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1. Background 

In Census 2000 most households will receive a census 
questionnaire to complete and return by mail. One of the 
many changes proposed tbr Census 2000 involves the use 
of sampling to collect data for those households that do not 
respond by mail (i.e., nonresponse followup.) In the p.ast 
several years, a series of research projects has been 
undertaken to determine how best to design this sample. 
One approach that was considered was to truncate 
nonresponse followup when 90 percent of the housing 
units in each tract had been enumerated. A sample of the 
last 10 percent would be selected. Critics of this approach 
were concerned that such a plan might imply that only 
minority households would end up being sampled. This 
research proiect was designed to address those concerns. 

In addition, it is of value to understand if certain .types 
of housing units or persons with certain characteristics are 
especially likely to be enumerated in the later stages of the 
census. Data have been analyzed to profile the 
characteristics of the households who respond to the 
mailout of census forms as opposed to those households 
who require nonresponse followup (Word 1997). This 
research project supplements that knowledge and allows us 
to assess if differences exist within the nonresponse 
followup universe. 

2. Introduction 
In the 1990 census most households received a form 

to be completed and returned in the mail. About 74 percent 
of occupied housing units, or households, returned a 
completed form by mail. A census form was completed Ibr 
the remaining 26 percent during a personal visit by a 
census enumerator. Vacant housing units were also 
enumerated at this time. This operation was called 
nonresponse followup. Nonresponse followup employed 
about 300 thousand enumerators over a period of about 
three months. Work was continuously assigned until an 
office had completed about 95 percent of their nonresponse 
followup work. At this time, enumerators were instructed 
to make one final visit to all outstanding cases to complete 
the enumeration. 

The primary objective of this study was to compare 
the demographic profiles of the group of final 
enumerations to the total set of census enumerations. 
When we study the characteristics of the people who were 
counted last, we usually think of these people as the 
"hardest to enumerate." In many cases this is likely to be 

true. However, in some instances, the final enumerations 
may simply reflect the sequence of when certain cases were 
assigned. When interpreting these results, both 
possibilities should be considered. 

This report includes an ovel~,iew of the basic 
methodology that was used to obtain all tabulations. Two 
sets of analyses are provided. The lhst relies on a series of 
tables to profile and contras t  the demographic 
characteristics of all enumerations to the final 
enumerations. The second employs logistic regression to 
measure the magnitude of the effects on households being 
in the last set of enumerations. 

3. Methodology 

3.1 Definition of Tabulation Files 
Three sets of data from the 199() Decennial CcnstlS 

were tabulated. One set includes all occupied housing 
units in the nation who either completed and returned theh" 
census form through the mail (i.e., xvcre self-enumerated) 
or were enumerated during nonresponse t'ollowup. "l'he 
universe includes about 91.9 million housing units. "Hie 
other two sets were formed by delhfing the last of these 
enumerations in two different ways. All census 
enumerations were sorted by the date that they were 
"checked in" as either a mail return or an enulnerator 
completed form. These check-in dates were referenced to 
simulate national and tract level h'uncations. 

To simulate national level tllmcation, we identified the 
date corresponding to when 9() percent or more of the 
forms for occupied housing units in the nation had been 
checked-in. This date was June 3, 199(). All households 
enumerated on forms that were checked-in after tiffs date 
were considered part of the last 1() percent under national 
level truncation. Mail returns that were received after tiffs 
date were dropped. This resulted ha a total of 8.5 million 
occupied housing units (9.2 percent of all occupied 
housing units). 

To simulate tract level truncation, we identified, tbr 
each tract, the date corresponding to when 9() percent or 
more of the occupied housing units in the ll'~lCI had been 
checked-in. The tnmcation date for this shnulation varied 
across tracts. The households enumerated on these forms 
were considered part of the last 1 () percent under hacl  level 
truncation. Mail returns that tell in this universe were 
dropped. This resulted ha a total of 7.4 million occupied 
housing units (8.1 percent of all occupied housing units). 

3.2 Summary of Data 
Once the households were dethled for each 
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simulation, the person and housing unit characteristics 
were obtained. For this study, all person characteristics 
were associated with the householder (i.e., Person 1). The 
tables in Section 4 contrast specific characteristics across 
three domains - (1) all occupied households in the nation, 
(2) approxhnately the last 10 percent of occupied 
households in the nation and (3) a national summaw of 
approximately the last 10 percent of occupied households 
within each tract in the nation. Relative percentages were 
calculated based on denominators of 91.9 million (for the 
nation), 8.5 million (for the last 10 percent under national 
level truncation) and 7.4 million (for the last 10 percent 
under tract level truncation.) For example, Table 1 gives 
the percentages of single units and multi units in the entire 
nation and in the last 10 percent under tract level and 
national level truncation simulations. To arrive at the 
percentage of single units ha the last 10 percent under tract 
truncation, we divided the number of single units in the last 
10 percent under tract level truncation (4,730,623) by the 
total number of occupied housing units in the last 10 
percent under tract level truncation (7.4 million) then 
multiplied by 100 to get 63.8 percent. 

3.3 Logistic Regression Analysis 
The data lbr each simulation were analyzed using 

logistic regression for a two-level response - being in the 
last 10 percent or being in the first 90 percent of census 
enumerations. The analysis measures the magnitude of the 
effects on households being in the last 10 percent of 
returns, and identifies associations between variables. The 
objective was to rind the major factors/terms and interpret 
the results more so than to build a model for prediction. 
The models show Milch variables explain the variability in 
the response after adjusting Ibr other variables in the 
model. The factors involved in this analysis are race 
(White/ NonWhite), ethnici.ty (Hispanic/NonHispanic), 
number of persons in the household (single person/multi- 
person), tenure (owner/renter), and locali .ty (urban/rural). 
Type of structure was left out of the study due to 
limitations in available cross tabulations. 

4. Summary  of Tables 
In general, the demographic profile of the last 10 

percent under tract level truncation tends to look more like 
the nation than the last 10 percent under national level 
truncation. Since approximately 10 percent of each tract is 
represented under tract level truncation and the tracts are 
relatively homogeneous, one might have expected this 
result. Under national level truncation some tracts are not 
represented but more important, certain tracts have a large 
portion of their tract represented. 

Sections 4.1 through 4.9 briefly summarize nine 
national-level tables. In addition to the relative 
proportions, the tables document the percent differences of 
the last 10 percent relative to the entire nation. The 

colunm, "Percent Difference," refers to the difference 
between percentages ha the last 1() percent relative to the 
entire nation. For example, in Table 7, the last 1 () percent 
under tract level truncation included 7.3 percent Hispanic 
householders, while 6.5 percent of the occupied units in the 
nation were classified as having Hispanic householders. 
The percent difference between these two rales is (7.3 - 
6.5) / 6.5 or 12.3 percent. This indicates tha! the last 10 
percent under tract level truncation hMuded about 12.3 
percent more Hispanic householders than expected it" using 
the entire nation's distribution of Hispanic householders as 
a predictor. The relative difference for the last 1() percent 
under national level truncation is nmch greater (60.0 
percent). 

4.1 Type of Structure 
There are a greater percentage of nmltiunil sll'ucl-ures 

in the last 1G percent under both tract level and national 
level truncation than there are in the nation. About 27 
percent of all occupied houshlg units ha 199() were hi multi 
unit structures. That rate rose to about ,36 percent and 44 
percent, respectively, for the lasl 1() percen! under tract 
level and national level truncation. The percentage of nmlti 
unit structures in the last 10 percent under national level 
truncation is about 65 percent 
greater relative to that of the nation 

Table 1: Type of Structure 

I In I Lastl0°/o-TractLe,el I Lastl0%-National 
Type of Nation Truncation Level Truncation 
Structur 
e Percent  Percent  Percent  Percent 

Difference Percen Difference 
t 

Single 73.2 63.8 - 12.8 55.7 - 23.9 
Unit 

 ulti +3,1144  
Unit 

4.2 Tenure (Owner/Renter) 
There are a larger percentage of l'elltClS in the last 10 

percent (tracts and nation) than there are in tile nation. 
Approximately 36 percent of occupied housing units in 
1990 were occupied by renters. More than 5() percent of 
the occupied households ha the last 1() percent (tracts and 
nation) were occupied by renters. The percentage of 
renters in the last 10 percent ha the nation is about 57 
percent, which is almost 59 percent greater relative to that 
of the entire nation. 
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Table 2: Tenure 

Tenure I InNation I Lastl0%-TractLevel I Lastl0%-National 
Truncation Level Truncation 

I I n Percent Percent Percent Percent Percent 
Difference Differrence 

Owner 64.2 49.2 -23.4 I 43.2 -32.7 

Renter 1 35.8 m 50.7 +41.6 i 56.8 +58.7 
1 1 

1 1 

majority of the nation. The largest relative difference ha the 
percentages exists between urban renters ha the last 10 
percent under national level truncation and the nation 
(almost a 63 percent increase). The second largest relative 
difference comes between rural renters hi the last 10 
percent under tract level truncation and the entire nation 
(52 percent). 

4.3 Number  of Persons in Household 
There are a larger percentage of single person 

households in the last 10 percent (tracts and nation) than 
there are in the nation. For instance, the percentage of 
single person households in the last 10 percent under 
national level truncation is about 31, which is almost 25 
percent greater relative to that of the entire nation (25 
percent). About the same result was found under tract 
level truncation. 

Table 3: Number of Persons 

Number In Last 10% - Tract Level 
of Nation Truncation 

Persons 
Percen Percent Percent Percent 

t Difference 

Person 

Multiple 75.4 69.4 - 8.0 69.3 
Persons 

Last 10% - National 
Level Truncation 

Percent 
Difference 

+ 24.8 

-8.1 

4.4 Locality (Urban/Rural) 
For this one-way table, the locality, of a housing unit 

does not seem to be related to timing of enumeration. 
Urban areas are defined as urbanized areas and places of 
2500 or more people outside of urbanized areas. In 1990, 
about 76 percent of occupied units were considered urban. 
The percentage of rural housing units in the last 10 percent 
under national level truncation is almost 21, which is only 
about 13 percent lower relative to that of the nation. The 

Table 5: Localit), and Tenure 

Last 10% - National 
Level Truncation 

Percent 
Difference 

m mm nn mm 
m mm mn mE 
m m nn um 
I m nm mm 

4.6 Race 
Race distributions are based on the race of Person 1 

and were found to be close to the same Ibr the last 10 
percent under tract level truncation when colnpared to the 
nation. However, significant percent differences were 
found when making these comparisons. The largest 
difference between the last 10 percent under tract level 
truncation and the entire nation is for black householders 
where there is almost a 24 percent difference. The 
differences are much greater when comparfllg lhe last 10 
percent under national level truncation to the nation. For 
instance, the percentage of black householders fl~ the last 
10 percent under national level truncation is ahnosl ls¥ice 
that of the nation (a 95 percent fllcrease). 

Table 6: Race 
percent in the last 10 percent under tract level truncation is 

Lasl 10% - National 
Level Tnmcation essentially t h e  s a m e  as  f o u n d  i n  t h e  n a t i o n .  Race of In Nation Last 10%-Tract L .... 1 . Person 1 Truncation 

Percent Percent Percmlt Perce!ll 
l Table 4: Locality DitI~rence 

| Locality I InNation ! Last 10%- Tract Level I Last l 0% - National White ~ 83.6 1 8 0 . 0  - 4 . 3 1 6 9 . 8  
I I I Truncation 1 Level Tnmcation 

I I I Black 10.9 13.5 +23.9 21.2 
Perce1~t Percent Percent Percent Percent 

] 1 1 Difference 1 D i f f e r e n c e |  American 0.6 0.7 +16.7 0.9 

I I I Indian, i Urban 76.2 76.3 +0.1 79.2 +3.9 Eskimo, 
Aleut 

I I .0.41:0, -12.6 
Asian and 2.2 2.7 +22.7 ~ ~ 
Pacific 
Islander 

4.5 Locality and Tenure Omer I 27 I 31 + 1 4 . 8 1 4 . 7  
Urban renters make up the majority of the last 10 Race 

percent (tracts and nation). Urban owners comprise the 

Percellt 
Difference 

-16.5 

+94.5 

-5().0 

+5{).() 

+74.1 
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4.7 Ethnicity 
Ethnici .ty distributions are also based on the ethnicity 

of Person 1 and were found to be close to the same for the 
last 10 under tract level truncation when compared to the 
nation. However, in the last 10 percent under national 
level truncation, the percentage of Hispanic householders 
is 60 percent higher relative to the entire nation. 

Table 7' Ethinicity 

Percent 
Difference 

I 
Ethinicity • In Nation Last 10% - Tract Level Last 10% - National 
Person 1 I Truncation Level Truncation 

~ Percent Percent Percent Percent 
Difference 

Hispanic I 6.5 7.3 +12.3 I 10.4 +60.0 

I I 92, 09 Not 
Hispanic 

-4.2 

4.8 Race and Tenure 
Under tract level truncation for the last 10 percent, all 

race categories associated with renters have a higher 
percentage than the corresponding percentage for the 
nation, which suggests that renters tend to respond slowly 
to the census or be enumerated in the later stages, as 
measured by the last 10 percent criteria. Under national 
level truncation for the last 10 percent, white owners are 
the only group with a percentage less than its 
corresponding percentage in the nation, which says this 
group responds quickly to the census or is enumerated int 
the earlier stages, as measured by the last 10 percent 
criteria. The largest relative differences between the 
percentages in the last 10 percent under national level 
truncation and that of the nation are for Black renters, 
Asian, Pacific Islander renters, and renters in the 'other 
race' category.. In all of these instances the rates more than 
doubled. 

Table 8: Race A.nd Tenure 

Tenure X In Nation 1 Last 10% - Tract Level 1 Last 10% - National 

1 1 

Race of 1 Truncation 1 Level Truncation 
Person 1 

Percent I Percent DifferencePercent I Percent 

57.1 I 424 -25.7 I 33.9 

26.6 I 37.7 +41.7 I 35.9 

I -  

0.4|0.3 I o, 
o, +33  l 

White- 
Owner 

White- 
Renter 

Black- 
Owner 

Black- 
Renter 

AI-Owner 

AI-Renter 

Percent 
Difference 

-40.6 

+35.0 

+38.3 

+141.0 

+25.0 

+33.3 

API- 
Owner 11.,11.1 001 12 9 
API- 1.0 1.6 +60.0 2.2 + 120.0 
Renter 

I 1° I ° " ,  '°°1 '1 + , o o  

4.9 Ethnicity and Tenure 
Regardless of the ethnici .ty of the householder, all 

percentages in the last 10 percent (tracts and nation) 
pertaining to renters are larger when compared to the 
nation. The largest relative difference is ha the last 10 
percent under national level truncation compared to the 
entire nation for Hispanic renters ( 105 percent). 

Table  9: Ethnicity  and Tenure 

Tenure X Last 10% - Tract Level Last 10% - National 
Ethniclty Truncation Level Truncation 
of Person 1 

Percent 
Difference 

Hispanic- + 3.7 
Owner 

Hispanic - + 105.4 
Renter 

Not 
Hispanic - 
Owner 

N o t  

H i s p m f i c  

- R e n t e r  

-23.7 • 40.4 I -34.3 

+42.7 • 49.2 I + 53.3 

5. Logistic Regression Results 
These nine national-level tables give a profile of the 

last enumerations for one or two variables at a time. 
However, the effect of one variable may depend on a 
different variable. For instance, tile race effect on being in 
the last 10 percent is stronger Ibr owners than for renters. 
Furthermore, seemingly Ulfimportant effects shown ill one- 
way tables, like locali.ly, may have an effect due to 
adjusting for other wlriables. To fmlhe r  investigate the 
table summaries in Section 4, logistic l'egression was used 
to measure the effects and associations belween live 
variables. 

Although logistic regression did not use the variable 
of  type of structure, it seems from table 1 fll section 4.1, 
that the percentages are different for the last 10 percent 
groups as compared to that of the nation. Multi unit 
structures are more likely than single unit structures to be 
in the last 10 percent. 

5.1 Tract Level Truncation 
First, logistic regression results are discussed for the 
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group 'last 10 percent in tracts'. Table 10 gives the 
analysis of maximum likelihood estimates for the final 
model. This model shows an interaction between race and 
tenure (parameter estimate = 0.0642). That is, the race 
effect depends on whether the housing unit is rented or 
owned. Odds ratios were calculated from the coefficients 
to help summarize this dependency. Among owned units, 
NonWhite householders are 1.35 more likely than White 
householders to be in the last 10 percent of returns. 
Among  rented units, NonWhite householders are 1.05 
more likely than White householders to be in the last 10 
percent of returns. Therefore, the race effect is stronger 
among owned units than among rented units. 

Table 10: Last Ten percent Under Tract Level Truncation - 
Analysis of M a x i m u m  Likelihood Esthnates  

Effect • Esthnate  • Standard Error 

Intercept I I  -2.2225 1 0.000613 

Tenure • -0.2834 • 0.000511 

Race • 0.0885 • 0.000507 

Number  of Persons 
-0.1064 • 0.00043 

All  m o d e l  c h i - s q u a r e s  a r e  s i g n i f i c a n t  a t  p < .0001 

A strong tenure effect is exemplied by the parameter 
estimate of 0.2834 shown in table 10. As measured by 
tract-level truncation, in general, white owners tend to be 
enumerated first in the census, while Nonwhite renters and 
white renters seem to be enumerated last. 

For the number of persons ha the household, the 
parameter estimate is 0.1064, which says that single person 
housing units are 1.24 more likely than multiple person 
housing units to be enumerated in the last 10 percent. The 
parameter estimate tbr locality is 0.0923 which says that 
rural units are 1.21 more likely than urban units to be 
enumerated last. This is different from the sununary for 
the locality table in Section 4.4, so this is a case where 
adjusting for other variables in the model brings out a 
different and more general conclusion than in a one- 
variable analysis for locality.. Interactions relating to 
ethnicity and the main effect for ethnici .ty had small chi- 
square values, theretbre the terms relating to ethnicity were 
dropped. 

5.1 National Level Truncation 
The logistic regression for national truncation 

provided maximum likelihood estimates as shown in Table 
11. The t~a l  model shows strong interactions between 
race and ethnici .ty and between tenure and locali .ty. There 
is also a notable association between race and tenure. 

Table 11: Last 10% Under National Level Truncation - Analysis of 
Maximum Likelihood Estimates 

Effect • Estimate • S tandard  Er ro r  

Intercept • -1.8623 • 0.000787 

Tenure • -0.3133 • 0.000551 

Race • 0.2526 • 0.000643 

Ethnici ty • 0.1053 • 0.00063 

Nunlber of Persons 
-0.1097 • 0.01)0411 

Locality • 0.0541 • 0.000496 

Race * Ethnicit) '  
-0.1581 • 0.000626 

Tenure * Race 
0.0571 • 0.000432 

[ Tenure*L°canty i 0.1077 1 0000494 ] 

All mode l  c h i - s q u a r e s  a r e  s i g n i f i c a n t  a t  p < .t~IH~I 

The parameter estimate for the nulnbcr of persons in 
the household is-0.1(i)97 which says single person 
households are 1.25 lnore likely lhan multiple person 
households to be enumerated hi lhc last I()pcrccnl. The 
race and ethnici .ly interaction says that NonWhilc l-[ispanic 
householders are 1.21 more likely than While Hispanic 
householders to have been elmmcraled lasl in 199() (as 
measured by the last 10 percent in the nation). Among 
NonHispanic householders, NonWhites arc 2.27  m o r e  

likely than Whites to have bccn enumerated last. 
Therefore, the race effect is stronger lbr NonHispanic 
householders than for Hispanic householders. 

Whites are less likely than NonWhites to be ill the last 
10 percent. This race effect is supported by the large 
parameter estimate Ibr race (().2526). As lnCasured by 
national-level truncation at 90 percent of enumclations, hi 
general, White NonHispanic households have lhe lowest 
conditional probabilities of befl~g cnumeraled lasl. 

The tenure and localit3., interaction says lhat urban 
renters are 2.32 more likely than urban owners lo be 
enumerated ha the last 10 percent, while rural renters arc 
1.51 more likely than rural owners to be enumerated in the 
last 10 percent. Therefore, tile tenure effect is slrongcr 
among urban housing units than among rural housing 
units. Between the tenure and localilv groups, urban 
owners tend to be enumerated I'us! ill the Census. while 
urban and rural renters tend to bc cnumeraled last. as 
measured by the last 10 percent in the nation criteria. "File 
tenure effect, like race, is strong as shown by lhc parameter 
estimate of 0.3133. 

The tenure and race interaction says thai among 
renters, NonWhites are 1.34 more likely than Whites to be 
enumerated in the last 10 percent, while among owners, 
NonWhites are 1.86 more likely than Whiles Io be 
enumerated last. Therefore, the race effcc! is :lronger 
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among owners than among renters. As measured by 
national-level truncation at 90 percent of enumerations, in 
general, White owners tend to be enumerated first in the 
Census. 

6. Conclusions 
Truncating enumeration at 90 percent in every, tract 

causes the race and ethnici .ty distributions among the last 
10 percent in tracts to be more similar to that of the entire 
nation. However, truncation at 90 percent in the nation 
causes race and ethnici .ty distributions among the last 10 
percent in the nation to be different from that of the entire 
nation. The reason is that tracts are relatively 
homogeneous and under tract level truncation, each tract 
will be represented in the last 10 percent universe. 

This study reveals the following similarities between 
nation level and tract level truncation: 
1. There is a strong tenure effect on late enumeration. 
2. There is an association between race and tenure where 

the race effect is stronger among owners than among 
renters. 

3. The effect of household size is about the same. 

The study also reveals the following differences 
between national and tract level truncation: 
1. Under national level truncation, the race and ethnici.ty 

effects are much stronger. 
2. There is an important race and ethnicity association 

and locali.ty and tenure association under national 
level truncation that is not important under tract level 
truncation. 
Under tract truncation, NonWhite owners are much 

more likely than White owners to be enumerated last, while 
NonWhite renters are slightly more likely than White 
renters to be enumerated last. Single person households 
are more likely than multiple person households to be 
enumerated last. And when adjusting for other variables, 
rural households are more likely than urban households to 
be enumerated in the last 10 percent. The ethnici .ty effect 
was unimportant. 

Under national level truncation, among Hispanic 
householders, NonWhites are slightly more likely than 
Whites to be enumerated last; while among NonHispanic 
householders, NonWhites are much more likely than 
Whites to be enumerated last. Among urban households, 
renters are much more likely than owners to be enumerated 
last, while among rural households, renters arc lnore likely 
than owners to be enumerated last, but not as strongly as 
among urban households. Among renters. NonWhites are 
more likely than Whites to be enumerated ha the last 1() 
percent, but not as strongly as alnong owners, where 
NonWhites are much more likely than Whiles to be 
enumerated ha the last 10 percent. Single person 
households are more likely than multiple person 
households to be enumerated last. This flldicates that the 
last enumerations in the 1990 census, those conducted ha 
the late summer, were especially likely to represent 
NonWhites among NonHispanics. renters as opposed to 
owners in urban households, NonWhites among owners 
and single as opposed to multi person households. 

These data support a tract level truncation as the 
preferred approach, given truncation. Based on other 
related research, the Bureau has proposed the use of dhect 
sampling as opposed to truncation. In addition 1o 
providing vabmble insights ha truncation, these dala help us 
to better understand the characteristics of lhe persons who 
were enumerated late ha the enumeration process in 199~). 
This information should be used hi plamahag for 
nonresponse followup. 
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