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I.  I n t r o d u c t i o n  
In 1980 the Bureau  of the Census  began an 

in tens ive  p r o g r a m  of coverage  eva lua t ion  
research.  Its a im was  to develop methods  to 
evaluate census  coverage tha t  were both timely 
and accurate.  That  program is now nearly over. 
We have chosen our  methods  for 1990 and will 
be implementing them soon. 

This paper  reviews what  we did and what  we 
have  l e a r n e d .  It s t a r t s  wi th  coverage  
m e a s u r e m e n t  research  done before 1980, bu t  
concen t ra tes  on the research  program for the 
1980°s. It ends  with a brief discussion of wha t  
we still have to learn and  where  we go from 
here. 

2. Early R e s e a r c h  

2 .1  A R e s e a r c h  Proposal  for a S t u d y  o f  
M e t h o d s  for 1 9 9 0  D e c e n n i a l  C e n s u s  

C o v e r a g e  E v a l u a t i o n  
Explicit planning for 1990 had begun by May 

1980 wi th  the  d e v e l o p m e n t  of r e s e a r c h  
p roposa l s  and  expe r imen t s  into a l te rna t ive  
methods.  By 1981, the Bureau  had developed a 
Research  Proposal for a S tudy  of Methods for 
1990 Decennial  Census  Coverage Evaluation.  
(Mulry et al, 1982). The report  reviewed the 
t h e o r y ,  a n d  d e v e l o p e d  s o m e  s t a n d a r d  
nominc la tu re .  After reviewing the available 
methods ,  the repor t  proposed eight s tudies .  
Several  of these  s tud ies  were funded  and  
implemented.  

2 .2  R e v e r s e  Record  C h e c k  R e s e a r c h  
There  w a s  cons ide rab le  d i s e n c h a n t m e n t  

w i t h  t h e  P o s t - E n u m e r a t i o n  S u r v e y  
methodology based  on the Bureau ' s  experience 
in the 1980 PEP, specifically with respect to the 
p rob lem of corre la t ion  bias  The Reverse 
Record  C h e c k  a p p r o a c h  s e e m e d  to hold 
promise .  The RRC s a m p l e s  from a near ly  
complete  f rame,  i.e. a combina t ion  of the 
previous census,  the previous PES or RRC, the 
list of in tercensal  births,  and immigrates.  The 
me thod  had  been  used  in C a n a d a  for m a n y  
years  with good results.  The research question 
was whether  we could successfully trace such a 
sample  in the United States  and match  it to the 
Census.  Two projects were implemented to test  
these ideas. 

The  C P S / C e n s u s  Re t rospec t ive  Match  
ma tched  people listed on the 1977 CPS to the 
1980 Census .  Its purpose  was to see how well 
we could ma tch  a sample gathered some years  
before,  a n d  w h e t h e r  we could t race  and  
interview those who had  moved. The other  
s tudy  was the Forward Trace Study. We felt we 

could keep more people in sample if we did not 
wait until the end of the period to begin tracing. 
By selecting a sample  a t  the beginning and  
then  following the people over the  decade,  
pe rhaps  we could m a i n t a i n  more  people in 
sample.  

The resul t  of these s tudies  was to conclude 
that  the reverse record check approach was not 
workable. Given the mobility of our population 
and the ten years  between sample,  we lost too 
many  sample cases. 

2 .3  A d m i n i s t r a t i v e  Record  C h e c k s  
The Bureau  again looked at  adminis t ra t ive  

record checks.  A ma tch  of Medicare record to 
the Census  had been conducted in 1970. The 
R e s e a r c h  Proposa l  s u g g e s t e d  a m a t c h  of 
records from the 1979 IRS Individual Master  
File to the 1980 Census .  U n m a t c h e d  cases  
were followed-up. The resul ts  were interesting, 
i nd i ca t i ng  for e x a m p l e  a h i g h e r  c e n s u s  
omissions rate for those who File single re turns  
vs those filing jointly. However, we decided that  
the IRS files excluded too m a n y  types of people 
to be used by themselves. 

2 .4  C o m p u t e r i z e d  M a t c h i n g  
The Research Proposal recognized the need 

for compu te r i zed  m a t c h i n g  for any  fu tu re  
m a t c h  s tud ies  and  to the format ion  of the 
Record Linkage Staff. The s taff  proceeded to 
develop c o m p u t e r  sof tware  a n d  s t a t i s t i ca l  
a n a l y s i s  n e e d e d  to i m p l e m e n t  t h e  
Fe l leg i /Sunter  model of record l inkage to the 
problem of census  evaluat ion.  (Jaro 1989). 
T h e s e  p r o g r a m s  w e r e  i m p l e m e n t e d  
successfully in later PES tests. 

3. I m p r o v e m e n t s  in  P o s t - E n u m e r a t i o n  
Survey  M e t h o d s  

3 .1  1 9 8 4  R e s e a r c h  Plan on  A d j u s t m e n t  
At the beginning of 1984, the Census  Bureau 

set up the Undercount  Research Staff in order 
to conduct ,  coordinate and  moni tor  research  
into undercount  m e a s u r e m e n t  and undercoun t  
correction. One of its first official acts  was  to 
issue The Research Plan on Adjus tment .  The 
plan laid out  p lans  for developing improved 
methods  of census  coverage m e a s u r e m e n t  and 
undercoun t  correction. 

3.2  1 9 8 5  Tes t  PES in T a m p a  Florida 
The 85 Test  reflected several  basic  design 

desisions. It was a sample of whole blocks. We 
felt t ha t  the compu te r  m a t c h e r  would work  
better in this situation. The P and the E sample 
were drawn from the same blocks. 

The 1985 Test PES was  designed principally 
to test  the new computer  ma tche r  and to test  a 
newly designed PES ques t ionnai re .  The tes t  
was  success fu l  in its goals. The compu te r  
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m a t c h e r  was  able to link 85.9 percent  of the 
m a t c h e s  even tua l l y  found.  All m a t c h e s  
ass igned  by the compu te r  were reviewed by 
clerks. Only 0.174 of matches  assigned by the 
computer  were actual  errors, (Jaro, 1989) We 
developed a compute r  genera ted  m a t c h  form 
which listed all members  of linked households  
on the same  form. This form presen t s  the 
informat ion  in a nea t  and  easily accessible  
way. 

Non-response  was  lowered over the 1980 
rates.  The whole household non-interview rate 
was only 3.7, for a sample concentrated in inner 
city area  with large minority populations.  The 
1980 (national) whole household non-interview 
rate was 4.4 for the April sample and 5.3 for the 
August  sample. 

3 . 3  1 9 8 6  T e s t  PES in  M i s s i s s i p p i  
The Mississippi  Pos t -Enumera t i on  Survey 

was  designed to test  our  new matching system 
in a rura l  area. Since the computer  ma tche r  
had  been only tes ted  in an a rea  with s t ree t  
names  and house  numbers ,  many  doubted that  
it could work in an  area  of mainly rural  routes  
a n d  box  n u m b e r s .  I n s t e a d  of re ly ing  
p r i n c i p a l l y  on a d d r e s s e s ,  the  c o m p u t e r  
m a t c h e r  u s e d  t e l e p h o n e  n u m b e r s  in 
conjunction with names.  The computer  sys tem 
was  able to ma tch  67.7 percent  of the cases, or 
to express  it ano the r  way 79.8 percent  of all 
cases tha t  were matched  before follow-up. Of 
the cases matched  by the computer  0.9 percent  
were found to be matched  erroneously. (Anolik, 
1988). 

3 . 4  1 9 8 6  T e s t  o f  A d j u s t m e n t  R e l a t e d  
O p e r a t i o n s  

The 1986 Tes t  of A d j u s t m e n t  Rela ted  
O p e r a t i o n s  w a s  d e s i g n e d  to t e s t  the  
opera t ional  feasibility of p roducing  ad jus t ed  
census  counts  by December  31, 1990. TARO 
was  conduc ted  in six small  towns in Eas t -  
Cent ra l  Los Angeles County.  The a rea  was  
p r e d o m i n a n t l y  Hispanic  with a large Asian 
immigrant  community.  

TARO began by drawing a stratified block 
sample in which all addresses  were then listed. 
Interviewing began  in late J u n e  and  lasted,  
including clean-up, through early August.  The 
P sample was  all people living in the blocks at 
the time of the PES. The E sample  was  all 
enumera t ions  coded to the blocks. 

TARO did not meet  its timing goal. The early 
o p e r a t i o n  of TARO w e n t  well. In i t ia l  
interviewing was complete by August  8. Follow- 
up and After Follow-up Coding and  Matching 
were complete by November 6. Two mon ths  
were then  needed  to prepare  the P and  E 
sample  files for est imation.  The Final Census  
files were ready on J a n u a r y  5. The dual system 
es t imates  and  the small  a rea  es t imates  were 
completed by February  22. 

Although it did not finish by December  31, 
TARO represen ted  a great  improvement  over 
any previous PES or PES test. 

TARO util ized the smal l  a rea  es t imat ion  
methods  worked out  by Isaki and  colleagues. 
After  d u a l - s y s t e m  e s t i m a t i o n ,  a d j u s t m e n t  
factors were computed .  A regress ion model  
was fitted to these, based on indicator variables 
such  as age group, ethnic group, and whether  
the person rented or owned. Then the sample- 
e s t i m a t e d  a d j u s t m e n t  fac tors  are  s h r u n k  
toward this common pat tern.  The ad jus tmen t  
process added 8.2 percent  to the census.  This 
was  lower t h a n  the  di rect  e s t ima te  of 9.0 
percent  due to the way the smoothing process 
lowered the extreme values. (Diffendal, 1988). 

In order to evaluate the accuracy of the PES, 
the Bureau  had developed a generic list of eight 
errors. These are: 

Matching error 
Reporting census -day  address  
Fabrication in the PES interview 
Missing data  
Error in measur ing  the erroneous 

enumera t ions  
Balancing gross overcounts and 

undercounts  
Correlation Bias 
Random Error 

The TARO es t ima tes  were evalua ted  with 
respect  to each of these  er rors  (Hogan and  
Wolter, 1988). They conclude tha t  the joint  
effect of these errors  was  to cause  the 1986 
TARO est imates  of unde rcoun t  (9.0 percent) to 
overstate  the t rue  u n d e r c o u n t  by abou t  1.2 
percent. The corrected figure, 7.8 percent, may  
be viewed approx imate ly  as  the m e a n s  of a 
pos te r io r  e r ror  d i s t r i bu t i on  for the TARO 
undercount ,  This number  was 0.4 percent  less 
t h a n  the 8.2 p e r c e n t  a d j u s t m e n t  ac tua l ly  
appl ied.  Mulry a n d  S p e n c e r  developed a 
complete posterior error distribution. 

Jones  (1988) also prepared an  evaluation of 
the TARO results  and  arrived at a very different 
result .  Jones°s analysis  led him to conclude 
that  the true undercount  was 3.6 percent or less 
than  half of the 8.2 percent ad jus tment  applied. 

3 . 5  The  1 9 8 7  PES of  N o r t h  D a k o t a  
In 1987, the Census  B u r e a u  conduc ted  a 

PES in conjunct ion with the Test  Census  in 
central  North Dakota.  The goals were to test  
m e t h o d s  of PES s a m p l i n g  in so -ca l l ed  
L i s t / E n u m e r a t e  a reas  and  to test  tes t  ru ra l  
matching. The s tudy  did not include follow-up 
bu t  still ma tched  94.8 percent  of the in-scope 
cases. 

As par t  of the North Dakota  test, we tested 
the  PES field qua l i ty  control  p rocedures .  
"Fictitious" cases  were seeded  into the QC 
workload to see if the procedures  would detect  
them. All cases were detected. 

3 . 6  1 9 8 8  D r e s s  R e h e a r s a l  
P o s t - E n u m e r a t i o n  S u r v e y  

The Dress  R e h e a r s a l  P o s t - E n u m e r a t i o n  
Survey was  conducted in conjunct ion with the 
1988 Dress Rehearsal  Census.  In general, the 

664 



1988 Dres s  R e h e a r s a l  PES followed the  s t eps  
laid ou t  in earl ier  tests .  Several  changes  in the  
PES p r o c e s s  were  i n s t i t u t ed .  The  a d d r e s s  
l i s t ing  w a s  c o n d u c t e d  in F e b r u a r y .  The  
c o m p u t e r  m a t c h i n g  p roces s  was  s t r eaml ined .  
Match ing  for n o n m o v e r s  was  res t r ic ted  to only 
t he  s a m p l e  b lock  a n d  s u r r o u n d i n g  b locks .  
S ince  the  c e n s u s  q u e s t i o n n a i r e s  were  no t  
so r ted  geographical ly ,  m a t c h i n g  of movers  was  
d o n e  u s i n g  t he  mic ro f i lm  of  t he  c e n s u s  
q u e s t i o n n a i r e s  r a t h e r  t h a n  the  original copies. 
The C e n s u s  B u r e a u  developed a compute r i zed  
d a t a  e n t r y  a n d  qua l i t y  con t ro l  s y s t e m  for 
m a t c h i n g  t h a t  checks  the  m a t c h  r e s u l t s  for 
c o n s i s t e n c y  a n d  a p p r o p r i a t e n e s s .  (See 
Childers  a n d  Hogan,  1989). 

Par t  of the Dress  Rehearsa l  tes t  was  a tes t  of 
u s ing  adminis t ra t ive  records  to s u p p l e m e n t  the 
PES in ha rd  to coun t  areas .  This was  seen  as  a 
way  to r educe  r e s p o n s e  corre la t ion bias.  This  
s t udy  is descr ibed in Wolfgang, (1989). 

4. Other  M e t h o d s  

4 .1  P r e - E n u m e r a t i o n  S u r v e y  
In theo ry ,  a p r e - e n u m e r a t i o n  s u r v e y  is 

s imi lar  to a p o s t - e n u m e r a t i o n  survey  - only the 
in te rv iewing  is done  before  the  census .  The 
PRES. w a s  of  i n t e r e s t  b e c a u s e  it he ld  the  
poss ib i l i ty  of f in i sh ing  the  eva lua t i on  ear l ier  
t h a n  the  PES. We were  concerned ,  however ,  
t h a t  the  PrES migh t  inf luence  or c o n t a m i n a t e  
the  c e n s u s  ma i lback  in the sample  blocks.  

The  r e sea rch  conc luded  tha t  there  was  some 
inf luence  on  the  c e n s u s  blocks.  This  could be 
m e a s u r e d  by  compar ing  c e n s u s  ma i lback  ra tes  
a n d  ed i t - fa i lu re  r a t e s  for a s a m p l e  of  pa i red  
b locks  t h a t  were  no t  pa r t  of the  PRES. More 
i m p o r t a n t  was  the  fact  t ha t  the  PrES held no 
t i m i n g  a d v a n t a g e  over  a PES.  The  key  
cons t r a in t  to w h e n  m a t c h i n g  can  begin is w h e n  
the  c e n s u s  files are  ready.  The availabil i ty of 
the PES files are not  the  const ra in t .  T h u s  there  
were  po ten t ia l  d i s a d v a n t a g e s  to the  PrES a n d  
no a p p a r e n t  advantage .  

4 . 2  E t h n o g r a p h i c  R e s e a r c h  
T h e r e  are  s o m e  people  who  will never  be 

p icked u p  by a n y  h o u s e h o l d  survey.  An o th e r  
a p p r o a c h  is needed .  As ear ly  as  1971,  the  
B u r e a u  h a d  u s e d  u r b a n  a n t h r o p o l o g i s t s  to 
i n v e s t i g a t e  t he  coverage  for s e l ec t ed  sma l l  
a r eas .  I n t e r e s t  in th is  type of r e s e a r c h  was  
r e n e w e d  w h e n  the  Nat ional  Academy ' s  pane l  
r e c o m m e n d e d  the  B u r e a u  ini t ia te  a r e s e a r c h  
p r o g r a m  u s i n g  w h a t  it ca l led  r e s i d e n t  or  
sys temat ic  observers.  As a result ,  the B u r e a u  of 
the  C e n s u s  fo rmed  a g r e e m e n t s  wi th  t h r e e  
e t h n o g r a p h e r s  to conduc t  r e sea rch  in a total  of 
s ix H i span ic  b locks  in the  Los Angeles  t e s t  
area.  

The  e t h n o g r a p h e r s  coun ted  10 to 27 percen t  
more  people t h a n  did the census .  A significant  
n u m b e r  of the  u n c o u n t e d  H i span ic s  lived in 
i l legal ly  c o n v e r t e d  a p a r t m e n t s  t h a t  we re  
m i s s e d  in the  c e n s u s .  In te res t ing ly ,  b o t h  
m a l e s  a n d  females  were  m i s s e d  in r o u g h l y  

equal  n u m b e r s ,  a n d  m a n y  missed  people were  
unde r  age 15. (Hines, 1988). 

The C e n s u s  B u r e a u  c o n t i n u e d  its r e s e a r c h  
d u r i n g  the  1988  D r e s s  R e h e a r s a l .  S t u d y  
p o p u l a t i o n s  i n c l u d e d  u r b a n  I n d i a n s  in 
St .Louis,  poor  b lacks  in St .Louis  a n d  mig r a n t  
worke r s  in W a s h i n g t o n  State .  The B u r e a u  is 
c u r r e n t l y  loca t ing  a n d  r e c r u i t i n g  qual i t i f ied  
r e s e a r c h e r s  to c o n d u c t  s t u d i e s  for the  1990 
Census.  

4 . 3  Progress  on  D e m o g r a p h i c  A n a l y s i s  
T h e  d e m o g r a p h i c  a n a l y s i s  e s t i m a t e s  

p u b l i s h e d  for the  1970 C e n s u s  h a d  m a d e  no 
a l lowance for "un reco rded  al ien immigrat ion".  
{U.S. B u r e a u  of the  Ce n s u s ,  1974, p15) The 
initial  coverage e s t i m a t e s  m a d e  in 1981 also 
m a d e  no al lowance for the  r e s iden t  popu la t ion  
of u n d o c u m e n t e d  immigrants .  

In a s e r i e s  of  a r t i c les ,  P a s s e l  a n d  his  
co l l eagues  (Warren  a n d  Woodrow} p r o d u c e d  
e s t i m a t e s  of the  n u m b e r  of  illegal r e s i d e n t s  
c o u n t e d  in the  1980 c e n s u s .  For  1990,  the  
p re l iminary  d e m o g r a p h i c  ana lys i s  u n d e r c o u n t  
e s t i m a t e s  will i n c l u d e  a c o m p o n e n t  t h a t  
reflects the increase  in the popu la t ion  be tween  
1 9 8 0  a n d  1 9 9 0  d u e  to u n d o c u m e n t e d  
i m m i g r a t i o n .  T h e s e  e s t i m a t e s  of  n e t  
u n d o c u m e n t e d  growth  are a l ready  inc luded  in 
the  C e n s u s  B u r e a u ' s  p o s t c e n s a l  e s t i m a t e s  of 
popula t ion .  

4 .4  C a u s e s  o f  U n d e r c o u n t  S t u d y  
Coverage eva lua t ion  is, or  shou ld  be, more  

t h a n  j u s t  t ry ing  to m e a s u r e  the  c e n s u s  ne t  
u n d e r c o u n t .  It s h o u l d  i n c l u d e  effor ts  to 
u n d e r s t a n d  the  c a u s e s  of the u n d e r c o u n t .  As 
pa r t  of the  1986 TARO, the  C e n s u s  B u r e a u  
c o n d u c t e d  a su rvey  to d e t e r m i n e  wh y  people  
were missed  in the tes t  census .  (Fein a n d  West,  
1988) A s a m p l e  of  m i s s e d  peop le  were  
reinterviewed to de te rmine  thei r  a t t i tu te  toward  
government ,  the  s o u r c e s  of income,  a n d  o the r  
charac te r i s t i c s  t h a t  migh t  m a k e  t h e m  h a r d  to 
enumera t e .  The chief  impor tance  of this  survey  
is no t  so m u c h  in the  ac tua l  f indings,  which,  
af ter  all, reflect only the exper ience  of a tes t  in 
one area.  More impor tant ly ,  the  s t u d y  served 
as  a r e m i n d e r  t h a t  the  p u r p o s e  of  c e n s u s  
coverage eva lua t ion  is no t  j u s t  to m e a s u r e  the 
n e t  u n d e r c o u n t ,  b u t  to l e a r n  a b o u t  the  
p r o c e s s e s  so t h a t  t h e  p r o b l e m  c a n  be  
corrected.  

5. Smal l  Area R e s e a r c h  
M u c h  of  t h e  a t t e n t i o n  of  t h e  1 9 8 0  

C o n f e r e n c e  on  C e n s u s  U n d e r c o u n t  w a s  
directed at  m e t h o d s  to es t imate  the u n d e r c o u n t  
for small  areas .  Var ious  models  were proposed.  
This line of r e s e a r c h  has  con t inued  wi th  m u c h  
vigor. 

5. I S c h e r m  and P r e s t o n  
In an  i m p o r t a n t  article S c h i r m  a n d  Pres ton  

{1987} tack led  the  i s sue  of u s ing  a syn the t i c  
e s t ima te  by  race  for s ta tes .  They  conc luded ,  
tha t  "over a wide range  of env i ronments ,  near ly  
two out  of every three  s imula t ed  appl ica t ions  of 
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s y n t h e t i c  a d j u s t m e n t  improve  the  s t a t e  
p ropor t ions  for a major i ty  of the na t iona l  
population." A valuable  contr ibut ion of this 
article concerned the cri teria for measu r ing  
improvement .  Sche rm and Preston carefully 
d e f i n e d  s e v e r a l  s t a t i s t i c a l  m e a s u r e s  of 
improvement  (or loss functions). Many of these 
measures  were used  in later research. 

5.2 I ~ k i  et  al 
The issue of producing small  a rea  es t imates  

of popu la t ion  was  tackled  mos t  direct ly by 
Isaki  and  his  col leagues.  Their  r e s e a r c h  
covered a wide range of issues,  of which I will 
only mention a few. 

A core focus of their  r e sea rch  has  been to 
de termine  the level of error  in t roduced in the 
small  a rea  es t imat ion process. One resul t  was 
tha t  the es t imated  populat ion was  bet ter  t han  
the census  for a reas  the size of counties.  For 
ve ry  s m a l l  a r e a s  s u c h  as  " e n u m e r a t i o n  
districts," the es t imated  popula t ions  were no 
closer  to the  t r u t h  t h a n  were the  c e n s u s  
ntunbers.  

In a n o t h e r  line of r e sea rch ,  I saki  and  
Diffendal invest igated me thods  of smooth ing  
the es t imates  produced by a PES. (See Isaki). 
Using indicator variables for age, sex, race and 
Hispanic  origin, plus  the n u m b e r  of census  
s u b s t i t u t i o n s ,  t h e y  f o r m e d  e s t i m a t e d  
u n d e r c o u n t  ra tes  for each pos t -s t ra ta .  They 
combined these with the direct es t imates  from 
the  PES i n v e r s e l y  p r o p o r t i o n a l  to the  
var iances .  This method reduced the var iance 
by as m u c h  as one third. (See Diffendal 1988). 
Cressie (1988), also working with the Bureau,  
has  pursued  related research (Cressie 1988). 

5.3 Causey and Wolter 
C a u s e y  and  Wolter  (1988) inves t iga ted  

a c r o s s - t h e - b o a r d  r a t i o  e s t i m a t i o n  a n d  
syn the t ic  es t imat ion  tha t  might  be used  for 
p r o d u c i n g  p o p u l a t i o n  e s t i m a t e s  for smal l  
areas .  The methods  emphas ize  determining 
the breakeven accuracy  of the es t imate  of the 
population totals tha t  marks  the point at  which 
improvement  occurs. They a s s u m e  that  either 
the direct es t imates  are unbiased,  or that  the 
bias  can be est imated.  In the lat ter  case, the 
b ias  is correc ted  for and  the va r iance  of 
es t imate  of bias can be incorporated into the 
overall es t imated variance. 

They  found  t h a t  for coun t s ,  syn the t i c  
co r rec t ion  a lways  b e a t s  a c r o s s - t h e - b o a r d  
correc t ion  and ,  except  a t  the e n u m e r a t i o n  
distr ict  level, bea t s  the original enumera t ion .  
For proport ions,  synthe t ic  correct ion always 
beats  the original enumera t ion  and across-the-  
b o a r d  e s t i m a t e s ,  even for e n u m e r a t i o n  
dis t r ic ts .  In general ,  the improvemen t  for 
p r o p o r t i o n s  is s o m e w h a t  less  t h a n  the  
improvement  for counts.  The improvement  for 
bo th  the a c r o s s - t h e - b o a r d  and  syn the t ic  is 
greatest  for s ta tes  and least at  the enumera t ion  
dis tr ic t  level. In general,  we do not  need to 
know the factors as  accurate ly  (in terms of CV) 

at  the s t r a t a  level in order  to make  synthet ic  
es t imat ion  worthwhile ,  as  we need to know 
t h e m  in o rde r  to m a k e  a c r o s s - t h e - b o a r d  
est imation worthwhile. 

6. Miss ing Data Research  

6.1 Logist ic  Regress ion  Models  
The high levels of non-response  in 1980 had 

highlighted the need for a bet ter  unders tand ing  
of the miss ing  d a t a  m e c h a n i s m  and  be t t e r  
miss ing da ta  models.  Much of this r esea rch  
was  done  in a coopera t ive  a r r a n g e m e n t  
be tween the B u r e a u  of the C e n s u s  and  the 
Depar tment  of Statist ics at  Harvard University. 

In 1980, m u c h  of the miss ing  d a t a  was  
handled using an  imputa t ion  procedure based 
on the  cases  s t a t u s  before followup, i ts 
r a c e / e t h n i c i t y  a n d  o t h e r  d e m o g r a p h i c  
characterist ics and  its geographic location. We 
saw this as having two disadvantages.  First, it 
was hard  to define the model explicitly. It was 
difficult  to a s s e s s  the  var iabi l i ty  due  to 
imputing these s ta tuses .  

S c h e n k e r  (1988)  d e v e l o p e d  log i s t i c  
regression models for handling cases where the 
enumera t ion  s t a t u s  could not be determined.  
The model  predicted a probabl i l i ty  of being 
correctly enumera ted .  Rather  t han  using this 
to i m p u t e ,  the  m e t h o d  s u m m e d  the  
probablilities to get an overall est imate.  This 
had two advantages.  It was  more efficient than  
i m p u t i n g  a z e r o / o n e  e n u m e r a t i o n  s t a t u s .  
Second, the imputed probablilities represented 
the uncer ta in ty  about  the missing enumera t ion  
s ta tus .  (See Schenker ,  1988 and Rubin e t  al, 
1988). 

6.2  Ignorable N o n - R e s p o n s e  Models  
A p a r t i c u l a r l y  i m p o r t a n t  ques t i on  wi th  

respect  to the 1980 PEP was  how to handle  
cases  tha t  became  non- response  only dur ing  
fol low-up.  T h e s e  were  c a s e s ,  in i t i a l ly  
considered to be complete interviews, tha t  did 
not  m a t c h ,  e i the r  b e c a u s e  they  were  not  
e n u m e r a t e d  or the ma tch ing  was  incorrect ly 
done. These were sent  to follow-up, and many  
r e t u r n e d  w i t h o u t  a c o m p l e t e  fo l low-up  
interview. Much of the range  of the 1980 
es t imates  involved the quest ion of cases  with 
missing data  during follow-up. For example, all 
es t imators  imput ing  based  on only follow-up 
cases showed a net  undercount ,  all es t imators  
based on weighting showed a net overcount. 

Research has  been going on to resolve this 
issue,  as  will be repor ted  by Joe  Schaffer  
(1989). 

7. Adjus tment  Research 
In o rder  to be able  to inco rpora t e  the 

ad jus tmen t  into the actual  census  tabulat ions,  
the  B u r e a u  u n d e r t o o k  r e s e a r c h  in to  
integerization. For ease of computat ion and for 
use r  acceptability,  the B u r e a u  wan ted  to add 
whole people to the counts .  The me thods  
yielded fractions. That  is, within any  block, the 
bes t  es t imate  of the n u m b e r  of people to be 
added by age, race, sex and  Hispanic  origin 
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would normal ly  not  be a integer. A simple 
block by block integerization might  lead the 
margina l  totals far from the bes t  est imate.  A 
m e t h o d  w a s  d e v e l o p e d  a n d  t e s t e d  to 
integerizate the cells (blocks by age, race, and  
sex) while controling the marg ina l s  by block 
and  by age, race and sex. This methodology 
was  tes ted  in TARO. The p rocedure  went  
smoothly, bu t  of course the number  of blocks to 
be a d j u s t e d  r e p r e s e n t e d  only  a s m a l l  
proport ion of wha t  would be necessa ry  for a 
national  census.  

8. M e a s u r i n g  Error In C e n s u s  Coverage  
E s t i m a t e s  

An i m p o r t a n t  p a r t  of the  a d j u s t m e n t  
research  was developing explicit s t anda rds  for 
deciding when  the "adjusted" n u m b e r s  were 
b e t t e r  t h a n  the  " u n a d j u s t e d . "  Se t s  of 
p r e l i m i n a r y  s t a n d a r d s  were  d r a f t ed  a n d  
c i r cu l a t ed .  (Hogan a n d  Mul ry  1987a ,b) .  
Although this specific activity was  temporari ly 
s topped  when  the Depa r tmen t  of Commerce  
decided not to adjus t  the 1990 Census,  much  of 
the s ta t i s t i ca l  work  was  incorpor ta ted  into 
work on measu r ing  and reporting the error in 
census  coverage est imates.  

The B u r e a u  of the  C e n s u s  h a s  been  
conduct ing  research  aimed at measu r ing  the 
level of error in the PES. We have a t tempted to 
measu re  each of the eight components  of PES 
error. The effects of P-sample fabrication will 
be examined  by us ing  the qual i ty a s s u r a n c e  
resul ts  to es t imate  the res idual  error. We will 
also look for block or interviewer effects tha t  
might  signal PES fabrications. (See Stokes and 
Jones ,  1989). Some of the reinterview studies  
might also turn  up evidence of PES curbstoning 
not previously detected. 

Mulry and Spencer  (1988) have investigated 
the total error  in the dual  sys tem est imator .  
The model  re la tes  the observed indicator  of 
data  quality, such  as the matching error rate, to 
the first two m o m e n t s  of the componen t s  of 
error. They investigate the propagation of error 
in the DSE including its bias and variances. 

The demograph ic  ana lys i s  e s t ima t e s  are 
widely accepted as the most  accura te  available 
at  the national level. However, even at that  level 
they are not wi thout  error. Knowledge of that  
error  is essen t ia l  if differences be tween the 
demographic  analys is  es t imates  and the post- 
enumera t ion  survey are to be understood.  (The 
demographic  es t imates  can be thought  of as a 
s u m  of m a n y  individual components :  bir ths,  
immigration, deaths,  medicare population etc.) 
In order  to cons t ruc t  unce r t a in ty  measu res ,  
there  are  several  impor t an t  cons idera t ions .  
First, few of these  componen t s  have explicit 
v a r i a n c e s  a t t a c h e d .  A s t r ic t ly  c lass ica l  
app roach  would not work. However, if one 
adopts  a Baysian  (or Baysian-like) approach,  
one can  model  the e r rors  or u n c e r t a i n t y  
s u r r o u n d i n g  the prefer red  es t ima tes .  The 
Bureau  is current ly  tackling these issues  (See 
Passel 1988, Robinson and Das Gupta 1989). 

9. Future  R e s e a r c h  

9 .1  Role  o f  Fol low-up in 
P o s t - E n u m e r a t i o n  S u r v e y s  

Perhaps  the m o s t  in t e re s t ing  s ta t i s t i ca l  
controversy concerning the PES design is in 
defining the proper role for PES follow-up. In 
1980, the rule was  tha t  all non -ma tched  PEP 
cases had  to be sent  to follow-up. The rules 
used in the tests  this decade allow for some of 
the n o n - m a t c h e d  cases  to be called non-  
enumera ted  on the basis  of the initial interview 
alone. These two approaches  are based on two 
different phi losophies  abou t  the PES. The 
correct resolution of this problem will require 
careful analysis  of the role of un ique-address  
matching, recall bias in both the P sample and 
E sample, the accuracy  of the initial match,  the 
accu racy  of proxy report ing,  the imputa t ion  
model  to be u sed  a n d  the level of PES 
fabricat ion in both  the initial and  followup 
interview. 

9 .2  PES and D e m o g r a p h i c  A n a l y s i s  
In the past ,  demographic  analys is  and  the 

PES were reported separately.  There was  no 
a t t e m p t  to syn thes i ze  t h e m  into a single 
es t imator .  For 1990, we plan to produce  a 
combined est imator  from the resul ts  of both of 
these  s tudies .  The method  cur ren t ly  unde r  
invest igat ion concerns  us ing  the sex rat ios  
ob t a ined  from the  d e m o g r a p h i c  a n a l y s i s  
es t imates  to correct the resul ts  of the PES for 
differential correlation bias between the sexes. 
T h a t  is,  t r a d i t i o n a l l y  the  PES h a s  
u n d e r e s t i m a t e d  the  u n d e r c o u n t  of ma le s  
relative to females. This tendency is especially 
p r o n o u n c e d  for b lacks .  The demograph ic  
analysis  sex ratios gives us  the opportuni ty  to 
model the correlation between the census  and 
PES for males and  thus  to make  a correction. 
Since the demographic  analysis  sex ratios are 
available only a t  the na t iona l  level, such  a 
c o r r e c t i o n  m u s t  e n t a i l  s o m e  s y n t h e t i c  
modeling to the s t r a tum level. 

9 .3  A l t erna t ive  E s t i m a t e s  and C e n s u s  
To produce the best  populat ion est imate for 

a given area,  one needs  to look at  both the 
census  resul t  for tha t  a rea  and  the resul ts  of 
the evaluat ion.  Tradi t ional  s ta t i s t ics  would 
combine the two inversely proport ional  to the 
e r rors  in each.  However,  it is f rom the 
evaluation survey tha t  we derive the est imate of 
the errors  in the census .  Depending on the 
level of the undercount  and the level of error in 
the PES, there may  be some, pe rhaps  m a n y  
s t r a t a ,  w h e r e  the  b e s t  e s t i m a t e  of the  
undercount  is the unadjusted census counts. In 
other, harder - to -count  areas,  the PES may be 
better. Decision rules mus t  be devised. 

10. The 1 9 9 0  P o s t - E n u m e r a t i o n  Survey .  
R e s e a r c h  in to  c o v e r a g e  e v a l u a t i o n  

methodology is not an end in itself. The true 
goal is to produce es t imates  of the population, 
and  to m e a s u r e  the a c c u r a c y  of those  
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es t imates .  The goal of the 1990 PES is to 
produce corrected populat ion counts  usable for 
congressional  and legislative reapport ionment ,  
redistr ict ing and  all o ther  purposes  for which 
the Bureau  of the Census  publishes data. If the 
Secre ta ry  of Commerce  decides we have met  
tha t  goal, ad jus ted  figures m u s t  be publ ished 
by Ju ly  15, 1991. The 1990 Pos t -Enumerat ion  
Survey  will begin in J a n u a r y  wi th  advance  
listing of all addresses  in the sample  blocks. 
We will soon know if nine years  of research  
have borne fruit. 
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