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1. Introduction 

Since 1950 the U.S. Bureau of the Census has con- 
ducted major studies to evaluate the net or gross 
omissions of persons from the decennial censuses 
through direct survey methods. The 1980 Post- 
Enumeration Program (PEP) is the most recent mem- 
ber of this series. Typically, a sample survey 
of households has been used to provide the sample 
of persons for whom the existence of matching 
census enumerations is evaluated; in some instan- 
ces, persons have been been selected from l i s t  
frames based on administrative records instead. 

In spite of considerable effort expended on these 
studies, they have historically been regarded as 
less than successful in achieving a measurement 
of the true error of the census. The principal 
evidence for this judgment rests with the system- 
atically higher and more internally consistent 
estimates of net census error for previous cen- 
suses given by demographic analysis compared to 
the survey methods. Demographic analysis, which 
employs statistics on births, deaths, immigration, 
and emigration, as well as counts from earlier 
censuses and related sources, provided the Bu- 
reau's "preferred" methodology for the measure 
ment of the national undercount in 1970. 

The limited success of direct survey methods in 
measuring the undercount has been attributed to 
the effect of "correlation bias", the tendency of 
persons actually missed from the census to be 
also disproportionately underrepresented in the 
sample used to evaluate the census. Particularly 
in the context of sample surveys, the same factors 
associated with omission of persons from the cen- 
sus may similarly lead to their omission from 
the effective coverage of the sample surveys. 

Evaluations of census coverage by direct survey 
methods typically face a number of additional 
problems. (For a review see, for example, Cowan 
and Hogan, 1980.) One of these problems, the ef- 
fect of missing or partial data, is the subject 
of this paper. The thesis presented here is that 
even when the overall level of nonresponse is low 
to moderate by normal standards of sample survey 
practice, there are often potentially complex 
links between the variable of interest, inclusion 
in the census, and the pattern of missing data. 
Although the issue of missing data does not 
supplant that of correlation bias as the preemin- 
ent limitation of survey methods to measure net 
census errors, i t  wil l  be argued here that the 
issue of missing data is perhaps next most import- 
ant in many of these studies. 

A potential link between the pattern of nonre- 
sponse and an analytic variable of interest can 
arise in almost any survey context, but in sur- 
vey evaluation of census coverage the linkage is 
almost assured by the procedural design of these 
studies. To i l lustrate this point, many studies 
can be summarized by the following simplified 
steps: 

A sample of persons is selected and their prob- 
able census day address ascertained, then, 

I. A majority of cases are (typically) match- 
ed to the census at the available address- 
es. 

2. The remaining cases are sent to a "follow- 
up" procedure to use more intensive ef- 
forts, such as interviewing the persons 
themselves, to verify or correct the in- 
formation on their census day address or 
to determine, in some instances, i f  they 
are out-of-scope (for example, not alive 
on census day). The actual outcomes might 
be divided into four groups" 

a. Completed follow-up operation with the out- 
come of being matched to the census. 

b. Completed follow-up operation with the out- 
come of not being matched to the census. 

c. Completed follow-up operation with the out- 
come of being determined to be out-of-scope. 

d. Incomplete follow-up operation. 

In this simplified example, the last group, 2d, 
represents incomplete data, since these cases are 
not determined to be definit ively matched or de- 
f in i t ive ly  non-matched to the census. (Of course, 
in actual cases additional sources of nonresponse 
may arise, such as obtaining no preliminary census 
day address for a subset of persons.) 

Historically, one approach frequently used to ad- 
dress the question of missing data has been to 
analyze only the complete cases and to exclude 
the cases with incomplete data entirely. This 
procedure can be simply stated to rest on an as- 
sumption that the incomplete cases have the same 
non-matched rate as the complete cases. General- 
ly speaking, the assumption that incomplete cases 
resemble complete cases is commonplace in survey 
sampling practice. The sometimes questionable 
nature of this assumption in this context, how- 
ever, is more self-evident when examined from 
the perspective of persons in the survey popula- 
tion. In some applications, such as the 1980 
PEP, factors operating largely independently of 
census coverage may contribute to the classi f i -  
cation of these cases into category 2d, those with 
incomplete follow-up. For example, again in the 
case of the 1980 PEP, a large proportion of per- 
sons in the follow-up population (those persons 
not in category l) that moved to a different ad- 
dress between the original sample survey and the 
follow-up survey almost a year later were classi- 
fied into category 2d. The fact that these per- 
sons moved, particularly i f  the move was in the 
fal l of 1980 or winter of 1981, would seem to be 
only tenuously linked, at most, to their enumera- 
tion in the census in April 1980or shortly there- 
after. Consider, then, persons in the original 
sample who moved after all census operations have 
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been completed and became unreachable to any po- 
tential follow-up operation. Most of these per- 
sons that had also been enumerated in the census 
would be readily matched to their census enumera- 
tions without the necessity for follow,up; thus, 
they would have been classified in category 1, 
matched before follow-up. The remaining persons 
enumerated in the census would then fal l  into cat- 
egory 2d. The persons missed from the census, on 
the other hand, would be all classified in cate- 
gory 2d. Thus, regardless of the proportion ac ~- 
tually missed from the census, persons who are un- 
reachable at the time of follow-up contribute only 
to the matched and incomplete cases. Except under 
the most extreme assumptions, the procedure of an- 
alyzing only the completed cases for this group 
is a self-evident source of bias in the estimated 
proportion of missed persons in the population. 

The purpose of this paper is to establish a the- 
oretical framework in which to discuss this prob- 
lem and more complex problems of missing data in 
the studies of census coverage. The approach wil l 
be to suggest a synthesis of two more general 
areas of research. One of these is the growing 
methodological research into nonresponse in sam- 
ple surveys. An important reference in this area, 
a paper by Li t t le (1982), wil l  be cited almost ex- 
clusively in the presentation here, because i t  
summarizes or develops the applicable theory from 
this area of research that wil l  be related in this 
paper to the general problems of nonresponse in 
studies of census coverage. 

The second theoretical development to be cited 
here, the methodology of causal analysis for cat- 
egorical data by Goodman (1972, 1973a, 1973b, 
1978) is perhaps less obviously connected to the 
problem of missing data in coverage evaluation 
studies than the f i r s t .  This second body of l i t -  
terature develops the correct applications of log- 
linear models to situations in which relation- 
ships among variables are structured by causal 
mechanisms. Census coverage and other related 
variables are generally categorical in nature, 
thus forming a basis for a possible application 
of this theory. More importantly, the issue of 
proper interpretations of the incomplete data from 
such studies rests on the mechanisms that are as- 
sumed to lead to the missing data. The causal 
models discussed by Goodman, particularly when 
supplemented with his later work in latent struc- 
ture analysis, form an extremely rich class of 
models with potential application to a wide var- 
iety of assumptions and situations regarding the 
missing data. 

The next section wil l  suggest the implications of 
these ideas in some simple hypothetical situa- 
tions, while the third section wil l  discuss the 
relationship of these ideas to the imputation pro- 
cedures designed for the 1980 PEP. The last sec- 
tion includes suggestions and observations about 
missing data in similar studies. 

in the preceding section, two models wil l  be pre- 
sented here that, in some contexts, may be appli- 
cable to the hypothetical general example out- 
lined in the f i r s t  section. The two models arise 
out of different specific assumptions about the 
mechanisms underlying the nonresponse. 

Suppose that the original sample of persons in- 
cludes a significant number who are in fact out of 
the scope of the analysis. Of course, some of 
these persons may be identified in the follow-up 
as belonging to category 2c defined in the f i r s t  
section, those determined to be out-of-scope. 
Suppose, however, that the original sample in- 
cludesnames with grossly incorrect addresses as 
a result of typographical or other clerical error, 
plus perhaps persons who had moved from the given 
address long before census day, and who, as a con- 
sequence of the passage of time, had become un- 
known to persons now at that address and to neigh- 
bors and other sources that might have been con- 
sulted. All such persons would be assumed not to 
match originally to the census, but to be divided 
between 2c, determined to be out-of-scope, and 
2d, incomplete follow-up cases. 

Suppose further that the follow-up effort is suf- 
f iciently intense that all in-scope persons may 
be classified into categories l ,  2a, or 2b. 
"Intense" is a necessary characterization here, 
for no other competing risks, such as movement 
of the persons to a different address after census 
day, must be allowed to interfere. In other words, 
i f  the persons themselves cannot be reached, rules 
on the acceptance of proxy information must be 
sufficiently broad to include all in-scope per- 
sons. The study essentially must presume that 
the consequent proxy information is of acceptable 
quality for the analysis. 

Under these assumptions, group 2d represents a 
hidden group of out-of-scope cases, in spite of 
the fact that they may not have been expl ici t ly 
determined to be so under the original follow-up 
rules. A causal model for these relationships is 
given by" 

In/Out 
of Scope 

(s) 

Census 
Inc lus ion  

(I) 

Fol 1 ow-up 
rCompl eteness 

(c) 

Pre-Fol low-up 
Match Status 

(P) 

Under the stated assumptions, the cross-classifi- 
cation of these four variables contains a number 
of structural zeros. (These may be incorporated 
into the methodology for causal models by specify- 
ing the log-linear models in mulit ipl icative rath- 
er than additive form.) Under these assumptions, 
the observed data actually satisfy 

2. Two Simple Causal Models for Non-Response 
in Coverage Evaluation Surveys 

In order to i l lustrate the implictions of the the- 
ory for missing data and for causal models cited 
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In Scope Out of Scope 
In Out of In Out of 

Census Census Census Census 
Fol low-up Complete 

Pre-Fol low-up 
Match 1 0 0 0 

Pre-Fol l ow-up 
Non-Match 2a 2b 0 2c 

Follow-up Incompl et e 
Pre-Fol low-up 

Match 0 0 0 0 
Pre-Fol l ow-up 

Non-Match 0 0 0 2d 

In this circumstance, the response mechanism is 
decisively non-ignorable, as defined by L i t t le  
(1982) and others since non-response implies logi- 
cally that the case is out of scope, which in 
turn implies that the case is (by presumption) 
not enumerated in the census. In this case, the 
"completed cases only" analysis that ignores the 
responses in category 2d is appropriate, since 
this approach is equivalent to analyzing the cases 
in the scope of the evaluation. 

This example i l lustrates a common situation, in 
which the ignorable response model studied in the 
theoretical l i terature, i s  not equivalent to the 
analysis of only complete cases occasionally re- 
flected in some practice. 

The second i l lustrat ive model makes diametrically 
opposite assumptions about the mechanisms under- 
lying non-response. In this model, the impor- 
tance of the out-of-scope persons is minimized, 
perhaps by an assumption that all such persons can 
be eliminated in the in i t ia l  specification of the 
sample. Instead, the sample of person is viewed 
as comprising persons whoare readily matched to 
census, persons who could be matched to the cen- 
sus i f  follow-up information were obtained, and 
persons not in the census. Further, i t  is as- 
sumed that mechanisms other than census coverage 
are responsible for incomplete follow-up infor- 
mation. More specifically, the causal model is 

Census Follow-up 
I ncl usion Completeness 

(1) / / /  (C) 

~ Pre-Follow-up 
Match Status 

(P) 

Census inclusion affects pre-follow-up match sta- 
tus because no excluded persons can be i n i t i a l l y  
matched. Pre-follow-up match status affects fol- 
low-up completeness since all pre-follow-up match- 
ed persons (category 1 defined in the f i r s t  sec- 
tion) are complete cases. The assumption of the 
causal model is that there is no additional effect 
of I on C that is not determined from the path 
through P. 

The cross-classification consistent with this 
model is given by 

In Census Out of Census 
Fo I 1 ow-up Complete 
Pre-Fol low-up 

Match 1 
Pre-Fol low-up 

Non-Match 2a 2b 

Follow-up Incomplete 
Pre-Fol low-up 

Match 0 0 
Pre-Fol l ow-up 

Non-Match m I m 2 

where m I and m 2 are missing data known to sum to 

2d. Under this model, the Fisher-consistent es- 
timator of m I is 2d'2a/ (2a+2b). In other words, 

the model implies that the proportion of match- 
able cases among the incomplete cases is equal to 
that among the complete cases sent to follow-up. 
Generally, this model results in a higher propor- 
tion of estimated non-matches than the "completed 
cases only" analysis appropriate under the f i r s t  
model. 

I f ,  in the notation of L i t t le  (1982), variable u s 

is taken to be the pre-follow-up match outcome, 
observed for all sample cases, and Vsr the final 

classification for the complete cases (that is, 
cases in group l ,  2a, or 2b), this second model 
is equivalent to an assumption of an ignorable 
response mechanism Here again, there is a dis- 
tinction between ignorability of the response 
mechanism and the appropriateness of a "completed 
cases only" analysis of the data, since this is 
a case of an ignorable response mechanism that 
cannot be correctly treated by excluding the cases 
with incomplete data. 

In cases where 2d is of any significant magnitude, 
even in relation to 2b, the analyses under the two 
different models wil l  lead to substantially dif-  
ferent results. This difference is not necessar- 
i ly  an indication that there is nothing to choose 
between them in given contexts. Since the models 
rest on markedly different assumptions, the natu- 
ral question is whether one set of assumptions is 
more appropriate to the data at hand than another. 
Furthermore, each incorporates simplifying assump- 
tions that could be modified by consideration of 
richer models. Section 4 wil l  comment further on 
these questions. 

3. Causal Model Underlying the Preliminary 
Treatment of Missing Data in the 1980 
Post-Enumeration Survey 

This section wil l  describe a model which might be 
considered to form the essential rationale for the 
design of the imputation system for treatment of 
incomplete data in the estimation of gross omis- 
sions from the 1980 census. The discussion here 
will be in broad terms only, and several neces- 
sary refinements wil l  not be presented in detail. 
I t  should be understood that these data are cur- 
rently under review, and that the system described 
here represents only one of the methods to treat 
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the missing data that have been considered. 

The sample for the PEP comprised the ful l  April 
1980 and August 1980 samples of the Current Pop- 
ulation Survey (CPS), plus supplemental samples 
of persons in military barracks and of the inst i -  
tutional population. For purpose of analysis of 
missing data, each of the four samples was treated 
separately. Each of the samples was based on 
interviews of persons after census day, April l ,  
1980, with April CPS interviews on the third week 
of April occurring closest to April I. (An ex- 
ception, not discussed here, occurs for an anal- 
ysis of CPS households that were non-interviewers 
in April CPS.) 

As in the hypothetical example in the f i r s t  sec- 
tion of this paper, an in i t ia l  match to the census 
enumeration was performed, with the result that 
over 85 percent of the sample was matched at this 
stage. Essentially, all remaining cases were des- 
ignated for follow-up interview. (Exceptions to 
this rule constituted another special group not 
covered by the discussion here but which were 
treated by the imputation procedure. Essentially, 
such cases not sent to follow-up by design were 
imputed in the same manner as incomplete follow- 
up interviews.) The purpose of the follow-up in- 
terview was both to correct incomplete or errone- 
ous information about the geographic location of 
the census day address, and in some cases to de- 
termine a different address to correct the ad- 
dress that had been searched originally. A sig- 
nificant proportion of cases sent to follow-up 
resulted in noninterviews, part ial ly as a conse- 
quence of s t r ic t  rules governing use of proxy in- 
formation. (No use of information from neighbors 
was permitted, for example.) 

The cases with complete follow-up interviews were 
classified into two groups- those that could be 
definit ively classified into one enumeration dis- 
t r i c t  (ED) or an appropriately small group of 
ED's for searching, and those who could not. The 
latter group included very few cases of "non- 
movers", persons with the same census day address 
as in the original sample, since the PEP inter- 
viewers were able to collect sufficient goegraphic 
information to establish the correct location of 
sampled housing units with respect to the geo- 
graphy of the 1980 census. The probelm came in- 
stead from persons who had moved between April 1, 
1980 and the original interview; for such persons, 
the respondent's description was the only avail- 
able resource to determine the ED in which each 
person should have been enumerated. 

For persons who had been classified as complete 
interviews and for whom an area of search or 
single census enumeration had been determined, a 
series of clerical procedures were performed (al- 
though at the final stages by technical staff from 
the Census Bureau's Washington headquarters) to 
classify the case as either matched or missed. 
(An insignificant group of cases were classified 
as incomplete i f  materials were unavailable to 
complete the operations, and discussion of this 
problem wil l  be omitted here.) Cases where the 
follow-up interview was incomplete and those for 
whom the 1980 census day address could not be as- 
signed to an enumeration d is t r ic t  or acceptable 

area of search formed two distinct groups of in- 
complete cases. The imputation procedure for PEP 
is closely linked to a causal model relating five 
categorical variables. Three of these appeared 
in the examples of the previous section: inclu- 
sion in the census (1), pre-follow-up match sta- 
tus (P), and follow-up completeness (C). Two 
other variables, mover status (M), and geocodabil- 
ity (G) are variables considered as a consequence 
of the timing and design of the PEP. Since CPS 
household interviews occurred after census day, 
part of the interviewed sample, termed the "mov- 
ers," had a different address on April l ,  1980. 

The concept of geocodability measures the abi l i ty 
to assign a case to the correct 1980 enumeration 
dist r ic t  (ED) or suitably small group of ED's 
prior to search. All cases matched before follow- 
up and cases with complete follow-up interviews 
that were assigned ED's for search are operation- 
ally defined to be geocodable; complete follow-up 
cases that could not be so assigned are not geo- 
codable. For incomplete follow-up cases, the 
question of geocodability is not directly ob- 
served; rather i t  represents whether adequate geo- 
graphic information would have been obtained had 
a follow-up interview been completed. Among com- 
pleted cases, almost all that were not geocodable 
were also movers. In other words, geocodingcould 
be completed for almost all cases at the location 
of the CPS interview, since CPS interviewers were 
able to provide detailed maps for the sampled 
housing units. The location of the census day ad- 
dress for movers, however, depended only upon in- 
formation provided by respondents, and these cases 
naturally presented more challenging problems. 

The following model summarizes a set of causal as- 
sumptions that might be made about the April CPS 
data: 

Geocodabi I i ty 
(G) 

Mover Pre-fol l o w - u ~  Follow-up 
Status- > Match S t a t u s  Completeness 
(M) (P) (C) 

~ I n c l u s i o /  
in the Census 

(1) 

In this model, mover status is allowed to affect 
inclusion in the census, because some empirical 
evidence suggests that persons who move near the 
time of the census are at higher risk of being 
omitted. Mover status is also allowed to affect 
geocodability, since for the most part, only mov- 
ers are not geocodable. The model assumes that 
G and I are conditionally independent given M; in 
other words that there may be some marginal asso- 
ciation between geocodability and inclusion in 
the census, but that this association is due to 
a common link to mover status. 

Pre-follow-up matched status is a consequence of 
three variables, geocodability, mover status and 
inclusion in the census. In fact, all three are 
related in a logical way to M, since in the April 
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sample all ungeocodable cases, al l  census omis- 
sions, and all movers would appear among the pre- 
fol low-up non-matches. 

In the model, follow-up completeness is allowed 
to depend upon pre-follow-up match status (P), 
since all cases where P is "matched" are complete 
with respect to follow-up. 

Associations between C and other variables are as- 
sumed to be through P. The application of this 
model to the April PEP sample implies a number 
of structural zeros and cells with missing data" 

C=Compl ete M=Non-movers M=Movers 

G=geocodable I =M I=NM I=M I=NM 
P=M T 0 ~ 0 
P =NM b c d e 

G=non-geocodabl e 
P=M 0 0 0 0 
P=NM m I m 2 m 3 m4 

C=i ncompl ete 

G=geocodabl e 
P=M 0 0 0 0 
P=NM m 5 m 6 m 7 m 8 

G=non-geocodabl e 
P=M 0 0 0 0 
P=NM m 9 ml 0 ml I ml 2 

In this notation, the subscripted values of m are 
missing cells to be estimated. Themarginals m I + 

m 2, m 3 + m 4, and m 5 + m 6 + m 7 + m 8 + m 9 + mll + 

m12 are available from the observed data. 

This representation is a recursive causal model, 
again extending the methodology to ref lect  struc- 
tural zeros by expressing the model in mult ip l ic-  
ative rather than additive form. Furthermore, i t  
is possible, although tedious, to compute closed- 
form expressions for the maximum likelihood est i-  
mates of all of the missing values under a multi- 
nomial sampling model. This is most easily accom- 
plished in two steps" 

a) The recursive causal model specifies an ex- 
tended log-l inear model for the five-way table 
reflecting the complete interaction M, G, I ,  
and P, plus the effect of P on C. This model 

can be used to solve for m 5, m 6, m 7, m 8, m 9 + 

mlO, and mll + ml2 in terms of b, c, d, e, m 1 

+ m2, and m 3 + m 4. For example, 

m 5 = b • 

(m 5 + m 6 + m 7 + m 8 + m 9 + mlO + mll + ml2) 

(b + c '+  d + e + ml + m 2-+ m3 + m 4) 

= b r  

where the value of r is direct ly available 

from the data. 

b) The recursive causal model implies an extend- 
ed log-l inear model for the four-way table of 
M, G, I ,  and P reflecting the interaction of 
M, G, and I and main effects of MP, GP and 
IP. The pattern of structural zeros conforms 
to this model. The recursive causal model 
also implies a log-l inear model for the three- 
way table of M, G, and I including MG and MI 
main effects. This model can be used to solve 
for ml, m2, m3, m4, m9, mlO, m11, and m12, 

taking advantage of the given marginal s m I + 

m 2 and m 3 + m 4 and the estimates of m 9 + mlO 

and mll + m12 from the preceding step. For 

the resulting three-way table, for example, 

a + b(l+r) 
( l+r) m I = 

a + b(1"+r) + c( l+r) 

(1 + r) (m I + m 2) 

Besides being maximum-likelihood, these estimates 
are the unique Fisher-consistent solution to this 
problem, so they are also appropriate even when 
the sampling distr ibution is not multinomial. 

This model is an interesting instance of a non- 
ignorable response mechanism. The variables form 
a monotone response situation, as described by 
L i t t l e  (1982), since P and C are measured for a l l ,  
M and G are measured for C=complete, and I is 
measured only for C=complete and G=geocodable. 
In the two-step calculation of the maximum l ike- 
lihood estimates under the causal model, step a 
is consistent with an assumption of an ignorable 
response mechanism for non-interview on follow-up. 
The second step is not consistent with such a mod- 
e l ,  however; the collapsing to the three-way table 
across variables P and C, required by the recur- 
sive causal model, is inconsistent with an ignor- 
able response model. 

The preliminary imputation system designed for PEP 
paralleled the logic of the preceding causal mod- 
el. In place ~ of the five-way table just  discuss- 
ed, a complex s tat is t ica l  matching procedure was 
implemented in order to attempt to represent the 
effect of a number of additional covariates. The 
stat is t ical  match was performed in two waves" 

a) Cases with incomplete follow-up ..... ihterviews 
were imputed to mover status, ..... M, and geocod- 
ing status, G. I f  the s ta t i s t i ca l l y  matched 
case had a value of G of geocoded, the result- 
ing value of I was also imputed. The incom- 
plete cases in this wave were s ta t i s t i ca l l y  
matched to cases with complete follow-up in- 
terviews who were sent to follow-up, i .e ,  who 
were not i n i t i a l l y  matched to the census be- 
fore follow-up. This exclusion corresponds 
to the omission of cell "a" from the f i r s t  
step of calculation of the maximum l i k e l i -  
hood estimates. 

b) A second wave of imputation was used to im- 
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pute the value of I for those classified as 
not geocodable, including those imputed to 
this classification in the previous step. In 
this instance, the pre-follow-up codes were 
ignored in the statistical match, thus allow- 
ing cell "a" into the computation, as would 
be required by the causal model• (At this 
stage, weighting adjustments were substituted 
for actual imputation for some classes of 
cases with the intent of producing an equival- 
ent effect. ) 

Thus, causal analysis in this instance provides a 
model for a non-ignorable response mechanism that 
nonetheless can be estimated from the data, and a 
rationale for what would otherwise be an obscure 
imputation procedure• Furthermore, a frui t ful  
approach to examine the potential limitation of 
the imputation procedure would be in terms of 
alternative causal models. For example, the ef- 
fect of different associations between variables 
excluded from the preliminary model could be post- 
ulated and their implications studied• Further 
work on this question is planned. 

4. Use of Other Causal Models for Analysis of 
I6complet e Data from Coverage Studies 

The example in the previous section il lustrated 
the application of a causal model in a situation 
where multiple factors were directly and indirect- 
ly related to response• The procedural design of 
the PEP permitted estimation of the model, so that 
the parameters were identifiable. Although PEP 
contained some distinct features that differ from 
many other studies of the sort, the possible ef- 
fect of multiple sources of nonresponse is shared 
by most such studies• An appropriate objective of 
design, therefore, is the abi l i ty to estimate the 
effect and implications of different sources of 
nonresponse. 

To i l lustrate this point, the hypothetical design 
of section 2 will again be examined• In the orig- 
inal design, two models were proposed, based on 
different presumed mechanisms underlyi ng the data. 
By an appropriate alteration of the design, how- 
ever, the separate effects of both sources of non- 
response can be estimated under an integrated 
model• The required change is to send the origi- 
nally matched cases (actually, a managably small 
sample of them) to to follow-up in order to esti- 
mate the follow-up response function• The causal 
model for this integrated approach would be for- 
mally the same as that of model 1 

In/Out . . . . . . .  ~ Follow-up 
- r 

of Scope Completeness 

Census ~ Pre-Fol low-up 
Inclusion Match Status 

(I) (P) 

In model 2, an effect of P on C is necessary as a 
consequence sending to follow-up only the pre- 
liminary non-matches. In the revised design, an 
association is potentially absent. The data would 
be interpreted as 

In Scope out of scope 
In out of In out of 

census census census census 
Fol low-up Complete 

Pre-Fol low-up 
Match la 0 0 0 

Pre-Foll ow-up 
Non-Match 2a 2b 0 0 

Follow-up Incomplete 

Pre-Fol low-up 
Match 

Pre-Foll ow-up 
Non-Match 

ld 0 0 0 

m I m 2 0 m 3 

Only the total m I + m 2 + m 3 would be directly ob- 
served, but each of the three three components is 
estimable under the model. For example, 

m I = 2a Id/la 

The estimate of m 3 is derived as a final step 
by subtraction• 
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