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I. INTRODUCTION 
The 1990 PES (Post-Enumeration Survey) was 

conducted a f te r  the 1990 Decennial Census to mea- 
sure Census coverage error  and to estimate adjust-  
ment factors which could be used to adjust the 
Census counts, should i t  be decided to make an 
adjustment. Various PES evaluat ion pro jects were 
designed to evaluate the 1990 PES resu l ts .  This 
paper presents resu l ts  from two of three evaluat ion 
pro jects to evaluate missing data. 

The types of missing data which occur in the PES 
include nonresponse from whole household noninter-  
views, item nonresponse, and unresolved match 
statuses. Nonresponse from whole household nonin- 
terviews is compensated for  by adjust ing the 
weights of the interviewed households. Item non- 
response is e l iminated by the use of a "hot-deck" 
imputation procedure and cases with unresolved 
match statuses have a match status p r o b a b i l i t y  
imputed by means of a l o g i s t i c  regression model. 

This paper provides a b r i e f  analysis of the 
missing data issues by examining three areas: 1) 
the percentage of noninterview and proxy in te r -  
views; 2) the informat ion obtained from PES nonin- 
terviewed households converted to interv iew in the 
evaluat ions;  and 3) the percent of imputation (hot- 
deck or l o g i s t i c  regression) for  the PES. For each 
area, the e f fec t  of the missing data is examined, 
where possible.  
2. OVERVIEW 
2.1 PES Design and Procedures 

Approximately 5,000 block c lusters were selected 
for  the PES.  Census enumerations w i th in  these 
c lus ters  comprise the PES E sample. The PES l i s ted  
a l l  housing un i ts  in these c lusters  independently 
of the census l i s t i n g s .  These housing uni ts  were 
v i s i t e d  around July 1990 and interviews were ob- 
tained from the current occupants. The persons 
captured during th is  in terv iewing comprise the PES 
P sample. 

Information could not be obtained from a l l  
households l i s ted  for  the PES.  Some household 
visits resulted in noninterviews. Minimal informa- 
tion was obtained from other households and the 
interview was classified as a "last resort" inter- 
view. In addition, some households were identified 
as whole household duplicates or whole household 
fictitious during PES processing. Each of these 
household types were treated as noninterview house- 
holds. No information obtained from noninterview 
households was used in the PES processing and they 
were compensated for by a weight adjustment. 

Even for interviewed households, certain infor- 
mation critical for PES processing may not be 
available for some persons. For missing person 
characteristics, a "hot-deck" imputation procedure 
assigned values for the missing characteristics 
based on the known characteristics of the persons. 
The PES P- and E-sample persons were processed 
through a matching operation to determine whether 
the P-sample persons matched and whether the E-sam- 
ple persons were correctly enumerated. The infor- 

mation available during the matching operations may 
not be sufficient for a match or enumeration status 
to be determined. For persons with an unresolved 
status, a probability of match or correct enumera- 
tion was assigned based on a logistic regression 
model which considered the person's characteris- 
tics. 

Further details on the PES and its design are in 
Wottman, Alberti, and Moriarity (1988) and Hogan 
(1990). 
2.2 PES Evaluations Design and Procedures 

The PES Evaluation sample is a stratified sys- 
tematic subsample of about 920 PES sample block 
clusters. Within each of the block clusters, the 
Evaluation Fottowup (EFU) flagged selected PES P- 
sample cases including all nonmatched and unre- 
solved persons. E-sample persons that had been 
sent to PES foltowup were sent out again as well. 

Three questionnaires were used for the EFU 
including the PES Interview Questionnaire, PES 
Fottowup Questionnaire, and the PES Revisit Ques- 
tionnaire (only the PES Interview Questionnaire and 
the PES Revisit Questionnaire were used for house- 
holds selected for the evaluation projects dis- 
cussed here). The PES Interview Questionnaire was 
used for households classified as noninterview 
following the initial PES interview. The Revisit 
Questionnaire, designed especially for the EFU 
operation, collected information for both P-sample 
and E-sample persons unresolved after PES matching. 

A staff composed of only current survey inter- 
viewers was used for the EFU interviewing. The 
interviewers hired and trained for the PES and the 
Census were primarily temporary employees but often 
included current survey interviewers. For the EFU, 
the current survey interviewers were restricted to 
interview housing units that they had not inter- 
viewed during the production phases of PES. 

Although interviewers were instructed to com- 
plete the EFU interview with a household member, 
the interviewers were permitted to obtain proxy 
information from a knowledgeable respondent (such 
as a landlord or neighbor). The results from the 
EFU interviewing were used in a matching operation 
by a team of matching experts using guidelines 
similar to those for PES. 
2.3 Analytic Methodology 

The PES Evaluation sample was designed to weight 
up to the PES national totals. In general, esti- 
mates which pertain to results of PES operations 
(such as percent noninterview) are presented un- 
weighted while others (such as item imputation 
rates) are weighted. 

The race variable examined in the analysis of 
percent imputation is a combination of race and 
hispanic origin. 

Standard errors were calculated using a strati- 
fied jackknife variance estimator with VPLX - a 
variance estimation software system (Fay, 1990). 

Differences examined in the analyses of vari- 
ables for which standard errors are appropriate 
were tested at the 10 percent level of significance 
with t-tests. 
3. RESULTS 
3.1 Household Noninterviews 
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3.1.1 Outcome of Interview 
The percent of eligible sample cases which 

resulted in a noninterview and the percent of 
interviews completed with a proxy respondent are 
given in Tables I and 2 for the PES pretests, PES, 
PES Followup (P-sample and E-sample), and PES 
Evaluations (P-sample, E-sample, and P-sample 
noninterview followup) samples. Note that a house- 
hold classified as last resort, whole household 
duplicate, or whole household fictitious is consid- 
ered a noninterview for the PES. However, proxy 
interviews are included as interviewed households; 
therefore, caution should be used when comparing 
these estimates with other surveys. 

The 1990 PES has a higher percent noninterview 
and proxy than any of the PES pretests. (See 
Anolik (1988 and 1989), Childers and Hogan (1990), 
and Schenker (1988) for details on these PES pre- 
tests.) This is not unexpected since the 1990 PES 
was, by far, the largest of these surveys and 
survey operations become increasingly difficult to 
control with increasing size. 

The percent of noninterviews is generally lower 
for the PES Followup than for the original PES 
interview while the percent for the PES Evaluations 
is generally higher than PES and PES Followup. 
This is reasonable as followup used generally hi- 
gher quality interviewers but then repeated visits 
to a household may result in less cooperativeness 
in the later visits. Although the percent of 
noninterviews is high for the PES noninterview 
followup sample, it is lower than what may have 
been expected based upon results from studies 
conducted as part of the 1980 Post Enumeration 
Program and the 1985 Post Enumeration Survey (see 
Keeley (1984) and Childers (1986)). This may in 
part be due to acceptance of proxy interviews. 

Interviews completed with a proxy respondent may 
obtain less complete or less accurate information 
than with a household member. The percent of proxy 
interviews is much higher for the PES Followup and 
the PES Evaluations than for the PES. However, the 
percent of proxy interviews in the PES Evaluations 
is markedly lower than for the PES Followup. This 
may result from the use of more experienced inter- 
viewers in the evaluations. 
3.1.2 Examination of Converted PES Noninterview 

Households 
The PES noninterview type by the evaluation 

outcome of interview for households treated as 
noninterviews is presented in Table 3. Overall, 
an unexpectedly high 83 percent of the households 
treated as noninterviews in the PES eligible for 
interviewing, are interviews for the evaluations. 
Of the PES refusal/not at home/other households 
eligible for interview in the evaluations, 75 
percent are interviews. 
3.1.3 Persons Within Converted Noninterview House 

holds 
Table 4 provides the percent of persons added in 

PES noninterview households interviewed in the 
evaluations by evaluation match status for PES 
noninterview type. Table 5 presents the estimated 
change in the number of matches resulting from 
interviewing households identified as noninterviews 
in the PES by evaluation poststratum. (As present- 
ed in Figure I, the evaluation poststrata are 
defined by region, type of area, and whether the 
area has a high minority population or not.) 

Of the persons added in PES noninterview house- 
holds from an interview in the evaluations, 65 
percent are matches. Of the persons added in 

households ident i f ied  as whole household f i c t i t i o u s  
in the PES, 77 percent are matches. At the na- 
t ional level, an estimated 102,403 more matches 
than are i nd i rec t l y  added by the noninterview 
adjustment would be added to the PES from inter-  
viewing households ident i f ied  as noninterviews in 
the PES. However, th is estimate is not s t a t i s t i -  
ca l ly  s i gn i f i can t l y  d i f fe ren t  from zero. 
3.2 Imputation 
3.2.1 Imputation Rates 

The PES P-sample and E-sample percents of impu- 
tat ion are presented in Tables 6 and 7 for tenure, 
sex, age, race, and probab i l i t y  of match (P sample) 
or correct enumeration (E sample). The percent of 
imputation for character is t ics in the PES E sample 
is s i gn i f i can t l y  higher than in the P sample for 
a l l  character is t ics examined except tenure. Race 
and tenure have the highest percent of imputation 
for the P sample while race is markedly highest in 
the E sample. Although not shown, the imputation 
percents tend to be highest in the minor i ty evalua- 
t ion poststrata for the P and E samples and also in 
central c i t y  poststrata for the P sample. 
3.2.2 Imputation and Estimated Census Coverage 

Error 
Missing data may result in the incorrect assign- 

ment of match and enumeration status and the census 
undercount (overcount) estimates may then vary by 
the level of missing data. Correlations (Pearson 
correlations) between the percent of imputed char- 
acteristics and percent undercount were calculated 
based on evaluation poststrata level estimates and 
are presented in Table 8. The percent of imputa- 
tion shows a relatively high level of association 
with the estimated Census undercount at the evalua- 
tion poststrata level, particularly for the E 
sample. The resulting high level of correlation 
may imply: I) groups with a high undercount (over- 
count) rate are difficult to enumerate groups and 
may thus be expected to have high missing data 
rates and/or 2) high missing data rates may cause 
difficulties in assignment of match/enumeration 
status which result in high undercount (overcount) 
estimates. Lower observed correlations at the PES 
poststratum level (not shown), may reflect the 
large variability among the poststrata. 
3.3. Evaluation of Match/Enumeration Status Impu 

tation 
In the PES, persons with an unresolved match 

status are assigned a probability of match. Unre- 
solved cases in the evaluation sample clusters were 
sent to EFU and, as a result, many were resolved 
(assigned a match status of match or nonmatch). 

The percent of PES P-sample persons with an 
unresolved match status in a match probability 
group by evaluation match status is given in Table 
9. For example, of the PES unresolved persons 
which were assigned an imputed match probability of 
0-25 percent, 6.38 percent were matched in the EFU 
and 43.82 percent were determined to be nonmatch. 
A higher percentage of persons have an unresolved 
match status, in the evaluations, than any other 
match status for all PES production match probabil- 
ity groups (0-25, 25-50, 50-75, and 75-100 per- 
cent), except the 0-25 percent group. The percent- 
age of matches is lowest for cases with a match 
probability between 0 and 25 percent (although the 
percentage is not significantly different). 

Comparing the probabilities from the production 
PES P sample with the PES evaluation results, the 
expected trend of higher match rates for cases with 
higher probabilities is supported. For persons 
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matched in EFU, their imputed probability of match 
is generally higher than for persons that were 
nonmatches in EFU. The highest observed unresolved 
rate is for the 75-100 percent group although 
persons with an extreme probability (high or low) 
would be expected to yield lower unresolved rates. 
Otherwise, for P-sample persons, the imputation 
process seems to exhibit results consistent with 
expectations. 

Table 10 provides the percent of PES E-sample 
persons with an unresolved enumeration status in a 
correct enumeration probability group by evaluation 
enumeration status. The percent of cases resolved 
as correctly enumerated in the evaluations is the 
same for cases with an imputed correct enumeration 
probability of 0-50 percent as for those with a 
probability of 75-100 percent. A higher percent of 
cases are assigned an evaluation enumeration status 
of correctly enumerated than either of the other 
two enumeration status groups for all probability 
groups. 

Comparing the probability of correct enumeration 
from PES with the EFU enumeration status, the trend 
of higher probability of correct enumeration with 
correctly enumerated EFU cases is lacking. The 
imputation model does not seem to behave as well as 
observed for the P sample. However, this may be 
distorted since the E-sample tabulations do not ac- 
count for unresolved geocodes nor duplicates in 
surrounding blocks. 
4. SUMMARY 

Not unexpectedly, the 1990 PES has a higher 
percent noninterview and proxy than any of the PES 
pretests. Also, the percent of noninterviews is 
generally higher for the original PES interview 
than for the PES followup, while the percent for 
the PES Evaluations is generally higher than PES 
and PES Fotlowup. This is reasonable as followup 
used generally higher quality interviewers but re- 
peated visits to a household may result in less 
cooperativeness in the later visits. However, the 
percent of proxy interviews is much lower for the 
PES than for the PES Evaluations which is still 
lower than the PES Followup. 

Overall, the Evaluations were generally success- 
ful in converting PES noninterviews. Specifically, 
83 percent of the households treated as noninter- 
views in the PES eligible for interviewing, are 
interviews for the evaluations. Of the persons 
added from these households, 65 percent are match- 
es. Based on these matches, at the national level, 
(although not significantly different from zero) an 
estimated 102,403 more matches than are indirectly 
added by the noninterview adjustment would be added 
to the PES. 

The percent of imputation for characteristics in 
the PES E sample is significantly higher than in 
the P sample for all characteristics examined 
except tenure. Race and tenure have the highest 
percent of imputation for the P sample while race 
is markedly highest in the E sample. The imputa- 
tion percents tend to be highest in the minority 
evaluation poststrata for the P and E samples and 
also in central city poststrata for the P sample. 

Missing data may result in the incorrect assign- 
ment of match and enumeration status and the census 
undercount (overcount) estimates may then vary by 
the level of missing data. The estimated correla- 
tions between the percent of imputed characteris- 
tics and percent undercount show a relatively high 
level of association at the evaluation poststrata 
level, particularly for the E sample. This result 

may imply that difficult to enumerate groups should 
be expected to have high missing data rates and/or 
high missing data rates contribute to high under- 
count estimates. 

Comparing the probabilities of match from the 
production PES P sample imputation algorithm with 
the PES evaluation results, the expected trend of 
higher match rates for cases with higher probabili- 
ties is supported. The highest observed unresolved 
rate is for the 75-100 percent group although 
persons with an extreme probability (high or tow) 
would be expected to yield lower unresolved rates. 
Otherwise, for P-sample persons, the imputation 
process seems to exhibit results consistent with 
expectations. Comparing the probability of correct 
enumeration from the PES E sample imputation algo- 
rithm with the EFU enumeration status, the trend of 
higher probability of correct enumeration with cor- 
rectly enumerated EFU cases is lacking. The impu- 
tation model does not seem to behave as welt as 
observed for the P sample. However, this may be 
distorted since the E-sample tabulations do not 
account for unresolved geocodes nor duplicates in 
surrounding blocks. 
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FIGURE I: EVALUATION POSTSTRATA 

1 N o r t h e a s t  - C e n t r a l  C i t y  - M i n o r i t y  
2 N o r t h e a s t  - C e n t r a l  C i t y  - N o n m i n o r i t y  
3 U.S. - Noncen t ra l  C i t y  - M i n o r i t y  
4 N o r t h e a s t  - N o n c e n t r a l  C i t y  - N o n m i n o r i t y  
5 South - C e n t r a l  C i t y  - M i n o r i t y  
6 South - C e n t r a l  C i t y  - N o n m i n o r i t y  
7 South - N o n c e n t r a l  C i t y  - N o n m i n o r i t y  
8 Midwest  - C e n t r a l  C i t y  - M i n o r i t y  
9 Midwest  - C e n t r a l  C i t y  - N o n m i n o r i t y  
10 Midwest - Noncentral City - Nonminority 
11 West - Central City - Minority 
12 West - Central City - Nonminority 
13 West - Noncentral City - Nonminority 

TABLE I: PERCENT NONINTERVIEW AND PROXY INTERVIEW FOR PES PRETESTS 
AND THE 1990 PES 

Study Occupi ed Percent Interviewed 
Units Noninterview Units 

1990 PES 143913 1.56 141667 4.25 

1986 Rural PES 3252 0.00 2910 1.92 
, , 

8487 
958 

1988 Dress Rehearsal 
PES 
- St. Louis/Columbia 
- Washington 

8584 
960 

1.13 
0.21 

Percent 
Proxy 

3.35 
3.55 

1987 PES 1446 O. 14 1444 3.67 

1986 TARO 5935 0.54 5903 3.20 

TABLE 2: PERCENT NONINTERVIEW AND PROXY FOR PES, PES FOLLOWUP, 
AND PES EVALUATION SAMPLES 

Sample 
Occupied Percent 
Units Noni ntervi ew 

Interviewed 
Units 

Percent 
Proxy 

PES 143913 1.56 141667 4.25 

PES FU 

P-sample 17936 1.37 17690 17.28 

E-sample 29402 1.28 29029 19.80 

PES Eval 

P-sampl e 5057 1.88 4962 10.62 

E-sampl e 5506 I .36 5431 13.63 

NI FU 212 16.98 176 13.64 
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TABLE 3: PES NONINTERVIEW TYPE BY EVALUATION OUTCOME OF INTERVIEW 

PES 
Noninterview Type 

Total 

Refusal/Not at 
Home/Other 

Whole Household 
Dupt icate 

Who t e Househotd 
F i c t i t i o u s  

Evaluat ion Outcome of In terv iew 

Total Interview 

257 176 

146 89 

71 53 

40 34 

Noninterview 

36 

30 

Out of 
Scope 

45 

27 

14 

TABLE 4: PES NONINTERVIEW TYPE BY EVALUATION MATCH STATUS FOR PERSONS 
ADDED IN INTERVIEWED PES NONINTERVIEWS 

PES Noninterview 
Type 

Total 
, ,  , 

Refusal/Not at 
Home/Other 

Whole Household 
DUpt icate 

Whole Household 
F i c t i t i o u s  

Evaluat ion Match Status (%) 

Total Match Nonmatch 

443 64.79 18.96 

250 68.00 18.00 

95 44.21 24.21 

98 76.53 16.33 

Unreso [ ved 

8.35 

10.80 

3.16 

7.14 
, ,  

Out of 
scope 

7.90 

3.20 

28.42 

0.00 

TABLE 5: ESTIMATED CHANGE IN NUMBER OF MATCHES 
FROM PES NONINTERVIEWS INTERVIEWED IN 
THE EVALUATIONS BY EVALUATION 
POSTSTRATUM 

Evaluat ion 
Poststratum Change Standard Error 

Total 102403 82165 
, 

I 24728 15860 
,,, 

2 13278 12986 

-3815 9552 

4 10417 9855 

5 937 4700 

6 -1613 1065 

7 14630 60336 

10 

12 

373 

10800 

22187 

19917 

8235 

- 17672 13 

3324 

9385 

26804 

19604 

10236 

30285 

TABLE 6: PERCENT IMPUTATION FOR PES P SAMPLE 
AND E SAMPLE BY CHARACTERISTIC 

P sample 
Base = 240,651,222 

Percent 

SE 

2.26 0.51 0.71 2.49 

O. 11 0.04 0.05 O. 11 

E sampt e 
Base = 244,200,930 

Percent 2.48 1.04 2.39 1 I. 75 

SE 0.08 0.04 O. 13 0.24 

SE = Standard Error 
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TABLE 7: PERCENT IMPUTATION FOR PES P-SAMPLE PROBABILITY OF MATCH 
AND E-SAMPLE PROBABILITY OF CORRECT ENUMERATION 

Estimate P-sample Probabi l i ty E-sample Probabi l i ty 
of Match of Correct Enumeration 

Base 240,65 I, 222 244,200,930 

Percent I. 70 2.11 

Standard Error 0.06 O. 12 

TABLE 8: CORRELATIONS BETWEEN THE PERCENT OF IMPUTED CHARACTERISTICS AND PERCENT 
UNDERCOUNT FOR SELECTED CHARACTERISTICS BY THE PES P SAMPLE AND E SAMPLE 

Characteristic P Sample E Sample 

Tenure 0.49 (0.09) 0.80 (0.00) 

Sex 0.52 (0.07) 0.84 (0.00) 

Age 0.56 (0.05) 0.72 (0.01) 

Race 0.73 (0.00) 0.82 (0.00) 

Probability of Match (P sample) or 
Correct Enumeration (E sample) 0.71 (0.01) 0.77 (0.00) 

X.XX) = p-value for testing Ho: rho=O (all numbers rounded to two decimal places) 

TABLE 9: PERCENT OF P-SAMPLE UNRESOLVED PERSONS FOR EVALUATION MATCH 
STATUS BY PES IMPUTED MATCH PROBABILITY 

Evaluation 
Match Status 

Base (Weighted) 

Match 

Nonmatch 

Unreso I ved 

Imputed Match Probability (%) 

Total 

2771717 

11.64 
(2.05) 

27.03 
(4.50) 

58.55 
(4.38) 

0-25 

1065958 

6.38 
(2.15) 

43.82 
(7.15) 

46.65 
(6.56) 

25-50 

571759 

12.85 
(4.31) 

26.10 
(7.03) 

56.71 
(7.06) 

50-75 

659732 

16.54 
(4.77) 

15.38 
(3.83) 

65.94 
(5.96) 

75 - I O0 

474268 

15.21 
(5.29) 

, 

6.63 
(3.89) 

77.25 
(6.30) 

Out of Scope 2.77 3.15 4.34 2.14 0.91 
(0.91) (1.57) (2.90) (1.47) (0.86) 

(X.XX) = Standard Error 

TABLE 10: PERCENT OF E-SAMPLE UNRESOLVED PERSONS FOR EVALUATION 
ENUMERATION STATUS BY PES IMPUTED PROBABILITY OF 
CORRECT ENUMERATION 

Imputed Probability of Correct Enumeration (%) 
Evaluation Enumera- 
tion Status 

Base (Weighted) 

Correct Enumeration 

Erroneous Enumera- 
tion 

Unresolved 

Total 

2097296 

62.19 
(5.04) 

16.96 
(3.39) 

20.85 
(3.71) 

0-50 

223892 

67.07 
(10.25) 

10.15 
(3.72) 

22.78 
(8.88) 

50-75 

461252 

50.18 
(10.03) 

25.88 
(8.22) 

23.94 
(6.80) 

75- I00 

1412151 

65.34 
(5.96) 

15.13 
(4.17) 

19.54 
(4.18) 

(X.XX) = Standard Error 
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