0.151 7 .  

T a b l e  1 4  shows t h e  c o e f f i c i e n t s  i n  t h e  p a r t i c i p a t i o n  e q u a t i o n .  

Note t h a t  t h i s  e q u a t i o n  is n o t  r e s t r i c t e d  t o  e l i g i b l e  househo lds ,  s o  

t h e  c o e f f i c i e n t s  do n o t  a s s e s s  t h e  f a c t o r s  i n f l u e n c i n g  e l i g i b l e s  t o  

j o i n  t h e  Food Stamp program. Rather  t h e y  measure t h e  e f f e c t  o f  v a r i o u s  

f a c t o r s  on  t h e  e n t i r e  p r o c e s s  o f  becoming e l i g i b l e  and d e c i d i n g  t o  

p a r t i c i p a t e .  H o u s e h o l d s  whose heads  a r e  younger o r  male ,  o r  which 

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

Food S tamp program. More c h i l d r e n ,  l i v i n g  i n  Iowa, and be ing  asked  

i n  1972  l e a d  t o  a  g r e a t e r  p r o b a b i l i t y  o f  p a r t i c i p a t i o n .  A s s e t s  a r e  

a c o n s i d e r a b l e  d e t e r r e n t ,  p robab ly  a c t i n g  th rough  t h e  e l i g i b i l i t y  r e q u i r e -  

ments.  An e q u a t i o n  f o r  p o t e n t i a l  bonus was e s t i m a t e d ,  s i n c e  t h e  d a t a  



Table 13 

C o r r e l a t i o n s  Between t h e  Residuals  from t h e  Nut r ien t  Equations 
i n  t h e  RIME Data 

Calo- Pro- Cal- Vita- Thia- Ribo- Vita-  Phos- 
r i e s  t e i n  cium I ron  minA mine f l a v i n  Niacin minC  phorous 

Ca lo r i e s  

P ro t e in  

Cal c i  urn 

I ron  

Vitamin A 

Thiamine 

Ribof lav in  

Niacin 

Vitamin C 

Phosphorous 



Tab le  14  

The P a r t i c i p a t i o n  Equa t ion  E s t i m a t e d  f rom t h e  RIME Data 

E s t i m a t e d  S t a n d a r d  
C o e f f i c i e n t  E r r o r  t - v a l u e  

C o n s t a n t  

Age o f  head of househo ld  

B l a c k  head of househo ld  

Male head of househo ld  

E d u c a t i o n  ( y e a r s )  

L i v e s  a l o n e  

L i v e s  i n  NC 

Non-food s t a m p  income ($1 000)  

Assets ($1 0000)  

Q u a r t e r  3,  1970 

Food produced a t  home 

Number o f  c h i l d r e n  

Number o f  a d u l t s  

Number o f  e l d e r l y  

E s t i m a t e d  p o t e n t i a l  bonus ($1 00)  

* s i g n i f i c a n t  a t  t h e  5% l e v e l  
* * s i g n i f i c a n t  a t  t h e  10% l e v e l  



s e t  d i d  n o t  c o n t a i n  such  in fo rmat ion .  That  e q u a t i o n  is d e s c r i b e d  i n  

Appendix D .  The e s t i m a t e d  bonus amount h a s  p r a c t i c a l l y  no e f f e c t .  

S e c t i o n  7 .  I m p l i c a t i o n s  f o r  P o l i c y  

Food s tamps appear  t o  be i n e f f e c t i v e  i n  r a i s i n g  n u t r i e n t  i n t a k e ,  

and knowledge o f  n u t r i t i o n  a p p e a r s  t o  be e f f e c t i v e  i n  do ing  s o ,  e x c e p t  

f o r  Vitamin C .  Many p a r a l l e l s  can be found w i t h  t h e  r e s u l t s  o f  W h i t f i e l d  

( 1 9 8 2 ) ,  who used a  d i f f e r e n t  d a t a  s e t  from t h e  two used h e r e  bu t  found 

v e r y  s i m i l a r  r e s u l t s .  F i r s t  a  few o t h e r  m a t t e r s  a r e  d i s c u s s e d ,  t h e n  

t h e  e f f e c t s  o f  food stamp bonus, then  knowledge o f  n u t r i t i o n .  

B l a c k s  and w h i t e s  o r  men and women can d i f f e r  i n  t h e i r  n u t r i e n t  

i n t a k e ,  e v e n  a f t e r  c o n t r o l l i n g  f o r  a  v a r i e t y  o f  o t h e r  f a c t o r s .  I n  

t h e  FSC d a t a ,  t h e  e l d e r l y  Blacks  and w h i t e s  were e s s e n t i a l l y  i d e n t i c a l  

a f t e r  c o n t r o l l i n g  f o r  o t h e r  f a c t o r s .  Males had s l i g h t l y  worse d i e t s ,  

by 1 . I  p e r c e n t a g e  p o i n t s  i n  MAR. I n  t h e  R I M E  d a t a ,  t h e  Blacks  had 

s i g n i f i c a n t l y  b e t t e r  d i e t s ,  by 3.9 pe rcen tage  p o i n t s  i n  MAR.  I n  compari- 

s o n ,  Whi t f  i e l d l s  (1  9 8 2 )  r e s u l t s  i n d i c a t e d  t h a t ,  o t h e r  t h i n g s  e q u a l ,  

B l a c k s  had d i e t s  h i g h e r  i n  some and lower i n  o t h e r  n u t r i e n t s ,  t h e  n e t  

b e i n g  -3.8 pe rcen tage  p o i n t s  i n  MAR ( t h e  a v e r a g e  o f  t h e  s i x  e f f e c t s  

r e p o r t e d  i n  W h i t f i e l d 1 s  Table  2 ) .  W h i t f i e l d  found t h a t  males had b e t t e r  

d i e t s  by 8.9 pe rcen tage  p o i n t s .  Note t h a t  W h i t f i e l d  d i d  n o t  t r u n c a t e  

t h e  NAR I s  and t h e  means o f  t h e  NAR I s  ranged from 0.795 t o  1  .164,  s o  

t h a t  many o f  t h e  people  i n  t h e  sample were beyond t h e  e f f e c t i v e  n u t r i e n t  

l e v e l ,  s o  h i s  f i g u r e s  a r e  b iased  upward. The independent  e f f e c t  o f  

gender and r a c e  on n u t r i e n t  i n t a k e  is n o t  c l e a r  h e r e .  

Viewing t h e  Food Stamp program a s  a  n u t r i e n t  program is n o t  sup- 

p o r t e d  by t h e  d a t a .  Table  15  c o l l e c t s  t h e  e f f e c t s  o f  t h e  a c t u a l  food  

s tamp bonus on t h e  N A R 1 s .  The e f f e c t  is,  on a v e r a g e ,  n e g a t i v e  i n  both  



Table  15 

E f f e c t s  of Actual  Bonus on N A R ' s  Truncated a t  0.67 and 1.00 
( E f f e c t s  per $100 of  Bonus) 

Trunca t ion  a t  0.67 Trunca t ion  a t  1 .OO 

Data S e t :  FS C RIME FS C RIME 

S td .  S td .  S td .  S td .  
Nu t r i en t  E f f e c t  E r ro r  E f f e c t  Er ror  E f f e c t  E r ro r  E f f e c t  E r ro r  

Calor i e s  

P r o t e i n  

Calcium 

I r o n  

Vitamin A 

Thiamine 

R ibo f l av in  

Niacin 

Vitamin C 

Phosphorous 

MAR 

Note: The average food stamp bonus is $73 and $123 i n  t h e  FSC and R I M E .  

* s i g n i f i c a n t  a t  t h e  5% l e v e l  
* * s i g n i f i c a n t  a t  t h e  10% l e v e l  



d a t a  s e t s  i n v e s t i g a t e d  h e r e .  The i m p l i c a t i o n  is t h a t  t h e  n u t r i t i o n a l  

s t a t u s  o f  t h e  poor would be h i g h e r  w i t h o u t  food stamps.  I n  t h e  RIME 

d a t a ,  t h e  e f f e c t s  a r e  most ly  i n s i g n i f i c a n t ,  and i n  t h e  FSC d a t a ,  they  

a r e  mos t ly  s i g n i f i c a n t .  I n  any e v e n t ,  t h e  c o n c l u s i o n  canno t  be f a v o r a b l e  

t o  t h e  p rogram.  The Food Stamp program can c e r t a i n l y  be s u p p o r t e d  

a s  a  n e g a t i v e  income t a x  o r  a n  an t i -hunger  program, s i n c e  i t  p r o v i d e s  

income, and r e c i p i e n t s  buy more food.  

The e f f e c t  o f  knowledge of  n u t r i t i o n ,  measured by a  c r u d e  t e s t ,  

naming f o o d s  i n  v a r i o u s  food groups  a s  be ing  needed on a  r e g u l a r  b a s i s  

f o r  good h e a l t h ,  is s t r o n g  i n  both  d a t a  s e t s .  Table  16 c o l l e c t s  t h e  

e f f e c t s  o f  n u t r i t i o n a l  knowledge on t h e  N A R ' s .  I n  t h i s  c o n n e c t i o n ,  

W h i t f i e l d  (1982)  found s i m i l a r  r e s u l t s .  The major e x c e p t i o n  is ,  remark- 

a b l y ,  t h e  same i n  a l l  t h r e e  s e t s  o f  r e s u l t s - - t h e  NFCS ( W h i t f i e l d ' s ) ,  

R I M E ,  and FSC. I t  is Vitamin C .  The e f f e c t  o f  knowledge on Vitamin 

C consumption is n e g a t i v e  i n  t h e  FSC and NFCS and s m a l l  and i n s i g n i f i -  

c a n t  i n  t h e  RIME. Most Vitamin C comes from f r u i t s  and v e g e t a b l e s ,  

94% a c c o r d i n g  t o  G u t h r i e  (1975, p. 245) .  The o n l y  o t h e r  n u t r i e n t  subs tan-  

t i a l l y  depending on f r u i t s  and v e g e t a b l e s  is Vitamin A ( G u t h r i e ,  1975,  

p.  31 4 ) .  The RIME r e s u l t s  show n e g a t i v e  e f f e c t s  o f  knowledge o n l y  

on Vitamin A and Vitamin C. However, t h e  e f f e c t  is p o s i t i v e  and s i g n i f i -  

Cant on Vitamin A i n  t h e  NFCS and t h e  FSC. S i n c e  Vitamin A comes o n l y  

50% from f r u i t s  and v e g e t a b l e s ,  whi le  t h e  r e s t  comes from meat,  m i l k ,  

f a t s ,  and o i l s ,  p o s s i b l y  t h e  o t h e r  f o o d s  a r e  masking t h e  e f f e c t .  Vitamin 

C is a  mystery  a t  t h i s  p o i n t .  

I t  i s  i m p o s s i b l e  t o  compare  t h e  c o s t  o f  a t t a i n i n g  n u t r i t i o n a l  

o b j e c t i v e s  by r a i s i n g  knowledge o r  by i n c r e a s i n g  food  stamp a l l o t m e n t s ,  

s i n c e  t h e  e s t i m a t e d  e f f e c t  o f  food s tamps is n e g a t i v e .  However, p o l i c y  



Table 16 

Effects of Nutri t ional  Knowledge on N A R 1 s  Truncated a t  0.67 and 1.00 

Truncation a t  0.67 Truncation a t  1 .OO 

Data Set: FS C RIME FS C RIME 

Std.  Std. Std. Std. 
Nutrient Ef fee t  Error Effect Error Effect Error Effect  Error 

Calories 0.02201 * 0.061 0 0.01 1 66" 0.0051 0 0.03643" 0.00977 0.02275" 0.00990 

Protein 0.03059* 0.00577 0.01 198" 0.00463 0.05028" 0.00901 0. 02200" 0 00839 

Cal c i  urn 0.01 806" 0.00974 0.01 31 6 0.01 905 0.02597" 0.01 387 0.01 749 0.02532 

Iron 0.01826" 0.00466 0.01997**0.01158 0.03290* 0.00811 0.03124** 0.01801 

Vitamin A 0.03672" 0.01 129 -0.02319 0.03901 0.04769" 0.01 456 -0.02671 0.04490 

Thiamine 0.01855" 0.00392 0.01 477 0.00993 0.03481 * 0.00694 0.02226 0.1490 

Riboflavin 0.01 582" 0.00426 0.01 676** 0.00843 0.02871 * 0.00754 0.02642" 0.131 7 

Niacin 0.02129* 0.00464 0.02601* 0.00963 0.03576" 0.00744 0.03849" 0.01407 

Vitamin C 0.00503 0.01 030 -0.00580 0.03793 0.00651 0.01 332 -0.00666 0.04357 

Phosphorous 0.01 598" 0.00774 0.02653* 0.01 276 

MAR 0.02070" 0.00486 0.01 01 3 0.0121 3 0.03323" 0.00735 0.01738 0.01 494 

Note: Knowledge of nu t r i t ion  ranges from 0 t o  4 w i t h  means of 2.1 and 2.9 in  the FSC 
and RIME.  

*s ignif icant  a t  the 5% level  
**significant  a t  the 10% l eve l  



which a ims a t  i n c r e a s i n g  t h e  n u t r i t i o n a l  s t a t u s  o f  t h e  poor p o p u l a t i o n  

shou ld  a p p a r e n t l y  c o n c e n t r a t e  on i n c r e a s i n g  b a s i c  n u t r i t i o n a l  knowledge. 

S e c t i o n  8 .  Summary and Conclus ions  

James Tobin ( 1 9 7 0 ) ,  i n  a d i s c u s s i o n  o f  v a r i o u s  programs t o  d e c r e a s e  

i n e q u a l i t y  i n  s o c i e t y ,  d i s c u s s e d  t h e  Food Stamp program. 

The s o c i e t y ' s  p r o p e n s i t y  t o  g i v e  a s s i s t a n c e  t o  t h e  poor i n  
k i n d  r a t h e r  t h a n  i n  cash  is most c l e a r l y  evidenced by t h e  
p o l i t i c a l  p o p u l a r i t y  of  food s tamps and housing s u b s i d i e s .  . . . 
The i n t e n t  is t o  i n c r e a s e  t h e  consumption o f  t h e s e  n e c e s s i t i e s  
o f  l i f e  by t h e  poor ly  nour i shed  and p o o r l y  housed. . . .  

P a t e r n a l i s m  is presumably t h e  motive f o r  a s s i s t i n g  poor people  
w i t h  food vouchers  r a t h e r  t h a n  g e n e r a l i z e d  purchas ing  power. 
B u t  t h e  a c t u a l  and proposed sys tems do  n o t  l i v e  up t o  t h e  
r a t i o n a l e ,  w h i c h  would  i m p l y  c o m p u l s o r y  n u t r i t i o n  i n  t h e  
manner  o f  c o m p u l s o r y  e d u c a t i o n .  Given t h e  f u n g i b i l i t y  o f  
s t amps  and f o o d s ,  t h e  p l a n s  do n o t  even i n s u r e  adequa te  d i e t s  
f o r  t h e i r  b e n e f i c i a r i e s .  And, a l t h o u g h  based on t h e  premise  
t h a t  adequa te  income is no g u a r a n t e e  o f  adequa te  n u t r i t i o n ,  
income-condit ioned food vouchers  do  n o t h i n g  t o  i n s u r e  adequa te  
n u t r i t i o n  f o r  t h o s e  whose  i n c o m e s  make them i n e l i g i b l e .  
I n  s h o r t ,  food vouchers  a r e  j u s t  a n  i n f e r i o r  c u r r e n c y ,  and 
t a x p a y e r s '  f u n d s  would  be  b e t t e r  s p e n t  i n  g e n e r a l  income 
a s s i s t a n c e .  (pp.  274-275) [He t h e n  a s s e r t s  t h a t  t h e  o b l i g a -  
t i o n  t o  p r o t e c t  c h i l d r e n  is independent  o f  s o u r c e  o f  income.] 

F o l l o w i n g  o t h e r  p a p e r s  w h i c h  have r e p o r t e d  t h e  e f f e c t  o f  food 

s t a m p s  on n u t r i e n t  i n t a k e ,  i n  t h i s  paper  we examine t h e  e f f e c t  w i t h  

a n  e l a b o r a t e d  mode l  r e f l e c t i n g  e c o n o m e t r i c  and n u t r i t i o n a l  t h e o r y .  

The r e s u l t s  s u p p o r t  some o f  t h e  p o i n t s  r a i s e d  by Tobin ,  and oppose 

o t h e r s .  Adequate income is no g u a r a n t e e  o f  a d e q u a t e  n u t r i t i o n ;  i n c r e a s e d  

income, e i t h e r  i n  food  s tamps o r  o t h e r w i s e ,  is a s s o c i a t e d  w i t h  reduced  

n u t r i e n t  i n t a k e  i n  two d a t a  s e t s ,  a sample o f  e l d e r l y  people  i n  t h e  

Food Stamps Cashout P r o j e c t  and a sample o f  r u r a l  people  i n  t h e  Rura l  

Income Maintenance Experiment. Yet,  food s t amps  a r e  n o t  " j u s t  a n  i n f e r i -  

o r  cu r rency . "  They expand purchases  o f  food more t h a n  o r d i n a r y  income, 



a s  h a s  been shown i n  s t u d i e s  o f  t h a t  t o p i c  ( f o r  example,  Benus, Kmenta 

a n d  S h a p i r o ,  1 9 7 6 ,  a n d  Blanchard e t  a l . ,  1982) .  Pe rhaps  a s  a  p a r t  

o f  t h e  same phenomenon, food s tamps seem t o  have a  more d e l e t e r i o u s  

e f f e c t  on n u t r i e n t  i n t a k e  t h a n  o r d i n a r y  income i n  both  d a t a  s e t s .  

The r e s u l t s  s u g g e s t  t h a t  even rud imenta ry  knowledge o f  n u t r i t i o n  

c a n  i n c r e a s e  n u t r i e n t  i n t a k e  c o n s i d e r a b l y .  Educat ion i n  y e a r s  h a s  

n o  e f f e c t  i n  o n e  d a t a  s e t  ( t h e  e l d e r l y )  bu t  s u b s t a n t i a l  e f f e c t s  i n  

t h e  o t h e r  ( t h e  r u r a l ) .  I f  a  program cou ld  i n c r e a s e  knowledge, i t  a p p e a r s  

t h a t  i t  cou ld  e f f e c t  t h e  d e s i r e d  changes  i n  n u t r i t i o n a l  s t a t u s  of t h e  

poor.  

Should t h e r e  be ,  t h e n ,  a  Food Stamp program? I f  t a x p a y e r s  wish  

t o  be p a t e r n a l i s t i c ,  and t h e y  do  n o t  want t o  p rov ide  g e n e r a l  a s s i s t a n c e ,  

t h e  FSP i s  s u c c e e d i n g ,  i n  p a r t .  The ev idence  does  n o t  s u p p o r t  t h e  

FSP a s  a  n u t r i t i o n  program. But i t  is n o t  q u i t e  a n e g a t i v e  income 

t a x ,  e i t h e r .  Given its e f f e c t s  on food consumption,  i t  is probab ly  

b e s t  d e s c r i b e d  a s  a n  a n t i - h u n g e r  program. Perhaps  t h e  b e s t  p o l i c y  

c o n c l u s i o n  is t h a t  t h e  FSP does reduce  hunger ,  bu t  n u t r i t i o n  is a  h a r d e r  

problem. 



Appendix A 

The T o b i t  Framework i n  t h e  A n a l y s i s  o f  N u t r i e n t  I n t a k e  Data 

N u t r i t i o n a l  t h e o r y  a s se r t s  t h a t  e x c e e d i n g  t h e  n e c e s s a r y  l e v e l  

o f  d a i l y  i n t a k e  o f  o n e  n u t r i e n t  d o e s  n o t  s u b s t i t u t e  f o r  f a i l i n g  t o  

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

r e q u i r e s  a t t a i n i n g  a t  l eas t  100% of  t h e  s t a n d a r d  f o r  e a c h  o f  a number 

o f  n u t r i e n t s ,  n o t  a n  a v e r a g e  of  100% o v e r  a l l .  I n  p r a c t i c e  t h e  Recommend- 

e d  D a i l y  D i e t a r y  Allowances ( R D A )  o f  t h e  Food and N u t r i t i o n  Board are  

t a k e n  i n  s t u d i e s  o f  n u t r i t i o n a l  i n t a k e  t o  be t h e  s t a n d a r d  (Food and  

N u t r i t i o n  Board ,  1 9 6 8 ) .  These  a l l o w a n c e s  are  d e f i n e d  by a g e  and  s e x  

of  t h e  p e r s o n  whose d i e t  is t o  be e v a l u a t e d ,  a n d  t h e y  a re  d e f i n e d  f o r  

a r a n g e  of  v i t a m i n s  and m i n e r a l s .  

I n  e v a l u a t i n g  t h e  n u t r i e n t  i n t a k e  of  a p e r s o n  o r  h o u s e h o l d ,  t h e  

p h y s i c a l  f o o d  i n t a k e  is c o n v e r t e d  i n t o  amounts  o f  s p e c i f i c  v i t a m i n s  

and m i n e r a l s ,  t h e n  d i v i d e d  by t h e  a p p r o p r i a t e  RDA t o  o b t a i n  a p e r c e n t -  

a g e ,  c a l l e d  t h e  n u t r i e n t  adequacy r a t i o  ( N A R )  . Given a number o f  N A R I S ,  

t h e  mean adequacy  r a t i o  ( M A R )  is t h e  a v e r a g e  o f  t h e  N A R I S ,  e a c h  b e i n g  

t r u n c a t e d  a t  100% b e f o r e  a v e r a g i n g .  The NAR o r  MAR becomes t h e  o b j e c t  

o f  t h e  a n a l y s i s .  

A s  O f c o n n o r ,  Madden, and P r i n d l e  (1976,  p. 2 6 )  n o t e  i n  a p r e l i m i n a r y  

v e r s i o n  of  0 '  Connor and Madden ( 1 9 7 9 ) ,  " t h e  impac t  o f  t h e  program o n  

t h e  N A R  v a r i a b l e s  t r u n c a t e d  a t  100 p e r c e n t  seems t o  be t h e  r e l e v a n t  

q u e s t  i o n  f r o m  a p o l i c y  s t a n d p o i n t .  " The i m p l i c i t  c o n c l u s i o n  drawn,  

t h a t  t h e  t r u n c a t e d  NAR s h o u l d  be r e g r e s s e d  on  t h e  e x p l a n a t o r y  v a r i a b l e s  

t o  be u s e d ,  is i n c o r r e c t .  I n  f a c t ,  t r u n c a t i n g  t h e n  r e g r e s s i n g  r e s u l t s  

i n  b i a s e d  ( s y s t e m a t i c a l l y  wrong) c o e f f i c i e n t s  f o r  t h e  q u e s t i o n  of  i n t e r -  

e s t ,  n a m e l y :  What  is t h e  e f f e c t  of race,  sex, income, e t c . ,  on t h e  



NAR g i v e n  t h a t  i t  does  n o t  wcount l t  t o  go o v e r  loo%? Lane (1978)  found 

o n e  c o n s i s t e n t  ( c o r r e c t  w i t h  a  l a r g e  sample)  method t o  a n a l y z e  t h e  

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

such  a s  s e x ,  r a c e ,  a g e  o f  household head ,  e t c .  A s  t h e  t i t l e  s u g g e s t s ,  

t h e  t o b  i t f ramework  i s  emphas ized  h e r e ,  bu t  o r d i n a r y  r e g r e s s i o n  of 

t h e  u n t r u n c a t e d  N A R t s  w i t h  some a d d i t i o n a l  mathemat ica l  r e s u l t s  is 

a d e q u a t e  i n  most c a s e s .  

To e m p h a s i z e  t h e  p o i n t s  : a n a l y t i c a l  o b j e c t i v e s  and s t a t i s t i c a l  

means t o  o b t a i n  them must be c o n s i d e r e d  s e p a r a t e l y .  The a n a l y t i c a l  

o b j e c t i v e  t o  be accomplished is a n a l y z i n g  N A R t s  o r  t h e  MAR o f  a  sample 

o f  pe r sons  o r  househo lds ,  g iven  t h a t  exceed ing  100% of  t h e  RDA is n o t  

n u t r i t i o n a l l y  u s e f u l .  The s t a t i s t i c a l  means t o  a t t a i n  t h a t  o b j e c t i v e  

i s  n o t  r e g r e s s i o n  o f  t h e  t r u n c a t e d  NAR on r e g r e s s o r  v a r i a b l e s ;  t h a t  

g i v e s  t h e  wrong answer.  

S e c t i o n  1  i n t r o d u c e s  and d i s c u s s e s  t h e  t o b i t  model. S e c t i o n  2 

shows t h a t ,  a l t h o u g h  t o b i t  a p p e a r s  t o  be needed h e r e ,  it is n o t ,  and 

a  s i m p l e r  s o l u t i o n  is provided.  S e c t i o n  3  d i s c u s s e s  a  method o f  d e a l i n g  

w i t h  n u t r i e n t  i n t a k e  d a t a  which a r e  t r u n c a t e d  and canno t  be r e s t o r e d  

f o r  r e g r e s s i o n .  

I n  what f o l l o w s ,  we assume t h e r e  a r e  t e n  n u t r i e n t s ,  b u t  n o t h i n g  

impor tan t  would change i f  t h e r e  were more o r  fewer .  

1 .  The T o b i t  Model 

In t roduced  t o  economics by Tobin (1958)  and d e f i n i t i v e l y  e x p l a i n e d  

by Amemiya ( 1 9 7 3 ) ,  t h e  t o b i t  model concerns  a  c o n t i n u o u s  v a r i a b l e  t r u n -  

c a t e d  above o r  below a  l i m i t .  The o r i g i n a l  example was consumer d u r a b l e  

purchases  ( c a r s ,  r e f r i g e r a t o r s ) ,  which canno t  go below z e r o  and f r e q u e n t -  

l y  a r e  e x a c t l y  ze ro .  The concept  of  a  p o t e n t i a l  amount o f  purchase  



is i n t r o d u c e d :  t h i s  may be n e g a t i v e ,  b u t  i f  i t  is, n o  p u r c h a s e  ( n o t  

a n e g a t i v e  p u r c h a s e )  is o b s e r v e d .  A s  a second  example ,  t h e  number 

o f  h o u r s  o f  market  work p e r  p e r i o d  is a f u n c t i o n  o f  soc ioeconomic  v a r i -  

a b l e s  and  t h e  wage rate  compared t o  t h e  monet ized  r e w a r d s  o f  s t a y i n g  

o u t  o f  t h e  l a b o r  market ( h o u s e w o r k ,  l e i s u r e ,  v o l u n t e e r  a c t i v i t i e s ,  

e t c . ) .  The p r e f e r r e d  amount o f  h o u r s  o f  market work may be  any  p o s i t i v e  

o r  n e g a t i v e  amount,  b u t  z e r o  is o b s e r v e d  i f  t h e  p r e f e r r e d  amount is 

n e g a t i v e .  F i n a l l y ,  t h e  NAR may be any amount;  i t  is d i s t r i b u t e d  c o n t i n u -  

o u s l y ,  w i t h  n o  " b a r r i e r w  a t  l o o % . '  The i m p l i c i t  v a r i a b l e  ' ! e f f e c t i v e  

n u t r i e n t  in take1!  takes t h e  v a l u e  100% i f  t h e  NAR t a k e s  a v a l u e  g r e a t e r  

t h a n  l o o % ,  however. S t a t i s t i c a l l y ,  t h e s e  t h r e e  examples  are i n t e r c h a n g e -  

a b l e .  The uppe r  bound on  t r u n c a t e d  N A R t s  is e q u i v a l e n t  t o  t h e  lower  

bounds o n  consumer d u r a b l e s  and  market  h o u r s  worked because :  (1 ) Deriva-  

t i o n s  do  n o t  depend o n  where t h e  bound is; t h e  f o r m u l a s  change  l i t t l e ;  

( 2 )  if a n  e x p l i c i t  l ower  bound a t  z e r o  is wan ted ,  100 p l u s  t h e  n e g a t i v e  

o f  t h e  NAR can  be  used .  

* 2 C o n s i d e r  a r e g r e s s i o n  model ,  Yt  = Xt$ + E ~ ,  E~ d i s t r i b u t e d  N(0 ,o  ) ,  

* 
where Y is p o t e n t i a l  p u r c h a s e s  o r  market h o u r s  o r  a c t u a l  NAR i n  t h e  

p r e v i o u s  examples .  

T h i s  framework was assumed i n  a l l  t h e  l i t e r a t u r e  c i t e d  above .  

* Now d e f i n e  a t r u n c a t e d  v e r s i o n  o f  Y t ,  c a l l e d  Y t ,  t h u s :  

' O f  c o u r s e  i t  canno t  be n e g a t i v e ,  b u t  income,  w e i g h t ,  and  o t h e r  
n o n - n e g a t i v e  v a r i a b l e s  have l o n g  been modeled t h i s  way; as l o n g  a s  
t h e  mean is f a r  (many s t a n d a r d  d e v i a t i o n s )  from z e r o ,  a l l  is well. 



where It is t h e  l i m i t  value which may d i f f e r  ac ros s  observa t ions ,  a l -  

though i t  r a r e l y  does i n  p rac t i ce . '  

What, i n  terms of t h e  above model ( I ) ,  do we seek t o  f i n d  by s t a t i s -  

* * 
t i c a l  a n a l y s i s ?  The marginal impact on t h e  expected value of Yt, E(Yt) ,  

of a  change i n  X is given by B, but t h a t  does no t  t ake  i n t o  account 

t h e  t r u n c a t i o n .  (Nevertheless ,  s ince  B may be es t imated  by ord inary  

* 
r eg re s s ion  of Y on X i t  would be good t o  f i n d  a  way t o  use i t . )  In  

behavioral  terms t h a t  ignores  t h e  f a c t  t h a t  t h e  increase  i n  NAR could 

be from 110 t o  120, r a t h e r  than from 80 t o  90. The marginal impact 

on t h e  expected value of Yt, E(Yt) ,  of a  change i n  X is analyzed a s  

fo l lows;  t h e  expected value of Y t  is 

where P r  denotes  p robab i l i t y .  Now 

where @ denotes t h e  s tandard normal cumulative d e n s i t y  func t ion  ( c d f )  

and t h e  r e s u l t  fo l lows  from E ' S  being normally d i s t r i b u t e d .  S i m i l a r l y ,  

* 2 A s  long a s  I t  is a known cons tan t  I t  - Y t  may be analyzed t o  ob ta in  
a  normally d i s t r i b u t e d  va r i ab l e  t runca ted  a t  zero. 



* * 
which f o l l o w s  from t h e  i d e n t i t y :  @ ( a )  + @ ( - a )  = 1. Note E ( y t l y t  < I t )  

must be de te rmined .  

The mean o f  a  t r u n c a t e d  normal v a r i a b l e  ( E ~ )  may be found by d i r e c t  

i n t e g r a t i o n ,  

w h e r e  $ is  t h e  s t a n d a r d  n o r m a l  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  ( p d f ) ,  

t h e  d e v i a t i v e  of  t h e  c d f .  Note t h a t  E ( Y ; )  = X t B  and t h a t  t r u n c a t i n g  

l a r g e  v a l u e s  r e d u c e s  t h e  mean. 

F i n a l l y  s u b s t i t u t i n g  ( 3 ) ,  ( 4 ) ,  and ( 5 )  i n t o  ( 2 )  

and t h e  o b j e c t  we seek  is3 

3Note t h a t  d $ ( a ) / d a  = $ ( a )  and d $ ( a ) d a  = - a $ ( a ) .  



This  h a s  an  i n t u i t i v e  i n t e r p r e t a t i o n .  The e f f e c t  o f  X on Y is B if 

Y is a t  t h e  l i m i t  and 0 o t h e r w i s e .  The p r o b a b i l i t y  t h a t  Y is a t  t h e  
It - X t B  

l i m i t  is @ (  . Thus ( 6 )  r e p r e s e n t s  a n  a v e r a g e .  
0 

F o r m u l a  ( 6 )  shows a g a i n  t h a t  B is n o t  t h e  parameter  we s e e k .  

However, i f  B and o were e s t i m a t e d ,  f o r  example by o r d i n a r y  r e g r e s s i o n  

o f  u n t r u n c a t e d  N A R 1 s  on X ,  t h e n  B Q ( ( ~ ~  - X t @ ) / O )  c o u l d  be e v a l u a t e d  

d i r e c t l y  by computat ion.  

S u p p o s e  i n s t e a d  o f  u s i n g  t h e  p l a n  i n  t h e  l a s t  paragraph t h a t  Y 

is r e g r e s s e d  on  X. Th i s  is i n e f f i c i e n t  because i t  f a i l s  t o  use  a l l  

W 
t h e  a v a i l a b l e  i n f o r m a t i o n  abou t  Y t o  e s t i m a t e  B ,  bu t  does  i t  g i v e  

t h e  r i g h t  a n s w e r s ?  R e g r e s s i o n  g i v e s  t h e  b e s t  l i n e a r  approx imat ion  

t o  t h e  r e l a t i o n s h i p  between X and Y ,  s o  t o  e v a l u a t e  what happens t a k e  

a n o t h e r  l o o k  a t  E(Yt).  



I t  is n o t  c l e a r  t h a t  l i n e a r  r e g r e s s i o n  on X t ,  which a p p e a r s  n o n l i n e a r l y  

i n  e v e r y  t e rm,  w i l l  produce t h e  d e s i r e d  r e s u l t .  The n e x t  s e c t i o n  shows 

t h a t  i t  may work o u t ,  and i n  any c a s e  B and o may be e s t i m a t e d .  

2. What t o  Do With Truncated Data 

Suppose t h e  t o b i t  model under c o n s i d e r a t i o n  canno t  be u n t r u n c a t e d  
It - X t B  

t o  e s t i m a t e  B and a and e v a l u a t e  BQ( ) T h i s  is normal ly  t h e  

c a s e  w i t h  wage a n d  h o u r s  d a t a  o r  w i t h  consumer d u r a b l e  purchases .  

Then t o  r e c o v e r  B and o ,  maximum l i k e l i h o o d  e s t i m a t i o n  (MLE) must be 

e m p l o y e d .  F o r t u n a t e l y ,  many computer packages now e x i s t  t o  e s t i m a t e  

t o b i t  models. A f t e r  a b r i e f  d i s c u s s i o n  of  how t h e s e  work, a deeper  

i n v e s t i g a t i o n  i n t o  what happens i f  l i n e a r  r e g r e s s i o n  is employed w i l l  

f o l l o w  . 
The l i k e l i h o o d  f u n c t i o n  f o r  a sample o f  T o b s e r v a t i o n s  of  which 

T1 a r e  n o t  a t  t h e  l i m i t  and T2 a r e  a t  t h e  l i m i t ,  is a s  f o l l o w s .  

The f i r s t  p r o d u c t  i n v o l v e s  t h e  normal  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  

( p d f )  and t h e  second i n v o l v e s  t h e  normal cumula t ive  d i s t r i b u t i o n  f u n c t i o n  

( c d f ) ,  b e c a u s e  i t  r e f l e c t s  t h e  p r o b a b i l i t y  o f  being o v e r  t h e  l i m i t .  

The l o g  l i k e l i h o o d  is 



* 
The d e r i v a t i v e s  o f  t h i s  f u n c t i o n  a r e  t r a c t a b l e .  Max imiza t ion  o f  L  

l e a d s  t o  t h e  MLE. 

S u p p o s e  o r d i n a r y  r e g r e s s i o n  i s  a p p l i e d  t o  t r u n c a t e d  N A R ' s .  The 

r e g r e s s i o n  models  u sed  on  n u t r i e n t  i n t a k e  d a t a  have done  j u s t  t h a t .  

* * 
What is b e i n g  e s t i m a t e d ? '  L e t  l~ and o refer t o  t h e  mean and v a r i a n c e  

o f  t h e  u n d e r l y i n g  v a r i a b l e - - p o t e n t i a l  p u r c h a s e s  o r  NAR, f o r  example-- 

and  @* refer t o  t h e  p r o b a b i l i t y  i n  t h e  p o p u l a t i o n  t h a t  t h e  l i m i t  w i l l  

n o t  be exceeded .  L e t  I$* be t h e  v a l u e  o f  t h e  s t a n d a r d  normal  pdf c o r r e s -  

* 
p o n d i n g  t o  t h e  v a l u e  @ o f  the  s t a n d a r d  normal  c d f .  F i n a l l y ,  i f  a 

j o i n t  normal  d i s t r i b u t i o n  f o r  t h e  e x p l a n a t o r y  a n d  dependen t  v a r i a b l e s  

* c a n  be a s sumed , '  t h e  o r d i n a r y  r e g r e s s i o n  c o e f f i c i e n t s  b  t e n d  t o  B@ . 
On t h e  o t h e r  hand ,  t h e  e f f e c t  o f  X on t h e  e x p e c t e d  v a l u e  of  Y t a k i n g  

* * t r u n c a t i o n  i n t o  a c c o u n t  is B@[+]. The d i f f e r e n c e  between o and o 

is  t h a t  o2 is t h e  v a r i a n c e  o f  E,  t h e  d i s t u r b a n c e ,  w h i l e  o** is t h e  

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

f rom X. I n  a d d i t i o n ,  @* is t h e  u n c o n d i t i o n a l  p r o b a b i l i t y  t h a t  a v a l u e  
* 

of  Y* w i l l  n o t  exceed  t h e  l i m i t  w h i l e  @[L] is t h a t  p r o b a b i l i t y  c o n d i t i o n -  
0 

a1 upon t h e  mean v a l u e s  o f  X.  

The r a t i o  of  t h e  two sets o f  c o e f f i c i e n t s ,  b o t h  o f  which are  s c a l a r  

m u l t i p l e s  o f  B, is: 

O r d i n a r y  R e g r e s s i o n  C o e f f i c i e n t s  @(v*/o* 1. - - 
M a r g i n a l  Impac t s  

@(,.l*/O) 

'This  d i s c u s s i o n  draws h e a v i l y  on  Greene (1981). 

'Whi l e  t h i s  is f r e q u e n t l y  n o t  t r u e ,  it seems t o  work well bo th  
i n  t o b i t  and o t h e r  c a s e s .  S e e  Greene (1981). 



* 
I f  a  c o n n e c t i o n  between o and o cou ld  be found ,  t h i s  cou ld  be eva lu -  

* 
a t e d .  T h e r e  i s  o n e :  t h e  v a r i a n c e  of  Y is r e l a t e d  t o  t h e  v a r i a n c e  

i n  E by t h e  o r d i n a r y  R'. 

* 
Thus t h e  R2 from a  r e g r e s s i o n  o f  Y on X is needed t o  g e n e r a t e ,  among 

o t h e r  t h i n g s ,  t h e  R2 from i t .  From (1 1 ) ,  

F i n a l l y  t h e  f a c t o r  by which t h e  marg ina l  impac t s  a r e  m u l t i p l i e d  t o  

g e t  t h e  o r d i n a r y  r e g r e s s i o n  c o e f f i c i e n t s  is 

The v a l u e  o f  t h i s  f r a c t i o n  is one-- there  is no b i a s  i n  i n t e r p r e t i n g  

o r d i n a r y  r e g r e s s i o n  c o e f f i c i e n t s  a s  marg ina l  impacts- - i f  uw = 0 ,  t h a t  

is,  i f  h a l f  t h e  u n d e r l y i n g  p o p u l a t i o n  is a t  t h e  l i m i t .  ( I t  is a l s o  

t r u e  if M, is l a r g e ,  but  t h e n  t h e  model is n o t  e f f e c t i v e l y  t r u n c a t e d . )  

It h e l p s  f o r  t h i s  purpose  i f  R2 is s m a l l ,  which is a n  unusual  s t a t e  

o f  a f f a i r s .  

* 
T h e  f o l l o w i n g  s t r a t e g y  i s  i n d i c a t e d :  r e g r e s s  y  o n  X ;  i f  

2 @ ( u w / o x ) / @ ( ( u w / o w ) / J  1-R ) is n e a r  one ,  t h e n  t h e  r e g r e s s i o n  o f  y  on 

X w i l l  be approx imate ly  e q u a l  t o  t h e  marg ina l  impacts .  

If t h e  d a t a  a r e  t r u n c a t e d  i n i t i a l l y ,  and t h e y  canno t  be r e s t o r e d  

i n  o r d e r  t o  a p p l y  t h e  a n a l y t i c a l  t e c h n i q u e  of c a l c u l a t i n g  



o r  t h e  r e g r e s s i o n  t e c h n i q u e  d e s c r i b e d  above,  t h e  marg ina l  impacts  may 

s t i l l  be c a l c u l a t e d  u s i n g  MLE t o  g e t  e s t i m a t e s  o f  B and a .  Formula 

( 1 3 )  c a n  t h e n  be e v a l u a t e d .  Ordinary  r e g r e s s i o n  is more d i r e c t  and 

e a s i e r  i f  i t  is a v a i l a b l e .  

The v a r i a n c e s  o f  t h e  e s t i m a t e d  marg ina l  impac t s  must be found 

t o  e v a l u a t e  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  v a r i o u s  c o e f f i c i e n t s  

o r  t o  t e s t  h y p o t h e s e s .  Whatever  e s t i m a t i o n  t e c h n i q u e  i s  used w i l l  
- 

g e n e r a t e  v a r i a n c e s  f o r  B and a ,  whi le  p, = B X ,  t h e  e s t i m a t e d  B v e c t o r  

a p p l i e d  t o  t h e  means o f  t h e  X ' s .  

3. E s t i m a t i o n  I n v o l v i n g  t h e  Mean Adequacy R a t i o  ( M A R )  

The mean adequacy r a t i o  ( M A R )  is t h e  mean o f  t h e  t r u n c a t e d  N A R 1 s .  

The MAR i s  u s e d  a s  a  summary s t a t i s t i c  t o  e v a l u a t e  t h e  n u t r i t i o n a l  

q u a l i t y  o f  a  d i e t .  By d e f i n i t i o n ,  i t  must l i e  between z e r o  and one.  

To be z e r o ,  t h e  food i n t a k e  would have t o  be e s s e n t i a l l y  z e r o  ( b r e a d  

and wa te r  would be t o o  much). To be o n e ,  t h e  NAR f o r  each  of t e n  n u t r i -  

e n t s  would have t o  be a t  l e a s t  100. I n  t h e  Rura l  Income Maintenance 

Experiment sample 132 o f  1302 sample p o i n t s  a t t a i n e d  a  MAR of 100. 

O r d i n a r y  r e g r e s s i o n  is  q u i t e  i n a p p r o p r i a t e  f o r  t h e  MAR. F i r s t ,  

i t  is c o n s t r a i n e d  n o t  t o  exceed 100,  and f r e q u e n t l y  i s  n e a r  100. A s  

no ted  e a r l i e r ,  such  a  c o n s t r a i n t  may be ignored  i f  a  l i m i t ,  such  a s  

z e r o ,  i n  t h i s  c a s e ,  is p r a c t i c a l l y  never  approached.  The p r o b a b i l i t y  

o f  s e e i n g  a n  o b s e r v a t i o n  many s t a n d a r d  d e v i a t i o n s  from t h e  mean is 

a l m o s t  n i l ,  anyway. But i f  99.9 o r  100 can be a t t a i n e d  i n  p r a c t i c e ,  

a  r e g r e s s i o n  model s u g g e s t s  t h a t  100.1 is o n l y  s l i g h t l y  h a r d e r  t o  a t -  

t a i n .  Binding c o n s t r a i n t s  of  t h i s  t y p e  a r e  d e n i e d  i n  t h e  r e g r e s s i o n  



framework.  Second,  t h e  MAR h a s  a n  u n d e r l y i n g  v a r i a b l e - - a n  l l u n t r u n c a t e d  

MAR1'--associated w i t h  i t .  R e g r e s s i o n  o f  t h e  t r u n c a t e d  v e r s i o n  r e s u l t s  

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

e i t h e r  o n  t h e  u n d e r l y i n g  u n t r u n c a t e d  v a r i a b l e  o r  o n  t h e  u n d e r l y i n g  

v a r i a b l e ,  g i v e n  t h a t  it is n o t  g r e a t e r  t h a n  100.  

The c e n t r a l  q u e s t i o n  is: What is t h e  e f f e c t  o f  e x p l a n a t o r y  v a r i a b l e s  

o n  t h e  mean o f  a number o f  N A R 1 s ,  g i v e n  t h a t  push ing  a n y  o f  them o v e r  

1 0 0  d o e s  n o t  c o u n t ?  B e c a u s e  t h e r e  is n o  unambiguously d e f i n e d  sum 

t o  t r u n c a t e ,  t h e r e  is no v a r i a b l e  c l e a r l y  e l i g i b l e  f o r  r e g r e s s i o n .  

F o r t u n a t e l y  n o  r e g r e s s i o n  a t  a l l  is needed ,  j u s t  some m a t h e m a t i c a l  

maneuver ing .  L e t  Y refer t o  t h e  MAR and Y 1  t o  Y 1 0  r e f e r  t o  t h e  N A R 1 s  

a f te r  t r u n c a t i o n .  Then 

and dYi/dX was found above .  To e v a l u a t e  dY/dX, t h e n ,  t h e  t e n  m a r g i n a l  

i m p a c t s  dYi/dX must  be e v a l u a t e d  and added.  The v a r i a n c e  o f  t h e  sum 

c a n  be  found as t h e  sum o f  t h e  v a r i a n c e s  and  c o v a r i a n c e s  o f  t h e  i n d i v i d -  

u a l  m a r g i n a l  i m p a c t s ,  i . e .  , 

A l l  o f  t h e  n e c e s s a r y  c a l c u l a t i o n s  c a n  be done  u s i n g  t h e  r e s u l t s  

o f  t h e  r e g r e s s i o n s  o f  u n t r u n c a t e d  N A R 1 s  o n  t h e  e x p l a n a t o r y  v a r i a b l e s .  

The c o v a r i a n c e  between r e s i d u a l s  from d i f f e r e n t  e q u a t i o n s  is need- 

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

from a l l  o f  t h e  t e n  e q u a t i o n s  f o r  i n d i v i d u a l  n u t r i e n t s .  



Appendix B 

Formulae t o  Compute t h e  Marginal  Impacts  

The p a r t i c i p a t i o n  e q u a t i o n :  

Yt , N + 1  
= 1  i f  Z ~ + E  t , N + 1  > 0 ,  

Y t , ~ + l  = 0  i f  zE + E ~ , ~ + ~  - < 0 .  

The n u t r i e n t  e q u a t i o n s :  

and 

N = number o f  n u t r i e n t s  

t = 1 ,  2 ,  ..., T pe r sons  

and 

E - N ( g , Z ) ,  E ( = [ ) = Z ,  s = t ,  -t 

E ( = [ ) = O ,  s f t ,  

IN+l , N + 1  
= 1 .  

P r o b a b i l i t y  o f  p a r t i c i p a t i o n :  



P r o b a b i l i t y  o f  a d i e t  a d e q u a t e  i n  n u t r i e n t  j :  

N u t r i e n t  adequacy r a t i o  o f  n u t r i e n t  j :  



Mean adequacy r a t i o  

1  
N 

MAR = - N A R j  N 
j = 1  

A l l  der ivat ives  a r e  found from those of NAR 
j .  



Appendix C 

The S p e c i f i c a t i o n  of t h e  Method of  Moments Problem 

Each o f  a  s e t  of  e q u a t i o n s ,  one f o r  each  n u t r i e n t ,  i s  s p e c i f i e d :  

where j = 1 t o  N ( n u t r i e n t s )  and t = 1 t o  T  ( p e r s o n s ) .  The d i s t u r b a n c e s  

a r e  r e l a t e d  as f o l l o w s :  

and t h e  E ' S  a r e  j o i n t  normal ly  d i s t r i b u t e d .  Normal i ty  h a s  no e f f e c t  

on t h e  MOM problem but  does  a f f e c t  t h e  c a l c u l a t i o n  o f  n u t r i e n t  adequacy 

r a t i o s  and o t h e r  e x t e n s i o n s  of  t h e  model. 

The p r o b a b i l i t y  of  p a r t i c i p a t i o n  is g iven  by a p r o b i t  model: 

A l t h o u g h  t h e  p r o b i t  d i s t u r b a n c e s  a r e  independent  between i n d i v i d u a l s ,  

t h e y  a r e  n o t  independent  o f  t h e  d i s t u r b a n c e s  i n  t h e  n u t r i e n t  e q u a t i o n :  

Formula ( 4 )  i m p l i e s  t h a t  s e l e c t i o n  b i a s  may be p r e s e n t  h e r e .  I n  p a r t i c u -  

l a r ,  



where 

a n d  9 is n o t  normal ly  d i s t r i b u t e d  and is  h e t e r o s c e d a s t i c  bu t  h a s  a  

mean of  ze ro .  

The o b j e c t i v e  is t o  e s t i m a t e  ij, j = 1 t o  N ,  - 6 ,  and o j i ,  i = 1 

t o  N ,  and j = 1 t o  N .  I n  a d d i t i o n  t o  ( 5 ) ,  t h i s  e x p e c t a t i o n  is used: 

r e f e r r i n g  t o  t h e  p r o b i t  e q u a t i o n .  Normal i ty  i s  used i n  s p e c i f y i n g  

e q u a t i o n  ( 7 ) .  

Although i t  is n o t  ma themat ica l ly  r e q u i r e d ,  a l l  o f  t h e  e x p l a n a t o r y  

v a r i a b l e s  i n  t h e  n u t r i e n t  e q u a t i o n s  a r e  t h e  same, because i t  is  hard  

t o  imagine a  f a c t o r  which would a f f e c t  some but  n o t  a l l  of  t h e  n u t r i -  

e n t s .  

The o r t h o g o n a l i t y  c o n d i t i o n s  s p e c i f i e d  f o r  t h i s  problem a r e :  

I '  where Lt r e f e r s  t o  t h e  i n s t r u m e n t a l  v a r i a b l e s  ( s e e  below).  The o r t h o -  

g o n a l i t y  c o n d i t i o n s  w r i t t e n  as a v e c t o r  a r e  c a l l e d  g .  To e s t i m a t e  - 



t h e  v a r i a n c e s  and t h e i r  v a r i a n c e s  and c o v a r i a n c e s ,  one needs  - 0  = 1 &t = 
t = l  

0 by c o n s t r u c t i o n  ( t o  e s t i m a t e  0 )  - - 

a o - 
D = -  a e and 

One o f  t h e  e x p l a n a t o r y  v a r i a b l e s  is t h e  a c t u a l  food stamp bonus,  

which is i m p o r t a n t  i n  t h a t  i t  is t h e  main i n s t r u m e n t  o f  p o l i c y .  However, 

t h e  a c t u a l  food stamp bonus r e c e i v e d  is endogenous,  s i n c e  i t  is  t h e  

p o t e n t i a l  bonus t i m e s  t h e  p a r t i c i p a t i o n  dummy. Thus, a n  i n s t r u m e n t a l  

v a r i a b l e  i s  n e e d e d  f o r  i t .  The p o t e n t i a l  food s tamp bonus is used 

f o r  t h i s .  The s e l e c t i o n  b i a s  f a c t o r  A a l s o  needs  an  i n s t r u m e n t a l  v a r i -  

a b l e  f o r  which purpose  a s s e t s  squared  is  used.  A s s e t s  a r e  a b s e n t  from 

t h e  n u t r i e n t  e q u a t i o n .  A s s e t s  squared  p r o v i d e s  a  lower v a r i a n c e  f o r  

t h e  p a r a m e t e r s  i n  g e n e r a l  t h a n  a s s e t s  do. A l l  o t h e r  v a r i a b l e s  a c t  

a s  t h e i r  own i n s t r u m e n t s .  

Here - 0  is a r ranged  t h u s :  



where 

Note t h a t  

9 D = 

is a l a r g e  m a t r i x  ( h e r e  209 x  2 0 9 ) ,  b u t  i t  can be i n v e r t e d  by computer.  

Then 

I x A  - Y X B  

0 '  x  0  - C 

is c a l c u l a t e d  by computer,  f o r t u n a t e l y .  The s i z e  o f  t h e  m a t r i c e s  r e -  

q u i r e s  a l o t  of  s p a c e  and t ime  t o  c a r r y  o u t  t h e  computation! 

I x  A '  O x 0  ' - 1 I x A  Y X B  
( 1 7 )  - - - 

Y '  x  B' - C 
w-I - 

O X 0  - C 



Note that D-' can be written analytically: 



Appendix D 

P o t e n t i a l  Bonus Amount i n  t h e  RIME Data 

The p o t e n t i a l  food stamp bonus amount is n o t  known i n  t h e  RIME 

d a t a  e x c e p t  f o r  t h o s e  p e r s o n s  who r e c e i v e  food s tamps.  Inadequa te  

d a t a  e x i s t  t o  d e t e r m i n e  t h e  t r u e  p o t e n t i a l  amount f o r  each  f a m i l y ,  

s i n c e  t h e  d e t e r m i n a t i o n  i n v o l v e s  d e d u c t i o n s  of  v a r i o u s  k i n d s ,  r e l a t e d  

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

expenses ,  which cou ld  be s u b s t a n t i a l  i n  t h e  c a s e  o f  f a r m e r s .  Medical  
. . 

expenses  a r e  n o t  known, b u t  a  v a r i e t y  of i n d i c a t o r s  of  t h e  u s e  of  medical  

c a r e  can be used t o  proxy medical  expenses .  Asset  limits, s i m i l a r l y ,  

omit  v e h i c l e s  used i n  a  b u s i n e s s ,  s o  t h a t  even l a r g e  a s s e t s  might be 

o m i t t e d .  To avo id  a l l  o f  t h e s e  d i f f i c u l t i e s ,  we e s t i m a t e  a  p o t e n t i a l  

bonus amount based on t h e  observed bonus o f  t h o s e  who p a r t i c i p a t e  i n  

t h e  Food S t a m p  p r o g r a m ,  c o r r e c t i n g  t h e  e q u a t i o n  f o r  s e l e c t i o n  b i a s  

u s i n g  O l s e n f s  method ( s e e  Olsen ,  1980, f o r  t h e  method and M i t c h e l l  

and B u t l e r  ( fo r thcoming)  f o r  a n  extended example and a  s e t  of  d e t a i l e d  

i n s t r u c t i o n s ) .  

The r e s u l t i n g  e q u a t i o n ,  from which e s t i m a t e d  bonus amounts a r e  

d e r i v e d ,  i s  s t a t e d  a s  T a b l e  D - 1 .  The e s t i m a t e  was n o t  s u b s t i t u t e d  

f o r  t h o s e  p e r s o n s  who a r e  r e c e i v i n g  food  s tamps.  I d e n t i f i c a t i o n  i s  

ach ieved  by i n c l u d i n g  t h e  income a s  a  pe rcen tage  o f  t h e  pover ty  l i n e ,  

male head of househo ld ,  a s s e t s ,  and knowledge o f  n u t r i t i o n  i n  t h e  p a r t i c i -  

p a t i o n  e q u a t i o n .  Stigma may be g r e a t e r  f o r  a male-headed household  

o r  a  household  whose income is g r e a t e r  r e l a t i v e  t o  i t s  pover ty  l i n e ;  

a s s e t s  may make a  f a m i l y  i n e l i g i b l e ;  knowledge of  n u t r i t i o n  may encourage 

p a r t i c i p a t i o n .  None of t h e  f o u r  v a r i a b l e s  a f f e c t s  t h e  food s tamp e n t i t l e -  

ment. 



Table  D-1 

Equa t ion  t o  Es t ima te  P o t e n t i a l  Bonus Amounts i n  t h e  R I M E  Sample 

E x p l a n a t o r y  V a r i a b l e  
Es t ima ted  S t a n d a r d  

C o e f f i c i e n t  E r r o r  t - v a l u e  

Cons tan t  
A ge 
Black 
Educa t ion  
C h i l d r e n  
Adul t s  
E l d e r l y  
L ives  a l o n e  
North  C a r o l i n a  
Q u a r t e r  3 ,  1970 
Non-food s tamp income ($1 0 0 )  
P r o x i e s  f o r  medical  expenses  

C h i l d r e n  s i c k  
Doctor 
H o s p i t a l  
Pharmacy 
O u t p a t i e n t  
Home-produced food  
C o n d i t i o n s  t r e a t e d  

P r o b a b i l i t y  o f  n o t  p a r t i c i p a t i n g  

* s i g n i f i c a n t  a t  t h e  5% l e v e l  
* * s i g n i f i c a n t  a t  t h e  10% l e v e l  



The e s t i m a t e d  e q u a t i o n  i n d i c a t e s  t h a t  income a f f e c t s  t h e  e n t i t l e m e n t  

a s  w e l l  a s  v i s i t i n g  a d o c t o r .  The number of  c h i l d r e n  is t h e  o n l y  o t h e r  

s i g n i f i c a n t  v a r i a b l e .  The e v i d e n c e  does  n o t  r e j e c t  t h e  h y p o t h e s i s  

o f  no s e l e c t i o n  b i a s .  
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