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I. INTRODUCTION 

The intent of this paper is to describe the devel- 
opment of a sample survey coverage methodology 
which was originally used to reduce undercoverage 
bias in the Current Population Survey (CPS), but 
appears to have the potential for broader utili- 
zation in sample designs. The labels associated 
with this methodology are Successor Check Proce- 
dure and Open-Ended Segments. These two terms 
reflect a difference in utilization rather than 
method. The successor check is more closely as- 
sociated with supplementing existing frames, 
whereas open-ended segments are an extension of 
the half-open interval concept for providin~ a 
separate source for obtaining sample units, i 

The present Successor Check Procedure (called a 
structure successor check) works as follows. One 
selects n of the N structures from the sample 
frame. Each selected structure is called a sam- 
ple reference structure. Using the sample refer- 
ence structure as a starting point an enumerator 
in the field lists structures in a prescribed 
path of. travel order until k structures (not 
including the sample reference structure) on the 
sample frame have been listed. Any structures 
listed that are not on the list frame but are in 
the population of interest are called inscopes. 
In this manner n open-ended segments (successor 
check strings) of length k successors are gener- 
ated. This successor check resembles in some ways 
an area segment in which all structures are listed 
within a relatively small land area with well- 
defined boundaries. Also, if one selects for 
interview all or a sample of inscopes identified 
by the successor check, then this procedure can 
be used as an alternative method of list frame 
suppl ementation. 

It is not the intent of this paper to fully des- 
cribe the sample design or particular procedures 
of the surveys referred to here. Extensive doc- 
umentation is provided elsewhere. 2 However, an 
overview of Census Bureau experience with the 
successor check procedures is provided in Section 
II as background and linkage to the research 
efforts discussed in Section III. 

II. EXPERIENCE IN THE USE OF SUCCESSOR CHECK 
PROCEDURES 

A. Successor Check in the 1960 Surveys 

During the 1960's the Census Bureau used a unit 
successor check procedure in B segments (addresses 
from list frame) for the Current Population Survey 
(CPS) and the Health Interview Survey (HIS). This 
procedure differed in two respects from the struc- 
ture successor check described in the introduction 
First of all, reinterview units were designated 
as reference points. Secondly, the enumerator 
listed units in a prescribed path of travel from 
the reference point until obtaining a unit that 
was in the sample frame (called the successor). 
Listed units between the reference point and the 
successor that met one of the following conditions 
were considered inscopes: 

Units missed in the census 
Mobile homes - in parks or at large - put in 

place since the census 
Mobile homes excluded from the census by def- 
inition, but eligible for sample surveys 

Houses moved to their present location since 
the census 

Units converted from nonresidential use since 
the census 

Special places missed or created since the 
census. 

The results of the unit successor check were 
reasonably satisfactory in terms of reducing non- 
sampling errors. For CPS the check identified 
inscope units representing about 2.6 percent of 
the inventory. For HIS the yield was about 2 per- 
cent. 3 However, the complexity of this type of 
successor check, especially in terms of path of 
travel in multi-unit structures, resulted in high 
preparatory (including the preparation of detailed 
maps) and high field costs (field work was done by 
supervisory personnel) . 

B. Successor Check in 1970 Surveys 

Based on experience during the 1960's with unit 
successor checks in CPS and HIS, the Census Bureau 
decided to implement structure successor checks 
for surveys in the 1970's. This type of structure 
check is defined in the introduction. It has been 
used for list frame supplementation in address 
type segments of the Annual Housing Survey (AHS)- 
SMSA and for coverage evaluation in the Survey of 
Income and Education (SIE). These are described 
below, along with a partial successor check used 
in the AHS-National sample. 

i. Successor Check in AHS-SMSA Samples 

To reduce undercoverage of census misses and other 
types of units not fully represented in the AHS- 
SMSA samples, a structure successor check was 
designed. 4 An intended string length of k=eight 
successor structures was used. In most cases this 
string length was attained. Where the string 
length was not attained an adjustment in the 
weighting of inscope units was necessary. 

The use of a structure, rather than a unit succes- 
sor check, reduced the complexity of the field 
operation. From the experience gained during the 
first year of implementation, field procedures, 
instructions and training have been revised. 
These revisions should result in greater efficien- 
cy in the field operation for the second year of 
imp i ement at ion. 

2. Successor Check in the AHS-National Sample 

CEN SUP (Census Supplement) segments are used in 
national Census Bureau samples to represent units 
missed in the Census. However, there was no pro- 
cedure for reducing undercoverage of the other 
types of inscope units. For CPS and most of the 
recurring surveys done at the Census Bureau the 
impact of this undercoverage is considered trivial. 
This is not true for the AHS. 5 Therefore, in AHS- 
National (1976) a partial successor check (k=8) 
was undertaken to provide representation of these 
units. 6 The yield for mobile homes and houses 
moved in was reasonably good. However, the check 
was not that effective in eliminating undercoverage 
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of structures converted from nonresidential use. 

3. Successor Check in SIE 

In order to meet precision requirements of the 
survey within the funds available it was decided 
to take unit samples in all areas. Since CEN SUP 
segments were not available for rural areas, a 
structure successor check (k=4) was done by crew 
leaders for coverage evaluation. About 6,000 
sample reference structures were selected which 
meant that about 25,000 structure addresses had 
to be matched in rural areas six years after the 
Census. The matching was difficult and frequen- 
tly required reconciliation in the field. In 
addition, there was some evidence of wrong units 
selected for interview, which resulted in the 
wrong reference structure for the successor check. 
Preliminary results also indicated a very high 
yield of inscope units. Thus, a number of vali- 
dation and follow-up studies were conducted.7 
One of these, the Year Built Study, is briefly 
discussed in Section III. 

I II. RESEARCH RELATED TO SUCCESSOR CHECK/OPEN- 
ENDED SEGMENTS 

A. Introduction 

Until the early 1970's most surveys conducted by 
the Census Bureau were based on national samples. 
More recently, however, the Bureau has responded 
to the need for small area data, such as the AHS- 
SMSA sample, and conversely, for very large 
samples, such as those for SIE. These kinds of 
surveys require greater variety in sample design 
and methodology. 

For example, there are special needs for unclus- 
tered samples in small area design, and for 
greater emphasis on cost analysis for samples of 
very large size. 

A procedure that has the potential to meet special 
needs of both small areas and large areas is the 
structure successor check. Some Census Bureau 
studies relating to open-ended segments are 
described below. 

B. Estimation and Variance 

For many Bureau surveys the principal sample frame 
is the Census list of residential addresses (used 
for address segments). Units within a structure 
are listed sequentially. Conceptually, this type 
of frame contains N structures, each of which can 
be a reference structure for an open-ended segment 
of size k successor structures. If the N struc- 
tures are in path of travel order on the frame, 
then one can obtain the exact probability of 
inclusion for any inscope unit identified by the 
specific sample of strings selected. However, 
these N structures usually do not appear on the 
frame in successor check path of travel order. 

From the frame a sample of open-ended segments of 
length k may be chosen. For the AHS successor 
checks a systematic sample of n housing units was 
selected from the AHS sample units in address 
segments. The sample unit defined the reference 
structure. From each reference structure an open- 
ended segment of k length was formed. This pro- 
cedure translates into a systematic ppes sample of 
successor check strings of length k because each 
string's probability of selection depends upon the 
number of units M i in the string's sample reference 

structure (i.e. a string generated by a reference 
structure with M~=6 has three times the chance of 
selection as a stringogenerated by a reference 
structure with Mi=2). ° Within these strings in- 
scope units [structures) are identified. Estimation, 
and variance related to inscope units [structures) 
are discussed in this section. 

I. Present Estimation of Inscope Totals 

In considering the estimation of inscope totals 
let Yui be the number of inscope units found by 

th 
the i sample string, k be the string length, n 
be the number of sample reference structures sel- 
ected, N be the number of structures in the sam- 
ple frame and 7. be the probability of inclusion 

' l 
th 

in the sample of the i selected reference stru- 
cture. We do not assume that the N structures on 
the frame are in successor check path of travel 
order. Then it can be shown that 

n Yui 1 
= Z - - ' - -  ( 1 )  

u i=l ~i k 

provides an unbiased estimate of Y the total 
U' 

number of inscope units. 9 

If we define M. to be the number of units in stru- 
I N 

cture i on the sample frame and M = r M then 
o i' 

i=l 
for the sample of open-ended segments defined in 
the introduction we have that ~i = n zi, where z. 

1 

1 
= Mi/M ° <- --n . Thus for our present systematic 
ppes sample of successor strings we have used the 
unbiased estimate of Y • u 

n Yui 1 

u i=l n z.1 k (2) 

We could similarly define an unbiased estimator 
s 

for Y the total number of inscope structures 
S' " 

2. Present Variance Estimation 

Due to the nature of the sample frame it is very 
difficult to calculate the joint inclusion pro- 
bability of any two selected strings. Thus we 
don't use the familiar Yates and Grundy estimate 
of the variance of Y . Instead we note that if a u 

pps with replacement sample of n sample reference 
structures were selected, then Y is once again an u 

unbiased estimator of Y and furthermore (see 
U 

Chapter 9 of Cochran's Sampling Techniques) 

( n T]~/ 
I n Yui 1 Yui 1 v¢ = Z r ' n(n-l), (3) 

- ( - u  ) ~-Z i = l  z. n 1 i=l 

estimator of V(Yu). Now for the is unbiased an 
n 

AHS National and SMSA successor check samples 

and ~. are small. Since the variance for a with- 
i 

out replacement systematic pps sample estimator is 
less than the variance for a with replacement pps 
sample estimator^ we use equation (3) as our est- 

i imator of V(Yu ) . 0 

Utilizing equation (3), estimated coefficients of 
variati°nICff(Yu)ll - I of Yu have been calculated for 13 

AHS-SMSA successor checks of length K=8. In 
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n 

general, the Cg(%u)'S were less than 0.4 with 

less than 0.003. Estimated design effects (DEF's) 
from these data are about 2.2. 1 1 

Inscope units usually represent between 1 and 3 
percent of the housing units in a jurisdiction. 
Thus, when open-ended segments are used to sup- 
plement the existing sample frame for inscope 
units, they usually have little effect on the 
variance of the overall sample estimate, and yet 
improve coverage. 

C. Successor Check Modeling 

It is of interest to study the distribution of 
inscope structures by strings. If the number of 
inscope structures per string can be reasonably 
well approximated by a known distribution, then 
we could derive better estimates of design 
effects, workload, and costs. 

i. First Attempts At Modeling 

The proportion of inscope structures in the pop- 
ulation is small, about two percent nationally. 
Thus, for moderate size k the percentage of 
strings with inscope structures should also be 
small. At first we speculated that t, the num- 
ber of inscope structures in a string, might fol- 
low a Poisson distribution with parameter I or a 
negative binomial distribution with parameters k, 
p. By making use of various AHS-National, AHS- 
SMSA, and SIE successor check data sets, unbiased 
estimates of I and p were obtained. However, in 
each case the Poisson and negative binomial models 
provided poor fits to the observed distributions 
of inscope structures per string. 12 

2. Development of Markov Dependent Bernoulli 
Trials (MDBT) Model 

The first two models had the advantage of being 
simple. However, observation of the actual dis- 
tributions of inscope structures in strings shows 
that the inscopes often cluster together. 

This significant observation of the clustering of 
inscope structures leads us to consider a model 
where each string is assumed to constitute a 
series of Markov Dependent Bernoulli Trials. We 
define a one-step transition matrix T and two 
states: state 1 being a census structure and 
state 2 being an inscope structure, where 

1-p  p ! 
T = | where 

a 1 - a  / 
1-p  = c o n d i t i o n a l  p r o b a b i l i t y  o f  a c e n s u s  s t r u c -  

t u r e  following a census structure 
p = conditional probability of an inscope struc- 

ture following a census structure 
a = conditional probability of a census struct- 

ure following an inscope structure 
l-a = conditional probability of an inscope stru- 

cture following an inscope structure 

The only data readily available for estimating T 
are from AHS-SMSA successor checks (k=8). For 
each of these data sets we define the following: 

V = (number of complete strings) x 8 
U = number of times an inscope structure follows a 

census structure 
W = number of inscope structures 

X = number of times an inscope structure follows 
an inscope structure 

^ ^ 

Then let p = U/V and a = (W-X)/W. We then let T 
estimate T where 

~ = 1-p  p i 
^ ^ 

l-a 

Now for the 16 small SMSA's, at most 208 strings 
of length 8 successors were listed. These sample 
sizes were quite small and thus no attempt at data 
fitting was made. However, for the four large 
SMSA's sample sizes were considerably larger. 
Tables 1 & 2 show the result of fitting the MDBT, 
Poisson, and negative binomial models to two of 
these four large SMSA successor check data sets. 
For the two large SMSA's shown in Tables 1 & 2 and 
for those two large SMSA's whose data are not 
shown here the MDBT model provides fits that are 
superior to those of the other two models. 13 It 
should be noted that goodness of fit tests for the 
MDBT model indicate that it fits the data reason- 
ably well. 

3. Use of MDBT Model to Estimate Successor Check 
Design Effects 

If one believes that the MDBT model with transi- 
tion matrix T provides a reasonably good approx- 
imation to Z, the distribution of inscope struc- 
tures per string, then it can be used to estimate 
design effects. S z can be calculated from the 

MDBT model. Furthermore, if r is the proportion 
of inscope structures for the population, then 
the successor check's design effect for its est- 
imator of total structures equals the following" 

!Sz21 !(r)(l-r)lj 
DEFk= 

' k 2] k +  ~ / 

where  t i s  t h e  MDBT m o d e l ' s  e x p e c t e d  number  o f  
inscope structures per string. For strings with 
k=8, DEF 8 -" 1.8 which yields an intraclass corre- 

lation coefficient ~ of about .II. This result is 
in close agreement with more standard estimates of 
6. 

4. Use of MDBT Model to Estimate Successor Check 
Workload and Costs 

Using the MDBT model, a distribution of string 
lengths can be predicted. Thus enumerator work- 
loads are known approximately, which means total 
cost for the successor check can be estimated. 

D. Year Built Study 

It has become increasingly more difficult to obtam 
a representative sample of new construction from 
building permits. The problem is most severe for 
surveys that are introduced in later years of the 
decade (and require permits back to 1970). How- 
ever, even current programs are affected. For 
example, some permit offices interfile addresses 
and discard the permits before they can be sampled. 

Open-ended segments might be used to obtain new 
construction. However, in analyzing the results 
of SIE successor checks there was some concern 
about the accuracy of the data on new constructio~ 
An evaluation of this accuracy was done in the 
Year Built Study. 14 The preliminary results of 
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this study, which analyzed the data from the 1976 
AHS-National successor check sample of approxi- 
mately 1,500 strings of size eight successors, 
indicate that year built data from open-ended 
segments are no less accurate than other year 
built data obtained by census enumeration or by 
area segmenting operations. Thus it appears that 
open-ended segments could replace building permits 
as the source of obtaining new construction in 
sample surveys. 

E. Application to New York City Vacancy Suryey 

I. Related Background 

The estimator Y defined by equation (I) has the 
U 

additional advantage of making for easy process- 
ing of sample data from open-ended segments. 
Each inscope unit in an open-ended segment has 
the same weight, i.e. Mo/(Mi.n.k). Since the 

weights are a function of Mi, they have large 

variability, especially in urban areas. Methods 
to reduce this variability were first considered 
during the design of a possible successor check 
sample to supplement the basic sample frame of 
the 1978 New York City Vacancy Survey. Open- 
ended segments were not used in the survey because 
of a limited budget; however, the methods pro- 
posed are of interest, and thus are discussed 
briefly in this section. 

2. Differential Subsampling Method 

Mi, the number of units in a sample reference 

structure, would vary considerably in New York 
City. From the AHS-SMSA New York successor check 
about i00 strings (k=8) had at least one inscope 
unit. For these strings the correlation between 
M i and Yui' the number of inscope units in the 

ith sample string, was about .58. Thus, as one 
might expect, Yui/Mi was fairly stable around the 

value of I. These observations indicated that 
for the New York City Vacancy Survey interviews, 
a differential subsample of inscope units could 
be selected, since the characteristics of these 
units probably don't vary much within a structure. 
The extreme case would be to take a 1 in M. sub- i 

sample of inscope units for interview, with a 
minimum of one interview from a string with in- 
scope unit(s). Some type of subsampling certainly 
makes sense operationally; e,g. for an inscope 
structure containing 400 units it would not be 
reasonable to interview all of the inscope units. 

3. Post Stratification Method 

Rather than relying totally on subsampling to re- 
duce the wide variation in weights for interviews 
arising from the successor check, we have consid- 
ered the use of a post-stratification technique 
to reduce the variability. 15 The method here is 
to select the sample reference structures by the 
usual method and then to group the sample refer- 
ence structures by size into strata. Within each 
stratum select a 1 in Cstrata of sample reference 

structures for field generation of open-ended 
segments, where Cstrata is proportional to some 

function of M i, f(Mi). The question arises as to 

what f(M i) should be. Certainly Cstrata should 

increase as M. for the strata increase Thus, 
1 

before any subsampling the weight of an inscope 

unit would be (M0.Cstrata)/(k.n-Mi). The method 

would also reduce the number of strings that would 
have to be field listed, and would still allow for 
some subsampling as described in section 2 above 
(although to a lesser extent). 16 

IV. SUMMARY AND RELATED CONSIDERATIONS 

A. Summary 

In summary, the successor check or open-ended seg- 
ment methodology has been used with varying 
degrees of success. It has the potential for 
providing representation of new construction, for 
replacing area segments in certain situations and 
for reducing the nonsampling errors due to under- 
coverage of certain types of units. 

Recent cost studies within the Bureau indicate 
that for the same reliability on estimates of new 
construction the successor check costs are about 
the same as the present method of sampling for new 
construction in address segments. Similarly, for 
the same reliability on estimates in area segments 
the successor check costs are about the same as 
present methods of area segmenting. We are quite 
satisfied with the successor check as a method to 
reduce undercoverage bias. More investigations 
into the feasibility of using open-ended segments 
as a replacement for permit segments and area seg- 
ments are presently being conducted at the Census 
Bureau. 

B. Related Considerations 

In undertaking this paper the authors communicated 
with Leslie Kish, Frank Yates, and W. Edwards 
Deming to discuss the development and operation of 
the half-open interval, as well as applications 
proposed by the Bureau. The half-open interval 
has been used by private firms to create segments 
without prelisting and to capture new construction 
and other unlisted units in a previously listed 
area. 
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Table i. Comparison of Markov Dependent Bernoulli Trials 
With Poisson and Negative Binomial Models For 
the Houston AHS SMSA Successor Check, k=8 I/ 

Number of 
Inscope 

Structures 
Found in 

the String 

Expected Number of Strings Under" 

Observed Markov Depend- Negative 
Number of ent Bernoulli Poisson Binomial 
Strings Trials Model 2_/ Model 3/ Model 4/ 

0 339 336.3 329.2 329.5 

1 21 24.5 36.7 36.2 

2 6 5.6 2.0 2.2 

3 1 1.2 .I .I 

4+ 1 5_/ .4 0 0 

Total 368 368.0 368.0 368.0 

I/ Not adjusted for fact that strings were not selected with equal probability. 

2/ 

3/ 
(A i ) 

~ = l-p^ p = /.98879076 .01120924 

I- .80487805 19512195 

% " . 1 1 1 4  

^ 

4/ p .9863 

5/ Includes one string with five inscope structures. 

Table 2. Comparison of Markov Dependent Bernoulli Trials 
With Poisson and Negative Binomial Models For 
the Seattle AHS SMSA Successor Check, k=8 _I/ 

Number of 
Inscope 

Structures 
Found in 

the String 

Expected Number of Strings Under" 

Observed Markov Depend- Negative 
Number of ent Bernoulli Poisson Binomial 

Strings Trials Model _2/ Model _3/ Model 4/ 

0 436 426.6 387.9 390.0 

1 52 59.6 115.2 iii.7 

2 20 22.5 17.1 18.0 

3 6 8.4 1.7 2.1 

4 3 3 .i .I .2 

5+ 55__/ I. 8 0 0 

Total 522 522.0 522.0 522.0 

I/ Not adjusted for fact that strings were not selected with equal probability. 

21 ~-- l-p 97509579 02490421 
A 

I- = 68387097 31612903 
I 

3/ ~ " . 2 9 6 9  

^ 

4/ p .9642 

5/ Includes two strings with five inscope structures, one with six, one with 
eight, one with nine. 
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