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I. I N T R O D U C T I O N  

We shall  deve lop some ex tens ions  to the 

models p roposed by Drew and Fu l le r  (1980) and 

Proc to r  (1977) in t h e i r  s tud ies  of the response-  

nonresponse  of i n d i v i d u a l s  g iven  repeated o p p o r -  

t u n i t i e s  to respond to a q u e s t i o n n a i r e .  The 

ana lys is  fo l lows in the s p i r i t  of  Deming (1953) 

and bears some methodolog ica l  resemblance to the 

w o r k  of Pol i tz  and Simmons (1949, 1950) and 

Thomsen and S i r i ng  (1979) .  The  concept  of 

Poisson sampl ing as g iven  by  Hajek (1957) is 

also a p p r o p r i a t e  in ou r  deve lopment .  

Suppose t h a t  the popu la t ion  is p a r t i t i o n e d  in to 

K categori@s based on the va lues of a d i sc re te  

random va r i ab le .  Assoc ia ted w i th  each u n i t  in 

the k th ca tego ry  is a response p r o b a b i l i t y  qk  s 

[ 0 ,1 ]  wh ich  is the cond i t iona l  p r o b a b i l i t y  t ha t  a 

un i t  f u r n i s h e s  a response when sampled.  Those 

un i t s  wh ich  have zero response p robab i l i t i e s  are 

hand led as fo l lows :  a p r o p o r t i o n  1-T of the 

popu la t ion  is composed of ha rd  core n o n r e s p o n -  

dents  who wi l l  neve r  answer  the s u r v e y .  The 

re la t i ve  ca tegor ica l  composi t ion of th is  g r o u p  

must  be assumed or  est imated f rom o the r  data ,  

and we shall  suppose in the sequel t h a t  the 

re la t i ve  ca tegor ica l  composi t ion of the ha rd  core 

non responden ts  is the same as t ha t  of the res t  

of the popu la t i on .  

Two p o t e n t i a l l y  undes i r ab l e  f ea tu res  of th i s  

model are t ha t :  (1)  the  response p r o b a b i l i t y  is 

r e q u i r e d  to be cons tan t  over  a c a t e g o r y ,  and (2 )  

the response p r o b a b i l i t y  is a f unc t i on  of  the 

un i t ' s  ca tego ry  o n l y ,  and is t h u s  not  d e p e n d e n t  

on the s u r v e y  c i r cumstances  u n d e r  wh ich  a 

response is so l i c i ted .  The  f i r s t  assumpt ion  

seems to be necessary  in o r d e r  to avoid any  

pa ramet r i c  model ing of  the response p r o b a -  

b i l i t i es ,  bu t  may be weakened i f  the  ca tego r i za -  

t ion is f ine  enough to admit  on ly  s l i gh t  changes 

in the response p r o b a b i l i t i e s  of un i t s  in a g iven  

c a t e g o r y .  The  second assumpt ion  can be l a rge l y  

eliminated by the incorporation of parameters 

into the model which represent interviewer, 

questionnaire, or callback effects. These pa- 

rameters will not be used in the sequel, but an 

approach in this area was made by Drew and 

Fuller (1980) and Thomsen and Siring (1979). 

The general survey situation requires a selec- 

tion of units according to a given sampling 

design. If some of the units do not respond 

when contacted, those units are recontacted in a 

second call. After R calls, the number of 

sampled units not responding to any call of the 

survey is recorded. We give the appropriate 

notation below for various sampling designs. 

II. SIMPLE RANDOM SAMPLING 

Let a simple random sample of n units be 

selected from a population of N units. Let n 
rk 

be the number of sampled units observed in the 

k th category on the r th call, and let n be the 
o 

number of sampled units unobserved after R 

calls. Let fk be the proportion of units in the 

k th category. Under the assumptions given 

above,  the data n = (n11 . . . . .  nRK , n o) sa t i s f y  

a mul t inomia l  model w i th  cell p robab i l i t i e s  

: (n11 . . . .  , nRK , ;io ) ,  where"  

; Irk = T(1 - qk ) r - 1  q k f k  , r = 1, 2 , . . . ,  R ;  
k = 1, 2 , . . . ,  K, 

and 

K 

;i : 1 - T + T E (1 - qk )R f k  
0 

k=l  

and we set 

K-] 

fK : 1 - E f • 
j:1 J 

Thus, nrk is the probability that an individual 

in category k will respond on call r, and ;io is 

the probability that a sampled individual will not 

have responded by the R th call. :The associated 

log l i ke l ihood d i f f e r s  by  a cons tan t  f rom:  
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R K 
log .L : ~ ~ n r u  ~ log ~ + n log n: r k  o o 

r= l  k=l 
(1 )  

The so lu t ions to the l ike l ihood equat ions  can be 

v e r i f i e d  to be 

^ ^ ^ 

ql' q2''''' qk' fl''''' fK-l' T, (2) 

where  

is the so lu t ion to the R th  degree  po l y -  1) q k  

nomial equat ion  

R 
-1 _qk)R E n.k nrk(l-rq k) = [l-(l-qk)R]-I R qk(l , 

r=l 
(3) 

^ K 
-1 ^ R -1 

2) T = n E [l-(l-q k) ] n.k, 
k=l 

(4) 

" -1 T-1 ^ ) R - 1  
3) fk  = n [ 1 - ( 1 - q k  ] n . k  (5) 

and 

R 

n. k nrk" 

^ ^ 

I f  the  maximum l ike l ihood est imates f l ' ' ' "  f K - l '  

q l  . . . . .  q K '  T are in the i n te r va l  ( 0 , 1 ) ,  then 

t hey  are roots of the l i ke l ihood equa t ions .  

O the rw ise  the roots must  be found  numer i ca l l y .  

Us ing a resu l t  of  Rao (1973, p. 361) i t  can be 
^ ^ ^ 

demons t ra ted  t ha t  (~11 , . . . ,  ~IK , f l ' ' ' ' '  f K - l '  T) 

is cons is ten t  fo r  ( q l ' ' ' ' '  q K '  f l ' ' ' ' '  fK21 '  T) .  

The est imated popu la t ion  p r o p o r t i o n s  { f k  } can 

be used to c o n s t r u c t  es t imators  of the means of 

va r iab les  in the s u r v e y .  Let Y be the va r i ab le  

of i n t e res t  and let Yk '  k = 1, 2, . . . .  K be the 

sample mean of  Y fo r  the responden ts  in cate-  

g o r y  k computed us ing  the responses f rom all 

cal ls.  Assume tha t  the p r o b a b i l i t y  t ha t  an 

i nd i v i dua l  responds  to any g iven  call is i ndepen -  

den t  of the Y - v a l u e  of  t ha t  i n d i v i d u a l .  Then 

E(Ykln.).- = Y k '  the popu la ton  mean of  Y fo r  un i ts  

in the k th ca tego ry .  Cons ide r  the est imator  of 

the popu la t ion  mean of Y g iven  by  

,, K ^ 

= E fkYk " 
k=l  

(6) 

Observe  t ha t  Yk and yj are u n c o r r e l a t e d  f o r  

k # j .  T h e n ,  omi t t i ng  terms of  o r d e r  in p r o b a -  

b i l i t y  n -2,  the  asympto t i c  va r iance  of  h; is" 

^ 

^ K -1 -1 2 'V - 
V(Y) = E n Pk fk S + ~~ ~(f)Y'~ 

k=l 

where  

N k 
2 -I - 2 

S k = (N k - 1) ~ (Yk£ - Yk ) 
£=1 

(7) 

Y' = (Y Y2 ~ 1 '  ' ' ' ' '  YK ) '  

Pk = T [ I  - (1 -qk)R]  , 

V ( f )  is the K x K covar iance  ma t r i x  of ( f l '  

f2 . . . . .  fK ) and N k is the number  of popu la t ion  

un i ts  in the k th ca tego ry •  A cons i s ten t  est imate 

of V ( Y )  is g iven  by 

K -I -I f s2 + Y' V(f)y,^ ^ 
V(Y) : E n Pk k k . . . .  

k=l  
(8) 

where ,  

Pk = T[1 - (1-  ~k )R] 

y '  : ~  (y l ,  Y2''''' YK ) ' 

n k 
2= -I X s k (n k-l) (Yki - yk )2, if n k ¢ 0 

• i = l  " 

= 0 , if n• k = 0 , and 

• ( i )  is the inverse of the estimated information 
^ 

m a t r i x  of f• 

I t  is of i n t e res t  to note t ha t  u n d e r  a p p r o p r i a t e  

l imit a s s u m p t i o n s  fo r  an i n f i n i t e  s u p e r p o p u l a t i o n ,  
^ 

Y is cons i s ten t  f o r  f i xed  K when R > 2 and Y is 

assumed to have finite second moments in the 

s u p e r p o p u l a t i o n  • 

Cons i s tency  of Y can also be shown when K 

is a f i xed  mu l t ip le  of n e, 0 < e < 1, u n d e r  

ce r ta in  r e g u l a r i t y  cond i t i ons .  The deta i ls  are 

g iven  in Drew (1981)•  

II1• S T R A T I F I E D  RANDOM SAMPLING 

Suppose the population is partitioned into L 
, £th strata the stratum being of relative size W£. 

For each stratum, let 

624 



f£k = propo r t i on  of un i ts  in the k th 
ca tegory  

T£ = p ropo r t i on  of un i ts  who are not 
hard core non respondents  . 

Also suppose qk..is the response p robab i l i t y  

of un i ts  in the k tn  ca tegory ,  fo r  all s t ra ta .  

Note tha t  

K 
E f~k = I, g = I, 2 , . . . ,  L. 
k=l 

Let n~ be the size of the sample selected in the 

£th s t ra tum,  ngr  k be the number  of un i ts  ob- 

served in the k th ca tegory  of the ~th s t ra tum on 
th the r cel l ,  and n~o be the number  of un i ts  

selected in the £th s t ra tum who are unobserved  

a f te r  R calls• Then the l ikel ihood is p ropo r -  

t ional to 

_ n ol 
W£n~ T~(l qk )r-I qk f£k T£ + T~ (i - qk f£k 

J~=l k=l r=l k=l 

(9) 
The terms i nvo l v i ng  {W£} are constants ,  so the 

est imators of the parameters have forms anal-  

ogous to the simple random sampling case: 

I) qk is the solution to (10)  

R 
-1 _ q k ) R ] - I  R 

~[~ n . .  k n . r  k ( 1 - r q k ) =  [1 - (1  q k R ( 1 - q k  ) , 
r = l  

(11) 

^ K 
2) TB = n~ 1 E [ 1 - ( 1 -qk  ) R ] - I  n£ k 

k=l 
, and  (12)  

3) f£k = n£ 1 [I-(I 1 n£.k , 

where 

L R 

n rk = -~ J~rk' n£.k = ~.5 n£r k, 
• ~:1= r=l 

and 

R 

n k= E n • . 
r=l . r k  

^ 

Observe tha t  qk is obta ined by i gno r ing  s t ra tum 

boundar ies  and app ly ing  the formula fo r  qk 

g iven fo r  simple random sampl ing• 

An est imator  fo r  the mean of Y is obta ined as 

fol lows" let Y£k be the sample mean of Y in the 

k th ca tegory  of the 9~ th s t ra tum computed using 

the responses from all cal ls. Assume tha t  the 

p r o b a b i l i t y  tha t  an ind iv idua l  responds on any 

pa r t i cu l a r  call is i ndependen t  of the Y value of 

the i nd i v idua l .  An est imator of %; is 

^ L K ^ 

Ystr- W£ E f£k Y£K (13) 
£=1 k=l  

whose asymptot ic  var iance is 

^ L K ^ 

V(Yst r) = E E (w£fBk)2 V(Ygk) + Y' V( ) Yw ~w ~ fstr 
g= l  k= l  

(14) 

where V (y£  k) is the var iance of Ygk'  

Y1 - - WLC/LK) Y' = (W , , W 1 , , , ~w 1 1 "'" YIK "''' WLYLI "'" 

Y£k is the populat ion mean of uni ts  in the 
£th k th ca tegory  of the s t ra tum,  

A ^ ^ 

~str = ( f11 '  f12 . . . . .  fLK), and 

A 

VQfst r )  is the I K x I K covar iance mat r ix  of 

fstr" 
^ 

An e s t i m a t o r  o f  V ( Y s t  r )  is 

^ ^ L K ^ ^ 

V(Yst r) = E E (W£f£k)2 ^ 
9~=1 k=l  

_ _ A  ^ 

V(Y£k) + Y; V(fstr)Y w, 

(15)  
where 

^ _ 

V(Y£k )  is the estimated sample var iance of Y£k'  

^ _ - 

y '  = (w 1~ , w 1~ . . . .  w ), w 11 12 " ' "  WLYL1 " ' "  LYLK 

and 

• ( • s t r  ) is the inverse of the estimated infor- 

mation matrix Offstr. 

IV. STRATIF IED TWO STAGE SAMPLING. 

We extend the analysis of the preceding 

sections in two ways. First, suppose the popu- 
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!at ion of  PSLIs iS s t r a t i f i e d  in to  I s t r a t a ,  of  s izes 

N1, N 2 , . . .  , N i,  and a simpPe random sample of  
th  

n. PSUs is se lected in the  i s t r a t u m ,  i = 1, 
th  

2 , . . . ,  I. Let  the  n u m b e r  of  e lements  in the  s 

i th  i- 1, 2, , I; PSU of the  s t r a t u m  be Mis , . . .  

s = 1, 2 , . . . ,  Ni ,  and suppose  a s imple random 

sample of m. e lements is se lected in t h i s  PSU. 
~s 

Second,  suppose  i n t e r e s t  cen te r s  on the  to ta l  
k th p r o p o r t i o n  ;k k of  e lements in the  c a t e g o r y ,  

pooled ove r  PSUs and s t r a t a .  

Let  x. be the  n u m b e r  of e lements o b s e r v e d  
,srk 

in the  k th  c a t e g o r y  of the  s th  PSU of  the  i th  
th 

s t r a t u m  on the  r ca l l .  Let  x. be the  n u m b e r  
tI% s° i th 

of selected elements in the s PSU of the 

stratum unobserved after R calls. Let Xis k be 

the number of units in the k th category of the 

th ith sampled portion of the s PSU of the stratum, 

and let X:~k,~ be the total number of elements in 
kth th .th the category of the s PSU of the i 

stratum. For a given category k, the joint 

distribution of 

(x lk '  x 2 k , . . . x  Rk' X k -  x k ) . . . . . . . . . . .  

is mu l t inomia l  w i t h  pa rame te rs  X . . k  and 

[Tqk, T(I - qk ) qk ..... T(l - qk )R-I qk' i - T + T(I - qk)R]. 

The  tota l  l i ke l i hood  is the  p r o d u c t  mu l t inomia l  

fl • 
)-I )-i 

(x ik ! (x .Rk ! ({X .k x k}!) -I X .. "'" . . . . . .  k t 
k=l 

X ik x .2k qk ]x. Rk R X .k-X .k 
[Tqk ] "" [T(I - qk)qk ] " ... [Y(l - qk )'R-I " [i - T + T(I - qk ) ] " "" 

(16) 

the  max im iza t ion  of  wh i ch  is a p rob lem in non -  

l i near  p r o g r a m m i n g .  I f ,  h o w e v e r ,  we i g n o r e  the  

r e q u i r e m e n t  t h a t  X . .  k '  k = 1, 2 , . . . ,  K be 

i n t e g e r s ,  t hen  the  maximum l i ke l i hood  es t ima to rs  

can be w r i t t e n  in a fo rm ana logous  to ( 3 ) ,  (4 )  

and ( 5 ) .  

An es t ima to r  f o r  Y,  is g i ven  by  

^ 

Y = 

n. 
I ~ K 

I -1 -1 - 
N 

is is s kYisk E ni i E m M E ~k xi . 

i=1 s=l k=l 
sep n .  

E n-1 N >1 m-I M k~l x i i-1 z i : is is : s.k 

(17) 

whereYisk is the sample mean of  the  Y - v a l u e s  in 

the  k th  c a t e g o r y  of  the  s th  PSU of the  i th  

s t r a t u m .  The  v a r i a n c e  of  (17)  can be w r i t t e n  

more compac t l y  as 

-2 N 2 (hi I - N[I )(N i i )-i E (zis ~'i )2 Mis i - . - . . . 
i=l s=l i=l s=l 

+ - _ )2 
nil Ni E X[sk V(Yisk) + ~k2 V(~k)(Y--k YX*.k 

i=l s=l k=l k=l 

K 
Ni M-I 1 _ ~. )2 

+ nll Ni E M21s (M-Isl - is )(M.Is - I)- E Xlsk (Yisk is. 
i=l s=l k=l 

+ nil Ni E -1 -1 - ~)2 mis Mis(T@ k) (i - T@k) X~s k (Yisk 
i=l s=l k=l 

w h e r e  

Z. =Y. -YM. , 
iS. iS. IS 

and 

N .  
1 

i.. I S "  1_ IS 

A consistent estimator of the variance given in 
Eq. (18)is 

Ni n i -2 -i N-I )-i i ^ ^ 
2 

=i ~ii Mis 1 (ni ) (n i 1 E (Zis. - Zi..) 
= i=l s=l 

(18) 

n i  ^ 
+ ~ rill Ni E ~" X[sk V(Yisk) 

i:l s:l k=l 

. _ .. )2 
+ *k  2 V(6k (Y .k  -~sep X* k 

k : l  

nl £ " 
nil Ni E M 2 (m[l -1 )-i (Yi - )2 + zs s - Mis)(Mis - 1 X~sk sk - Yis. 

i:l s:l k=l 

' r i l l  Ni  mi~ ( T S k ) - i  T~k) X~sk (Yisk Ysep ) + Mis (i - - - - 
i:i s=l k:l 

w h e r e  
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^ ^ ^ 

Z. = Y .  -Y M. 
18 .  i s .  s e p  18 

n. 
1 ^ 

- s~ 1 Zi 
Z = nil 

i... S. 

A 

Yisk mil M ^-I Y , = s is ~k Xis.k isk 

and 

~l = m .  M X sk is is X 
is .k 

V. EXAMPLE 

sampl ing case cons ide red  in Drew and Fu l le r  

(1980) .  These are" 

0.376 0.518 0.464 0.462 0.627 0.594 0.313 

= (0.108) (0.065) (0.064) (0.046) (0.048) (0.057) (0.088) ) 
where  the est imated s tanda rd  e r r o r s  of the 

est imates are g iven  in pa ren theses .  The es t i -  

mates and s tanda rd  e r r o r s  of Tg, ~ = 1, 2 , . . . ,  5 

are 

/ 0.811 0. 932 0,869 0.891 0.856 1 

I ~ (0 i01) (0.034) (0.054) (0.040) (0.070) 
^ 

The values of f£k' £ = 1, 2 ..... 5, k = I, 

2,..., 7 and their standard errors are given in 

Table 2. 

A mail s u r v e y  of househo lds  in f i ve  com- 

muni t ies  of no r t h  cen t ra l  Iowa was taken in 1975 

to de te rm ine  people 's  v iews of the commun i ty  in 

wh ich  t hey  l i ved .  We use the va r i ab le  "Age  of 

Responden t "  to p a r t i t i o n  the popu la t i on  in to  

seven ca tegor ies ,  and we wish to est imate the 

popu la t ion  mean of the va r i ab le  " N u m b e r  of 

Years in C o m m u n i t y . "  An in i t ia l  mai l ing was 

made to 1,023 househo lds .  A f t e r  two add i t iona l  

ma i l ings ,  a total  of 787 un i t s  had responded .  

These data were  ana lyzed as a simple random 

sample in Drew and Fu l le r  (1980) .  The  data 

were ac tua l l y  col lected as f i ve  i n d e p e n d e n t  

random samples f rom the towns  of  C la re ,  

C la r i on ,  Leh igh ,  Pocahontas and Stanhope.  We 

t r ea t  the data as a s t r a t i f i e d  random sample of 

787 obse rva t i ons  in f i ve  s t ra ta .  Size cha rac -  

t e r i s t i c s  of the s t ra ta  are g iven  in Tab le  1. 

T A B L E  1 
S T R A T U M  SIZES, WEIGHTS,  SAMPLE SIZES, 

NUMBER OBSERVED 

STRATUM CLARE CLARION LEHIGH POCAHONTAS STANHOPE 

Weight 0.027 0.457 0.109 

Sample Size 59 330 187 

We f i r s t  use model (9 )  to ana lyze the data.  

From Eq. (11 ) ,  the est imates of q k '  k - 1, 

2 , . . . ,  K are the same as f o r  the simple random 

T A B L E  2 
ESTIMATES OF f£k,  £ = 1, 2 , . . . ,  5, 

k = 1, 2 , . . . ,  7 WITH ESTIMATED S T A N D A R D  
ERRORS IN PARENTHESES 

AGE CLARE 

15-24 0.O27 

(0.040) 

25-34 0.188 

(0.088) 

35-44 0.198 

(0.091) 

45-54 0.219 

(0.090) 

55-64 0.132 

(0.074) 

65-74 0.112 

(0.069) 

75+ 0.124 

(0.056) 

CLARION LEHIGH POCAHONTAS STANHOPE 

0.009 0.098 0.064 0.073 

(0.022) (0.037) (0.019) (0.039) 

0.102 0.104 0.169 0.125 

(0.016) (0.033) (0.024) (0.045) 

0.154 0.225 0.150 0.141 

(0.021) (0.047) (0.024) (0.048) 

0 . 1 8 0  0.148 0.161 0.150 

(0.020) (0.037) (0.022) (0.052) 

0.192 0.195 0.138 0.143 

(0.020) (0.042) (0.021) (0.046) 

0.143 0.112 0.124 0.145 

(0.018) (0.036) (0.020) (0.046) 

0.130 0.118 0.194 0.223 

(0.023) (0.036) (0.031) (0.066) 

The mean number of years in community is given 

by stratum and category in Table 3. For the 

data in Tables I, 2 and 3, we have 

2 
Y : 30.61 
str 

( 0 . 9 8 )  

As one would expect, Ystr has a smaller 

estimated standard error than the simple random 

sampling estimator 

K ^ 

Y = ~ fkYk = 31.40 
k = l  ( 1 . 1 4 )  

g iven  by  Eq. ( 6 ) ,  and whose est imated s tanda rd  

e r r o r  is g iven  by  Eq. (8 ) .  The  usual es t imator  

of  Y fo r  a s t r a t i f i e d  sample is 
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L 
2 ]  : 30 .08  , 
~ (0.83) 

where y is the simple mean of the observat ions 

in the h s t ra tum.  Note tha t  Y is larger  than 

the usual est imator because of the estimated low 

response p robab i l i t y  of old people, but  Y neces- 

sar i ly  has a larger  s tandard e r ro r  because of its 

estimation of the response probabi l i t ies .  

By let t ing M. = 1, for  all PSUs, the s t ra t i -  Is 
f ied two stage est imator (17) can be used here, 

g i v ing :  

^ 

Y = 30.61 
sep (0.90) . 

TABLE 3 
MEAN NUMBER OF YEARS IN COMMUNITY BY 

TOWN AND AGE CATEGORY I WITH 
ESTIMATED STANDARD ERRORS IN PARENTHESES 

AGE CLARE CLARION LEHIGH 

15-24 2.000 9.391 13.167 

(0.000) (1.901) (2.744) 

25-34 8.375 13.786 11.933 

(3.295) (2.255) (3.200) 

35-44 18.500 19.250 26.000 

(5.435) (2.360) (2.124) 

45-54 31.100 28.547 3"1.130 

(6.575) (2.101) (4.022) 

55-64 35.500 38.107 40.793 

(9.447) (2.184) (3.594) 

65-74 55.200 43.775 41.188 

(8.924) (3.405) (5.043) 

75+ 62.000 53.692 66.385 

(10.033) (4.208) (4.805) 

POCAHONTAS STANHOPE 

4.615 

(1.756) 

10.900 

(1.617) 

18.059 

(2.149) 

28.756 

(2.848) 

35.686 

(3.392) 

34.233 

(4.227) 

52.531 

(4.740) 

8.429 

(2.635) 

11.857 

(2.820) 

14.733 

(2.766) 

18.278 

(3.273) 

33.177 

(4.947) 

49. 647 

(3.381) 

59.842 

(5.471) 

REFERENCES 

Deming, W.E. (1953), "On a Probab i l i t y  Mech- 
anism to At ta in  an Economic Balance 
Between the Resul tant  Er ro r  of Nonresponse 
and the Bias of Nonresponse, Journal of the 
American Stat ist ical  Associat ion 4__88, 743-772. 

Drew, J .H .  (1981), "Nonresponse in Surveys  with 
Ca l lbacks , "  unpubl ished Ph.D.  thesis,  Iowa 
State Un i ve r s i t y ,  Dept. of Sta t is t ics .  

Drew, J .H.  and Ful ler ,  W.A. (1980), "Modeling 
Nonresponse in Surveys  with Ca l lbacks, "  
Proceedings of the Section on Sur -  
vey Research Methods of the American 
Stat ist ical  Associat ion ( in p ress) .  

Hajek, J. (1957), "Some Cont r ibu t ions  to the 
Theo ry  of Probab i l i t y  Sampl ing, "  30th 
Session of the Internat ional  Stat ist ical  
Ins t i tu te ,  127-134. 

Pol i tz, A .N .  and Simmons, W.R. (1949), "An 
At tempt  to Get the 'Not-at-Homes ~ into the 
Sample Without Ca l lbacks , "  Journal of the 
American Stat ist ical  Associat ion 4_44, 9-31. 

Pol i tz, A .N .  and Simmons, W.R. (1950), "A Note 
on 'An At tempt  to Get the Not-at-Homes 
into the Sample Without Cal lbacks' ,"  Journal 
of the American Stat ist ical  Associat ion 4__55, 
136-137. 

Proctor ,  C. (1977), "Two Direct  Approaches to 
Su rvey  Nonresponse: Estimating a Propor-  
t ion wi th Callbacks and Al locat ing Ef for t  to 
Raise the Response Rate,"  Proceedings of 
the Social Stat is t ics Section of the American 
Stat ist ical  Associat ion,  284-290. 

Ras, C.R.  (1973), Linear Stat ist ical  Inference 
and Its App l ica t ions ,  New York :  John 
Wiley and Sons. 

Thomsen, I. and S i r ing ,  E. (1979), "On the 
Causes and Effects of Nonresponse: Nor- 
wegian Exper iences , "  Symposium on Incom- 
plete Data: Pre l iminary  Proceedings, Wash- 
ing ton,  DC: U.S. Government Pr in t ing  
Off ice.  

ACKNOWLEDGMENTS 

This  research was par t ia l l y  suppor ted by the 
Bureau of the Census  th rough  Joint  Stat ist ical  
Agreement 80-6. 

The authors  thank Willis J.. Goudy for  k ind l y  
supp ly ing  the data of the example. 

628 


