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1. In t roduct ion 
In nearly every sample survey, espec ia l ly  

those that involve human populat ion, there 
w i l l  be some e l i g i b l e  units selected into the 
sample for which al l  or part of the survey data 
items are not obtained. E l i g ib le  sample units 
for which no usable survey data are col lected 
are referred to as to ta l  nonresponse cases (or 
to ta l  questionnaire nonresponse cases or uni t  
nonresponse cases). Sample units for  which only 
a part of the data items are obtained are re fer -  
red to as par t ia l  (or item nonresponse cases. 

Whenever there is nonresponse in a survey, 
there w i l l  necessari ly be some bias in the 
survey estimates. There is no method of correc- 
t ing nonresponse bias since the missing survey 
character is t ics  of the nonrespondents are, by 
d e f i n i t i o n ,  not avai lab le.  In order to hold 
th i s  bias to a minimum leve l ,  the data co l lec-  
t ion phase of a survey should include extensive 
fol low-up procedures to provide a high survey 
response rate (e.g. 85 percent or more) and a 
low item nonresponse rate. In order to minimize 
the bias associated with the nonresponse that  
remains a f ter  the fol low-up procedures of a sur- 
vey are completed, a number of methods of adjust-  
ing or imputing for survey nonresponse have 
been suggested and used. Discussions of the 
various methods of imputing for both tota l  and 
par t ia l  nonresponse are given by Chapman (1976) 
and by Bai lar ,  Bailey and Corby (1978). A dis- 
cussion of the problem of total  nonresponse is 
presented by Kish (1965, pp.532562) and by 
Platek, Singh, and Tremblay (1978). 

Perhaps the most common method of imputing 
for  tota l  nonresponse in a survey is to adjust 
(upward) the weights of the respondents in a way 
that accounts for  the nonrespondents. Such ad- 
justments are usual ly made separately within each 
one of a set of mutually exclusive and exhaustive 
sample groups, referred to as nonresponse weight 
adjustment classes. The weights of the respond- 
ent in each class are increased by the factor  
that w i l l  cause the sum of the adjusted weights 
of the respondents to be equal to the sum of the 
unadjusted weights of a l l  e l i g i b l e  sample cases 
in the class. E f fec t i ve l y ,  th is  procedure ira- 
puts (or subst i tu tes)  the average values of the 
survey items of the respondents in each class 
for  those of the nonrespondents in the class. 
Consequently an attempt is made to define 
weight adjustment classes in such a way that 
the respondents and nonrespondents in a given 
class w i l l  have s imi la r  survey charac te r i s t i cs .  

Another procedure that is used in many sur- 
veys to impute for  tota l  non response is subst i tu-  
t ion (or f i e l d  subs t i t u t i on ) .  Rather than ad- 
jus t ing the weights of the respondents to im- 
pute for nonrespondents, as is done in weight 
adjustment procedures, population units not 
o r i g i n a l l y  selected for the sample are used to 
replace place e l i g i b l e  sample uni ts that do 
not par t ic ipa te  in the survey. In designing a 
subst i tu t ion  procedure, an attempt is general ly 
made to arrange for subst i tutes that  w i l l  have 

The remainder of th is  paper is devoted to 
a discussion of some subs t i tu t ion  procedures 
including an invest igat ion of the impact of 
subs t i tu t ion  on survey estimates. 

2. Methods of Subst i tu t ion for Nonrespondents 
-In general, two basic types of subs t i tu t ion  

procedure are used: 
( I )  Selection of a random subst i tu te  
(2) Selection of a spec ia l ly  designated sub- 

s t i t u t e .  
With a random subst i tu t ion procedure, an 

addi t ional  population unit is selected on a 
p robab i l i t y  basis to replace each nonrespondent. 
Usually the subst i tu te  for a par t i cu la r  nonre- 
spondent is chosen from a res t r ic ted  population 
subgroup (e.g. the same block, enumeration 
d i s t r i c t ,  stratum, or group of strata from which 
the nonrespondent was selected). In such cases 
i t  is hoped that  the character is t ics  of a subst i -  
tute selected from a population subgroup w i l l  be 
more nearly l i ke  those of the nonrespondent than 
would the character is t ics  of a subst i tu te  select- 
ed from the ent i re  populat ion. 

For many random subst i tu t ion  procedures, poten- 
t i a l  subst i tutes ( i . e . ,  a l te rna t i ve  or backup 
units) are selected by a random procedure pr ior  
to the data co l lec t ion  phase of the survey. 
This avoids any delay and trouble that  would be 
involved in select ing a subst i tu te for  a nonre- 
sponding sample unit a f te r  the data co l lec t ion  
a c t i v i t i e s  have begun. Also more than one backup 
unit is usual ly selected for each sample unit to 
al low for  nonresponding subst i tu tes.  

A procedure that uses spec ia l ly  designated 
subst i tu te uni ts  i den t i f i es  one or more purpos- 
ively selected backup units to proivde subst i -  
tutes~ i f  necessary, for  each sample un i t .  The 
i n ten t ,  of coerse, is to specify subst i tu te  units 
that  have character is t ics  s imi la r  to those of the 
nonrespondents (e .g . ,  a geographic neighbor of a 
nonrespondent or a uni t  that  has specif ied char- 
ac te r i s t i cs  ident ica l  with or s imi la r  to those 
of the sample un i t . )  

When a subs t i tu t ion  procedure is used, there 
w i l l  general ly be some survey nonrespondents for 
which subst i tutes are not obtained. In such 
cases, subst i tu t ion  should be used in combination 
with another imputation procedure to account for  
a l l  the nonrespondents. 

Example I .  An example of a random subst i tu-  
t ion procedure is one used in the National Longi- 
tudinal Study (NLS), sponsored by the National 
Center for Educational S ta t i s t i c s .  This proce- 
dure, which is discussed in more detai l  in Sec- 
t ion 4.1, is described in a report by Williams 
and Folsom (1977). The f i r s t  stage of the NLS 
sample design was the selection of a p robab i l i t y  
sample of four secondary schools from each of 
600 s t ra ta .  Two of the four schools were random- 
ly selected for  the primary sample, while the 
other two were  designated as backups ( i . e . ,  
possible subst i tu tes) .  I f  e i ther  one or both of 
the primary schools did not par t ic ipa te  in the 
NLS, one or both of the backup schools were 
approached, as needed, to be sample subst i tu tes.  
I f  attempts to obtain cooperation from the two 
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backup selections in a given stratum fa i l ed ,  no 
other subst i tutes were used. In such cases 
weight adjustments were made to impute for non- 
responding schools. 

Example 2. An example of a subs t i tu t ion  pro- 
cedure using spec ia l ly  designated subst i tu tes 
is one used in the Michigan Survey of Substance 
Use, described by Sirken (1975). The sample 
design for th is  survey, which is discussed in 
more detai l  la ter  in Section 4.3 was a mu l t i -  
stage household sample of 2,100 households. I f  
the designated interviews we re  not completed 
a f te r  three cal ls  at a household, the household 
was dropped from the sample and an attempt was 
made to obtain a subst i tu te  household. In tota l  
there were 700 nonrespondent households in the 
survey. The f i r s t  household approached to be the 
subst i tu te  was the one d i rec t l y  to the r ight  of 
the nonresponding household. I f  th is  attempt 
f a i l ed ,  the household to the l e f t  of the nonre- 
spondent was approached. I f  th is  attempt also 
fa i led ,  other households were approached in some 
manner (not descirbed by Sirken) unt i l  a subst i -  
tute household was obtained. 

Example 3. An example of a subst i tu t ion  
scheme involv ing both of the basic types of 
subs t i tu t ion  procedures is one designed by 
Westat Research, as a subcontractor to the Educa- 
t ional  Testing Service (1972, Chaper 3) for a 
study carr ied out for the National Center for 
Educational S ta t i s t i c s .  The design for  th is  
study involved the select ion of a systematic 
sample of two schools, with p robab i l i t y  propor- 
t ional  to a measure of s ize,  in each one of 
about 500 s t ra ta .  At the same time the two 
schools were selecded, a systematic sample of 
eight addit ional schools was selected per stratum 
to be used as backup schools. The f i r s t  four 
selected were designated as backups for  one of 
the primary selections and the other four were 
designated as backups for the other primary selec- 
t i on .  I f  a primary school declined to par t i c ipa te  
a f te r  numerous requests, a subst i tu te  was ap- 
proached. (The school nonresponse rate was about 
about 10%). The f i r s t  p r i o r i t y  subst i tu te  was 
that school, i f  any, that ( I )  was located in the 
same school d i s t r i c t ,  (2) was placed in the same 
stratum (3) had the same grade s t ruc ture ,  and 
(4) had the closest enrollment size to that of 
the nonrespondent school. I f  th is  attempt fa i led ,  
the four systemat ica l ly  selected backup schools 
were approached in a pre-designated sequence. 
With th is  procedure the top p r i o r i t y  backup 
school is a designated s u b s t i t u t e  while the 
other backup schools are randomly selected 
schools. Using th is  subst i tu t ion  procedure, 
which was implemented by the Educational Testing 
Service's Berkeley~ Cal i forn ia  o f f i ce ,  a subst i -  
tute school was obtained for  nearly every nonre- 
spondent school. 

3. Advantages and Di sadvanta_g_es_of__S_u_b_st_ituti__on 
Procedures. 
A c r i t i c i sm of subs t i tu t ion  procedures that is 

often made--see, for example, Kish (1965, p 558)-- 
is that  subs t i tu t ion  is of no help in reducing 
nonresponse bias since the nonresponses are re- 
placed by responses that are presumably l i ke  the 
responses already in the sample. This is an un- 
f a i r  c r i t i c i sm  i f  directed so le ly  at the use of 

subst i tu t ion  procedures since a l l  the methods 
used for nonresponse imputation, including weight 
adjustment procedures, suf fer  from that  same 
basic weakness" data for nonrespondents have to 
be supplied (imputed) from data provided by re- 
spondents. The key question regarding the worth 
of subst i tu t ion  procedures is whether or not the 
use of subst i tutes provides better proxy values 
for  nonrespondents than those provided by a l terna-  
t i ve  imputation procedures. 

A specia l ly  designated subst i tu t ion  procedure 
often uses a subst i tu te  that is ( I )  a neighbor 
of the nonrespondent, or (2) a l i s t i n g  that  is 
adjacent to the nonrespondent on the sampling 
frame. Because of th is  proximity,  t h i s  type 
of subs t i tu t ion  procedure might provide better 
proxy values than would be obtained by using an 
imputation procedure that involves some type of 
"averaging" of the character is t ics  of a subclass 
of respondents. However~ in cases in which some 
information is avai lable about the nonrespond- 
ents, better proxy values might be avai lable 
from sample respondents, than from subst i tu tes ,  
since much more information is avai lable about 
respondents than about potent ial  subst i tu tes.  

For example, i f  the race of a nonrespondent 
household is obtained, th is  information could 
eas i ly  be used for an imputation procedure that  
is based on the character is t ics  of respondents. 
However~ race information cannot generally be 
used in obtaining subst i tutes in a household 
survey. 

Perhaps the type of survey for  which the use 
of subs t i tu t ion  is  most appropriate is one that  
involves a deeply s t r a t i f i e d ,  r e l a t i v e l y  small 
sample of population un i ts .2 /  Surveys of i n s t i -  
tut ions (e .g . ,  schools o r -hosp i t a l s )  are often 
of th is  type since a substantial amount of s t ra t -  
i f i c a t i o n  information may be avai lable for  a pop- 
ulat ion of i n s t i t u t i o n s ,  and the cost per sample 
uni t  might be high enough to force the sample 
size to a minimum level .  In such cases, a sub- 
s t i t u t e  for  a nonrespondent might be avai lable 
that is very s imi la r  to the nonrespondent with 
respect to a number of charac ter is t i cs .  However, 
for the type of weight adjustment procedure often 
used, the weight adjustment classes would gener 
a l l y  have to be large enough (to avoid producing 
a nont r i v ia l  increase in survey variances) to 
include i n s t i t u t i o n s  with substant ial  var ia t ion 
in some charac te r is t i cs .  Consequently, in sur- 
veys of th is  type, the use of subst i tu te  i n s t i -  
tut ions would tend to provide bet ter  imputa- 
t ions than would the type of weight adjustment 
procedure that  is often used.3_/ 

For surveys with large sample sizes and re la-  
t i v e l y  l i t t l e  information about nonresponding 
units (e .g . ,  a large household survey), the use 
of subst i tutes would probably not provide any 
improvement in terms of bias reduction over the 
use of weight adjustment procedures. However, 
some reduction in survey variances would resul t  
due to an increase in sample size. In such cases 
the small reduction in survey variances may not 
be worthwhile i f  one considers the increase in 
survey costs and the potential problems that 
could resu l t  (see the disadvantages of subst i -  
tu t ion  procedures described below). 

In addit ion to the bias reduction that  may or 
may not resul t  from the use of subst i tu t ion  in 
certain s i tua t ions ,  as discussed above, there are 
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two advantages and three disadvantages that gen- 
e ra l l y  apply to subs t i tu t ion  procedures. The 
f i r s t  advantage is that the sample w i l l  be bal- 
anced with respect to sample size per subst i tu -  
t ion class. This balance has certa in pract ical  
advantages. For example, i f  a se l f -weight ing 
sample is selected, the f inal  sample w i l l  s t i l l  
be essent ia l ly  se l f -we ight ing ,  since the mostap- 
propr iate select ion p robab i l i t y  to use for a 
subst i tu te  unit  is usually the p robab i l i t y  that  
the uni t  had of being selected into the i n i t i a l  
sample. Furthermore, i f  a two-perstratum design 
were used in order to al low for  variance estima- 
t i on ,  there would s t i l l  be two units per s t ra-  
tum i f  subst i tutes were selected from the same 
stratum. 

The other advantage to the use of subst i tu-  
t i on ,  which has already been mentioned, is tha t ,  
for  a f ixed i n i t i a l  sample size, i t  increases 
the survey sample size and therefore reduces the 
variances of survey estimates. Of course, th is  
increase in the sample size general ly ,  involves 
an increase in survey costs, which is the most 
obvious disadvantage of using subs t i t u t i on .4 /  

Perhaps the major disadvantage of the use of 
subst i tu t ion  is that the e f f o r t  extended to 
obtain par t i c ipa t ion  from o r i g i n a l l y  selected 
uni ts may not be as intense as i t  would i f  no 
subst i tutes were avai lab le.  That i s ,  an i n t e r -  
viewer, and perhaps a research analyst ,  may view 
a backup unit as one that is just  as good (or 
nearly as good) as the uni t  i n i t i a l l y  selected. 
This could lead to a higher level of nonresponse 
which could produce greater biases in the survey 
resu l ts .  I f  a subst i tu t ion  procedure is used, 
steps should be taken in the planning of the 
data co l lec t ion  procedures to ensure that the 
maximum e f fo r t  is made to obtain responses from 
the or ig ina l  sample uni ts .  This should include 
va l idat ing a substantial proport ion of the sub- 
s t i t u t e  units to ver i fy  that subst i tu tes were 
needed. 

The th i rd  disadvantage of the use of subst i -  
tutes is that there is a tendency to ignore the 
level of subs t i tu t ion  used when the survey re- 
sponse rate is reported. That i s ,  since survey 
prac t i t ioners  process subst i tu te responses when 
survey estimates are computed as i f  the sub- 
s t i tu tes  were selected in the or ig inal  sample, 
there there is a tendency to view the subst i tu tes 
as o r i g i n a l l y  selected uni ts when response rates 
are calculated. In fact ,  in some surveys, a 
record of whether or not a respondent is a sub- 
s t i t u t e  is not easy to f ind .  I f  the subst i tu tes 
are treated as or ig inal  sample selections for the 
calculat ion of the response rate,  the survey re- 
sponse rate w i l l ,  of course, be overestimated, 
and the potent ial  for nonresponse bias wi l l  be 
underestimated. Whenever subst i tutes are used 
in a survey, care should be taken to ( I )  keep 
accurate records of which units are subst i tu tes,  
(2) i den t i f y  which data records are obtained 
from subst i tu te  un i ts ,  (3) report the level of 
subs t i t u t i on ,  and (4) t reat  the subst i tutes as 
nonresponse cases when calculat ing the survey 
response rate. 

4. Summaries of Some Research Invest igat ions of 
the Impact of Subst i tut ion on Survey Estimates 
An extensive search of the survey research 

l i t e r a t u r e ,  both published and unpublished, has 

not uncovered any theoret ica l  work re la t ing  to 
subs t i tu t ion .  Perhaps th is  is because any model 
that is used to represent a subs t i tu t ion  proce 
dure would e i ther  be too complex to formulate or 
too simple to provide useful resul ts .  Spec i f i -  
ca l l y ,  a model used to represent a spec ia l ly  
designated subs t i tu t ion  procedure would have to 
be complex to appropr iate ly  re f l ec t  that  type of 
subs t i tu t ion  process. I t  would be very d i f f i c u l t  
to adequately re f l ec t  the re la t ionsh ip  between 
the character is t ics  of the subst i tu t tes  and those 
those of the nonrespondents or between those of 
the subst i tutes and those of the respondents. 

On the other hand, a model representing a 
random subst i tu t ion  procedure wi th in  post strata 
would be simple since the random subst i tu tes 
would have the same expected charac ter is t ics  as 
the respondents in the post stratum from which 
subst i tutes are selected, although not necessar- 
i l y  the expected character is t ics  of nonresponding 
uni ts .  For example, i f  simple random sampling 
is used to select the i n i t i a l  sample and the sub- 
s t i tu tes  from a stratum, the expected value of 
the resu l t ing  stratum sample mean would be the 
stratum population mean for respondents. The 
bias of th is  estimate is the di f ference between 
the stratum population mean for  respondents and 
the overall stratum population mean. The bias 
of the stratum sample mean would be the same i f  a 
weight adjustment procedure were used, assuming 
that  the stratum would be used as a weight adjust-  
ment class. (However, the survey variances asso- 
ciated with the weight adjustment procedure would 
be somewhat la rger . )  

For a random subs t i tu t ion  procedure to provide 
estimates with lower nonresponse bias than those 
that  would be provided by a weight adjustment 
procedure, the subst i tu t ion  classes would have to 
be defined d i f ferent ly- -presumably  narrower--than 
would the weight adjustment classes. These 
classes would have to be defined in such a way 
that the dif ferences between the population 
means for respondents and nonrespondents wi th in 
a class would be smaller on the average than the 
corresponding dif ferences wi th in a weight adjust-  
ment class. 

I t  was also d i f f i c u l t  to f ind research involv-  
ing empirical studies of the impact on survey 
estimates of subs t i tu t ion  procedures. In par t i c -  
u la r ,  only four studies were discovered that 
provided estimates of the bias associated with 
one or more subs t i tu t ion  procedures. Further- 
more, only one of these studies included a com- 
parison of the estimated ef fects (or biases) for  
a subst i tu t ion  procedure and the corresponding 
estimated ef fects (or biases) for  one or more 
a l ternate imputation procedures. Unfortunately,  
the type of subs t i tu t ion  procedure used in the 
comparative analysis was atypical  and the scope 
of comparisons was rather l im i ted .  

The four studies mentioned above are summa- 
rized in the remainder of th is  sect ion, with the 
comparative study being discussed last .  

4.1 Study by Reuben Cohen (19551 
The primary object ive of Cohen's study was 

to estimate the bias associated with a subst i tu-  
t ion procedure that he refers to as a "modified 
p robab i l i t y  sample." Although his procedure 
could be used for other types of surveys, i t  is 
invest igated by Cohen in the context of a house- 
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hold survey. To use Cohen's subs t i tu t i on  
procedure, the basic household sample has to be 
selected in pairs of housing units--presumably 
pairs of neighbors. The number of pairs selected 
is equal to the target  sample size. One unit of 
each pair of uni ts is selected at random to be 
the primary select ion while the other unit is 
designated as the a l ternate  or backup select ion.  
A cal l  is  made f i r s t  at the primary unit in an 
attempt to obtain an interv iew. I f  an interv iew 
is obtained, the in terv iewer proceeds to the next 
pa i r .  I f  an interv iew is not obtained on the 
f i r s t  c a l l ,  (s)he attempts to obtain an in terv iew 
with the a l ternate  un i t .  I f  an in terv iew is 
completed with the a l ternate un i t ,  the i n t e r -  
viewer continues to the next pa i r .  I f  an i n te r -  
view is not obtained, (s)he returns to the p r i -  
mary un i t ,  then back to the a l te rna te ,  continuing 
in th i s  manner unt i l  an in terv iew is obtained. 

Cohen wanted to f ind out whether th is  modified 
p robab i l i t y  sample, which would reduce f i e l d  
costs, would introduce a nont r iv ia l  amount of 
bias in the survey estimates. 

Cohen based his invest igat ion on a subset of 
data col lected in a household survey conducted 
by the Bureau of Social Science Research (BSSR). 
A b r i e f  descr ipt ion of the BSSR survey wi l l  be 
given, followed by a descr ipt ion of how Cohen 
carr ied out his study using a subset of the BSSR 
sample. 

The BSSR study was a household survey carr ied 
out in the Washington, D.C., metropoli tan area. 
The purpose of the BSSR survey was to study the 
ef fects on the community of the purchase of the 
Times-Herald by the Washington Post. The BSSR 
selected an equally weighted, mul t i -s tage sample 
of about 550 pairs of adjacent households.5/ 
From each sample household an attempt was made To 
interv iew one person aged 18 or more, selected 
randomly from the e l i g i b l e  household members. 

To invest igate the modified p robab i l i t y  sample 
subs t i tu t ion  procedure, Cohen could only use those 
pairs of households in the BSSR survey for  which 
completed interviews were obtained from members 
of both households. For th is  res t r i c ted  subset 
of the sample, which included 326 of the or ig ina l  
550 pai rs ,  Cohen was able to simulate how the 
sample would be selected using the modified prob- 
a b i l i t y  sample. This was possible since a record 
of the number of ca l ls  required to obtain an 
interv iew was recorded for  the BSSR survey. 

Cohen randomly designated one household in 
each of the 326 pairs to be the primary un i t .  
Based on the number of ca l ls  required to obtain 
an interv iew for  each of the two households in a 
pair ,  Cohen was able to determine which of the 
two households would be included in the "modified 
p robab i l i t y  sample." Comparisons were then made 
between the primary p robab i l i t y  sample of 326 
households and the modified p robab i l i t y  sample 
of 326 households. These comparisons were done 
in the second part of his analysis.  

In the f i r s t  part of his analysis he did paired 
comparisons tests to compare the ear ly and late 
respondents with respect to 12 survey items (a l l  
0- I  i tems). These tests were carr ied out only 
fo r  the 209 pairs (of the 326 pairs)  for  which 
one of the units responded on an e a r l i e r  cal l  
than the other. For the 12 items included Cohen 
found s i gn i f i can t  di f ferences in the sample pro- 
port ions for  only two items- 

(1) Proportion not in the labor force (higher 
for  ear ly responders) 

(2) Proportion who reported reading the 
Washington Daily News (higher for  la te  
responders) 

There were two other items for  which the d i f f e r -  
ence in sample proport ions was almost s i gn i f i can t  
at the 10% level"  

( I )  Proportion that are heads of household 
(higher for late responders) 

(2) Proport ion residing in households with 
heads who are profess ional ly  or techni -  
ca l l y  employed (higher for  ear ly respond- 
ers) 

For these two paired samples none of the other 
eight sample proportions w e r e  s i g n i f i c a n t l y  
d i f f e ren t  at the 20% level .  These proport ions 
included for example, the proport ion with one or 
more chi ldren in a household, the proport ion male, 
the proport ion with family income over $5,000, 
and the proport ion under 40 years of age. 

The second part of his analysis involved c a l c u  
la t ing an estimate of bias a t t r i bu tab le  to use 
of his subs t i tu t ion  procedure. For the set of 
326 interv iew pairs he calculated the unweighted 
sample proportions for twelve survey items using 
a "s t ra igh t "  p robab i l i t y  sample ( i . e . ,  the 326 
primary uni ts)  and also using the modified prob- 
a b i l i t y  sample of 326 primary and backup uni ts .  
The estimated proport ion reading the Washington 
Daily News was about 0.03 lower with the subst i -  
tu t ion  procedure. For the other ten survey items, 
the estimated proport ions using the two proce- 
dures were wi th in 0.02 of each other. 

I t  should be noted that  Cohen was only able 
to compare primary and subst i tu te  units for those 
cases in which both members of a selected pa i r  of 
households supplied completed interv iews.  This 
res t r i c ted  population may provide d i f f e ren t  com- 
parisons between primary and subst i tu te  uni ts 
than would be provided by the ent i re  target  pop- 
u la t ion .  In pa r t i cu la r ,  no comparisons can be 
made in his study of the charac ter is t i cs  of the 
subst i tu tes and the charac ter is t i cs  of the nonre- 
sponding primary units being replaced. 

Furthermore, the subs t i tu t ion  procedure inves- 
t igated by Cohen d i f fe rs  from those t y p i c a l l y  
used. With most procedures, in order to minimize 
the nonresponse bias, more than one cal l  is  gen- 
e ra l l y  made at the primary uni t  before a backup 
unit is approached. In fac t ,  as was indicated 
ea r l i e r  in Section 3, a strong e f f o r t  to obtain 
an in terv iew from the primary unit  before ap- 
proaching the subst i tu te  uni t  is h ighly recom- 
mended. The savings on f i e l d  costs that  would 
be obtained by the use of Cohen's modified prob- 
a b i l i t y  sample may not be worth the nonresponse 
bias associated with the addit ional  subst i tu tes 
used. 
4.2 Study by Stephen Williams and Ralph FolsQm 

(.1977) 
The study by Williams and Folsom of the 

Research Triangle I n s t i t u t e  was done for the Na- 
t ional  Center for  Educational S ta t i s t i cs  (NCES). 
This study was based on data col lected in the 
NCES sponsored National Longitudinal Study of the 
High School Class of 1972 (NLS). They attempted 
to measure the port ion of bias in the f i r s t  year 
estimates that  is a t t r i bu tab le  to school nonre- 
sponse. 

The basic object ive of the NLS was to deter- 
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mine what happens to students a f te r  they graduate 
from high school. The variables of in te res t  
included type and amount of addit ional education, 
vocational experience, plans, and a t t i t udes .  The 
NCES wanted to re la te  th i s  information to the 
students' personal and educational background. 
The f u l l - s c a l e  NLS was begun in January 1972; 
and the f i r s t  phase of the NLS, referred to as 
the basic year (BY) survey, ended in June 1973. 
The primary survey instruments for  the BY survey 
were student, counselor, and school question- 
naires, student tes t  booklets, and students' 
school record information forms. 

The sample design for  the BY survey was a s t ra t -  
i f i ed  two-stage p robab i l i t y  sample with schools 
as the f i r s t  stage and students as the second 
stage. The f i r s t  stage primary sample consisted 
of the select ion of 1,200 schools--two from each 
of 600 s t ra ta .  Two addi t ional  schools were selec- 
ted per stratum on a p robab i l i t y  basis to serve as 
backups (potent ia l  subst i tu tes)  for the two p r i -  
mary select ions.  At the second stage, a sample 
of 18 students was selected from each cooperating 
school. 

I f  e i ther  one or both of the primary schools 
selected from a stratum declined to pa r t i c i pa te ,  
one or both of the backup schools were approached. 
In s t rata for  which the two backup schools selec- 
ted did not provide the subst i tu tes needed, no 
addi t ional  units were approached. In t o t a l ,  974 
schools par t ic ipated in the BY survey" 921 p r i -  
mary schools plus 53 subst i tu tes .  The student 
questionnaire was completed by 16,409 students. 
The nonpar t ic ipat ing primary schools for which 
subst i tu tes were not obtained were accounted for  
in the estimation procedures by making adjust-  
ments in the weights of the cooperating schools. 

From October 1973 through Apri l  1974 the f i r s t  
data co l lec t ion  fol low-up procedure (FFU) of the 
NLS was conducted. In addit ion to administer ing 
a questionnaire to students who par t ic ipated in 
the BY survey, there was a complete fol low-up of 
BY nonrespondent schools. A sample of persons 
who were seniors in 1972 was selected from each 
of these BY nonrespondent schools. The question- 
naire administered to th is  sample of 1972 seniors 
included 14 questions about information i n i t i a l l y  
requested in the BY survey. The FFU data gath- 
ered re t rospect ive ly  by BY nonresponding schools 
allowed Williams and Folsom to make some es t i -  
mates of bias in the BY survey estimates due to 
nonresponding schools. 

In the FFU survey, 1,300 sample schools comple- 
ted FFU questionnaires" 1,153 primary schools plus 
131 back-up schools plus 16 addit ional  schools 
selected to account for an increase in the 
frame.6/ The FFU survey contained completed 
questio--nnaires from 21,350 students. 

The main purpose of the study by Williams and 
Folsom was to estimate and analyze the part of the 
bias in the BY estimates that is a t t r i bu tab le  to 
school nonresponse. This included the ef fect  on 
bias of the use of subst i tu tes and of weight ad- 
justments to account for nonrespondent schools. 
Other sources of bias in the BY estimates (e .g . ,  
student nonresponse in pa r t i c ipa t ing  schools) 
were not invest igated in t he i r  study. Estimates 
of the biases due to nonresponding schools were 
made for estimated to ta ls  and proport ions for  35 
student items. These estimates were calculated 
by comparing the BY estimates obtained from the 

BY survey data with the "best estimates" computed 
from the BY data and from the re t rospec t i veda ta  
obtained in the FFU survey from the sample of 
1972 seniors in BY nonrespondent schools. For the 
BY survey about 20% of the primary schools did 
not pa r t i c ipa te .  However, a f t e r  the FFU survey 
only 2% of the BY primary schools were s t i l l  
nonrespondents. Consequently, d i f ferences in 
the "best estimates" and BY survey estimates 
should re f lec t  the impact on BY survey estimates 
of the use of subst i tu tes and weight adjustments 
to adjust for  the 20% of the primary schools that  
did not par t i c ipa te  in the BY survey. Unfortu- 
nate ly ,  they were not able to separate the impact 
of the use of subst i tu tes from the impact of the 
school nonresponse weight adjustments. 

The 35 questionnaire items included in the 
analysis contained a tota l  of 155 response cate- 
gories ( i . e . ,  mul t ip le  choice type responses). 
Estimates of the bias in BY estimates of student 
to ta ls  were calculated for a l l  155 categor ies.7 /  
For each category the null hypothesis that  there 
is no bias in BY estimates was tested against a 
two-sided a l te rna t i ve .  For the 5% level of s ig- 
n i f icance the null hypothesis of no bias was 
rejected 91 times out of 155. For these es t i -  
mates the average estimate of school nonresponse 
bias in BY estimates is approximately a negative 
f ive  percent. 

These estimates of school nonresponse bias 
( i . e . ,  the di f ferences between the "best es t i -  
mates" and BY survey es t ima tes )migh t  have been 
s i g n i f i c a n t l y  affected by the response and nonre- 
sponse biases of the students selected from the 
schools that  par t ic ipated in the FFU but did not 
pa r t i c ipa te  in the or ig ina l  BY survey. This 
seems quite possible because of the time lag of 
1 1/2 years or more that occurred between the BY 
survey and the FFU survey, and the problem with 
pa r t i c i pa t i on  and recal l  that  would probably occur 
a f te r  such a time lag. 

Although there were some s impl i fy ing assump- 
t ions and approximations made in est imat ing the 
nonresponse biases, Williams and Folsom state on 
page 8 of t h e i r  report that  "the resul ts  are so 
consistent and dramatic i t  is doubtful that  a more 
ref ined analysis would a l te r  the conclusions."  

4.3 Study by Monroe Sirken (1975) 
Sirken's inves t iga t ion  was based on data 

col lected in the Michigan Survey of Substance 
Use, August, 1974, sponsored by the Michigan 
Department of Health. 

The Michigan Survey was a statewide, mu l t i -  
stage, se l f -weight ing p robab i l i t y  sample of the 
non ins t i tu t iona l i zed  population 13 years of age 
and older,  residing in Michigan during August 
1974. The main object ive of the survey was to 
estimate the number and proportion of persons in 
the population and in various subpopulations that  
used 16 types of substances ( d r u g s ) d u r i n g  the 
previous year. 

There were 2,100 households selected fo r  the 
Michigan Survey. Half of the e l i g i b l e  persons 
in par t i c ipa t ing  households were interviewed for  
the survey. I f  a l l  the designated interv iews 
fo r  a sample household were not obtained a f te r  
three v i s i t s ,  that  sample household was dis- 
carded and a subst i tu te  household was approached. 
The prescribed pattern of subs t i tu t ion  was to 
take the household to the r igh t  of the nonre- 

80 



spondent; then, i f  necessary, approach the house- 
hold to the l e f t .  Only one cal l  was made to a 
subst i tu te  household. In spite of t h i s ,  a sub- 
s t i t u t e  household was obtained for  each nonre 
spondent household. (Sirken's report did not 
indicate whether or not i t  was necessary in some 
cases to contact more than the two adjacent 
neighbors to obtain a subst i tu te ,  and i f  so, how 
th is  was done.) 

Of the 2,100 households selected, interviews 
were completed in 1,400 households. Subst i tute 
households were obtained for  the 700 nonpar t ic i -  
pating households. In t o t a l ,  2,539 interviews 
were obtained in the Michigan Survey: 1,552 from 
i n i t i a l l y  selected households, 839 from subst i -  
tute households, and 148 that  have unknown sta- 
tus. That i s ,  about one-th i rd of the survey 
responses came from subst i tu te  households. 

Sirken compared some survey character is t ics  
by age categories for  the fo l lowing three groups 
of respondents: 

( I )  I n i t i a l l y  designated ind iv iduals  that 
were interviewed on the f i r s t  cal l  

(2) I n i t i a l l y  designated ind iv iduals  that 
were interviewed on the second or t h i r d  
cal l  

(3) Subst i tute ind iv iduals  
The survey items used for the comparison of the 
three groups were the percents of persons using 
(1) alcohol,  (2) prescribed drugs, (3) nonpre- 
scribed drugm, and (4) i l l i c i t  drugs in the past 
year. These comparisons indicated that  the 
character is t ics  of the subst i tu te  persons were 
about the same as those i n i t i a l l y  designated 
persons interviewed on the f i r s t  ca l l .  (This is 
not surpr is ing since only one ca l l  was made at 
each subst i tu te household.) For the oldest age 
group included in the analys is ,  35 years and 
older,  the character is t ics  of those persons 
interviewed on the second or t h i rd  cal l  were also 
about the same as for  those interviewed on the 
f i r s t  cal l  and for those of the subst i tu tes.  How- 
ever, for  the youngest age group, 13-17 years of 
age, and for a l l  four survey items, the substance 
use rate was higher for  the persons interviewed 
on the second or t h i rd  cal l  than i t  was for sub- 
s t i tu tes  and for  persons interviewed on the f i r s t  
ca l l .  The same re la t ionsh ip  held for the middle 
age group, 18-34 years of age, for  two of the 
four survey items used in the comparison: percent 
usage rates for  alcohol and for  i l l i c i t  drugs. 

A s imi la r  re la t ionsh ip  was observed between 
early and late respondents for a survey of 
Vietnam veterams (Wish, et a l .  (1978)). They 
found a s t a t i s t i c a l l y  s ign i f i can t  d i f ference 
between ear ly  and late respondents for the propor- 
t ion of veterans experiencing various types of be- 
havioral problems (e .g . ,  alcohol abuse, ar res ts ,  
unemployment, and divorce).  In a l l  cases the pro- 
portion experiencing the problem was higher for 
the late responders. 

Based on the evidence in the Michigan Survey 
that the substance use rate increases as the 
number of required cal ls  increases, Sirken sug- 
gests that the character is t ics  of the persons in 
nonresponding households might be closer to those 
of persons interviewed on the second or th i rd  cal l  
than to those of the subst i tu te  persons. Sirken 
shows that i f  th is  is the case in the Michigan 
Survey, there would be a negative bias of about 
three percentage points in the estimates of the 

substance use rates for alcohol and i l l i c i t  drugs 
for both the 13-17 and 18-34 age groups. 

Since the character is t ics  of the Michigan Sur- 
vey nonrespondents were not known, there is no 
basis for  evaluating the accuracy of Sirken's 
speculative estimates of bias. I f  survey data 
for  at least some of the nonrespondents had been 
obtained, more object ive estimates of bias asso- 
ciated with the subst i tu t ion  procedure could 
have been made. 

4.4 Study by J. Durbin and A. Stuart (1954) 
The invest igat ion by Durbin and Stuart was a 

comparative study of a l te rna t i ve  methods of 
coping with tota l  questionnaire nonresponse. 
This study, which was carr ied out in s ix urban 
areas in Great B r i t a i n ,  was part of an experimen- 
ta l  study planned and directed by a research 
group cal led the Survey Research Committee. 

The frame (and presumably the population) from 
which the sample was selected for  th is  study was 
the Electoral Register. A p robab i l i t y  sample of 
1,260 names was selected for  the sample, 360 from 
one of the s ix survey areas and 180 from each of 
the other f ive areas. Within each of these six 
areas, uniform selection p robab i l i t i es  were 
used. However, the uniform select ion p robab i l i t y  
used to select reg is t rants  in one area was, in 
general, d i f f e ren t  from that  used to select 
regis t rants in the other areas. These d i f fe ren-  
t i a l  select ion p robab i l i t i es  were not taken into 
account in the comparative analysis.  That i s ,  for 
ca lculat ing estimates the ent i re  sample was t rea t -  
ed as se l f -weight ing.  

The survey data were col lected by personal in- 
terview. The questionnaire contained items which 
covered a var ie ty  of topics,  including age, sex, 
mari tal  s tatus,  employment charac te r is t i cs ,  l e i -  
sure a c t i v i t i e s ,  and smoking and drinking habits.  
The comparative analysis was based on estimated 
proportions for 32 of the questionnaire items. 

There were seven methods of coping with nonre- 
sponse that were compared: 

(a) and (b) 
Make a maximum of (a) one cal l  or (b) 
three ca l ls  and assume that the respond- 
ents const i tu te  a p robab i l i t y  sample from 
the to ta l  population. 

(c) Make an unl imited number of ca l ls  and 
assume that  the respondents const i tu te  a 
p robab i l i t y  sample from the tota l  popula- 
t ion .  

(d) Make only one cal l  and adjust the selec- 
t ion p robab i l i t y  of each respondent to 
take into account the number of days in 
the previous six days that the respondent 
was home ( i . e . ,  the Politz-Simmons meth- 
od, described by Pol i tz  and Simmons 
(1949)). 

(e),  ( f ) ,  and (g) 
Make a maximum of (e) one c a l l ,  ( f )  two 
cal ls  or (g) three cal ls  and obtain sub- 
s t i tu tes  for the nonrespondents using a 
quota sampling procedure. 

The subst i tu t ion  procedure described above in 
(e ) - -w i th  var iat ions ( f )  and (g ) - - i s  rather un- 
usual. Instead of selecting subst i tu te  ind iv idu-  
als from the Electoral Register to replace nonre- 
spondents, the nonrespondents are replaced by a 
quota sample. Although Durbin and Stuart do not 
give the deta i ls  of how the quota sample was sel- 

81 



ected, they indicate that  the interv iews were 
conducted mostly outside the home, and that  the 
control  factors for the quota sample were sex, 
age, and income class. An attempt was made to 
obtain the control  factors for each sample person 
not interviewed on the i n i t i a l  cal l  by requesting 
th is  information from other household members or,  
i f  necessary, from neighbors. The cel l  counts 
of the f i r s t - c a l l  nonrespondents for the three- 
way c ross -c l ass i f i ca t i on  of the control factors 
provided the quotas for the quota sampling for 
procedure (e). Quotas to be used fo r  procedures 
( f )  and (g) were obtained in an analogous way 
from cel l  counts made a f te r  two and three ca l l s .  
Using th is  type of subs t i tu t ion  procedure, many 
of the subst i tu tes used may not even be l i s ted  on 
the sample frame ( i . e . ,  the Electoral Regis ter ) ,  
depending on exact ly how the quota sample of 
replacements was selected. 

Of the or ig inal  sample of 1260 names, 80 were 
eventual ly c lass i f i ed  as i n e l i g i b l e ,  leaving an 
e l i g i b l e  sample size of 1180 persons. The re- 
sponse rates a f te r  various numbers of ca l ls  are 
the fo l lowing:  

Numbe r Number Response 
of Calls of Responses Rate 

I 374 31.7% 
3 823 69.7% 

Unl i mi ted 938 79.5& 
The above table indicates that even with unlim- 

i ted callbacks the survey response rate was only 
79.5%. Subst i tutes from the quota sample were 
obtained fo r  most, but not a l l ,  of the nonre- 
spondents. (Durbin and Stuart do not give rea- 
sons for  the apparent shortage of subs t i tu tes . )  
The number of subst i tu tes obtained for the nonre- 
spondents are given in Table I fo r  procedure 
(e ) - - subs t i t u t i on  a f te r  one ca l l - -and  for proce- 
dure (g ) - - subs t i t u t i on  a f te r  three ca l l s .  The 
259 quota subst i tu tes used in procedure (g) 
consisted of those among the 701 subst i tu tes 
used in procedure (e) that  replaced f i r s t - c a l l  
nonrespondents who remained nonrespondents a f te r  
three ca l l s .  I t  seems that  the to ta l  number 
of interviews for  procedures (e) and ( g ) s h o u l d  
have been the same. The discrepancy of seven 
interviews shown in the above table was not 
discussed by Durbin and Stuart .  

The method of analysis used by Durbin and 
Stuart was to compare the estimates based on al l  
the procedures to those obtained for  the unlim- 
i ted cal lback (U.C.) procedure. That i s ,  the 
estimates based on the U.C. procedure were con- 
sidered to be unbiased for th is  experiment, or 
at least  to be the best estimates to use as a 
standard for comparison. This would have been a 
sound approach to making the comparisons i f  the 
response rate for the U.C. procedure had been 
closer to 100%. However, since the response rate 
for the U.C. procedure was only 79.5% the method 
of comparison is not sound since the estimates 
based on the U.C. procedure might contain a sub- 
s tant ia l  amount of nonresponse bias. 

In pa r t i cu la r ,  the method of comparison to 
the U.C. estimates is especia l ly  unfavorable 
towards the subs t i tu t ion  procedures and the 
Politz-Simmons procedure. The subs t i tu t ion  and 
Politz-Simmons procedures attempt to impute for 
a l l  survey nonrespondents, not j us t  for  those who 
eventual ly become respondents using unl imited 
cal lbacks. Consequently, for  the 32 question- 

naire items included in the comparison ana lys is ,  
a l l  three subs t i tu t ion  procedures and the Po l i t z -  
Simmons procedure provide estimates that  often 
vary considerably from those of the U.Co proce- 
dure. Of these four a l te rna t i ves ,  procedure 
(g ) - - subs t i t u t i on  a f te r  three calls--compares 
most favorably with the U.C. procedure. 

There was not much of a pattern observed in 
the di f ferences between the estimates based on 
the U.C. procedure and those based on the best 
subs t i tu t ion  procedure ( i . e . ,  the procedure for 
which subst i tu t ions were used a f te r  three c a l l s ) .  
Sometimes the estimated proportions were higher 
using the U.C. procedure, but other times they 
were higher for the th ree-ca l l  subs t i tu t ion  proce- 
dure. I t  did appear, however, that  the quota 
sample subst i tu tes used a f te r  three ca l l s  const i -  
tuted a somewhat younger, less a f f l uen t  group 
than did the respondents 
who cooperated a f te r  three ca l l s .  

Of al l  s ix  procedures being compared to the 
U.C. procedure in the comparative analysis 
( i . e . ,  (a) ,  (b) ,  (d) ,  (e) ,  ( f ) ,  and (g)) the one 
that  provided estimates closest to those of the 
U.C. procedure was procedure (b) making a maxi- 
mum of three cal ls  and assuming the respondents 
const i tu te  a p robab i l i l t y  sample from the to ta l  
populat ion. The favorable appearance of the 
th ree-ca l l  procedure is not surpr is ing since the 
th ree-ca l l  sample makes up 80% of the U.C. sample 
( i . e . ,  823 of the 938 U.C. respondents). 

I f  the U.C. procedure has to be taken as a 
standard of comparison, then al l  the procedures 
compared should be geared to that level of re- 
sponse. That i s ,  a l l  the procedures should 
attempt to impute to the sample of 938 U.C. re- 
spondents and not to the to ta l  e l i g i b l e  sample 
of 1180 persons. I f  th is  had been done, the 
subs t i tu t ion  procedures might have compared more 
favorably with the other procedures than they 
did. 

Even though the subs t i tu t ion  procedures in-  
cluded in the study may be somewhat bet ter  than 
they appeared in th is  experiment, i t  does not 
seem that the generation of subst i tu tes from a 
quota sample is a very promising imputation 
method. This type of procedure could be d i f f i -  
cu l t  to apply to surveys of i n s t i t u t i o n s  since 
i t  might be hard to obtain control  factor  informa- 
t ionn for  quota subst i tu tes.  Also, i t  would be 
d i f f i c u l t  to use in household surveys since the 
quota control factors for  nonrespondents might 
be d i f f i c u l t  to obtain in some surveys. Even i f  
control factors could be obtained fo r  household 
nonrespondents, i t  is questionable whether, in 
general, a replacement obtained from a quota 
sample would provide a bet ter  subs t i tu te  than 
would a neighbor. 

5. Conclusion 
As was pointed out ~n the beginning of Sec- 

t ion  4, there does not appear, at th i s  t ime, to 
be any theoret ica l  resul ts  avai lable that  would 
be helpful in evaluating the general usefulness 
of subs t i tu t ion  procedures as a method fo r  imput- 
ing for to ta l  questionnaire nonresponse. There 
appear to be some s i tuat ions for  which the use 
of a subs t i tu t ion  procedure would be appropr iate,  
and other s i tuat ions for  which such a procedure 
would not be wise. 
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Perhaps the only way that subs t i tu t ion  proce- 
dures can be evaluated is through empirical inves- 
t i ga t i ons .  Only four studies that invest igated 
the impact of subs t i tu t ion  on survey estimates 
have been uncovered. Although none of these 
studies was carr ied out under ideal condi t ions,  
they a l l  seemed to indicate that subs t i tu t ion  
procedures do not el iminate the effects of nonre- 
sponse bias. This was perhaps best demonstrated 
in the Research Triangle Study for the National 
Center for  Educational S ta t i s t i c s ,  described by 
Williams and Folsom (1977). This study indicated 
that  there was cons is tent ly  a negative 5% bias in 
a number of estimated to ta ls  that was a t t r i -  
butable, to a large extent,  to the use of subst i -  
tute schools and to school nonresponse weight 
adjustments. The fact that subs t i tu t ion  proce- 
dures do not seem to el iminate nonresponse bias 
does not imply that  subst i tu t ion  procedures are 
inappropr iate.  I t  is probably true that  there 
is no procedure avai lable that can adequately 
correct nonresponse bias. In a study carr ied 
out by Westat Research for  the National Center 
for  Health S t a t i s t i c s ,  described by Chapman 
(1974), i t  was discovered that none of the six 
a l te rna t i ve  weight adjustment procedures that  
were compared could correct the nonresponse bias 
associated with a number of items in a medical 
h is tory questionnaire. 

To evaluate the usefulness of subs t i tu t ion  
procedures, empirical studies should be carr ied 
out that compare imputations based on subst i tutes 
with those based on a l te rna t ive  nonresponse 
procedures. In an ideal study, sample units 
would be declared nonrespondents a f ter  a spec i f i c  
number of ca l ls  (e .g . ,  three) .  The subs t i tu t ion  
procedure being evaluated would then be applied 
to obtain subst i tutes for  the nonrespondents. 

However, extensive e f for ts  would continue to 
obtain cooperation from the nonrespondents. The 
data co l lec t ion  a c t i v i t i e s  would proceed unt i l  
a l l  of the o r i g i n a l l y  designated sample persons 
or i n s t i t u t i o n s ,  except the hard-core refusals ,  
were persuaded to par t i c ipa te  in the survey. 
Estimates based on the subst i tu tes could then be 
compared to estimates based on a l te rna t i ve  weight 
adjustment procedures with respect to how close 
the estimates are to those that are nearly free 
of nonresponse bias ( i . e . ,  those based on 
almost a l l  of the sample). 

A study of th is  type is being proposed for 
FY 1983 as part of the research being carried 
out by the Bureau of the Census to invest igate 
the potent ial  use of random d i g i t  d ia l ing (RDD) 
for demographic surveys. For an RDD survey, or 
for  any telephone survey, i t  would general ly be 
easier to devise, execute, and control a subst i -  
tu t ion  procedure than i t  is for  an in-person 
survey. Consequently, there is in te res t  in 
developing and evaluating a subst i tu t ion  proce- 
dure as part of the RDD research at the Census 
Bureau. Basical ly ,  the proposed research 
involves the appl icat ion of a procedure to gen- 
erate subst i tu te  telephone residences for  te le -  
phone residences in the sample that  do not re- 
spond a f te r  various numbers of attempts. The 
experimental survey would also include an extend- 
ed fol low-up e f f o r t  on the nonresponse cases, 
permit t ing some comparisons of the character is-  
t i cs  of nonrespondents with those of t he i r  sub- 
s t i t u tes .  I t  would also be possible to derive 
and compare estimates that  use subst i tu tes to 
account for  nonresponse to those that use nonre- 
sponse weight adjustments. 

Subst i tut ion 
Procedure 

(e) Subst i tut ion a f te r  
one cal 1 

(g) Subst i tut ion a f te r  
three ca l ls  

Table 1 

Number of Number of Number of Total Number 
Respondents Nonrespondents Substi tutes of Interviews 

374 806 701 1,075 

823 357 259 1,082 
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Footnotes 

I /  Except for some minor edit ing and updating, 
t-his is a paper that was prepared for the Panel 
on Incomplete Data, Committee on National Stat is-  
t i c s ,  National Academy of Sciences. The Panel 
report volumes wi l l  be published by Academic 
Press, Inc. (New York, NY). 

2/The potential advantage of the use of subst i tu- 
t ion in th is s i tuat ion was described to David W. 
Chapman by Joseph Waksberg of Westat Research 
during a telephone conversation in January 1979. 

3 / l f  a raking rat io adjustment procedure were 
used, the problem of requiring large weight 
adjustment classes would be avoided. For a dis- 
cussion of raking rat io  estimation, including an 
extensive reference l i s t ,  see Oh, H. Lock and 
Fr i tz  Scheuren (1978). 

4/ Since a cost-variance t rade-of f  is d i f f i c u l t  
m 

to assess, perhaps the best approach for compar- 
ing a subst i tut ion procedure with a weight ad- 
justment procedure is to set equal the expected 
number of completed interviews for the two proce- 
dures, allowing for a reasonable level of nonre- 
sponse. I f  th is were done, the i n i t i a l  sample 
size associated with the weight adjustment proce- 
dure would be larger than that associated with 
the subst i tut ion procedure. However, assuming 
the anticipated response rate was reasonably 
accurate, the two nonresponse procedures would 
involve roughly the same survey costs and var i -  
ances. 

5/ The sample was selected in pairs as a means 
m 

of providing a mechanism to double the sampling 
rate for a special segment of the population for 
certain questionnaire items. This did not af fect  
Cohen's study, however, since his analysis was 
based only on the questionnaire items asked of 
a l l  persons in the survey. 

6/ The 1,153 primary schools included those that 
part icipated in both the BY and FFU surveys and 
those that part icipated only in the FFU survey. 
The 131 backup schools included backup schools 
used as substitutes for both the BY and FFU 
s urveys. 

7/ An estimated total refers to the estimated 
number of students in the population who would 
respond in that category. 
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