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Preface 

The purpose of this manual i s  to describe methods and tech- 
niques for the evaluation of censuses of population and housing, 
with emphasis on techniques which are applicable in developing 
countries. The manual i s  intended for use as a basic reference in 
the design and implementation of census evaluation programs. 
As such, the rationale and theory behind each method and some 
of the major problems encountered in i t s  application are cov- 
ered in sufficient detail so as to guide key decision-makers and 
technicians of developing country statistical organizations in 
designing and implementing their own evaluation programs. 

In keeping with these objectives, attention in the manual 
i s  focused on those methods which are viewed by Bureau of 
the Census staff as having the widest appiicability to devel- 
oping country situations. Content decisions were based upon 
the cumulative experience of the Bureau of the Census and 
statistical organizations in both developed and developing 
countries which have undertaken census evaluations. 

Accordingly, the approaches chosen for emphasis in the 
manual are: (1)  the use of post-enumeration surveys (PES), 
and (2) the use of demographic methods, particularly those 
based upon the analysis of two or more successive censuses. 
Other approaches to census evaluation are also described in the 
manual but are considered in less detail. 

The rationale behind the emphasis of these two approaches 
i s  that the post-enumeration survey or PES approach, while 
being among the more -technically and financially demanding 
of the available approaches, nevertheless may represent the most 
viable alternative for evaluating census error in countries where 
data on levels and trends of fertility, mortality, and migration 
are unreliable or nonexistent. Even where reasonably accurate 
demographic information is  available, the PES approach often 
provides the only available basis for measuring certain com- 
ponents of census error (age-selective coverage error, for ex- 
ample). 

The emphasis on demographic analyses of successive cen- 
suses, on the other hand, is based upon two recent develop- 
ments. First, with the completion of the 1980 round of cen- 
suses, most countries now have at least two censuses upon 
which to base census evaluation efforts. Second, with the 
participation of numerous developing countries in the World 
Fertility Survey (WFS) and the United Nations National House- 
hold Survey Capability Programme (NHSCP) and continued 

improvements in the completeness of vital registration systems, 
many countries are now or soon will be in the position of 
having sufficiently accurate information on levels and trends in 
the components of population growth, to make use of these 
data in undertaking comprehensive demographic analyses of 
their censuses. 

The target audience for this manual includes both higher- 
level management officials in developing country statistical 
organizations who are responsible for the overall design and 
implementation of census evaluation programs, and statis- 
ticians and other technical-level personnel who are responsible 
for conducting evaluation studies. Of primary interest to per- 
sonnel responsible for planning and managing census evaluation 
efforts will be the material in chapters 1, 6, and 7. Chapters 2 
through 5 and the appendixes at the end of the manual are 
more technically oriented and are intended to provide guidance 
to technical-level personnel in the actual implementation of 
census evaluation studies. 

Chapter 1 provides an overview of census evaluation. Chapter 
2 describes the use of a PES, or more specifically a post-censal 
matching study, for measuring census coverage error; it also 
presents extensions of the basic PES design, alternate design 
strategies, and examples of PES applications in developing coun- 
tries. Chapter 3 describes the application of content reinterview 
studies (conducted either in conjunction with or independently 
of post-censal matching studies) to the measurement of census 
content error; it also considers the use of interpenetration 
studies for measuring different components of content error 
and developing country experiences in census content error 
evaluation. Chapter 4 presents the underlying approach, briefly 
describes the particular demographic techniques which often are 
useful for census evaluation purposes, and summarizes data 
requirements and methods for obtaining indirect estimates of 
the required parameters when reliable direct information i s  
unavailable. Chapter 5 describes these methods in detail and 
illustrates their application using data from developing coun- 
tries. Chapter 6 addresses the major issues involved in deciding 
whether or not and how to adjust census figures on the basis of 
information obtained from census evaluation studies. Finally, 
chapter 7 outlines and discusses some of the important factors 
and considerations involved in planning and implementing a 
census evaluation effort. 



In preparing the manual, an effort was made to present the 
material in as nontechnical a manner as possible, short of com- 
prising the usefulness of the manual as a basic reference for 
conducting the types of evaluation studies described. Where 
feasible, mathematical derivations and other theoretical bases 
for the methods described are presented separately in the 
appendixes. 

Accordingly, minimal previous background in methods of 
census evaluation is required for readers to comprehend the 
logic or general procedures of each method. Previous back- 
ground in mathematical statistics will, nevertheless, prove useful 
in considering the material on the design, execution, and analy- 
sis of post-enumeration surveys presented in chapters 2 and 3, 
as will previous background in techniques of demographic 
analysis in studying the methods presented in chapters 4 and 5. 
References to appropriate supplementary sources are provided 
in each chapter to encourage further study of each method. 

Finally, while it was intended that the manual be a self- 
contained reference, it was not always possible for practical 

reasons to accomplish this objective. For example, it i s  often 
necessary for countries without reliable vital registration and 
immigration statistics to resort to "indirect" methods of esti- 
mating fertility, mortality, and migration rates for use in eval- 
uating a census. Because of the large number of these methods 
which would have to be covered and the fact that they are 
described in a comprehensive fashion in other widely available 
sources1, it was deemed impractical to cover these methods in 
a systematic fashion in this manual. Accordingly, these supple- 
mentary sources are relied upon to provide the necessary back- 
ground for the estimation of basic demographic parameters. 
The uses of these estimates for census evaluation purposes are 
covered in detail in this manual. 

' See Manual X: Indirect Techniques of Demographic Estimation, 
New York: United Nations, 1983 with regard to fertility and mortality 
estimation, and Shryock and Siegel, 1975 with regard to estimation of 
migration. 
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C h a p t e r  1 .  O V E R V I E W  T O  C E N S U S  E V A L U A T I O N  

1 . INTRODUCTION 

In recent  decades s u b s t a n t i a l  improvements 

i n  t h e  taking of censuses of popula t ion  and 

housing have been r ea l i z ed  i n  many coun t r i e s .  

This is  due i n  some measure t o  a n  increas ing  

awareness of t h e  ex is tence  of e r r o r s  i n  census 

d a t a  on t he  p a r t  of both producers and u se r s  

of t h e  information.  While t h e  i n i t i a l  e f f e c t  

of t h i s  awareness has been t o  de s t roy  f a i t h  i n  

t h e  abso lu te  accuracy of census r e s u l t s ,  t h e  

more l a s t i n g  r e s u l t  is  l i k e l y  t o  b e  a sounder 

and more d e f e n s i b l e  view of census-taking . 
Here census eva lua t i on  p lays  a v i t a l  r o l e .  

A "per fec t"  census i s  impossible;  er-  

r o r s  i nev i t ab ly  occur.  Never the less ,  census 

f i g u r e s  t h a t  a r e  sub j ec t  t o  e r r o r  a r e  s t i l l  

va luable  i f  t h e  l i m i t a t i o n s  of t h e  d a t a  a r e  

understood by t h e  u s e r s  and i f  t h e  e r r o r s  

do not  adverse ly  a f f e c t  t he  major u s e s  of 

t h e  da ta .  Few dec i s ions  a r e  l i k e l y  t o  depend 

.on knowledge t h a t  a count ry ' s  popula t ion  

is  exac t ly  21,728,516 persons;  but  dec i s ions  

may wel l  depend on t he  de te rmina t ion  t h a t  

t h e  populat ion is between 2 1.0 m i l l i o n  and 

22.5 mi l l ion .  

The s t a g e  has now been reached in the  

f i e l d  of survey sampling t h a t  sampling e r r o r  

is r ead i ly  measurable and c o n t r o l l a b l e ,  t o  

t he  ex t en t  t h a t  sampling e r r o r s  a r e  probably 

l e s s  problematic r e l a t i v e  t o  o the r  types  of 

e r r o r  (nonsampling e r r o r s )  which a f f e c t  sur-  

vey r e s u l t s .  For censuses in which t h e  

populat ion is enumerated on a 100 percent  

ba s i s ,  t he r e  i s  no sampling e r r o r ;  however, 

j u s t  a s  i n  survey ope ra t i ons ,  census per- 

sonnel  in t roduce  nonsampling e r r o r s .  Some 

assessment of t he  magnitude and d i r e c t  ion  

of t he se  e r r o r s  i s  necessary  t o  respond 

t o  ques t ions  about t h e  r e s u l t s  and a t t a c k s  

on t h e i r  accuracy.  

Accordingly, eva lua t ion  s t u d i e s  which 

examine t h e  r e s u l t s  of and t h e  procedures  

and ope ra t i ons  used i n  under tak ing  a census  

a r e  necessary  t o  provide both t h e  producers  

and u s e r s  of t he  da t a  w i th  i n fo rma t ion  needed 

t o  a s s e s s  census qua l i t y .  Such s t u d i e s  

provide u s e r s  wi th  a b a s i s  f o r  dec id ing  

e i t h e r  t h a t  t h e  e r r o r s  a r e  r e l a t i v e l y  sma l l  

and not l i k e l y  t o  a f f e c t  most conc lu s ions  

drawn from t h e  da t a  o r  t h a t  t h e  e r r o r s  a r e  

r e l a t i v e l y  l a r g e  and i n f e r ences  should b e  

made with cau t i on .  

2. OBJECTlVES OF EVALUATION 

I n  cons ider ing  eva lua t i on  o b j e c t i v e s ,  

an i n i t i a l  d i s t i n c t i o n  should be made be- 

tween t h e  products  of e v a l u a t i o n  programs 

and t h e  ways i n  which t hose  p roduc t s  a r e  

used. I n  t h e  f i r s t  ca tegory  are v a r i o u s  

measures of t h e  accuracy of census  d a t a ,  and 

informat ion  about sources of e r r o r .  The 

products  of eva lua t ion  e f f o r t s  c an  be 

i n  s e v e r a l  ways: ( a )  t o  gu ide  improvements 

in f u t u r e  censuses and surveys ,  (b)  t o  a s -  

sist census d a t a  u s e r s  i n  t h e i r  i n t e r p r e t a -  

t i o n  of t h e  r e s u l t s ,  and (c )  a s  a b a s i s  f o r  

a d j u s t i n g  t h e  census r e s u l t s .  

The products  of e v a l u a t i o n  a r e  measures 

of census e r r o r  and i d e n t i f i c a t i o n  of t h e  

sources  of t h i s  e r r o r .  
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2.11 Measures of accuracy.  --Within t h e  

budgetary c o n s t r a i n t s  of a census program, 

t h e  f i r s t  p r i o r i t y  of an e v a l u a t i o n  e f f o r t  

is t o  measure t h e  accuracy of a t  l e a s t  some 

of t h e  key census s t a t i s t i c s .  Accuracy rep-  

r e s e n t s  the  q u a l i t y  of a census  r e s u l t  and 

is measured by t h e  d i f f e r e n c e  between t h e  

census f i g u r e  and t h e  t r u e  v a l u e  of t h e  char- 

a c t e r i s t i c  being measured. While t h e  t r u e  

v a l u e  i s  seldom known, it c a n  o f t e n  be 

approximated. 

When demographic methods a r e  used 

t o  e v a l u a t e  a census ,  accuracy i s  measured 

by t h e  n e t  census e r r o r ,  which i s  t h e  d i f -  

f e r e n c e  between what is considered t o  be 

t h e  c o r r e c t  f i g u r e  and t h e  a c t u a l  census  

f i g u r e  . 
I n  a more s t a t i s t i c a l  ( i . e . ,  s t o c h a s t i c )  

approach t o  census e v a l u a t i o n ,  accuracy i s  

measured by t r y i n g  t o  e s t i m a t e  t h e  r e l a t i v e  

importance of v a r i o u s  components of census  

e r r o r .  Error  i n  a census  s t a t i s t i c  can a r i s e  

a t  any s t a g e  i n  t h e  census p rocess  from such 

sources  a s  vary ing  i n t e r p r e t a t i o n s  of ques- 

t i o n s  by enumerators and /or  respondents ,  un- 

w i l l i n g n e s s  o r  i n a b i l i t y  t o  g ive  c o r r e c t  

answers,  nonresponse, coding e r r o r s ,  and o t h e r  

p rocess ing  e r r o r s  e x c l u s i v e  of sampling e r r o r .  

Some of these  e r r o r s  a r e  sys temat ic  i n  n a t u r e  

and w i l l  not  cance l  each o t h e r  o u t ,  g i v i n g  

r i s e  t o  b i a s e s .  Others  tend t o  be random 

i n  n a t u r e  and balance o u t  ( t h e o r e t i c a l l y )  

over repea ted  t r i a l s  o r  over  a l a r g e  number 

of i n t e r v i e w e r s ,  coders ,  s u p e r v i s o r s ,  e t c . ,  

g iv ing  r i s e  t o  v a r i a n c e .  

2.12 I d e n t i f i c a t i o n  of sources  of 

errors.--Another primary o b j e c t i v e  of 

e v a l u a t i o n  i s  t o  i d e n t i f y  t h e  major sources  

of e r r o r  so t h a t  f u t u r e  census opera- 

t i o n s  can be conducted more a c c u r a t e l y  

and/or  c o s t  e f f e c t i v e l y  than  t h e  p r e s e n t  

census .  

The fol lowing a r e  i l l u s t r a t i v e  of t h e  

t y p e s  of ques t ions  f o r  which e v a l u a t i o n  

e x e r c i s e s  may provide i n f o r m a t i o n .  At what 

s t a g e  was t h e  e r r o r  in t roduced?  Was i t  

caused by f a u l t y  l i s t i n g s ,  a p o o r l y  des igned  

q u e s t i o n n a i r e ,  i l l - t r a i n e d  enumerators ,  sub- 

j e c t i v e  coding o p e r a t i o n s ,  computer program- 

m e r  mis takes ,  o r  a t  a n o t h e r  s t a g e ?  Does t h e  

e r r o r  a f f e c t  one s e c t i o n  of t h e  p o p u l a t i o n  

more than  another?  

The o u t p u t s  of t h e  e v a l u a t i o n  program 

a r e  u t i l i z e d  i n  s e v e r a l  ways. These i n c l u d e  

gu id ing  improvements i n  f u t u r e  c e n s u s e s  and 

surveys ,  a s s i s t i n g  c e n s u s  d a t a  u s e r s  i n  in- 

t e r p r e t i n g  t h e  r e s u l t s ,  and a d j u s t i n g  census 

r e s u l t s .  

2.21 Guide improvements in f u t u r e  

censuses  and surveys.  --The e v a l u a t i o n  program 

p r o v i d e s  both t h e  producer  and t h e  u s e r  of t h e  

d a t a  w i t h  v a l u a b l e  in£ ormat i o n  f o r  p lann ing  f u -  

t u r e  censuses  i n  o r d e r  t o  m e e t  d a t a  needs  more 

adequa te ly .  For example, it may be that a par-  

t i c u l a r  geographic  o r  demographic group of 

n a t i o n a l  importance t o  dec ision-maker s was under- 

enumerated. A s  a r e s u l t ,  it may be concluded 

t h a t  new techn iques  f o r  enumerat ing them more 

a c c u r a t e l y  w i l l  need t o  be developed f o r  t h e  

n e x t  census .  O r ,  it may be concluded t h a t  

o t h e r  methods of q u e s t i o n n i n g  on p a r t i c u l a r  

t o p i c s  a r e  l . ikely  t o  produce more a c c u r a t e  

r e s u l t s .  

The o b j e c t i v e  of a n y  c e n s u s  should 

be t o  ach ieve  t h e  d e s i r e d  d e g r e e  of accu-  

r a c y  of r e s u l t s  f o r  t h e  l o w e s t  c o s t .  When 

choosing among a l t e r n a t i v e  methods o f  d a t a  



Chapter 1 O V E R V  l E W  TO CENSUS EVALUAT I O N  

c o l l e c t i o n ,  t h e  r e l a t i v e  l e v e l s  of t h e  non- 

sampling e r r o r  f o r  each method need t o  b e  

known i n  o rde r  t o  determine t h e  most cos t -  

e f f e c t i v e  method. Evaluat ion s t u d i e s  can 

provide informat ion on t h e  r e l a t i v e  per- 

formance of va r ious  methods t o  a i d  i n  t h i s  

decision-making process .  

2.22 Assist census d a t a  u s e r s  i n  i n t e r -  

p r e t i n g  the  r e s u l t s .  --Since t h e  producers  of 

census d a t a  tend t o  be the  most knowledgeable 

regarding t h e  procedures used in c o l l e c t i n g  

and process ing t h e  d a t a ,  t h e y  a r e  in an i d e a l  

pos i t ion  t o  provide  guidance t o  d a t a  u s e r s  

wi th  regard t o  t h e  l i m i t a t i o n s  of t h e  da ta .  

The disseminat ion of the  r e s u l t s  of census  

eva lua t ion  s t u d i e s  se rves  two u s e f u l  purposes : 

( a )  it a l e r t s  u s e r s  t o  t h e  f a c t  t h a t  t h e r e  

a r e  e r r o r s  p resen t  in the  d a t a ,  and (b) it 

provides  informat ion on t h e  r e l a t i v e  magni- 

tude of e r r o r  f o r  p a r t i c u l a r  d a t a  i t ems  .and 

poss ib ly  on t h e  r e l a t i v e  importance of v a r i -  

ous sources  of e r r o r .  This  informat ion can 

then be used i n  determining t h e  proper  degree  

of confidence t o  be ass igned t o  conclus ions  

and in£ erences  der ived from t h e  d a t a ,  a s  

wel l  a s  in making necessa ry  adjus tments  f o r  

p a r t i c u l a r  purposes.  

2.23 Adjust  census results.--As noted 

above, census eva lua t ion  s t u d i e s  provide  a 

b a s i s  f o r  a s sess ing  t h e  need t o  a d j u s t  t h e  

census d a t a  t o  compensate f o r  t h e  e f f e c t s  

of e r r o r s  i n  t h e  s t a t i s t i c s ,  a s  w e l l  a s  use- 

f u l  informat ion regarding t h e  n a t u r e  and 

magnitude of t h e  r equ i red  adjus tments .  

I t  should be noted,  however, t h a t  deci -  

s i o n s  on t h e  n e c e s s i t y  and t h e  methods t o  be 

used t o  a d j u s t  census r e s u l t s  involve  a num- 

ber of important and p o t e n t i a l l y  s e n s i t i v e  

cons ide ra t ions .  Chapter 6 d i s c u s s e s  t h e  

f e a s i b i l i t y  and some of t h e  problems and 

means of a d j u s t i n g  census d a t a  t o  conform 

more c l o s e l y  wi th  what is thought t o  be 

a c t u a l  popula t ion parameters.  

3. TYPES O F  CENSUS ERRORS 

Census e r r o r s  can a r i s e  from s e v e r a l  

sources  such a s  less- than-perfect  d a t a  c o l -  

l e c t i o n  and process ing procedures  o r  poor 

o p e r a t i o n a l  c o n t r o l  r e s u l t i n g  i n  t h e  l o s s  of 

documents o r  er roneous  coding and keying.  

Census des igners  a l s o  c o n t r i b u t e  t o  e r r o r s  by 

producing f a u l t y  ins t ruments ,  i n s t r u c t i o n s ,  

t r a i n i n g  m a t e r i a l s ,  and procedures :  E r r o r s  

a r e  i n t r i n s i c  t o  t h e  n a t u r e  of a l a r g e  s c a l e  

d a t a  c o l l e c t i o n  e f f o r t  such a s  a census  i n  

s p i t e  of e f f o r t s  t o  avoid  them. 

I n  view of t h e  numerous ways i n  which 

e r r o r s  can e n t e r  i n t o  a census  o p e r a t i o n ,  a 

u s e f u l  s t a r t i n g  p o i n t  in th ink ing  about  

methods t o  measure them i s  t o  o r g a n i z e  t h e  

v a r i o u s  types  of e r r o r s  i n t o  a n a l y t i c a l  

c a t e g o r i e s .  For census  e v a l u a t i o n  purposes ,  

c l a s s i f y i n g  e r r o r s  in terms of t h e  f o l l o w i n g  

dimension provides  a u s e f u l  a n a l y t i c  frame- 

work: (a)  coverage v e r s u s  c o n t e n t  e r r o r ,  

(b) net v e r s u s  g r o s s  e r r o r ,  and (c)  sampl ing  

v e r s u s  nonsampling e r r o r .  

3 .7  Covehuge. v a n u s  con ten t  ennot 

Perhaps t h e  most fundamental  d i s t i n c t i o n  

t o  b e  made between t y p e s  of census  e r r o r s  is 

between e r r o r s  of coverage and e r r o r s  of con- 

t e n t .  Coverage e r r o r  i s  t h e  e r r o r  i n  t h e  count  - 
of persons  o r  housing u n i t s  r e s u l t i n g  from c a s e s  

having been "missed" dur ing census  enumerat ion 

o r  counted e r roneous ly  e i t h e r  through dup l i ca -  

t i o n  o r  er roneous  i n c l u s i o n .  Content e r r o r ,  on 

t h e  o t h e r  hand, i s  de f ined  a s  e r r o r  i n  t h e  r e -  

corded c h a r a c t e r i s t i c s  o f  t h o s e  pe r sons  t h a t  

were enumerated i n  t h e  census .  Both coverage 

and con ten t  e r r o r s  a f f e c t  t h e  d i s t r i b u t i o n  of 

t h e  popu la t ion  recorded i n  t h e  census  w i t h  

r e s p e c t  t o  census c h a r a c t e r i s t i c s .  

Coverage e r r o r  a r i s e s  i n  census  enumera- 

t i o n s  due t o  such f a c t o r s  a s  d e f e c t i v e  f i e l d  

opera t ions ,  c a r e l e s s n e s s  on t h e  p a r t  o f  

enumerators,  misunderstanding o r  l a c k  of 



4 EVALUAT l NG CENSUSES OF POPULAT ION AND HOUS l NG 

cooperat ion on t h e  p a r t  of r e sponden t s ,  o r  

simply because census  forms a r e  l o s t  o r  de- 

s t r o y e d  dur ing t h e  census process ing o p e r a t i o n .  

Content e r r o r  i n  popula t ion and housing s t a t i s -  

t i c s  can r e s u l t  from such t h i n g s  a s  er roneous  

o r  i n c o n s i s t e n t  r e p o r t i n g  of c h a r a c t e r i s t i c s  

by respondents,  f a i l u r e  on t h e  p a r t  of enumera- 

t o r s  t o  o b t a i n  o r  r ecord  a c c u r a t e l y  t h e  re-  

q u i r e d  informat ion,  e r r o r s  in t roduced i n  t h e  

c l e r i c a l  and p rocess ing  o p e r a t i o n ,  e t c .  

An important p o i n t  t o  be made in connec- 

t i o n  w i t h  coverage And con ten t  e r r o r  i s  t h a t  

it is  of c r i t i c a l  importance f o r  e v a l u a t i o n  

purposes  t h a t  t h e  concep t s  and c h a r a c t e r i s -  

t i c s  being measured i n  t h e  census  be  c l e a r l y  

d e f i n e d .  For example, one cannot  measure 

census  coverage e r r o r  u n l e s s  t h e r e  i s  a c l e a r  

and unambiguous d e f i n i t i o n  of t h e  t a r g e t  

popu la t ion  f o r  t h e  census .  At t h e  most b a s i c  

l e v e l ,  t h i s  invo lves  a cho ice  between a 

count ing r u l e  based upon "usual" r e s i d e n c e  

( a  de  j u r e  coun t ing  r u l e )  o r  one based upon 

a c t u a l  r e s idence  a t  t h e  t ime of t h e  census  

(a  de  f a c t o  coun t ing  r u l e ) .  Other c r i t i c a l  

d e c i s i o n s  concern how a l i e n s  r e s i d i n g  i n  t h e  

coun t ry  and n a t i o n a l s  r e s i d i n g  abroad a r e  t o  

b e  handled and t h e  d e f i n i t i o n s  of key con- 

c e p t s  such as "usual",  "temporary1', "resi- 

dence", "household", e t c .  S i m i l a r l y ,  con ten t  

e r r o r  cannot be measured i n  any meaningful  

way u n l e s s  t h e r e  a r e  c l e a r  and uniformly 

a p p l i e d  d e f i n i t i o n s  of key census  c h a r a c t e r -  

i s t i c s  such a s  a g e ,  m a r i t a l  s t a t u s ,  and 

income. 

Within t h e  ca tegory  of coverage e r r o r ,  

it i s  important t o  d i s t i n g u i s h  between t h r e e  

t y p e s  of e r r o r s  in coverage: (a) omiss ions ,  

(b)  d u p l i c a t i o n s ,  and (c )  erroneous i n c l u s i o n s .  

The reason f o r  t h i s  d i s t i n c t i o n  i s  t h a t  i t  i s  

d e s i r a b l e  i n  post -censal  matching s t u d i e s  of 

census coverage (commonly r e f e r r e d  t o  a s  post -  

enumeration su rveys  - s e e  chap te r  2) t o  o b t a i n  

s e p a r a t e  e s t i m a t e s  of e a c h  of t h r e e  t y p e s  of 

coverage e r r o r  so  t h a t  t h e  o v e r a l l  ( o r  n e t )  

coverage e r r o r  can be e s t i m a t e d .  

3.11 Omissions. --Omissions r e s u l t  from 

(a )  e n t i r e  housing u n i t s ,  households ,  o r  per-  

sons  having no e s t a b l i s h e d  p l a c e  of r e s i d e n c e  

(nomads, f o r  example) having been missed by 

census  enumerators o r  (b) from one o r  more 

persons  w i t h i n  enumerated housing u n i t s  o r  

households be ing  missed.  I n  t h e  c a s e  where 

a n  e n t i r e  housing u n i t  is missed ,  i t  fo l lows  

t h a t  a l l  households and pe r sons  r e s i d i n g  

w i t h i n  t h e  housing u n i t  w i l l  a l s o  b e  missed 

by t h e  census .  

There a r e  two pr imary c a u s e s  of omiss ion 

of housing u n i t s :  ( a )  f a i l u r e  t o  i n c l u d e  p a r t  

of t h e  land a r e a  of t h e  c o u n t r y  i n  c r e a t i n g  

enumerator ass ignments ,  and (b) enumerator 

canvass ing e r r o r  w i t h i n  a s s i g n e d  a r e a s .  The 

former problem can be caused by such  f a c t o r s  

a s  imprecise  boundar ies  of geograph ic  o r  

census  a d m i n i s t r a t i v e  u n i t s ,  f a u l t y  maps, 

o r  simply by coverage e r r o r s  made by f i e l d  

s t a f f  i n  t h e  pre-census l i s t i n g  o p e r a t i o n .  

Enumerator canvass ing e r r o r s  can  r e s u l t  from 

such f a c t o r s  as imprec i se  d e f i n i t i o n  of 

enumerator ass ignments ,  f a u l t y  maps, o r  

simply o v e r s i g h t  on t h e  p a r t  of t h e  enumer- 

a t o r s .  These e r r o r s  t e n d  t o  occur  more 

f r e q u e n t l y  in s p a r s e l y  s e t t l e d  r u r a l  a r e a s  

where v i l l a g e s  a r e  s e p a r a t e d  by l a r g e  d i s -  

t a n c e s  and in densely  s e t t l e d  urban a r e a s  

c h a r a c t e r i z e d  by m u l t i - u n i t  s t r u c t u r e s  which 

a r e  ar ranged i n  a complex f a s h i o n .  

I n  a d d i t i o n  t o  having been missed be- 

cause  t h e  housing u n i t  h a s  been missed,  

households can be missed because  a l l  of t h e  

members of t h e  household were a t  ano the r  

p l a c e  of r e s i d e n c e  a t  t h e  t i m e  of census  

enumeration,  were t e m p o r a r i l y  a b s e n t  dur ing 

t h e  hours  of census  enumerat ion (working, 

a t  schoo l ,  e t c  .) , o r  were  i n  t r a n s i t  e i t h e r  
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w i t h i n  o r  o u t s i d e  of t h e  country  du r ing  t h e  

enumeration pe r iod .  The l i k e l i h o o d  of omis- 

s i o n  of households t ends  t o  be  h igher  i n  s i t u -  

a t i o n s  where t h e  presence of more than  one 

household i n  a housing u n i t  is more common 

t h a n  when t h e r e  is  a one-to-one correspondence 

between housing u n i t s  and households.  

Omissions of persons  wi th in  enumerated 

households a l s o  occur f o r  a v a r i e t y  of 

reasons ,  inc luding d e l i b e r a t e  o r  i nadve r t en t  

omission of household members on t h e  p a r t  of 

household respondents o r  a p p l i c a t i o n  of an  

i n c o r r e c t  d e f i n i t i o n  of t h e  household by 

census  enumerators. Very young c h i l d r e n  and 

a d u l t s  aged 15-29 tend t o  be over-represented 

among persons missed i n  census  enumerations 

based upon exper ience  t o  d a t e  i n  a wide 

v a r i e t y  of coun t r i e s .  I t  is  thought t h a t  

c h i l d r e n  tend t o  be underenumerated most 

f r e q u e n t l y  due t o  respondent  r e c a l l  e r r o r ,  

wh i l e  persons  aged 15-29 a r e  in t h e  age  r ange  

i n  which t h e  r a t e  of r e s i d e n t i a l  m o b i l i t y  is 

h igh  in many c o u n t r i e s  and t h u s  t h e s e  per-  

sons  tend t o  be omitted due t o  u n c e r t a i n t y  

on t h e  p a r t  of respondents  and enumerators 

a s  t o  where they should be enumerated. 

3.12 Dupl ica t ions .  --Duplications occur  

when housing u n i t s ,  households,  o r  pe r sons  

a r e  enumerated more than once i n  a census .  

Frequent ly ,  d u p l i c a t i o n  is  caused by t h e  

"over lapping" of enumerator ass ignments  due 

t o  e r r o r s  made during pre-census l i s t i n g  o r  

enumeration a rea  (EA) d e l i n e a t i o n ,  o r  because 

of t h e  i n a b i l i t y  of enumerators t o  i d e n t i f y  

on t h e  ground t h e  proper boundaries of a 

p a r t i c u l a r  enumerator assignment.  Pe r sons  

who a r e  mobile r e s i d e n t i a l l y  o r  have more 

than one r e s idence  a r e  e s p e c i a l l y  prone t o  

being enumerated more than once. 

A s  a r e s u l t  of d u p l i c a t i o n s ,  it i s  con- 

c e i v a b l e  t h a t  a census count of t h e  t o t a l  

popula t ion  may be l a r g e r  than  t h e  a c t u a l  

popu la t ion .  It i s  more f r e q u e n t l y  t h e  

case ,  however, t h a t  t h e  number of omiss ions  

exceeds  t h e  number of d u p l i c a t i o n s ,  r e s u l t -  

i ng  i n  a n e t  census undercount .  (See 

Sec t ion  3.2 of t h i s  c h a p t e r  f o r  a d i s c u s s i o n  

of n e t  census  e r r o r ) .  

3.13 Erroneous i n c l u s i o n s .  --These i n -  

c lude  housing u n i t s ,  households,  and pe r sons  

t h a t  were enumerated i n  t h e  census  and e i t h e r  

should n o t  have been o r  were enumerated in 

t h e  wrong place .  Examples of e r roneous  in -  

c l u s i o n s  a r e  persons  who d ied  be fo re  t h e  

census,  who were born a f t e r  census  day,  o r  

a l i e n s .  A r e a l  problem has  been noted  i n  

some c o u n t r i e s  of " f i c t i o n a l i z e d "  housing 

u n i t s ,  households,  o r  persons .  T h i s  h a s  

been e s p e c i a l l y  t r u e  in  c a s e s  where enumer- 

a t o r s  a r e  pa id  on t h e  b a s i s  of t h e  number 

of u n i t s ,  households, o r  persons  t h a t  t h e y  

enumerate. Also,  pe r sons  can be enumerated 

in t h e  wrong geographic  a r e a ,  r e s u l t i n g  in 

overenumeration f o r  t h a t  a r e a  and under- 

coverage f o r  t h e  a r e a  where they  should have 

been enumerated. Erroneous i n c l u s i o n  of 

a l i e n s  sometimes occur s  in c o u n t r i e s  yhose 

census  i s  de  j u r e ,  a s  opposed t o  d e  f a c t o .  

(See t h e  g l o s s a r y  a t  t h e  end of t h i s  manual 

f b r  t he  d e f i n i t i o n  of d e  j u r e  and d e  f a c t o ) .  

Less  ambiguity a r i s e s  in a de  f a c t o  census ,  

i n  which everyone a c t u a l l y  r e s i d i n g  in  t h e  

country  inc lud ing  a l i e n s  i s  counted ,  where- 

a s  i n  a d e  j u r e  census on ly  those  persons  

who "usual ly"  r e s i d e  i n  t h e  country  a r e  

counted.  

A second impor tant  d i s t i n c t i o n  f o r  cen- 

s u s  eva lua t ion  purposes i s  between n e t  e r r o r  

and g r o s s  e r r o r .  Gross e r r o r  r e f e r s  t o  t h e  

t o t a l  number of e r r o r s  made i n  t h e  census ,  

wh i l e  n e t  e r r o r  r e f e r s  t o  t h e  t o t a l  e f f e c t  

of t h e s e  e r r o r s  on t h e  r e s u l t a n t  s t a t i s t i c s .  
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Gross e r r o r s  a f f e c t  t h e  nonsampling va r i -  

ances,  while n e t  e r r o r s  a f f e c t  t h e  non- 

sampling b i a se s .  

I n  t h e  ca se  of coverage e r r o r ,  f o r  ex- 

ample, g r o s s  census  coverage e r r o r  would 

c o n s i s t  of t h e  t o t a l  of a l l  persons omit ted 

plus a l l  d u p l i c a t e s  plus a l l  erroneous enu- 

merations. I n  measuring n e t  census coverage 

e r r o r ,  however, t h e  f a c t  that one of t he se  

types  of e r r o r  r e s u l t s  i n  an underes t imate  

of t o t a l  popula t ion  (omissions) while  t h e  

o ther  two types  (dup l i ca t i ons  and erroneous 

enumerations) r e s u l t  in ove re s t  h a t e s  i s  

taken i n t o  account .  Thus, n e t  census cover-  

age e r r o r  would be measured by t h e  excess  o r  

d e f i c i t  of e r r o r s  r e s u l t i n g  i n  popula t ion  

underestima,tes over  those e r r o r s  r e s u l t i n g  

from populat ion ove re s t  h a t e s .  A n e t  census 

undercount is  s a i d  t o  e x i s t  when t h e  number 

of omissions exceeds t h e  sum of t h e  number 

of dup l i ca t i ons  and the  number of persons  

erroneously enumerated, while  a n e t  census 

overcount is s a i d  t o  e x i s t  when t h e  number 

of dup l i ca t i ons  p l u s  erroneous enumerations 

exceeds t h e  number of omissions. 

To i l l u s t r a t e  t h e  concepts  of g r o s s  and 

n e t  content  e r r o r ,  cons ider  an age d i s t r i b u -  

t i o n  of persons enumerated i n  a census.  Meas- 

u re s  of gross  con ten t  e r r o r  would cons ider  

a l l  cases i n  which an age o t h e r  than a r e -  

spondent 's  a c t u a l  age was recorded i n  t h e  cen- 

sus a s  e r r o r s ,  while  measures of n e t  content  

e r r o r  would cons ider  only  those  e r r o r s  which 

a r e  not  cance l led  o u t  or compensated f o r  by 

o the r  e r r o r s .  For example, i f  N persons  

whose a c t u a l  age  was X years  r epo r t ed  t h e i r  

age a s  something o the r  than age X i n  t h e  

census, but an equa l  number of persons (N) 

whose a c t u a l  age  was something o the r  than X 

years  reported t h e i r  age a s  X, t h e r e  would be 

no ne t  content  e r r o r  f o r  t h e  census count f o r  

persons aged X yea r s ,  s i n c e  t h e  t o t a l  count of 

persons aged X yea r s  would b e  c o r r e c t .  Each 

of t he se  t ypes  of e r r o r s  would, however, be 

counted a s  e r r o r s  by measures of g r o s s  e r r o r .  

I n  a c t u a l  p r a c t i c e ,  t h e  measurement of 

n e t  and g r o s s  census e r r o r  i s  somewhat more 

involved and based upon more s o p h i s t i c a t e d  

s t a t i s t i c a l  methods than  t h e  s imple i l l u s -  

t r a t i o n s  presented  here .  These s imple 

i l l u s t r a t i o n s  a r e  intended t o  convey t h e  

bas ic  i deas  involved.  

A more sys temat ic  t r ea tmen t  of t h e  r e -  

l a t i o n s h i p s  between cove rage l con ten t  and 

n e t l g r o  ss e r r o r s  is  provided by t h e  fo l lowing  

example: 

Le t  
t 

pz t h e  a c t u a l  o r  t r u e  count  of 
persons i n  ca t ego ry  x i n  t h e  
popula t ion  (in p r a c t i c e ,  t h i s  
i s  unobservable)  

t h e  census count  of persons  i n  
ca tegory  x 

persons i n  ca t ego ry  x c o r r e c t l y  
included i n  t h e  census  and cor-  
r e c t l y  r epo r t ed  i n  ca t ego ry  x 

persons  i n  ca t ego ry  x i n c o r r e c t l y  
omit ted from t h e  census  

persons  i n  ca t ego ry  x c o r r e c t l y  
included in  t h e  census  but  
r epo r t ed  in  a ca t ego ry  o t h e r  
than x 

per  sons i n c o r r e c t l y  included 
i n  t h e  census  and r epo r t ed  in 
ca tegory  x 

persons c o r r e c t l y  included i n  t h e  
census but  i n c o r r e c t l y  r epo r t ed  
in ca tegory  x 

I n  t h i s  example, t h e  c o r r e c t  popu la t i on  count 

f o r  ca tegory  x can be expressed ,  i n  terms of 

f i g u r e  1-1, as :  
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The census count can be expressed a s :  

P: = a t d t e  

Thus, the  n e t  census e r r o r  f o r  category x 

may be expressed a s :  

= b t c - d - e  

Figure 2-  1 .  DIAGRAM SHOWING VARIOUS 
TYPES OF CENSUS ERRORS 

I where: pC = the population counted i n  I 
I the  census I 

C 
Px = population reported i n  ca te-  

gory x 

NOTE: Shaded a r e a s  i n d i c a t e  g r o u p s  t r u l y  
b e l o n g i n g  t o  c a t e g o r y  x, and the a r r o w s  
w i t h  a t t a c h e d  circles i n d i c a t e  where the 
groups  b, c ,  d ,  o r  e s h o u l d  h a v e  b e e n  
c o u n t e d  b u t  were n o t .  J 

The r e s u l t  of b t c - d - e may be nega- 

t i v e  o r  p o s i t i v e .  I t  r ep resen t s  t h e  n e t  e r r o r  

f o r  the  census category. Other e s t ima tes  f o r  

a category x a r e  defined as fol lows:  

b t c = census g r o s s  undercount 

d t e = census g r o s s  overcount 

Sources of e r r o r :  

b t d = gross  e r r o r  due t o  coverage 
problems 

b - d = n e t  e r r o r  due t o  coverage 
problems 

c t e = gross  e r r o r  due t o  content 
misclass i f  i c a t i o n  

c - e = n e t  e r ro r  due t o  content 
misclass i f  i c a t i o n  

Thus, e r r o r  a s soc ia ted  wi th  "b" i s  not  due 

t o  m i s c l a s s i f i c a t i o n .  Group "b" i s  i n  the  

co r rec t  ca tegory,  but was i n c o r r e c t l y  omitted 

from the  census. Group "dlr was erroneously  

enumerated and poss ibly  m i s c l a s s i f i e d .  These 

a r e  both problems of coverage. Groups "c" and 

"elt were not  missed from t h e  census,  but were 

misc lass i f i ed  and thus  a r e  content  e r r o r s .  

A f i n a l  important d i s t i n c t i o n  t o  be 

made in consider ing types  of e r r o r s  encoun- 

t e red  i n  population and housing censuses i s  

between sampling and nonsampling e r r o r s .  

Sampling e r r o r  a r i s e s  because information is  

not  co l l ec ted  from t h e  e n t i r e  t a r g e t  popu- 

l a t i o n ,  but r a t h e r  only  from some por t ion  of 

the  population.  Through t h e  use  of sc ien-  

t i f  i c  sampling procedures,  however, i t  i s  

poss ib le  t o  e s t ima te  t h e  range wi th in  which 

t h e  t r u e  population va lue  o r  parameter i s  

l i k e l y  t o  be wi th  a known p r o b a b i l i t y  from 

t h e  sample d a t a .  

Nonsampling e r r o r ,  on t h e  o the r  hand, 

i s  defined a s  a r e s i d u a l  ca tegory c o n s i s t i n g  

of a l l  o the r  e r r o r s  which a r e  n o t  t h e  r e s u l t  

of t h e  da ta  having been c o l l e c t e d  from only  

a sample r a t h e r  than t h e  e n t i r e  t a r g e t  popu- 

l a t i o n .  These include e r r o r s  made by r e -  

spondents, enumerators, superv i so r s ,  of f  i c e  

c l e r i c a l  s t a f f ,  key punch o p e r a t o r s ,  e t c .  

Experience suggests  t h a t  f o r  many, i f  not  

most, sample survey e f f o r t s  i n  both develop- 

ing  and developed c o u n t r i e s  t h e  c o n t r i b u t i o n  

of nonsampling e r r o r  t o  t o t a l  survey e r r o r  

then exceeds t h a t  of sampling e r r o r .  Nonsam- 

p l i n g  e r r o r s  a r e  l i k e l y  t o  have a major impact 

i n  a l a rge - sca le  d a t a  c o l l e c t i o n  program 

such a s  a popula t ion and housing census.  

Of course ,  i n  a census i n  which the  popu- 

l a t i o n  i s  enumerated on a 100 percent  b a s i s  

f o r  a l l  d a t a  i tems,  t h e r e  i s  no sampling 

e r r o r .  I n  t h i s  case ,  a census eva lua t ion  
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program would be d i r e c t e d  e n t i r e l y  toward t h e  

measurement of nonsampling e r r o r .  For censuses  

i n  which a s u b s e t  of census d a t a  i tems a r e  

measured on a sample b a s i s ,  both sampling and 

nonsampling e r r o r  would normally be a s s e s s e d  

a s  p a r t  of t h e  census e v a l u a t i o n  program. 

Discussion of sampling e r r o r  ( t h a t  i s ,  

e r r o r s  encountered i n  t h e  census sampling 

o p e r a t i o n ,  c o n s i s t i n g  of both sampling v a r i -  

ance and sampling b i a s )  is n o t  considered i n  

d e t a i l  i n  t h i s  manual f o r  two primary r e a s o n s :  

(a)  t h e  use of sampling i n  censuses  does n o t  

pose any unique problems beyond those  encoun- 

t e r e d  i n  any la rge-sca le  survey  under tak ing ,  

and (b) t h e r e  a r e  numerous a u t h o r i t a t i v e  

r e f e r e n c e s  on a p p l i c a t i o n s  of sampling t h e o r y  

a v a i l a b l e  e lsewhere such t h a t  a comprehensive 

t rea tment  i n  t h i s  manual would be redundant  

(Kish 1965; Hansen e t  a l .  1953; Cochran 1953).  

Accordingly, t h e  primary focus o f  t h e  ma- 

t e r i a l  p resen ted  i n  t h i s  manual concerns  t h e  

e v a l u a t i o n  o f  nonsampling e r r o r  i n  censuses  of 
I 
I 

popula t ion  and housing. Some sampling i s s u e s  

a r e  covered i n  connect ion w i t h  t h e  des ign  of  

post-enumeration surveys i n  c h a p t e r s  2 and 3 .  

4.  METHODOLOGlCAL FRAMEUORK FOR T H E  
EVALUATION OF CENSUS ERRORS 

There e x i s t s  a f a i r l y  l a r g e  number of 

methods which can be a p p l i e d  i n  census  e v a l -  

u a t i o n  s i t u a t i o n s .  While t h e  methods d i f f e r  

widely in t e r m s  of l e v e l  of t e c h n i c a l  soph is -  

t i c a t i o n ,  d a t a  requirements ,  and q u a l i t y  of 

r e s u l t s ,  a u s e f u l  a n a l y t i c  framework o r  

typology can be c rea ted  by grouping methods 

on t h e  b a s i s  of t h r e e  c r i t e r i a :  (a)  whether 

a s i n g l e  source of d a t a  ( t h e  census i t s e l f )  

o r  more than one source of d a t a  i s  needed, 

(b) f o r  methods r e q u i r i n g  m u l t i p l e  sources  

of d a t a ,  whether o r  no t  matching on a record-  

by-record b a s i s  i s  r e q u i r e d ,  and ( c )  t h e  t y p e  

of e r r o r  t o  be measured (coverage o r  c o n t e n t ,  

g r o s s  o r  n e t ) .  A typology of census  evalua-  

t i o n  methods based upon t h e s e  t h r e e  c r i t e r i a  

i s  shown in f i g u r e  1-2. 

A s  i n d i c a t e d  in f i g u r e  1-2, t h e  a v a i l a b l e  

o p t i o n s  f o r  census  e v a l u a t i o n  purposes  a r e  

q u i t e  l i m i t e d  when o n l y  t h e  r e s u l t s  of t h e  

census being eva lua ted  a r e  a v a i l a b l e .  I n  

such a c a s e ,  only a handfu l  of demographic 

methods a r e  a v a i l a b l e .  These methods a r e  

d i scussed  in s e c t i o n  5 of t h i s  c h a p t e r  and 

descr ibed  i n  more d e t a i l  i n  c h a p t e r s  4 and 

5. I f  work ass ignments  f o r  t h e  census  a r e  

arranged i n  a manner such a s  t h a t  desc r ibed  

i n  chap te r  4 ,  t h e  a d d i t i o n a l  o p t i o n  of eval-  

u a t i n g  t h e  e f f e c t s  of o p e r a t o r  v a r i a n c e  on 

t h e  census r e s u l t s  becomes a v a i l a b l e .  

The e x i s t e n c e  of a d d i t i o n a l  sources  of 

d a t a  o t h e r  than  t h e  census  i t s e l f  opens up 

a much wider range of o p t i o n s  f o r  census  

e v a l u a t i o n  purposes .  Under t h e  heading of 

matching s t u d i e s  ( t h a t  is, s t u d i e s  i n  which 

census r e c o r d s  a r e  matched on a one-to-one 

b a s i s  w i t h  r e c o r d s  from a n o t h e r  d a t a  source)  

a r e  ( a )  pos t -censa l  matching s u r v e y s ,  (b)  re- 

i n t e r v i e w  surveys ,  ( c )  a d m i n i s t r a t i v e  record  

checks,  and (d)  comparison w i t h  e x i s t i n g  

ho,usehold surveys .  These methods a r e  de- 

s c r i b e d  b r i e f l y  i n  s e c t i o n  6 of t h i s  c h a p t e r  

and i n  a more comprehensive f a s h i o n  i n  

c h a p t e r s  2 and 3. 

Under t h e  heading of non-matching s t u d i e s  

a r e  (a )  demographic a n a l y s i s  u s i n g  prev ious  

censuses ,  (b)  comparison w i t h  a d m i n i s t r a t i v e  

s t a t i s t i c s ,  ( c )  comparison w i t h  d a t a  from e x i s -  

t i n g  household surveys ,  and (d) i n t e r p e n e t r a t i o n  

s t u d i e s .  Br ie f  d e s c r i p t i o n s  of t h e s e  methods 

may be found i n  s e c t i o n  6 of t h i s  chap te r  and 

more s y s t e m a t i c  t r e a t m e n t s  i n  c h a p t e r s  4 and 5.  
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Figure  2-2. TYPOLOGY OF METHODS FOR THE EVALUATION OF CENSUS ERRORS 

~ o u r c e ( s )  of Data and Methods 

Si ng le  Source of Data: 

Demographic ana ly s i s  of t he  census 
In te rpene t ra t ion  s tud i e s  conducted as  p a r t  of t h e  census 

Multiple Sources of Data: 

Matching s t u d i e s ,  
Post-censa 1 matchi ng surveys 
Rei ntervi ew surveys 
Record checks 
Compari son w i  t h  e x i s t i n g  household surveys 

Non-matchi ng s t u d i e s ,  
Demographic ana ly s i s  using previous censuses 
Comparison w i t h  adminis t ra t ive  s t a t i s t i c s  
Comparison w i t h  exi s  t i  ng household surveys 

Type of Error  

Coverage Error 

Net Gross 

Content Error 

Net Gross 

' A S  a p r a c t i c a l  m a t t e r ,  these m e t h o d s  d o  n o t  e n a b l e  t h e  a n a l y s t  t o  e v a l u a t e  the r e l a t i v e  
c o n t r i b u t i o n s  o f  coverage  and c o n t e n t  t o  t o t a l  e r r o r .  U s e f u l  i n f o r m a t i o n  c a n ,  h o w e v e r ,  be 
o b t a i n e d  t h r o u g h  the u s e  o f  demograph ic  m o d e l s  and the compar i son  o f  s u c c e s s i v e  c e n s u s e s  (see 
C h a p t e r  5) .  

 h his method d o e s  n o t  p r o v i d e  a measure  o f  the m a g n i t u d e  o f  d e v i a t i o n  o f  .a c e n s u s  s t a t i s t i c  
f rom  a n  e x p e c t e d  v a l u e  o r  a v a l u e  presumed t o  be c o r r e c t ,  b u t  r a t h e r  a m e a s u r e  o f  the v a r i -  
a b i l i t y  o f  c e n s u s  r e s p o n s e s  a t t r i b u t a b l e  t o  d i f f e r e n t  c e n s u s  o p e r a t i o n s  ( f o r  e x a m p l e ,  inter- 
v i e w e r s ,  c o d e r s ,  k e y e r s ,  e t c . ) .  

3 ~ o s t - c e n s a l  ma tch ing  and r e i n t e r v i e w  s u r v e y s  a r e  t y p i c a l l y  c o n d u c t e d  a s  p a r t  o f  the same 
pos t - enumera t ion  s u r v e y  (PES) opera  t i o n .  

The reader  should study f i g u r e  1-2 care- 

f u l l y  before cont inuing with t h e  r e s t  of 

t he  manual and r e t u r n  t o  it a f t e r  read ing  

t he  de t a i l ed  d e s c r i p t i o n s  of each method t o  

ob t a in  a  c l e a r  p i c t u r e  of how the  va r ious  

methods f i t  toge ther  i n  an o v e r a l l  census 

eva lua t ion  s t r a t egy .  Since t he  v a r i o u s  me- 

thods measure d i f f e r e n t  components of census 

e r r o r  and have d i f f e r e n t  s t r e n g t h s  and weak- 

nesses ,  e f f i c i e n t  a l l o c a t i o n  of eva lua t i on  

resources must be based upon a  thorough 

understanding of these  d i f f e r ences  i n  r e l a -  

t i o n  t o  the  information t h a t  i s  sought from 

the  census eva lua t ion  e f f o r t .  

5. METHODS BASED UPON A S I N G L E  
. SOURCE O F  DATA 

I n  t he  case  where t h e  on ly  informa- 

t i o n  f o r  eva lua t i ng  t h e  census comes from 

the  census i t s e l f ,  methodological  op t ions  

e s s e n t i a l l y  a r e  l i m i t e d  t o  t w o  choices :  

(a) t h e  use of s e l e c t e d  t e chn iques  of demo- 

graphic a n a l y s i s ,  and (b) t h e  use  of i n t e r -  

pene t r a t i on  s t u d i e s  implemented a s  p a r t  of 

t h e  census ope ra t i on .  A s  might be expected, 

t he  "power" of t h e  e v a l u a t i o n  methods based 

upon the  r e s u l t s  of t h e  census i t s e l f  is 

somewhat l imi ted .  Fo r tuna t e ly ,  many devel- 

oping coun t r i e s  have conducted o r  w i l l  
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have conducted a t  l e a s t  t h e i r  second census 

dur ing  t h e  1980 round of censuses .  There- 

f o r e ,  some of t h e  more powerful methods 

based upon the  comparison of d a t a  from 

two o r  more sources  can be used t o  sup- 

plement t h e  f i n d i n g s  of a n a l y s i s  based 

s o l e l y  upon examination of t h e  c u r r e n t  

census  r e s u l t s .  

When only t h e  r e s u l t s  o f  t h e  census it- 

s e l f  a r e  a v a i l a b l e ,  a number of t echn iques  

of demographic a n a l y s i s  can be used t o  pro- 

v i d e  some informat ion on the  l i k e l y  magnitude 

of e r r o r  i n  t h e  d a t a .  One of t h e  weaknesses 

o f  demographic methods f o r  census  e v a l u a t i o n  

purposes ,  however, i s  t h a t  they g e n e r a l l y  do 

n o t  provide s u f f i c i e n t  informat ion t o  sep- 

a r a t e  e r r o r s  of coverage from e r r o r s  i n  

c o n t e n t .  

For t h e  purpose of measuring census  

coverage,  only v e r y  c rude  o r  approximate  

measures a r e  g e n e r a l l y  p o s s i b l e .  One s imple  

procedure would be to  check t h a t  each of t h e  

s m a l l e s t  geographic  u n i t s  i d e n t i f i a b l e  in 

t h e  census  has  a census  popula t ion  t o t a l  

a s s o c i a t e d  wi th  i t .  While t h e r e  is  no  b a s i s  

f o r  e v a l u a t i n g  t h e  accuracy of t h e  t o t a l ,  

t h e  l a c k  of a f i g u r e  f o r  a geographic a r e a  

a s s u r e d l y  i n d i c a t e s  coverage e r r o r .  

Another approach t o  examining coverage 

e r r o r  on t h e  b a s i s  of a s i n g l e  census  i n -  

v o l v e s  t h e  use  of i n d i c e s  which a r e  s e n s i -  

t i v e  t o  coverage e r r o r .  For example, one  

might c a l c u l a t e  t h e  average number of per-  

sons  per  household f o r  smal l  a r e a s  of t h e  

country.  Extreme v a r i a t i o n s  from t h e  mean 

average  household s i z e  f o r  t h e  count ry  a r e  

l i k e l y  t o  i n d i c a t e  e i t h e r  coverage e r r o r  o r  

t h e  e x i s t e n c e  of s p e c i a l  t y p e s  of r e s i d e n -  

t i a l  dwel l ings  ( h o s p i t a l s ,  ba r racks ,  e t c  .) . 
Comparison of average household s i z e s  f o r  

urban and r u r a l  a r e a s  might a l s o  p rov ide  some 

i n d i c a t i o n  of d i f f e r e n t i a l  coverage s i n c e  

r u r a l  households tend t o  be l a r g e r ,  on aver -  

age,  than urban household s i n  many developing 

c o u n t r i e s .  

These a r e  on ly  i l l u s t r a t i v e  of t h e  type  

of rough coverage checks  t h a t  could be made 

using t h e  r e s u l t s  of a s i n g l e  census .  Other 

s i m i l a r  t y p e s  of checks a l s o  a r e  p o s s i b l e ,  

but  a r e  l i k e l y  t o  be a s  c rude  a s  t h o s e  c i t e d  

h e r e  and t h i s  l i m i t a t i o n  should be kep t  i n  

mind when us ing  them. As a p r a c t i c a l  m a t t e r ,  

t h e s e  t y p e s  of checks a r e  more u s e f u l  in 

a l e r t i n g  t h e  u s e r s  of t h e  d a t a  t o  t h e  l i k e l i -  

hood of e r r o r  than  in prov id ing  in format ion  

a s  t o  t h e  magnitude o r  c a u s e s  of t h e  e r r o r ( s )  . 
With r e s p e c t  t o  c o n t e n t  e r r o r  on t h e  

o t h e r  hand, a somewhat more r i g o r o u s  a p p l i -  

c a t i o n  of demographic methods t o  d a t a  from a 

s i n g l e  census  i s  p o s s i b l e  i n v o l v i n g  t h e  a n a l -  

y s i s  of d i s t r i b u t i o n s  o r  r a t i o s  f o r  p a r t i c u -  

l a r  census  c h a r a c t e r i s t i c s .  For example, 

t a b u l a t i o n s  of t h e  p r o p o r t i o n  of ever-  

marr ied persons by age  and s e x  o r  of t h e  num- 

b e r  of c h i l d r e n  ever-born t o  a d u l t  females  by 

age could be examined t o  a s s e s s  t h e  smooth- 

n e s s  of t h e  p r o g r e s s i o n  of t h e s e  cumulat ive 

s t a t i s t i c s .  I r r e g u l a r  p r o g r e s s i o n s  o r  rever -  

s a l s  i n  p r o p o r t i o n s  o r  means a r e  u s u a l l y  

i n d i c a t i v e  o f  e r r o r s  i n  t h e  mar r iage ,  f e r -  

t i l i t y ,  o r  age s t a t i s t i c s ,  a l though  i t  is 

d i f f i c u l t  t o  determine t h e  r e l a t i v e  magnitude 

of e r r o r  i n  each  of t h e  c h a r a c t e r i s t i c s .  

Demographic a n a l y s t s  t y p i c a l l y  make 

e x t e n s i v e  u s e  of sex- and a g e - r a t i o s  i n  

a s s e s s i n g  d a t a  q u a l i t y  in censuses  and s u r -  

veys.  The reason  f o r  t h i s  is  t h a t  t h e s e  

r a t i o s  "behave" i n  a r a t h e r  p r e d i c t a b l e  man- 

n e r  in t h e  absence of c a t a s t r o p h i c  e v e n t s  

such a s  wars, s e r i o u s  famines  o r  epidemics', 

and l a r g e - s c a l e  f lows  of i n t e r n a t i o n a l  
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migrants .  Even f o r  p o p u l a t i o n s  a f f e c t e d  by 

t h e s e  f a c t o r s ,  t h e  r e s u l t i n g  e f f e c t s  on t h e  

age-sex d i s t r i b u t i o n s  can u s u a l l y  be a n t i -  

c i p a t e d  and i n t e r p r e t e d  accord ing ly .  

Analyses of census  age  d i s t r i b u t i o n s  can 

a l s o  be  undertaken by means of  comparisons 

wi th  " s tab le"  and/or "quas i - s t ab le"  age  

d i s t r i b u t i o n s  from models. A s t a b l e  age  

d i s t r i b u t i o n  i s  def ined  a s  t h e  c o n s t a n t  age 

s t r u c t u r e  t h a t  would e v o l v e  i n  a  p o p u l a t i o n  

which has  exper ienced c o n s t a n t  f e r t i l i t y  and 

m o r t a l i t y  over  a  f a i r l y  long  per iod  of t ime 

and i s  "closed" t o  i n t e r n a t i o n a l  m i g r a t i o n ,  

w h i l e  a  "quasi -s table"  age d i s t r i b u t i o n  re -  

f l e c t s  the  e f f e c t s  of d e c l i n i n g  m o r t a l i t y .  

While a c t u a l  popu la t ions  a r e  u n l i k e l y  t o  meet 

t h e s e  c o n d i t i o n s  of s t a b i l i t y ,  q u a s i - s t a b l e  

popu la t ion  a n a l y s i s  of  census  age d i s t r i b u -  

t i o n s  has  n e v e r t h e l e s s  proven t o  be a  q u i t e  

u s e f u l  e v a l u a t i v e  t o o l  i n  s i t u a t i o n s  where 

popu la t ion  age  s t r u c t u r e s  have n o t  been 

a f f e c t e d  by wide swings i n  f e r t i l i t y  o r  

i n t e r n a t i o n a l  migra t ion .  

I n t e r p e n e t r a t i o n  s t u d i e s  have been used 

i n  a  number of developed c o u n t r i e s  t o  esti- 

mate t h e  c o n t r i b u t i o n  of one o r  more census  

o p e r a t i o n s  t o  o v e r a l l  census  e r r o r .  What i s  
I 

r e q u i r e d  t o  implement t h i s  t echn ique  i s  t h a t  

t h e  ass ignments  of t h e  census  pe rsonne l  whose 

work i s  being eva lua ted  (enumerators ,  c o d e r s ,  

key punch o p e r a t o r s ,  e t c . )  be formed randomly 

o r  " i n t e r p e n e t r a t e d .  " This  method i s  c l o s e l y  

r e l a t e d  t o  exper imenta l  des ign  methods f o r  

t e s t i n g  t h e  e f f e c t s  o f ' v a r y i n g  t r e a t m e n t s  

on groups o r  samples of s u b j e c t s .  The b a s i c  

o b j e c t i v e  of t h e  t echn ique  is t o  assess t h e  

e x t e n t  of v a r i a b i l i t y ,  o r  v a r i a n c e ,  a t t r i -  

b u t a b l e  t o  d i f f e r e n t  census  o p e r a t i o n s .  As 

such, t h e  f i n d i n g s  of i n t e r p e n e t r a t i o n  

s t u d i e s  a r e  e s p e c i a l l y  u s e f u l  f o r  t h e  purposes  

of improving o p e r a t i o n a l  c o n t r o l  and p e r f o r -  

mance l e v e l s  i n  s p e c i f i c  o p e r a t i o n a l  a r e a s  

i n  subsequent d a t a  c o l l e c t i o n  a c t i v i t i e s  

( f o r  su rveys  a s  w e l l  as  c e n s u s e s ) ,  a l t h o u g h  

t h e  r e s u l t s  can a l s o  be  used  i n  developing 

measures  of accuracy  f o r  c e n s u s  s t a t i s t i c s  

from c u r r e n t  censuses .  

To d a t e ,  t h e r e  have  been r e l a t i v e l y  few 

i n s t a n c e s  of t h e  implementa t ion  of in te rpene-  

t r a t i o n  s t u d i e s  a s  p a r t  o f  c e n s u s e s  i n  deve l -  

op ing  c o u n t r i e s .  T h i s  may b e  due i n  l a r g e  

p a r t  t o  t h e  d i f f i c u l t i e s  invo lved  i n  c o n t r o l -  

l i n g  t h e s e  exper iments  a c r o s s  t h e  v a r i o u s  

o p e r a t i o n a l  phases of  a  p o p u l a t i o n  and housing 

census  o r  u n f a m i l i a r i t y  w i t h  t h e  method. 

With i n c r e a s i n g  e x p e r i e n c e  and s o p h i s t i c a t i o n  

among s t a t i s t i c a l  o r g a n i z a t i o n s  i n  developing 

c o u n t r i e s ,  however, i t  i s  l i k e l y  t h a t  t h e  

u s e  of  i n t e r p e n e t r a t i o n  s t u d i e s  t o  i d e n t i f y  

t h e  o p e r a t i o n a l  a r e a s  r e q u i r i n g  f u r t h e r  

improvement w i l l  become more f e a s i b l e .  Ac- 

c o r d i n g l y ,  a  d e s c r i p t i o n  of t h e  methodology 

f o r  i n t e r p e n e t r a t i o n  s t u d i e s  is  i n c l u d e d  

i n  t h i s  manual ( s e e  c h a p t e r  3 ) .  

6. METHODS BASED UPON COMPARISONS O F  
DATA FROM TWO OR MORE SOURCES 

The a v a i l a b i l i t y  of i n f o r m a t i o n  from 

s o u r c e s  independent o f  t h e  c u r r e n t  census  

opens  up a  much wider  r a n g e  o f  c h o i c e s  

of c e n s u s  e v a l u a t i o n  methods.  I n  a d d i t i o n  

t o  t h e r e  being a  l a r g e r  number of methodo- 

l o g i c a l  o p t i o n s ,  t h e  methods based upon 

comparison of two o r  more s o u r c e s  of d a t a  

a r e  cons ide rab ly  more power fu l  in terms of 

t h e i r  a b i l i t y  t o  a s s e s s  t h e  r e l a t i v e  c o n t r i -  

b u t i o n s  of d i f f e r e n t  t y p e s  of  e r r o r s  and ,  

t o  a  somewhat l e s s e r  e x t e n t ,  t h e i r  c a u s e s  

i n  comparison with  methods based upon a  

s i n g l e  source  of d a t a .  
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A s  was i nd i ca t ed  i n  f i g u r e  1-2, an impor- 

t a n t  d i s t i ngu i sh ing  f e a t u r e  between methods 

under t h i s  heading concerns whether o r  no t  

they a r e  based upon case-by-case matching 

of census r eco rds  with r eco rds  from t h e  

supplementary source.  Under t h e  heading of 

"matching" s t u d i e s  a r e :  (a)  post-censal  

matching surveys, (b) r e in t e rv i ew  surveys, 

(c )  record checks, and (d) comparisons with 

e x i s t i n g  household surveys. Methods n o t  

based upon record-by-record matching, o r  

"non-matching" s t ud i e s ,  include:  (a)  demo- 

graphic a n a l y s i s  using prev ious  censuses,  

(b) comparison w i th  admin i s t r a t i ve  d a t a ,  

(c) comparison wi th  e x i s t i n g  household sur- 

veys, and (d) i n t e r p e n e t r a t i o n  s t u d i e s .  Each 

of these  methods i s  described b r i e f l y  below. 

A common f e a t u r e  of t he  methods con- 

s idered  under t h i s  heading i s  t h a t  they 

r e q u i r e  a matching operat ion in which i nd i -  

1 v i d u a l  census r eco rds  a r e  matched a g a i n s t  

i nd iv idua l  r eco rds  from another  d a t a  source 

t o  evaluate  census coverage and/or  t he  ac- 

curacy of t he  census information f o r  charac- 

t e r i s t i c s  covered in  t he  census. The methods 

d i f f e r  p r imar i ly  i n  terms of t h e  type  of in- 

formation which i s  matched a g a i n s t  t h e  census 

information. Another d i s t i ngu i sh ing  f e a t u r e  

is t h a t  two of t h e  methods cons idered  (post-  

censaf  matching surveys and r e i n t e r v i e w  

surveys) a r e  t y p i c a l l y  conducted s h o r t l y  

a f t e r  but i n  conjunct ion with t h e  census, 

while t he  o ther  two methods ( record  checks 

and comparisons wi th  e x i s t i n g  household sur-  

veys) u t i l i z e  information which i s  c o l l e c t e d  

s epa ra t e ly  from the  census, e i t h e r  on a 

regular  ba s i s  (populat ion or  b i r t h  r e g i s t r a -  

t i o n  systems, f o r  example) o r  on ly  i n t e r -  

m i t t en t l y  ( f o r  example, demographic o r  o the r  

socioeconomic household surveys) . 

6.11 Post-censal  matching surveys.-- 

A post-censal  matching survey c o n s i s t s  of 

t he  re-enumeration of an independently- 

s e l ec t ed  p r o b a b i l i t y  sample of t h e  t a r g e t  

census popula t ion  and t h e  subsequent de t e r -  

mination of "coverage s t a t u s "  i n  t h e  census 

on t h e  b a s i s  of a record-by-record match. 

I d e a l l y ,  an a d d i t i o n a l  sample of census 

cases  a l s o  should be drawn and enumerated 

t o  check f o r  d u p l i c a t e s  and e r roneous  in -  

c lu s ions  i n  t h e  census enumeration. The 

r e s u l t s  from the  sample cases  a r e  "weighted- 

up" t o  measure coverage f o r  t h e  e n t i r e  t a r g e t  

populat ion.  The p r i n c i p l e s  of "dual-system" 

e s t ima t ion  a r e  t y p i c a l l y  u t i l i z e d  i n  making 

these  coverage e s t ima te s .  (See chap t e r  2 

f o r  a d i s cus s ion  of d u a l  system procedures . )  

I f  p roper ly  designed and executed,  a 

post-censal  matching survey can  provide  

measures of bo th  g r o s s  and n e t  coverage 

e r r o r ,  a s  we l l  a s  information on t h e  com- 

ponents of coverage e r r o r  (misses ,  d u p l i -  

c a t i o n s ,  and erroneous enumerat ions) .  For  

example, coverage e r r o r  caused by e n t i r e  

housing u n i t s  o r  households being missed can  

be separa ted  from those  caused by i n d i v i -  

dua l s  wi th in  enumerated households being 

missed, a s  can e r r o r s  r e s u l t i n g  dur ing  f i e l d  

enumera.tion from those  occur r ing  dur ing  t h e  . 
census process ing  opera t ions .  This  in f  orma- 

t i o n  may provide c l u e s  a s  t o  t h e  r ea sons  f o r  

t h e  e r r o r s ,  a s  wel l  a s  methods t h a t  could 

prove u s e f u l  i n  reducing such e r r o r s  i n  

f u t u r e  censuses and surveys. 

A more f a m i l i a r  name f o r  a pos t -censa l  

matching survey is a post-enumeration survey,  

o r  PES. S t r i c t l y  speaking, t.he term pos t -  

enumeration survey can  be appl ied  t o  any 

survey conducted a f t e r  a census which i s  

used t o  eva lua t e  t h e  census r e s u l t s .  Typi- 

c a l l y ,  however, t h e  term is  used t o  d e s c r i b e  
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a sample survey undertaking which is  con- 

ducted s h o r t l y  a f t e r  a c e n s u s  f o r  t h e  primary 

purpose of eva lua t ing  t h e  census .  Th is  def i- 

n i t i o n  of PES w i l l  be used in t h i s  manual. 

Within t h e  con tex t  of t h i s  d e f i n i t i o n ,  

i t  i s  important  t o  d i s t i n g u i s h  between p o s t -  

c e n s a l  matching surveys o r  s t u d i e s ,  whose 

primary ob j  e c t i v e  is  t o  measure census cover-  

age e r r o r ,  and (con ten t )  r e i n t e r v i e w  surveys ,  

whose primary o b j e c t i v e  is t o  e v a l u a t e  t h e  

e x t e n t  of con ten t  e r r o r  in t h e  recorded cen- 

sus  c h a r a c t e r  i s t i c s  of t h e  popula t ion .  While 

t h e  term r e i n t e r v i e w  survey  o f t e n  i s  used 

synonomously with  PES, i t s  u s e  in t h i s  manual 

w i l l  be r e s t r i c t e d  t o  r e f e r  t o  a survey whose 

o b j e c t i v e  i s  t o  measure c o n t e n t  e r r o r .  

The d i s t i n c t i o n  between pos t -censa l  

matching surveys and r e i n t e r v i e w  surveys i s  

an important  one f o r  methodological  reasons ,  

a s  w e l l  a s  w i t h  regard  t o  t h e  t y p e s  of e r r o r s  

( t h a t  is ,  coverage v e r s u s  c o n t e n t )  being 

measured. A s  i s  descr ibed  in d e t a i l  i n  

c h a p t e r s  2 and 3,  t h e  methodological  r e q u i r e -  

ments of t h e  two types  of s t u d i e s  a r e  some- 

what d i f f e r e n t .  It i s  p o s s i b l e ,  however, t o  

combine t h e  two s t u d i e s  i n t o  a s i n g l e  post- 

enumeration survey e f f o r t .  Th is  has  been 

done q u i t e  f r e q u e n t l y  i n  bo th  developed and 

developing c o u n t r i e s .  

6 .12  Reinterview surveys.--As i n d i c a t e d  

above, a r e i n t e r v i e w  survey  i s  designed t o  

e v a l u a t e  t h e  accuracy of t h e  recorded i n f o r -  

mation f o r  s e l e c t e d  census i t e m s .  While 

d i s c r e p a n c i e s  between t h e  census and r e -  

in te rv iew survey in format ion  could occur  

f o r  a v a r i e t y  of reasons  (enumerator,  coder ,  

o r  key-punch e r r o r s ,  f o r  example),  t h e  ob- 

j e c t i v e  of r e i n t e r v i e w  survey e v a l u a t i o n  

e x e r c i s e s  i s  t o  measure t h e  broader  concept 

of response e r r o r .  A s  might  be l o g i c a l l y  

i n f e r r e d  from t h e  d e s c r i p t i o n  above, s i n c e  

census  and r e i n t e r v i e w  r e s p o n s e s  t o  t h e  same 
census i t ems  f o r  t h e  same i n d i v i d u a l s  a r e  

r e q u i r e d ,  on ly  re in te rv iew-survey  r e c o r d s  

whi'ch a r e  s u c c e s s f u l l y  matched t o  c e n s u s  

r e c o r d s  ( t h a t  is ,  t o  t h e  c e n s u s  r e c o r d  f o r  

t h e  same ind iv idua l )  a r e  c o n s i d e r e d  i n  a s -  

s e s s i n g  t h e  ex ten t  of c o n t e n t  e r r o r .  

I n  descr ib ing  c e n s u s  r e i n t e r v i e w  sur -  

veys,  i t  is  important t o  d i s t i n g u i s h  between 

two t y p e s  of r e i n t e r v i e w  s u r v e y  d e s i g n s .  

These d e s i g n s  d i f f e r  in terms of t h e i r  meas- 

urement o b j e c t i v e s .  The f i r s t  t y p e ,  t h e  

r e i n t e r v i e w  survey w i t h  a b i a s  measurement 

o b j e c t i v e ,  aims a t  measuring t h e  e x t e n t  t o  

which t h e  responses  recorded  i n  t h e  census  

d i f f e r  from t h e  a c t u a l  o r  " t r u e "  v a l u e  of 

t h e  census  c h a r a c t e r i s t i c  f o r  t h e  i n d i v i d u a l .  

I n  o r d e r  t o  measure b i a s ,  t h e  r e i n t e r v i e w  

survey i s  designed t o  o b t a i n  more a c c u r a t e  

d a t a  than  were o b t a i n a b l e  i n  t h e  census .  

I t  i s  assumed t h a t  more a c c u r a t e  in format ion  

can 'be ob ta ined  in t h e  r e i n t e r v i e w  s u r v e y  

through t h e  u s e  of " p r e f e r r e d "  d a t a  c o l l e c -  

t i o n  procedures ,  which f o r  a n y  number of 

r e a s o n s  were n o t  f e a s i b l e  f o r  u s e  in t h e  

census.  P r e f e r r e d  p r o c e d u r e s  c o u l d  i n c l u d e  

such t h i n g s  a s  t h e  u s e  of more h i g h l y  q u a l i -  

f i e d  and b e t t e r  t r a i n e d  i n t e r v i e w e r s ,  t h e  

u s e  of more e x t e n s i v e  p rob ing  t e c h n i q u e s  in 

s o l i c i t i n g  responses  t o  q u e s t i o n n a i r e  i tems,  

and (most important ly)  f i e l d  r e c o n c i l i a t i o n  

of d i f f e r e n c e s  between r e s p o n s e s  g i v e n  i n  

t h e  census  and r e i n t e r v i e w  s i t u a t i o n .  To 

measure "systemat ic"  e r r o r s ,  o r  b i a s  i n  

t h e  census  d a t a ,  t h e  r e i n t e r v i e w  s u r v e y  

r e s p o n s e s  a r e  assumed t o  r e f l e c t  t h e  " t r u t h "  

(o r  a t  l e a s t  a r e  assumed t o  be more a c c u r a t e  

than  t h e  census)  and t h u s  a r e  used  a s  a 

"s tandard" a g a i n s t  which t h e  c e n s u s  r e s u l t s  

a r e  compared. 

I n  t h e  second t y p e  of r e i n t e r v i e w  sur -  

vey, one w i t h  a response v a r i a n c e  measurement 
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o b j e c t i v e ,  each person o r  housing u n i t  i s  

viewed a s  having a popula t ion  of responses  t o  

a s p e c i f i c  q u e s t i o n  which can be generated by 

independent r e p e t i t i o n  of t h e  same survey 

procedures under t h e  same g e n e r a l  c o n d i t i o n s .  

These condi t ions  inc lude  such t h i n g s  a s  t h e  

ques t ionna i re  used,  t h e  method of o b t a i n i n g  

responses ,  t h e  method of r e c o r d i n g  responses ,  

and t h e  sponsorship of t h e  survey .  The cen- 

s u s  o b t a i n s  t h e  f i r s t  of t h e s e  responses  w h i l e  

t h e  r e in te rv iew survey o b t a i n s  t h e  second by 

applying t h e  same survey procedures  under 

t h e  same g e n e r a l  c o n d i t i o n s  as e x i s t e d  i n  t h e  

census in te rv iew.  The two r e s p o n s e s  a r e  

assumed t o  have been s e l e c t e d  randomly from 

t h e  populat ion of responses  and a r e  compared 

t o  produce e s t i m a t e s  of t h e  average  t r i a l - t o -  

t r i a l  response v a r i a b i l i t y ,  which i s  commonly 

r e f e r r e d  t o  a s  a simple response  v a r i a n c e .  

Nei ther  of these  two types  of s t u d i e s ,  i n  

a p p l i c a t i o n ,  can meet i t s  t h e o r e t i c a l  assump- 

t i o n s .  The f i r s t  type of r e i n t e r v i e w  survey ,  

one wi th  a b i a s  measurement o b j e c t i v e ,  i s  

u n l i k e l y  t o  o b t a i n  t h e  " t r u t h "  i n  a l l  c a s e s  

s i n c e  t h e  survey is s u b j e c t  t o  some of t h e  

same types  of e r r o r s  a s  t h e  census  ( i . e .  t h e  

respondent may d e l i b e r a t e l y  f a l s i f y  responses  

o r  simply may n o t  know t h e  c o r r e c t  answer) .  

There is  a l s o  t h e  problem of noninterviews 

and/or  nonresponses t o  p a r t i c u l a r  i t ems .  I n  

t h e  second case ,  t h e  r e i n t e r v i e w  survey w i t h  

a var iance  measurement o b j e c t i v e ,  t h e  condi- 

t i o n s  of t h e  o r i g i n a l  i n t e r v i e w  may n o t  be 

dup l ica ted  i n  t h e  r e i n t e r v i e w  a s  r e q u i r e d  

conceptual ly  t o  y i e l d  independent responses  

under t h e  same genera l  survey c o n d i t i o n s .  For 

example, a respondent may be condi t ioned  t o  

answer i n  t h e  r e i n t e r v i e w  on t h e  b a s i s  of t h e  

o r i g i n a l  r e p l y  t o  the  census q u e s t i o n  r a t h e r  

than by a t t empt ing  t o  answer t h e  q u e s t i o n  

independent ly .  However, bo th  t e c h n i q u e s ,  

i f  approached c a r e f u l l y ,  can p r o v i d e  u s e f u l  

in format ion  f o r  census  e v a l u a t i o n  purposes .  

6.13 Record checks.--Information c o l -  

l e c t e d  on a r o u t i n e  b a s i s  a s  p a r t  of v a r i o u s  

t y p e s  of r e g i s t r a t i o n / i d e n t i f  i c a t i o n  sys tems  

of t e n  can prov ide  v a l u a b l e  i n f o r m a t i o n  f o r  

u s e  i n  e v a l u a t i n g  censuses  of p o p u l a t i o n  and 

housing. A matching procedure s i m i l a r  t o  

t h a t  used in e v a l u a t i n g  a census  on t h e  b a s i s  

of PES d a t a  i s  used under  t h i s  approach.  

Under t h i s  procedure,  a sample of r e c o r d s  

from t h e  r e g i s t r a t i o n / r e c o r d  sys tem(s )  being 

used i s  s e l e c t e d  and t h e  r e l e v a n t  p e r s o n s  

" t raced" forward t o  t h e  t ime of t h e  census .  

The f o l l o w i n g  a r e  examples of t h e  t y p e s  of 

record  systems which can be used t o  e v a l u a t e  

census  r e s u l t s :  

L i s t s  of pe rsons  enumerated in a 
p r e v i o u s  census  

R e g i s t e r s  of b i r t h s  dur ing  the inter - 
c e n s a l  pe r iod  

L i s t s  o f  s t u d e n t s  e n r o l l e d  in s c h o o l s ,  
c o l l e g e s ,  and u n i v e r s i t i e s  

C i t i z e n  i d e n t i f i c a t i o n  c a r d s  

Voter  r e g i s t r a t i o n  l i s t s  

R e g i s t r a t i o n  l is ts  of o p e r a t o r s  of 
motor v e h i c l e s  

Records of n a t i o n a l  h e a l t h  and  s o c i a l  
s e c u r i t y  systems 

Records of newly c o n s t r u c t e d  housing 
u n i t s  

R e g i s t e r s  of households  

Immigration r e g i s t e r  

S i n c e  matching is  performed on a case -  

by-case b a s i s ,  r ecord  checks  c a n  be used t o  

measure bo th  coverage and c o n t e n t  e r r o r  i n  
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t h e  census r e s u l t s .  The t h r e e  major condi- 

t i o n s  which must be met f o r  record checks 

t o  represen t  a  v i a b l e  op t ion  f o r  census 

coverage eva lua t ion  purposes a r e  a s  fo l lows:  

(1) The record  system must inc lude  c l e a r l y  
defined segments of o r  t h e  e n t i r e  t a r -  
ge t  populat ion covered i n  t h e  census 
and should be s u b s t a n t i a l l y  complete; 
t ha t  is, a  l a r g e  propor t ion  of a l l  
app l i cab l e  per  sons or  even t s  should 
be covered i n  t he  system, 

(2)  The record system must be independent 
of the  census; t h a t  is, t h e  p robab i l i t y  
of an i nd iv idua l  being covered by the  
record system must be u n ~ e l a t e d  t o  
the p r o b a b i l i t y  of t h a t  person being 
counted i n  t h e  census, 

(3) The information provided by t h e  record 
system should be s u f f i c i e n t  t o  ensure 
t h a t  matching can be performed accu- 
r a t e l y .  

I f  record checks a r e  t o  be used f o r  conten t  

evaluat ion purposes, i t  i s  a l s o  necessary  

t h a t  the  record system con ta in  information 

on a t  l e a s t  some of t he  i t e m s  covered i n  t h e  

census ( fo r  example, age, educa t ion ,  income, 

e t c . )  and t h a t  t he  d e f i n i t i o n s  used i n  t he  

record system be t he  same o r  very s i m i l a r  

t o  those used i n  t he  census. 

I n  a c t u a l  p r ac t i ce ,  t he se  cond i t i ons  a r e  

r a r e l y  f u l l y  met,  p a r t i c u l a r l y  t h e  condi t ions  

of independence and completeness of coverage 

of the  record system. Despi te  t he se  l im i t a -  

t i o n s ,  the  information r e s u l t i n g  from record 

checks can provide cons iderab le  i n s i g h t  i n t o  

l e v e l s  and p a t t e r n s  of coverage and content  

e r ro r  i n  populat ion and housing .censuses. 

Among the  c o u n t r i e s  which have used some form 

of record checks t o  eva lua te  censuses a r e  

Belgium, Canada, Denmark, F in land ,  G i b r a l t a r ,  

Guatemala, Honduras, I s r a e l ,  I t a l y ,  t h e  

Netherlands, Norway, Sweden, Taiwan, the  

United S t a t e s ,  and Yugoslavia. 

6.14 Comparison wi th  e x i s t i n g  household 

surveys. - -Theoret ical ly ,  any s c i e n t i f i c a l l y -  

designed p robab i l i t y  sample of housing u n i t s ,  

households, o r  i nd iv idua l s  can be used t o  

eva lua t e  a  census i n  roughly t h e  same manner 

a s  was descr ibed above i n  connect ion wi th  

post-enumeration surveys. The same bas i c  

p r i n c i p l e s  apply  t o  t he  use  of e i t h e r  one- 

t ime (ad hoc) o r  cont inuing surveys  f o r  

census eva lua t ion  purposes a s  app ly  t o  pos t -  

enumeration surveys, t he  two most important  

p r i n c i p l e s  being t he  independence of t he  

survey from t h e  census and t h e  s u f f i c i e n c y  

of t h e  information c o l l e c t e d  in t h e  survey 

t o  enable  t h e  survey r eco rds  t o  be matched 

a g a i n s t  t he  census r eco rds  t o  a s s e s s  cover- 

age i n  t h e  census. The importance of con- 

s i s t e n t  d e f i n i t i o n s  of c h a r a c t e r i s t i c s  no ted  

above i n  connection wi th  r eco rd  checks  a l s o  

a p p l i e s  i f  ex i s t i ng  surveys a r e  t o  be used 

t o  eva lua t e  census con t en t .  A s  was t h e  c a s e  

with t h e  methods discussed p rev ious ly ,  t h e s e  

e s s e n t i a l  condi t ions  a r e  r a r e l y  f u l l y  met. 

The r a t i o n a l e  f o r  t he  use  of household 

surveys t o  eva lua te  censuses i n  a  case-by-case 

match l i e s  i n  t he  f a c t  t h a t ,  because of t h e i r  

smal le r  s c a l e ,  g r ea t e r  o p e r a t i o n a l  c o n t r o l  can 

be maintained i n  comparison w i th  a  l a rge - sca l e  

undertaking such a s  a  census,  w i t h  t he  r e s u l t  

t h a t  survey da t a  o f t en  a r e  thought  t o  be of 

h igher  q u a l i t y  than census d a t a .  This  i s  more 

l i k e l y  t o  be t he  case f o r  surveys  conducted 

on a  r e p e t i t i v e  or  cont inu ing  b a s i s  than  

f o r  surveys conducted on a  one-time o r  in -  

t e r m i t t e n t  b a s i s  due t o  more i n t e n s i v e l y  

t r a ined  and experienced personnel  . How- 

ever ,  i t  should be noted t h a t  t h e  timing 

of t h e  survey i n  r e l a t i o n  t o  t h e  census i s  

a  c r i t i c a l  f a c t o r .  With surveys  taken  a  

long time p r i o r  o r  subsequent t o  t h e  census, 
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t h e  d i f f i c u l t i e s  involved in covering t h e  

census populat ion ( t h a t  i s ,  t h e  t a r g e t  popu- 

l a t i o n  o r  un iverse  f o r  t h e  census)  a r e  

l i k e l y  t o  be c o n s i d e r a b l e  because of t h e  

confounding e f f e c t s  of b i r t h s ,  d e a t h s ,  and 

migra t ion  during t h e  in te rven ing  per iod .  On 

t h e  o t h e r  hand, i t  is  l i k e l y  t o  be q u i t e  

d i f f i c u l t  t o  main ta in  independence i n  major 

survey undertakings conducted s h o r t l y  b e f o r e  

o r  a f t e r  a  census .  

Among t h e  c o u n t r i e s  which have used 

e x i s t i n g  household surveys f o r  census  cover-  

age o r  con ten t  e v a l u a t i o n  purposes  a r e  t h e  

F e d e r a l  Republic of Germany, I s r a e l ,  Japan ,  

and t h e  United S t a t e s .  

6 . 2  Nan-rna-tckirzg n t u d i u  

Non-matching s t u d i e s ,  t h a t  i s  t h o s e  

which a r e  n o t  based upon t h e  matching of 

i n d i v i d u a l  census  r e c o r d s  wi th  r e c o r d s  from 

a n o t h e r  source,  r ange  from a q u i t e  b a s i c  

computation of an "expectedt' census  count  of 
1 ' p o p u l a t i o n b a s e d u p o n a p r e v i o u s c e n s u s  

t o t a l  and an assumed r a t e  of i n t e r c e n s a l  

growth, t o  more e l a b o r a t e  procedures  based 

upon s e p a r a t e  p r o j e c t i o n s  of each of t h e  

components of popula t ion  change ( t h a t  i s ,  

f e r t i l i t y ,  m o r t a l i t y ,  and i n t e r n a t i o n a l  

migra t ion)  and t h e  u s e  of a d m i n i s t r a t i v e  d a t a  

and e x i s t i n g  household surveys  t o  d e r i v e  an  

expected populat ion e s t i m a t e .  General ly  

speaking,  t h i s  group of methods may be de- 

s c r i b e d  a s  "demographic methods", a l though  

t h i s  genera l  concept a l lows  f o r  c o n s i d e r a b l e  

v a r i a b i l i t y  i n  terms of l e v e l  of methodologi- 

c a l  s o p h i s t i c a t i o n  and q u a l i t y  of r e s u l t s .  

I n  t h e  d i s c u s s i o n  below, methods a r e  

grouped i n t o  t h r e e  c a t e g o r i e s  a s  fo l lows :  

(a) demographic a n a l y s i s  us ing  prev ious  

censuses ,  (b) comparisons w i t h  admin is t ra -  

t i v e  r e c o r d s ,  and ( c )  comparisons wi th  

e x i s t i n g  household surveys.  

6.21 Demographic a n a l y s i s  u s i n g  pre-  

v i o u s  censuses.--Methods i n  t h i s  c a t e g o r y ,  

a s  t h e  ca tegory  heading i m p l i e s ,  u s e  i n f o r -  

mat ion on t h e  s i z e  and compos i t ion  of t h e  

popula t ion  from a p r e v i o u s  c e n s u s  a l o n g  w i t h  

a c t u a l  d a t a  on o r  assumpt ions  a b o u t  t h e  r a t e  

of change i n  t h e  components o f  p o p u l a t i o n  t o  

d e r i v e  an  "expected" p o p u l a t i o n  count .  T h i s  

"expected" popula t ion  is  t h e n  compared w i t h  

t h e  popula t ion  enumerated in t h e  c e n s u s  

being eva lua ted  t o  a s s e s s  its accuracy .  

The most b a s i c  of t h e s e  p rocedures  con- 

sists of app ly ing  a n  assumed r a t e  of i n t e r -  

c e n s a l  popula t ion  growth t o  t h e  enumerated 

p o p u l a t i o n  from a p r e v i o u s  census  t o  e s t i -  

mate t h e  popula t ion  expected a t  t h e  t ime  

of t h e  c u r r e n t  census .  A v a r i a n t  o f  t h i s  

procedure would c o n s i s t  of t h e  a p p l i c a t i o n  

of d i f f e r e n t  assumed growth r a t e s  f o r  v a r i -  

ous  subpopula t ions  ( r e g i o n s  o r  p r o v i n c e s ,  

f o r  example) t o  o b t a i n  expec ted  p o p u l a t i o n  

f o r  each subgroup. 

Another f a i r l y  s i m p l e  p rocedure  i n v o l v e s  

t h e  u s e  of t h e  p o p u l a t i o n  ba lanc ing  e q u a t i o n  

t o  estimate t h e  expected p o p u l a t i o n  a t  t h e  

t ime  of a  c u r r e n t  census .  Under t h i s  pro- 

cedure ,  t h e  number of b i r t h s ,  d e a t h s ,  in- 

m i g r a n t s  and o u t - i n i g r a n t s  a r e  added t o  o r  

s u b t r a c t e d  from t h e  p o p u l a t i o n  enumerated in 

a p r e v i o u s  census  t o  c a l c u l a t e  a n  expec ted  

popula t ion  s i z e  and compos i t ion  which s e r v e s  

a s  t h e  b a s i s  f o r  e v a l u a t i n g  t h e  c u r r e n t  cen- 

s u s .  Of c o u r s e ,  t h i s  p rocedure  is dependent  

upon t h e  e x i s t e n c e  of a n  e s s e n t i a l l y  com- 

p l e t e  r e g i s t r a t i o n  system of b i r t h s ,  d e a t h s ,  

and i n t e r n a t i o n a l  m i g r a t i o n ,  a  t a r g e t  which 

h a s  n o t  y e t  been a t t a i n e d  i n  many c o u n t r i e s .  

I n  c o u n t r i e s  w i t h  incomple te  r e g i s t r a -  

t i o n  systems, a n  a l t e r n a t i v e  t o  t h e  d i r e c t  

u s e  of t h e  popula t ion  b a l a n c i n g  e q u a t i o n  i s  

t o  e s t i m a t e  t h e  number of i n t e r c e n s a l  

b i r t h s ,  d e a t h s ,  and n e t  m i g r a n t s  on t h e  b a s i s  
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of assumptions regard ing  t h e  l e v e l  of and 

t r e n d s  i n  f e r t i l i t y ,  m o r t a l i t y ,  and migra- 

t i o n  during t h e  i n t e r c e n s a l  pe r iod .  Under 

t h i s  approach, assumed o r  es t imated  f e r t i l i t y ,  

m o r t a l i t y ,  and migra t ion  r a t e s  a r e  a p p l i e d  

t o  t h e  populat ion enumerated in a p r e v i o u s  

census  t o  "proj  e c t "  t h a t  popula t ion  forward 

t o  t h e  d a t e  of t h e  c u r r e n t  census.  T h i s  

p r o j e c t e d  popula t ion  i s  then compared t o  t h e  

populat ion enumerated i n  t h e  c u r r e n t  census  

t o  a s s e s s  i t s  accuracy. Assumptions regard-  

i n g  l e v e l s  and t r e n d s  i n  t h e  components of 

popula t ion  change can be and t y p i c a l l y  a r e  

developed from t h e  r e s u l t s  of demographic 

surveys conducted during t h e  i n t e r c e n s a l  

p e r i o d ,  o r  even from t h e  p rev ious  census  

u s i n g  i n d i r e c t  t echn iques  f o r  t h e  e s t i m a t i o n  

of demographic parameters.  

6.22 Comparison w i t h  a d m i n i s t r a t i v e  

records.--In some s i t u a t i o n s ,  it i s  p o s s i b l e  

t o  e v a l u a t e  t h e  accuracy of census  r e s u l t s  

f o r  a t  l e a s t  some subpopulat ions  th rough  

d i r e c t  comparison w i t h  a d m i n i s t r a t i v e  s t a -  

t i s t i c s  c o l l e c t e d  f o r  o t h e r  purposes .  These 

comparisons y i e l d  informat ion on t h e  accuracy 

of  t h e  t o t a l  count and poss ib ly  t h e  compo- 

s i t i o n  of t h e  popula t ion  enumerated w i t h  

r e s p e c t  t o  s e l e c t e d  important  c h a r a c t e r i s -  

t i c s  ( f o r  example, age and sex) .  Examples 

o f  t h e  types  of a d m i n i s t r a t i v e  record  sys -  

t e m s  which might be considered f o r  u s e  

i n  t h i s  manner a r e  records  of bapt isms,  

household r e g i s t e r s ,  school  enro l lment  

d a t a ,  and/or  s o c i a l  s e c u r i t y  insurance  

systems. 

6.23 Comparisons with  e x i s t i n g  house- 

hold surveys.--The r a t i o n a l e  f o r  us ing  e x i s t -  

i n g  household surveys t o  e v a l u a t e  a census 

on a  non-matching b a s i s  ( t h a t  i s ,  where no 

at tempt  i s  made t o  match i n d i v i d u a l  census  

and survey records )  l i e s  i n  t h e  f a c t  t h a t  

sample surveys a r e  o f t e n  less a f f e c t e d  by 

nonsampling e r r o r  than  censuses .  A s  no ted  

p r e v i o u s l y ,  t h i s  i s  due i n  l a r g e  p a r t  t o  

t h e  g r e a t e r  o p e r a t i o n a l  c o n t r o l  t h a t  can 

be maintained i n  a  sample survey s i t u a t i o n  

i n  comparison wi th  a  census .  A s  a  r e s u l t ,  

su rvey  d a t a  on popula t ion  c h a r a c t e r i s t i c s  

a l s o  measured by a  census  o f t e n  a r e  con- 

s i d e r e d  t o  be more a c c u r a t e  than  t h e  census  

r e s u l t s .  

The u s e  of e x i s t i n g  household surveys  

on a  non-matching b a s i s  f o r  census  eva lua-  

t i o n  purposes  i s  l i m i t e d  by two pr imary 

f a c t o r s .  F i r s t ,  u n l i k e  a  complete enumer- 

a t i o n ,  t h e  survey e s t i m a t e s  a r e  a f f e c t e d  

by sampling e r r o r  which must be  t aken  i n t o  

c o n s i d e r a t i o n  when comparing t h e  census  and 

survey  d a t a .  Second, t h e  t iming  of t h e  

household survey being cons idered  i n  r e l a -  

t i o n  t o  t h e  census i s  a  c r i t i c a l  f a c t o r .  

I f  t h e  r e f e r e n c e  d a t e  f o r  t h e  survey  is t o o  

f a r  removed from t h e  census d a t e ,  compar- 

i s o n s  between t h e  two s e t s  of e s t i m a t e s  

w i l l  i n c l u d e  d i f f e r e n c e s  a r i s i n g  s imply  

because t h e  popula t ion  s i z e  and composi t ion 

w i t h  r e s p e c t  t o  important  c h a r a c t e r i s t i c s  

had changed dur ing  t h e  i n t e r v e n i n g  per iod .  

I n  such  a  c a s e ,  i t  i s  d i f f i c u l t  t o  s e p a r a t e  

e r r o r s  from a c t u a l  changes i n  impor tan t  

c h a r a c t e r  i s t i c  s of t h e  popula t ion  being 

s t u d i e d .  These f a c t o r s  s i g n i f i c a n t l y  l i m i t  

t h e  u s e  of household surveys  f o r  e v a l u a t i n g  

censuses  on a  non-matching b a s i s ,  a l t h o u g h  

some u s e f u l  in format ion  can be o b t a i n e d  i f  

t h e  a n a l y s e s  a r e  approached c a r e f u l l y .  

7. RELATIVE STRENGTHS AND WEAKNESSES 

Each of t h e  methods d e s c r i b e d  i n  t h e  

p rev ious  s e c t i o n s  of t h i s  c h a p t e r  h a s  

s t r e n g t h s  and weaknesses a s s o c i a t e d  w i t h  i t .  

I n  c o n s i d e r i n g  t h e  r e l a t i v e  m e r i t s  o f  t h e  

d i f f e r e n t  approaches,  t h e  f o l l o w i n g  c r i t e r i a  

should be t aken  i n t o  account :  
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The types  of e r r o r s  which a r e  measure- 
a b l e  by each method; 

The number and types  of assumptions 
which must b e  made i n  o r d e r  t o  app ly  
t h e  method; 

The degree  of d i f f i c u l t y  t y p i c a l l y  
encountered i n  s a t i s f y i n g  t h e  necessa ry  
assumptions and t h e  consequences of 
f a i l u r e  t o  do so;  

The l e v e l  of t e c h n i c a l  and f i n a n c i a l  
r esources  r e q u i r e d  t o  implement t h e  
complex o p e r a t i o n s .  

Since methods c l a s s i f i e d  under each 

of t h e  genera l  approaches o u t l i n e d  i n  f i g -  

u r e  1-2 tend t o  s h a r e  t h e  same s t r e n g t h s  

and weaknesses, t h e  d i s c u s s i o n  below is 

organized i n  terms of comparisons among 

t h e s e  genera l  approaches .  S t r e n g t h s  and 

weaknesses s p e c i f i c  t o  each method a r e  a l s o  

i n d i c a t e d ,  however. 

7 . 1  Methuh b u e d  upon ningle v m u n  
mu$tiple douhce~ 0 4  da.ta 

General ly ,  methods based upon a  s i n g l e  

source  of d a t a  ( t h a t  is ,  t h e  census i t s e l f )  

p rov ide  l e s s  i n s i g h t  i n t o  t h e  magnitude and 

types  of e r r o r  p r e s e n t  i n  t h e  d a t a  t h a n  do 

t h o s e  based upon comparisons of two o r  more 

sources  of d a t a .  For example, a g e  and s e x  

d i s t r i b u t i o n  a n a l y s e s ,  e i t h e r  by means of 

ana lyses  of age-sex r a t i o s  o r  s t a b l e l q u a s i -  

s t a b l e  p.opulation a n a l y s i s ,  p rov ide  a  gen- 

e r a l  impression of t h e  q u a l i t y  of t h e  cen- 

s u s  r e s u l t s ,  b u t  p rov ide  l i t t l e  i n s i g h t  

on t h e  r e l a t i v e  c o n t r i b u t i o n s  of coverage 

and content  e r r o r  o r  on t h e  i s s u e  of b i a s  

v e r s u s  var iance .  These types  of a n a l y s e s  

tend t o  be most u s e f u l  when t h e  r e s u l t s  can 

b e  compared w i t h  r e s u l t s  ob ta ined  by o t h e r  

methods ( f o r  example, e s t i m a t e s  of n e t  

coverage e r r o r  by age der ived  from a  PES 

o r  o t h e r  type of matching s t u d y ) .  

An advantage of t h i s  t y p e  of eval-  

u a t i o n  s tudy,  of course ,  lies i n  t h e  f a c t  

t h a t  i t  does n o t  r e q u i r e  a d d i t i o n a l  d a t a  

t o  be c o l l e c t e d  f o r  e v a l u a t i o n  purposes ,  

nor  a r e  s o p h i s t i c a t e d  d e s i g n s  and time- 

consuming matching o p e r a t  i o n s  r e q u i r e d  . 
Since  many n a t i o n a l  s t a t i s t i c a l  o f f  i c e s  i n  

developing c o u n t r i e s  have q u a l i f i e d  demo- 

g raph ic  s t a t i s t i c i a n s  on t h e i r  s t a f f  s ,  t h e r e  

i s  of t e n  no need f o r  s i g n i f i c a n t  i n c r e a s e s  

i n  s t a f f i n g  l e v e l s  o r  f o r  t e c h n i c a l  

a s s i s t a n c e  i n  c a r r y i n g  ou t  t h i s  t y p e  of 

e v a l u a t i o n .  I n  view of t h e s e  f a c t o r s ,  i t  i s  

g e n e r a l l y  d e s i r a b l e  t o  c a r r y  o u t  t h i s  t y p e  

of e v a l u a t i o n  e x e r c i s e  even when o t h e r  

methods a l s o  a r e  used i n  o r d e r  t o  p r o v i d e  a  

more comprehensive p i c t u r e  of t h e  q u a l i t y  

of census d a t a .  

I n t e r p e n e t r a t i n g  surveys  , i f  p r o p e r l y  

designed and executed,  can p r o v i d e  c o n s i d e r -  

a b l e  i n s i g h t  i n t o  t h e  r e l a t i v e  c o n t r i b u t i o n  

of component e r r o r s  a t  d i f f e r e n t  o p e r a t i o n a l  

s t a g e s  t o  t o t a l  census  e r r o r .  T h e i r  p r i -  

mary u s e  l ies i n  t h e  i d e n t i f i c a t i o n  of t h e  

o p e r a t i o n a l  a r e a s  i n  which improvements 

a r e  needed f o r  f u t u r e  censuses .  These 

surveys a l s o  p rov ide  measures of v a r i a n c e  

a s s o c i a t e d  w i t h  v a r i o u s  o p e r a t i o n a l  s t a g e s  

f o r  t h e  c u r r e n t  census  which can b e  used a s  

i n p u t  i n  c a l c u l a t i n g  measures of accuracy  

f o r  s e l e c t e d  census i t e m s  ( s e e  c h a p t e r  3 f o r  

f u r t h e r  d e t a i l s ) .  They do n o t ,  however, 

p rov ide  evidence on t h e  r e l a t i v e  magnitude 

of coverage v e r s u s  c o n t e n t  n o r  n e t  v e r s u s  

g r o s s  e r r o r ,  and t h u s  may b e  most u s e f u l  i n  

c o u n t r i e s  w i t h  p rev ious  e x p e r i e n c e  i n  census  

e v a l u a t i o n  and /or  i n  c o n j u n c t i o n  w i t h  o t h e r  

e v a l u a t i o n  methods. 

The United S t a t e s  has  used i n t e r p e n e -  

t r a t i o n  s t u d i e s  with  much s u c c e s s  s i n c e  

about 1950. More than  any o t h e r  c o n t e n t  

e v a l u a t i o n  s t u d y ,  t h e  i n t e r p e n e t r a t i o n  s t u d y  

has  shaped t h e  des ign  of t h e  census.  The 

method has a  number o f  drawbacks, however. 
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In t e rpene t r a t i on  study des ign  and ana ly se s  

r e q u i r e  technica l  personnel with advanced 

s t a t i s t i c a l  s k i l l s ,  a  s e r i ous  disadvantage 

when such resources a r e  scarce .  From an 

ope ra t i ona l  perspec t ive ,  t h e  f i e l d  procedures 

can be made r e l a t i v e l y  s imple and can be  

c a r r i e d  out  by t h e  r egu l a r  f i e l d  s t a f f  wi th  

some a d d i t i o n a l  t r a i n i n g .  However, more 

record keeping i s  required t o  record t h e  

unique enumerator i d e n t i f i e r  assoc ia ted  wi th  

every census ques t ionna i re  i n  t h e  s tudy  

sample. Moreover, a d d i t i o n a l  superv is ion  

is requi red  t o  ensure t h a t  procedures a r e  

being followed, i. e . ,  t h e  r e l evan t  in f  or-  

mation i s  captured and t h e  study enumerators 

a r e  maintaining t h e i r  i n t e rpene t r a t ed  

assignments.  Periodic  s i t e  v i s i t s  by 

t he  p ro j ec t  l e ade r s  a r e  mandatory. 

From a c o s t  perspec t ive ,  t h e  major 

disadvantage i s  t h e  increased  enumerator 

t r a v e l  c o s t s ,  s i nce  s tudy enumerators 

cover twice t h e  a r ea  covered by t h e  

convent ional  enumerators. Of course,  t h e  

a d d i t i o n a l  t r a i n i n g ,  record keeping, and 

superv is ion  a l s o  add t o  t h e  cos t  increases  

Despi te  these  disadvantages,  i n t e r -  

pene t r a t i on  s t u d i e s  provide u s e f u l  

information which i s  a v a i l a b l e  by no o t h e r  

means. For small  a r ea s ,  e s p e c i a l l y ,  t h e  

co r r e l a t ed  component of enumerator va r i ance  

i s  be l ieved  by many t o  be t h e  major 

component of nonsampling var iance .  The 

degree of con t ro l  requi red  t o  execute 

these  s t u d i e s ,  and t he  l e v e l  of s t a t i s t i c a l  

s o p h i s t i c a t i o n  required t o  ana lyze  t h e  

r e s u l t i n g  da t a  may discourage many coun t r i e s  

from tapping i t s  t r u e  p o t e n t i a l .  

The primary advantage of matching over 

non-matching s tud i e s  l i e s  i n  t h e i r  a b i l i t y  

t o  provide  s epa ra t e  e s t ima te s  of v a r i o u s  

types of e r r o r ;  t h a t  i s ,  coverage ve r sus  

conten t  and n e t  versus  gross .  Non-matching 

s t u d i e s ,  because they cons ider  t h e  census 

r e s u l t s  a t  t h e  aggrega te  l e v e l  r a t h e r  than  

a t  t h e  l e v e l  of i nd iv idua l  housing u n i t s ,  

households, o r  persons,  p rovide  on ly  e s t i -  

mates of ne t  census e r r o r .  Fu r the r ,  it is  

of t en  d i f f i c u l t  t o  d i s c e r n  t h e  r e l a t i v e  

importance of coverage and con t en t  e r r o r  

from non-matching s t u d i e s ,  and i n  many 

cases  conc lus ions  on t h i s  ma t t e r  must b e  

based upon t h e  judgement of t h e  a n a l y s t  

and/or upon i n d i r e c t  r a t h e r  than  d i r e c t  

evidence. 

Where a t  l e a s t  two censuses and rea-  

sonably a c c u r a t e  in format ion  on l e v e l s  of 

f e r t i l i t y ,  mor t a l i t y ,  and mig ra t i on  a r e  

a v a i l a b l e ,  demographic ana ly se s  can pro- 

v i d e  d e f e n s i b l e  and c o n s i s t e n t  e s t ima te s  

of census coverage ( a t  l e a s t  a t  t h e  n a t i o n a l  

l e v e l )  and s u b s t a n t i a l  evidence on t h e  over- 

a l l  q u a l i t y  of census age  da t a .  However, 

s i n c e  e s t ima te s  of census e r r o r  a r e  de r ived  

a s  " res idua l"  d i f f e r e n c e s  between t h e  a c t u a l  

and expected census counts ,  i t  is  important  

t o  have f a i r l y  a c c u r a t e  in format ion  on 

l e v e l s  of f e r t i l i t y ,  m o r t a l i t y ,  and migra- 

t i o n .  The accuracy of e s t ima te s  of census 

e r r o r  der ived from demographic ana lyses  of 

success ive  censuses depends e n t i r e l y  upon 

t h e  accuracy of t h e  in format ion  from t h e  

previous census and on t h e  components of 

populat ion change. Where t h i s  in format ion  

i s  of u n c e r t a i n  q u a l i t y ,  i t  i s  o f t e n  

d i f f i c u l t  t o  determine what po r t i on  of t h e  

est imated census e r r o r  t o  a s c r i b e  t o  e r r o r s  

made during t h e  census being eva lua ted  a s  

opposed t o  e r r o r s  a t t r i b u t a b l e  t o  t h e  d a t a  

used i n  t h e  c a l c u l a t i o n  of t h e  expected 

populat ion.  
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r e s u l t s  wi th  a d m i n i s t r a t i v e  d a t a  and e x i s t -  

ing household surveys,  on t h e  o t h e r  hand, 

a r e  a f f e c t e d  by coverage and completeness 

of t h e  d a t a  be ing  compared t o  t h e  census.  

I n  t h e  c a s e  of a d m i n i s t r a t i v e  d a t a ,  a n  

assessment must b e  made a s  t o  t h e  r e l a t i v e  

completeness of t h e s e  d a t a  a s  w e l l  a s  t o  

t h e  n e t  e f f e c t  of d i f f e r e n t i a l  b i a s e s  

which might e x i s t  i n  t h e  two sets of d a t a  

being compared. With regard  t o  household 

surveys,  bo th  t h e  e f f e c t s  of sampling 

e r r o r  i n  t h e  survey e s t i m a t e s  and t h e  

e x t e n t  of p o s s i b l e  c o r r e l a t i o n  b i a s  

between e r r o r s  i n  t h e  census and t h e  

survey need t o  be  taken i n t o  account .  The 

l a t t e r  problem is o f t e n  i n e v i t a b l e  when a 

p rev ious  census i s  used as a sampling 

frame f o r  t h e  survey and coverage e r r o r s  

i n  t h e  two censuses  a r e  c o r r e l a t e d .  

While be ing  a b l e  t o  p rov ide  s e p a r a t e  

e s t i m a t e s  of coverage and con ten t  o r  n e t  
\ 

and g r o s s  e r r o r ,  d i f f e r e n t  requ i rements  

apply i n  t h e  implementation of matching 

s t u d i e s .  The most r e a d i l y  apparen t  of t h e s e  

i s  t h e  s i g n i f i c a n t l y  h igher  l e v e l s  of 

t e c h n i c a l ,  manageria l ,  and f i n a n c i a l  re- 

sources .  The a d d i t i o n a l  r e s o u r c e s  r e q u i r e d  

t o  design and implement a matching s tudy  

and ana lyze  t h e  r e s u l t s  a r e  common t o  each 

of t h e s e  methods. I n  t h e  c a s e  of pos t -  

enumeration surveys ,  an a d d i t i o n a l  round 

of d a t a  c o l l e c t i o n  a l s o  has  t o  be under- 

taken p r i o r  t o  t h e  matching o p e r a t i o n .  

Aside from t h e s e  g r e a t e r  o p e r a t i o n a l  

demands, t h e  major d i f f i c u l t y  a k i s i n g  i n  

t h e  implementation of matching s t u d i e s  

invo lves  t h e  e x t e n t  t o  which t h e  t h e o r e t i c a l  

assumptions of t h e  underlying methodology 

can be s a t i s f i e d  i n  a c t u a l  p r a c t i c e .  

Typica l ly ,  b i a s e s  of s e v e r a l  types  a r e  

p r e s e n t  (and t o  a l a r g e  e x t e n t  unavoidable)  . 
Response c o r r e l a t i o n  b i a s  r e s u l t s  from t h e  

f a c t  t h a t  t h e  two d a t a  systems be ing  

compared a r e  n o t  i n  f a c t  independent ;  t h a t  

i s ,  t h e  p r o b a b i l i t y  of a s u b j e c t  be ing  

covered i n  t h e  census i s  c o r r e l a t e d  w i t h  

t h e  p r o b a b i l i t y  of being covered i n  t h e  

second d a t a  system. Matching b i a s  r e s u l t s  

because t h e  r u l e s  and i n f o r m a t i o n  used i n  

conducting matching o p e r a t i o n s  a r e  imper fec t  

and e r r o r s  a r e  made i n  de te rmin ing  "match- 

s t a t u s .  " Out-of -scope b i a s  a r i s e s  when 

persons  who should n o t  have been a r e  

included i n  e i t h e r  system of d a t a  being 

compared. 

I n  g e n e r a l ,  c o r r e l a t i o n  b i a s  t e n d s  t o  

b e  r e l a t i v e l y  low i n  t h e  c a s e  of r e c o r d  

checks s i n c e  t h e  c a u s e s  of omiss ions  and 

erroneous i n c l u s i o n s  a r e  s u b s t a n t i a l l y  

d i f f e r e n t  than  those  encounte red  i n  

censuses  and surveys.  Matching b i a s ,  on 

t h e  o t h e r  hand, can b e  more r e a d i l y  

c o n t r o l l e d  i n  a PES t h a n  i n  o t h e r  matching 

methods because t h e  d a t a  c o l l e c t i o n  proce- 

d u r e s  can b e  designed s p e c i f i c a l l y  t o  

f a c i l i t a t e  matching. 

Considerable  e f f o r t  must b e  made i n  

t h e  conduct of matching s t u d i e s  t o  minimize 

t h e s e  b i a s e s  t o  t h e  e x t e n t  f e a s i b l e .  To a 

l a r g e  degree ,  t h e  q u a l i t y  of r e s u l t s  of 

matching s t u d i e s  a r e  determined by t h e  ex- 

t e n t  t o  which t h e s e  b i a s e s  c a n  b e  minimized, 

a l though  b i a s  can never  b e  e l i m i n a t e d  f u l l y  

i n  a c t u a l  p r a c t i c e .  

F i n a l l y ,  i t  should b e  n o t e d  t h a t  t h e  

range  of census  c h a r a c t e r i s t i c s  which may 

be eva lua ted  w i t h  a matching s t u d y  i s  

c o n s i d e r a b l y  l a r g e r  t h a n  i s  g e n e r a l l y  

p o s s i b l e  i n  demographic a n a l y s e s ,  which 

a r e  o f t e n  demoted t o  t h e  assessment  of t h e  

accuracy of census  a g e  and s e x  d a t a .  
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7 . 3  R a i n  doh choice. od methodology 

Due t o  t h e  u n a v a i l a b i l i t y  of suf f  i c i -  

e n t l y  r e l i a b l e  record and/or  r e g i s t r a t i o n  

systems, t h e  primary methodological  o p t i o n s  

f o r  census e v a l u a t i o n  purposes i n  many 

c o u n t r i e s  a r e  demographic a n a l y s e s  and t h e  

implementation of a  post-enumerabion 

survey. 

Since  demographic a n a l y s e s  a r e  

t y p i c a l l y  under taken i n  connec t ion  w i t h  

censuses  i r r e s p e c t i v e  of whether a  PES is 

conducted, t h e  c r i t i c a l  d e c i s i o n  of t e n  

comes down t o  whether o r  n o t  t o  conduct 

a  PES. Th i s  d e c i s i o n  must b e  based upon 

judgement as t o  whether t h e  c o s t  of a  

PES can be  j u s t i f i e d  on t h e  b a s i s  of t h e  

a d d i t i o n a l  informat ion t o  b e  gained. 

An important  f a c t o r  i n  t h i s  d e c i s i o n  

concerns t h e  q u a l i t y  of demographic d a t a  

a v a i l a b l e .  S ince  demographic methods f o r  

e s t ima t ing  census  e r r o r s ,  p a r t i c u l a r l y  

coverage e r r o r s ,  a r e  not  v e r y  r e l i a b l e  

u n l e s s  r easonab ly  a c c u r a t e  in fo rmat ion  i s  

a v a i l a b l e  on f e r t i l i t y ,  m o r t a l i t y ,  and 

migra t ion  l e v e l s  and t r e n d s ,  t h e  absence 

of r e l i a b l e  informat ion should  d i c t a t e  

c a u t i o n  i n  adop t ing  demographic s t u d i e s  a s  

t h e  s o l e  b a s i s  f o r  eva lua t ing  census 

coverage.  This  cau t ion  i s  e s p e c i a l l y  r e l e -  

van t  i n  c o u n t r i e s  where t h e  l e v e l  of i n t e r -  

n a t i o n a l  m i g r a t i o n  i s  s u b s t a n t i a l ,  s i n c e  

migra t ion  d a t a  a r e  almost always of lower 

q u a l i t y  than  a r e  d a t a  on f e r t i l i t y  and 

m o r t a l i t y .  

I n  t h e  s i t u a t i o n s  of many developing 

c o u n t r i e s ,  t h e  PES approach may b e  t h e  only  

r e l i a b l e  means of eva lua t ing  census  e r r o r s ,  

p a r t i c u l a r l y  coverage e r r o r .  The d i f f i c u l -  

t i e s  involved i n  c o n t r o l l i n g  b i a s e s  i n  

a  PES should ,  however, be borne i n  mind. 

I n  p a r t i c u l a r ,  s e v e r a l  developing c o u n t r i e s  

have experienced d i f f i c u l t y  i n  c o n t r o l l i n g  

response  c o r r e l a t i o n  b i a s ,  r e s u l t i n g  i n  

e s t  h a t e s  of census e r r o r  which were thought  

t o  r e p r e s e n t  a  "low& bound" of t h e  a c t u a l  

degree  of e r r o r  i n  t h e  census .  

Never the less ,  an  i n c r e a s i n g  number of 

developing c o u n t r i e s  have under taken PES 

eva lua t ion  s t u d i e s  i n  r e c e n t  y e a r s .  An 

i n d i c a t i o n  of t h e  e x t e n t  t o  which PES h a s  ' 
been used t o  eva lua te  census  r e s u l t s  i n  

developing c o u n t r i e s  i s  provided i n  f i g u r e  1-3. 

Figure 1-3. DEVELOPING COUNTRIES I N  WHICH 
POST-ENUMER4TION SURVEYS WERE CONDUCTED I N  

CONJUNCTION WITH !WE LATEST CENSUS 

Reg i on/ 
Country 

Year of 
Census 

AFR l CA 

........ Alger ia  
....... Botswana 

... Burkina-Faso 
........ Burundi 
....... Cameroon 
....... Camoros. 

Guinea-Bissau.. 
l vory Coast. ... 
Madagascar.. ... 
Malawi ......... 
Morocco ........ 
Seychel les  ..... 

ASIA 

..... Bangladesh 
Burma .......... 
China (P.R.C.).  
Cyprus ......... 
Ind ia . .  ........ 

...... Indonesia 
.......... Korea 

Malaysia ....... 
P a k i s t a n . . . . . . .  
P h i l i p p i n e s  .... 
S r i  Lanka.. .... 
Thai land..  ..... 
Yemen ( ~ a n a a )  . . 

Argent ina . .  .... 
........ Bol iv ia  
....... Brazi I . .  

Colombia ....... 
........... Cuba 

........ Mex i co. 
....... Uruguay. 

Venezuela. . . . . .  

Type of 
Er ro r  Measured 

Coverage Content 

X 

X 

Planned P1 anned 
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A l l  c o u n t r i e s  which conducted some form 

of PES i n  conjunction w i t h  t h e i r  most r ecen t  

census (based upon a v a i l a b l e  information) a r e  

l i s t e d  i n  f i g u r e  1-3, along wi th  t h e  yea r  of 

t he  census and type of e r r o r  s tud ied  (coverage/  

content ) .  A s  i nd ica t ed ,  t h e  number of coun- 

t r i e s  undertaking PES s t u d i e s  i n  connection 

with t h e i r  last  census is  s u b s t a n t i a l ,  a l t hough  

it should be noted  t h a t  t h e  PES des igns  imple- 

mented i n  t h e s e  coun t r i e s  a r e  s u b j e c t  t o  

cons iderable  v a r i a b i l i t y .  Severa l  o t h e r  

coun t r i e s  (Niger and Senegal,  f o r  example) 

conducted "cont ro l"  surveys i n  connection wi th  

t h e i r  most r ecen t  censuses (1977 and 1976, 

r e spec t ive ly )  , but  t hese  were implemented 

apparent ly  more f o r  q u a l i t y  c o n t r o l  than  

e r r o r  measurement purposes and as such were 

not  included i n  f i g u r e  1-3. I n  a d d i t i o n ,  

s e v e r a l  c o u n t r i e s  (Colombia, Egypt, Senegal ,  

Somalia, and Yemen) were prepar ing  f o r  

t h e  implementation of a PES i n  connection 

wi th  t h e i r  1985 o r  1986 censuses  a t  t h e  t i m e  

of p repa ra t ion  of t h i s  manual. 

P r o f i l e s  of PES s t u d i e s  w i t h  coverage 

and content  e r r o r  measurement o b j e c t i v e s  

f o r  s e l e c t e d  c o u n t r i e s  a r e  provided i n  

chap te r s  2 and 3. 
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C h a p t e r  2 .  S T A T I S T I C A L  E V A L U A T I O N  O F  C O V E R A G E  E R R O R  

No matter  how ca re fu l l y  a s t a t i s t i c a l  

o f f i c e  conducts a census program, e r r o r s  i n  

t he  coverage of the  census a r e  i nev i t ab l e .  

Two types of coverage e r r o r  w i l l  be discussed 

i n  t h i s  chapter :  undercoverage and erroneous 

enumerations. Undercoverage i n  a census re-  

s u l t s  from erroneously omit t ing a person, 

housing u n i t ,  o r  household. Severe under- 

coverage can lead users  of t h e  census d a t a  t o  

ques t ion  t he  v a l i d i t y  o r  even u t i l i t y  of . t he  

r e s u l t s .  I f  t he  r a t e  of undercoverage is 

d i f f e r e n t  among major populat ion subgroups, 

the  census can present  d i s t o r t e d  s t a t i s t i c s  

f o r  the  group t he  data  represen ts .  

Normally l e s s  f requent ,  but never the less  

of concern, a r e  erroneous enumerations i n  t he  

census. Erroneous enumerations a r e  defined 

a s  persons, housing u n i t s ,  o r  households t h a t  

were enumerated when they should not have 

been, o r  enumerated i nco r r ec t l y .  This  in-  

c ludes dupl ica te  o r  mul t ip le  enumerations, 

such a s  enumerations t h a t  should not  have 

occurred because t he  persons o r  housing u n i t s  

do no t  e x i s t  (ca l led  "curbstone" cases)  o r  

enumerations t h a t  a r e  misassigned according 

t o  g e o g r a ~ h i c  o r  demographic subgroup. Du- 

p l i c a t e s  o r  curbstone cases  w i l l  l ead  t o  in-  

co r r ec t  census t o t a l s  a t  a l l  l e v e l s  i n  t he  

s t a t i s t i c s  tabulated from the  census, while  

enumerations t h a t  a r e  i nco r r ec t l y  assigned 

according t o  geographic or  demographic sub- 

groups w i l l  be co r r ec t l y  represented a t  t he  

h ighes t  l e v e l s  of s t a t i s t i c a l  aggregat ion,  

but may introduce b iases  i n t o  the  es t imates  

of census coverage e r r o r .  

This chapter  presents  a l t e r n a t i v e  meth- 

odologies f o r  t he  est imation of coverage 

e r r o r  i n  censuses of population and housing. 

More s p e c i f i c a l l y ,  a t t e n t i o n  i s  d i r ec t ed  t o  

s t u d i e s  based upon d i r e c t  matching with census 

records  t o  determine who was and was not  

enumerated i n  a p a r t i c u l a r  census.  Non- 

matching s t u d i e s  a r e  descr ibed  i n  chapters  4 

and 5. 

I n  view of i t s  wider  a p p l i c a b i l i t y  t o  

developing country s e t t i n g s ,  t h e  major em- 

phas i s  of the  ma te r i a l  p resen ted  i n  t h i s  

chapter  i s  on t he  methodology of a pos t  enu- 

meration survey (PES) . Following t h i s ,  

a l t e r n a t i v e  methodologies based upon longi tu-  

d i n a l  t r a c ing  s t u d i e s  and t h e  use  of network 

( m u l t i p l i c i t y )  sampling a r e  descr ibed  b r i e f l y .  

The chapter  concludes wi th  a s e r i e s  of sho r t  

p r o f i l e s  of census coverage s t u d i e s  which 

have been undertaken i n  bo th  developed ( the  

United S t a t e s  and Canada) and developing 

coun t r i e s  (Korea, Paraguay, I n d i a ,  and Bangla- 

desh) .  The l a t t e r  m a t e r i a l  i s  included i n  

order  t o  provide some i n d i c a t i o n  a s  t o  a l t e r -  

n a t i v e  study designs which have been attempted 

under varying condi t ions ,  a s  we l l  a s  some of 

t he  problems which have been encountered under 

these  designs.  

2.  POST ENUMERATlON CENSUS MATCH STUDY 

A post  enumeration survey (PES) census 

match s tudy genera l ly  s e r v e s  fou r  purposes: 

The PES can i n d i c a t e  t o  d a t a  u se r s  where 
s p e c i f i c  coverage problems occur i n  t he  
census da t a  and q u a n t i f y  t he se  e r r o r s ;  

The PES can provide guidance t o  census 
planners  i n  designing f u t u r e  censuses, 
i . e . ,  e f f o r t s  can be made t o  improve 
coverage i n  diff icul t - to-enumerate  sub- 
groups of t he  popula t ion ;  

Aside from i d e n t i f y i n g  d i f f i c u l t - t o -  
enumerate subgroups of t h e  populat ion,  
t he  PES can i d e n t i f y  problem o r  erroneous 
procedures used i n  t h e  census.  Since 
t he  PES i s  a case-by-case match study, 
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s i t u a t i o n s  which lead  t o  u n i t s  be ing  
procedura l ly  missed or  e r roneous ly  enu- 
merated w i l l  become apparen t ;  

( 4 )  I f  the  d a t a  problems i n  t h e  census a r e  
s u f f i c i e n t l y  severe  t o  war ran t  an a d j u s t -  
ment of t h e  census,  t h e  PES can prov ide  
d e t a i l e d  informat ion t o  b e  used i n  ad- 
justment models. Adjustment t echnolog ies  
w i l l  be descr ibed  i n  chap te r  6 .  A l a t e r  
p o r t i o n  of t h i s  chap te r  w i l l  d i s c u s s  t h e  
sample des ign  of t h e  PES, and how t h e  
sample can be designed t o  f a c i l i t a t e  an 
adjustment .  

The pos t  enumeration survey a c t u a l l y  

c o n s i s t s  of two s e p a r a t e  coverage s t u d i e s .  

The key elements a re :  

(1) A survey conducted us ing  a  sample drawn 
from a sampling frame independent of t h e  
census be ing  eva lua ted .  Persons and 
households from t h i s  survey a r e  matched 
t o  t h e  census t o  e s t i m a t e  t h e  number of 
persons missed i n  t h e  census .  

A survey conducted us ing  a  sample drawn 
from persons enumerated i n  t h e  census.  , 

This  sample i s  reenumerated t o  determine 
i f  t h e  sample person or  u n i t  was e r r o -  
neously enumerated. Es t imates  of e r r o -  
neous enumerations i n c l u d e  counts  of 
persons o r  u n i t s  t h a t  a r e  d u p l i c a t e s  i n  
t h e  census ,  persons o r  u n i t s  t h a t  should 
n o t  have been enumerated i n  t h e  census ,  
and persons o r  u n i t s  t h a t  a r e  i n c o r r e c t -  
l y  l o c a t e d  according t o  geography (mis- 
placed geographica l ly ) .  

The nex t  s e c t i o n  of t h i s  c h a p t e r  de- 

s c r i b e s  a  s t a t i s t i c a l  model used t o  combine 

t h e  r e s u l t s  of t h e  two surveys and t o  g e n e r a t e  

e s t i m a t e s  of t h e  n e t  undercount i n  t h e  census .  

Succeeding s e c t i o n s  d e s c r i b e  how misses  and 

erroneous enumerations a r e  def ined  and 

measured. 

To develop e s t i m a t e s  of coverage combin- 

ing t h e  r e s u l t s  of t h e  two surveys ,  one must 

use a  s t a t i s t i c a l  model. The model i n d i c a t e s  

how e r r o r s  i n  t h e  census occur a s  a  s tochas -  

t i c  process  and how an a p p r o p r i a t e  e s t i m a t o r  

of census  undercoverage may be der ived .  Th is  

s e c t i o n  p r e s e n t s  a  s imple  d e r i v a t i o n  of t h e  

dual  system e s t i m a t o r ,  fol lowed by a  modifi-  

c a t i o n  of t h e  e s t i m a t o r  t o  a l low f o r  e r roneous  

enumerations i n  t h e  census and measurement 

problems i n  t h e  PES. 

2.11 Modeling census  misses.--The model 

f o r  coverage e v a l u a t i o n  was o r i g i n a l l y  devel-  

oped f o r  u s e  i n  b iomet r ic  s t u d i e s  t o  e s t i m a t e  

the  s i z e  of c losed  p o p u l a t i o n s .  A c losed  

popula t ion  i n  t h e  b i o m e t r i c  s e n s e  i s  one i n  

which t h e  composi t ion of t h e  p o p u l a t i o n  remains  

r e l a t i v e l y  unchanged over  t h e  t ime t h e  s tudy  

is being conducted: t h e r e  a r e  no b i r t h s  o r  

dea ths ,  and t h e r e  i s  no immigration o r  e m i -  

g r a t i o n .  The e a r l i e s t  u s e s  of t h e  t e c h n i q u e ,  

known i n  b i o m e t r i c s  a s  cap ture - recap ture  e s t i -  

mation, was f o r  t h e  purpose of e s t i m a t i n g  t h e  

s i z e s  of w i l d l i f e  p o p u l a t i o n s .  An example 

is given t o  i n d i c a t e  how t h e  model was o r i g i -  

n a l l y  d e r i v e d .  

Consider a  l a k e  w i t h  no i n l e t s  o r  o u t l e t s .  

I t  i s  d e s i r e d  t o  e s t i m a t e  how many f i s h  a r e  i n  

the  l a k e .  Assume t h e  f i s h  a r e  uniformly and 

randomly d i s t r i b u t e d  throughout  t h e  l a k e .  W e  

t ake  a  n e t  and "capture"  a s  many f i s h  a s  

p o s s i b l e  i n  one c a t c h .  The f i s h  a r e  counted 

(and t h e  t o t a l  denoted N ) ,  t agged ,  and r e -  
1 

l eased  back i n t o  t h e  l a k e .  The t a g s  do n o t  

i n j u r e  o r  a f f e c t  t h e  f i s h  i n  any way. A f t e r  

s u f f i c i e n t  t ime has  passed f o r  t h e  f i s h  t o  

r e d i s t r i b u t e  themselves  randomly throughout  

t h e  l a k e  (bu t  n o t  so  long  a  p e r i o d  t h a t  one 

might encounte r  b i r t h s  o r  d e a t h s  of any f i s h ) ,  

another  n e t  i s  c a s t  i n t o  t h e  l a k e  and a  second 

ca tch  i s  taken .  These f i s h  a l s o  a r e  counted 

and denoted N . A s e p a r a t e  t a l l y  is  a l s o  
2 

made of f i s h  tagged dur ing  t h e  f i r s t  c a t c h  

who were "recaptured" i n  t h e  second c a t c h ,  

denoted M. We now have t h r e e  t o t a l s ,  and t h e  

c a p t u r e s  can be d i s t r i b u t e d  a s  i n  f i g u r e  2-1 

below. 



STATISTICAL EVALUATION O F  COVERAGE E R R O R  

Figure 2-1. DISTRIBUTION OF CAPTURES I N  A 
CAPTURE - RECAPTURE STUDY 

Total ....... 

F i  r s t  
Capture 

Caught. ....... M 

.... Not Caught 

Second Capture 

Not 
Total Caught Caught 

where 

N = t h e  number of f i s h  caught i n  t he  
f i r s t  attempt 

N = t he  number of f i s h  caught i n  t h e  
second attempt 

M = t h e  number of f i s h  caught i n  both 
a t tempts  

N = t h e  t o t a l  number of  f i s h  i n  t h e  
l a k e  

The ob j ec t i ve  of the  e x e r c i s e  i s  t o  e s t i -  

mate N t he  number of f i s h  i n  t he  l ake ;  but  T' 
t he  number of f i s h  not caught i n  e i t h e r  

attempt remains unknown t o  t h i s  po in t .  To 

model t he  cap ture  process ,  t h e  cap ture  of a  

f i s h  is conceptual ized a s  a  s t o c h a s t i c  even t ,  

or  more s p e c i f i c a l l y ,  a  Be rnou l l i  event .  This  

implies  t h a t  t he  counts of f i s h  caught ,  M ,  N 1 ,  

and N , a r e  random v a r i a b l e s  ( t he  sums of 
2 

Bernoull i  outcomes). I f  t h e  p robab i l i t y  t h a t  

a f i s h  w i l l  be caught i n  t h e  f i r s t  attempt i s  

"a" f o r  each f i s h ,  and "b" i n  t he  second 

at tempt ,  and t he  two cap tu re s  a r e  independent 

of each o t h e r ,  t he  expected va lues  of t he  

random v a r i a b l e s  M,  N and N may be evalu- 
1' 2 I 

ated a s  fol lows:  

(2.1) B(M)=abNT (by independence of 
events )  

(2.2)  EfN )=aNT 
1 

An es t imator  may be obtained by s u b s t i t u -  

t i ng  the  observed da ta  va lues  f o r  t he  expected 

va lues  of M, N and N , and s u b s t i t u t i n g  
1 , 2 

equat ions (2.2) and (2.3) i n t o  equa t ion  

(2 .1) .  Thus, 

Rearranging terms i n  (2.4) and we have: 

2.12 The model app l i ed  t o  censuses under 

p e r f e c t  conditions.--In a  census  eva lua t i on  

a p p l i c a t i o n ,  t h e  theory is  e x a c t l y  t h e  same 

a s  t h e  cap tu re / r ecap tu re  s t udy  descr ibed  i n  

s e c t i o n  2.11, except t h a t  human popula t ions  

r e q u i r e  s l i g h t l y  d i f f e r e n t  assumptions. 

Suppose t h a t  t he  f i r s t  c a p t u r e  i s  t h e  census 

and t h e  second capture  is  t h e  PES. Let  Nc 

( r ep l ac ing  N ) be t he  census count ,  and N 
1 P 

( rep lac ing  N ) be t he  weighted sample t o t a l  
2 

from the  PES. N r e p r e s e n t s  t h e  t o t a l  number 
P 

of people (or  u n i t s )  t o  be found i f  t h e  e n t i r e  

sampling frame used f o r  t h e  PES sample were 

contac ted .  It i s  c r i t i c a l ,  of course ,  t h a t  

t he  sampling frame i s  independent  of t h e  census. 

For es t imat ion  purposes, i t  i s  b e s t  t o  have a s  

complete a  frame a s  p o s s i b l e  s o  a s  t o  minimize 

t he  var iance  of t he  e s t i m a t e  and t h e  number 

of persons (un i t s )  not  found i n  e i t h e r  da t a  

source. The random v a r i a b l e  M r e p r e s e n t s  t h e  

number of people ( u n i t s )  "captured" i n  t he  

PES who were enumerated i n  ( a r e  matched 

a g a i n s t )  t he  census. The e s t i m a t e  i s  made 

i n  exac t l y  t he  same way a s  i n  equa t ion  (2.5) .  

Note t h a t  t he r e  a r e  a  number of assump- 

t i o n s  t h a t  have t o  be s a t i s f i e d  i n  applying 

the  model t o  human popula t ions .  The model 

assumes t h a t  matching of pe r sons  and u n i t s  i s  
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done pe r f ec t l y  between t he  two sources ,  t h a t  

t he r e  a r e  no mul t ip le  observa t ions  of i nd iv i -  

duals  i n  e i t h e r  source,  and t h a t  t he  two 

sources a r e  independent. This  l a t t e r  assump- 

t i o n  must be b u i l t  i n t o  the  design of t h e  

study by keeping t he  PES a s  independent a s  

poss ib le  from the  census. Therefore,  t h e  

frame f o r  t h e  PES sample must be independent 

from the  census. Perhaps t he  b e s t  choice f o r  

a sampling frame would be a cu r r en t  updated 

l i s t i n g  of t h e  previous census o r  an a r e a  

sample based on a recent  l i s t i n g  of a r e a s .  

Other requirements f o r  keeping t he  two sources  

independent a r e  us ing  in te rv iewers  f o r  t h e  PES 

who a r e  d i f f e r e n t  from those used f o r  t h e  

census and processing t he  PES sepa ra t e ly  from 

the  processing of t he  census t o  avoid c ross -  

contamination. The PES sample used t o  e s t i -  

mate census misses  w i l l  be r e f e r r e d  t o  a s  a 

"P-sample" i n  t he  following d i s cus s ion  i n  

order  t o  d i f f e r e n t i a t e  i t  from the  eva lua t i on  

?ample drawn from the  census, which s h a l l  be 

r e f e r r e d  t o  a s  t he  "E-sample." 

2.13 The model appl ied t o  censuses under 

l e s s  than p e r f e c t  conditions.--There a r e  sev- 

e r a l  types of e r r o r s  t h a t  can a f f e c t  t h e  e s t i -  

mation procedure descr ibed above: 

(1) The census may contain d u p l i c a t e  o r  
mul t ip le  enumerations. 

(2) Housing u n i t s  l i s t e d  i n  t he  census may 
be c o r r e c t l y  enumerated bu t  a l l o c a t e d  
t o  t he  wrong geographic a r e a .  

(3)  Members of a housing u n i t  may be enumer- 
a t ed  i n  t he  wrong l o c a t i o n  o r  may no t  be 
i n  scope f o r  t he  census ( i .  e . , should 
not  have been counted a t  a l l ) .  

( 4 )  Members of a housing u n i t  may be in -  
completely enumerated so  t h a t  t h e r e  i s  
i n s u f f i c i e n t  i den t i fy ing  information 
f o r  an ind iv idua l .  

Any of these  f a c t o r s  can introduce b i a s  

i n t o  t he  es t imat ion  of t he  t o t a l  populat ion 

s i z e .  To measure o r  counter t he  a f f e c t  of 

each of t he se  f a c t o r s ,  a second sample i s  used 

t o  provide co r r ec t i ng  f a c t o r s  t o  t h e  est ima- 

t i o n  process .  This second, o r  E-sample, i s  

drawn d i r e c t l y  from the  census f o r  t h e  same 

a r ea  and us ing  t he  same s t r a t i f i c a t i o n  a s  t h e  

sample descr ibed i n  t he  previous s e c t i o n .  

A followup enumeration i s  conducted a t  

each of t he  households i n  t he  E-sample and 

s eve ra l  p i ece s  of information a r e  c o l l e c t e d .  

When t h e  sample housing u n i t  i s  i n i t i a l l y  

contac ted ,  t h e  geographic l o c a t i o n  i s  checked 

and compared t o  t he  geographic l o c a t i o n  

recorded f o r  t h a t  housing u n i t  i n  t h e  census.  

I f  t h e  l o c a t i o n s  d i f f e r ,  t h e  case  i s  reviewed 

(usua l ly  by a t h i r d  pa r ty )  and a de te rmina t ion  

i s  made a s  t o  whether t h e  o r i g i n a l  geographic 

coding i n  t h e  census was c o r r e c t  o r  i n c o r r e c t .  

The reason f o r  checking geographic coding is 

t h a t  housing u n i t s  i n c o r r e c t l y  l oca t ed  i n  t h e  

census i s  un l ike ly  t o  be found when. the PES 

match i s  conducted, un l e s s  un l imi ted  r e sou rce s  

a r e  a v a i l a b l e  t o  search .  Thus, a l though t h e  

housing u n i t  i s  c o r r e c t l y  enumerated i n  t h e  

census,  none of t he  occupants can be found o r  

matched. A s  a r e s u l t  t he  census t o t a l ,  N 
C' 

w i l l  be c o r r e c t ,  but  t he  match t o t a l ,  M, w i l l  

be too  low. The method t o  c o r r e c t  t h e  match 

t o t a l  is  presented i n  s e c t i o n  2.14. 

I n  t h e  enumeration undertaken f o r  t h i s  

sample, t h e  in te rv iewer  a s c e r t a i n s  f o r  each 

occupant of t h e  sample housing u n i t  whether 

t he  occupant l i s t e d  i n  t he  census a c t u a l l y  

e x i s t s  ( t h e r e  a r e  sometimes ca se s  which a r e  

f a b r i c a t e d  i n  t he  census by overzealous census 

enumerators) and whether t h a t  i n d i v i d u a l  was 

c o r r e c t l y  enumerated a t  t h a t  address  i n  t h e  

census.  A count of t he  number of persons who 

should no t  have been enumerated a t  t h a t  - 
address  i s  obtained f o r  each household. I n  

t he  ca se  of census f a b r i c a t i o n s ,  t h e s e  "non- 

persons" should be sub t r ac t ed  from t h e  census 



Chapter 2  STATISTICAL E V A L U A T I O N  OF COVERAGE E R R O R  27 

t o t a l s  s i n c e  they  d o n ' t  e x i s t .  I n  t h e  case  

of i n c o r r e c t  enumeration, i f  t h e  PES in te rv iew 

was conducted c o r r e c t l y  fol lowing t h e  census 

enumeration procedures ,  t h e  PES i n t e r v i e w  

w i l l  e i t h e r  n o t  l i s t  t h e  i n d i v i d u a l  (out-of- 

scopes)  o r  have them l i s t e d  a t  ano ther  a d d r e s s ,  

snd i n  n e i t h e r  c a s e  w i l l  t h e r e  be a  match. 

I n  t h i s  case  t h e  census t o t a l s ,  Ne, a r e  in-  

c o r r e c t  and t h e r e  should be no matches.  

There a r e  two f u r t h e r  o p e r a t i o n s  t o  be 

conducted i n  t h e  PES process ing  o f f i c e .  For 

t h e  a r e a  of s e a r c h  s p e c i f i e d  f o r  t h e  match 

p o r t i o n  of t h e  PES o p e r a t i o n ,  t h e  sample c a s e s  

drawn from t h e  census should be compared t o  

a l l  o t h e r  census  r e t u r n s  i n  t h e  same a r e a .  

T h i s  comparison should be done f o r  each per- 

son l i s t e d  on t h e  sample u n i t  r e t u r n  t o  de te r -  

mine whether t h e r e  a r e  any d u p l i c a t e  enumera- 

t i o n s  i n  t h e  same a r e a ,  D u p l i c a t i o n  i n  t h e  

census w i l l  cause  t h e  census t o t a l ,  N t o  be c Y  
o v e r s t a t e d ,  though t h e  number of matches made 

from t h e  PES sample, M, w i l l  be  c o r r e c t .  

F i n a l l y ,  t h e r e  w i l l  be c a s e s  i n  t h e  cen- 

s u s  which have i n s u f f i c i e n t  i n £  ormat ion  f o r  

matching t o  t h e  PES sample. Although t a l l i e d  

i n t o  t h e  census (probably a s  a  r e s u l t  of im-  

p u t i n g  much of t h e  missing in format ion)  so  

t h a t  t h e  census t o t a l ,  N i s  c o r r e c t ,  t h e  
c 3  

match cannot be completed and t h e  match t o t a l ,  

M, w i l l  be u n d e r s t a t e d .  

There a r e  four  t o t a l s  t h a t  can be obtain-  

ed from t h i s  second sample and from t h e  com- 

p u t e r  f i l e s  of responses .  They a r e  des igna ted  

a s  : 

G t h e  number of persons i n c o r r e c t l y  
l o c a t e d  geographica l ly  i n  t h e  census 

E t h e  number of persons i n c o r r e c t l y  
enumerated i n  the  census  ( f a b r i c a t e d  
o r  n o t  i n  scope) 

D t h e  number of d u p l i c a t e  enumerations 
i n  t h e  census 

I t h e  number of pe rsons  who a r e  enumer- 
a t e d  i n  t h e  census  b u t  have i n s u f f i -  
c i e n t  informat ion f o r  matching 

2.14 The e s t i m a t e  of t h e  t o t a l  popula- 

t i o n  s i z e  and t h e  n e t  undercount  rate.--Equa- 

t i o n  (2 .5)  p rov ides  t h e  e s t i m a t o r  of t h e  

t o t a l  popula t ion  s i z e  when t h e  d a t a  used i n  

t h e  cap ture - recap ture  s tudy  a r e  w i t h o u t  e r r o r .  

When e r r o r s  a r e  p r e s e n t ,  t h e  census  t o t a l s  

have t o  be a d j u s t e d  t o  remove d u p l i c a t e  enu- 

mera t ions ,  f a b r i c a t i o n s ,  and c a s e s  which have 

no chance of be ing  matched. The f i n a l  e s t i -  

mator of t h e  t o t a l  p o p u l a t i o n  s i z e  i s  

The n e t  undercount r a t e ,  Rn, can b e  c a l c u l a t e d  

a s  t h e  t o t a l  census  count  r e l a t i v e  t o  t h e  e s t i -  

mate of t h e  t o t a l  popula t ion  s i z e ,  o r  

The method f o r  conduct ing a  matching 

o p e r a t i o n  and forming an e s t i m a t e  depends on 

t h e  survey procedures  and d e f i n i t i o n s  chosen 

f o r  t h e  PES. There a r e  t h r e e  b a s i c  p rocedures  

t h a t  can be used i n  a  PES t o  e v a l u a t e  coverage 

i n  a  census .  The procedures  d i f f e r  i n  t h e  

t rea tment  of "moverstt; t h a t  i s  p e r s o n s  whose 

l o c a t i o n  a t  t h e  t ime of t h e  PES d i f f e r  from 

t h e i r  l o c a t i o n  a t  t h e  t ime of t h e  census .  

2.21 Procedure A.--This p rocedure  recon- 

s t r u c t s  t h e  households a s  they  e x i s t e d  a t  t h e  

t ime of t h e  census.  A respondent  i s  asked t o  

i d e n t i f y  a l l  persons who were l i v i n g  o r  s t ay-  

i n g  i n  t h e  sample household on census  day. 

These persons  a r e  then matched a g a i n s t  names 

on t h e  census q u e s t i o n n a i r e  f o r  t h e  sample 
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address .  From t h i s  information,  e s t ima te s  of 

t he  number and percent  matched f o r  non-movers 

and out-movers (persons who have moved away 

s ince  t he  census da te )  can be made. 

2 .22  Procedure B.--This procedure iden- 

t i f i e s  a l l  cu r r en t  r e s i d e n t s  l i v i n g  o r  s tay-  

ing i n  t he  sample household a t  t he  time of 

t he  PES. The respondent i s  asked t o  provide 

t he  address (es )  where these  persons were l i v i n g  

o r  s t ay ing  on census day. These persons a r e  

then matched aga in s t  names on corresponding 

census ques t ionna i re (s ) .  Est imates  of t he  num- 

ber  and percent  matched f o r  non-movers and in- 

movers (persons who have moved i n t o  t he  sample 

address  a f t e r  t h e  census da te )  can be made. 

2 .23  Procedure C.--This procedure i den t i -  

f i e s  a l l  cur ren t  r e s i d e n t s  l i v i n g  o r  s t ay ing  a t  

t he  sample address  a t  t he  time of t he  PES p lus  

a l l  o ther  persons who l i v e d  a t  t he  sample 

address  on census day. However, only t h e  census 

day r e s i d e n t s  (non-movers and out-movers) a r e  

matched with t he  census ques t i onna i r e ( s ) .  E s t i -  
I ' mates of the  number of non-movers, out-movers, 

and in-movers, and of the  percent  matched f o r  

non-movers and out-movers, can then be made. 

Estimates of non-movers and movers come from 

Procedure B and match r a t e  e s t ima te s  from Proce- 

dure A. Thus, Procedure C i s  a combination of 

Procedure A and B .  

The d i f f e r ence  between Procedure A and 

Procedure B r e l a t e s  pr imar i ly  t o  movers. For 

non-movers, t h e o r e t i c a l l y  one should g e t  t he  

same l i s t i n g  whether one l is ts  the  people who 

were living in the housing unit (HU) on Census Data, as in 

~ r b c e d u r e  A,  o r  t he  people who a r e  l i v i n g  i n  

t he  housing u n i t  a t  the  time of the  PES, a s  i n  

Procedure B. 

I n  Procedure A ,  persons i n  t he  sample seg- 

ments a r e  asked about out-movers. Presen t  

r e s i d e n t s  and neighbors of ten  do not  know the  

former occupants; thus ,  Procedure A u s u a l l y  

l e ads  t o  a l a r g e  undercount of movers. On 

the  o the r  hand, s i n c e  out-movers should have 

been enumerated i n  t he  EA'S i n  which t h e  PES 

sample i s  taken,  t he  matching of out-movers 

i s ' r e l a t i v e l y  easy and inexpensive.  

Procedure B enumerates in-movers a t  t h e i r  

new addresses  i n  t he  PES sample segments. Thus 

in-movers can supply information about  them- 

s e l v e s .  Consequently, Procedure B should g ive  

a b e t t e r  es t imate  of movers, even when in-  

movers g ive  poor addresses  f o r  t h e i r  former 

res idences .  However, f i n d i n g  t h e  census 

r eco rds  f o r  the  former addresses  i s  a very  

d i f f i c u l t  t a sk .  Often t h e r e  is i n s u f f i c i e n t  

information f o r  l o c a t i n g  t h e  census EA i n  

which t h e  mover should have been enumerated. 

Thus, even though Procedure B may g ive  a b e t t e r  

count of movers than Procedure A, t h e  problems 

and c o s t s  of matching t h e  PES and census 

records  a r e  considerably g r e a t e r  than  i n  

Procedure A. 

Procedure C combines f e a t u r e s  of Proce- 

dure A and B wi th  t he  o b j e c t i v e  of reduc ing  

t he  matching problems whi le  t ak ing  advantage 

of a b e t t e r  count of movers. I n  Procedure C ,  

in-movers a r e  used t o  g e t  t h e  count of movers, 

both t o t a l  and subgroups by s ex ,  age,  r e l a t i o n -  

s h i p ,  e t c .  The out-movers, a s  i n  Procedure A, 

a r e  matched f o r  t h e  purpose of e s t i m a t i n g  t h e  

propor t ion  enumerated and t h e  p ropo r t i on  

missed i n  t he  census. The p ropo r t i ons  enumer- 

a t ed  and missed a r e  appl ied  t o  t h e  count  of 

in-movers t o  g e t  t h e  counts  of enumerated and 

missed movers; t he se  counts  a r e  added t o  t h e  

corresponding e s t ima te s  f o r  non-movers. 

2 . 2 4 .  Advantages and disadvantages.--  

Since t he  t h r e e  procedures d i f f e r  w i th  r e s p e c t  

t o  t h e  t reatment  of movers, t h e i r  r e l a t i v e  advan- 

t ages  and disadvantages a r e  a l s o  i n  t h i s  a r ea .  
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Procedure A.  The weakness of Procedure A 

is  i n  t h e  f a c t  t h a t  movers a r e  no l o n g e r  a t  

t h e  sample address .  I n  a  m a j o r i t y  of c a s e s ,  

no member of t h e  mover 's family is l i v i n g  a t  

t h e  sample address  and t h e  mover must be r e p o r t  

ed by a  proxy respondent .  There i s  o f t e n  con- 

s i d e r a b l e  d i f f i c u l t y  i n  f i n d i n g  a  s a t i s f a c t o r y  

respondent .  Trying t o  ge t  t h e  out-mover's new 

address  i s  d i f f i c u l t  and expensive.  Even i f  

an accep tab le  respondent can be l o c a t e d  a t  t h e  

old  address ,  enumerators r e p o r t  c o n s i d e r a b l e  

d i f f i c u l t y  i n  o b t a i n i n g  t h e  r e q u i r e d  informa- 

t i o n .  

The enumeration problems of Procedure A 

a r e  cons iderab ly  ampl i f i ed  f o r  a  de  f a c t o  

census.  The enumerator must ask  about  people  

"who were s t a y i n g  h e r e  a t  t h e  t ime of t h e  

census" inc lud ing ,  a t  l e a s t  i n  t h e o r y ,  one- 

time v i s i t o r s  and persons  who may have s l e p t  

i n  t h e  s t r e e t  near  t h e  house wi thou t  t h e  

occupant ' s  knowledge. 

Procedure B.  The f i e l d  p rocedures  f o r  

Procedure B a r e  s imple r  than those  of Proce- 

dure A and e a s i e r  f o r  t h e  enumerators  s i n c e  

(a )  i n  most c a s e s ,  in format ion  can be ob ta in -  

ed from t h e  person o r  from h i s f h e r  immediate 

family and (b) i t  i s  e a s i e r  t o  make t h e  

respondent unders tand t h e  q u e s t i o n s .  Proce- 

dure  B tends t o  g e t  more complete and more 

a c c u r a t e  answers.  

Against t h e s e  advantages  i n  t h e  f i e l d  

procedures f o r  Procedure B ,  t h e r e  a r e  s e r i o u s  

disadvantages  i n  matching. It must be  remem- 

bered t h a t  a  "match1' i s  proof t h a t  t h e  person 

was enumerated i n  t h e  census ,  bu t  a  'Inon- 

match" i s  proof only t h a t  t h e  person was not  

enumerated i n  t h e  a r e a s  searched.  With 

Procedure B ,  one is never  s u r e  whether f a i l u r e  

t o  f i n d  a  match i n  t h e  census i n d i c a t e s  a  

missed person o r  an i n c o r r e c t  o r  ambigous 

address .  

I n  matching t h e  in-movers i n  Procedure  B ,  

i t  i s  necessa ry  t o  f i n d  t h e  o l d  a d d r e s s  i n  

t h e  census q u e s t i o n n a i r e s .  P a r t i c u l a r l y  w i t h  

r u r a l  addresses ,  t h e  i n d i c a t e d  a d d r e s s  may b e  

i n  one of f o u r  o r  f i v e  ( o r  more) EA's which 

may c o n t a i n  s e v e r a l  hundred households .  I n  

many c a s e s ,  Procedure B may r e q u i r e  examining 

a  number of census q u e s t i o n n a i r e s  f o r  a  

p o s s i b l e  match. W h i l e  t h i s  happens i n  Proce-  

d u r e  A a l s o ,  one can s e a r c h  t h e  q u e s t i o n n a i r e s  

f o r  a l l  t h e  households  i n  a  Procedure  A seg-  

ment a t  one time. 

Procedure C. Procedure C combines t h e  

r e l a t i v e l y  s imple  and inexpens ive  matching 

o p e r a t i o n  of Procedure A w i t h  t h e  more 

s t r a i g h t f o r w a r d  and complete f i e l d  enumerat ion 

of Procedure B. 

Procedure C w i l l  be  s l i g h t l y  more expen- 

s i v e  t h a n  Procedure A s i n c e  i t  r e q u i r e s  

enumeration of in-movers i n  a d d i t i o n  t o  t h e  

out-movers and non-movers covered by Proce- 

dure  A .  However, Procedure C w i l l  have  con- 

s i d e r a b l e  advantages  over  Procedure  B i n  t h e  

c o s t s  and d i f f i c u l t i e s  of matching,  w h i l e  t h e  

inc rementa l  f i e l d  c o s t s  of adding a n  enumera- 

t i o n  of out-movers t o  t h e  PES f i e l d  p r o c e d u r e s  

should be smal l .  

Compared with  t h e  two o t h e r  p r o c e d u r e s ,  

C would seem t o  g i v e  r e s u l t s  w i t h  lower  

c o r r e l a t i o n  b i a s  than  A ,  lower matching b i a s  

than  B ,  and probably somewhat lower  o v e r a l l  

b i a s  than  e i t h e r  A o r  B.  It i s  expec ted  a l s o  

t h a t  C would g i v e  r e s u l t s  w i t h  a  v a r i a n c e  

somewhat h igher  than  B and s l i g h t l y  lower  t h a n  

A. 

2 . 3  ketehncLtivc d e ~ i n i t i a ~ n  don rnhinaen and 
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I n  a d d i t i o n  t o  t h e  p rocedures ,  i t  w i l l  

be  necessa ry  t o  d e f i n e  t h e  a r e a  of s e a r c h  

(geographica l ly )  where an i n d i v i d u a l  o r  housing 

u n i t  is expected t o  b e  found based on in format ion  
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obtained in the PES interview. Two sets of 

definitions can be used for this purpose. 

Definition I gives a very broad area where a 

person or unit might be found, whereas 

Definition I1 limits the searching operation 

to one area where the respondent should be 

found. Definition I will naturally yield 

higher estimates of census matches, but this 

will be offset to some extent by higher esti- 

mates of geocoding errors and erroneous 

enumerations from the E-sample. Definition I 

will seem to yield a lower undercount rate 

than Definition 11, although with use of the 

E-sample, both estimates have the same expect- 

ed value. Definition I1 will be less expen- 

sive to implement because of reduced searching 

for possible matches, but the estimates will 

have a higher variance than estimates under 

Definition I. Definitions I and I1 are 

summarized in figure 2-2. 

For Definition I, the search for misses 

is done throughout those EA'S that correspond 

to the reported alternative locations where 

the person might have been enumerated. Under 

Definition 11, the search is limited to the EA 

where the PES reported the person should have 

been enumerated. Thus, for Definition 11, the 

person is erroneously enumerated only if the 

census day residence reported in the PES is 

in a different EA than was reported in the 

census. 

2.31 Advantages and disadvantages of 

Definition I.--A11 locations where a person 

might have been enumerated in the census must 

be obtained by the PES and a search made of 

the census lists in order to classify the per- 

son as correctly enumerated, missed, or 

erroneously enumerated. Obtaining all address- 

es where the person might have been enumerated 

Figure 2-2. COMPARISON OF D E F I N I T I O N S  I AND II 

- 
Classification Definition I 

Correctly enumerated ........... 

Missed......................... 

Erroneously enumerated......... 

Enumerated only once (even though 
the person was enumerated at the 
wrong location) in a location 
where the PES reported the person 
might have been enumerated. 

Should have been enumerated in 
the census but was not in any 
location (correct or incorrect) 
where the PES reported the person 
might have been enumerated. 

* 
Enumerated more than once or 
should not have been included in 
the census; for example, a person 
who was "invented" by the census 
enumerator, a person born after 
census day or a person who died 
before census day. 

Definition I1 

Enumerated in the location 
where the PES reported the 
person should have been 
enumerated. 

Not enumerated at the loca- 
tion the PES reported the 
person should have been 
enumerated. The person may 
have been enumerated some- 
where else in the census 
while the PES reported the 
true location, or the PES 
may have been incorrect in 
reporting the persons loca- 
tion on census day. 

Reported by the census 
erroneous enumeration sample 
as not living at the census 
reported location. 

* 
I f  found i n  the census records i n  more than one Zocation, the person i s  counted as correctZy 

enwnerated i n  one Zocation and erroneousZy enwnerated i n  the others. 
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i s  very d i f f i c u l t  f o r  Procedure A out-movers; 

proxy respondents  w i l l  not  b e  a b l e  t o  always 

provide t h i s  informat ion.  An i n t e r v i e w  t o  

o b t a i n  informat ion from Procedure A out-movers 

can be expensive and o f t e n  i n e f f e c t i v e .  Thus, 

D e f i n i t i o n  I i s  u s u a l l y  r e s t r i c t e d  f o r  u s e  

with  Procedure B.  However, even wi th  Proce- 

dure  B,  D e f i n i t i o n  I has  problems. It i s  

extremely d i f f i c u l t  t o  o b t a i n  a l t e r n a t i v e  

addresses .  Moreover, t h e  matching of a l t e r n a -  

t i v e  addresses  is expensive and o f t e n  q u i t e  

d i f f i c u l t .  Persons who i d e n t i f y  wi th  many 

" loca t ions"  may be r e l u c t a n t  t o  d ivu lge  t h a t  

informat ion.  

The b a s i c  r e l a t i v e  s t r e n g t h  of D e f i n i t i o n  

I i s  one of r e l a t i v e l y  smal l  v a r i a n c e  and b i a s ,  

which i s  an important  c o n s i d e r a t i o n  i n  making 

coverage e s t i m a t e s  f o r  smal l  geographic  a r e a s  

and f o r  s p e c i f i c  subgroups o f  t h e  popula t ion ;  

t h i s  is due t o  t h e  " res idence  a t  t ime of 

census" concept t h a t  i s  e l a b o r a t e d  on i n  t h e  

d i s c u s s i o n  of D e f i n i t i o n  I1 i n  s e c t i o n  2 .32 .  

Also, a s e p a r a t e  sample of census  enumerat ions  

f o r  a sea rch ing  opera t ion  t o  e s t i m a t e  census  

d u p l i c a t e s  is  n o t  needed, i n  c o n t r a s t  t o  

D e f i n i t i o n  11; r e s u l t i n g  i n  c o s t  sav ings .  The 

advantage of low b i a s ,  of c o u r s e ,  assumes t h a t  

r e l a t i v e l y  l i t t l e  response e r r o r  i s  a s s o c i a t e d  

wi th  o b t a i n i n g  a l t e r n a t i v e  l o c a t i o n s  where t h e  

person could have been enumerated. 

2.32 Advantages and d i sadvan tages  of 

D e f i n i t i o n  11.--The weakness of D e f i n i t i o n  I1 

concerns t h e  "res idence a t  t ime of census" 

concept.  Persons enumerated i n  one p l a c e  i n  

t h e  census and repor ted  by t h e  PES a s  l i v i n g  

elsewhere a r e  counted a s  bo th  "missed" and a s  

"erroneously enumerated" i f  t h e  erroneous 

enumeration sample i s  over lapped w i t h  t h e  

P-sample. Th is  can happen f r e q u e n t l y  and w i l l  

i n c r e a s e  t h e  v a r i a n c e  of t h e  e s t i m a t e .  B ias  

can be int roduced by t h e  i n c o n s i s t e n c y  of t h e  

response t o  t h e  "place of r e s i d e n c e  a t  t ime 

of census" ques t ion .  . A tendency could e x i s t  

f o r  Procedure B in-movers t o  r e p o r t  t h e i r  

c u r r e n t  sample address  a s  t h e i r  census  day 

address .  Very o f t e n  t h i s  i s  t h e  " e a s i e s t "  

response t o  t h e  q u e s t i o n .  However, i f  t h i s  

person was included i n  t h e  sample of census  

enumerations used t o  measure e r roneous  

enumerat ions  ( a t  t h e i r  former a d d r e s s ) ,  a 

proxy respondent  a t  t h e  census day l o c a t i o n  

could p o s s i b l y  r e p o r t  t h e  person a s  b e i n g  

enumerated a t  t h a t  a d d r e s s  i n  t h e  census .  

Th is ,  of c o u r s e ,  assumes t h a t  t h e r e  would n o t  

be a fol lowup of out-movers f o r  t h e  sample 

t o  measure erroneous enumerat ions  due t o  t h e  

expense and d i f f i c u l t y  of o b t a i n i n g  fo rward ing  

addresses .  

It should  now b e  obvious t h a t  conduc t ing  

a PES e n t a i l s  cho ices  among many a l t e r n a t i v e s .  

I n  t h e  d e s i g n  of t h e  s t u d y ,  one can choose 

among Procedures  A ,  B ,  o r  C t o  determine how 

t h e  i n t e r v i e w  w i l l  be  s t r u c t u r e d .  A second 

cho ice  which must be made i s  how t h e  match 

w i l l  be conducted; t h a t  is,  u s i n g  D e f i n i t i o n  I 

or  D e f i n i t i o n  11. The cho ice  of p rocedure  

and d e f i n i t i o n  w i l l  have an impact on t h e  

t o t a l  su rvey  des ign  by d i r e c t i n g  t h e  develop- 

ment of t h e  q u e s t i o n s  and d i c t a t i n g  how t h e  

match t o  t h e  census w i l l  be conducted.  To 

make a c h o i c e  t h a t  w i l l  prove most v i a b l e  f o r  

t h e  census  being e v a l u a t e d ,  t h e  p rocedures  and 

d e f i n i t i o n s  t o  be used should be p r e t e s t e d  i n  

t h e  f i e l d  w e l l  b e f o r e  t h e  census  is  conducted.  

P r e t e s t i n g  g i v e s  an i n d i c a t i o n  of t h e  t y p e s  

of problems t o  be expected i n  t h e  a c t u a l  PES 

and a l l o w s  s u f f i c i e n t  o p p o r t u n i t y  t o  modify 

t h e  s tudy  des ign .  I f  more than  one PES proce- 

dure  i s  t e s t e d ,  t h e s e  p rocedures  can b e  com- 

pared and t h e  more a p p r o p r i a t e  des ign  chosen. 

A f t e r  t h e  1950 Census of P o p u l a t i o n  i n  

t h e  United S t a t e s ,  a p o s t  enumerat ion survey 
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was conducted t o  measure coverage e r r o r .  An 

i n t e n s i v e  reenumeration of a sample of a r e a s  

was conducted, a t tempt ing t o  f i n d  a l l  c a s e s  

missed by t h e  o r i g i n a l  enumeration.  Cases 

wi th in  t h e  sample a r e a s  were matched t o  t h e  

census and d i f f e r e n c e s  which appeared between 

t h e  PES and the  census were dependently r e -  

conc i l ed .  The most h igh ly  q u a l i f i e d  enumera- 

t o r s  were used f o r  t h e  PES and were extensive-  

l y  t r a i n e d .  A subsequent PES ( f o r  t h e  1960 

census) a t tempted t o  improve upon t h e  1950 

exper ience by use  of more probing ques t ions  

and by a more thorough canvass ing of t h e  

sample a r e a s .  I n  g e n e r a l ,  t h e  r e s u l t s  of 

these  two p o s t  enumeration su rveys  were d i s -  

appoint ing.  The amount of underenumeration 

de tec ted  was s i g n i f i c a n t l y  l e s s  than e s t i m a t e s  

produced us ing  demographic methods of census  

eva lua t ion .  

Successful  exper imentat ion wi th  dua l  

system e s t i m a t i o n  techniques  f o r  e v a l u a t i o n  

of coverage of v i t a l  r e g i s t r a t i o n  i n  t h e  

United S t a t e s  dur ing t h e  1960 ' s  suggested t h a t  

a new approach may be warranted.  This  new 

approach emphasized independence of t h e  PES 

and t h e  census i n  a d d i t i o n  t o  b e t t e r  q u a l i t y  

and improved enumeration techniques .  The 

o l d e r  PES approach recognized t h a t  i f  a census 

is poor ly  done, a PES done more c a r e f u l l y  

can pay dividends  i n  r e v e a l i n g  census e r r o r .  

However, t h e r e  is  a po in t  where inc reas ing  

t h e  expendi ture  f o r  q u a l i t y  w i l l  meet wi th  

decreas ing r e t u r n s  i n  providing b e t t e r  cover- 

age e r r o r  e s t ima tes .  A new approach (devel-  

oped dur ing t h e  1960 's  and 1970 ' s )  a l s o  advo- 

c a t e s  having q u a l i t y  f o r  t h e  PES. Probing 

i s  encouraged, a s  we l l  a s  khorough t r a i n i n g  

f o r  enumerators. However, t h e  major emphasis 

i s  on keeping the  PES o p e r a t i o n s  independent 

from the  census.  Some sugges t ions  f o r  main- 

t a i n i n g  t h i s  independence a r e :  

(1) Wait u n t i l  a l l  census question- 
n a i r e s  have been r e t u r n e d  from t h e  

f i e l d  before  conduct ing t h e  PES 
f i e l d  enumeration. 

(2) Attempt t o  ensure  t h a t  PES a r e a s  
a r e  canvassed by enumerators o t h e r  
than the  census enumerators .  Do n o t  
l e t  PES enumerators know what was 
enumerated i n  t h e  census .  

(3) Conduct PES process ing  s e p a r a t e  
from and independent of t h e  census  
processing.  

I n  terms of sample des ign  f o r  t h e  PES, 

an i n i t i a l  dec i s ion  must be  made whether t o  

develop a sample s p e c i f i c a l l y  f o r  t h e  purpose  

of census eva lua t ion  o r  t o  conduct t h e  PES a s  

a supplement t o  a survey scheduled t o  be  

undertaken s h o r t l y  a f t e r  t h e  census  i n  which 

demographic and socioeconomic d a t a  w i l l  b e  

gathered.  Examples of t h e s e  a r e  l a b o r  f o r c e ,  

demographic, o r  h e a l t h  su rveys .  The r e l a t i v e  

advantages and disadvantages  of t h e s e  two 

a l t e r n a t i v e s  and some g e n e r a l  des ign  cons ide r -  

a t i o n s  a r e  ind ica ted  below. 

2.41 S p e c i a l l y  des igned sample f o r  PES 

P-sample.--If measurement of coverage is an 

important  concern f o r  t h e  e v a l u a t i o n  of t h e  

census ,  a sample s p e c i f i c a l l y  des igned f o r  t h e  

PES w i l l  o f f e r  s e v e r a l  advantages  over  u s e  of 

a sample t h a t  was designed f o r  m u l t i p l e  o r  

o t h e r  uses .  Standard sampling theory  would 

i n d i c a t e  t h a t  a sample des igned s p e c i f i c a l l y  

f o r  coverage would a l low optimum a l l o c a t i o n  

of t h e  sample so  a s  t o  ach ieve  a f i x e d  upper 

bound f o r  t h e  va r i ance  of t h e  e s t i m a t e  f o r  a 

minimum sample s i z e .  The v a r i a n c e  of t h e  

e s t i m a t e  can be reduced by s t r a t i f y i n g  t h e  

sample us ing  e s t i m a t e s  of t h e  undercount from 

prev ious  censuses  o r  us ing  v a r i a b l e s  suspected 

of being c o r r e l a t e d  wi th  t h e  undercount.  

Two s p e c i a l  c o n s i d e r a t i o n s  e n t e r  i n t o  

t h e  des ign of a sample f o r  measurement of 

undercoverage t h a t  u s u a l l y  would n o t  be p a r t  

of t h e  sample des ign d e c i s i o n  p rocess .  The 

f i r s t  i s  t h a t  t h e  sample should be designed 

t o  f a c i l i t a t e  t h e  matching of t h e  household 
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l i s t i n g s  t o  t he  census. The second is  t h a t ,  

i f  an adjustment i s  t o  be made, t h e r e  must be a. 

b a s i s  f o r  a l l o c a t i n g  t he  measured undercount 

t o  a r ea s  no t  i n  sample, or t o  small  geographic 

u n i t s  (problems of adjustment a r e  discussed 

i n  chapter  6 ) .  A poss ib le  r e s o l u t i o n  t o  both 

problems is t o  design t he  l a s t  s t age  of t he  

PES sample t o  be a block sample. 

I n  t he  U.S. census, most po r t i ons  of t h e  

country a r e  divided i n t o  blocked a r ea s .  A 

block is defined a s  a r e l a t i v e l y  small  geo- 

graphic a r ea  uniquely bounded by s t r e e t s ,  r a i l -  

road cracks,  r i v e r s  o r  s t reams,  o r  o the r  

na tu ra l  boundaries.  The advantage t o  using 

blocks is t h a t  t h e  households contained i n  a 

block form a closed s e t .  I f  t h e  e n t i r e  block 

i s  sampled, t h e r e  is no ques t ion  about which 

u n i t s  a r e  l i s t e d  f o r  a PES o r  f a l l  i n t o  t he  

sample. Since t h e  census is  organized by 

blocks,  it is r e l a t i v e l y  easy  t o  match a block 

l i s t i n g  of housing u n i t s  from the  PES t o  a 

block l i s t i n g  from the  census.  Units  i n  both 

l i s t i n g s  can be defined i n  terms of t h e i r  

l oca t i on  r e l a t i v e  t o  one ano the r ,  e s p e c i a l l y  

i f  both l i s t i n g s  have accompanying spot  maps. 

I n  add i t i on ,  by sampling b locks  a s  they a r e  

defined i n  t he  census, t he  geography f o r  each 

case i s  s e t t l e d ,  thus minimizing t h e  number of 

geographic placement e r r o r s  i n  t he  PES and 

t he  cos t  of ass ign ing  geographic codes. 

I f  t he  census being eva lua ted  does no t  

divide o r  c o l l e c t  census m a t e r i a l s  by block,  

some s i m i l a r  geographic measure could be used. 

I f  blocks tend t o  be too l a r g e  because of 

physical  s i z e  o r  high populat ion dens i t y ,  t he  

block can be subsampled f u r t h e r  so  t h a t  only 

a "block face" is  used. This  maintains  t he  

cont igu i ty  of t he  u n i t s  while  reducing t he  

number of u n i t s  t o  be matched i n  any one a r ea .  

Another problem the  block sample can be 

he lp fu l  i n  reso lv ing  i s  t he  a l l o c a t i o n  of t h e  

undercount. The sample blocks can serve  a s  

the  u n i t s  of a n a l y s i s  i n  r eg re s s ions  o r  l o g  

l i n e a r  models which de f ine  how the  undercount 

i s  d i s t r i b u t e d  i n  r e l a t i o n  t o  o the r  census 

va r i ab l e s .  These models can then be used t o  

p r ed i c t  t he  expected undercount f o r  b locks  

not  i n  t he  sample. These techniques a r e  de- 

sc r ibed  more f u l l y  i n  chapter  6 .  

A f i n a l  advantage of t h e  use of t h e  

block sample is  the  a b i l i t y  t o  take  t he  census 

l i s t i n g  and match back t o  t h e  P-sample l i s t i n g .  

That i s ,  t h e  E-sample would be drawn a s  a s e t  

of blocks t h a t  co inc ides  w i th  t he  P-sample 

blocks.  This  would f a c i l i t a t e  E-sample 

matching, a l lowing t h e  E-sample i n t e rv i ew  t o  

be done i n  conjunc t ion  with P-sample followup 

work, and t h e  high c o r r e l a t i o n  between t h e  

P- and E-samples would lead  t o  smal le r  va r i ance  

es t imates  on t h e  n e t  undercount.  A f i n a l  

note  on t h e  use  of t h e  block sample is  t h a t  i t  

works be s t  with Procedure A i n  combination 

with De f in i t i on  11. Other des igns  t h a t  a r e  

l e s s  compact may be more app rop r i a t e  f o r  o t h e r  

combinations of Procedures and D e f i n i t i o n s .  

2 . 4 2  Use of a survey a l r eady  " in  

placeM.--Many c o u n t r i e s  may have an e x i s t i n g  

survey t h a t  can be used f o r  conducting a pos t  

enumeration survey.  Tho survey may be mul t i -  

purpose i n  n a t u r e  o r  may be designed t o  

measure p a r t i c u l a r  t ypes  of c h a r a c t e r i s t i c s .  

The survey must comprise a p r o b a b i l i t y  sample 

of the  e n t i r e  popula t ion  of t he  country.  Very 

o f t en ,  f o r  purposes of measuring census 

coverage e r r o r ,  t he  t a r g e t  popula t ion  f o r  t h e  

survey w i l l  have t o  be supplemented i n  o rde r  

f o r  i t  t o  correspond t o  t he  t a r g e t  popula t ion  

of t he  census ( fo r  example, a sample of t he  

i n s t i t u t i o n a l i z e d  popula t ion  may have t o  be 

added). Although t h e r e  a r e  advantages t o  

using t h i s  type of survey a s  a PES, i f  a 

choice e x i s t s  between us ing  an e x i s t i n g  survey 

o r  a s p e c i a l l y  designed survey,  t h e  fol lowing 

disadvantages w i l l  have t o  be considered:  



EVALUATING CENSUSES OF POPULATION AND HOUSING 

The e x i s t i n g  survey might have t o  be 
supplemented t o  such an ex t en t  t h a t  c o s t  
bene f i t s  would favor  a s p e c i a l l y  design- 
ed survey. 

The e x i s t i n g  survey having been designed 
f o r  measuring c h a r a c t e r i s t i c s  o t h e r  than 
coverage e r r o r s  could y i e l d  coverage 
es t imates  wi th  poor accuracy.  

A high noninterview r a t e  i n  t he  e x i s t i n g  
survey could b i a s  t he  coverage e r r o r  
es t imates .  Very o f t en  t h e s e  types of 
surveys a r e  on a t i g h t  t ime schedule and 
a r e  t he r e fo re  w i l l i n g  " to  l i v e  with" 
r e l a t i v e l y  high noninterview r a t e s .  
These types of nonresponses a r e  very  
l i k e l y  t o  be missed i n  t h e  census. 

Coverage of t he  populat ion w i l l  probably 
be weaker with a s p e c i a l l y  designed sur-  
vey and could be d i sp ropo r t i ona t e ly  
weaker f o r  t h e  very ,groups  i n  t he  popu- 
l a t i o n  t h a t  a r e  l i k e l y  t o  have census 
coverage problems. 

Very of ten  eva lua t ion  planners  who use  a 
survey designed f o r  another  purpose w i l l  
have very l i t t l e  l a t i t u d e  i n  changing 
procedures, monitoring and c o n t r o l l i n g  
t he  interviewing and process ing ,  and 
changing t he  ques t ionna i re  t o  any degree.  

The u n i t  s e l ec t ed  a t  t he  l a s t  s t a g e  of 
s e l e c t i o n  may not  be conducive t o  imple- 
menting an e f f i c i e n t  erroneous enumera- 
t i o n  sample; e . g . ,  it may be a non-compact 
c l u s t e r .  

The e x i s t i n g  survey EA's were l i k e l y  de- 
signed on t he  b a s i s  of geography defined 
i n  a p r i o r  census. I f  t h e  EA's have been 
redefined i n  t he  cur ren t  census,  a l l  t he  
addresses  f o r  t he  survey w i l l  have t o  be 
assigned a cur ren t  EA code. These codes 
a r e  necessary f o r  t he  matching ope ra t i on .  
This  assignment i s  o f t en  very d i f f i c u l t .  
Extensive work i n  t he  f i e l d  t h a t  inc ludes  
having the  enumerators draw map l o c a t i o n s  
may have t o  be done t o  f a c i l i t a t e  t he  
matching opera t ion .  

The use of an e x i s t i n g  survey f o r  con- 

duct ing a PES, on t he  o the r  hand, a l lows PES 

planners  t o  use t h e i r  e f f o r t s  and resources  

f o r  o the r  important mat te rs  r a t h e r  than de- 

s ign  work which would be required f o r  a 

spec i a l  survey. In add i t i on ,  assuming t h a t  the  

ex i s t i ng  survey has  been opera t ing  with a 

s t a f f  working independently of t he  census ,  

independence from the  census is  more l i k e l y .  

2 .43  Erroneous enumeration (E-sample) 

design.--Irrespect ive of t h e  d e f i n i t i o n  used,  

a sample of census enumerations ( i . e . ,  t h e  E- 

sample) w i l l  have t o  be interviewed t o  de t e r -  

mine i f  census enumerated "persons" were 

erroneously enumerated. The sample of census 

enumerations may be s e l e c t e d  independently of 

t he  PES sample o r  they can comprise t h e  same 

segments t h a t  were s e l e c t e d  a t  t h e  l a s t  s t a g e  

of s e l e c t i o n  f o r  t he  PES (an overlapped sam- 

p l e ) .  The main disadvantage of a n  independent 

sample i s  c o s t .  The sample of census enu- 

merat ions does no t  have t o  be l a r g e  a s  erroneous 

enumerations occur on a r e l a t i v e l y  i n f r equen t  

b a s i s  i n  most coun t r i e s  and t hus  c o n t r i b u t e  

r e l a t i v e l y  l i t t l e  t o  t h e  va r i ance  of t h e  n e t  

coverage e r r o r  es t imate .  I n  f a c t ,  c e r t a i n  

coun t r i e s  have omitted t h i s  p a r t  of t h e  pos t  

enumeration survey ope ra t i on  (e .g. ,  Korea and 

Paraguay). 

The major b e n e f i t s  of overlapping t h e  

pos t  enumeration survey and census erroneous 

enumeration segments a r e  twofold: improved 

p r e c i s i o n  r e s u l t i n g  from t h e  c o r r e l a t i o n  of 

misses  and erroneous enumerations and reduced 

c o s t .  With regard t o  p r e c i s i o n ,  a p o s i t i v e  

c o r r e l a t i o n  between census misses  and 

erroneous enumerations w i l l  r e s u l t  i n  a 

r educ t i on  of var iance  on t h e  n e t  coverage 

e r r o r  es t imate .  Most of t h e  households i n  t h e  

PES and t he  census w i l l  match e x a c t l y  i n  an 

overlapped sample. Fu r the r ,  f o r  those  c a s e s  

t h a t  a r e  non-movers, an erroneous enumeration 

i n t e rv i ew  w i l l  no t  be needed; t hus  followup 

w i l l  only have t o  be done on a r e l a t i v e l y  

small  number of cases .  

Experience has  shown (1950 U.S. Census 

PES) t h a t  PES enumerators should n o t  be given 

census information needed f o r  determining 

census erroneous enumerations. This  informa- 

t i o n  could prove a de t r iment  i n  main ta in ing  

independence between t h e  PES and t h e  census. 

I f  s e p a r a t e  enumerators a r e  no t  a v a i l a b l e  t o  
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do t h e  census erroneous enumeration interview- 

ing  a t  the  same time t h e  PES in te rv iewing  i s  

done, one would have t o  wai t  u n t i l  t h e  i n i t i a l  

PES matching was completed i n  o rder  t o  con- 

duc t  t h e  erroneous enumeration i n t e r v i e w .  The 

t i m e  l apse  could cause a  s i g n i f i c a n t  memory 

b i a s  i n  the  r e s u l t a n t  e s t i m a t e s ,  and a  follow- 

up of out-movers would be d i f f i c u l t .  

I f  t h e  PES matching o p e r a t i o n  i s  

r e s t r i c t e d  t o  des igna ted  enumerat ion a r e a s  

which were repor ted  a s  l o c a t i o n s  where t h e  

person might have been l i v i n g  (o r  s t a y i n g ) ,  a  

s e p a r a t e  o p e r a t i o n  w i l l  be r e q u i r e d  t o  measure 

t h e  number of census  enumerated l o c a t i o n s  

ass igned  t o  t h e  wrong EA. I f  a  l o c a t i o n  i s  

ass igned  t o  t h e  wrong EA, i t  w i l l  b e  c l a s s i -  

f i e d  i n c o r r e c t l y  a s  a  miss i n  t h e  PES match- 

i n g  opera t ion .  The methodology involved i n  

es t imat ing  t h e s e  "erroneous enumerations" 

c o n s i s t s  of "map s p o t t i n g "  t h e  l o c a t i o n  i n  

t h e  f i e l d  on e x i s t i n g  maps and r e c o n c i l i n g  any 

d i f f e r e n c e s  ( independent ly)  i n  t h e  PES proc- 

e s s i n g  o f f i c e .  The "map s p o t t i n g "  can t a k e  

p l a c e  when t h e  i n t e r v i e w  i s  conducted f o r  t h e  

census erroneous enumeration sample. 

Associated wi th  each procedure and 

d e f i n i t i o n  is  a  unique ques t ionna i re - - tha t  i s ,  

a  d i f f e r e n t  q u e s t i o n n a i r e  h a s  t o  b e  designed 

f o r  each of t h e  o p t i o n a l  Procedures  and 

D e f i n i t i o n s  given i n  e a r l i e r  s e c t i o n s .  The 

fol lowing a r e  some sugges t ions  t h a t  should be 

considered i n  des ign ing  a p o s t  enumeration 

survey q u e s t i o n n a i r e .  

(1) Procedure A - D e f i n i t i o n  I--The quest ion-  
n a i r e  must a s k  about a l l  pe rsons  who 
res ided  a t  t h e  sample address  on census 
day and a l l  l o c a t i o n s  where t h o s e  persons 
might have been enumerated i n  t h e  census.  

(2) Procedure A - D e f i n i t i o n  11--The quest ion-  
n a i r e  asks  about a l l  persons who r e s i d e d  
a t  the  sample address  on census day, and 
assumes they were no t  l i s t e d  a t  any o t h e r  
address .  

Procedure B - D e f i n i t i o n  I--The quest ion-  
n a i r e  o b t a i n s  a  l i s t i n g  of a l l  persons 
who c u r r e n t l y  l i v e  a t  t h e  sample a d d r e s s  
and o b t a i n s  a l l  a d d r e s s e s  f o r  each person 
where t h e  person might have l i v e d  on 
census day. 

Procedure B - D e f i n i t i o n  11--The quest ion-  
n a i r e  o b t a i n s  a  l i s t i n g  of a l l  persons 
who c u r r e n t l y  l i v e  a t  t h e  sample address  
and e s t a b l i s h e s  a  s i n g l e  a d d r e s s  f o r  
each person where they  were t o  have been 
c o r r e c t l y  enumerated i n  t h e  census.  

Procedure C - D e f i n i t i o n  I--The quest ion-  
n a i r e  o b t a i n s  a  l i s t i n g  of a l l  persons 
who c u r r e n t l y  l i v e  a t  t h e  sample a d d r e s s  
and a l l  p o s s i b l e  l o c a t i o n s  of t h e s e  
persons on census  day ( a s  i n  Procedure B) ,  
a s  w e l l  a s  a  l i s t i n g  of pe rsons  who 
res ided  a t  t h e  sample a d d r e s s  on census 
day (but  were n o t  r e s i d e n t  a t  t h e  t ime 
of t h e  PES) and t h e  l o c a t i o n s  where 
t h e s e  persons might have been enumerated 
i n  t h e  census ( a s  i n  Procedure A ) .  

Procedure C - D e f i n i t i o n  11--The ques t ion-  
n a i r e  o b t a i n s  a  l i s t i n g  of a l l  pe rsons  
c u r r e n t l y  l i v i n g  a t  t h e  sample a d d r e s s  
and a  s i n g l e  a d d r e s s  where each person 
l i s t e d  was t o  have been c o r r e c t l y  enu- 
merated i n  t h e  census ,  plus a l i s t i n g  
of persons who r e s i d e d  a t  t h e  sample 
address  on census  day .  

An i l l u s t r a t i v e  p o s t  enumeration survey 

q u e s t i o n n a i r e  f o r  t h e  P-sample survey showing 

v a r i a t i o n s  f o r  each of t h e  combinations of 

Procedures  and D e f i n i t i o n s  d e s c r i b e d  above 

is provided i n  f i g u r e  2-3. The c o r e  q u e s t i o n s  

shown i n  s e c t i o n s  I, 11, and I11 w i l l  be  t h e  

same f o r  a l l  combinat ions  o f  Procedures  and 

D e f i n i t i o n s .  S e c t i o n  I V  i l l u s t r a t e s  p ro to type  

q u e s t i o n s  f o r  each combinat ion of Procedures 

and D e f i n i t i o n s .  It should  b e  noted t h a t  f i g -  

u r e  2-3 does n o t  i n c l u d e  i t e m s  n e c e s s a r y  f o r  

con ten t  e r r o r  e v a l u a t i o n  ( s e e  c h a p t e r  3 ) .  

These items would have t o  be added f o r  con ten t  

e r r o r  eva lua t ion .  

The choice of D e f i n i t i o n  ( I  o r  11)  w i l l  

a l s o  determine t h e  c o n t e n t  of t h e  q u e s t i o n n a i r e  

adminis tered t o  t h e  e r r o n e o u s  enumeration samp- 

l e  ( i . e . ,  E-sample) households  a s  fo l lows :  

(1)  Erroneous Enumeration Sample - D e f i n i t i o n  
I--This i s  a  m u l t i p l e  purpose q u e s t i o n n a i r e  



EVALUAT l NG CENSUSES OF POPULAT ION AND HOUS l NG 

designed t o  be used t o  e s t i m a t e  dup l i -  
c a t i o n  i n  t h e  census,  geographic  coding 
e r r o r s ,  and erroneous enumerat ions  ex- 
c lud ing  t h e  de te rmina t ion  of t h e  c o r r e c t  
address  f o r  enumeration. 

(2) Erroneous Enumeration Sample - Defini-  
t i o n  11--This i s  t h e  same a s  f o r  Defini-  
t i o n  I, b u t  t h i s  q u e s t i o n n a i r e  must a l s o  
determine t h e  one c o r r e c t  a d d r e s s  where 
each respondent should have been enu- 
merated i f  t h e  sample a d d r e s s  i s  n o t  
c o r r e c t .  

An i l l u s t r a t i v e  erroneous enumeration 

survey q u e s t i o n n a i r e  showing t h e  i t e m s  of 

informat ion r e q u i r e d  f o r  t h e s e  procedures  

is  provided i n  f i g u r e  2-4. The same ques- 

t i o n n a i r e  i s  used f o r  both D e f i n i t i o n  I and 

D e f i n i t i o n  11, however, t h e  q u e s t i o n s  used 

may vary according t o  t h e  degree of followup. 

2.51 A l t e r n a t i v e  addresses . - -Defini t ion 

I and Procedure B w i l l  r e q u i r e  t h e  c o l l e c t i o n  

of a l t e r n a t i v e  addresses .  Very o f t e n ,  t h e s e  

a l t e r n a t i v e  addresses  w i l l  be  incomplete and 

it w i l l  be correspondingly d i f f i c u l t  t o  l o c a t e  

t h e  enumeration a r e a  wi th in  which t h e  match- 

i n g  sea rch  should be conducted. C e r t a i n  i tems 

added t o  t h e  q u e s t i o n n a i r e  a r e  l i k e l y  t o  

f a c i l i t a t e  t h i s  sea rch .  These i t ems  i n c l u d e  

q u e s t i o n s  on names of nearby v i l l a g e s ,  e s t a t e s ,  

e t c . ,  i n  r u r a l  a r e a s  o r  b a r r i o s  and neighbors  

i f  i n  urban a r e a s ;  a d e s c r i p t i o n  of t h e  loca-  

t i o n  t h a t  i n c l u d e s  major roads ,  landmarks, 

r i v e r s ,  c r e e k s ,  e t c ;  t h e  names of t h e  "census 

day" occupants a t  t h a t  l o c a t i o n ;  and t h e  

names of nearby o r  next  door neighbors .  

2.52 Probing questions.--Very o f t e n  

probing q u e s t i o n s  a r e  u s e f u l  f o r  uncovering 

persons t h a t  t h e  respondent u n i n t e n t i o n a l l y  

l e f t  o f f  t h e  household r o s t e r .  Th is  is 

e s p e c i a l l y  important  f o r  b a b i e s ,  l o d g e r s ,  

r e l a t i v e s ,  persons t r a v e l l i n g  o r  away on bus i -  

n e s s ,  and s o  f o r t h .  An example of a probing 

q u e s t i o n  which might be used t o  ensure  a 

complete household l i s t i n g  is  shown i n  f i g u r e  

2-3 under s e c t i o n  I V  a s  i tem 14. 

2.53 I n t e r v i e w  control.--A record  should 

be kept  on t h e  q u e s t i o n n a i r e  of c o n t a c t s  t h a t  

were a t tempted w i t h  t h e  household (bo th  un- 

s u c c e s s f u l  and s u c c e s s f u l ) .  A r e c o r d  should 

be made of bo th  occupied and v a c a n t  u n i t s .  

For occupied u n i t s ,  t h e  i n t e r v i e w  s t a t u s  

(complete i n t e r v i e w ,  r e f u s a l ,  n o t  a t  home, 

e t c . )  should b e  given.  S e c t i o n  I1 of t h e  

q u e s t i o n n a i r e  shown i n  f i g u r e  2-3 g i v e s  an  

example of an i n t e r v i e w  c o n t r o l  r e c o r d .  

2.54 Census matching informat ion.-- I t  

a l s o  may be u s e f u l  t o  i n c l u d e  space  on t h e  

q u e s t i o n n a i r e  t o  i n c l u d e  t h e  a c t u a l  census  

day r o s t e r .  Th is  l i s t i n g  of pe rsons  should  

be completed a f t e r  t h e  a c t u a l  PES i n t e r v i e w  

a t  t h e  t ime of t h e  matching o p e r a t i o n .  Match 

s t a t u s  may then  be i n d i c a t e d  on t h e  a c t u a l  

q u e s t i o n n a i r e .  Th is  procedure f a c i l i t a t e s  

t h e  convers ion of d a t a  t o  machine r e a d a b l e  

form. 

I n  t h i s  manual, p rocedures  a r e  developed 

f o r  conduct ing a c l e r i c a l  matching o p e r a t i o n .  

While s e l e c t i n g ,  t r a i n i n g ,  and s u p e r v i s i n g  

a l a r g e  s t a f f  of matching c l e r k s  can be 

d i f f i c u l t ,  t h e  a l t e r n a t i v e  would be a computer 

matching o p e r a t i o n  which may n o t  be f e a s i b l e  

i n  many c o u n t r i e s .  A computer match r e q u i r e s  

a t  l e a s t  some p a r t  of t h e  p e r s o n ' s  name and a 

d e s c r i p t i o n  of t h e  l o c a t i o n  where h e / s h e  was 

enumerated i n  t h e  census t o  be read  o r  key- 

punched on computer t a p e .  However, t h e  match 

would be g r e a t l y  f a c i l i t a t e d  i f  an i d e n t i f i -  

c a t i o n  number a s s o c i a t e d  w i t h  each person ,  

such a s  a s o c i a l  s e c u r i t y  o r  o t h e r  n a t i o n a l  

i d e n t i f i c a t i o n  number, is  c o l l e c t e d  i n  t h e  

census.  The major advantage of a computer 

match would be t h a t  t h e  matching could b e  

undertaken i n  an o b j e c t i v e  ( i . e . ,  non-judge- 

mental)  manner u t i l i z i n g  matching a l g o r i t h m s  

which have a t h e o r e t i c a l  mathematical  b a s i s .  

F e l l e g i  and Sunte r  (1969) and Tepping (1968) 
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E%gure 2-3. ILLUSTRATIVE POST ENUMERATION SURVEY QUESTIONNAIRE 

A. Stratum 

POST ENUMERATION SURVEY 

Sect ion I. IDENTIFICATION 
D. B a r r i o / v i l l a g e  G .  Sample Sector code 

CONFIDENTIAL - This  i n q u i r y  i s  required by law. The in fo rmat ion  i s  
accorded c o n f i d e n t i a l  t reatment and cannot be used f o r  
taxa t ion ,  i nves t iga t ion ,  o r  r e g u l a t i o n .  

I I 

J. Address o r  loca t ion  

K. INTERVIEW STATUS 

Un i t  now occupied 

1 l n te rv iew completed 

ln te rv iew no t  completed-- 

2 Refusal 

3 P a r t i a l  re fusal  

4 Not a t  home 

5 Other (Specify) 

H. Sector l e t t e r  

I .  Ser ia l  number 

B. Province 

C .  D i s t r i c t  

Un i t  now vacant 

E. Place 

F. EA number 

In te rv iewer ' s  name 

Sect ion 11. INTERVIEW RECORD 

L. PRINCIPAL RESPONDENT 

1 Person on 1 ine  

2 Neighbor 

3 Manager 

4 Other (Specify) 

I Date o f  i n t e r v i e w  

Sect ion 111. LIVING QUARTERS 
3-1 .  Type o f  l i v i n g  quarters 

1 Conventional 

2 Improvised HU (makeshift 
shelter of waste materials, 
barn, cave, warehouse, e tc .  

4 C o l l e c t i v e  quar ters  1 4 Bamboo, leaves, reed, mud 

H-3. Walls-main c o n s t r u c t i o n  
mate r ia l  o f  ou te r  w a l l s  o f  
t h i s  house ( b u i l d i n g )  

1 Stone, cement, stucco, 
b r i c k  

3 Mobi le HU ( tent ,  boat, 
wagon, e tc . )  

5 None 1 5 Other mate r ia l s  

2 Metal 

3 Wood 

1 1 u n i t ,  detached I 

i -2.  Number o f  housing u n i t s  i n  
t h i s  house (bu i ld ing )  

2 1 u n i t ,  attached I 

H-4 .  How many rooms are i n  t h i s  
housing u n i t ?  

3 2 t o  4 u n i t s  

4 5 t o  9 u n i t s  

5 10 o r  more u n i t s  

rooms 

Jotes: 

H-5. I s  t h i s  u n i t  owned by someone 
l i v i n g  i n  i t  o r  i s  i t  rented? 

OCCUPIED 

1 Owned o r  be ing bought 

2 Rented f o r  cash 

3 Rent f r e e  o r  o ther  
arrangment 

4 VACANT 

VACANT UNITS 
H-6. Vacancy s t a t u s  

1 For  r e n t  o r  sa le  

2 Not f o r  r e n t  o r  sa le  

H-7. Cond i t i on  o f  vacant u n i t  

1 H a b i t a b l e  f o r  year-round use 

2 Hab i tab le  f o r  seasonal use 

3 Not h a b i t a b l e  
2 
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Figure 2- 3. ILLUSTRATIVE POST ENUMERATION SURVEY QUESTIONNAIRE-- Continued 

PROCEDURE A: Definition I 

Section IV. CEN 

What 
was 
. . . I  s 
age 
as of 
last 
birth- 
day? 

(5) 
- 

/ 

s ... 
till 
esiding 
n this 
ous i ng 
nit (at 
his 

What is . . . I  s current 
address? 

Enter com~lete  address 

hat are the names of all 
ersons who l i ved (or stayed) 
ere on July I, 19807 Be sure 
o include babies, elderly 
ersons, and persons who may 
ave been away on vacation or 
oliday, or may have been in 
he hospital. 

What was . . . I  s relationship to the 
head of the household? 

Interpret categories 3 t o  7 t o  mean 
relationship to  head or spouse. 

ddress) ? 

1 Head 5 Grandchild or 
great-grandchild 

2 Spouse 
of head 6 Parent 

3 Soddaughter 7 Other relative 

4 Spouse of 8 Nonrelative 
soddaughter 

(house n&nber, s treet ,  
c i t y ,  vil lage, d i s t r i c t ,  
province) or description 
o f  location. 

i s t  i n  th i s  order: 

Head 
Spouse of head 
Never married children of 
head or spouse (by agel 

Ever married children of 
head or spouse and their 
families (by agel 

Other relatives 
Nonre latives 

I f  YES, 
go t o  
item 8 .  

( 6 )  

1 Y 

2 N 

b 

1 Head 3 S/d 5 Gd 7 Other 

2 Sp 4 Sp of 6 Par 8 Nonrel 
,'----,s/d - 

OCEDURE A :  Definition I1 -- Includes items I to 7 ,  13, and 14 .  

PROCEDURE 8: Definition I 

r Section IV. CU 
- 
Sex 

(4) - 
1 M 

2 F 

--1 

dhat 
da s 
. . . I  s 
w e  
3s of 
last 
~i rth- 
Aay? 

Where 
did ... 
res i de 
(I i ve) 
on 
July I? 

If  HERE, 
go to  
item 8 .  

(6) 

h t e r  complete address 
(lwuse number, s treet ,  
? i ty ,  vil lage, d i s t r i c t ,  
orovince) or description 
sf location. 

What are the names of all 
persons currently living 
(or staying) i n  this housing 
unit? Be sure to include all 
babies, elderly persons, and 
persons who may be away on 
vacation or holiday, or are i s  
the hospital. 

List i n  th i s  order: 

Head 
Spouse of head 
Never married children of 
head or spouse (by agel 

Ever mnried children of 
head or spouse and their 
families (by agel 

Other reZatives 
Nonrelatives 

(2) 

What is . . . I  s relationship to the head 
of the household? 

(Categories and instructions the 
same as in Procedure A.)  

Go t o  item 10. 

1 Here 

! Else- 
where 

-../--- 

PROCEDURE B: Definition I1 -- Includes items 1 t o  9 ,  13,  and 14 .  

---./--/- -4,'- 

13. I f  l i s t ing i s  continued on additional persons. Name each person l i s t ed .  
questionnaire, mark X i n  th i s  c irc le  Have I missed anyone? I f  YES, add person to  item 2. 
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Figure 2- 3. ILLUSTRATITrE POST ENUMERATION SURVEY QUESTIONNAIRE-- Continued 

SUS DAY RESIDENTS 
Are there 
any other  
places ... 
could have 
been l i v i n g  
(or  s tay ing)  
on J u l y  I ?  

I f  NO, end 
intervieu. 

Enter complete address (house 
number, street,  c i t y ,  viZZage, 
d i s t r i c t ,  province) or 
description o f  location. 

What i s  the name o f  the head 
o f  the household o r  another 
occupant a t  t h a t  address? 

Do you know 
the names o f  
two next-doo 
neighbors o f  
t h a t  address 

Enter names of neighbors; 
make sure you get as completh 
names as possible. 

RRENT RESIDENTS 

any o ther  
places ... 
could have 
been 1 i v i n g  
(or  staying) 
on J u l y  I ?  

I f  NO, end 
inCervieu. 

Enter complete address (house 
number, street,  c i t y ,  vil lage, 
d i s t r i c t ,  province) or 
description of location. 

What i s  the name o f  the head 
o f  the household o r  another 
occupant a t  t h a t  address7 

Do you know 
the names o f  
two next-doo 
neighbors o f  
t h a t  address 

Enter names of neighbors; 
make sure you get as complete 
names as possible. 
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Figure 2- 3. ILLUSTRAl'I?% POST ENLiMERATION SURVEY QUESTIONNAIRE--Continued 

PROCEDURE C :  D e f i n i t i o n  I 

What are the names o f  a l l  
persons c u r r e n t l y  l i v i n g  (o r  
s tay ing)  i n  t h i s  housing u n i t ?  
Be sure t o  inc lude a l l  babies, 
e l d e r l y  persons, and persons 
who may be away on vacation, 
ho l i day ,  o r  business, o r  are 
i n  the h o s p i t a l .  

Lis t  i n  th is  order: 

Head 
Spouse of head 
Never married children of 

head or spouse (by age) 
Ever married children of 

head or spouse and their  
families (by age) 

Other relatives 
Nonrelatiues 

What i s  . . . I  s r e l a t i o n s h i p  t o  the 
head o f  the household? 

Interpret categories 3 to 7 t o  mean 
relationship to head or spouse. 

1 Head 5 Grandchi I d  o r  

2 Spouse 
great-grandchi ld  

o f  head 6 Parent 

3 Soddaughter  7 Other r e l a t i v e  

4 Spouse o f  8 Nonre la t i ve  
soddaugh te r  

What was ... I s  r e l a t i o n s h i p  t o  
(name of head l is ted i n  item 21? 

(Categories and i n s t r u c t i o n s  the 
same as i n  i t em 3.) 

dhere 
j i d  ... 
res ide 
( l i v e )  
3n 
July , I ?  

I f  HERE, 
go to 
item 8. 

ex 

4 )  

\ 

Sect ion  I V .  CU 

Enter complete address 
(house number, s treet ,  c i t y ,  
v i  l luge, d i s t r i c t ,  province) 
or description of location. 

What 
was 
...I s 
age 
as o f  
l a s t  
b i r t h  
day? 

(5) 

What are the names o f  any 
o the r  persons who l ived ( o r  
stayed) i n  t h i s  housing u n i t  
on Ju ly  I ?  

Sex 

15) 

What 
was 
. . . I  s 

age 
as o f  
l a s t  
b i r t h -  
day? 

(1 6) 

Are the re  
any o the r  
places ... 
could have 
been l i v i n g  
( o r  s tay ing  
on J u l y  I ?  

I f  NO, end 
interview. 

(1 7) 

I Enter complete address (house 
number, s treet ,  c i t y ,  v i l lage,  
d i s t r i c t ,  province) or 
description of location. 

PROCEDURE C:  D e f i n i t i o n  I 1  --Includes items I t o  7 ,  10 t o  16,  22, and 23. 

,' 

22. If  l ist ing i s  continued on additional 

-0 questionnaire, mark X i n  th i s  c irc le  
23. 1 have l i s t e d  persons. Name each person l i s t ed  i n  

Have I missed anyone who i s  c u r r e n t l y  l i v i n g  here o r  could 
here on J u l y  I ?  I f  the answer i s  YES, add the persons t o  
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Figure 2- 3. ILLUSTmTIVE POST ENUMERATION SURVEY QUESTIONNAIRE-- Continued 

(RENT RESIDENT! 

other  places 
. . . cou ld  
have been 
l i v i n g  (or 
s tay ing)  on 
Ju ly  I ?  

l f  NO, end 
interview 
for person. 

Enter complete address (house 
number, s treet ,  c i t y ,  viL Luge, 
d i s t r i c t ,  province) or  
description of Location . 

What i s  the name o f  the  head Do you know 
o f  the household o r  o f  another the names o f  
occupant a t  t h a t  address? two next-door 

neighbors o f  
t h a t  address? 

US RESIDENTS - 
What i s  the name o f  the  head 
o f  the  household o r  o f  another 
occupant a t  t h a t  address? 

Do you know 
t h e  names o f  
two next-door  
neighbors a t  
t h a t  address? 

items 2 and 13. I I 

Enter name of  neighbors; make 
sure you get  as complete names 
as possibLe. 

have been 1 i v i ng 
the appropriate i tem. 
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provide models t h a t  can be emp'loyed f o r  

c o u n t r i e s  t h a t  have t h e  c a p a b i l i t y  t o  do a 

computer match. 

2.61 Matching procedure.--The fol lowing 

a r e  s t e p s  i n  matching t h e  r e s u l t s  of t h e  PES 

t o  t h e  census: 

(1) Determine t h e  enumeration a r e a  (o r  a r e a s )  
t o  be searched.  Th is  w i l l  r e q u i r e  c l e r k s  
s p e c i a l l y  t r a i n e d  i n  t h e  geography of 
t h e  country and r e l a t i v e l y  good maps with 
which t o  work. 

( 2 )  Search f o r  t h e  household(s)  l i s t e d  on 
t h e  PES form i n  t h e  s p e c i f i e d  enumeration 
a r e a  (o r  a r e a s ) .  Very o f t e n  t h e  c l e r k  
can look f o r  a group of names a t  t h e  
same time. Allowance should be made f o r  
m i s s p e l l i n g ' s  and mis record ings .  I f  a 
l i s t i n g  s h e e t  of names and addresses  i s  
used i n  t h e  census,  i t  may be more 
e f f i c i e n t  t o  i n i t i a l l y  f i n d  t h e  household 
on t h i s  s h e e t ,  and o b t a i n  a c r o s s  
re fe renced  s e r i a l  number t h a t  would h e l p  
t o  l o c a t e  t h e  d e s i r e d  q u e s t i o n n a i r e  i n  
a more e f f i c i e n t  manner. 

(3) Determine which persons l i s t e d  on t h e  
PES form a r e  a l s o  l i s t e d  on t h e  census 
ques t ionna i re .  P o s s i b l e  matches should 
be examined very  c a r e f u l l y ,  paying 
s t r i c t  adherence t o  t h e  matching r u l e s .  

( 4 )  Cases which cannot be c l a s s i f i e d  on t h e  
b a s i s  of t h e  informat ion a v a i l a b l e  should 
be r e f e r r e d  t o  t h e  f i e l d  followup opera- 
t i o n  t o  c o l l e c t  a d d i t i o n a l  informat ion 
t o  permit proper  c l a s s i f i c a t i o n  of 
match s t a t u s .  

2.62 Matching rules.--Detailed r u l e s  f o r  

matching w i l l  have t o  be prepared.  I n  de- 

veloping t h e s e  r u l e s ,  one has  t o  cons ider  t h e  

p o s s i b i l i t y  of making erroneous matches and 

erroneous non-matches. Erroneous matches 

a r e  def ined a s  c a s e s  which a r e  c l a s s i f i e d  a s  

matches when i n  f a c t  t h e  PES case  was n o t  

a c t u a l l y  enumerated i n  t h e  census.  

Erroneous non-matches a r e  def ined  a s  

cases  c l a s s i f i e d  a s  non-matches which i n  f a c t  

do correspond t o  a case  enumerated i n  t h e  

census.  I f  exac t  agreement of c h a r a c t e r i s t i c s  

i s  needed t o  e s t a b l i s h  a match, an  excess ive  

number of erroneous non-matches is l i k e l y  t o  

occur .  A s  r u l e s  a r e  re laxed  t o  a l l o w  more 

matches (and fewer non-matches), an  i n c r e a s i n g  

number of erroneous matches w i l l  occur .  The 

o b j e c t i v e  of e v a l u a t i o n  p l a n n e r s  should  be t o  

des ign  a system which minimizes n e t  e r r o r  

( t h e  d i f f e r e n c e  between e r roneous  matches and 

e r roneous  non-matches). The o b j e c t i v e  of t h e  

matching procedure i s  t o  determine t h e  number 

of matches ( a s  desc r ibed  l a t e r  i n  t h i s  , 

c h a p t e r ) ;  t h i s  e s t i m a t e  w i l l  be a c c u r a t e  i f  

t h e  n e t  matching e r r o r  is  e q u a l  t o  z e r o .  

Matching r u l e s  s p e c i f y  t h e  c h a r a c t e r i s -  

t i c s  (e .g . ,  name, s e x ,  age ,  e t c . )  by which 

persons and households enumerated i n  t h e  

census and PES a r e  t o  be matched. To le rance  

ranges  w i t h i n  which records  must a g r e e ,  should 

a l s o  be def ined.  These t o l e r a n c e s  w i l l  a l l o w  

f o r  a l i m i t e d  degree of m i s r e p o r t i n g  i n  e i t h e r  

t h e  PES o r  t h e  census.  To le rances  can vary  

accord ing  t o  c h a r a c t e r i s t i c s ;  f o r  example no 

t o l e r a n c e  may be allowed f o r  s e x  d i f f e r e n c e s ,  

b u t  r e l a t i v e l y  l a r g e  t o l e r a n c e s  may be a l lowed 

f o r  age.  

Tolerances  might a l s o  vary  a c c o r d i n g  t o  

t h e  s i t u a t i o n ;  f o r  example, i f  i t  is c e r t a i n  

tha f  t h e  d e s i r e d  household has  been i d e n t i f i e d ,  

i t  may be u s e f u l  t o  r e l a x  t o l e r a n c e  s t a n d a r d s  

f o r  t h e  i n d i v i d u a l s  w i t h i n  t h e  household.  

By vary ing  the  number of c h a r a c t e r i s t i c s  

and /or  t h e  t o l e r a n c e  l i m i t s  one can  v a r y  t h e  

s i z e  and s i g n  of t h e  n e t  matching e r r o r .  

As t h e  number of c h a r a c t e r i s t i c s  used f o r  

c r i t e r i a  i n  performing t h e  matching i n c r e a s e s ,  

t h e  number of erroneous non-matches w i l l  

i n c r e a s e  and t h e  number of errondous matches 

w i l l  decrease.  Conversely,  a s  t o l e r a n c e s  f o r  

t h e  matching of c h a r a c t e r i s t i c s  a r e  i n c r e a s e d ,  

t h e  number of erroneous non-matches w i l l  

decrease  and t h e  number of e r roneous  matches 

w i l l  i n c r e a s e .  

One i m p l i c a t i o n  o f  t h i s  is  t h a t  i t  is  

p o s s i b l e  f o r  t h e  n e t  matching e r r o r  t o  b e  
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Figure 2-4. ILLUSTRATIVE ERRONEOUS ENUMERATION SURVEY QUESTIONNAIRE 

CONFIDENTIAL - This  i n q u i r y  i s  requ i red  by law. The i n f o r m a t i o n  i s  
ERRONEOUS ENUMERATION accorded c o n f i d e n t i a l  t reatment  and cannot be used f o r  

SURVEY t a x a t i o n ,  i n v e s t i g a t i o n ,  o r  r e g u l a t i o n .  

Sect ion I. IDENTIFICATION 

A. Stratum D. B a r r i o / v i  1 lage G. Sample Sector code 

I I 

B. Province H. Sector l e t t e r  

I I 

C.  D i s t r i c t  F. EA Number I .  S e r i a l  number 

I I 
J. Address o r  l o c a t i o n  

Section 11. CENSUS STATUS RESPONDENT 
K. CENSUS STATUS M. PRINCIPAL RESPONDENT/SOURCE OF INFORMATION 

I Occupied 

Vacant 

Unknown 

17 Imputa t ion case 

Sect ion 111. SURVEY STATUS 

L. SURVEY STATUS 

U n i t  n o t  found (Explain i n  NOTE 

U n i t  no longer e x i s t s  section) 

C] U n i t  vacant 

17 U n i t  occupied 5 I n t e r v i e w  completed 

Refusal  

[J Occupant 

Neighbor 

Manager 

C] Other (Specify) 

Respondent's name 

Respondent's address o r  l o c a t i o n  

I n t e r v i e w e r ' s  name Date o f  i n t e r v i e w  
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Figure 2-4. ILLUSTRATIVE ERRONEOUS ENUMERATION SURVEY Q U E S T I O N N A I R E - - C O ~ ~ ~ ~ & ~  

Section I V .  CENSUS INFORMATION 
h per - 

Age 

Transcribe items 2 t i  9 from census questionnairs 

Re la t i onsh ip  

2. 

Har i  t a t  S ta tus  DO YOU 
KNOW . . . ? 

I f  uni t  now 
vacant, go 
to Section 
VI . 

I f  answer 
i s  NO for  
a person, 
complete 
Section VI 
a f ter  
completing 
interview 
for the 
other 
persons. 

(7) 

ID . . .  
IVE OR 
TAY HERE 
It4 THIS 
OUS I MG 
N I T )  ON 
ULY I ?  

f Yes,. 
o t o  ztem 
3. 

(8)  

10 YOU 
(NOW WHERE 
... LIVED 

Name 

IR STAYE 
IN JULY 

!f YES, 
10 t o  
:tern 12. 

(9) 

Head 

Spouse 

Soddaughter  

Spouse o f  
soddaugh te r  

Grandch i ld  o r  
g rea t -g randch i l d  

Parent 

Other r e l a t i v e  

I4onre la t ive  

1 H a r r i e d  

2 Vidowed 

3 Divorced 

11 Separated 

5 Never 
mar r i ed  

( 3 )  

1 Head 5 Gd 

2 SP 6 Par 

3 S/d 7 0 t h  

4 Sp o f  s/d 8 Non - I Mar 4 Sep 

2 Wid 5 Ntl 

3 D i v  

n 

Section VI .  INTERVIEW AT OTHER ADDRESSES 

DO YOU 
KNOW . . . ? 

I f  NO, 
70 to 
Section 
VII. 

(1 5) 

1 Y 

2 N 

DID ... 
LIVE OR 
STAY AT 
f smp le  HU 
addreso) 
OH JULY I I 

I f  YES, 
go t o  
item 18. 

(1 6 )  

1 Y 

2 N 

DO YOU 
KNOW WHERE 
... LIVED 
OR STAYED 
ON JULY l i  

DO YOU 
KNOW ...Is 
CURRENT 
ADDRESS 
(PLACE OF 
RESIDENCE) 

I f  NO, 
go to  
Section 
VII.  

Enter complete address (house 
number, s t ree t ,  c i t y ,  v i  ZZage, 
d i s t r i c t ,  povince)  or 
description of location. 

Snter complete address (house 
vumber, s t ree t ,  c i t y ,  v i l lage ,  
J i s t r i c t ,  province) or 
Jescript ion of location. 

S THERE 
\NY OTHER 
'LACE . . . 
:OULD HAVE 
.IVED OR 
;TAYED ON 
IULY I ?  

- f  NO> 
10 t o  
:ec t i on  
T I .  

(21) 

1 Y 

2 N - 

When interview completed for 
a l l  persons i n  item 2, go t o  
current address t o  get 
information needed. 

I f  YES, 
go to 
item 20. End interview for t h i s  person. 
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Figure 2-4. ILLUSTmTIVE ERRONEOUS ENUMERATION SURVEY Q U E S T I O N N A I R E - - C O ~ ~ ~ ~  

DO YOU 
KNOW . . . I  s 
CURRENT 
ADDRESS 
(PLACE OF 
RESIDENCE) 

I f  NO, 
go t o  
section 
VI . 

(10) 

1 Y 

2 N 

S e c t i o n  V. INTERVIEW AT SAMPLE ADDRESS 

Enter complete address fhouse 
number, street ,  c i t y ,  vi l lage,  
d i s t r i c t ,  province) or 
description of location. 

When interview i s  completed for 
a l l  persons, complete Section VI. 

'nter complete address (house 
!umber, s t ree t ,  c i t y ,  village, 
! i s t r i c t ,  province) or 
bscription of  location. 

Enter complete address (house 
number, s t r ee t ,  c i t y ,  village, 
d i s t r i c t ,  province) or 
description of location. 

IS THERE 
4NY OTHER 
'LACE . . . 
:OULD HAVl 
LIVED OR 
STAYED ON 
JULY I ?  

rf NO, em 
interview. 

(13) 

1 Y 

2 N 

-- 

S e c t i o n  V I I  . PRINCIPAL RESPONDENT 

P r i n c i p a l  respondent f o r  Sect ion V I  

1 Ne i ghbor (Specify)  

2 Manager (Specify)  

3 Other (Specify)  

4 Unable t o  f i n d  a knowledgeable respondent 

-c--__-/ 

Enter complete address (house 
number, s t ree t ,  c i t y ,  viZlage, 
d i s t r i c t ,  province) or 
description of location. 

S e c t i o n  V I I I .  INTERVIEMER CHECK 

Apply census day residency rule for 
sample housing uni t  and a l l  other 
locations. Mark the address or 
location you feel meets the census 
residency cr i ter ia .  Specify reason. 

I Sample address Reason 

:Item 11 o r  1 9  [ 
3 ltem 12 o r  20 -, 

l tem 14 o r  22 
_k 
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smal l ,  but  t h e  g ross  e r r o r  (erroneous matches 

p lus  erroneous non-matches) t o  be l a r g e .  Hence, 

designing a  system t h a t  depends on such t rade-  

o f f s  could be very r i s k y .  I f  t h e  a c t u a l  

matching opera t ion  i s  somewhat l e s s  e f f i c i e n t  

than was a n t i c i p a t e d ,  the  n e t  e r r o r  could be 

d i s a s t r o u s l y  l a r g e .  I n  a d d i t i o n ,  even i f  t h e  

n e t  matching e r r o r  i s  smal l ,  t h e  var iance  of 

t h i s  es t imate  could be l a r g e  i f  t h e  two 

components of coverage e r r o r  a r e  l a r g e .  A 

" sa fe r"  approach would be t o  t r y  t o  minimize 

both t h e  n e t  matching e r r o r  and t h e  g r o s s  e r r o r  

t o  t h e  e x t e n t  p o s s i b l e .  

The matching process  i s  perhaps t h e  most 

expensive and d i f f i c u l t  p a r t  of the  PES 

opera t ion .  Some form of t h e  fol lowing th ree -  

t i e r e d  matching system, which has  proven t o  be 

r e l a t i v e l y  e f f i c i e n t  i n  p rev ious  exper ience,  

is recommended: 

The f i r s t  " t i e r "  of matching would have 
c l e r k s  c l a s s i f y  d e f i n i t e  matches on ly .  
Very - t i g h t  t o l e r a n c e s  would be used 
keeping erroneous matches t o  an a b s o l u t e  
minimum. Clerks  would n o t  need e x t e n s i v e  
t r a i n i n g  i n  o rder  t o  p rocess  these  "easy" 
c a s e s .  

The second " t i e r "  c o n s i s t s  of a  s p e c i a l l y  
t r a i n e d  s e t  of c l e r k s  who use  more com- 
p lex  r u l e s  t o  r e c l a s s i f y  t h e  "remaining 
cases"  a s  d e f i n i t e  matches,  d e f i n i t e  
non-matches, o r  " s t a t u s  unknown" c a s e s  
( t h a t  i s ,  "possible"  matches) .  

The t h i r d  " t i e r "  c o n s i s t s  of s u p e r v i s o r s  
and p r o f e s s i o n a l s  who work t o g e t h e r  t o  
r e s o l v e  t h e  " s t a t u s  unknown" c a s e s .  Any 
informat ion which can be found on t h e  
problem c a s e  can be used a t  t h i s  s t a g e .  
Out of t h i s  opera t ion  w i l l  come d e f i n i t e  
matches, d e f i n i t e  non-matches, and c a s e s  
t h a t  need t o  be followed up i n  t h e  f i e l d  
t o  o b t a i n  a d d i t i o n a l  informat ion ( t h e  
expec ta t ion  i s  t h a t  t h e s e  cases  should 
be few i n  number; o therwise  another  
expensive f i e l d  opera t ion  would be 
r e q u i r e d ) .  

"Optimum" matching r u l e s ,  which would 

a t tempt  t o  minimize erroneous non-matches and 

erroneous matches,  would be used f o r  t h e  

second t i e r  and "problem cases" .  The t i e r e d  

approach h a s  been found t o  work q u i t e  w e l l  

i n  t b e  United S t a t e s  and i n  s e v e r a l  developing 

c o u n t r i e s  (e .g . ,  Bangladesh and Egypt) .  One 

of t h e  s t r e n g t h s  of t h i s  approach i s  t h a t  i t  

permi t s  r e l a t i v e l y  s t r i c t  o p e r a t i o n a l  and 

q u a l i t y  c o n t r o l  procedures t o  be implemented. 

Matching c h a r a c t e r i s t i c s ,  t o  a  g r e a t  

e x t e n t ,  depend upon t h e  count ry  where t h e  

s tudy i s  being done. However, t h e  fo l lowing  

i l l u s t r a t i o n  of suggested r u l e s  f o r  determining 

matches (and non-matches) may prove u s e f u l  a s  

a  s t a r t  i n  designing a  matching o p e r a t i o n ,  

(1) Rules f o r  f i r s t  t i e r  d e f i n i t e  matches.  

The c a s e  w i l l  be a  match i f  

p l a c e  of r e s i d e n c e  is i n  t h e  same 
o r  an a d j a c e n t  EA and a g r e e s  
e x a c t l y  excep t  f o r  a  rearrangement  
of s t r e e t ,  b u i l d i n g ,  o r  dwel l ing  
u n i t  numbers o r  a  s i m i l a r  sounding 
name. Des igna t ions  a l s o  may be 
d i f f e r e n t ,  f o r  example, road f o r  
avenue o r  s t r e e t  f o r  avenue, e t c . ;  

family name (surname) a g r e e s  except  
f o r  minor s p e l l i n g  d i f f e r e n c e s  which 
do not  change t h e  sound. For a 
common name, g iven  and middle  names 
of t h e  s u b j e c t  must a g r e e  except  
f o r  minor d i f f e r e n c e s ;  

r e l a t i o n s h i p  i s  n o t  c o n t r a d i c t o r y ;  

sex agrees  e x a c t l y ;  and 

age is w i t h i n  -1 t o  +2 y e a r s  f o r  
persons under 20, -2 t o  +3 y e a r s  
f o r  ages between 20 and 40, and -3 
t o  +4 years  f o r  p e r s o n s  over  40. 

A f t e r  t h i s  matching o p e r a t i o n  h a s  been 
completed, a  s e t  of c l e r k s  can examine 
t h e  remaining u n c e r t a i n  c a s e s  w i t h  t h e  
fol lowing s e t  of "second-t ier"  g u i d e l i n e s  
t o  determine a  match s t a t u s .  

(2)  Rules f o r  second t i e r  matches.  

The c a s e  w i l l  be a  match i f  t h e  same condi- 
t i o n s  f o r  a  d e f i n i t e  match i n  t h e  f i r s t  
t i e r  matching o p e r a t i o n  a r e  s a t i s f i e d  
except  t h a t  

( a )  t h e r e  i s  a  c o n t r a d i c t i o n  i n  one of 
t h e  f  ollowing--given (o r  f i r s t )  name, 
r e l a t i o n s h i p ,  o r  s e x ;  
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(b) address  information is  con t rad ic to ry  ; 
f o r  example, address  informat ion may 
be missing from e i t h e r  t h e  census o r  
t h e  PES; o r  

(c) l a r g e  age d i f f e r e n c e s  (as  determined 
from d a t e  of b i r t h )  a r e  al lowed, 
such a s  the  following: 

ALE Tolerance 

Under 10 yea r s  + 1 year  
10 t o  19 yea r s  + 2 y e a r s  
20 t o  39 yea r s  f 6 yea r s  
40 t o  59 yea r s  + 8 yea r s  
Over 60 yea r s  210 yea r s  

After  t h e  cases  have been reviewed by t h e  
second t i e r  and f u r t h e r  c a s e s  s p e c i f i e d  
a s  matches, a l l  remaining c a s e s  w i l l  
e i t h e r  be d e f i n i t e  non-matches o r  cases  
f o r  which match s t a t u s  s t i l l  cannot be 
determined. Indeterminate cases  and, i f  
resources  permit ,  non-matched c a s e s ,  w i l l  
go on t o  t h e  t h i r d  t i e r  where r u l e s  a r e  
much more s u b j e c t i v e  i n  na tu re .  Both 
match and non-match determinat ions  w i l l  
r e s u l t  out  of t h i s  opera t ion.  (Note: a s  
time p rogresses ,  and t h e  c l e r i c a l  s t a f f  
ga ins  exper ience  it may be f e a s i b l e  t o  
combine t h e  t i e r  1 and t i e r  2 ope ra t ions . )  

It would be d e s i r a b l e  f o r  p l anner s  t o  

experiment wi th  va r ious  combinations of 

c h a r a c t e r i s t i c s  and to l e rances  i n  one o r  more 

p r e t e s t s .  Assuming t h a t  a l l  i tems have 

r e l a t i v e l y  low response e r r o r s  a s soc ia t ed  wi th  

them, t h e  combination of c h a r a c t e r i s t i c s  and 

to l e rances  y i e l d i n g  the  sma l l e s t  n e t  e r r o r  

and gross  e r r o r  would be t h e  most d e s i r a b l e .  

The dec i s ion  on matching r u l e s  assumes 

knowledge of t h e  p r o b a b i l i t i e s  of erroneous 

matches and erroneous non-matches. This  

information might be obtained from a p r e t e s t  

by c o l l e c t i n g  s u f f i c i e n t  matching informat ion 

from respondents so  t h a t  t h e  r e s o l u t i o n  of 

ques t ionable  cases  can be made, a l though i t  

is  l i k e l y  t o  be i n f e a s i b l e  t o  ob ta in  t h i s  

"addi t ional"  informat ion i n  the  r e g u l a r  PES. 

Another opt ion might be t o  o b t a i n  t h i s  

add i t iona l  information f o r  a subsample of t h e  

r egu la r  PES; i n  t h i s  case ,  i n i t i a l  matching 

could be confined t o  t h i s  subsample such t h a t  

matching r u l e s  f o r  the  remainder of t h e  PES 

may be e s t a b l i s h e d .  

One method which may be u s e f u l  f o r  ob- 

t a i n i n g  optimal t o l e r a n c e s  f o r  a p a r t i c u l a r  

c h a r a c t e r i s t i c  would be t o  s t a r t  wi th  ze ro  

to l e rance  and g radua l ly  i n c r e a s e  t h e  l i m i t s .  

A t  each s t e p  r ecord  t h e  number of erroneous 

matches and er roneous  non-matches t h a t  

correspond t o  t h i s  c h a r a c t e r i s t i c .  Tolerance 

l i m i t s  would u l t i m a t e l y  be s e t  a t  t h e  l e v e l  

f o r  which t h e  i n c r e a s e  i n  er roneous  matches 

i s  g r e a t e r  than t h e  dec rease  i n  erroneous 

non-matches; t h a t  i s ,  t h e  g r o s s  matching e r r o r  

is  minimized. 

I n  o rde r  t o  determine t h e  opt imal  number 

of c h a r a c t e r i s t i c s  t o  use ,  t h e  procedure i s  a 

b i t  more complicated.  A suggested  procedure 

f o r  when t o l e r a n c e  l i m i t s  a r e  f i x e d  i s  a s  

fo l lows : 

(1) S e l e c t  a c h a r a c t e r i s t i c  t h a t  has t h e  
lowest  p r o b a b i l i t y  of a n  erroneous 
match ( t h i s  w i l l  u s u a l l y  be  a char- 
a c t e r i s t i c  wi th  t h e  s m a l l e s t  n e t  
e r r o r ) .  Ca lcu la t e  t h e  n e t  e r r o r  f o r  
t h i s  c h a r a c t e r i s t i c .  

(2) S e l e c t  t h e  next  c h a r a c t e r i s t i c  t o  be 
used by choosing t h e  one t h a t  w i l l  y i e l d  
t h e  g r e a t e s t  r educ t ion  i n  n e t  e r r o r .  

(3) Continue on wi th  succeeding c h a r a c t e r i s -  
t i c s  u n t i l  t h e  s i g n  of t h e  n e t  e r r o r  i s  
changed. 

A worksheet can be developed t h a t  may 

be used t o  l is t  a l l  r e l e v a n t  informat ion need- 

ed t o  make a d e c i s i o n  on t h e  op t ima l  number 

of c h a r a c t e r i s t i c s  t o  u s e  f o r  matching. The 

e s t ima t ion  of t h e  r e l e v a n t  p r o b a b i l i t i e s  is  

discussed i n  t h e  s e c t i o n  on e s t i m a t i o n  t h a t  

d i s c u s s e s  matching b i a s  ( s e c t i o n  2.84). 

It i s  d e s i r a b l e  f o r  matching r u l e s  t o  be 

e x p l i c i t l y  s t a t e d  and documented s o  t h a t  

persons  who do t h e  matching do n o t  apply 

d i f f e r e n t  c r i t e r i a .  I n  some c a s d s ,  s u b j e c t i v e  

matching may g i v e  b e t t e r  r e s u l t s ;  bu t ,  over a 

l a r g e  number of matching d e c i s i o n s ,  an 

ope ra t ion  t h a t  u s e s  e x p l i c i t l y  s t a t e d  matching 

r u l e s  w i l l  be much more c o n t r o l l a b l e  and 
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statistically defensible, as it will likely 

yield estimates with smaller net and gross 

matching errors. 

2.63 One way versus two way match.--If 

the census erroneous enumeration sample (E-  

sample) is selected independently of the post 

enumeration survey, the match to measure census 

underenumeration will be strictly in one 

direction (from the post enumeration survey 

to the census records). Hawever, if the cen- 

sus erroneous enumeration sample is overlapped 

with the post enumeration survey, a match in 

both directions (two way match) could result 

in substantially less field work for the cen- 

sus erroneous enumeration survey. This is 

true under both Definitions I and 11. Census 

erroneous enumeration interviews will only 

have to be made for persons who are listed on 

the census questionnaire but are not on the 

PES questionnaire (under the assumption that 

the address is the same for the two households). 

For persons who are on both the PES form and 

the census form, it is illogical for PES 

questions to be repeated in the census erroneous 

enumeration survey (which would likely result 

in a repeat of the PES answers). 

2.64 Followup interview to obtain 

additional information.--After the matching has 

been completed, there will likely be some cases 

for which the matching status is not ascertain- 

able. The available information may be so 

vague or incomplete that it is impossible to 

determine if the person was enumerated in the 

census with any reasonable degree of cer- 

tainty. For many of these cases, a followup 

interview to collect additional information 

may resolve the matter. For cases which re- 

main uncertain even after the field followup, 

a noninterview adjustment will have to be 

i~~troduced into the estimation procedures 

(see section 2.82). 

POPULAT ION AND HOUSING 

There are certain problems one needs to 

be aware of and take steps to deal with in 

order not to bias the coverage estimates. The 

most serious problems are described below. 

2.71 Followup of movers .--A major 

problem with both Procedure A and the census 

erroneous enumeration sample is the enumer- 

ation of out-movers. The followup of out- 

movers is expensive, time consuming, and the 

results are often less than successful; how- 

ever, it is necessary to undertake such an 

operation in order to obtain "unbiased" 

results (assuming no response error occurs). 

If followup is not conducted, information on 

out-movers will have to be collected from 

proxy respondents and an unknown and possibly 

significant bias can be a consequence. For 

the E-sample, the bias can be particularly 

serious for Definition I1 used in conjunction 

with Procedure B. A typical pattern of 

response error often made with Procedure B is 

for the respondent to report residing at the 

current sample address on census day when in 

fact the person was an in-mover. If an over- 

lapped census erroneous enumeration sample is 

used, the in-movers would provide a proxy 

resp&nse for the census out-movers if no 

followup is done on out-movers; thus, the 

out-movers would probably be classified as 

not living at the current address on census 

day, resulting in a census erroneous enumer- 

ation. In this situation, the current resi- 

dents will be missed in the census (erroneously) 

and the census day residents of the PES 

sample address also will have been erroneously 

enumerated (since they were not followed up 

to obtain an interview). This would, however, 

depict the correct situation if the current 

residents were enumerated at their previous 

address; if not, a bias will result. 
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2 .72 Assignment of c u r r e n t  EA codes t o  

t h e  PES.--A problem i n  matching can occur  i f  

a c u r r e n t  o r  ongoing survey i s  used a s  a 

v e h i c l e  t o  e s t i m a t e  coverage e r r o r ,  p a r t i c u -  

l a r l y  i f  t h e  survey was designed on t h e  b a s i s  

of enumeration a r e a s  from a previous  census  

which had d i f f e r e n t  enumeration a r e a  def i n i -  

t i o n s .  There fo re ,  a l l  c u r r e n t  survey 

addresses  must be as s igned  enumeration a r e a  

codes t h a t  correspond t o  t h e  c u r r e n t  census .  

This  can be  a time-consuming t a s k ,  and i f  

done improperly can r e s u l t  i n  t h e  coverage 

e s t i m a t e s  being s e v e r e l y  b iased .  It is  v e r y  

important  f o r  t h e  c u r r e n t  survey enumerators 

t o  p repare  h igh-qua l i ty  l o c a t i o n  maps f o r  t h e  

sample addresses  s o  t h a t  t h e  assignment of EA 

codes i n  t h e  PES can be  a c c u r a t e l y  under taken.  

Some e a r l i e r  p o s t  enumeration su rveys  

were designed t o  g i v e  s i n g l e  system e s t i m a t e s  

of coverage e r r o r ;  f o r  example, t h e  PES f o r  

t h e  1950 Census of t h e  United S t a t e s .  Th i s  

type of PES had a s  i t s  primary o b j e c t i v e  

s u p e r i o r  coverage i n  t h e  survey than i n  t h e  

census .  More i n t e n s i v e  canvass ing p rocedures ,  

more experienced i n t e r v i e w e r s ,  c l o s e r  super-  

v i s i o n ,  and more e x t e n s i v e  probing a r e  

employed i n  an e f f o r t  t o  produce b e t t e r  popu- 

l a t i o n  coverage.  E f f o r t s  a r e  made t o  i n c l u d e  

a l l  t h e  persons  who were missed i n  t h e  census  

a s  w e l l  a s  a l l  who should have been enumer- 

a t e d  i n  t h e  census  and who a c t u a l l y  were.  

Census r e s u l t s  may be  used i n  a r e c o n c i l i a t i o n  

opera t ion  i n  an e f f o r t  t o  improve t h e  q u a l i t y  

of coverage i n  t h e  PES; t h u s  l e s s  a t t e n t i o n  

is  given t o  ma in ta in ing  independence wi th  t h e  

census .  The fo l lowing  e s t i m a t o r  i s  a p p l i c a b l e  

t o  t h i s  type of PES: 

Let : 

N = t h e  e s t i m a t e  of t h e  t o t a l  popu la t ion  

U: = t h e  e s t i m a t e  of t h e  number of 
people  t h a t  were i n  t h e  PES b u t  

not  i n  t h e  census  (ob ta ined  by 
matching t h e  PES t o  t h e  census)  

N, = t h e  census coun t  

The e s t i m a t e  of t h e  t o t a l  p o p u l a t i o n  i s  given 
by: 

and t h e  census m i s s  r a t e  by: 

These e s t i m a t o r s  a r e  c o n c e p t u a l l y  b iased  

because  they do n o t  t a k e  i n t o  accoun t  t h e  

ca tegory  "missed i n  b o t h  t h e  PES and t h e  - 
census".  An e v a l u a t i o n  of t h e  1950 U.S. 

census  PES r e s u l t s  v e r i f i e d  t h a t  t h i s  b i a s  was 

s e r i o u s .  I n  t h e  e v a l u a t i o n ,  comparisons were 

made between the  PES and estimates der ived  on 

t h e  b a s i s  of demographic a n a l y s i s .  For 

impor tan t  subgroups of t h e  p o p u l a t i o n ,  t h e  PES 

e s t i m a t e s  badly  u n d e r s t a t e d  t h e  magnitude of 

t h e  undercount.  Apparent ly ,  p e r s o n s  enumer- 

a t e d  i n  t h e  census were much easier t o  l o c a t e  

and enumerate i n  t h e  PES t h a n  p e r s o n s  missed 

i n  t h e  census .  Some pe r sons  missed i n  t h e  

census  were n o t  r e p o r t e d  i n  t h e  PES f o r  t h e  

same reasons  t h a t  they  were n o t  r e p o r t e d  i n  

t h e  census ,  such a s :  d e l i b e r a t e  concealment,  

ambigui ty  of r e s i d e n c e  r u l e s  f o r  pe r sons  w i t h  

l i t t l e  a t tachment  t o  a g iven  household ,  and 

i s o l a t e d  o r  hidden d w e l l i n g  u n i t s .  

Thus, a "bes t  q u a l i t y "  t y p e  of PES may 

reduce b i a s  due t o  poor  enumerators  o r  ca re -  

less canvass ing p rocedures ,  b u t  does  l i t t l e  

t o  reduce t h e  c o r r e l a t i o n  b i a s  t h a t  a r i s e s  

from t h e  "nature" of t h e  p o p u l a t i o n  t h a t  i s  

t o  be  enumerated. I n  a d d i t i o n ,  t h e  recon- 

c i l i a t i o n  opera t ion  which is  a f e a t u r e  of t h e  

"bes t  qua l i ty ' '  PES approach c a n  a c t u a l l y  

i n c r e a s e  c o r r e l a t i o n  b i a s ,  s i n c e  i t  e l i m i n a t e s  

PES e r r o r s  which e r roneous ly  r e p o r t  pe r sons  

who were no t  l i v i n g  a t  a g i v e n  a d d r e s s  on t h e  

census  d a t e  and were, t h e r e f o r e ,  n o t  
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enumerated a t  t h a t  l oca t i on  i n  t he  census. 

The r e c o n c i l i a t i o n  operat ion does no t  p roper ly  

account f o r  e r r o r s  made i n  t h e  PES of omi t t ing  

persons who should have been enumerated a t  an 

address  i n  t he  census, but were no t .  

Furthermore, t he r e  i s  s u b s t a n t i a l  ev i -  

dence t h a t  even though a survey may devote 

considerable  a t t e n t i o n  t o  populat ion coverage, 

i t  w i l l  s t i l l  not  achieve a s  good coverage a s  

a moderately wel l  executed census.  Thus, i t  

is cu r r en t l y  f e l t  by many PES p r a c t i t i o n e r s  

t h a t  t he  "best q u a l i t y t t  type of PES i s  doomed 

t o  l e s s  than success fu l  outcome. 

Another PES approach t h a t  has  been used 

i n  some count r ies  is the  fol lowing:  

Let : 

N 2  = t he  PES es t imate  of t h e  t o t a l  popu- 
l a t  ion 

UI = t he  es t imate  of t h e  persons enu- 
merated by t he  census and missed 
by the  PES 

A t  t he  time of the  PES in te rv iew,  t he  

in te rv iewer  i s  given t he  census r o s t e r  t o  be 

used t o  improve t he  PES r o s t e r .  Est imates  

of t he  t o t a l  populat ion and t h e  census m i s s  

r a t e  can be derived from t h i s  information a s  

fol lows : 

This method r equ i r e s  no matching opera- 

t i o n  i n  t he  c e n t r a l  s t a t i s t i c a l  o f f i c e .  How- 

eve r ,  i t  has  s eve ra l  weaknesses. Not only 

i s  i t  sub j ec t  t o  t he  b i a s  of omi t t ing  persons 

missed i n  both t he  PES and t h e  census,  but i t  

a l s o  i s  p o t e n t i a l l y  subjec t  t o  increased 

var iance  i n  comparison with t h e  e s t ima to r s  

descr ibed above because of p o t e n t i a l  co r r e l a -  

t i o n s  between Ui and N Z ,  

2.81 Dual system estimation.--The genera l  

model f o r  dua l  system e s t i m a t i o n  was descr ibed  

i n  s ec t i on  2.1 of t h i s  chap t e r .  Subsequent 

s ec t i ons  descr ibed  t h e  d a t a  c o l l e c t i o n  process  

and t he  use  of t h e  P- and E-samples t o  con t ro l  

problems of missing and erroneous d a t a .  Dual- 

system e s t ima te s  of t h e  s i z e  o f  t he  t o t a l  

populat ion may be obtained from the  survey 

r e s u l t s  a s :  

where 

N = t h e  weighted t o t a l  of persons i n  t h e  
P-sample 

N = t h e  t o t a l  number of pe r sons  enumer- 
C 

a t ed  i n  t he  census 

E = t h e  weighted t o t a l  o f  persons 
erroneously enumerated i n  t he  census  
from t h e  E-sample ( e  . g . , born a f  ter 
census day 

D = t h e  weighted e s t i m a t e  from the  E- 
sample of d u p l i c a t i o n  i n  the  census  

G = t h e  weighted e s t i m a t e  of persons 
misassigned geog raph ica l l y  i n  t h e  
census from t h e  E-sample 

N = t h e  t r u e  popula t ion  s i z e ,  the  v a l u e  
t o  be e s t ima ted  

- - . - 

I = t he  number of persons  'enumerated i n  the  census 
but having i n s u f f i c i e n t  i n f o r m a t i o n  f o r  

matching 

S imi la r ly ,  t he  n e t  undercount r a t e  can b e  

est imated a s  

The observed census t o t a l  d i v i d e d  by the  d u a l  

system e s t ima te ,  o r  

M - 
(2.3) A N 

- P 
R~ - (Nc - G - E - D - I ) / N C  

M = The weighted t o t a l  of persons 
matched from t h e  P-sample t o  
the census (persons enumerated 
i n  both the P-sample and t h e  
census) 
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A 

The numerator and denominator of R rep-  N 
r e s e n t  g ross  e r r o r  r a t e s  from t h e  census .  

The numerator i s  t h e  e s t i m a t e  of t h e  coverage 

r a t e  i n  t h e  census ,  and t h e  denominator i s  

t h e  es t ima te  of t h e  c o r r e c t  enumeration r a t e  

i n  t h e  census.  Wri t ing t h e s e  i n  more f a m i l i a r  

terms, 

where 

GU = t h e  g ross  undercount r a t e  (un- 
co r rec ted  f o r  e r r o r s  i n  t h e  census )  
and 

GO = t h e  g ross  undercount r a t e ,  in -  
c lud ing  census  e r r o r s  

Note t h a t  i f  t h e r e  were no e r r o r s  i n  t h e  

census ( t h a t  is ,  d u p l i c a t e s ,  geography e r r o r s ,  

e t c . ) ,  t h e  n e t  undercount r a t e  would equa l  

t h e  g ross  undercount r a t e .  Note a l s o  t h a t  t h e  
A 

r a t i o  R is u s u a l l y  l e s s  t h a n  one, deno t ing  N A 

a n e t  undercount.  However, R can a l s o  b e  N 
g r e a t e r  than  one,  i n d i c a t i n g  a n e t  overcount .  

Each of t h e  components i n  t h i s  e s t i m a t o r  

i s  obta ined a s  a sample e s t i m a t e  der ived from 

e i t h e r  t h e  P-sample o r  t h e  E-sample. I n  

developing t h e  e s t i m a t e s ,  i t  i s  d e s i r a b l e  t o  

make weighting adjus tments  t o  t h e  E-sample 

t o  f o r c e  t h e  E-sample marg ina l  t o t a l s  f o r  

s e l e c t e d  c h a r a c t e r i s t i c s  t o  e x a c t l y  f i t  t h e  

census  t o t a l s  f o r  t h e s e  c h a r a c t e r i s t i c s ,  

s i n c e  t h e  E-sample is  a subsample of t h e  

census .  

2.82 Treatment of miss ing  data.--In 

a d d i t i o n  t o  t h e  development of weights and 

sample e s t i m a t e s ,  t h e r e  i s  t h e  problem of 

miss ing d a t a  t o  be d e a l t  w i t h .  Because of 

t ime c o n s t r a i n t s ,  l a c k  of r e s o u r c e s ,  e r r o r s  

i n  p rocess ing ,  and r e l u c t a n c e  of respondents ,  

some c r u c i a l  d a t a  i t ems  w i l l  be miss ing.  

Depending on t h e  volume and p a r t i c u l a r  i t ems  

t h a t  a r e  miss ing,  t h e  problem may be  handled 

e i t h e r  by making weight ing ad jus tmen t s  o r  

imputing t h e  miss ing d a t a .  The U.S. Census 

Bureau used both  t echn iques  i n  t h e  1980 census 

PES. For c a s e s  i n  bo th  t h e  P-sample and t h e  

E-sample,in which e n t i r e  households  were 

missed ( f o r  example, a complete r e f u s a l  t o  be 

in te rv iewed  f o r  a l l  members of t h e  household) ,  

t h e  household was dropped from t h e  sample and 

a weight ing adjus tment  was made t o  account f o r  

i t s  l o s s .  For cases  i n  which o n l y  p a r t i c u l a r  

d a t a  i t ems  were miss ing ,  e . g . ,  match s t a t u s  

i n  t h e  P-sample f o r  a c a s e  which was an  o the r -  

wise complete i n t e r v i e w ,  t h e  m i s s i n g  d a t a  

v a l u e  was imputed. The i m p u t a t i o n s  were per- 

formed us ing  t h e  " n e a r e s t  neighbor"  p o l i c y .  

That i s ,  imputat ion v a l u e s  were chosen from 

c a s e s  t h a t  were most s i m i l a r  t o  t h e  c a s e  

f o r  which d a t a  were miss ing .  Cases were gen- 

e r a l l y  l i n k e d  by age,  r a c e ,  s e x ,  household 

s i z e ,  and proximity.  

However t h e  miss ing  d a t a  problem is 

t r e a t e d ,  c a u t i o n  should  be e x e r c i s e d  i n  

choosing a method f o r  J making , d a t a  ad jus tmen t ,  

s i n c e  t h e  cho ice  of t h e  method d i r e c t l y  

a f f e c t s  t h e  e s t i m a t e s  of t h e  undercount .  T h i s  

i s  p a r t i c u l a r l y  t r u e  i f  t h e  undercount  r a t e  

i s  smal l  r e l a t i v e  t o  t h e  p r o p o r t i o n  of d a t a  

t h a t  a r e  miss ing.  

2.83 Pos t  s t r a t i f i c a t i o n  of es t imates . - -  

Often d i f f e r e n t  subgroups i n  t h e  popu la t ion  

have q u i t e  d i f f e r e n t  r a t e s  of coverage i n  t h e  

census .  I f  t h i s  occurs  i n  t h e  p o p u l a t i o n ,  i t  

becomes necessary  t o  p o s t - s t r a t i f y  t h e  d u a l  

system e s t i m a t e s  t o  avoid  mixing t h e  c a p t u r e  

p r o b a b i l i t i e s .  A n a t i o n a l  l e v e l  e s t i m a t e ,  

f o r  example, can mix a h i g h  undercount  r a t e  

f o r  t h e  young (and o f t e n  h i g h l y  mobi le)  popu- 

l a t i o n  wi th  a low undercount r a t e  f o r  t h e  

o l d e r  popu la t ion ,  l e a d i n g  t o  a b i a s  i n  t h e  

e s t i m a t e .  Separate  e s t i m a t e s  f o r  each age 

group would avoid  t h e s e  problems,  and t h e  sum 
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of t h e  dua l  system e s t i m a t e s  a c r o s s  age o r  

o t h e r  subgroups w i l l  y i e l d  an  unbiased e s t i -  

mate of the  n a t i o n a l  popu la t ion  t o t a l .  

A s  a  genera l  r u l e ,  i t  i s  b e s t  t o  form 

e s t i m a t e s  f o r  subgroups which a r e  a s  homo- 

geneous a s  p o s s i b l e ,  and sum t h e  e s t i m a t e s  

up t o  t h e  l e v e l  of aggrega t ion  d e s i r e d .  On 

t h e  o t h e r  hand, i f  t h e  subgroups a r e  very  

smal l ,  a  r a t i o  b i a s  can occur i n  t h e  sample 

e s t i m a t e s .  Genera l ly ,  subgroups should 

c o n t a i n  a t  l e a s t  50 persons o r  housing 

u n i t s .  The e s t i m a t e s  may subsequent ly  be p o s t -  

s t r a t i f i e d  by age ,  sex ,  geography, o r  any 

o t h e r  v a r i a b l e s  which a r e  f e l t  t o  be  important .  

2 .84  S p e c i a l  problems r e l a t e d  t o  

estimation.--The dual  system e s t i m a t i o n  method 

makes c e r t a i n  assumptions wi th  r ega rd  t o  t h e  

two sources  of d a t a .  I f  t h e s e  requirements  

a r e  no t  met, b i a s e s  of t h e  d u a l  system e s t i -  

mates of t h e  t r u e  number of c a s e s  and t h e  

completeness r a t e  w i l l  r e s u l t .  These b i a s e s  

a r e  of t h e  fo l lowing  type: 

(1) C o r r e l a t i o n  b i a s .  C o r r e l a t i o n  b i a s  is 
t h e  tendency of c a s e s  inc luded  i n  t h e  
census t o  have a  h igher  p r o b a b i l i t y  of 
i n c l u s i o n  i n  t h e  PES than  c a s e s  n o t  
included i n  the  census .  T h i s  can be a  
p a r t i c u l a r l y  s e r i o u s  problem f o r  c e r t a i n  
subgroups of t h e  popu la t ion .  C o r r e l a t i o n  
b i a s  occurs  due t o  the  n a t u r e  of coverage 
e r r o r  and t h e  d a t a  c o l l e c t i o n  systems, 
t h a t  is, t h e  census and t h e  PES. Very 
o f t e n  t h e  same persons t end  t o  be  missed 
i n  both  t h e  PES and t h e  census  because 
they a r e  members of popu la t ion  subgroups 
which a r e  d i f f i c u l t  t o  cover .  B ias  a l s o  
w i l l  occur  because of "communication" 
between t h e  PES and the  census .  This  
inc ludes  any i n t e r a c t i o n  between t h e  
f i e l d  s t a f f  and procedures  of t h e  PES 
and t h e  census t h a t  a f f e c t  t h e  coverage 
o r  omission of persons i n  e i t h e r  t h e  PES 
o r  t h e  census.  

(2) Matching b i a s .  A s  p r e v i o u s l y  mentioned, 
t h e r e  a r e  two types  of matching e r r o r s :  
er roneous  matches and e r roneous  non- 
matches. I f  t h e  expected v a l u e  of t h e  
d i f f e r e n c e  of these  e r r o r s  i s  z e r o ,  they  
w i l l  have no e f f e c t  on t h e  d u a l  system 
e s t i m a t e  ( t h a t  i s ,  they w i l l  c a n c e l  

each o t h e r  o u t ) .  However, a s  each  s o u r c e  
of e r r o r  i n c r e a s e s ,  t h e r e  a l s o  w i l l  b e  a n  
i n c r e a s e  i n  the  v a r i a n c e  of t h e  e s t i m a t e .  
S ince  i t  is  g e n e r a l l y  n o t  an a d v i s a b l e  
s t a t i s t i c a l  po l i cy  t o  r e l y  on t h e  mutual  
c a n c e l l i n g  of d i f f e r e n t  t y p e s  of e r r o r s  
t o  o b t a i n  a c c u r a t e  r e s u l t s ,  and because  
of t h e  d e t r i m e n t a l  e f f e c t  on t h e  
v a r i a n c e  of t h e  d u a l  system e s t i m a t e ,  i t  
i s  b e s t  t o  minimize both  t y p e s  of e r r o r .  

(3) Variance c o n s i d e r a t i o n s .  Because t h e  PES 
i s  a  sample survey,  t h e  d u a l  sys tem 
e s t i m a t o r  w i l l  be s u b j e c t  t o  sampling 
v a r i a n c e .  Sampling v a r i a n c e  w i l l  be  a 
f u n c t i o n  of t h e  sample des ign  used ,  t h e  
sample s i z e ,  and t h e  census  undercount  
r a t e .  A s  t h e  degree  of c l u s t e r i n g  goes  
up o r  t h e  sample s i z e  i s  dec reased ,  t h e  
sampling v a r i a n c e  w i l l  i n c r e a s e .  As t h e  
undercount r a t e  i n c r e a s e s ,  t h e  sampl ing 
v a r i a n c e  w i l l  i n c r e a s e .  

The v a r i a n c e  of t h e  dua l  system e s t i m a t o r  
a l s o  i s  a f f e c t e d  by nonsampling e r r o r .  
These a r e  e r r o r s  i n  household c o u n t s  
a t t r i b u t a b l e  both  t o  enumerators  and 
responden t s ,  and e x i s t  i n  both  t h e  c e n s u s  
and t h e  PES. There a r e  a l s o  matching 
e r r o r s  and o t h e r  c l e r i c a l  e r r o r s  which 
a f f e c t  t h e  p r e c i s i o n  of t h e  e s t i m a t e s .  
The impact of t h e s e  e r r o r s  on t h e  d u a l  
system e s t i m a t o r  i s  s i m i l a r  t o  t h a t  
encountered f o r  t h e  index of i n c o n s i s t e n c y  
i n  t h e  c o n t e n t  e v a l u a t i o n  p o r t i o n  of t h i s  
manual ( s e e  c h a p t e r  3 ) .  There may b e  an  
i n c r e a s e  o r  dec rease  i n  v a r i a n c e  depend- 
ing  upon t h e  n e t  d i r e c t i o n  of t h e  F r r o r .  
The l i t e r a t u r e  on t h e  i m p l i c a t i o n s  of 
nonsampling e r r o r  f o r  dua l  sys tem 
e s t i m a t i o n  i s  t o  d a t e  inadequa te ,  however, 
and f u r t h e r  r e s e a r c h  i s  needed. 

The fo l lowing  t a b u l a t i o n s  should  b e  

considered i n  o rde r  t o  f u l l y  unders tand  t h e  

n a t u r e  of t h e  coverage e r r o r  problem. Not a l l  

of t h e s e  t a b u l a t i o n s  w i l l  be a p p r o p r i a t e  f o r  

a l l  c o u n t r i e s ,  however. I t  i s  impor tan t  t h e n  

t h a t  c o n s i d e r a b l e  a t t e n t i o n  be  g iven  t o  which 

types  of e s t i m a t e s  a r e  t o  be p repared .  These 

t a b u l a t i o n s  a r e  necessa ry  no t  only  i n  d e c i d i n g  

what form t h e  " o f f i c i a l "  coverage e r r o r  e s t i -  

mates w i l l  t a k e ,  bu t  may a l s o  be u s e f u l  i n  r e -  

v e a l i n g  t h e  i n t r i n s i c  n a t u r e  of t h e  coverage 

e r r o r  problem. Suggested t a b u l a t i o n s  a r e :  
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Population enumerated i n  t h e  census f o r  
re levan t  demographic/spcioeconomic sub- 
groups by r e l a t i o n s h i p  t o  head of house- 
hold and sex i n  major geographic a r e a s  
of t h e  country; e s p e c i a l l y  important a r e  
urban-rural a r e a s  where t h e  na ture  of 
the  coverage e r r o r  problem can be v a s t l y  
d i f f e r e n t .  

PES es t imates  f o r  the  same ca tegor ies  
described above f o r  t h e  census.  

Estimates of census imputat ions ,  erro-  
neous enumerations, persons i n  t h e  census 
assigned t o  t h e  wrong census enumeration 
a rea ,  census dup l ica te  enumerations and 
persons whom t h e  PES i d e n t i f i e d  a s  l i v i n g  
a t  a  res idence  o ther  than  t h e  census 
reported res idence  on census day. 

Nonresponse r a t e s  i n  t h e  PES by cause 
of the  noninterview ( r e f u s a l s ,  no t  a t  
homes, e tc . )  

Dual system es t imates  of t h e  t o t a l  popu- 
l a t i o n  by type of procedure (A, B,  o r  C) 
i f  r e levan t  information i s  c o l l e c t e d  t o  
ob ta in  a l l  t h r e e  kinds of es t imates .  
These es t imates  should be ca lcu la ted  
separa te ly  f o r  movers and non-movers a s  
wel l  a s  f o r  t h e  t o t a l .  

3. LONGITUDlNAL TRACING STUDI ES 

Post enumeration surveys have experienced 

mixed success  i n  t h e  United S t a t e s .  For some 

groups of t h e  populat ion,  t h e  es t imates  have 

been r e l a t i v e l y  good; however, f o r  o t h e r  groups 

they have been l e s s  s a t i s f a c t o r y  (e .g . ,  young 

males aged 18 t o  25).  A procedure t h a t  has been 

success fu l ly  used i n  o ther  c o u n t r i e s  (e.g. ,  

Canada), t h e  l o n g i t u d i n a l  t r a c i n g  s tudy,  has 

considerable  promise i n  eva lua t ing  t h e  coverage 

of subgroups of t h e  populat ion f o r  which a  l a r g e  

pos t  enumeration survey c o r r e l a t i o n  b i a s  e x i s t s .  

The procedure is, however, r e l a t i v e l y  expensive; 

and thus  may be economically f e a s i b l e  t o  apply 

only t o  s p e c i f i c  subgroups of the  populat ion,  

wi th  t h e  p o s t  enumeration survey (PES) approach 

providing coverage es t imates  f o r  t h e  remainder 

of the  populat ion.  

3 .7  Covehug e technique. 

The l o n g i t u d i n a l  coverage t echn ique  a t t empts  

t o  c r e a t e  independent components of t h e  popu- 

l a t i o n  which c o l l e c t i v e l y  r e p r e s e n t  t h e  popu- 

l a t i o n  a t  any po in t  i n  t ime. For a  given 

census,  t h e  following popula t ion  components 

may be i d e n t i f i e d :  persons enumerated i n  t h e  

previous census,  persons missed i n  t h e  p rev ious  

census,  i n t e r c e n s a l  b i r t h s ,  i n t e r c e n s a l  na t -  

u r a l i z e d  c i t i z e n s ,  and r e g i s t e r e d  a l i e n s .  A 

sample of t h e s e  persons i s  s e l e c t e d  s h o r t l y  

a f t e r  t h e  most recen t  p rev ious  census and is  

monitored over t h e  i n t e r c e n s a l  pe r iod  t o  o b t a i n  

demographic o r  socioeconomic in format ion  and 

up-to-date address  i n £  ormat ion .  Addit i o n s  

a r e  made t o  t h e  sample between censuses  of 

b i r t h s  and immigrants on a  r e g u l a r  b a s i s ;  t h u s ,  

t h e  sample a c t u a l l y  grows i n  s i z e  between 

censuses .  A match i s  then  made t o  t h e  c u r r e n t  

census l i s t i n g s  t o  determine whether t h e  

sample persons were enumerated. Th is  matching 

opera t ion  could be s t r u c t u r e d  i n  much t h e  same 

manner a s  a  p o s t  enumeration survey .  

Tracing procedures  should be used which 

minimize p o t e n t i a l  c o r r e l a t i o n  b i a s  s i n c e  a  

person ' s  knowledge of t h e  t r a c i n g  procedure 

could in f luence  h i s f h e r  d e s i r e  t o  be enumer- 

a t e d  i n  t h e  c u r r e n t  census .  Current  a d d r e s s  

informat ion may be ob ta ined  from such sources  

a s  designated con tac t  pe rsons  who a r e  de- 

termined i n  t h e  i n i t i a l  i n t e r v i e w ,  p o s t  o f f i c e  

"mover" r e c o r d s ,  o r  o t h e r  a d m i n i s t r a t i v e  

r e c o r d s .  Pos t  o f f i c e  "mover" records  o r  o t h e r  

a d m i n i s t r a t i v e  records  would seem t o  be 

e s p e c i a l l y  promising f o r  purposes  of keeping 

c o r r e l a t i o n  b i a s  t o  a  minimum. This  proce- 

dure  i s  p r e s e n t l y  being t e s t e d  i n  t h e  United 

S t a t e s  a s  a  method of e s t i m a t i n g  coverage 

e r r o r  i n  t h e  1990 census.  
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3 . 2  .ALtancudive. ahacing p m c e d w m  

The l o n g i t u d i n a l  coverage technique i s  

based on the  p ropos i t ion  t h a t  groups  of people 

who a r e  d i f f i c u l t  t o  enumerate on census  day 

a r e  e a s i e r  t o  enumerate, o r  t o  i n c l u d e  i n  a  

sample, some y e a r s  be fo re  t h e  census  when they  

a r e  members of a  popula t ion segment which 

t ends  t o  be covered more complete ly  i n  censuses  

However, c o r r e l a t i o n  b i a s  may n e v e r t h e l e s s  

a r i s e  when those  people who were t r a c e d  

s u c c e s s f u l l y  a r e  more l i k e l y  t o  be counted i n  

t h e  census than  those  who were n o t  t r a c e a b l e .  

The manner i n  which t h e  t r a c i n g  procedure  i s  

conducted i s  an important  de te rminan t  of t h e  

p o t e n t i a l  c o r r e l a t i o n  b i a s  t h a t  can occur .  

The fo l lowing  a r e  f i v e  a l t e r n a t i v e  

t r a c i n g  procedures  which might be  considered:  

During t h e  i n t e r c e n s a l  p e r i o d ,  p e r i o d i c  
~ tracing, is done which i n v o l v e s  no -- -- 
persona l  c o n t a c t  wi th  t h e  s u b j e c t  ( f o r  
example, only  the  pos t  o f f i c e  o r  o t h e r  
groups a r e  con tac ted ,  never  t h e  i n d i v i -  
dual.). 

During t h e  i n t e r c e n s a l  p e r i o d ,  t h e  
s u b j e c t  i s  i n i t i a l l y  c o n t a c t e d  i n  o rde r  
t o  o b t a i n  b a s i c  in fo rmat ion  needed f o r  
f u t u r e  t r a c i n g  o p e r a t i o n s ,  bu t  no f u r t h e r  
pe r sona l  c o n t a c t  i s  made. 

During t h e  i n t e r c e n s a l  p e r i o d ,  t h e  sub- 
j e c t  i s  con tac ted  i n i t i a l l y  t o  c o l l e c t  
b a s i c  in fo rmat ion ,  and i s  then  con tac ted  
p e r i o d i c a l l y  t o  o b t a i n  c u r r e n t  a d d r e s s .  

No t r a c i n g  i s  done o r  c o n t a c t  made dur ing 
the  i n t e r c e n s a l  pe r iod ;  a t  t h e  end of 
t h e  i n t e r c e n s a l  pe r iod ,  t h e  s u b j e c t  i s  
r e t r o s p e c t i v e l y  t r a c e d .  

No t r a c i n g  i s  done dur ing  t h e  i n t e r c e n -  
s a l  p e r i o d ;  a t  t h e  end of t h e  in te rcen-  
s a l  p e r i o d ,  t h e  s u b j e c t  i s  r e t r o s p e c t i v e l y  
t r a c e d .  The s u b j e c t  is c o n t a c t e d  e a r l y  
i n  t h e  i n t e r c e n s a l  pe r iod  t o  c o l l e c t  
b a s i c  informat ion t h a t  can be used l a t e r  
i n  t h e  r e t r o s p e c t i v e  t r a c i n g  o p e r a t i o n .  

In  g e n e r a l ,  ope ra t ions  t h a t  invo lve  con- 

t a c t i n g  t h e  s u b j e c t  a r e  ve ry  r i s k y .  However, 

i f  t h i s  can be done without i n c r e a s i n g  

c o r r e l a t i o n  b i a s ,  t h e r e  a r e  p o t e n t i a l  g a i n s  

i n  reducing erroneous  non-matches. Some 

c o n s i d e r a t i o n s  t h a t  need t o  be  addressed  i n  

f u r t h e r  r e s e a r c h  a r e :  

(1) t h e  c o s t s  of t h e  v a r i o u s  a l t e r n a t i v e s  

(2)  t h e  magnitude of c o r r e l a t i o n  b i a s  caused 
by c o n t a c t i n g  t h e  s u b j e c t  

( 3 )  t h e  pe rcen t  of persons  l o s t  d u r i n g  t h e  
p e r i o d  of a l t e r n a t i v e  t r a c i n g  p rocedures  

(4) f o r  r e t r o s p e c t i v e  t r a c i n g ,  t h e  p r o p o r t i o n  
of pe r sons  who a r e  " l o s t "  f o r  v a r i o u s  
t r a c i n g  pe r iods  

4. USE OF NETWORK (MULTIPLICITY) SAMPLING 
IN ESTIMATING COVERAGE ERROR 

Recen t ly ,  r e s e a r c h  h a s  been conducted a t  

t h e  U.S. Bureau of t h e  Census on t h e  u s e  of 

network ( o r  m u l t i p l i c i t y  sampling) f o r  t h e  

purpose of e s t i m a t i n g  t h e  undercount .  I n  a 

t y p i c a l  household su rvey ,  where t h e  household  

i s  t h e  sampling u n i t ,  a  person can b e  r e p o r t e d  

i f  he / she  i s  a  member of t h e  household  t h a t  

was s e l e c t e d  f o r  t h e  survey.  I n  a m u l t i p l i -  

c i t y  su rvey ,  a  person can be i n c l u d e d  i n  t h e  

survey by e i t h e r  being a  member of t h e  house- 

ho ld  t h a t  i s  s e l e c t e d ,  o r  by b e i n g  l i n k e d  

from ano the r  household no t  i n  sample.  T h i s  

technique h a s  been used i n  t h e  Uni ted  S t a t e s  

f o r  e s t i m a t i n g  t h e  inc idence  of r a r e  d i s e a s e s  

i n  t h e  p o p u l a t i o n ,  bu t  only  r e c e n t l y  h a s  been 

cons ide red  f o r  use  i n  e s t i m a t i n g  census  

coverage e r r o r .  Since  "events" can b e  r e p o r t -  

ed a t  more t h a n  one household r e s i d e n c e ,  

t h e r e  a r e  more chances f o r  an "event" t o  be  

r e p o r t e d  w i t h  t h e  corresponding v a r i a n c e  t h u s  

being lowered. M u l t i p l i c i t y  sampl ing h a s  

a l s o  been used f o r  purposes of e s t i m a t i n g  v i t a l  

e v e n t s  and t h e  completeness of d e a t h  r e g i s -  

t r a t i o n  l i s t s .  

The " r a r e  event"  t h a t  one t r i e s  t o  esti- 

mate i n  a  census  coverage e v a l u a t i o n  program 

i s  t h e  i n c i d e n c e  of pe r sons  being missed i n  

t h e  census .  Sample household members a r e  
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asked t o  r e p o r t  t h e i r  census  day addresses  and 

those  of s p e c i f i e d  o t h e r  persons  ( u s u a l l y  

s p e c i f i c  r e l a t i v e s ) .  These repor ted  census 

day addresses  a r e  then matched t o  census  

records  t o  determine i f  t h e  s u b j e c t s  were 

missed.  P r o b a b i l i t i e s  of i n c l u d i n g  a  missed 

person (and hence sampling we igh t s )  a r e  d e t e r -  

mined by t a k i n g  account of t h e  number of 

persons who could  r e p o r t  t h e  s u b j e c t .  

The m u l t i p l i c i t y  count ing r u l e  s p e c i f i e s  

which i n d i v i d u a l s  a  household i s  e l i g i b l e  t o  

r e p o r t .  Usual ly  t h e  sample households r e p o r t  

t h e i r  de j u r e  ( r e s i d e n t )  household members, 

p a r e n t s ,  c h i l d r e n ,  o r  s i b l i n g s  who r e s i d e  a t  

o t h e r  addresses .  The procedure  used i n  weight-  

ing t h e  s u b j e c t  i s  determined by t h e  coun t ing  

r u l e  adopted.  For example, i f  t h e  s u b j e c t  can 

be repor ted  a t  t h e i r  de j u r e  r e s idence  o r  a t  

t h e i r  s i b l i n g s '  households ,  t h e  respondent  

must r e p o r t  i n  t h e  survey how many o t h e r  

households e x i s t  i n  which t h e i r  b r o t h e r s  and 

s i s t e r s  r e s i d e .  The p r o b a b i l i t y  of t h e  respon- 

d e n t ' s  s e l e c t i o n  i n  t h e  survey i s  then  t h e  

p r o b a b i l i t y  of s e l e c t i o n  of t h e  sample house- 

hold p l u s  t h e  sum of t h e  p r o b a b i l i t i e s  of t h e  

s i b l i n g s '  r e s i d e n c e s  being s e l e c t e d .  

M u l t i p l i c i t y  surveys  have c e r t a i n  d i s -  

advantages when used a s  v e h i c l e s  f o r  e s t i m a t i n g  

coverage e r r o r ,  such as :  

The household respondent  may n o t  r e p o r t  
a l l  o t h e r  persons  they  can be  l i n k e d  t o  
even i f  they a r e  members of t h e  house- 
hold .  ( A  PES a l s o  h a s  t h i s  d e f i c i e n c y  .) 

The household respondent  can r e p o r t  o t h e r  
persons a s  members of t h e  "extended" 
household,  bu t  may n o t  know anything 
more about  t h e  pe r sons .  I n  t h i s  c a s e ,  
i t  would be u s e f u l  t o  t a l k  t o  t h e  o t h e r  
s u b j e c t s  d i r e c t l y .  (Again, t h i s  same 
problem can and does a r i s e  i n  a  PES.) 

The respondent purposely  omits  c e r t a i n  
des ignated r e l a t i v e s  o r  does no t  g ive  
s u f f i c i e n t l y  d e t a i l e d  o r  a c c u r a t e  

addresses  o r  demographic in fo rmat ion  f o r  
des igna ted  r e l a t i v e s .  

( 4 )  S i n g l e  persons  w i t h  r e l a t i v e s  have on ly  
one chance t o  f a l l  i n t o  sample,  i n s t e a d  
of a ' m u l t i p l i c i t y  of o p p o r t u n i t i e s .  I f  
census  misses  a r e  most common among t h e  
homeless and i n d i g e n t ,  t h e s e  persons  
could have a  z e r o  p robab- i l i ty  of 
s e l e c t i o n ,  and t h u s  s t i l l  pose  a  major 
source  of coverage e r r o r .  

On t h e  o t h e r  hand, some of t h e  advantages  

of t h e  m u l t i p l i c i t y  approach a r e  t h e  fo l lowing :  

(1) A l a r g e  (network) sample can be  ob ta ined  
a t  r e l a t i v e l y  low c o s t .  Thus sampling 
v a r i a n c e s  can b e  s u b s t a n t i a l l y  reduced 
over a  PES o r  a  t r a c i n g  s t u d y .  

(2) The p o t e n t i a l  f o r  a  s u b s t a n t i a l  r e d u c t i o n  
i n  c o r r e l a t i o n  b i a s  p r e s e n t s  i t s e l f  i f  
s u b j e c t s  who a r e  missed i n  t h e  census  
and omit ted  from t h e i r  de  j u r e  r e s i d e n c e  
a r e  r epor ted  by a  d e s i g n a t e d  r e l a t i v e .  

P r i o r  t o  implementing a m u l t i p l i c i t y  

su rvey ,  r e s e a r c h  should b e  conducted f o r  

purposes  of determining t h e  optimum coun t ing  

r u l e .  Combinations of any of t h e  fo l lowing  

may be  used t o  determine a  coun t ing  r u l e :  

( I )  a l l  r e s i d e n t s  of t h e  d e  j u r e  r e s i d e n c e  

( 2 )  spouses  of r e s i d e n t s  who r e s i d e  e l sewhere  

(3) c h i l d r e n  of r e s i d e n t s  who r e s i d e  e l sewhere  

( 4 )  p a r e n t s  of r e s i d e n t s  who r e s i d e  e l sewhere  

(5) s i b l i n g s  of r e s i d e n t s  who r e s i d e  e l sewhere  

The a b i l i t y  t o  o b t a i n  good matching 

in fo rmat ion  (addresses  and demographic i n f o r -  

mat ion)  f o r  t h e  above coun t ing  r u l e s  can,  

obv ious ly ,  v a r y  c o n s i d e r a b l y .  Research i n  t h e  

United S t a t e s  wi th  smal l  samples h a s  shown 

t h a t  t h e  b e s t  matching i n f o r m a t i o n  i s  o b t a i n e d  

from p a r e n t s  of r e sponden t s  and t h e  l e a s t  

r e l i a b l e  informat ion is  from s i b l i n g s  of 

respondents .  A p a r t i c u l a r  coun t ing  r u l e  shou ld  
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not be used i f  t h e  r a t e  a t  which d a t a  and 

cases  a r e  l o s t  due t o  poor matching informat ion 

i s  u s u a l l y  high.  A count ing r u l e  which r e s u l t s  

i n  p ropor t iona te ly  more d a t a  l o s t  than t h e  

coverage e r r o r  being es t imated  should i n  

p a r t i c u l a r  not  be used. 

The e s t i m a t o r s  f o r  a  m u l t i p l i c i t y  survey 

a r e  somewhat d i f f e r e n t  than those  f o r  a  con- 

v e n t i o n a l  survey. I n  a  convent ional  household 

survey, each person with  t h e  d e s i r e d  charac- 

t e r i s t i c  i n  ques t ion  can be r e p o r t e d  only by 

the  household i n  which they r e s i d e .  However, 

i n  t h e  m u l t i p l i c i t y  survey,  each person can be 

repor ted by t h e  household i n  which h e i s h e  re -  

s i d e s  a s  w e l l  a s  o t h e r  households i n  which he/ 

she does no t  r e s i d e ,  but  which happen t o  f a l l  

i n  t h e  sample. The number of "other" house- 

holds  r e p o r t i n g  t h e  s u b j e c t  w i l l  depend upon 

the  m u l t i p l i c i t y  counting r u l e  s e l e c t e d .  The 

t o t a l  number of households r e p o r t i n g  the  

s u b j e c t  i s  r e f e r r e d  t o  a s  t h e i r  m u l t i p l i c i t y .  

One w i l l  r e c a l l  from an e a r l i e r  s e c t i o n  

of t h i s  chap te r  t h a t  t h e  PES d u a l  system 

es t imator  f o r  t h e  t o t a l  popu la t ion ,  NT, is: 

Assuming t h a t  a  se l f -weight ing p r o b a b i l i t y  

sample of m households i s  s e l e c t e d  f o r  t h e  

m u l t i p l i c i t y  survey sample from M households 

i n  t h e  populat ion and a  p a r t i c u l a r  count ing 

r u l e  h a s  been used, t h e  m u l t i p l i c i t y  e s t i m a t o r  

of t h e  t o t a l  populat ion,  NT, i s  given by 

where : 

- ' - - the  inverse  of t h e  sampling f r a c t i o n  
f 

N = the  t o t a l  number of persons  i n  t h e  
T populat ion 

I. = t h e  ith person i n  t h e  populat ion 
2 

( i  = 1,2,. . .,N) 

H. = t h e  ith household i n  t h e  popu la t ion  
7, 

( i  = 1,2,.. .,M) 

1 i f  I. is a  r e s i d e n t  of Hi r . 7, 

'ji = ( 0  otherwise  

1 i f  Ii is no t  a r e s i d e n t  of H i ' 
s and i s  r e p o r t e d  by H i 

= / 0 otherwise  

t h e  number of households 
r e p o r t i n g  I ( t h e  mul t i -  i 
p l i c i t y  f o r  I i )  

Thus t o  es t imate  K .  f o r  each member 
3  

r e p o r t e d  by H one must o b t a i n  a  count of t h e  i' 
number of o t h e r  households which con ta in  

r e l a t i v e s  of t h e  s u b j e c t .  

The m u l t i p l i c i t y  e s t i m a t o r  f o r  t h e  match 
- -. --- 
total  M i s .  

where : 

U = 
j, i 

v. = 
J, i 

1 i f  I. i s  a  r e s i d e n t  of H. and 
Z 2 i s  matched t o  a  census  record  

0 otherwise  

1 i f  I; i s  n o t  a  r e s i d e n t  of H i ,  
and i s  r e p o r t e d  by H i ,  and is 
matched t o  a  census  record  

0 o therwise  

5. P R O F 1  L E S  OF I N T E R N A T I O N A L  
COVERAGE E V A L U A T l O N  S T U D 1  E S  

This  s e c t i o n  p r e s e n t s  b r i e f  d e s c r i p t i o n s  

of census  eva lua t ion  s t u d i e s  which have been 

undertaken i n  s e l e c t e d  c o u n t r i e s  i n  r e c e n t  



Chapter 2 STATISTICAL EVALUATION OF C O V E R A G E  E R R O R  5 7 

years .  This m a t e r i a l  i s  presented t o  provide 

some i n d i c a t i o n  of the  types  of coverage 

eva lua t ion  designs  which have been attempted 

i n  count r ies  under d i f f e r e n t  circumstances,  a s  

w e l l  a s  some of t h e  key f ind ings  of these  

eva lua t ion  e f f o r t s .  

The p r e s e n t a t i o n  begins  with  a  d i scuss ion  

of recen t  eva lua t ion  work i n  two developed 

count r ies  (Canada and t h e  United S t a t e s ) ,  

followed by a  d e s c r i p t i o n  of PES experiences  

i n  four  developing c o u n t r i e s  (Korea, Paraguay, 

Bangladesh, and Ind ia )  . 

5.1 Canada 

A long i tud ina l  coverage approach, was 

i n i t i a l l y  used i n  Canada i n  conjunct ion with  

t h e  1961 census on an experimental b a s i s  and 

l a t e r  a s  a  primary eva lua t ion  methodology f o r  

t h e  1966, 1971, and 1976 censuses .  The follow- 

i n g  d e s c r i p t i o n  i s  t h e  methodology u t i l i z e d  

f o r  t h e  1976 census. 

The t a r g e t  populat ion f o r  t h i s  s tudy 

was a l l  persons who should have been enumerated 

i n  t h e  1976 census.  From t h i s  populat ion,  a  

sample was chosen f o r  matching purposes.  Four 

s e p a r a t e  frames were used t o  r e p r e s e n t  t h e  

populat ion who should have been enumerated i n  

t h e  census. This  populat ion included: 

(1) Persons enumerated a t  t h e i r  usua l  p l a c e  
of res idence  i n  t h e  1971 census.  

( 2 )  Regis tered b i r t h s  between census day of 
the  previous census (June 1, 1971) and 
census day of t h e  c u r r e n t  census 
(May 31, 1976). 

(3) Regis tered immigrants t o  Canada between 
June 1, 1971 and May 31, 1976. 

(4) Persons n o t  enumerated a t  t h e i r  usua l  
p lace  of res idence  i n  t h e  previous 1971 
census ( t h a t  is, persons missed i n  t h e  
1971 census) . 
A sample s i z e  of 33,000 persons was 

a l l o c a t e d  t o  these  four  frames, wi th  es t imates  

of undercoverage a v a i l a b l e  a t  t h e  n a t i o n a l  

l e v e l  f o r  bro.ad age-sex groups and geographic 

regions.  

The o b j e c t i v e  of t h e  s tudy  was t o  c l a s s i f y  

each person i n  t h e  sample i n t o  one of t h e  

fol lowing four  c a t e g o r i e s :  

(1) Enumerated i n  t h e  c u r r e n t  1976 census 

(2) Missed i n  t h e  1976 census 

( 3 )  Died before  June 1, 1976 

(4) Emigrated before  June 1, 1976 

A t r a c i n g  opera t ion  was conducted t o  

ass ign  each person t o  a p l a c e  of res idence  

a s  of t h e  c u r r e n t  census day (June 1 ,  1976). 

For t h i s  opera t ion ,  a  s e r i e s  of t r a c e s  was 

performed r e t r o s p e c t i v e l y .  The fol lowing 

a c t i v i t i e s  were conducted i n  o r d e r  of 

p r i o r i t y .  

Each sample person from t h e  1971 census 
frame was matched t o  t h e  1976 census t o  
s e e  i f  h e i s h e  was enumerated i n  t h e  
c u r r e n t  census a t  h i s / h e r  1971 census 
address .  

For those  not  matching i n  (1) above, o r  
i n  t h e  o t h e r  frames, a  match t o  admin- 
i s t r a t i v e  records  was made t o  o b t a i n  
c u r r e n t  addresses .  

Extensive te lephoning was done t o  o b t a i n  
addresses  a t  t h e  time of t h e  1976 census.  

Fieldwork was done whereby t h e  s u b j e c t  
was persona l ly  con tac ted  t o  o b t a i n  c u r r e n t  
census address  in format ion .  

The r e s u l t s  of t h e  s tudy  were t h e  follow- 

Unweighted sample 
F i n a l  S t a t u s  r e s u l t s  (percen t )  

enumerated 
missed 
deceased 
emigrated 
t r a c e  f a i l u r e s  

Uni ted S Z d a  

Post  enumeration surveys were conducted 

a s  p a r t  of t h e  1950, 1960, and 1980 U.S. Censuses 

of Populat ion and Housing. The design of each of 
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these post enumeration surveys however, was 

considerably different. The 1950 and 1960 

post enumeration surveys attempted to obtain 

an estimate of the total population that was 

"better" than the census by employing more 

rigorous procedures. The 1980 PES approach 

emphasized independence from the census rather 

than quality of PES enumeration. 

5.21 1950 census post enumeration 

survey.--A sample of areas was selected for 

this study and intensively recanvassed. Housinf 

units that were missed from the census were 

then determined along with persons residing 

in those units (who were by definition also 

missed). 

A sample of housing units that were 

enumerated in the census also was selected 

and contacted in order to estimate persons 

missed within enumerated units. Better enu- 

merators were used and more intensive house- 

hold interviews were conducted. The PES esti- 

mated that approximately 75 percent of the gross 

undercount of people resulted from dwelling 

units having been missed. It was generally 

felt that these results were more a reflection 

of the inadequacies of the PES rather than 

of the true pattern of coverage error. Two 

general conclusions were drawn from the 1950 

post enumeration survey: 

Despite all efforts to do a "perfect job" 
in the PES, people were still missed 
and, unfortunately, many of these same 
people were also missed in the census. 
A consequence of this is that estimates 
of the undercount are badly biased for 
certain categories, especially males, as 
illustrated in figure 2-5. 

Matching is a costly and difficult under- 
taking. Attempts to minimize matching 
costs will usually lead to substantial 
increases in error. It was generally 
felt that the net matching bias was much 
smaller than correlation bias and .thus 
the overall bias was not appreciably 
reduced. (Generally, net matching bias 
is opposite in sign to correlation bias). 

5.22 1960 census post enumeration 

survey.--The 1960 post enumeration survey con- 

sisted of two studies, each of which utilized 

specially trained enumerators to obtain esti- 

mates of omission and duplicate reporting of 

persons and housing units. 

The studies consisted of: 

(1) A re-enumeration of housing units in a 
selected sample of areas which were 
intensively canvassed for missed and 
erroneously identified housing units in 
the census. 

(2) A sample of housing units enumerated in 
the census was re-enumerated to identify 
persons in census enumerated units who 
were missed in the census. 

Approximately 54 percent of the persons 

missed were determined to have come from missed 

dwelling units, a result somewhat more plausi- 

ble than the 1950 results. However, a 

comparison of the PES results with estimates 

from demographic analysis (see figure 2-6) 

indicated that post enumeration survey esti- 

mates for blacks appeared to be seriously 

deficient . 
As in the 1950 post enumeration survey, 

it is generally felt that the PES technique 

performs satisfactorily in detecting missed 

dwelling units and their occupants, but does 

not adequately account for persons missed 

within enumerated units. 

A major finding from this study was that 

estimation of the net undercount is made very 

difficult by missing data in the census and 

post enumeration survey which cause a con- 

siderable number of unresolved match status 

cases. Very often, this occurs in groups 

that exhibit the highest undercounts. If the 

proportion of cases for which match status 

cannot be determined is higher than the 

proportion of persons who are missed, the 

adjustment made for missing data will strong- 

ly affect the estimates being made. 
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Figure 2- 5 .  COWARISON OF PES ESTIMATES OF 19 50 NET UNDERCOVERAGE WITH DEMOGRAPHIC ANALYSIS 
ESTIMATES 

(population i n  thousands) 

Source 

Census . . . . . . . . . . . . . . .  
PES est imate.  . . . . . . . . 
" M i  n i mum reasonab 1 el' 

1 es t imate  . . . .. . . . . 
X Coale es t imate  ....... 

Est imated ne t  
undercount i n Census 

PES est imate.  ........ 
" M i  n imum reasonable" 

I 
est imate. .  . ' i""" Coale est imate. .  . . . . . 

Tota 1 

Both 
sexes, 

0 t o  14 
years 

15 t o  39 40 t o  64 65 years 
years years o r  o l d e r  

Fema 1 e 

5 t o  39 40 t o  6 4  65 years 
years years  o r  o l d e r  

l ~ o r  these estimates, the PES estimates for children under age 10 and for males 15 t o  39 were 
adjusted upward. Children under age 10 uere adjusted upward (by .8 mil l ion)  u t i l i z i n g  b i r t h  
regis trat ion information and males 15 t o  39 uere adjusted upward (by .8  m i  Zlion) using expected 
sex ra t ios  that  make use of  sex d i f f e ren t ia l s  i n  b i r t h  and mortali ty ra tes .  

Coale, A.J., and Zelnick, M. 1963. New Estimates ofFertilitv and Population in the United States. Princeton : Princeton University Press. 

Figure 2-6. COMPARISON OF CENSUS EVALUATION STUDY (PES) ESTIMATES OF 1960 NET UNDERCOVERAGE WITH 
DEMOGRAPHIC ANALYSIS (DA) ESTIMATES OF 1960 NET UNDERCOUNTX 

A l l  ages..... 

Under 5 years..... 
5 t o  9 years...... 
10 t o  14 years.. .. 
15 t o  19 years. ... 
20 t o  24 years.. . . 
25 t o  34 years.. . . 
35 t o  44 years. .. . 
45 t o  54 years.. . . 
55 t o  64 years.... 
65 years o r  o l d e r .  

White 

Male 

PES DA 

Fema 1 e 

PES DA 

*The 1960 PES estimates are for a l l  blacks and other races but would 
d i f f e r  t r i v i a l l y  from those for blacks only .  The PES estimates also 
exclude the  Armed Forces Overseas but t h i s  also would have a t r i v i a l  
e f f e c t  on the undercoverage rates .  

Nonwh i t e  - 
Male 

PES DA 

4.2 9.7 

2.6 6.6 
4.8 5.1 
4.3 5.0 

-2.8 12.3 
2.3 18.4 

2.7 18.5 
6.4 11.5 
7.0 11.0 
6.4 8.5 
6.7 -5.8 

Fema 1 e 

PES DA 

3.4 6.3 

1.8 5.1 
6.5 4.2 

-0.7 3.9 
1.1 9.6 
2.6 9.5 

4.6 6.5 
3.4 3.8 
6.5 9.0 
4.2 11.6 
2.0 2.8 
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5 .23  1980 census  pos t  enumeration 

survey.--The 1980 census pos t  enumeration 

survey cons i s t ed  of two major p a r t s :  

(1) The Apr i l  and August 1980 Current Popu- 
l a t i o n  Survey samples, which were matched 
t o  the  census  t o  o b t a i n  a match r a t e  
e s t ima te .  The Current Popu la t ion  Survey 
i s  a l a b o r  f o r c e  survey conducted on a 
monthly b a s i s .  

(2) An independent sample of persons  enumer- 
a t e d  i n  t h e  Current  Popu la t ion  Survey 
sample was examined t o  determine i f  they  
were e r roneous ly  enumerated. I n  a d d i t i o n ,  
a c l e r i c a l  o p e r a t i o n  was under taken t o  
s tudy d u p l i c a t e  enumerat ions ,  and a f i e l d  
enumeration was made t o  i d e n t i f y  e r r o r s  
i n  geographic coding. 

P r i o r  t o  t h e  1980 census PES, two p r e t e s t s  

of t h e  PES procedure  were t e s t e d  i n  Richmond, 

V i r g i n i a  and Durango, Colorado. Some of t h e  

major h i g h l i g h t s  of t h e  1980 census  p r e t e s t  

PES a r e  i n d i c a t e d  below: 

(1) Richmond and Durango P r e t e s t s :  Both 
Procedure A and B were t e s t e d .  Proce- 
dure  B i d e n t i f i e d  approximately twice  as 
many mover omiss ions  a s  Procedure  A.  
However, Procedure  A i d e n t i f i e d  approxi-  
mately 3 p e r c e n t  more non-mover omiss ions  
than Procedure  B. Thus, t h e  o v e r a l l  
percentage of t h e  t o t a l  omiss ions  who 
were movers was about t h e  same i n  t h e  two 
procedures .  Approximately 30 pe rcen t  of 
t h e  omiss ions  i n  Richmond and 60 p e r c e n t  
i n  Durango were movers. Th i s  i l l u s t r a t e s  
t h e  tendency f o r  movers t o  be missed i n  
t h e  census.  Overa l l  t h e  Procedure B 
omission r a t e  was 17 p e r c e n t  h i g h e r  than  
t h a t  f o r  Procedure A i n  Richmond and 
22 percent  h i g h e r  i n  Durango. 

) 1980 census PES: Procedure  B ,  D e f i n i t i o n  
I1 was used f o r  t h e  1980 census  PES, i n  
l a r g e  p a r t  due t o  t h e  exper ience  i n  t h e  
p r e t e s t s .  It was g e n e r a l l y  f e l t  t h a t  t h e  
matching problems a s s o c i a t e d  w i t h  Pro- 
cedure B i n  t h e  p r e t e s t  were manageable 
and t h i s  procedure  was much more success-  
f u l  i n  p i c k i n g  up movers. 

A pos t  enumeration survey was used a s  

p a r t  of t h e  1970 census of popu la t ion .  Peo- 

p l e  were l i s t e d  where they were s t a y i n g  a t  

t h e  time of t h e  PES, and an i n q u i r y  was made 

where they were a t  t h e  t ime  of t h e  census  

(Procedure B). F i n a l  r e s u l t s  of t h i s  s tudy 

were n o t  r e l e a s e d  f o r  g e n e r a l  d i s t r i b u t i o n ;  

however, some g e n e r a l  comments can b e  made 

rega rd ing  t h e  r e s u l t s .  

The 1970 PES census  m i s s  r a t e  was 

s i g n i f i c a n t l y  h i g h e r  t h a n  PES m i s s  r a t e s  f o r  

t h e  censuses  of 1960 and 1966. A con t roversy  

h a s  a r i s e n  a s  t o  whether t h e  1970 PES esti- 

mate i s  " b e t t e r "  than  t h e  1960 and 1966 e s t i -  

mates .  The argument a g a i n s t  t h e  1970 PES 

e s t i m a t e  r e v o l v e s  around t h e  main problem 

wi th  Procedure B;  t h a t  is ,  t h e  d i f f i c u l t i e s  

w i t h  matching "migrants",  which h a s  a tendency 

t o  produce erroneous  non-matches, r e s u l t i n g  

i n  an  over-es t imate  of t h e  m i s s  r a t e s .  How- 

e v e r ,  i t  should  be  no ted  t h a t  t h e  m i s s  r a t e  

f o r  nonmigrants,  w h i l e  l e s s  t h a n  t h e  migran t  

census  m i s s  r a t e ,  was s t i l l  c o n s i d e r a b l y  

l a r g e r  than  t h e  1960 and 1966 PES e s t i m a t e s .  

The o t h e r  s i d e  of t h e  argument i s  c r i t i c a l  of 

t h e  methodology used i n  t h e  1960 and 1966 

p o s t  enumeration su rveys .  These d e s i g n s  

u t i l i z e d  s i n g l e  system e s t i m a t i o n  t echn iques  

whereby a t t empts  were made t o  c r e a t e  PES 

e s t i m a t e s  of s u p e r i o r  q u a l i t y  t h a n  t h e  census  

e s t i m a t e s  (dependent sys tems) .  As i n d i c a t e d  

p r e v i o u s l y  i n  t h i s  c h a p t e r ,  t h i s  type  of 

methodology i s  c o n c e p t u a l l y  b i a s e d  a s  t h e  

ca tegory  "missed i n  b o t h  t h e  PES and t h e  

census" i s  n o t  p r o p e r l y  accounted f o r .  

A c o n s i d e r a b l e  amount of PES coverage 

e v a l u a t i o n  work was under taken  a s  p a r t  of t h e  

1972 Census of P o p u l a t i o n .  Again,  t h e  r e s u l t s  

of t h i s  work were n o t  r e l e a s e d  f o r  g e n e r a l  

d i s t r i b u t i o n ;  however, c o n s i d e r a b l e  informa- 

t i o n  r e g a r d i n g  PES methodology may be de r ived  

from t h i s  s tudy .  

Two independent p rocedures  were used f o r  

t h e  PES methodology: P rocedures  A and B. 



/ 

Chapter 2 STATIST1 CAL EVALUATION OF COVERAGE ERROR 

Comparisons of t h e  o v e r a l l  census  m i s s  r a t e s  

f o r  t h e  t o t a l  popula t ion,  migran t s  and non- 

migran t s ,  t o t a l  popula t ion between types  of 

a rea  ( u r b a n / r u r a l ) ,  age / sex  c o h o r t s ,  and 

household composit ion (head, spouse ,  non- 

r e l a t i v e s ,  e t c . )  were made. I n  a d d i t i o n ,  

e s t i m a t e s  w i t h  and wi thout  p o s t - s t r a t i f i c a t i o n  

were made t o  t e s t  the  e f f e c t s  of c o r r e l a t i o n  

b i a s  i n  dua l  system e s t i m a t i o n .  Post-  

s t r a t i f i c a t i o n  of t h e  e s t i m a t e s  included t h e  

fol lowing s t e p s :  

t h e  sample d a t a  was d i v i d e d  i n t o  groups 
expected t o  have v e r y  d i f f e r e n t  complete- 
ness  r a t e s ;  

dua l  system e s t i m a t e s  were made s e p a r a t e l y  
w i t h i n  each group and summed i n  o rde r  t o  
g ive  a p p r o p r i a t e  e s t i m a t e s  f o r  t h e  n a t i o n .  

Some of t h e  major f i n d i n g s  of t h e  Paraguay 

were a s  fo l lows:  

Procedure B census m i s s  r a t e s  were h i g h e r  
than Procedure  A e s t i m a t e s ,  a l though only  
s l i g h t l y  o u t s i d e  t h e  conf idence i n t e r v a l .  
This  r e l a t i o n s h i p  was t r u e  f o r  both  
migrants  and nonmigrants when analyzed 
s e p a r a t e l y .  Procedure A, a s  would be  
expected,  picked up fewer migran t s  t h a n  
d i d  Procedure  B; t o  a l e s s e r  e x t e n t  i t  
a l s o  picked up fewer nonmigrants.  The 
l a t t e r  r e s u l t  was l i k e l y  due t o  t h e  
tendency of Procedure B t o  e r roneous ly  
c l a s s i f y  some migran t s  a s  nonmigrants.  

Both Procedures  A and B popu la t ion  e s t i -  
mates were lower than  t h e  census  coun t s .  
This  was probably due t o  t h e  purposive  
omission of c e r t a i n  segments of t h e  
popu la t ion  from t h e  PES ( f o r  example, 
i n s t i t u t i o n a l  p o p u l a t i o n ) ,  a s  w e l l  a s  
sampling e r r o r .  

The d i f f e r e n c e  between incompleteness 
r a t e s  f o r  Procedures A and B was p r i m a r i l y  
e v i d e n t  i n  t h e  r u r a l  a r e a s ,  where t h e  
Procedure B e s t ima te  was cons ide rab ly  
h igher  than  t h e  Procedure  A e s t i m a t e .  
This  could  have r e s u l t e d  from a f a i l u r e  
i n  Procedure A t o  p i c k  up r u r a l  migran t s ,  
who have a tendency t o  be missed more 
f r e q u e n t l y  than urban migran t s .  I t  a l s o  
could r e f l e c t  a tendency f o r  Procedure B 
t o  perform poorly where a d d r e s s  i n f o r -  
mation i s  of poor q u a l i t y  ( r e s u l t i n g  i n  
an inc reased  number of er roneous  non- 
matches).  

( 4 )  Es t ima tes  from both Procedures  A and B 
produced census m i s s  r a t e s  t h a t  were 
h i g h e r  f o r  men t h a n  women, and were 
roughly  uniform a c r o s s  age c a t e g o r i e s .  

(5) Miss r a t e s  i n  Procedure  B were cons i s -  
t e n t l y  h igher  than  t h o s e  f o r  Procedure  A 
f o r  a l l  r e l a t i o n s h i p  t o  head of house- 
ho ld  c a t e g o r i e s .  T h i s  was e s p e c i a l l y  
t r u e  f o r  o t h e r  r e l a t i v e s ,  o t h e r  non- 
r e l a t i v e s ,  and employees. S ince  t h e s e  
groups a r e  c h a r a c t e r i z e d  by a tendency 
t o  be  migran t s ,  Procedure  B may have a 
b e t t e r  chance t o  p ick  them up. 

A major f i n d i n g  from t h i s  s t u d y  was t h a t  

e s t i m a t i o n  of t h e  n e t  undercount i s  made v e r y  

d i f f i c u l t  by miss ing d a t a  i n  t h e  census  and 

PES which cause  a c o n s i d e r a b l e  number of un- 

r e s o l v e d  match s t a t u s  c a s e s .  Very o f t e n ,  

t h i s  occurs  i n  groups t h a t  e x h i b i t  t h e  

h i g h e s t  undercounts .  I f  t h e  p r o p o r t i o n  of 

c a s e s  f o r  which match s t a t u s  cannot  be d e t e r -  

mined i s  h i g h e r  than  t h e  p r o p o r t i o n  of p e r s o n s  

who a r e  missed,  t h e  ad jus tmen t  made f o r  m i s s -  

i n g  d a t a  w i l l  s t r o n g l y  a f f e c t  t h e  e s t i m a t e s  

be ing  made. 

Bangladesh conducted i t s  most recen-t  cen- 

s u s  i n  1981. A p o s t  enumerat ion survey was 

conducted immediately a f t e r  t h e  census  

(2 weeks e lapsed  between t h e  census  p e r i o d  

and t h e  t ime of t h e  PES). The PES was de- 

s igned  t o  provide  in fo rmat ion  f o r  e s t i m a t i n g  

coverage e r r o r s  a t  t h e  n a t i o n a l  l e v e l  and 

s e p a r a t e l y  f o r  urban and r u r a l  a r e a s .  

The sample comprised 250 enumeration 

a r e a s :  150 r u r a l  and 100 urban.  The sample 

was s t r a t i f i e d  wi th  t h e  pr imary s t r a t i f i c a -  

t i o n  be ing  u r b a n l r u r a l  and t h e  secondary 

s t r a t i f i c a t i o n  was accomplished by a r r a n g i n g  

t h e  EA's according t o  t h e i r  geographic  codes.  

A s y s t e m a t i c  random sample of EA's was 

s e l e c t e d  from t h i s  o r d e r i n g  and t h e  s e l e c t e d  

EA was re-enumerated complete ly .  
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Each EA was independently matched twice  

by two d i f f e r e n t  matchers and 'the r e s u l t s  were 

ad judica ted  by a superv isor  through the  u se  of 

f i e l d  r e v i s i t s .  Non-matches were v e r i f i e d  i n  

t he  f i e l d .  

The p r i n c i p a l  o b j e c t i v e  was t o  e s t i m a t e  

t he  magnitude of both t h e  undercoverage and 

t he  overcoverage of t h e  census.  The e s t i m a t e  

t o  be derived was t h e  n e t  coverage e r r o r  r a t e  

f o r  t he  census. A s  w i l l  be mentioned f n chapter 3,  

a secondary o b j e c t i v e  of t h e  PES was t o  pro- 

v ide  i n d i c a t o r s  of t he  q u a l i t y  of t he  i n f o r -  

mation c o l l e c t e d  i n  t h e  census. 

The PES was a c t u a l l y  conducted i n  two 

s t ages :  a PES-A f i e l d  survey and a PES-B 

f i e l d  followup opera t ion  t h a t  was a l s o  used 

t o  e s t ima te  erroneous enumerations. The d a t a  

from these  ope ra t i ons  could be  used t o  

genera te  a PES-A, PES-B, o r  PES-C e s t ima te ,  

and t h e  a d d i t i o n a l  in format ion  on erroneous 

enumerations could be used t o  gene ra t e  n e t  
I 
I 

coverage e r r o r  r a t e s .  The f i n d i n g s  a r e  

summarized i n  f i g u r e  2-7. 

The census coverage e s t i m a t e s  were s i g -  

n i f i c a n t l y  h ighe r  f o r  r u r a l  a r e a s .  The 

completion r a t e  of r u r a l  a r e a s  was 96.4 per-  

c en t  compared t o  91.1 pe rcen t  f o r  urban l o -  

c a l i t i e s .  However, t he  e r roneous ly  enumerated 

r a t e s  of r u r a l  and urban a r e a s  were n o t  s i g -  

n i f i c a n t l y  d i f f e r e n t .  This  r e s u l t e d  i n  a 

d i f f e r e n c e  i n  t h e  n e t  e r r o r  r a t e ,  w i th  t h e  

r a t e  being only 2.5 pe rcen t  f o r  r u r a l  a r e a s ,  

bu t  7 . 7  percent  f o r  u rban  a r e a s .  A t  t h e  

n a t i o n a l  l e v e l  t h e  n e t  e r r o r  r a t e  was ca lcu-  

l a t e d  t o  be 3 .1  pe rcen t .  This  was a r eco rd  

accomplishment i f  one compares t h e  coverage 

e r r o r s  of a l l  e a r l i e r  c ensuses ;  they range  

between 8 and 1 5  pe rcen t .  

5.6 lndia 

I n d i a  a l s o  conducted i t s  census i n  1981. 

I n d i a  has  a long h i s t o r y  of conduct ing PES 

s t u d i e s ,  w i th  s t u d i e s  conducted a f t e r  t h e  

1951, 1961, and 1971 censuses .  Like Bangla- 

desh ,  t h e  PES was used t o  measure d a t a  q u a l i t y  

t oo ;  u n l i k e  Bangladesh, t h e  Ind i an  PES 

measured d u p l i c a t e s  b u t  n o t  o t h e r  t ypes  of 

Figure 2-7. 1981 BANGLADESH CENSUS COVERAGE ESTIMATES AND THEIR STANDARD ERRORS 

Estimate 

.......... Completion r a t e . .  

.............. Missed r a t e . .  

Erroneous enumeration 
r a t e . . . . . . . . . .  ............ 

.... Net e r r o r  r a t e . . . . . . . . .  

National 

Standard 
Percent  e r  rOr 

Rural 

Percent  
Standard 

e r r o r  

Urban 

Percent  
Standard 

e r r o r  
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Figure 2-8. 2981 I N D I A  CENSUS COVERAGE ESTIMATES AND THEIR PERCENT AGE RELATIVE STAND 

Est irnate 

National 

Re l a t i ve  
Percent  s tandard  

e r r o r  

(x) - Not a v a i l a b l e .  

- 

Net omission r a t e . .  ........ 
Duplicates  ................. 
Difference ................. 

erroneous enumerations. Es t imates  were made 

f o r  16 of t he  17 s t a t e s  i n  I n d i a ,  cover ing  

about 97 percent  of t he  t o t a l  popula t ion .  

Rura 1 

Re la t ive  
Percent  s tandard  

e r r o r  

A sample of 4,000 b locks  was s e l e c t e d ,  

u s ing  a p ropo r t i ona l  a l l o c a t i o n  from t h e  16 

s t a t e s .  Within each s t a t e  t h e  b locks  were 

f u r t h e r  a l l o c a t e d  t o  r u r a l  and urban a r e a s  

i n  propor t ion  t o  t h e  t o t a l  number of 

enumeration b locks  i n  those  a r e a s .  A block 

averages 120 census houses. A sy s t ema t i c  

sample of b locks  was drawn wi th in  each s t a t e  

wi th  blocks ordered wi th in  u r b a n l r u r a l  s t r a t a  

randomly. 

Urban 

R e l a t i v e  
Percent  s t anda rd  

e r r o r  

18.0 4.69 

2.7 (21 

15.3 - 

The f i e l d  in te rv iew used t he  PES-A con- 

c e p t ,  and an at tempt  was made t o  i n t e rv i ew  

each person d i r e c t l y  r a t h e r  than  c o l l e c t  

proxy information.  The f i nd ings  of t h i s  

s tudy  a r e  summarized i n  f i g u r e  2-8. 

Like Bangladesh, t he  coverage r a t e  i s  

much b e t t e r  f o r  r u r a l  a r e a s  than  f o r  urban 

a r e a s .  But n a t i o n a l l y  and by sub-nat ional  

a r e a s ,  t he  omission r a t e  i s  much h ighe r  i n  

I n d i a ,  with t h e  n a t i o n a l  r a t e  being 18  per- 

c e n t .  No d a t a  f o r  previous censuses were 

p r e sen t ed .  

15.0 6.0 

2.5 (2) 

12.5 - 
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C h a p t e r  3 .  S T A T I S T I C A L  E V A L U A T I O N  OF C O N T E N T  E R R O R  

Every phase of census  d a t a  c o l l e c t i o n  and 

process ing t h a t  involves manipula t ion of t h e  

d a t a  has t h e  p o t e n t i a l  f o r  in t roduc ing  e r r o r s  

i n t o  t h e  census r e s u l t s .  Besides  t h e  i n t e r -  

viewing opera t ion  i n  which enumerators and 

respondents  can make e r r o r s ,  t h e r e  a r e  many 

o t h e r  opera t ions  such a s  e d i t i n g ,  t r a n s c r i p -  

t i o n ,  keying, and coding where t h e  personnel  

o r  t h e  procedures cause  e r r o r s  which a f f e c t  

t h e  census content .  These con ten t  e r r o r s  add 

b i a s  and nonsampling v a r i a n c e  components t o  

t h e  t o t a l  mean square  e r r o r  (MSE) of a census 

s t a t i s t i c .  I n  t h i s  c h a p t e r ,  methods f o r  

a s s e s s i n g  t h e  q u a l i t y  of t h e  census  d a t a  and 

o p e r a t i o n s  through t h e  s t a t i s t i c a l  e s t i m a t i o n  

and ana lyses  of t h e s e  components a r e  consid- 

e red .  By es t imat ing t h e  b i a s  components, t h e  

magnitude of t h e  n e t  sys temat ic  e r r o r s  which 

a r i s e  from one o r  more o p e r a t i o n s  i n  any d a t a  

c o l l e c t i o n  a c t i v i t y  can b e  assessed .  The 

es t imated v a r i a n c e  components f o r  o p e r a t i o n s  

a r e  an  i n d i c a t i o n  of t h e  frequency and magni- 

t u d e  of t h e  v a r i a b l e  e r r o r s  which occur .  

Knowledge of t h e s e  components, f i r s t  , enables  

t h e  experienced s t a t i s t i c i a n  t o  judge t h e  

q u a l i t y  of t h e  opera t ions  and, i n  many c a s e s ,  

t h e  o v e r a l l  q u a l i t y  of t h e  c o l l e c t e d  d a t a .  

Second, an a n a l y s i s  of t h e s e  components can 

o f t e n  po in t  towards improvements f o r  f u t u r e  

censuses  i n  t h e  des ign and implementation of 

t h e  opera t ions .  This  r e s u l t s  i n  r e d u c t i o n s  

i n  t h e  magnitudes of t h e  e r r o r  components and 

t h u s  i n  b e t t e r  q u a l i t y  d a t a .  Third ,  t h e  

es t imated components of t o t a l  e r r o r  can pro- 

v i d e  a more r e a l i s t i c  measure of t h e  accuracy 

of a s t a t i s t i c  i f  they a r e  a p p r o p r i a t e l y  

combined. 

1 . 7  The. ncape 06 X k i n  chapteh 

This  chap te r  w i l l  emphasize two t e c h n i -  

ques which a r e  most of t e n  used f o r  census  

eva lua t ion .  These a r e  r e f e r r e d  t o  a s  i n t e r -  

p e n e t r a t i o n  s t u d i e s  o r  randomized exper iments  

and r e i n t e r v i e w  s t u d i e s .  The fo l lowing  t o p i c s  

w i l l  b e  covered: 

The p rocess  by which o p e r a t i o n s ,  respon-  
d e n t s ,  t r a i n i n g  methods, c o l l e c t i o n  
t echn iques ,  and /o r  o t h e r  f a c t o r s  c o n t r i b -  
u t e  t o  t h e  b i a s  and v a r i a n c e  components 
of t h e  MSE. 

Basic  techniques  f o r  modeling census  
e r r o r  f o r  q u a n t i t a t i v e  and q u a l i t a t i v e  
d a t a  . 
The des ign  and implementation of s t u d i e s  
p rov id ing  d a t a  f o r  t h e  c o r r e l a t e d  compo- 
nen t  of response v a r i a n c e ,  s imple  r e sponse  
v a r i a n c e ,  and response  b i a s  a n a l y s i s .  

Methods f o r  computing and r e p o r t i n g  t h e  
e s t i m a t e s  of t h e  components of MSE f o r  
census  s t a t i s t i c s .  

Methods of a n a l y s i s  of t h e  MSE components 
f o r  determining t h e  impact of enumerator 
and respondent e r r o r s  on t h e  census  
s t a t i s t i c s ,  a s  w e l l  a s  t h e  q u a l i t y  o f  
t h e  opera t ions  and /o r  t h e  responses .  

The chap te r  beg ins  w i t h  a n  i n t r o d u c t i o n  

t o  modeling nonsampling e r r o r ,  p a r t i c u l a r l y  

respondent  e r r o r s  and enumerator e r r o r s .  

From t h i s  t h e o r e t i c a l  b a s i s ,  t h e  e f f e c t s  of 

sys temat ic  and v a r i a b l e  e r r o r s  of census  sta- 

t i s t i c s  can b e  s t u d i e d ,  and t h e  concep t s  of 

mean s q u a r e  e r r o r  component a n a l y s i s  can b e  

b e s t  unders tood.  

Nonsampling e r r o r s  can b e  c l a s s i f i e d  i n t o  

two main groups: s y s t e m a t i c  ( o r  c o n s i s t e n t )  

e r r o r s  and v a r i a b l e  ( o r  i n c o n s i s t e n t )  e r r o r s .  

Systemat ic  e r r o r s  a r e  e r r o r s  which occur  more 

o r  l e s s  i n  t h e  same d i r e c t i o n  f o r  a l l  t h e  
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u n i t s  i n  t h e  sample. For example, an i n t e r -  

viewer may c o n s i s t e n t l y  ove res t ima te  t h e  

v a l u e  of housing f o r  a  sample of dwel l ing  

u n i t s .  Sys temat ic  e r r o r s  c r e a t e  a  b i a s  i n  

t h e  e s t i m a t e s ,  s i n c e  t h e i r  e f f e c t s  cumulate 

over t h e  sample obse rva t ions .  Var i ab le  e r r o r s  

a r e  e r r o r s  t h a t  occur i n  no p r e d i c t a b l e  d i -  

r e c t i o n  and tend t o  approximately c a n c e l  out  

i n  f a i r l y  l a r g e  samples. These a r e  e r r o r s  

such a s  haphazard mis takes  made by in t e rv iew-  

e r s ,  keyers ,  and t r a n s c r i b e r s ,  o r  some ca re -  

l e s s  mis takes  on t h e  p a r t  of t h e  respondents .  

Some of t h e  main c o n t r i b u t i n g  sources  of 

nonsampling e r r o r  a r e :  

The frame. P a r t  of t h e  popu la t ion  may 
b e  omit ted  from o r  e r roneous ly  included 
i n  t h e  frame; o r  t h e  sampling o p e r a t i o n ,  
i f  t h e r e  i s  one, may i n c o r r e c t l y  sample 
t h e  u n i t s .  

Noninterviews. Some u n i t s  i n  t h e  survey 
may n o t  b e  reached dur ing  t h e  c o l l e c t i o n  - 
per iod o r  may r e f u s e  t o  respond t o  a l l  
o r  p a r t  of t h e  ques t ionna i re .  

Process ing ope ra t ions .  Keying, coding,  
e d i t i n g ,  and computer programming a r e  
a l l  p o t e n t i a l  sources  of e r r o r ,  a l though  
q u a l i t y  c o n t r o l  o p e r a t i o n s  a t t empt  t o  
keep t h e s e  e r r o r s  i n  check.  

In terviewing.  In t e rv iewers  may i n f l u e n c e  
t h e  respondent  t o  g i v e  o r  avoid  c e r t a i n  
r e sponses ,  o r  they may t r a n s c r i b e  t h e  
in fo rmat ion  onto  t h e  q u e s t i o n n a i r e  incor -  
r e c t l y .  They may even make up i n f  orma- 
t i o n  f o r  r e l u c t a n t  respondents .  

Respondents. Respondents may remember 
c e r t a i n  even t s  i n c o r r e c t l y  o r  d e l i b e r -  
a t e l y  f a l s i f y  some informat ion.  O r  they 
may l a c k  t h e  knowledge abou t  t h e  i n f  orma- 
t i o n  r eques ted  o r  misunderstand what i s  
wanted . 
Quest ionnaire .  Questions may be  con- 
fus ing  t o  b o t h  t h e  respondent  and t h e  
in t e rv iewer ,  o r  they may b e  worded t o  
i n f  h e n c e  t h e  respondents  t o  answer i n  a  
s p e c i f i c  (and not  n e c e s s a r i l y  c o r r e c t )  
way. 

Weighting. The da ta  may b e  improperly 
weighted because of p rocess ing  e r r o r s  o r  
because t h e  proper  v a l u e  of t h e  weights  
a r e  no t  known exac t ly .  

POPULATION AND HOUS l NG 

(8) Repor t ing.  The su rvey  r e s u l t s  may b e  m i s -  
r e p o r t e d  by t h e  a n a l y s t  o r  m i s i n t e r p r e t e d  
by t h e  u s e r .  

I n  any census ,  e v a l u a t i o n  i s  never  a  sub- 

s t i t u t e  f o r  t h e  c o n t r o l  of e r r o r s .  By des ign-  

ing  q u a l i t y  i n t o  a  census  and p rov id ing  q u a l i t y  

checks a t  each phase ,  many of t h e s e  e r r o r s  

can b e  avoided.  Evaluat ion s t u d i e s  o f f e r  a  

means of determining whether t h e  q u a l i t y  con- 

t r o l  programs a r e  y i e l d i n g  t h e  d e s i r e d  r e s u l t s  

o r  whether a d d i t i o n a l  c o n t r o l s  a r e  needed. I f  

an  o p e r a t i o n  o r  o t h e r  p o t e n t i a l  e r r o r  s o u r c e  

i s  suspected  a s  being a n  impor tan t  d e t r i m e n t  

t o  d a t a  q u a l i t y ,  i t  can b e  f u r t h e r  i n v e s t i -  

ga ted  us ing  e v a l u a t i o n  methods. 

1 . 3  The b a i c  concepa 06 conXent evduation 

The s t a t i s t i c a l  e v a l u a t i o n  of census  con- 

t e n t  e r r o r  i s  concerned w i t h  t h e  e s t i m a t i o n  of 

t h e  v a r i a n c e  and b i a s  components which,  when 

combined, d e s c r i b e  t h e  t o t a l  e r r o r  i n  a  census  

s t a t i s t i c .  Let  us  f i r s t  d e f i n e  what i s  meant 

by " the  t o t a l  e r r o r  i n  a  census  s t a t i s t i c . "  

This  r e q u i r e s  t h e  use  of a  v e r y  s imple  model 

f o r  census e r r o r .  

Let  N denote  t h e  number of u n i t s  ( t h a t  , 

i s ,  p e r s o n s ,  households ,  housing u n i t s ,  e t c  .-) 

i n  t h e  popu la t ion  of i n t e r e s t ;  f o r  example, 

t h e  popu la t ion  may be pe r sons  i n  a  c o u n t r y ,  

c i t y ,  o r  v i l l a g e .  Suppose t h a t  a  census  i s  

conducted and a  number of q u e s t i o n s  a r e  com- 

p l e t e d  f o r  each of t h e  N members of t h e  popu- 

l a t i o n .  Consider one p a r t i c u l a r  c h a r a c t e r -  

i s t i c  measured i n  t h e  census  and deno te  t h i s  

i t em by c ;  f o r  example, c may be income, 

e d u c a t i o n a l  a t t a i n m e n t ,  age ,  m a r i t a l  s t a t u s ,  

o r  s i z e  of household. Now, c o n s i d e r  t h e  

response  t o  i t em c of any u n i t  chosen from 

t h e  popu la t ion .  Denote t h e  u n i t  by t h e  index 

j and t h e  response  by y Our s imple  model 

f o r  d e s c r i b i n g  t h e  t o t a l  e r r o r  i n  t h e  census  

i s  a s  fo l lows  : 
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STATISTICAL EVALUATION OF CONTENT ERROR 

Error  committed 

Recorded va lue  = True value  by respondent ,  

f o r  u n i t  j + i n t e r v i e w e r ,  f o r  u n i t  j 
process ing ,  
e t c .  

which can be  w r i t t e n  more conc i se ly  a s  

where p i s  t h e  t r u e  v a l u e  of t h e  cha rac te r -  
j 

i s t i c  f o r  u n i t  j, and e ,  i s  t h e  e r r o r  i n t r o -  
J 

duced f o r  t h e  u n i t  by any number of t h e  

sources desc r ibed  i n  s e c t i o n  1 .2 .  For s impl i -  

c i t y ,  we s h a l l  assume each of t h e  N u n i t s  i n  

t h e  popula t ion responds t o  i t em c and,  l a t e r ,  

r e l a x  t h e  assumption. 

Model (3.1) forms t h e  b a s i s  of s t a t i s -  

t i c a l  con ten t  evaluat ion.  The model assumes 

t h a t  

(1) For every u n i t  j i n  t h e  popula t ion 
( j  = 1, . . . , N), a t r u e  v a l u e  !.I f o r  t h e  
c h a r a c t e r i s t i c  c e x i s t s .  j 

(2) The recorded va lue ,  y j ,  and t h e  t r u e  
v a l u e ,  p j ,  d i f f e r  by a n  a d d i t i v e  e r r o r  
term, e 

3.. 

(3) The e .  v a l u e s  a r e  random v a r i a b l e s .  
J 

Assumption 3 means, e s s e n t i a l l y ,  t h a t  f o r  

each u n i t  j t h e r e  i s  a s e t  of p o s s i b l e  v a l u e s  

t h a t  e .  may t a k e  f o r  t h e  census  response ,  each 
3 

having an  a s s o c i a t e d  p r o b a b i l i t y  of occurrence.  

For example, suppose t h e  c h a r a c t e r i s t i c  of 

i n t e r e s t  i s  household g r o s s  income and cons ide r  

a p a r t i c u l a r  household i n  t h e  census  whose 

t r u e  income, - Yi , i s  10,000. Fur the r  suppose 

t h a t ,  f o r  t h e  census ,  a v a l u e  of y = 9,600 
j 

was repor ted .  Thus, t h e  e r r o r ,  e is  9,600 
j' 

- 10,000 = -400. The model assumes t h a t  t h e  

e r r o r  -400 was chosen a t  random from a popu- 

l a t i o n  of p o s s i b l e  e r r o r s  f o r  t h e  income of 

household j .  I f  t h e  census p rocess  could b e  

repeated f o r  household j, t h e r e  i s  some prob- 

a b i l i t y  t h a t  o t h e r  va lues  of e would occur .  
j 

S t u d i e s  conducted i n  t h e  United S t a t e s  

have shown t h a t  t h e  e r r o r s  e . may b e  cor re -  
J 

l a t e d  through sys temat ic  e f f e c t s  in t roduced 

by census personnel .  That i s ,  t h e  e r r o r s  

in t roduced by some o p e r a t o r s  may b e  l a r g e ,  

w h i l e  t h o s e  in t roduced by o t h e r  o p e r a t o r s  may 

b e  smal l .  It i s  be l i eved  t h a t  t h e  major  c a u s e  

of t h e  c o r r e l a t i o n  is  t h e  census  enumerator.  

Enumerators may i n f l u e n c e  responses  by reword- 

ing q u e s t i o n s ,  g iving p o s i t i v e  o r  n e g a t i v e  

re in fo rcements  t o  r e sponses ,  deducing responses  

i n c o r r e c t l y ,  and so on. 

Because of t h e  l a r g e  number of r e sponses  

they  c o l l e c t ,  each enumerator can have a 

tremendous impact on t h e  d a t a .  T h i s  impact 

can b e  expressed mathemat ical ly .  I n  t h e  

appendix,  models a r e  g iven  f o r  d e s c r i b i n g  t h e  

e f f e c t  of enumerators on census  and survey 

r e s u l t s .  These models make t h e  fo l lowing  

assumption: i f  y and y . ,  a r e  r e sponses  t o  
j 3 

an i tem c f o r  two u n i t s  i n  t h e  same enumer- 

a t o r ' s  ass ignment ,  t h e  a s s o c i a t e d  e r r o r s  e .  
.I 

and e a r e  c o r r e l a t e d .  F u r t h e r ,  t h e  e r r o r s  
j 

e and e f o r  two responses  i n  two d i f f e r e n t  
a b 

enumerators '  ass ignments  a r e  not c o r r e l a t e d .  

This  e s s e n t i a l l y  means t h a t  e r r o r s  made by 

one enumerator a r e  n o t  a f f e c t e d  by t h e  e r r o r s  

made by ano the r  enumerator. 

With t h e  preceding assumptions ,  we can 

now d i s c u s s  a measure of t h e  t o t a l  e r r o r  i n  a 

census  t o t a l  o r  pe rcen t .  Th i s  widely  known 

measure i s  c a l l e d  t h e  "mean s q u a r e  e r r o r . "  

Let u s  now consider  how t h e  e r r o r s  e 
j 

a f f e c t  t h e  accuracy of census  s t a t i s t i c s .  We 

w i l l  g i v e  t h e  r e l e v a n t  formula f o r  t o t a l s .  

The corresponding formulas f o r  p r o p o r t i o n s  can 

b e  r e a d i l y  obta ined from these .  

Let Y deno te  t h e  observed census  t o t a l  

f o r  t h e  c h a r a c t e r i s t i c  c. Y is t h e r e f o r e  

where y h a s  t h e  e r r o r  s t r u c t u r e  g iven  i n  
j 
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model (3 .1 ) .  The mean square  e r r o r  of Y, de- 

noted by MSE(Y), i s  defined as t h e  sum o f :  

(a)  t h e  square  of t h e  b i a s  of Y, denoted by 

B~ (Y),  and (b) t h e  va r i ance  of Y,  denoted by 

V(Y); t h a t  i s ,  

MSE~Y) = B ~ ~ Y )  + VfY) 

By model ( 3 . 1 ) ,  we have: 

N 
Note t h a t  t h e  f i r s t  term, p , i s  t h e  t r u e  

j=l j 
populat ion t o t a l  and is  constant- - that  i s ,  i t  

has  no b i a s  o r  va r i ance .  Thus, t h e  terms i n  

MSE(Y) must a r i s e  from t h e  sec,ond term i n  

( 3 . 3 ) ,  r e f e r r e d  t o  a s  t h e  r e sponse  e r r o r  term. 

I n  o rde r  t o  p rov ide  an express ion  f o r  t h e  

MSE(Y), we must d e f i n e  t h e  expected v a l u e  and 

v a r i a n c e  of e 
j' 

I n  t h e  appendix, two s t r u c t u r e s  a r e  devel-  

oped f o r  t h e  e r r o r  e .--one a p p r o p r i a t e  f o r  
3 

q u a n t i t a t i v e  d a t a  (or  d a t a  measureable on a 

continuous s c a l e )  and ano the r  f o r  q u a l i t a -  

t i v e  o r  c a t e g o r i c a l  d a t a .  Each of t h e s e  

s t r u c t u r e s  y i e l d s  d i f f e r e n t  mathematical  forms 

f o r  t h e  components of t h e  mean square  e r r o r .  

Therefore ,  t h e  i n t e r p r e t a t i o n s  of t h e  esti- 

mated measures of b i a s  and response  v a r i a n c e  

t h a t  w i l l  b e  d iscussed l a t e r  w i l l  depend upon 

whether t h e  t y p e  of da ta  being c o l l e c t e d  i s  

cont inuous  o r  c a t e g o r i c a l .  A genera l  formula 

f o r  t h e  MSE(Y) i s  given below, which does n o t  

depend upon which of t h e  two e r r o r  s t r u c t u r e s  

i s  used. This  formula, which w i l l  be  d i scussed  

subsequent ly  i n  d e t a i l ,  a p p l i e s  t o  any census  

t o t a l  and i s  c e n t r a l  t o  census  con ten t  

eva lua t ion  : 

Here, B deno tes  t h e  average bias of t h e  y 
j ' 

CC denotes  t h e  c o r r e l a t e d  component of enu- 

merator v a r i a n c e ,  iii is  t h e  average s i z e  of an 

enumerator assignment,  and SRV denotes  t h e  

simple r e sponse  var iance.  Equation (3.4) may 

be  e a s i l y  converted t o  a formula a p p r o p r i a t e  

f o r  t h e  census mean o r  p r o p o r t i o n  by d i v i d i n g  

through by N'. The terms i n  (3 .4)  w i l l  now 

be de f ined .  

1.41 B ,  the  census b i a s  component.--The 

b i a s  term, B, i n  (3.4) i s  de f ined  by 

N 

where E(Y) i s  the  expected va lue  of t h e  t o t a l  

Y over t h e  d i s t r i b u t i o n  of e r r o r s  i n  Y .  Con- 

c e p t u a l l y ,  one may imagine many r e p e t i t i o n s  of 

t h e  census f o r  the  same p o p u l a t i o n  a t  the  same 

p o i n t  i n  time. The average of t h e  t o t a l  Y over  

these  r e p e t i t i o n s  i s  t h e  expected va lue  of Y o r  

E(Y) . This b i a s  i s ,  t h e r e f o r e ,  a measure of t h e  

n e t  e f f e c t  of p e r s i s t e n t ,  s y s t e m a t i c  e r r o r s  on 

t h e  t o t a l  Y. From (3.5) we have t h a t  the  b i a s  

of the  t o t a l  Y ,  U(Y), i s  NB. 

There a r e  two major causes  of census bias--  

response  e r r o r  and nonresponse e r r o r ,  which 

inc ludes  coverage e r r o r .  For c o n t e n t  evalu- 

a t i o n ,  r e sponse  e r r o r  w i l l  b e  cons ide red  and 

nonresponse e r r o r  w i l l  b e  ignored.  Thus, i n  

subsequent a n a l y s e s ,  we s h a l l  assume t h a t  N 

r e f e r s  t o  t h e  t o t a l  number of responding u n i t s  

i n  t h e  popu la t ion  and, t h e r e f o r e ,  B i s  t h e  

b i a s  r e s u l t i n g  from response  e r r o r s .  The i m -  

pac t  of nonresponse on census  c o n t e n t  r e q u i r e s  

informat ion on t h e  nonrespondents t h a t  i s  

u s u a l l y  n o t  a v a i l a b l e .  Theref o r e ,  nonresponse 

b i a s  cannot b e  es t imated u s i n g  t h e  t echn iques  

t o  b e  desc r ibed .  

Example 1.1--A s tudy  was conducted t o  

e v a l u a t e  t h e  response  b i a s  i n  t h e  census  c l a s s i -  

f i c a t i o n  of persons  by age.  A sample of 1 ,000 

census respondents  was s e l e c t e d  complete ly  a t  

random, and t h e i r  b i r t h  r e c o r d s  were. checked. 

F igure  3-1 summarizes t h e  r e s u l t s  f o r  t h e  a g e  

ca tegory  "less than 14 yea r s . ' '  

The c e l l s  of t h i s  t a b l e  have been l a b e l l e d  

(a)  through (h) f o r  use  i n  subsequent  examples. 



Chapter 3 STAT l ST 

Only c e l l s  ( e ) ,  ( f ) ,  (g ) ,  and (h) a r e  

f o r  the  c u r r e n t  i l l u s t r a t i o n .  

ICAL EVALUATION OF CONTENT E R R O R  

needed 

Figure 3-1. CENSUS AND BIRTH RECORD CLASSIFI- 
CATION OF 1,000 CENSUS RESPONDENTS BY AGE 

Census 
Bir th  Record 

A l l  ages. .  .. 1 ,000 

years. .  ..... 304 283 2 1 

1 4  years  o r  
..... 0 1  der . .  

By comparing t h e  b i r t h  r ecord  c l a s s i f i -  

c a t i o n  f o r  persons  whose age i s  " l e s s  than  

14 years"  wi th  t h e  corresponding census  c l a s -  

s i f i c a t i o n ,  an  es t ima te  of B ( t h e  response  

biased i n  t h e  census item) can be ob ta ined .  

Ce l l  (g) d iv ided  by 1,000, o r  .304, i s  an 

es t ima te  of t h e  p ropor t ion  o f  census respond- 

e n t s  who t r u l y  a r e  l e s s  than 14 y e a r s  of age. 

Ce l l  (e) d iv ided  by 1,000, o r  .290, i s  t h e  

census-based es t ima te .  The d i f f e r e n c e ,  

.290 - .3O4 = -. 014, i s  t h e r e f o r e  an e s t i -  

mate of t h e  b i a s ,  B .  From t h i s  example, i t  

can be concluded t h a t  the  census t o t a l  f o r  

persons who a r e  l e s s  than 14 yea r s  of age 

i s  biased downward by an es t ima ted  1.4 

percentage p o i n t s .  

Therefore ,  i f  Y i s  t h e  census  t o t a l  f o r  

persons whose age  i s  14 yea r s  o r  l e s s ,  an 

es t ima te  of B ( Y )  is  N(.Ol4). I f  N is  20 m i l -  

l i o n  persons,  then i t  i s  es t imated t h a t  

20,000,000 (. 014) = 280,000 persons  of l e s s  

than 14 yea r s  of age who have been m i s c l a s s i -  

f i e d  a s  persons  of age 14 yea r s  o r  more. 

1.42 SRV, t h e  simple response  variance.--  

Next, consider  the  simple response va r i ance  

term i n  (3 .4) .  SRV i s  a measure of t h e  g- 
a b i l i t y  o r  consis tency of census responses  t o  a 

s p e c i f i c  i tem. It i s  de f ined  a s  t h e  average 

va r i ance  of responses  t o  an  i t e m  f o r  t h e  same 

i n d i v i d u a l s  over r epea ted  a p p l i c a t i o n s  o f  t h e  

census measurement p rocess .  For example, sup- 

pose t h a t ,  a s  p a r t  of t h e  census ,  i n t e r v i e w e r s  

a r e  asked t o  e s t i m a t e  by i n s p e c t i o n  t h e  c u r r e n t  

market va lue  of t h e  dwel l ings  i n  t h e i r  a s s ign-  

ments. For a sample of dwel l ings ,  d i f f e r e n t  

in te rv iewers  r e t u r n  t o  make second independent 

e s t ima tes  of t h e i r  v a l u e .  L e t  y denote  t h e  ~i 
est imated va lue  of dwel l ing  i taken  on t h e  f i r s t  

occas ion,  and l e t  y deno te  t h e  e s t i m a t e  t aken  
2; 

on t h e  second occasion.  SRV is a measure of t h e  

d i f f e r e n c e s  i n  t h e  e s t i m a t e s  made on d i f f e r e n t  

occas ions  f o r  a p a r t i c u l a r  dwel l ing ,  averaged 

over a l l  dwel l ings .  I t  i s  es t ima ted  by 

A I 2 
SRV = 5 Avg (yli - Y2;) 

where Avg deno tes  t h e  s imple  a r i t h m e t i c  mean 

or average over a l l  u n i t s  i i n  t h e  sample. 

I n  census  e v a l u a t i o n  s t u d i e s ,  SRV i s  

measured by r e i n t e r v i e w  s t u d i e s  i n  which 

in te rv iewers  r e v i s i t  a sample o f  households 

from t h e  census  and r e a s k  some o r  a l l  of t h e  

census ques t ions .  These r e i n t e r v i e w  responses  

a r e  l a t e r  compared w i t h  t h e  o r i g i n a l  census  

responses ,  and S ~ V  is  computed as i n  (3 .6 ) .  

An important assumption made f o r  t h e s e  

s t u d i e s ,  and one t h a t  h a s  been much d i scussed  

i n  t h e  l i t e r a t u r e  ( see ,  f o r  example, Hansen 

e t  a l .  1959), i s  t h a t  t h e  o b s e r v a t i o n s  made 

f o r  t h e  same u n i t  on t h e  two occas ions  a r e  

independent.  This means t h a t  t h e  f i r s t  

in t e rv iew i n  no way i n f l u e n c e s  t h e  responses  of 

t h e  r e i n t e r v i e w .  When t h e  two obse rva t ions  a r e  

c o r r e l a t e d  , thereby v i o l a t i n g  t h e  independence 

assumption,  t h e  respondent  i s  s a i d  t o  have 

been condi t ioned by t h e  f i r s t  in t e rv iew.  The 

cond i t ion ing  e f f e c t  i n  r e i n t e r v i e w  s t u d i e s  

o f t e n  l e a d s  t o  underes t ima tes  of SRV; t h a t  is  

t h e  e s t i m a t e  of SRV g i v e s  a much more o p t i -  

m i s t i c  i n d i c a t i o n  of r e sponse  cons i s t ency  
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t han  i s  a c t u a l l y  t h e  case .  This  occurs  be- 

c a u s e  i n  some c a s e s  t h e  respondents  remember 

t h e  response  they gave i n  t h e  o r i g i n a l  i n t e r -  

view and simply r e p e a t  i t  i n  t h e  r e in te rv iew.  

Some techniques  f o r  reducing t h e  cond i t ion ing  

e f f e c t  i n  r e i n t e r v i e w  s t u d i e s  w i l l  be  d i s -  

cussed i n  t h e  next  sec t ion .  

Example 1.2--Consider t h e  d a t a  i n  f i g u r e  

3-1 again .  Now, however, suppose t h a t  t h e  

sample of 1,000 census respondents  were r e i n -  

terviewed s e v e r a l  months a f t e r  t h e  census and 

reasked the  ques t ion  on age. I n  t h i s  c a s e ,  we 

want t o  compare t h e  o r i g i n a l  census responses  

w i t h  the  responses obtained dur ing  t h e  r e i n -  

terview.  Therefore ,  r e p l a c e  t h e  t a b l e  heading 

" B i r t h  Record" wi th  "Reinterview" and assume 

t h a t  the  d a t a  do no t  change. 

A s  before  i n  t h e  r e i n t e r v i e w  s tudy of t h e  

v a l u e  of dwel l ings ,  l e t  y denote  t h e  re- 
l i  

sponse f o r  sample person i i n  t h e  census ,  and 

l e t  y denote t h e  response i n  t h e  r e i n t e r v i e w .  
2  i 

Because we a r e  i n t e r e s t e d  i n  t h e  a g e  c l a s s i f i -  

c a t i o n  of " l e s s  than 14 yea r s , "  d e f i n e  y a s  
1 i 

fo l lows  : 

1 i f  person i i s  c l a s s i -  
f i e d  a s  l e s s  than  14 

= 
Y1- i  

yea r s  i n  t h e  census  

and d e f i n e  y s i m i l a r l y  f o r  t h e r e i n t e r v i e w .  
2 i  

Then, i t  can e a s i l y  be  v e r i f i e d  t h a t  w i t h  

t h e s e  d e f i n i t i o n s  f o r  y and y t h e  es t ima-  
l i  2 i  

t o r  of SRV i n  (3 .6)  can be expressed i n  terms 

of t h e  c e l l s  i n  f i g u r e  3-1 a s  

I n  g e n e r a l ,  b , where n i s  t h e  number of 
n 

u n i t s  i n  t h e  r e in te rv iew sample, is  r e f e r r e d  

t o  a s  the  g ross  d i f f e r e n c e  r a t e .  It is 

t h e  t o t a l  number of d i sc repanc ies  between 

t h e  census and re in te rv iew responses  

over  t h e  t o t a l  number of persons  i n  t h e  

a + is t h e  r a t e  of sample.. Conversely, - 
n 

agreement, s i n c e  c e l l s  (a)  and (b) count t h e  

number of r e in te rv iew responses  t h a t  a r e  t h e  

same a s  t h e  corresponding census re sponses .  

The e s t i m a t e  of SRV from f i g u r e  3-1, 

assuming t h e  second measurement i s  a r e i n t e r -  

v iew,  i s  

Note t h a t  from t h e  t a b l e ,  ( x 
1,000 

2.8 pe rcen t  of t h e  sample changed t h e i r  

responses  i n  t h e  r e i n t e r v i e w .  

Another measure which i s  o f t e n  es t imated 

from r e i n t e r v i e w  t a b l e s  is t h e  index of incon- 

s i s t e n c y  denoted by I. The appendix g ives  

t h e  t e c h n i c a l  mot iva t ion  and d e f i n i t i o n  f o r  I. 

An over s i m p l i f i e d  bu t  non- technical  d e f i n i t i o n  

of I i s  t h a t  I i s  t h e  r a t i o  of t h e  SRV t o  t h e  

t o t a l  v a r i a n c e  of Y ,  where " t o t a l  va r i ance"  

inc ludes  t h e  v a r i a b i l i t y  i n  t h e  popula t ion of 

t h e  c h a r a c t e r i s t i c  being measured. An e s t i -  

mator of I i s  

where p and p a r e  t h e  e s t i m a t e s  of t h e  pro- 
1 2  

p o r t i o n  i n  t h e  popu la t ion  possess ing  t h e  

c h a r a c t e r i s t i c  of i n t e r e s t  computed from t h e  

in te rv iew and r e i n t e r v i e w  d a t a  r e s p e c t i v e l y  

and q ( o r  q 2 )  is  1 - p l  ( o ~ P  1. From 
1 2 

( f )  
1,000 7 pp i s  

(h)  The e s t i m a t e  of I & , and q 2 i s  - 1,000 ' 

from t h e  t a b l e  i s  

A genera l  r u l e  f o r  i n t e r p r e t i n g  t h e  magnitude 

of I i s  given i n  s e c t i o n  3. We s h a l l  s e e  t h e r e  

t h a t  t h i s  va lue  of I is q u i t e  s m a l l .  

1.43 CC, t h e  c o r r e l a t e d  component of 

enumerator variance.--The c o r r e l a t e d  component 

of enumerator va r i ance  i s  t y p i c a l l y  t h e  l a r g e s t  
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and most damaging component of nonsampling 

var iance a f f e c t i n g  enumerator a s s i s t e d  censuses. 

Numerous s t u d i e s  have shown t h a t  in te rv iewers ,  

by t h e  way they ask quest ions ,  probe f o r  c l a r i -  

f i c a t i o n ,  i n t e r p r e t  responses,  e t c . ,  can have 

an enormous impact on the responses e l i c i t e d  

from respondents ( see ,  f o r  example, B a i l a r  

1976,  a s  we l l  a s  Hanson and Marks 1958). Eval- 

ua t ion  s t u d i e s  designed t o  es t imate  CC f o r  

census items can determine t h e  ex ten t  t o  which 

enumerators a r e  a f f e c t i n g  t h e  census r e s u l t s  

and thereby d i r e c t  e f f o r t s  t o  c o n t r o l  enumer- 

a t o r  e r r o r .  The following example is u s e f u l  

f o r  understanding t h e  n a t u r e  of enumerator 

var iance.  

Consider again t h e  s i t u a t i o n  of a census 

i n  which enumerators a r e  t o  es t imate  t h e  va lue  

of each dwelling i n  t h e i r  assignments. Some 

enumerators may tend t o  underestimate t h e  val-  

ues,  while some may tend t o  overest imate  them. 

A es t imate  of CC w i l l  t e l l  u s  whether t h e r e  i s  

much d i f fe rence  among enumerators i n  t h e s e  

tendencies .  For example, i f  half  t h e  enumer- 

a t o r s  underestimate and half  overest imate ,  and 

i f  t h e  range of e r r o r  i s  l a r g e ,  then CC w i l l  

be l a rge .  I f ,  on t h e  o ther  hand, a l l  of t h e  

enumerators e r r  i n  t h e  same d i r e c t i o n ,  t h a t  i s ,  

e i t h e r  under- o r  over-estimating t h e  va lues ,  o r  

i f  t h e r e  is  l i t t l e  d i f f e r e n c e  i n  t h e i r  e r r o r s ,  

then CC w i l l  be small .  It i s  important t o  

n o t e  t h a t  CC may be small  even i f  t h e  enumer- 

a t o r s  a r e  con t r ibu t ing  s u b s t a n t i a l  e r r o r s  t o  

t h e  census content .  CC i s  a measure of t h e  

v a r i a b i l i t y  or d i f fe rences  in t h e  tendencies  of 

t h e  enumerators t o  b i a s  t h e  responses f o r  u n i t s  

i n  t h e i r  assignments . 
Now consider how t o  es t imate  CC. I f ,  i n  

t h e  previous example, we computed t h e  average 

estimated value of dwellings f o r  the  u n i t s  i n  

each enumerator's assignment and compared these ,  

t h e  average values  might be q u i t e  d i f f e r e n t .  

The d i f fe rences  would be due, not only t o  enu- 

merator b iases ,  but  a l s o  t o  d i f fe rences  in t h e  

dwellings t h a t  make up t h e  enumerator ass ign-  

ments themselves. However, by implementing a 

s p e c i a l  procedure f o r  c o n s t r u c t i n g  enumerator 

assignments,  a procedure c a l l e d  i n t e r p e n e t r a t i o n ,  

t h i s  l a t t e r  e f f e c t  which is confounding t h e  

a n a l y s i s  of enumerator va r iance  cah b e  equal- 

ized ac ross  t h e  assignments t o  be compared. 

I n t e r p e n e t r a t i o n  i s  another  word f o r  

randomization. To i n t e r p e n e t r a t e  enumerator 

assignments simply means t o  randomly a s s i g n  

t h e  u n i t s  t o  be enumerated t o  enumerators so 

t h a t ,  on average, each enumerator assignment 

i s  roughly balanced w i t h  r e s p e c t  t o  t h e  socio- 

economic c h a r a c t e r i s t i c s  of households and types  

of u n i t s .  Now a comparison can b e  made between 

enumerator assignments t o  d e t e c t  sys temat ic  

enumerator e r r o r s  and t o  e s t i m a t e  CC a s  wel l .  

Est imators  of CC look  q u i t e  complex and 

w i l l  be covered i n  s e c t i o n  4.  The fol lowing 

example, however, demonstra tes  t h e  main ideas .  

Suppose we wish t o  compute t h e  c o r r e l a t e d  

component of enumerator v a r i a n c e  a s s o c i a t e d  w i t h  

t h e  census c l a s s i f i c a t i o n  "14 y e a r s  o r  less." 

Two enumerator assignments a r e  i n t e r p e n e t r a t e d  

and enumerated, and t h e  p ropor t ion  of t h e  

persons i n  each enumerator assignment c l a s s i f i e d  

i n  t h e  category "14 y e a r s  o r  less" i s  computed. 

The fol lowing t a b l e  summarizes t h e  r e s u l t s  : 

Figure ,3-2. PROPORTION OF PERSONS 14 YEARS OF 
AGE OR LESS BY ENUMERATOR ASSIGNMENT 

Enumerator 
assignment 1 

The computation of CC from f i g u r e  3-2 i s  

14 years  o r  l e s s  

Number Proport ion 

Tota l . .  . . 
Enumerator 1 .  . 
Enumerator 2. .  

C? = between-assignment var iance  - with in-  
a s s  ignrnent va r iance  

400 
200 
200 

130 .325 
40 .20 
9 0 .45 
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The f i r s t  term i n  the  computation of CC 

i s  a  measure of t h e  between-enumerator-assign- 

ment va r i ance .  This inc ludes  t h e  d i f f e r e n c e s  

between assignments r e s u l t i n g  from t h e  p a r t i -  

c u l a r  popula t ions  enumerated a s  w e l l  a s  from 

t h e  enumerators '  sys temat ic  e r r o r s .  The popu- 

l a t i o n  d i f f e r e n c e  o r  "sampling va r i ance"  e f f e c t  

i s  measured by t h e  second term which i s  sub- 

t r a c t e d  l eav ing  an es t ima te  of t h e  pure enu- 

merator e f f e c t ,  CC. 

A use fu l  measure t h a t  h a s  been used ex- 

t e n s i v e l y  i n  t h e  survey e v a l u a t i o n  l i t e r a t u r e  

t o  r ep resen t  t h e  c o r r e l a t i o n  in t roduced by 

enumerators is  p t h e  in t ra - in te rv iewer  
Y '  

c o r r e l a t i o n  c o e f f i c i e n t  (Kish 1962) .  py i s  

analogous t o  t h e  measure I, t h e  index of 

inconsis tency.  It i s  the  r a t i o  of CC t o  

t o t a l  va r i ance ,  whi le  I i s  t h e  r a t i o  of SRV 

t o  t o t a l  va r i ance .  J u s t  a s  f o r  I, " t o t a l  

var iance"  i s  de f ined  t o  inc lude  t h e  v a r i a b i l i t y  

i n  t h e  popula t ion of t h e  c h a r a c t e r i s t i c  a s  we l l  

a s  nonsampling v a r i a b i l i t y .  An es t ima to r  of 

p f o r  c a t e g o r i c a l  d a t a  i s  
I Y 

where cc i s  t h e  es t ima to r  of CC from t h e  i n t e r -  

pene t ra ted  enumerator assignments,  p i s  t h e  

propor t ion of u n i t s  possess ing t h e  cha rac te r -  

i s t i c  among u n i t s  i n  t h e  combined in te rpene-  

t r a t e d  enumerator assignments,  and q i s  1 - p. 

For continuous d a t a ,  another  formula a p p l i e s  

and is discussed i n  t h e  appendix. An es t ima te  

of py from t h e  d a t a  i n  t h i s  example i s  

A general  r u l e  f o r  i n t e r p r e t i n g  t h e  

magnitude of 6 i s  given i n  s e c t i o n  3. We 
Y 

s h a l l  see  t h a t  i n  t h i s  example, $ i s  
Y 

enormous. 

Note t h a t  a  r e in te rv iew or  any second 

measurement pe r  u n i t  is  not  r equ i red  t o  

compute CC. This  makes enumerator v a r i a n c e  

s t u d i e s  l e s s  expensive than s t u d i e s  t o  e s t i -  

mate t h e  b i a s ,  B, o r  t h e  simple response  

va r i ance ,  SRV. Some of t h i s  c o s t  sav ings  i s  

l o s t  t o  i n t e r p e n e t r a t i o n ,  however, a s  a  r e s u l t  

of inc reased  t r a v e l  f o r  enumerators over  t h e  

a r e a  i n t e r p e n e t r a t e d .  I n  t h e  next  s e c t i o n ,  

we w i l l  cons ide r  i n t e r p e n e t r a t i o n  s tudy des igns  

which a t tempt  t o  minimize t r a v e l  c o s t s .  

1.44 MSE(Y) : p u t t i n g  i t  a l l  together . - -  

Now t h a t  we have explored t h e  meanings of t h e  

components of t h e  mean square  e r r o r  of t h e  

census t o t a l  g iven i n  (3 .4 ) ,  l e t  u s  s e e  how 

these  components--B, CC, and SRV--combine t o  

determine t h e  t o t a l  e r r o r  of Y .  

It i s  i n t e r e s t i n g  t o  cons ide r  which of 

t h e  t h r e e  components i s  t h e  most impor tan t ,  o r  

r a t h e r ,  which one has t h e  g r e a t e s t  p o t e n t i a l  

f o r  s u b s t a n t i a l l y  i n c r e a s i n g  MSEfY). As we 

s e e  from formula ( 3 . 4 ) ,  t h e  p r e c i s e  answer t o  

t h i s  ques t ion  depends upon s e v e r a l  f a c t o r s :  

bes ides  the  t y p e s  of e r r o r s  committed, i t  de- 

pends upon (a)  t h e  s i z e  of t h e  popu la t ion  

being i n v e s t i g a t e d  (or  e q u i v a l e n t l y ,  t h e  s i z e  

of t h e  a r e a  f o r  which census  s t a t i s t i c s  a r e  

being r e p o r t e d ) ,  (b) t h e  average s i z e  of t h e  

enumerator ass ignments ,  and (c )  t h e  p a r t i c u l a r  

c h a r a c t e r i s t i c  being r e p o r t e d  ( t h a t  i s ,  t h e  

s i z e  of Y). 

Of a l l  t h e  components, b i a s  i s  perhaps  t h e  

e a s i e s t  t o  d i s c u s s  s i n c e  we can r e a d i l y  imagine 

t h e  impact of a  3 percen t  o r  5 pe rcen t  b i a s  

on t h e  census r e s u l t s .  Therefore  l e t  u s  con- 

s i d e r ,  i n  terms of its impact on t h e  MSE(Y), 

how much enumerator v a r i a n c e  i s  e q u i v a l e n t  t o  

some l e v e l  of b i a s .  S i m i l a r l y ,  we w i l l  con- 

s i d e r  how much simple response  v a r i a n c e  i s  

requ i red  t o  equa l  t h e  impact on MSE(Y) of a  

given l e v e l  of b i a s .  F igures  3-3 and 3-4 

g i v e  t h e  equ iva len t  l e v e l s  of enumerator v a r i -  

ance (as  measured by p ) and simple response  
Y 

va r i ance  ( a s  measured by I) f o r  l e v e l s  of 9- 
t i v e  b i a s  r ang ing  from 1 pe rcen t  t o  5 p e r c e n t .  
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I n ' f i g u r e  3-3, t h e  popula t ion s i z e  i s  1 m i l l i o n  

persons (perhaps  a moderate s i z e  c i t y ) ,  and i n  

f i g u r e  3-4, t h e  population s i z e  i s  5,000 per-  

sons ( a  smal l  v i l l a g e ) .  I n  both  cases ,  t h e  

c h a r a c t e r i s t i c  being measured i s  of t h e  ca te -  

g o r i c a l  o r  q u a l i t a t i v e  type  w i t h  two c a t e g o r i e s  

in which one ha l f  of t h e  popu la t ion  possesses  

t h e  c h a r a c t e r i s t i c .  

F i g u r e  3-3.  EQUIVALENT EFFECTS OF ENUMERATOR 
VARIANCE AND SIMPLE RESPONSE VARIANCE, BY 
LEVEL OF BIAS, FOR LARGER POPULATIONS 

(N=I m i Z Z i o n )  

( 
Equivalent p .?: 1 y 1 Equivalent 

oe rcen t  I 

no ne 
no ne 
none 
tw ne 
no ne 

1 p e r c e n t . .  
2 p e r c e n t . .  
3 p e r c e n t . .  
4 p e r c e n t . .  
5 p e r c e n t . .  

F igure  3-3 shows t h e  importance of b i a s  f o r  

l a r g e  popula t ions .  For example, t o  equa l  " the  

impact of a 1 percent  b ias ,  a p of a t  l e a s t  .4 
Y 

i s  requ i red  when enumerator assignments average 

250 persons  and a t  l e a s t  .1 when A i s  1,000." 

For popula t ions  of s i z e  1 m i l l i o n ,  i t  is imposs- 

i b l e  f o r  s imple  response v a r i a n c e  t o  be a s  s e r i -  

ous a s  a b i a s  of 1 percent  o r  l a r g e r .  Fur the r ,  

it i s  impossible  f o r  enumerator va r i ance  t o  

equal  t h e  impact on MSE(Y) of  a 4 pe rcen t  b i a s  

un less  t h e  average s i z e  of enumerator a s s ign-  

ments i s  very much l a r g e r  t h a n  1,000 persons .  

.402 .200 .I00 
none .SO0 ,400 
none none .YO0 
none none none 
none none none 

It i s  important  t o  n o t e  t h a t  t h e  impact of 0 
- Y 

i n c r e a s e s  a s  m, t he  average assignment s i z e ,  

inc reases .  This can be r e a d i l y  seen i n  formula 

(3.4) and i n  f i g u r e s  3-3 and 3-4. 

Figure  3-4 might apply f o r  a smal l  r e p o r t -  

ing  a r e a  such a s  a v i l l a g e  o r  some smal l  sub- 

group of a l a r g e r  popula t ion.  Now b i a s  may no 

longer be t h e  most c r i t i c a l  component a s  f o r  

t h e  l a r g e r  popula t ions .  Enumerator va r i ance  

can o f t e n  achieve t h e  same l e v e l  of impact a s  a 

5 percent  response  b ias .  For t h e  s i z e s  of 

and p o f t e n  repor ted i n  t h e  l i t e r a t u r e ,  v a l u e s  
Y 

of .001 t o  .05 a r e  n o t  uncommon. The index of 

incons i s t ency ,  however, even f o r  a smal l  popu- 

l a t i o n ,  can seldom ach ieve  t h e  impact of W E ( Y )  

of smal l  v a l u e s  of r e l a t i v e  b i a s .  

F i g u r e  3-4. EQUIVALENT EFFECTS OF ENUMERATOR 
VARIANCE AND SIMPLE RESPONSE VARIANCE, BY 
LEVEL OF BIAS, FOR SMALLER POPULATIONS 

(N=5,000) 

There is some r e c e n t  ev idence  i n  t h e  l i t e r -  

a t u r e  t h a t  l a r g e  v a l u e s  of p and B a r e  t y p i -  
Y '  

c a l l y  found when I is l a r g e .  T h i s  means t h a t  a 

B ( Y )  
(as a 

percent  
of Y )  

1 p e r c e n t . .  
2 p e r c e n t . .  
3 p e r c e n t . .  
4 p e r c e n t . .  
5 p e r c e n t . .  

l a r g e  s imple  response  v a r i a n c e  may b e  a n  i n d i -  

c a t o r  of l a r g e  enumerator v a r i a n c e  and /o r  l a r g e  

response  b i a s e s .  Thus, e s t i m a t i n g  I f o r  a census 

may y i e l d  some informat ion of t h e  two l a r g e  com- 

ponents  of MSE(Y) .  More work i s  needed t o  test 

t h i s  c o n j e c t u r e .  

To summarize, w e  have i l l u s t r a t e d  t h e  

r e l a t i v e  e f f e c t s  of B, CC, and SRV on MSE(Y)  

f o r  censuses .  For l a r g e  p o p u l a t i o n s ,  r e sponse  

Equivalent  P 
Y 

' 

6=250 ;=SO0 6=1,000 

.002 .001 .0005 
.008 .004 .002 
.018 .009 .005 
.032 .016 .008 
.050 .025 .013 

b i a s  i s  t h e  most important  component and CC 

and SRV may be unimportant.  For s m a l l  popu- 

l a t i o n s ,  t h e  impact of CC can be  c o n s i d e r a b l e  

and Fay o f t e n  be the  l a r g e s t  component of 

mean square  e r r o r .  The impact of SRV i n c r e a s e s  

a s  t h e  s i z e  of t h e  popu la t ion  d e c r e a s e s ,  b u t  

is  u s u a l l y  l e s s  important  than  B o r  CC. How- 

ever ,  t h e r e  i s  some evidence t h a t  a l a r g e  SRV 

may be an i n d i c a t o r  of l a r g e  enumerator o r  

response  b i a s  e f f e c t s .  I n  a d d i t i o n ,  SRV may 

be t h e  most convenient parameter t o  e s t i m a t e .  

Equivalent  
I 

.5 
no ne 
none 
no ne 
no ne 

2.  DESIGN OF S T U D 1  ES  TO ESTIMATE 
THE COMPONENTS O F  CENSUS ERROR 

This  s e c t i o n  p r e s e n t s  some g e n e r a l  p r i n -  

c i p l e s  f o r  good e v a l u a t i o n  s tudy  des ign .  

F i r s t ,  i t  d e a l s  with enumerator assignment 

" i n t e r p e n e t r a t i o n "  s t u d i e s  f o r  e s t i m a t i n g  t h e  
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correlated component of enumerator variance, 

CC. Interpenetration is the technique of 

combining together two or more enumerator 

assignments and then reassigning the units to 

the same enumerators using some method of 

randomization. In this way, each new assign- 

ment is said to be "statistically identical." 

That is, on the average, the procedure pro- 

duces assignments which have the same distrib- 

utions of population characteristics. The 

enumerator assignments which have been inter- 

penetrated can be compared with respect to 

the average of characteristic units in order 

to detect enumerator differences. 

Interpenetration studies may be expensive 

and difficult to control. Since the inter- 

penetrated enumerators' assignments are spread 

over a much larger geographic area, enumerator 

travel is increased. In addition, special 

records must be kept so that the enumerator(s) 

associated with every unit in the interpene- 

trated assignments can be identified. 

Depending on their design, reinterview 

surveys may be used to estimate either the 

simple response variance, SRV, or the response 

bias, B. The reinterview survey designed to 

estimate SRV is basically a repetition of the 

census for a sample of units. In our model of 

the last section, it was assumed that the sec- 

ond interview is an independent replication of 

the first interview. In practice, this is very 

difficult to achieve for reasons discussed in 

section 2.2. 

The reinterview survey designed to esti- 

mate B is considerably different than the 

former type. For this survey, we aim to obtain 

the "truth" in the reinterview. This calls 

for innovative methods to help the respondents 

better recall events or to enhance their 

understanding of the questions. These methods 

may be infeasible for use in the full census 

because of their cost and/or complexity. They 

are considered for reinterviews because of 

their potential for improving responses. In 

addition, better enumerators and improved 

field procedures are used to decrease the 

errors occuring in field operations. SRV may 

also be estimated from this type of reinterview, 

although the estimator is more complex than the 

estimator from a replication-type reinterview. 

(See section 4.2 in the appendix.) 

It is not uncommon for reinterview surveys 

to incorporate both objectives--to estimate 

SRV for some items and t6 estimate B for other 

items. In these surveys, the items for which 

SRV is wanted are reasked exactly as worded in 

the census, and no improvements in the field 

procedures are attempted. For the items for 

which B is to be estimated, probing questions, 

better training, and other enhancements to the 

interview and field procedures may be used in 

order to get the best response possible. 

2 . 1  l n R e , t p e n W o n  0 1  enurnmatah ahnign- 
menh t o  e~Li.mate Rhe c o u ~ e d  
component 

For any evaluation study to produce mean- 

ingful results, it must be properly planned 

and implemented. It is of primary importance 

that the statistical concepts be thoroughly 

understood and appreciated, and that the con- 

ditions under which the study must be carried 

out be fully supported by people at various 

levels in the statistical office. Knowledge 

of the assumptions made in the model develop- 

ment of the estimators, and of the consequences 

of deviating from these assumptions in the 

conduct of the study, is an important require- 

ment for the study planners. Many times during 

an interpenetration study, the project leaders 

must make decisions which affect the randomi- 

zation of assignments, the independence of the 

enumerator assignments, or the environment 

of the study personnel. Uninformed decisions 

threaten the validity of the correlated com- 

ponent estimates. In these situations, the 

piding principle should be to meet the ob- 

jectives of the study without incurring ex- 

cessive costs. 
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A major danger in attempting to measure 

the error in a survey by interpenetration 

studies is the presence of a "study effect ." 
This effect, which is unavoidable, is due to 

changes in the procedures or even in the atti- 

tudes of the enumerators as a result of the 

presence of the evaluation study. If these 

effects are large, it could render the evalu- 

ation results useless, since the measured 

effects are not indicative of the total census 

enumeration effects but only of the study 

enumerator effects. For this reason, it is 

important to maintain conditions in the study 

sites which are as far as possible identical 

to conditions in field offices not in the 

study. 

At the same time, the conditions assumed 

for the model must also be met. The enumerator 

assignments, in order to be randomized or 

interpenetrated, may require more work on the 

part of the enumerators. For example, inter- 

penetration may require more travel for the 

study enumerators than is typical for the 

enumerators not in the study. The effects 

of this on the results must be monitored and 

controlled. 

Other problems affect the independence 

of the enumerator assignments. For example, 

an enumerator in the study is unable to com- 

plete his/her assignment; assigning another 

study enumerator to the assignment will intro- 

duce a correlation between the two assignments 

which is in violation of the model assumptions. 

Or, if refusal cases for all enumerators are 

handled by a small crew of "refusal conversion 

specialists", a correlation is introduced be- 

tween assignments. These cases must then be 

excluded in the analysis. However, if refusal 

rates are high, this also creates problems in 

the analysis. 

There are no perfect solutions to these 

problems; however, a knowledgeable statisti- 

cian can usually develop solutions which are 

acceptable operationally and come as close as 

possible to the theoretical ideal. Now let us 

consider the stages involved in the implementa- 

tion of a study of enumerator correlated error. 

2.11 Planning.--Preliminary to the design 
.c' 

of an evaluation study, five steps should,.be 

performed. These are: 

Objectives of the evaluation. Develop a 
specific and very descriptive statement 
of the objectives. Often, during plan- 
ning, it is easy to become engrossed in 
the details and forget the main objec- 
tives of the study. This is often the 
cause of poor decisionmakinp. 

Method of evaluation. If correlated or 
systematic enumerator errors are the con- 
cern, then an interpenetrated design for 
estimating enumerator error is appro- 
priate. However, for some characteristics, 
sucn as sex, one might expect the errors 
to be more random in nature and system- 
atic differences between enumerators to 
be unimportant. For these characteristics, 
estimating the cotrelated component may 
yield very little about the importance of 
errors in the census, and an interpene- 
tration study is not appropriate. Thus, 
determine whether estimating the corre- 
lated component is important for the 
characteristics being measured before 
deciding to perform an interpenetration 
study. 

Data to be collected. Determine what 
data are relevant to the purposes of the 
evaluation. For example, data must be 
collected to allow the survey data to 
eventually be linked to a specific 
enumerator; records must be kept on units 
wbich should be deleted from the study 
because procedures were not followed for 
them; other data may be necessary in 
order to aid in the interpenetration of 
estimates. These should all be pre- 
specified. 

Precision desired. The specification of 
the degree of precision wanted in the 
results is an important step. Depend 
upon previous studies to determine the 
approximate size of py to be estimated 
and specify the desired coefficient of 
variation for the estimate. ~cca~sionall~, 
it may be decided that the costs involved 
are too great to conduct the study as 
originally planned. 

Study design. Specify the number of col- 
lection offices to be involved in the 
study, the number of enumerators and the 
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way their assignments will be controlled, 
the interpenetration scheme and how to 
handle special problems, and the timing 
of the study. 

Is the design feasible? For example, 

interpenetration of enumerator assignments 

often means more travel for the enumerators. 

In fact it can be shown that enumerator travel 

increases in proportion to the square root of 

the number of enumerators being interpenetra- 

ted in an area. (When pairs of enumerators' 

assignments are interpenetrated, each inter- 

viewer travels approximately 2 = 1.41 times 

as far.) In some areas, this may not be 

feasible considering the timing of the survey. 

The steps involved in the sample design 

for an enumerator variance study are now 

listed. 

(1) Using the formulas given in the appendix 
for the precision of py, determine the 
required number of enumerator assignment 
pairs to be interpenetrated (this is C 
in formula (4.1.15)). The maximum accept- 
able relative variance is .25. A larger 
relative variance would not allow the 
detection of enumerator effects. 

(2) Determine the number of collection offices 
(study sites) to be involved in the 
evaluation, using the following as a 
rough guide: 

number of study sites = R t 40 

For example, if the number of enumerator 
pairs from step (1) is 500, then 500140 
or 13 study sites are needed. This 
number can be increasedldecreased depend- 
ing upon the particular characteristics 
.of the census collection offices. However, 
a number smaller than 10 study sites 
usually is not recommended. 

(3) Prepare a list of the census collection 
offices ordered by urban and rural 
characteristics and, within these classes, 
ordered by size. In addition, other vari- 
ables that are believed to be correlated 
with enumerator error may be used to 
sort the offices within size classes. 

(4) Select a systematic sample of collection 
offices from the sorted list. These will 
be referred to as study sites. If the 
collection offices vary considerably in 
size, a more sophisticated "unequal pro- 
bability" sampling scheme might be more 
efficient. 

For each study site, prepare a list of 
enumeration assignment pairs by pairing 
together assignment areas which are geo- 
graphically adjacent to one another. 

For each study site select a sample of 
11 (number of study sites) enumerator 
assignment pairs. These assignments will 
be referred to as the study assignments. 

For each pair of study assignments, pre- 
pare a list of the dwelling units located 
within the assignments and sort the list 
geographically. 

Systematically assign the first, third, 
fifth, etc., unit to enumerator A of the 
pair, and the remaining units to enumer- 
ator B of the pair. This completes the 
interpenetration design. 

2.12 Preparation.--Before the data are 

collected, the general nature of the results 

and the way in which they will be analyzed 

should be described. This includes identifi- 

cation of charts, graphs, and tables to be 

constructed and the timing of the reports. 

Procedures for clerks, quality control 

personnel, and supervisors should be written, 

and the appropriate training materials should 

be developed. In addition, it is important 

that these procedures be pretested. This 

nearly always results in improvements in the 

procedures or clerical forms. It can often 

reveal that the cost will be much greater than 

expected. 

Generally speaking, the enumerators to 

be evaluated should receive the same training 

as the other enumerators in order to minimize 

the study effect. However, often it is 

necessary to provide additional training to 

these enumerators to cover changes in the 

handling of their assignments. Care must be 

taken to minimize the administrative differ- 

ences between study enumerators and other 

enumerators. 

During training of the study support 

personnel, stress the importance of following 

procedures precisely, even if they seem in- 

efficient. Since the objectives of inter- 

penetration are not readily understood by 
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clerical personnel, they may adopt procedures 

which are contrary to these objectives. 

2.13 Implementation.--During the conduct 

of the study, it is useful for the study plan- 

ners and project leaders to visit the work 

sites, both in and out of the study, to insure 

that the proper conditions are being maintain- 

ed in the study sites. 

2.14 Analysis .--During the documentation 

of the results, each stage of the experiment 

should be fully described. Be sure to docu- 

ment the specific problems encountered in the 

execution and data processing phases. Include 

estimates of the standard errors of the esti- 

mated, pyls (See section 3.) 

2 . 2  The denLgn and implementat ion od 
heintehvLu.u dwtveyd 

The planning required for a large scale 

reinterview or post-enumeration survey can be 

as complex as that required for a large scale 

sample survey. In fact, because of certain 

distinctive features peculiar to its purpose 

and content, the evaluation survey requires 

the balancing of many aspects of cost and 

accuracy normally not encountered in sample 

surveys, as this section will demonstrate. 

The two alternative objectives for a re- 

interview survey are: simple response vari- 

ance objective--which strives for an 

independent repetition of the survey or census 

under the same general conditons--and response 

bias objective--which strives for a measure 

of truth or the most accurate response obtain- 

able from a respondent. The cost, planning, 

and implementation of a reinterview survey 

for each objective is quite different as 

might be expected. The first objective usually 

requires the same questions about characteris- 

tics, the same method of obtaining and record- 

ing responses, and the same sponsorship of 

the survey as for the census. By contrast, 

the second objective requires results to serve 

as a standard of measurement. Here the 
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deficiencies of the census are minimized in 

the reinterview survey by application of more 

rigorous field procedures such as using better 

trained and more highly qualified interviewers, 

choosing the most knowledgeable respondent to 

provide the data, applying detailed question- 

ing sequences to probe areas where questions 

or instructions have been ambiguous or in- 

adequate, and reconciling different responses 

collected in the two interviews. The latter 

type of reinterview deliberately changes the 

questions and techniques in an attempt to shed 

light on errors arising from problems in 

questionnaire wording, enumerator and/or 

respondent failure,,etc. Despite the distinc- 

tions between the two objectives, there are 

some commonalities. These common aspects are 

discussed first, followed by the special 

requirements and considerations for each 

objective. 

2.21 Sample design.--The sample design for 

reinterview surveys is usually similar to that 

of large sample surveys. The design may be a 

complex sample design which is intended to 

minimize the cost of travel for the reinter- 

view while still satisfying the precision 

requirements. The sample size is determined 

by the precision requirements for the esti- 

mates of response bias and simple response 

variance (see the appendix). 

Some reinterview surveys of the U.S. Census 

Bureau serve a dual role. As a check on inter- 

viewer performance, they are a means of inter- 

viewer quality control. In addition, they 

provide data for estimation of the response 

variance component. For censuses, the reinter- 

view sample designs are usually multi-stage 

stratified designs which parallel those of 

ongoing current surveys. In addition, current 

survey interviewers may be called upon to 

collect the reinterview survey data. The 

reinterview sample design often specifies 

that households within a primary sampling 

unit be selected with probability inversely 
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propor t iona l  t o  t h e  number o f  households i n  t h e  

primary u n i t .  S ince  p r imar ies  a r e  t y p i c a l l y  

s e l e c t e d  with p r o b a b i l i t i e s  p r o p o r t i o n a l  t o  

s i z e ,  t h i s  makes t h e  r e i n t e r v i e w  sample 

des ign s e l f - w e ~ g h t i n g .  Since t h e  e r r o r  of 

respondents is  of primary i n t e r e s t ,  only  

respondents o r  responding households i n  t h e  

census a r e  e l i g i b l e  f o r  the  r e i n t e r v i e w  

sample, and non-respondents a r e  excluded.  The 

theory of the  p rev ious  s e c t i o n s  would then be 

app l i ed  t o  the  r e i n t e r v i e w  subsample. 

2.22 Matching.--Once t h e  sample has  been 

drawn and the  r e i n t e r v i e w  conducted,  t h e  re-  

in te rv iew households must be matched t o  t h e  

survey households so  t h a t  t h e  case-by-case 

comparisons can be  made. Since  only  t h e  

matched sample c a s e s  a r e  used,  i t  is  important 

t h a t  t h e  matching c r i t e r i a  be such a s  no t  t o  

b i a s  t h e  matched comparisons. This  means t h e  

p ropor t ion  of er roneous  matches should be  kept  

a t  a  minlmum, s i n c e  f o r  an erroneous  match the  

survey and r e i n t e r v i e w  c h a r a c t e r i s t i c s  w i l l  

tend t o  d i f f e r  more than f o r  a  t r u e  match-- 

<hat i s ,  erroneous matches tend t o  b i a s  t h e  

s imple  response va r i ance  o r  response  b i a s  

measures upward. However, t h e r e  i s  a l s o  a  

danger i n  making t h e  matching c r i t e r i a  too  

s t r i c t ,  s i n c e  t h e  oppos i t e  e f f e c t  could  occur.  

That i s ,  those c a s e s  which can be matched by 

t h e  s t r i c t  r u l e  may show r e l a t i v e l y  smal l  

d i f f e r e n c e s  between t h e  r e i n t e r v i e w  and t h e  

survey. Thus t h e  nonsampling e r r o r  measures 

a r e  b iased downward. 

2 . 2 3  Timing.--How soon a f t e r  t h e  o r i g i n a l  

in te rv iew should t h e  r e i n t e r v i e w  be conducted? 

I f  a  r e in te rv iew i s  conducted soon a f t e r  a  

case  h a s  been in terviewed,  t h e  e f f e c t  of 

cond i t ion ing  i s  worsened. This  cond i t ion ing  

a f f e c t s  the  between in te rv iew c o r r e l a t i o n ,  so  

t h a t  e s t ima tes  of response v a r i a n c e  a r e  

b iased .  It may a l s o  a f f e c t  t h e  r e i n t e r v i e w  

survey ' s  a b i l i t y  t o  o b t a i n  t h e  t r u e  response ,  

i f  t h a t  i s  the  o b j e c t i v e .  There i s  a l s o  a  

danger t h a t  a  household w i l l  be  r e in te rv iewed  

be fo re  t h e  census in te rv iew h a s  been c losed  

o u t ,  u n l e s s  t h e  r e i n t e r v i e w  i s  delayed a t  

l e a s t  u n t i l  a l l  census i n t e r v i e w s  have been 

completed. On t h e  o the r  hand, a  l a t e  s t a r t  

a l s o  h a s  the  p o t e n t i a l  f o r  l o s s  of accuracy.  

Respondents would be quest ioned about  e v e n t s  

i n c r e a s i n g l y  remote i n  t ime,  and t h e r e  may be  

a  problem with  r e c a l l  l o s s .  O r ,  a  b i a s  mav 

a f f e c t  t h e  e s t i m a t e s  a s  a  r e s u l t  of some sample 

respondents  moving be fo re  they can be  r e i n t e r -  

viewed. 

S t u d i e s  have shown t h a t ,  f o r  most charac-  

t e r i s t i c s ,  de lays  of up t o  3 months have no 

i d e n t i f i a b l e  e f f e c t  on t h e  d a t a .  However, 

f o r  i tems s u b j e c t  t o  r e c a l l  loss--income, 

m o b i l i t y ,  v ic t imizat ion--a  r e i n t e r v i e w  c l o s e r  

i n  time t o  t h e  o r i g i n a l  i n t e r v i e w  produces  

b e t t e r  r e s u l t s .  (See [ B a i l a r  19681 f o r  f u r t h e r  

d i s c u s s i o n  of t h i s  t o p i c . )  For t h e  U.S. 

Census Bureau, t h e  t iming of t h e  r e i n t e r v i e w  

may range from 1 week ( f o r  an  ongoing survey)  

t o  s e v e r a l  months ( f o r  a  census)  from t h e  

o r i g i n a l  in te rv iew.  

2 . 3  Spec ia l  covuidma;tionn datr t r e i r t t e m i w  
nuveyn  w d h  t h e  n h p &  t rupovue vatLiance 
ob jec;tive 

I f  t h e  o b j e c t i v e  i s  t o  measure s imple  r e -  

sponse va r i ance ,  i d e a l l y  t h e  r e i n t e r v i e w  survey 

should be an i d e n t i c a l  r e p e t i t i o n  of t h e  census .  

Of course ,  t h i s  i s  not p o s s i b l e  because  o f :  

Di f fe rences  i n  Scope. The r e i n t e r v i e w  
survey i s  much smal le r  than  t h e  census ,  
which a f f e c t s  the  a d m i n i s t r a t i o n  and 
in te rv iewer  workloads.  

Di f fe rences  i n  Purpose. There i s  u s u a l l y  
l e s s  importance a t t a c h e d  t o  t h e  r e i n t e r -  
view survey,  which i s  used o n l y  f o r  
e v a l u a t i o n  purposes,  than  t o  t h e  census .  

Condi t ioning.  The responding households  
have been a f f e c t e d  by t h e  o r i g i n a l  i n t e r -  
v iews,  and t h i s  could a f f e c t  r e sponses .  

Timing. The r e i n t e r v i e w  survey occurs  
a t  a  time l a t e r  than  t h e  o r i g i n a l  su rvey ,  
and t h i s  could a f f e c t  r e sponses .  
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The u t i l i t y  of the  e s t i m a t e s  of s imple  

response va r i ance  depends upon t h e  success  of 

t h e  survey des igners  i n  minimizing t h e  impact 

of these  d i f f e r e n c e s .  Th i s  r e q u i r e s  an un- 

compromising a t t i t u d e  toward mainta ining t h e  

same s t andards  and cond i t ions  o p e r a t i n g  i n  t h e  

census.  

2.31 Questionnaire.--Ideally,  t h e  r e i n t e r -  

view ques t ionna i re  should b e  a  copy of t h e  cen- 

s u s  ques t ionna i re  except f o r  minor changes t o  

t h e  in t roduc t ion .  Also,  i n  o rde r  f o r  t h e  r e f e r -  

ence pe r iods  t o  be t h e  same i n  both t h e  cen- 

s u s  and t h e  survey, some changes may be re -  

qu i red  due t o  t h e  l a t e r  in te rv iewing  pe r iod .  

However, i n  t h e  p a s t ,  o t h e r  l i b e r t i e s  have 

sometimes been taken, such a s  shor ten ing  t h e  

in te rv iew leng th  t o  save on respondent burden 

and t o  focus  t h e  study on a  smal l  s u b s e t  of 

c h a r a c t e r i s t i c s .  

2.32 Interviewers.--The s e l e c t i o n ,  q u a l i -  

f i c a t i o n s ,  t r a i n i n g ,  and superv i s ion  of t h e  

in te rv iewers  should be a s  c l o s e  a s  p o s s i b l e  

t o  those  i n  t h e  census.  To avoid f u r t h e r  

dependence between t h e  census and t h e  r e i n t e r -  

view, t h e  in te rv iewer  who obta ined informat ion 

from a  household i n  t h e  census  should n o t  be 

allowed t o  r e in te rv iew t h e  same household.  

2.33 Respondents.--The respondent r u l e s  

used i n  t h e  census a l s o  app ly  here .  Sometimes, 

however, t o  minimize t h e  cond i t ion ing  e f f e c t  

of t h e  census ,  the  o r i g i n a l  respondent i s  

o f t e n  accepted only a s  a  l a s t  r e s o r t .  Whether 

t h i s  is f e a s i b l e  f o r  any p a r t i c u l a r  r e i n t e r -  

view survey depends upon t h e  type of d a t a  

t h a t  a r e  being c o l l e c t e d .  For example, t h e r e  

may be concern about t h e  accuracy of proxy 

informat ion which would a d v i s e  a g a i n s t  t h e  

p r a c t i c e  of avoiding t h e  o r i g i n a l  respondent .  

Although i t s  o b j e c t i v e  i s  t o  p rov ide  a  

measure of t h e  " t ruet '  c h a r a c t e r i s t i c  of every 

i n d i v i d u a l  i n  t h e  subsample, t h e  r e i n t e r v i e w ,  

a t  b e s t ,  provides  only  " b e t t e r "  r e sponses  than  

those  obta ined i n  t h e  o r i g i n a l  i n t e r v i e w .  

This  means t h e  i n t e r p r e t a t i o n  of t h e  r e s u l t s  

should fo l low t h e  theory  given i n  t h e  appen- 

d i x  f o r  Case 2  i n  s e c t i o n  4.23, which y i e l d s  

rough approximations t o  t h e  measures i d e n t i f i e d  

f o r  Case 3 .  

The ch ie f  d isadvantage of t h i s  method o f  

e v a l u a t i o n  i s  t h a t  t h e  s tudy  a n a l y s t  never  

knows how c l o s e l y  t h e  response  b i a s  o b j e c t i v e  

(Case 3  i n  t h e  appendix) was approximated i n  

t h e  r e i n t e r v i e w .  A respondent  who r e p o r t s  an  
- 

i n c o r r e c t  age ,  income, e t c . ,  i n  t h e  census  

a l s o  t e n d s  t o  do so i n  t h e  r e i n t e r v i e w .  

Fur the r ,  when t h e r e  a r e  d i f f e r e n c e s  between 

t h e  census  and t h e  r e i n t e r v i e w ,  i t  i s  u s u a l l y  

no t  p o s s i b l e  t o  determine which v a l u e  is 

" b e t t e r .  

Another d isadvantage of t h e  method is 

c o s t ;  however, t h i s  may be  more a  d i sadvan tage  

f o r  surveys  r a t h e r  t h a n  censuses .  Much e f f o r t  

and money a r e  devoted t o  b e t t e r  t r a i n i n g  and 

in te rv iewing ,  r e c o n c i l i a t i o n  of d i s c r e p a n c i e s ,  

and b e t t e r  q u a l i t y  c o n t r o l  d u r i n g  r e i n t e r v i e w  

d a t a  c o l l e c t i o n  and p rocess ing .  S ince  most 

surveys  have a f i x e d  o v e r a l l  expend i tu re  l i m i t ,  

i nc reased  expense t o  measure t h e  accuracy w i l l  

u s u a l l y  r e q u i r e  c u r t a i l e d  expend i tu res  i n  t h e  

main survey wi th  consequen t i a l  dec reased  

accuracy--for example t h e  o v e r a l l  sample s i z e  

may have t o  be decreased.  Thus, some b a l a n c e  

i s  r e q u i r e d  between t h e  o b j e c t i v e s  of measure- 

ment of t h e  popu la t ion  c h a r a c t e r i s t i c s  and 

measurement of t h e  accuracy of t h e  measurements. 

I n  summary, t h e  u s e f u l n e s s  of t h e  r e i n -  

terview r e s u l t s  depends upon t h e  c a r e  t aken  

t o  c r e a t e  t h e  i d e a l  survey c o n d i t i o n s  f o r  

a c c u r a t e  measurement. Only then  can u s e r s  

of t h e  r e s u l t s  be conf iden t  t h a t  t h e  e s t i m a t e d  

measures of b i a s  and v a r i a n c e  a r e  r easonab le  

approximations t o  t h e  r e a l  l e v e l s  of survey 

e r r o r .  
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2.41 Questionnaire.--In designing the 

reinterview questionnaire to estimate bias, 

emphasis must be placed on investigating each 

variable thoroughly. This often means re- 

stricting the number of variables to be checked 

in order not to have an interview of unreason- 

able length. For example, in the U.S. census, 

the question in figure 3-5 appeared for a 

household person in the regular census. For 

Figure 3-5. 1980 U.S. CENSUS QUESTIONNAIRE 

14. What is this person's ancestry? I f  uncertain about 
how to report ancestry, see instruction guide. 

---------------------------------------- 
(For example: Afro-Amer.. English, French, German, Honduran, 
Hungarian, Irish, Italian, lomalcan, Korean, Lebanese, Mexican, 
Nlgerian, Polish, Ukrainian, Venezuelan, etc.) 

the reinterview, the question in figure 3-5 

was replaced by the sequence of questions 

shown in figure 3-6. 

2.42 Reconciliation.--As mentioned above, 

when discrepancies between the census respon- 

ses and the reinterview response are found, 

it is usually not possible to assume that the 

reinterview response is the correct one. Thus, 

in reinterview surveys with the response 

bias objective, the approach has been to 

try to reconcile discrepancies by determining 

which of the two entries is "true", or, if 

neither is true, what is "true." For example, 

the interviewer might ask the respondent: "In 

the census, you indicated that your ancestry 

I is American but your reinterview responses 

Figure 3-6. 1980 U .  S .  CENSUS CONTENT REINTERVIEW QUESTIONNAIRE 

Many people have ancestors that  were born i n  other countries. We would l ike to  ask you about the 
countries i n  which your ancestors were born. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - -  ~~~~~~~~~~~~~~~~~~~~-------- --_-------------------- 

19. In what country were the fol lowing I 20. In what country were the following 1 21. CHECK ITEM B 
ancestors on your father's side born? ancestors on your mother's side born? Refer to items 19 and 20. 

i A L L  responses to 19 
and 20 ~ n d ~ c a t e  "U.S.A." 
or "Don't know" - 
Contlnue wrth 22 on 
Page 8 

2 A t  least one response 

1 

!2. A l l  of the ancestors you have to ld  
me about have been American (or 
don't know). I n  what country were 
your ancestors who f i rst  came t o  
the United States born? 

Earl~er 
generations ~ n d ~ c a t e s  a country 

other than U.S.A. - 
father's SKIP to 25 on page 9 
s ide 

0 

o Don't know 

ANCESTOR 

Your 
father 

Father's 
father 
Father's 
mother 

23. CHECK ITEM C 
Refer to item 22 

COUNTRY ANCESTOR 

Your 
mother 

Mother's 
father 

Mother's 
mother 

24. Which one of the countries you reported 
best describes your ancestry? 

If necessary, read a l l  responses to 
i tern 22. 

1 G Single, speci f ic  country - 
SKlP to 25 on poge 9 

2, More than one country - 
Continue with 24 

o Don't know - SKIP to 25 
on page 9 

COUNTRY 

0 know 
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i n d i c a t e  t h a t  you a r e  of P o l i s h  ances t ry .  

Could you t e l l  me which is c o r r e c t ? "  Of c o u r s e ,  

t h e r e  i s  no proof t h a t  t h i s  method y i e l d s  cor-  

r e c t  responses .  I n  f a c t ,  i t  i s  suspected  t h a t  

respondents  may tend t o  s u p p o r t  t h e i r  most 

r ecen t  r e sponses  t o  avoid embarrassment. 

Another problem which h a s  cons ide rab le  

r a m i f i c a t i o n s  i s  t h e  q u e s t i o n  of whether o r  

no t  t h e  r e i n t e r v i e w e r  should  be provided w i t h  

t h e  r e s u l t s  of t h e  census .  Th i s  would be  

d e s i r a b l e ,  s i n c e  i t  would a l l o w  t h e  r e i n t e r -  

viewer t o  check h i s t h e r  own answers a g a i n s t  

t h e  o r i g i n a l  e n t r y  and t o  de termine  more 

p o s i t i v e l y  what t h e  c o r r e c t  answer is. The 

p o t e n t i a l  d isadvantage  is  a  tendency o f  t h e  

r e i n t e r v i e w e r  t o  simply conf i rm t h e  o r i g i n a l  

e n t r y  even when i t  is  wrong, i n t r o d u c i n g  a  

l a r g e  p o s i t i v e  covar iance  between t h e  t r i a l s .  

The a l t e r n a t i v e  is  a  more c o s t l y  independent 

r e c o n c i l i a t i o n  procedure.  Here t h e  second 

i n t e r v i e w e r ,  t h e  r e i n t e r v i e w e r ,  does  no t  have  

access  t o  t h e  o r i g i n a l  r e s u l t s  du r ing  t h e  

r e i n t e r v i e w .  The-census and r e i n t e r v i e w  

r e s u l t s  a r e  l a t e r  compared by o f f i c e  pe r sonne l  

who i d e n t i f y  any d i f f e r e n c e s .  L a t e r  a  t h i r d  

in t e rv i ewer  conducts  a  r e c o n c i l i a t i o n  i n t e r -  

view a t  t h e  households w i t h  d i s c r e p a n t  

responses .  

Research has  shown t h a t ,  f o r  many i t ems ,  

t h e  dependent r e c o n c i l i a t i o n  approach y i e l d s  

the  same r e s u l t s  a s  t h e  independent  approach.  

However, f o r  i tems such a s  s choo l  en ro l lmen t ,  

educa t iona l  a t t a inmen t ,  and income i tems,  

dependent r e c o n c i l i a t i o n  cou ld  have an e f f e c t  

on measures of t h e  response  b i a s .  The g e n e r a l  

consensus among survey a n a l y s t s  i s  t h a t  t h e  

c o s t  of an  independent r e c o n c i l i a t i o n  proce- 

dure  i s  u s u a l l y  no t  j u s t i f i e d  f o r  r e i n t e r v i e w  

surveys .  (See [ B a i l a r  19681 f o r  f u r t h e r  

d i scuss ion . )  

2.43 Interviewers.--Because of t h e  n a t u r e  

of t h e  r e i n t e r v i e w ,  only  i n t e r v i e w e r s  of t h e  

h ighes t  competence should b e  r e i n t e r v i e w e r s .  

One d i f f i c u l t y  is  s imply  d e f i n i n g  t h e  c r i -  

t e r i a  t o  be  used t o  i d e n t i f y  such i n t e r v i e w e r s .  

It i s  g e n e r a l l y  agreed t h a t  i n t e r v i e w i n g  ex- 

pe r i ence  i s  a n  e s s e n t i a l  r equ i r emen t ,  p a r t i -  

c u l a r l y  expe r i ence  w i t h  concep t s  t o  b e  

covered i n  t h e  r e i n t e r v i e w .  Other q u a l i t i e s  

thought t o  b e  d e s i r a b l e  f o r  i n t e r v i e w e r s  a r e  

i n t e l l i g e n c e ,  a l e r t n e s s ,  a b i l i t y  t o  g e t  peop le  

t o  t a l k  f r e e l y ,  e t c .  Pe rhaps  t h e  b e s t  poo l  

of cand ida te s  i s  t h e  group of enumerators  i n  

t h e  census .  The advantages  a r e  t h a t  t ime and 

money could be  saved i n  t r a i n i n g  and t h a t  

t h e r e  w i l l  u s u a l l y  have been some o p p o r t u n i t y  

t o  observe them i n  an a c t u a l  i n t e r v i e w i n g  

s i t u a t i o n .  

2.44 Respondents.--The most knowledgeable 

respondent about  p e r s o n a l  c h a r a c t e r i s t i c s  i s  

u s u a l l y  the  pe r son  i t s e l f  ( excep t  f o r  minors ,  

menta l ly  incompetent  i n d i v i d u a l s ,  and s i m i -  

l a r  c a s e s ) .  However, a g a i n ,  c o s t  i s  t h e  

l i m i t i n g  f a c t o r .  I n  one s t u d y  a t  t h e  U.S. 

Census Bureau, t h i s  s o - c a l l e d  s e l f  r e sponse  

procedure r e s u l t e d  i n  an  i n c r e a s e  i n  c a l l -  

backs of about  50 p e r c e n t  (Marks e t  a l .  1953).  

There is  a l s o  evidence  t h a t  s t r i c t  adherence  

t o  t h i s  procedure  may l e a d  t o  dec reased  res- 

ponse r a t e s .  

Of ten  a  compromise p rocedure  i s  used.  

I n s t e a d  of r e q u i r i n g  t h a t  t h e  r e sponden t s  

respond f o r  themselves ,  t h e r e  i s  an o r d e r  of 

p re fe rence :  

(1)  The pe r son  f o r  whom t h e  in fo rma t ion  i s  
being o b t a i n e d ,  

(2) The o r i g i n a l  r e sponden t ,  

(3) Another respondent  meet ing  a c c e p t a b i l i t y  
s t a n d a r d s .  

2.45 Processing.--Care should  be taken a t  

t h e  p r o c e s s i n g  s t a g e  n o t  t o  i n t r o d u c e  coding o r  

keying e r r o r s  i n t o  t h e  r e s u l t s ,  s i n c e  even a  

r e l a t i v e l y  sma l l  l e v e l  of e r r o r  may have a  

c o n s i d e r a b l e  e f f e c t  on t h e  measures of b i a s .  

I n  most c a s e s ,  t h e  u s u a l  q u a l i t y  c o n t r o l  pro- 

cedures  used f o r  t h e  main su rvey  d a t a  a r e  n o t  
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adequate, and more stringent checks are 

required. 

3. TABULATING, REPORTI NO, AND 
INTERPRETING THE RESULTS 

This section describes the mechanics of 

estimating from evaluation studies the re- 

sponse error measures presented in the previous 

sections. The computational formulas are 

given for estimating: CC and p from enumer- 
.Y \ 

ator assignment interpenetration studies, B 

from reinterview studies with the response 

bias objective, and SRV from simple response 

variance reinterview studies. Also included 

are computational formulas for estimating the 

standard errors of these estimators. A rec- 

ommended structure for reporting the results 

of evaluation studies is also discussed with 

illustrations of the standard formats for 

presenting summary tables of the results. 

The final section treats the interpenetration 

of the evaluation findings and presents some 

simple rules of thumb for gauging the magni- 

tudes of 6 and ?. 
Y 

3.1 EnAimation and ;tabuRcuXon 

Throughout this section, we will be pre- 

senting computational formulas for the esti- 

mation of the various response error measures 

described in section 1. The derivations of 

the analytical forms of the estimators and 

the appropriate model assumptions are given 

in the appendix. Some familiarity with the 

results of the appendix would be useful but 

is not absolutely required for this section. 

None of the estimators dealt with here 

will require the use of sample weights. This 

greatly simplifies the presentation of the 

formulas and the computations of the estimate. 

3.11 The estimation of CC and p in enu- Y 
merator interpenetration studies.--The following 

additional notation will be required in this 

section: 

Let 

1 = the number of pairs of interpenetra- 
ted enumerator assignments in the 
study 

A,B = the two enumerators associated with 
an Interpenetrated assignment pair; 
enumerator A is assigned one (random) 
half of the assignment pair and 
enumerator B is assigned the remain- 
ing half 

Y A j ( h )  = the unweighted total number of ele- 
ments classified in category j for 
enumerator assignment A of pair h ,  
for h=l, . . . , l? 

Y B j ( h )  = the corresponding total for enumera- 
tor B's interpenetrated assignment 
for pair h 

mA(h) = the total number of elements classi- 
fied in enumerator A's interpene- 
trated assignment in pair h 

mg(h) = the corresponding total for enumer- 
tor B in pair h 

Y = the total for category j over the n 
j elements in all interpenetrated 

assignments for the study 

Figure 3-7 is a classification table 

that summarizes the totals needed for the 

computation of C? and the estimator of its 

variance. C is the number of categories for 

the census item to be evaluated. For example, 

for the item sex, C = 3: male, female, or 

unreported; for the item marital status, C is 

5: single, married, divorced/separated, 

widowed, or unreported. For each interpene- 

trated assignment pair h (h=1, . . . , 1), totals 

for each of the C categories are computed 

over the m ( h )  elements (persons, housing A 
units, etc.) in enumerator A's assignment and 
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F i g u r e  3-7. NOTATION FOR COMPUTING THE CORRELATED COMPONENT ESTIMATOR AND I T S  STANDARD ERROR 

(Genera2 p r o c e d u r e  for a g i v e n  p a i r  of i n t e r p e n e t r a t e d  a s s i g n m e n t s )  

I I Census C l a s s i f i c a t i o n  (j = I ,  ..., C )  
l n t e r p e n e t  ra ted I 

T o t a l . .  .. . . . I n Y Y ( E t c .  ) 
I 

1 j Ye 

~ n u k r a t o r  
Assignment 

P a i r  1 :  I 
Enumerator A .... . . . . m A f l )  Y A I  ( 1 )  y A j f l )  ( E t c .  ) Y A e f l )  

Enumerator B . .  . . . . . . m B f l )  Y B 1 f l )  Y B j  ( 1 )  ( E t c .  ) y B c f l )  

7 

P a i r  h: 

Total 
Elements 

Category 
1 

Enumerator A ..... .. . 
Enumerator B. .  . . . . . . 

l i k e w i s e  f o r  enumerator B o f  t h e  p a i r .  

F igure  3-8, then ,  g i v e s  t h e  formulas f o r  

m A f h )  Y A  ( h )  Y . ( h )  ( E t c .  ) Y A c f h )  
A3 1 

m, f h )  Y,, f h )  Y . ( h )  ( E t c .  YBc f h )  
BJ 

Enumerator A ...... . .  
Enumerator B ...... .. 

t h e  computation of $C t h e  e s t i m a t o r  of i ' 
CC, ca tegory  j and p 

y i '  
F i g u r e  3-9 g ives  

t h e  corresponding formulas f o r  95 percen t  

Category 

j 

InA f 1) yA ( e )  Y . f R )  ( E t c .  ) YAe f k) 
AJ 

mB f R )  Y, ( L )  Y . f R )  ( E t c .  ) YBcf  R)  
BJ 1 

confidence i n t e r v a l s  on t h e  e s t i m a t e s .  For 

each formula given,  an i l l u s t r a t i o n  of i t s  

use based on t h e  d a t a  i n  f i g u r e  3-10 i s  

provided.  

3.12 Est imat ion of B and I i n  r e i n t e r -  

view studies.--Now cons ider  t h e  formulas f o r  

computing t h e  response e r r o r  measures appro- 

p r i a t e  f o r  r e i n t e r v i e w  s t u d i e s .  Figure  3-11 

s e t s  f o r t h  t h e  n o t a t i o n  needed t o  d e s c r i b e  

t h e  computations.  The c e l l  e n t r i e s  a r e  un- 

weighted t o t a l s  of t h e  o b s e r v a t i o n s  on t h e  

sample elements s e l e c t e d  f o r  t h e  r e i n t e r v i e w  

( E t c .  ) 

s tudy .  For t h i s  t a b l e :  

C a t ~ a o r y  
c 

n = t h e  t o t a l  number o f  r e i n t e r v i e w  cases  
f o r  which t h e r e  was a r e p o r t  i n  both 
t h e  census and t h e  r e i n t e r v i e w  

c = t h e  number o f  c a t e g o r i e s  f o r  t h e  
c h a r a c t e r i s t i c  

Y i j  = t h e  number of (unweighted) sample 
e lements  i n  t h e  i t h  c a t e g o r y  i n  t h e  
r e i n t e r v i e w  and j t h  c a t e g o r y  i n  t h e  
census 

Y = t h e  t o t a l  number o f  sample e lements  
'j i n  t h e  j t h  c a t e g o r y  i n  t h e  census 

Yi = t h e  t o t a l  number o f  sample e lements  
i n  t h e  i t h  c a t e g o r y  i n  t h e  r e i n t e r -  
view 

F i g u r e  3-12 g i v e s  t h e  d a t a  used i n  t h e  

example computations.  F i g u r e  3-13 shows t h e  

formulas and computations f o r  e s t i m a t i n g  t h e  
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Figure 3-8. COMPUTING Ĉ C AND p̂  
Y 

Corre la ted component f o r  category j : 

where 

f o r  

Corre la ted component for  marr ied category (subscr ip t  j=l assumed): 

where 

Intra-enumerator c o r r e l a t i o n  c o e f f i c i e n t  f o r  category j: 

Intra-enumerator c o r r e l a t i o n  c o e f f i c i e n t  f o r  marr ied category: 
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F i g u r e  3-9. COMPUTING THE STANDARD ERRORS AND NINETY-FIVE PERCENT CONFIDENCE INTERVALS 

I - 
Nine ty - f i ve  percent conf idence l i m i t s  f o r  the  co r re la ted  component f o r  category j 

are: 

lC^cj(h) - G?C .) 
3 

Nine ty - f i ve  percent confidence l i m i t s  f o r  the  co r re la ted  component, mar r ied  
category are: 

N i n e t y - f i v e  percent confidence l i m i t s  f o r  the  intra-enumerator c o r r e l a t i o n  
c o e f f i c i e n t  f o r  category j are :  

where 

N ine ty - f i ve  percent confidence l i m i t s  f o r  the  intra-enumerator c o r r e l a t i o n  
c o e f f i c i e n t ,  marr ied category:  

.04 2 .046 

where 

p ( 2 )  = .03 (computed as f o r  p 1 1 ) )  
Y Y 

p 13) = .08 (computed as f o r  p 111) 
Y Y 
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Figure 3-20. EXAMPLE OF PROCEDURE FOR THREE INTERPENETRATED ENUMERATOR PAIRS 

(Table contains ar t i f ic iaZ data for marital s ta tus)  

l nterpenet  ra ted 
Enumerator 
Assignment 

A1 1 Persons 
14  years  
and 01 d e r . .  . 

P a i r  1 :  

Enumerator A . . . .  
Enumerator B . .  . . 

P a i r  2: 

Enumerator A. .  . . 
Enumerator B . . . .  

P a i r  3: 

Enumerator A . .  . . 
Enumerator B . . . .  

Total  
E l  ements 

Census C l a s s i f i c a t i o n  ( 

Married 

response  b i a s ,  B. When t h e  r e i n t e r v i e w  can 

be considered a s  providing g e n e r a l l y  more 

a c c u r a t e  responses ,  t h e  e s t i m a t o r  of B i s  t h e  

n e t  d i f f e r e n c e  r a t e  (NDR). However, NDR i s  

o f t e n  computed f o r  i tems f o r  which t h e  r e -  

i n t e r v i e w  is considered a s  an i d e n t i c a l  

r e p l i c a t i o n  of t h e  census in te rv iew.  I n  these  , 

c a s e s ,  NDR i s  no t  an e s t i m a t o r  of B bu t  i s  

used a s  an i n d i c a t o r  of how wel l  t h e  r e i n t e r -  

view r e p l i c a t e d  t h e  census procedure .  Thus, 

NDR is usua l ly  r epor ted  r e g a r d l e s s  of t h e  

o b j e c t i v e s  of t h e  r e i n t e r v i e w  survey. However, 

one must be cau t ious  i n  i t s  i n t e r p r e t a t i o n .  

Figure 3- 13 a l s o  d e s c r i b e s  t h e  computa- 

t i o n s  f o r  the  index of incons i s t ency ,  I, and an 

aggrega te  measure of incons i s t ency ,  IAG. The 

l a t t e r  measure may be regarded a s  a  weighted 

average of indexes of incons i s t ency  a c r o s s  a l l  

c a t e g o r i e s  f o r  t h e  i tem. The i n t e r p r e t a t i o n  

of IAG f o r  t h e  i tem i s  t h e  same a s  t h e  i n t e r -  

p r e t a t i o n  of I f o r  each category.  

Computational formulas f o r  t h e  s t andard  

e r r o r s  f o r  t h e  e s t ima to r  a r e  provided i n  

f i g u r e  3-14. 

Widowed 

D i vo rced 
o r  

Separated 
Never 

Married 
Not 

Reported 

3 . 2  RepohAing the .  JLU uh2 

S t a t i s t i c a l  o f f i c e s  produce a  v a s t  

range of s t a t i s t i c s  from a  census ,  which 

a r e  employed by use r s  f o r  a  v a r i e t y  of 

purposes.  A l l  t h e  purposes f o r  which t h e  

census  da,ta o r  t h e  census  e v a l u a t i o n  s t u d y  

r e s u l t s  w i l l  be used a r e  n o t  always known 

i n  advance. Therefore ,  i t  i s  impor tan t  f o r  

a  s t a t i s t i c a l  o f f i c e  t o  p rov ide  i t s  u s e r s  

w i t h  informat ion on t h e  q u a l i t y  of t h e  d a t a  

t o  a s s i s t  t h e  u s e r s  i n  i n t e r p r e t i n g  t h e  

r e s u l t s  and i n  dec id ing  whether t o  use  them 

f o r  a  given purpose. 

The fol lowing two t y p e s  of r e p o r t s  on 

t h e  r e s u l t s  of census e v a l u a t i o n  s t u d i e s  may 

be d i s t i n g u i s h e d :  (a) r e p o r t s  w i t h  a  more 

t e c h n i c a l  o r i e n t a t i o n  t h a t  a r e  p r i m a r i l y  pre-. 

pared f o r  p r o f e s s i o n a l  s t a t i s t i c i a n s  and o t h e r  

i n d i v i d u a l s  of a  s i m i l a r  background, and (b) 

r e p o r t s  w i t h  a  l e s s  t e c h n i c a l  o r i e n t a t i o n  

which a r e  prepared f o r  u s e r s  of t h e  census  

d a t a .  The gu ide l ines  s e t  o u t  below r e f e r  i n  

some degree  t o  both t y p e s  of aud iences  b u t  

p r i m a r i l y  t o  t h e  l a t t e r  group. 
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Figure 3- 11. GENERAL NOTATION FOR COMPUTING RESPONSE ERROR MERSURES IN REINTERVBW STUDIES 

Reinterview 
C l a s s i f i c a t i o n  

fi = 1, 2, ... c )  

1 .... Tota l  r e p o r t i n g . .  

Category I . . . . . . . . . . . . .  

Category 2. ............ 
(e tc .  ) 

Category i............. 

fe te .  ) 

Category c . .  ........... 

Class  i f  i c a t  ion Reported in  Census 

'!Chis table excludes a22 cases for which there was no report i n  e i t h e r  the  census, the  
reinterview, or both. 

... ( j  = I ,  2, el 

Figure 3-12. EXAMPLE OF PROCEDURE FOR COMPUTING RESPONSE ERROR MEASURES 

Total  Category Category Category 
r e p o r t i  ng 1 2 ii 

(Table contains ar t i f ic iaZ data for year the structure was b u i l t .  Figures underdined 
denote exact match.) 

-- 
C l a s s i f i c a t i o n  Reported i n  Census 

( j  = 1, 2,  ... e) 
Reinterview 

C l a s s i f i c a t i o n  

' (i = 1, 2, ... -- 6 )  Report ing 1980 t o  

1 

Tota l  r epor t ing . .  

t o  1980.. ...... 
t o  1978.. ...... 
t o  1974.. ...... 

........ 

........ 
i e r . .  ... 

1960 t o  1969 
1950 t o  1959 
1949 o r  e a r l  

Unreported. ...... 

I n  o rde r  t o  meet t h e  u s e r s '  b a s i c  needs 

f o r  i n d i c a t i o n s  of t h e  scope and a p p l i c a b i l i t y  

of t h e  e v a l u a t i o n  s t u d y ,  and t o  h e l p  t h e  use r  

t o  app ly  t h e  e v a l u a t i o n  s tudy  r e s u l t s  t o  

de te rmine  t h e  q u a l i t y  of t h e  census  d a t a ,  t h e  

e v a l u a t i o n  r e p o r t  g e n e r a l l y  shou ld  i n c o r p o r a t e  

t h e  s t r u c t u r e  and p rov ide  t h e  i n f o r m a t i o n  

d e s c r i b e d  below. 

3.21 Introduction.--The o b j e c t i v e s  of t h e  

e v a l u a t i o n  s tudy  and t h e  g e n e r a l  approach used 

t o  accomplish t h e  o b j e c t i v e s  ( t h a t  i s ,  c o n t e n t  

r e i n t e r v i e w ,  i n t e r p e n e t r a t i o n  s t u d y  , r e c o r d  

1 check s t u d y ,  e t c . )  shou ld  be  d e s c r i b e d  i n  

non- t e c h n i c a l  and e a s i l y  unders tood l anguage .  

, The c o n t e n t s  and s t r u c t u r e  o f  t h e  r e p o r t  a l s o  

shou ld  be d e s c r i b e d .  

3.22 Data s o u r c e  and d e f i n i t i o n s . - - B a s i c  

i n f o r m a t i o n  shou ld  be  provided on t h e  mode 

o f  i n t e r v i e w i n g  ( t h a t  i s ,  t e l e p h o n e ,  ,mai l ,  

p e r s o n a l  i n t e r v i e w i n g )  f o r  b o t h  t h e  c e n s u s  

and t h e  e v a l u a t i o n  s t u d y ;  and a l l  i m p o r t a n t  

concep t s  and t e c h n i c a l  terms used i n  t h e  
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F i g u r e  3- 13.  COMPUTING NET DIFFERENCE RATE AND INDEX OF INCONSISTENCY 

Net d i f f e r e n c e  r a t e  f o r  category i (an es t imato r  o f  B (response b ias)  o n l y  when the  
re in te rv iew response i s  considered t o  be t he  " t ru th " )  : 

( Y e ;  - Yi.)  
NDR = x (ZOO), ( i = l ,  ..., C) n 

Net d i f ference r a te ,  year-bui  1 t i n t e r v a l  "1 950 to,>1959": 

l ndex o f  inconsistency f o r  category i (appropr ia te  on1 y when t he  r e i n t e r v i e w  
response i s  considered t o  be i n  r e p l i c a t i o n  o f  t he  census response): 

NOTE: Yii i s  the ith diagonal term. 

Index o f  inconsistency f o r  year-bui  1 t i n t e r v a l  "1 950-1 959": 

Aggregate index o f  i ncons i stency (appropr ia te  on1 y when the r e i  n t e r v  iew response 
i s  considered t o  be a rep1 i c a t i o n  o f  the census response): 

Aggregate index o f  incons is tency,  year b u i l t :  
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Figure 3- 1 4. COMPUTING STANDARD ERRORS AND NINETY- FIVE PERCENT CONFIDENCE IITERVALS 

Ninety-five percent confidence interval of net difference rate for category i: 

Ninety-five percent confidence limits are: 

Exceptions: 

( 1) If (Yi - Yii) = 0, then widen the high ninety-five percent confidence l i  

by adding: 

(2) If (Y,; - Yii) = 0, then widen the low ninety-five percent confidence lim 

by subtracting: 

(3) If both (1) and (2) above, the ninety-f ive percent confidence l imits are 
estimated as: 

Ninety-five percent confidence interval of net difference rate for year-built 
interval "1950-1959": 

( I )  Low ninety-five percent confidence limit is: 

(2) High ninety-five percent confidence limit i s :  
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Figure 3- 14 .  COMPUTING STANDARD ERRORS AND NINETY- FIVE PERCENT CONFIDENCE INTERVALS-- ( c o n t i n u e d )  

Ninety-five percent confidence interval of index of inconsistency for category i: 

Y + Yi - 
( I )  If ( .i 

n < . l o ,  ninety-five percent confidence limits are: 

n > . l o ,  ninety-f ive percent confidence l imi ts are: 

Ninety-five percent confidence interval of index of inconsistency for year-built 
interval "1 950-1 959": 

(2) Low ninety-f 

( 1 7 2  + 147 - 

ve percent confidence limit is: 

( 3 )  High ninety-five percent confidence 1 imit is: 
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F i g m e  3- 14.  COMPUTING STANDARD ERRORS AND NINETY-FIVE PERCENT CONFIDENCE INTERVALS- - ( c ~ n t i n ~ e d )  

Nine t y - f i ve  percent conf idence i n t e r v a l  f o r  the aggregate index o f  incons is tency:  

< . lo ,  n i n e t y - f  i v e  percent conf - idence l i m i t s  are: 

> . l o ,  n i n e t y - f i v e  percent conf idence l i m i t s  are: 

N ine t y - f i ve  percent conf idence i n t e r v a l  f o r  the aggregate index o f  i ncons is tency ,  
year b u i l t :  

(2) Low n i n e t y - f i v e  percent  conf idence l i m i t  i s :  

( 3 )  High n i n e t y - f i v e  percent  conf idence l i m i t  i s :  
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r e p o r t  should be explained i n  a  c l e a r  and 

unambiguous manner. For example, t h e  

c o r r e l a t e d  component of enumerator v a r i a n c e ,  

index of incons i s tency ,  response b i a s ,  o r  any 

o t h e r  t e c h n i c a l  terms used i n  t h e  r e p o r t  

should be de f ined .  There should a l s o  be a  

c l e a r  d i scuss ion  of how t h e  repor ted  measures 

of response e r r o r  a r e  i n t e r p r e t e d .  I n  

a d d i t i o n ,  t h e  d a t e  and time per iod  of t h e  

s tudy i n  r e l a t i o n  t o  t h e  census should be 

s p e c i f i e d  . 
3.23 F i e l d  procedures,  s tudy d e s i g n ,  and 

e s t i m a t i o n  methods.--The e s s e n t i a l  a s p e c t s  of 

t h e  f i e l d  procedures,  study design,  and 

e s t i m a t i o n  methods should be d i scussed .  Any 

unforeseen,  unusual ,  o r  a t y p i c a l  e v e n t s  t h a t  

occurred which might s i g n i f i c a n t l y  a f f e c t  t h e  

v a l i d i t y  of t h e  eva lua t ion  r e s u l t s  ( v i o l a t i o n s  

of i n t e r p e n e t r a t i o n  procedures ,  misunder- 

s t a n d i n g s  on t h e  p a r t  of the  enumerators o r  

respondents ,  s t r o n g  nega t ive  r e a c t i o n s  of t h e  

f i e l d  s t a f f  o r  t h e  p u b l i c  t o  t h e  e v a l u a t i o n )  

should be s p e c i f i c a l l y  mentioned. Descrip- 

t i o n s  of t h e  c l e r i c a l  and computer p rocess ing  

procedures  should a l s o  be included.  For re -  

i n t e r v i e w  procedures,  d e s c r i b e  how t h e  f i e l d  

c o l l e c t i o n  and d a t a  p rocess ing  procedures  

d i f f e r e d  from the  census and how t h i s  may 

a f f e c t  t h e  r e s u l t s .  

3.24 Resu l t s  f o r  housing c h a r a c t e r i s -  

t ics.--Tables g iv ing  t h e  r e s u l t s  of t h e  evalua-  

t i o n  s tudy a long with  d i s c u s s i o n s  of t h e  impor- 

t a n t  f i n d i n g s  f o r  each housing c h a r a c t e r i s t i c  

should be presented.  The fol lowing o u t l i n e  

may be used: 

(1) T i t l e  l i n e  g iv ing  t h e  name of t h e  char- 
a c t e r i s t i c  ( t h a t  i s ,  age,  m a r i t a l  s t a t u s ,  
e t c  .) . 

(2) Verbatim s ta tement  of t h e  q u e s t i o n  a s  i t  
appeared on the  census q u e s t i o n n a i r e  and, 
f o r  r e in te rv iew s t u d i e s ,  on t h e  r e i n t e r -  
view ques t ionna i re .  

(3) For re in te rv iew s t u d i e s  on ly ,  a  d e t a i l e d  
t a b l e  of t h e  r e s u l t s  us ing t h e  format  

.I& 
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of  f i g u r e  3-15 ( t h i s  is  e s s e n t i a l l y  t h e  
same a s  f i g u r e  3-11) s tate whether t h e  
r e i n t e r v i e w  o b j e c t i v e  f o r  t h e  q u e s t i o n  
was t o  measure s imple  response  v a r i a n c e  
o r  response b i a s .  I f  t h e  o b j e c t i v e  was 
response b i a s ,  d i s c u s s  t h e  e f f o r t s  made 
t o  o b t a i n  t h e  t r u t h f u l  r esponse  and how 
w e l l  t h e s e  e f f o r t s  may have succeeded. 

(4) For r e i n t e r v i e w  s t u d i e s ,  a  summary t a b l e  
of t h e  form i n  f i g u r e  3-16 should be 
used.  

(5) For i n t e r p e n e t r a t i o n  s t u d i e s  of t h e  enu- 
merator  v a r i a n c e ,  p r o v i d e  a  summary t a b l e  
of t h e  form i n  f i g u r e  3-17. 

(6) Discuss  t h e  r e s u l t s ,  i n d i c a t i n g  whether 
t h e  r e p o r t e d  measures of r esponse  e r r o r  
a r e  p a r t i c u l a r l y  l a r g e  o r  smal l  ( s e e  
s e c t i o n  3 . 3 ) .  Otlier a n a l y s e s  may be  
provided t o  i n v e s t i g a t e  t h e  s o u r c e s  of 
l a r g e  i n d i c e s  of i n c o n s i s t e n c i e s ,  
response b i a s e s ,  o r  i n t r a - i n t e r v i e w e r  
c o r r e l a t i o n  c o e f f i c i e n t s .  For example, 
measures may be  r e p o r t e d ,  u s i n g  t a b l e  
fo rmats  s i m i l a r  t o  f i g u r e  3-16, f o r  age- 
race-sex subgroups and o t h e r  c ross -  
c l a s s i f i e d  t a b l e s .  

3.25 R e s u l t s  f o r  p o p u l a t i o n  c h a r a c t e r i s -  

t ics . - -Tables  g iv ing  t h e  r e s u l t s  of  t h e  evalua-  - 
t i o n  s t u d y  f o r  p o p u l a t i o n  c h a r a c t e r i s t i c s  shou ld  

be p resen ted .  The o u t l i n e  and s t r u c t u r e  f o r  

t h e  s e c t i o n  is  i d e n t i c a l  t o  t h o s e  p r e v i o u s l y  

given f o r  housing c h a r a c t e r i s t i c s .  

3.26 Data l imi ta t ions . - -Th is  s e c t i o n  

should d i s c u s s  a l l  types  and s o u r c e s  of e r r o r ,  

problems i n  the$ ie ldwork  o r  d e s i g n  of t h e  

s tudy ,  o r  d i f f i c u l t i e s  i n  t h e  p r o c e s s i n g  o f  t h e  

d a t a  t h a t  a r e  considered t o  have a n  impor tan t  

bea r ing  on t h e  q u a l i t y ,  a p p l i c a b i l i t y ,  o r  

l i m i t a t i o n s  of t h e  d a t a .  The p r i n c i p a l  t y p e s  

of l i m i t a t i o n s  t o  be cons ide red  i n  t h i s  r e g a r d  

a r e ,  f o r  r e i n t e r v i e w  s t u d i e s :  

(1) Matching e r r o r s  and problems. 

(2) Reinterview nonresponse r a t e s .  

(3) V i o l a t i o n s  i n  t h e  assumptions  of t h e  
r e p l i c a t i o n  r e i n t e r v i e w  o r  t h e  improved 
r e i n t e r v i e w  procedure ,  whichever w a s  t h e  
o b j e c t i v e .  

(4) The popu la t ion  sampled f o r  t h e  r e i n t e r -  
view and i t s  correspondence t o  t h e  cen- 
s u s  popu la t ion .  
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Re in te rv iew 
C l a s s i f i c a t i o n  

T o t a l  matched 
housing u n i t s . .  

To ta l  
repor t ing . .  .... 

........ Category 1..  

.......... Category 2 

(e tc .  ) 

........ Category c. .  

STATIST1 CAL EVALUATION OF CONTENT ERROR 

Figure 3-15. EXAMPLE OF A DETAILED REINTERVIEW TABLE 

Name o f  C h a r a c t e r i s t i c  
I 

Note: The notation i n  t h i s  table i s  identical t o  that of figure 3-11 with the exception that  
column 1 m d  row 1 have been added. For th i s  column and row: 

To ta l  
matched 
hous i ng 
u n i t s  

n' i s  the total  number of sample cases, incZuding nonresponses i n  ei ther the 
census or reinterview. 

n i s  the to ta l  number of sample cases reporting i n  the census. Thus Y t i  i s  the 
number of these n, cases reporting i n  category i i n  the census. 

C l a s s i f i c a t i o n  Reported i n  Census 
( j  = 2, 2, ... c )  

- 
n i s  the to ta l  number of sample cases reporting i n  the reinterview. Thus Y !  i s  

the number o f  these nR cases reporting i n  category j i n  the reinterview. ' *  

Figure 3-16. EXAMPLE OF A SUMVARY TABLE FOR REPORTING MEASURES FROM REINTERVIEW STUDIES 

- 
To ta l  

Report  i ng 

Name o f  C h a r a c t e r i s t i c  

Category 
2 

Category 
1 

C l a s s i f i c a t i o n  

Category 
c 

To ta l  matched 
housing u n i t s . .  

Category I . . . . . .  

Category 2.... . .  

fe te .  

.... Category c . .  

Tota 1 
matched 
hous i ng 

u n i t s  

con f  i - 

t o t a l  l imi t 

UPW r 
con f  i- 
dence 
1 im i  t i d i f f e r -  1 ,  

f x )  Not applicable 

Lower 
c o n f i -  
dence 
1 imi t 

Upper 
c o n f i -  
dence 
1 i m i  t 
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F i g u r e  3-17. EXAMPLE OF SUMMARY TABLE FOR REPORTING MEASURES OF ENUMERATOR VARIANCE 

C h a r a c t e r i s t i c  

Tota l  hous i ng 
u n i t s  

Category 1 . .  . . . 
Category 2.. . . . 

( e t c .  ) 

Category c.. . . . 

Total  
hous i  ng 

u n i t s  

Name of C h a r a c t e r i s t i c  

Lower Upper 
Zor re la ted  conf i -  conf i -  

component 
Pe rcen t  dence dence , of  t o t a l  ?C l i m i t  l i m i t  

i n t e rv iew Lower Upper 
c o r r e l  a t  ion conf i  - conf i - 
coef f  i c  i en t dence dence 

3.27 Appendices .--The b a s i c  formulas  used 

i n  t h e  computations of t h e  r e p o r t e d  response  

e r r o r  measures and t h e i r  v a r i a n c e s  shou ld  be 

documented i n  t h e  appendices t o  t h e  r e p o r t .  

As a genera l  r u l e  f o r  i n t e r p r e t i n g  t h e  

magnitudes of t h e  response  e r r o r  measures,  

f i g u r e  3-18 may b e  u s e f u l  f o r  t h e  a n a l y s i s .  

It i s  based on t h e  exper iences  i n  t h e  United 

S t a t e s  w i t h  e v a l u a t i o n  s t u d i e s  conducted f o r  

p e r s o n a l  in te rv iewing  i n  censuses  and su rveys .  

4. PROF1 LES OF INTERNATIONAL 
CONTENT EVALUATION STUDIES 

I n  t h i s  s e c t i o n ,  some examples of con ten t  

e v a l u a t i o n  s t u d i e s  a r e  desc r ibed ,  and t h e  

techniques  of t h e  p rev ious  s e c t i o n s  a r e  

i l l u s t r a t e d .  

A s  p a r t  of t h e  post-enumeration check 

(PEC) survey of t h e  1981 census of Bangladesh,  

a r e i n t e r v i e w  s tudy  wi th  t h e  "response  v a r i -  

ance o b j e c t i v e "  was conducted. 

The sample was a sys temat ic  sample of 

250 enumeration a r e a s  (EA's) s e l e c t e d  from 

t h e  211,751 EA'S included i n  t h e  census .  

Before  sampling,  t h e  EA1s were s o r t e d  by 

u r b a n l r u r a l  c l a s s i f i c a t i o n  and geographic  

l o c a t i o n .  The average s i z e  of t h e  EA's was 

about  72 housing u n i t s .  The f i n a l  sample 

s i z e  was 20,962 households o r  121,072 pe r sons .  

I n  s t r i v i n g  t o  ma in ta in  independence 

between t h e  PEC and t h e  census ,  r e i n t e r v i e w  

enumerators were e s p e c i a l l y  r e c r u i t e d  f o r  t h e  

job independent ly  of t h e  census .  The r e i n t e r -  

view survey was conducted 2 112 weeks a f t e r  

t h e  census .  

Following t h e  survey,  each EA was inde- 

pendent ly  matched twice  t o  t h e  census  w i t h  a 

t h i r d  p a r t y  a d j u d i c a t i n g  d i s c r e p a n c i e s .  T h i s  

y i e l d e d  104,703 matched pe r sons  f o r  t h e  c o n t e n t  

a n a l y s i s .  

F igure  3-19 summarizes t h e  r e s u l t s  of t h e  

s t u d y .  A s  expec ted ,  sex  was t h e  most r e l i a b l y  

r e p o r t e d  c h a r a c t e r i s t i c  (I = 0 ) ,  and age  was t h e  
AG 

l e a s t  r e l i a b l e  wi th  I i n  t h e  moderate r ange .  
A G 

An i n t e r e s t i n g  f i n d i n g  from t h e  survey was 

t h a t  r e l i a b i l i t y  of r e p o r t i n g  f o r  age dec reased  

s t e a d i l y  a s  age i n c r e a s e d .  

Note t h a t ,  from t h e  t a b l e ,  t h e  " r a t e  of 

agreement" between t h e  census  and t h e  r e i n t e r -  

view ( 1  - t h e  g r o s s  e r r o r  r a t e )  i s  sometimes 

s m a l l e r  f o r  some c h a r a c t e r i s t i c s  which a l s o  
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Figure 3- 18. GENERAL GUIDELINES FOR INTER- 
PRETING THE MAGNITUDES OF RESPONSE ERROR 
MEASURES FOR CENSUSES 

- 
Response 

Error Measure 

Index of 
inconsis tency,  I.. . . .  

Aggregate index of 
inconsis tency,  IAC.. . 

Absolute value of the  
t he  r a t i o  of the  
net  di f fe rence  r a t e  
t o  t he  population 
mean of proport ion,  
I NDR/P I . . . . . . . . . . . . .  

In t ra -  interviewer 
co r r e l a t i on  
c o e f f i c i e n t ,  py: 

Simple1 items . . . . . .  
~ i f f i c u l t ~  items..  . 

Low Moderate High 
Range Range Range 

lrrSimpZe items" re fer  t o  age, sex, maritaZ 
s tatus ,  and other items tha t  are neither 
ambiguous, emotionaZZy Zoaded, or subject t o  
memory Zoss. 

2r'DifficuZt itemsrr re fer  t o  education, income, 
migration, some occupation entr ies ,  and other 
items requiring greater recaZZ and/or e f f o r t  on 
the part of the  respondent or enumerator. 

have smaller  aggregate indexes of i ncons i s t -  

ency, such a s  l i t e r a c y  and tenure.  Thus, " r a t e  

of agreement" is  not  a good measure of t he  

r e l a t i v e  impact of simple response va r i ance  on 

t he  t o t a l  var iance  f o r  an item. It is ,  how- 

eve r ,  a good measure of t he  gross  e r r o r s  f o r  

an item. Coe f f i c i en t s  of v a r i a t i o n  f o r  t h e  

es t imates  were no t  provided i n  t h e  r e p o r t ,  but 

a r e  probably i n  the order  of about 1 pe rcen t .  

A s  pa r t  of t he  PEC f o r  t he  1981 census 

of Ind ia ,  a re in te rv iew survey was conducted. 

The ob j ec t i ve  of t he  survey was t o  determine 

t he  r e l i a b i l i t y  of r epo r t i ng  age, l i t e r a c y ,  

and o ther  v a r i a b l e s  r e l a t e d  t o  labor  fo r ce  

s t a t u s .  Thus, t he  r e in t e rv i ew  survey had t he  

response var iance  ob j ec t i ve .  

Figure 3- 19. AGGREGATE INDEX OF INCONSISTENCY 
FOR SELECTED CHARACTERISTICS: BANGLADESH 

Charac t e r i s t i c s  

Sex . . . . . . . . . . . . . . . .  
... ~ G r i  t a l  s t a t u s . .  

L i t e racy  ........... 
Type of roof 

mater ia l . .  ....... 
Type of wall 

ma te r i a l . . . . . . . . .  
Educational 

.. a t ta inment . . . . .  
Tenure. . . . . . . . . . . . .  
Age ................ 

Rate of 
Ag reemen t 

IAG (percent  ) 

The re in te rv iew survey was conducted 

2 weeks a f t e r  t he  census i n  a subsample of 

750 of t he  4,000 PEC b locks .  In r u r a l  a r e a s ,  

546 blocks were s e l e c t e d  and,  i n  urban a r e a s ,  

204 were s e l ec t ed .  Each b lock  averaged about 

122 housing un i t s .  Thus, t h e  t o t a l  sample 

s i z e  f o r  t he  survey was about  91,500 households. 

Figure 3-20 i s  i n d i c a t i v e  of t h e  type  of 

analyses  t h a t  were conducted. This  t a b l e  g ive s  

t h e  index of incons is tency  and t he  n e t  d i f f e r -  

ence r a t e  f o r  l i t e r a c y  and age  by sex  and r u r a l /  

urban a r ea .  S imi la r  ana ly se s  were performed f o r  

t h e  l abo r  fo r ce  v a r i a b l e s .  The n e t  d i f f e r e n c e  

r a t e  ana lyses  may provide  an  approximation t o  

t he  l e v e l  of under- o r  over - repor t ing ,  t o  t h e  

e x t e n t  t h a t  t he  r e in t e rv i ew  responses f o r  a g e  

were c l o s e r  t o  t h e  " t ru th"  than t h e  census re- 

sponses ( i . e . ,  r e in t e rv i ew  m i s c l a s s i f i c a t i o n  

e r r o r  r a t e s  were sma l l ) .  S ince  t h e  r e i n t e r -  

view enumerators were more c a r e f u l l y  s e l e c t e d  

and b e t t e r  t ra ined  and superv ised ,  t h i s  premise 

seems p l aus ib l e .  However, no a t tempt  was made 

t o  improve t he  ques t ion ing  of age ,  nor  was 

t h e r e  a r e c o n c i l i a t i o n  of d i s c r epanc i e s  between 

t he  census and t h e  r e in t e rv i ew .  

To provide a d d i t i o n a l  in format ion  on t he  

r e l i a b i l i t y  of t he  r e p o r t i n g  of age,  t he  r e in -  

terview enumerator was asked t o  record h i s / h e r  
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F i g u r e  3-20. RESPONSE VARIANCE AND RESPONSE BIAS BY SEX, LITERACY, AND AGE 

C h a r a c t e r i s t i c  

L l TERACY 
U r b a n . . . . . . . . . . . . . . . . . .  

.................. Rural 

AGE 

0 t o  4 y e a r s :  
U r b a n . . . . . . . . . . . . . .  .. 

................ Rural 
5 t o  9 years :  

Urban.... ............ 
............... Rural. 

20 t o  24 years :  
Urban ................ 

...... R u r a l . . . . . . . . . .  
25 t o  29 years :  

U r b a n . . . . . . . . . . . . . . . .  
Rural ................ 

45 t o  49 years :  
Urban . . . . . . . . . . . . . . . .  

................ Rural 
50 t o  54 years :  

U r b a n . . . . . . . . . . . . . . . .  
................ Rural 

I 
I 65 t o  69 years :  

U r b a n . . . . . . . . . . . . . . . .  
................ Rural 

70 years o r  o l d e r :  
Urban ................ 

.............. Rural. .  

(x) Not appZicabZe  

opinion a s  t o  whether t h e  recorded age was 

r e l i a b l e .  The percent of responses  judged a s  

r e l i a b l e  a l s o  appears i n  f i g u r e  3-20. There 

i s  evidence of a s t rong c o r r e l a t i o n  between 

t h e  enumerator assessment and t h e  index of 

inconsis tency.  Standard e r r o r s  f o r  t h e  esti- 

mates a r e  n o t  ava i lab le .  

Index of 
inconsis tency 

Male Female 

4 . 3  U n i t e d  S;tatu 

Content eva lua t ions  have been a p a r t  of 

t h e  U.S. census s i n c e  1950. Always including 

re in te rv iew surveys,  t h e  censuses  have a l s o  

included i n t e r p e n e t r a t i o n  s t u d i e s  f o r  t h e  s tudy 

of enumerator var iance (Hanson and Marks 1958; 

Net d i f -  
f e rence  r a t e  

Male Female 

U.S. Bureau of t h e  Census, Eva lua t ion :  E f f e c t s  

of I n t e r v i e w e r s  and Crew Leaders ,  1960; and U.S 

Bureau of t h e  Census 1979) ,  coder  v a r i a n c e  

( i n  1960),  s u p e r v i s o r  v a r i a n c e  (U.S. Bureau of 

Enumerator assessment 
of r e l i a b i l i t y  of age 

( p e r c e n t )  

Ma 1 e Fema 1 e 

t h e  Census, Evaluat ion : E f f e c t s  of I n t e r -  

viewers and Crew Leaders,  1960),  and e d i t i n g  

and te lephone  followup enumerator v a r i a n c e  

(Biemer and Katzoff 1980). 

The l a s t  census  t o  be conducted com- 

p l e t e l y  by face-to-face in te rv iewing  was t h e  

1950 census of populat ion.  It was a s  a r e s u l t  

of t h e  enumerator v a r i a n c e  s tudy  conducted f o r  

t h a t  census  t h a t  t h e  U.S. Census Bureau aban- 

doned persona l  in te rv iewing  f o r  censuses  i n  

favor  of se l f -enumerat ion u s i n g  a mai l -out /  
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mail-back approach. I n  t h i s  s ec t i on ,  t he  

r e s u l t  of t h a t  study w i l l  be b r i e f l y  descr ibed .  

The 1950 Enumerator Variance Study (EVS) 

was conducted i n  21 purposively s e l ec t ed  

count ies  i n  Ohio and Michigan. A t o t a l  of 200 

s t r a t a  with an average populat ion of about 

6,500 persons each, were formed. Within each 

s t ra tum,  enumeration d i s t r i c t s  were pa i red  

a t  random, and each p a i r  was assigned t o  t h e  

in te rv iewers  by a  random method. See (Hanson 

and Marks 1958) f o r  a  complete de sc r ip t i on  of 

t he  1950 EVS. 

Figure 3-21 shows the  es t imates  of P 
Y 

f o r  s e l ec t ed  1950 populat ion c h a r a c t e r i s t i c s .  

The var iances  of t he  e s t ima te s  were not  

computed. Furthermore, t he  e s t ima te s  may no t  

be r ep re sen t a t i ve  of t he  popula t ion  of 1950 

census enumerators, s ince  t h e  study was 

concentrated i n  21 count ies  which were very 

s i m i l a r  t o  each o ther  r a t h e r  than spread over  

t he  e n t i r e  United S t a t e s .  

A s  is obvious from the  f i g u r e ,  most of 

t he  items exh ib i t  enumerator e f f e c t s  which 

a r e  i n  t he  moderate-to-large range. The non- 

response ca tegor ies  c o n s i s t e n t l y  showed l a r g e  

' s  i nd i ca t i ng  t h a t  enumerators have a  

considerable  e f f e c t  on item nonresponse r a t e s .  

For t he  1960 census, another  enumerator 

i n t e rpene t r a t i on  study was conducted, r e f e r r ed  

t o  a s  t he  Response Variance Study (RVS). A 

major ob j ec t i ve  of t he  RVS was t o  eva lua te  

t he  reduc t ion  i n  census var iance  a s  a  r e s u l t  

of t he  change t o  self-enumeration. About 

45 percent  of a l l  census ques t i onna i r e s  were 

completed s o l e l y  by respondents i n  1960. 

A number of design d i f f e r ences  between t he  

1950 EVS and t he  1960 RVS l i m i t  t h e  comparisons. 

However, t he  RVS concluded t h a t  enumerator 

e f f e c t s  were dramatical ly  reduced l a rge ly  a s  a  

r e s u l t  of self-enumeration. For example, f o r  

educat ional  a t ta inment  the  reduc t ion  was about 

Figure 3-21. VALUES OF p FOR SELECTED CHAR- 
AC~RISTICS, u. S. PO%ULATIOIV: 1950 

Cha rac t e r i s t i c  

Race : 
Negro ..................... 
Other ..................... 

Age : 
Under 1 year . . .  ........... 
1 year o r  o lde r  ........... 
Under 14 y e a r s . . . . . . . . . . . .  
25 years  o r  o lde r  ......... 
55 years  o r  o lder  ......... 

Educational a t ta inment :  
Grade 12 o r  ove r . . . . . . . . . .  
Grade 9 o r  over ........... 
Grade 8 o r  o v e r . . . . . . . . . . .  
Grade 5 o r  ove r . . . . . . . . . . .  

.............. Not reported 

Res i dence: 
Fa rm. . . . . . . . . . . . . . . . . . . . . .  
Nonfarm: 

.................... Male 
.................. Female 

I ncome--earned: 
Less than 2000 ............ 
2000 t o  4999 .............. 
5000 o r  more . . . . . . . . . . . . . .  
Not reported .............. 

I ncome--unearned : 
None. ..................... 
Less than 2500 ............ 
2500 o r  more . . . . . . . . . . . . . .  
Not reported .............. 

Source: 2950 U.S .  PopuZation Census 

80 percent  and f o r  income about  50 percent .  

Overa l l ,  enumerator e f f e c t s  were reduced by 

about 75 percent .  The i tems showing t he  l e a s t  

reduc t ion  were t he  nonresponse i t e m s  which, a s  

i n  1950, had t he  h ighes t  enumerator e f f e c t s .  

The RVS ana lyses  a l s o  revea led  t h a t  enumerator 

e f f e c t s  on i tem nonresponse vary  cons iderab ly  

by geographic a rea .  

The 1950 and 1960 enumerator var iance  

s t u d i e s  a r e  i l l u s t r a t i o n s  of t h e  u se fu lnes s  

of response var iance  a n a l y s i s  f o r  eva lua t i ng  

a l t e r n a t i v e  census des ign  choices .  
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C h a p t e r  4 .  O V E R V I E W  T O  CENSUS EVALUATION 

THROUGH DEMOGRAPHIC ANALYSIS 

Demographic methods p l ay  a  very impor- 

t a n t  r o l e  i n  the  census eva lua t ion  programs 

i n  most, i f  not a l l ,  coun t r i e s .  I n  count r ies  

where matching s tud i e s  have been conducted a s  

p a r t  of t he  evaluat ion program, demographic 

methods may be used t o  supplement t he  r e s u l t s  

of these  s t u d i e s  i n  order t o  provide f u r t h e r  

i n s igh t  i n t o  t he  na ture  and magnitude of 

var ious types of e r r o r s  i n  t h e  da ta .  In 

cases where the  implementation of a PES o r  

one of the  o ther  types of matching s t u d i e s  

described i n  chapters  2 and 3 a r e  not f e a s i -  

b l e ,  demographic and/or r e l a t e d  non-matching 

techniques provide t he  only b a s i s  f o r  

assess ing  t h e  qua l i t y  of a  census enumeration. 

Depending upon the  amount of demographic 

informat ion ava i l ab l e  about a  country, demo- 

graphic analyses  can provide considerable  

i n s igh t  i n t o  t he  magnitude and na ture  of 

e r r o r s  in  census da t a .  In  t he  most l im i t ed  

case where only t he  r e s u l t s  of a  s i n g l e  

census a r e  availabl.e,  i t  is  usua l ly  possi.ble 

t o  recognize ( a t  minimum) whether some combi- 

na t ion  of coverage and conten t  e r ro r  has 

r e su l t ed  in an implausible enumeration of 

one o r  more segments of t he  populat ion.  I n  

count r ies  i n  which two o r  more censuses have 

been conducted, a  somewhat wider range of 

methods i s  appl icab le  and de fens ib l e  es t imates  

of t he  magnitude of census coverage and con- 

t e n t  e r r o r  can o f t en  be derived without t he  

bene f i t  of a  PES. The a v a i l a b i l i t y  of r e s u l t s  

from one o r  more demographic surveys conducted 

during t he  i n t e r censa l  per iod f u r t h e r  in-  

creases  t he  usefulness  of demographic analyses. 

The s u b s t i t u t a b i l i t y  of demographic analyses  

f o r  a  PES o r  o ther  matching s tudy,  pa r t i cu l a r l y  

wi th  regard t o  t he  ques t i on  of t h e  complete- 

ness  of census coverage, w i l l  i n  gene ra l  be 

determined by t he  amount of demographic i n fo r -  

mation ava i l ab l e  about t h e  country and t h e  

ex t en t  t o  which t he  composition of t h e  

count ry ' s  population h a s  been a f f e c t e d  by 

ex t raord inary  events  (wars, famines, major 

epidemics, e t c . )  and o t h e r  d i s t o r t i n g  f a c t o r s  

(abrupt changes i n  f e r t i l i t y  o r  m o r t a l i t y  

l e v e l s  o r  s i g n i f i c a n t  l e v e l s  of n e t  i n t e r -  

na t i ona l  migrat ion,  f o r  example) . 
This chapter  is  t h e  f i r s t  of two chap t e r s  

descr ib ing  t he  use of demographic and r e l a t e d  

(non-matching) methods f o r  t h e  eva lua t i on  of 

populat ion censuses. The p r e s e n t  chap t e r  

provides an overview t o  and background f o r  

t h e  d e t a i l e d  de sc r ip t i on  and i l l u s t r a t i v e  

app l i ca t i ons  of s e l e c t e d  demographic methods 

presented i n  chapter  5. S p e c i f i c a l l y ,  t h e  

purposes of t h i s  chapter  a r e :  (a )  t o  o u t l i n e  

t h e  underlying r a t i o n a l e  of t h e  demographic 

approach t o  census eva lua t i on ,  (b) t o  b r i e f l y  

descr ibe  methods having p r a c t i c a l  appl ica-  

t i o n s  f o r  census eva lua t i on  purposes,  and 

(c )  t o  summarize techniques a v a i l a b l e  f o r  

ob ta in ing  i n d i r e c t  e s t i m a t e s  of demographic 

parameters required f o r  t h e  a p p l i c a t i o n  of 

some of t he  more u s e f u l  demographic methods 

of census evaluat ion.  

The r a t  iona le  f o r  i nc lud ing  i n d i r e c t  

es t imat ion  techniques i n  t h i s  manual is  t h a t  

s i n c e  es t imates  of s e l e c t e d  parameters  a r e  

required i n  t he  a p p l i c a t i o n  of a number of t he  

more powerful demographic techniques f o r  

census eva lua t ion  and many coun t r i e s  l a c k  

r e g i s t r a t i o n  da t a  of s u f f i c i e n t  q u a l i t y  t o  

produce accura te  d i r e c t  e s t i m a t e s ,  i t  w i l l  

o f t e n  be t h e  case t h a t  t h e  i n d i r e c t  es t imat ion  
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of one o r  more b a s i c  demographic parameters 

w i l l  have t o  be undertaken a s  p a r t  of t he  

census evaluat ion process. Accordingly, a 

summary of t he  methods ava i l ab l e  f o r  est imat-  

ing demographic parameters i n  t he  absence of 

d i r e c t l y  usable  r e g i s t r a t i o n  d a t a  i s  included 

i n  t he  manual t o  a s s i s t  i n  making optimal use  

of t he  demographic information ava i l ab l e  from 

surveys o r  previous censuses i n  developing 

parameter es t imates .  The reader  i s  r e f e r r ed  

t o  United Nations (1967 and 1983) and U.S. 

Bureau of t he  Census (1975) f o r  a more compre- 

hensive treatment of i n d i r e c t  es t imat ion  

techniques. The uses  of these  es t imates  f o r  

census evaluat ion purposes a r e  descr ibed and 

i l l u s t r a t e d  i n  chapter  5. 

2. DEMOGRAPHIC METHODS FOR 
CENSUS EVALUATION 

The fundamental problem t o  be addressed 

i n  evaluat ing a census i n  t h e  absence of da t a  

s u i t a b l e  f o r  a matching study i s  one of 

derivi.ng an "expected" populat ion aga in s t  

which t o  compare t h e  r e s u l t s  of t he  census 

under evaluat ion.  Under t he  demographic 

approach t o  census evaluat ion,  knowledge of 

r e g u l a r i t i e s  i n  t h e  s t r u c t u r e  of human popu- 

l a t i o n s  i s  combined with da t a  on and/or 

assumptions about demographic parameters i n  

a p a r t i c u l a r  population t o  de r ive  an es t imate  

a s  t o  what t he  s i z e  and composition of t h e  

population was l i k e l y  t o  have been a t  t he  

re fe rence  da te  of t he  census t o  be evaluated.  

This "expected" populat ion is  then used a s  a 

s tandard by which t o  assess  t h e  q u a l i t y  of 

t he  census enumeration. 

The methods described i n  t h i s  chapter  

represent  a l t e r n a t i v e  methods and procedures 

f o r  der iving a "standard" populat ion f o r  

evaluat ion purposes, cont ingent  upon the  

types of demographic information ava i l ab l e  

about a p a r t i c u l a r  population, the  q u a l i t y  

(accuracy) of t h a t  information, and t he  

assumptions about l e v e l s  and t r ends  i n  t he  

components of populat ion growth which can be 

j u s t i f i e d  i n  t he  p a r t i c u l a r  case.  These c r i -  

t e r i a  a r e  r e l evan t  both f o r  t he  choice  of 

eva lua t ion  methodology and f o r  dec i s ions  a s  

t o  which es t imate  of census e r r o r  t o  accept  

a s  t he  most p laus ib le  i n  i n s t ances  where 

es t imates  can be derived on t h e  b a s i s  of more 

than one method. 

I n  t he  presen ta t ion  below, t h e  var ious  

methods considered a r e  d iv ided  i n t o  t h r e e  

ca tegor ies  on t he  b a s i s  of t h e i r  da t a  requi re -  

ments and underlying approach a s  fol lows:  

(a)  methods based upon d i r e c t  comparisons with 

da t a  from ex t e rna l  sources;  (b) methods based 

upon comparison with t heo re t i c a l .  d i s t r i b u t i o n s ;  

and (c)  methods based upon comparisons with a 

previous census o r  censuses.  

One of t he  more conceptua l ly  s t r a i g h t -  

forward approaches f o r  a s se s s ing  t h e  p l aus i -  

b i l i t y  of a census count involves  t h e  compari- 

son of t he  census count w i th  a corresponding 

count from an  independent d a t a  source.  Among 

the  pos s ib l e  sources of d a t a  f o r  such compari- 

sons a r e  populat ion r e g i s t e r s ,  v i t a l  r e g i s t r a -  

t i o n  systems, baptismal r eco rds ,  school  

enrollment da t a ,  c i t i z e n  i d e n t i f i c a t i o n  

systems, s o c i a l  s e c u r i t y / h e a l t h  systems, and 

e x i s t i n g  household surveys. 

The b a s i c  assumption underlying t h e  use  

of such da t a  f o r  census eva lua t i on  purposes 

is t h a t  t he  count of persons derived from the  

ex t e rna l  source i s  a t  l e a s t  a s  accura te  a s  

t he  corresponding count o r  d i s t r i h u t i o n  

obtained from t h e  census. To t he  ex t en t  t h a t  

t h i s  assumption i s  j u s t i f i e d ,  t h e  d i r e c t  

comparison of census counts  wi th  t he se  

"expected" counts w i l l  provide va luable  i n fo r -  

mation on t h e  accuracy of t h e  census enumera- 

t i o n .  Incomplete and/or d e f e c t i v e  d a t a  l i m i t  
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the usefu lness  of t he  comparisons, but i n  

some ins tances  such da ta  may never the less  

provide u s e f u l  information f o r  census evalua- 

t i o n  purposes. For example, i f  a j u s t i f i a b l e  

est imate of t h e  l e v e l  of undercoverage i n  

t he  p a r t i c u l a r  s t a t i s t i c a l  program being 

compared with t h e  census is a v a i l a b l e  o r  can 

be derived,  t h e  "corrected" t o t a l  can be 

used t o  provide a rough e s t i m a t e  of t he  

completeness of census coverage. Even when 

such adjustments a r e  no t  pos s ib l e ,  da t a  from 

ex t e rna l  da t a  sources may b e  used t o  es t imate  

t he  "lower bound" of t h e  completeness of 

coverage i n  a census. I n  most p r a c t i c a l  

census eva lua t ion  a p p l i c a t i o n s ,  it w i l l  be 

necessary t o  make some form of adjustment t o  

t he  da t a  from t h e  ex te rna l  d a t a  source t o  

compensate f o r  such shortcomings a s  incomplete 

populat ion coverage, d i f f e r e n t  t a r g e t  popu- 

l a t i o n s  i n  comparison with t h e  census, 

d i f f e r ences  i n  r e f e r ence  per iods ,  e t c .  

The most comprehensive source  of i n fo r -  

mation f o r  eva lua t ing  a census on a d i r e c t -  

:omparison b a s i s  i s  a popula t ion  r e g i s t e r ,  i n  

h i c h  a l l  changes i n  populat ion r e s u l t i n g  

from b i r t h s ,  dea ths ,  and migra t ion  ( i n t e r n a l  

and i n t e r n a t i o n a l )  a r e  recorded.  I n  count r ies  

i n  which populat ion r e g i s t e r s  a r e  maintained, 

r e g i s t r a t i o n  i s  u sua l l y  undertaken f o r  small  

geographic a r e a s ,  making it possib1.e t o  

eva lua te  a census enumeration wi th  a high 

degree of geographical d e t a i l .  I n  add i t i on ,  

t he  de t a i l ed  information co l l ec t ed  i n  t he  

r e g i s t e r  provides a ba s i r  f o r  a d e t a i l e d  

eva lua t ion  of both t h e  coverage of t h e  census 

and t h e  accuracy of t he  recorded cha rac t e r i s -  

t i c s  of t he  populat ion.  Unfortunately,  only 

a few coun t r i e s  maintain complete populat ion 

r e g i s t e r s .  

A more commonly a v a i l a b l e  source of 

information f o r  census eva lua t ion  purposes is  

a v i t a l  r e g i s t r a t i o n  system. A considerable  

number of census eva lua t ions  have been under- 

taken i n  which t he  r e g i s t e r e d  number of b i r t h s  

i n  t h e  months/years immediately preceding  t h e  

census (adjusted f o r  i n f a n t  and c h i l d  mor- 

t a l i t y )  have been used a s  a b a s i s  f o r  a s se s s -  

ing census coverage of t h e  popu la t i on  a t  t h e  

youngest ages (which a r e  f r e q u e n t l y  under- 

enumerated i n  both developed and developing 

c o u n t r i e s ) .  B i r t h  and dea th  r e g i s t r a t i o n  

da t a  may a l s o  be used i n  conjunc t ion  wi th  

d a t a  from two successive censuses .  I n  t h i s  

a p p l i c a t i o n ,  t he  r e g i s t e r e d  numbers of b i r t h s  

and dea ths  during t he  j n t e r c e n s a l  per iod  

(ad jus ted  f o r  undercoverage a s  necessary  and 

f e a s i b l e )  a r e  added t o  o r  s u b t r a c t e d  from 

the  populat ion enumerated i n  t h e  f i r s t  census 

t o  de r ive  an expected popu la t i on  a t  t h e  

r e f e r ence  d a t e  of t he  census be ing  eva lua ted  

( see  s ec t i on  6.3 in chapter  5 f o r  f u r t h e r  

e l abo ra t i on  of t h i s  procedure) . 
Data from baptism r e c o r d s  have been 

used on occasion a s  a proxy f o r  b i r t h  r e g i s -  

t r a t i o n  i n  a number of h i s t o r i c a l  demographic 

s t u d i e s .  I n  cases  where a l a r g e  propor t ion  

of b i r t h s  a r e  covered i n  such record  systems, 

t he se  may be used a s  a s u b s t i t u t e  f o r  b i r t h  

r e g i s t r a t i o n  d a t a  i n  one o r  more of t h e  

procedures  descr ibed above. I n  gene ra l ,  

however, t h e r e  appear t o  be  r e l a t i v e l y  few 

in s t ances  of usab le  record systems of t h i s  

type i n  contemporary developing c o u n t r i e s .  

I n  coun t r i e s  i n  which t h e  p ropo r t i on  of 

ch i l d r en  and adolescents  who a r e  en ro l I ed  i n  

school  i s  h igh ,  school enrol lment  d a t a  can be 

used t o  eva lua t e  census coverage of t h e  school  

age  populat ion.  A number of s t u d i e s  have been 

conducted in developing c o u n t r i e s  u s ing  such 

d a t a  f o r  census eva lua t i on  purposes. I n  a 

r ecen t  s tudy of t h e  Soviet  Union, f o r  example, 

Anderson and S i lve r  (1985) used primary school 

enrollment da t a  t o  eva lua t e  t h e  1979 Sovie t  

census. They concluded t h a t  t h e s e  d a t a  
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provided a  more a p p r o p r i a t e  s tandard  f o r  a s -  

sess ing  the  completeness of coverage of 

Soviet  censuses  than b i r t h  r e g i s t r a t i o n  d a t a  

due t o  t h e i r  higher degree  of completeness.  

I n  a d d i t i o n  t o  t h e  problem of l e s s  than  

complete school  records  of c h i l d r e n  of school  

age, t h e  use  of school  enrol lment  d a t a  f o r  

eva lua t ing  censuses is  l i m i t e d  i n  many coun- 

t r i e s  by f a c t o r s  such a s  v a r i a t i o n  i n  t h e  

q u a n t i t y  and q u a l i t y  of informat ion c o l l e c t e d  

by type of school  ( p u b l i c  v e r s u s  p r i v a t e ,  f o r  

example) and by geographical  a r e a ,  a s  w e l l  a s  

by v a r i a t i o n s  i n  t h e  ages  a t  which c h i l d r e n  

e n t e r  and l e a v e  school .  In some i n s t a n c e s ,  

however, i t  may be p o s s i b l e  t o  overcome t h e s e  

problems f o r  a t  l e a s t  p o r t i o n s  of a  country 

( i n  urban a r e a s ,  f o r  example) and d e r i v e  a  

u s e f u l  s tandard f o r  census e v a l u a t i o n  purposes. 

I n  c o u n t r i e s  which have s o c i a l  s e c u r i t y  

o r  s i m i l a r  old-age s e c u r i t y  systems i n  which 

a  s i g n i f i c a n t  p ropor t ion  of t h e  popula t ion  

above a  p a r t i c u l a r  age (age 65, f o r  example) 

is r e g i s t e r e d ,  t h e s e  d a t a  can be used t o  

e v a l u a t e  t h e  coverage of t h i s  segment of t h e  

populat ion.  The general  e v a l u a t i o n  approach 

i s  s i m i l a r  t o  t h a t  descr ibed above i n  connec- 

t i o n  with  o t h e r  r e g i s t r a t i o n  systems, a s  a r e  

t h e  major l i m i t a t i o n s .  I n  a c t u a l  p r a c t i c e ,  

few r e g i s t r a t i o n  systems a r e  f u l l y  complete 

and thus  some b a s i s  w i l l  u s u a l l y  be needed by 

which t o  a d j u s t  t h e  r e g i s t r a t i o n  d a t a  f o r  

u n d e r - r e g i s t r a t i o n  of t h e  t a r g e t  populat ion 

and o t h e r  i n c o m p a t i b i l i t i e s  wi th  t h e  census.  

The e x t e r n a l  sources  of d a t a  c i t e d  above 

a r e  i l l u s t r a t i v e  of t h e  types  of r e g i s t r a t i o n  

d a t a  which may be u t i l i z e d  i n  e v a l u a t i n g  t h e  

p l a u s i b i l i t y  of census counts  f o r  t h e  t o t a l  

o r  f o r  s e l e c t e d  s u b s e t s  of t h e  popula t ion  on 

a  d i r e c t  comparison b a s i s .  S imi la r  types  of 

d a t a  not mentioned above which a r e  a v a i l a b l e  

i n  p a r t i c u l a r  cases  may be used i n  t h e  manner 

descr ibed above provided t h a t  t h r e e  e s s e n t i a l  

condi t ions  a r e  met: ( a )  t h e  r e g i s t r a t i o n /  

s t a t i s t i c a l  system is independent  of t h e  

census;  (b)  t h e  t a r g e t  p o p u l a t i o n  f o r  t h e  

system i s  s u b s t a n t i a l l y  t h e  same a s  t h e  

popula t ion  covered by t h e  census,  o r  an  impor- 

t a n t  a n a l y t i c  subse t  of them; and (c )  t h e  

system i s  e i t h e r  s u b s t a n t i a l l y  complete o r  an  

approximate e s t i m a t e  of t h e  degree  of under- 

o r  over-coverage i s  a v a i l a b l e .  Where t h e s e  

c o n d i t i o n s  cannot be m e t ,  census  e v a l u a t i o n s  

must r e l y  upon one or  more methods descr ibed  

l a t e r  i n  t h i s  c h a p t e r .  

F i n a l l y ,  i n  c o u n t r i e s  which have conducted 

one o r  more household sample surveys  w i t h i n  a  

few y e a r s  of t h e  census,  it may b e  p o s s i b l e  t o  

u s e  t h e  r e s u l t s  of t h e  s u r v e y ( s )  t o  a s s e s s ,  on 

a l i m i t e d  b a s i s ,  t h e  p l a u s i b i l i t y  of t h e  

recorded d i s t r i b u t i o n  of t h e  census popula t ion  

by s e l e c t e d  c h a r a c t e r i s t i c s .  A s  noted i n  

chap te r  1 ,  t h e  r a t i o n a l e  f o r  making such 

comparisons is  t h a t  because of t h e  g r e a t e r  

degree of o p e r a t i o n a l  c o n t r o l  t h a t  can normally 

be imposed over a  survey a c t i v i t y  i n  compari- 

son  wi th  a  census ,  survey d a t a  a r e  o f t e n  l e s s  

s e r i o u s l y  a f f e c t e d  by nonsampling e r r o r .  

Balanced a g a i n s t  t h i s ,  however, i s  t h e  f a c t  

t h a t  survey d a t a  a r e  s u b j e c t  t o  sampling 

e r r o r ,  which i n  many c a s e s  l i m i t s  t h e  s t r e n g t h  

of t h e  conclusions  t h a t  can b e  der ived  from 

comparisons of survey and census d a t a .  Never- 

t h e l e s s ,  s e r i o u s  d i s c r e p a n c i e s  between census 

and survey d i s t r i b u t i o n s  f o r  s e l e c t e d  charac- 

t e r i s t i c s  a r e  i n d i c a t i v e  of e r r o r  i n  one o r  

both s e t s  of d a t a  whose c a u s e ( s )  should be 

i n v e s t i g a t e d .  

Both t h e  u t i l i t y  of and some of t h e  

problems i n h e r e n t  in  such comparisons f o r  

census  e v a l u a t i o n  pruposes  i s  i l l u s t r a t e d  in 

f i g u r e  4-1, which shows t h e  d i s t r i b u t i o n  of 

females  aged 15 t o  49 by c u r r e n t  m a r i t a l  

s t a t u s  from t h e  1971 Census of I n d i a  and a  

n a t i o n a l  f e r t i l i t y  survey conducted in  1972 
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(adapted from Bhat e t  a l . ,  1984) . The two 

d i s t r i b u t i o n s  a r e  c l e a r l y  i n c o n s i s t e n t ,  par- 

t i c u l a r l y  f o r  t h e  youngest and o l d e s t  age 

groups. In t h i s  p a r t i c u l a r  ca se ,  f u r t h e r  

i nves t iga t ion  suggested t h a t  t h e  survey da t a  

were flawed by e r r o r s  made by enumerators 

i n  s e l e c t i n g  respondents  f o r  t h e  survey (Bhat 

e t  a l . ,  1 9 8 4 ) .  I n  o the r  ca ses ,  it may be 

t h a t  t he  survey d a t a  w i l l  b e  found t o  be 

p l a u s i b l e ,  from which i t  would fo l low t h a t  

t h e  census da t a  a r e  de fec t ive .  

Figure 4- 1 .  FEMALE MARITAL DISTRlBUTIONS FROM 
THE 1971 CENSUS AND 1972 FERTILITY SURVEY: 
A L L  INDIA 

Percent c u r r e n t l y  married 
Age 

Q roup 

15 t o  19 years . .  
20 t o  24 yea r s . .  
25 t o  29 yea r s . .  
30 t o  34 yea r s . .  
35 t o  39 yea r s . .  
40 t o  44 yea r s . .  
45 t o  49 y e a r s . .  

1 0  years  o r  
o l d e r .  . . . . . . . . 

1971 census 
1972 f e r t i  1 i t y  

survey 

Source:  India (1977) ,  r e p o r t e d  i n  Bhat, e t .  
aZ. 11984). 

This genera l  approach can be app l i ed  t o  

any census c h a r a c t e r i s t i c  f o r  which comparable 

survey es t imates  a r e  a v a i l a b l e .  An extens ion  

of t h e  b a s i c  approach would e n t a i l  t h e  com- 

pa r i son  of e s t ima tes  of demographic parameters  

( b i r t h  o r  death r a t e s ,  f o r  example) from 

census and survey sources.  While such com- 

pa r i sons  w i l l  not  provide a  b a s i s  f o r  a  

comprehensive eva lua t ion  of a  census,  they 

o f t e n  prove use fu l  f o r  i d e n t i f y i n g  census 

c h a r a c t e r i s t i c s  i n  which e r r o r s  a r e  l i k e l y  

and, i n  some ins t ances ,  t h e s e  comparisons 

- iov ide  c lues  a s  t o  the  l i k e l y  causes of t h e  

e r r o r s .  

2 . 2  MeXhodn hned upon compahL5on uli;th 
- theot~et icd dL5SLibu;tionn 

Methods under t h i s  heading t a k e  advantage 

of t h e  f a c t  t h a t ,  due t o  b i o l o g i c a l  and cu l -  

t u r a l  f a c t o r s ,  t he  d i s t r i b u t i o n  of n a t i o n a l  

popula t ions  wi th  r e spec t  t o  s e v e r a l  impor tant  

c h a r a c t e r i s t i c s  (age and s e x ,  f o r  example) 

f 011 ow we1 1-known and f a i r l y  p r e d i c t a b l e  

p a t t e r n s  f o r  de r iv ing  a  s t anda rd  a g a i n s t  

which t h e  popula t ion  enumerated i n  a  census  

can be compared. The age d i s t r i b u t i o n  of a  

popula t ion  whose f e r t i l i t y  h a s  n o t  changed 

a b r u p t l y  and h a s  been exposed t o  a t  most 

modest l e v e l s  of i n t e r n a t i o n a l  mig ra t ion ,  f o r  

example, w i l l  normally fo l low a p a t t e r n  of 

d iminish ing  numbers of persons a t  each suc-  

c e s s i v e l y  o l d e r  age.  The d i s t r i b u t i o n  of 

such a  popula t ion  by sex  w i l l  ( i n  most ca ses )  

fo l low a p a t t e r n  of an excess of males ove r  

females a t  younger ages ,  wi th  g r a d u a l l y  

d e c l i n i n g  p ropor t ions  of males a t  s u c c e s s i v e l y  

o l d e r  ages .  Accordingly, d e p a r t u r e s  from 

t h e s e  "expected" d i s t r i b u t i o n s  which cannof 

be  expla ined  on the  b a s i s  of d i s t o r t i n g  

f a c t o r s  s i g n i f y  the  e x i s t e n c e  of e r r o r s  i n  

t h e  census enumeration. 

One of t h e  more b a s i c  t o o l s  f o r  a s s e s s i n g  

t h e  "reasonableness" of a  census age-sex 

d i s t r i b u t i o n  e n t a i l s  t h e  v i s u a l  i .nspect ion of 

t h e  census counts  of popula t ion  by age  and 

sex  us ing  g raph ica l  techniques .  I n  t h e  

absence of ex t r ao rd ina ry  even t s  o r  o t h e r  

d i s t o r t i n g  f a c t o r s  such a s  wars,  famines,  

e t c . ,  s i g n i f i c a n t  swings i n  f e r t i l i t y  o r  

m o r t a l i t y ,  and s u b s t a n t i a l  l e v e l s  of n e t  

i n t e r n a t i o n a l  migra t ion ,  t h e  age-sex d i s t r i -  

bu t ion  of t h e  census popula t ion  should 

resemble t h e  well-known popu la t ion  pyramid 

( see  f i g u r e  5-1 f o r  a n  example of a  popula t ion  

pyramid). The exact  shape of t h e  pyramid f o r  

any p a r t i c u l a r  country is determined by t h e  
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level  s of f e r t i l i t y ,  m o r t a l i t y ,  and migra t ion  

t o  which i t  has  been exposed, and a s  such 

w i l l  vary somewhat from country t o  country.  

However, t h e  r e g u l a r i t i e s  i n  t h e  age and sex  

d i s t r i b u t i o n s  of na t iona l  popula t ions  noted 

above should never the less  be apparent  from 

the  v i s u a l  examination of t h e  census age-sex 

d i s t r i b u t i o n .  S ign i f i can t  f l u c t u a t i o n s  i n  

t he  s i z e  of t he  populat ion enumerated a t  

d i f f e r e n t  ages and/or f o r  t h e  two sexes a t  

any p a r t i c u l a r  age which cannot be accounted 

f o r  by one o r  more of the  d i s t o r t i n g  f a c t o r s  

noted above a r e  sugges t ive  of e r r o r s  i n  t h e  

census enumeration. 

The u t i l i t y  of graphic ana lyses  i s  

enhanced somewhat when age-sex d i s t r i b u t i o n s  

from two o r  more censuses a r e  a v a i l a b l e .  The 

a v a i l a b i l i t y  of such data permit t h e  compari- 

son of t h e  enumerated s i z e s  of a c t u a l  b i r t h  

cohorts  i n  success ive  censuses. I f  a f f e c t e d  

by mor t a l i t y  alone,  t he  s i z e  of b i r t h  cohor ts  

should dec l ine  sys temat ica l ly  i n  each suc- 

ce s s ive  census. I r r e g u l a r i t i e s  which cannot 

be explained on t h e  bas i s  of d i s t o r t i n g  

f a c t o r s  a r e  i n d i c a t i v e  of e r r o r  i n  one o r  

both censuses.  A graphica l  cohor t  a n a l y s i s  

i s  i l l u s t r a t e d  i n  f i g u r e  5-11. 

The "reasonableness" of a  census age-sex 

d i s t r i b u t i o n  can be assessed i n  a  more quant i -  

t a t i v e  fash ion  through the  use  of va r ious  

r a t i o s  and ind ices .  These provide numerical 

measures of t h e  magnitude of depa r tu re  of a  

recorded census age-sex d i s t r i b u t i o n  from t h e  

d i s t r i b u t i o n  which would be expected i n  t h e  

ahsence of census e r r o r s  and o t h e r  d i s t o r t i n g  

f a c t o r s .  The r a t i o s  and ind ices  convey 

e s s e n t i a l l y  t h e  same information a s  may be 

derived through v i s u a l  i n spec t ion  of t h e  d a t a ,  

hut  may be more u s e f u l  f o r  a n a l y t i c  purposes 

due t o  t h e i r  q u a n t i t a t i v e  na ture .  

The more widely used among t h e s e  r a t i o s  

a r e  age- snd sex - ra t io s .  Age r a t i o s  measure 

the  "smoothness" of an age d i s t r i b u t i o n  over 

a  r e s t r i c t e d  age range by means of comparison 

of t h e  number of persons enumerated a t  

success ive  ages.  I f  determined by m o r t a l i t y  

alone,  t h e  number of persons  a t  any g iven  age  

should be approximately equal  t o  t h e  average 

of t h e  number of persons a t  t h e  two ad jacen t  

ages ( t h e  immediately h ighe r  and lower a g e s ) .  

To a s ses s  t h e  q u a l i t y  of a  census enumeration, 

age r a t i o s  as defined i n  equat ion  (4.1) f o r  

5-year age groups would be c a l c u l a t e d  f o r  

each age group and compared t o  t h e  expected 

r a t i o  va lue  of 100. S i g n i f i c a n t  depa r tu re s  

from t h e  expected va lue  a r e  i n d i c a t i v e  e i t h e r  

of census e r r o r  o r  o t h e r  d i s t o r t i n g  f a c t o r s  

(o r  both) .  

Where : 

8 R x  = The age r a t i o  f o r  t h e  age  group 
x  t o  x+y y e a r s  

P = The popula t ion  enumerated i n  t h e  
age group x t o  x+4 y e a r s  

P = The popula t ion  enumerated i n  t h e  
5 2-5 

ad jacen t  younger age group 
(x-5 t o  2 - 2  yea r s )  / 

P = The popula t ion  enumerated i n  t h e  
5  x t 5  

ad jacen t  o l d e r  age  group (x+5 t o  
x+9 year s )  

Sex r a t i o s  measure the  composition of 

t he  popula t ion  enumerated a t  a  p a r t i c u l a r  age  

wi th  r e spec t  t o  sex.  The sex  r a t i o  i s  de f ined  

a s  t he  number of males pe r  100 females a t  any 

given age x ,  equat ion  (4.2). In  popu la t ions  

which a r e  r e l a t i v e l y  unaffec ted  by i n t e r n a -  

t i o n a l  migra t ion ,  t h e  expected p a t t e r n  is f o r  

sex r a t i o s  t o  be in t h e  102 t o  107 r ange  a t  

e a r l y  ages  due t o  a  higher  propor t ion  of male 

b i r t h s .  The r a t i o s  g radua l ly  d e c l i n e  wi th  
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increas ing  age of t h e  populat ion due t o  higher 

male than female m o r t a l i t y  i n  most (but  no t  

a l l )  populat ions.  S i g n i f i c a n t  d e p a r t u r e s  

from t h i s  expected p a t t e r n  which cannot be 

explained by d i s t o r t i n g  f a c t o r s  ( sex-se lec t ive  

migra t ion  is  a  d i s t o r t i n g  f a c t o r  which i s  

f r equen t ly  encountered) a r e  sugges t ive  e i t h e r  

of coverage e r r o r  f o r  popula t ion  aged x, age- 

misrepor t ing  (content  e r r o r ) ,  o r  both.  

The enumerated popula t ion  
of males a t -  age x 

&7RX = 
The enumerated popula t ion  

x 100 

of females a t  a g e  x 

The use  of age- and sex - r a t i o s  i s  i l l u s t r a t e d  

in sec t ion  5.1. 

I n  add i t i on  t o  age- and sex - r a t i o s ,  a  

number of summary ind i ces  have been developed 

which measure t h e  magnitude of depa r tu re s  of 

an observed age-sex d i s t r i b u t i o n  from an  

expected d i s t r i b u t i o n  i n  t h e  form of a  s i n g l e  

index va lue .  Among t h e  more widely-used of 

t he se  a r e  t h e  United Nations Age-Sex Accuracy 

Index, Whipple ' s Index, and Myers ' Blended 

Index. The United Nations Age-Sex Accuracy 

Index summarizes t h e  r e s u l t s  of age- and 

sex - r a t i o  analyses i n t o  a s i n g l e  s co re  which 

measures t h e  o v e r a l l  l e v e l  of  d i s t o r t i o n  i n  

an age-sex d i s t r i b u t i o n  ( t h a t  is ,  a c r o s s  a l l  

ages ) .  The Whipple's and Myers ' i n d i c e s ,  

which r e q u i r e  d a t a  t abu la t ed  by s i n g l e  y e a r s  

of age ,  measure t h e  magnitude of a  p a r t i c u l a r  

p a t t e r n  of e r r o r  i n  age d i s t r i b u t i o n  - t h e  

tendency f o r  ages ending i n  p a r t i c u l a r  d i g i t s  

(0 and 5, f o r  example) t o  b e  repor ted  d ispro-  

p o r t i o n a t e . 1 ~  and o t h e r  ages  t o  be  avoided. 

This p a t t e r n  of e r r o r ,  known a s  d i g i t  pre- 

f e r ence  o r  age heaping, is found t o  some 

degree i n  a l l  censuses ( s ee  s e c t i o n  5.1 f o r  

f u r t h e r  d i scuss ion  of t he  u s e s  of t he se  

i n d i c e s ) .  Other i n d i c e s  a r e  descr ibed  i n  

U.S. Bureau of t h e  Census (1975). 

An a l t e r n a t i v e  approach f o r  d e r i v i n g  an 

"expected" age-sex d i s t r i b u t i o n  f o r  census 

eva lua t ion  purposes i s  based upon t h e  app l i -  

c a t i o n  of s t a b l e  popula t ion  theory .  A s t a b l e  

popula t ion  is  a  populat ion which h a s  exper i -  

enced cons t an t  l e v e l s  of f e r t i l i t y  and 

m o r t a l i t y  and no migra t ion  over  a  f a i r l y  l ong  

per iod  of t ime ( t h a t  i s ,  two gene ra t ions  o r  

more). Given a  s u f f i c i e n t  l e n g t h  of t ime,  

t h e  age d i s t r i b u t i o n  of such a  popula t ion  

will .  become cons tan t  ( t h a t  i s ,  t h e  p ropor t i on  

of t h e  popula t ion  a t  each age  x w i l l  be 

unchanging) and w i l l  be independent of t h e  

i n i t i a l  age d i s t r i b u t i o n .  

The propor t ion  of t h e  popula t ion  a t  each  

age in a  s t a b l e  popula t ion  may be ob ta ined  a s :  

Where: 

c (x) = t h e  i n f i n i t e s i m a l  p ropor t i on  of 
t h e  popula t ion  a t  exac t  age x 

b = t h e  cons t an t  b i r t h  r a t e  

r = t h e  cons t an t  r a t e  of n a t u r a l  
i nc rease  

L(x) = t h e  p r o b a b i l i t y  of s u r v i v a l  from 
b i r t h  t o  age 2 

The propor t ion  of a  s t a b l e  popu la t i on  under 

exac t  age y, ~ ( y ) ,  may be expressed a s :  

i f  w denotes  t h e  h ighes t  age  a t t a i n a b l e  in 

t h e  popula t ion ,  it f o l l o w s  t h a t :  

The p r a c t i c a l  u t i l i t y  of t h e s e  r e l a t i o n s h i p - s  

i s  t h a t  i f  two of t h e  parameters ,  b, r o r  

l ( x ) ,  a r e  known o r  can  be es t imated  f o r  an  

a c t u a l  popula t ion  which has  exper ienced  

r e l a t i v e l y  cons tan t  f e r t i l i t y ,  n e g l i g i b l e  

l e v e l s  of migra t ion ,  and cons t an t  o r  r e c e n t l y  

dec l in ing  m o r t a l i t y ,  a  s t a b l e  age d i s t r i b u t i o n  

can be der ived  f o r  t h e  popula t ion  and used a s  

a  s tandard  f o r  census eva lua t ion  purposes .  
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While no populat ion i s  genuinely s t a b l e ,  t h i s  

approach has proven t o  be q u i t e  u s e f u l  i n  

some developing country s e t t i n g s ,  p a r t i c u l a r l y  

i n  cases  where only one census has been 

conducted. 

In  c o u n t r i e s  which have experienced 

dec l in ing  m o r t a l i t y  over a  s i g n i f i c a n t  number 

of years  (a s i t u a t i o n  which e x i s t s  i n  a  number 

of c o u n t r i e s ) ,  t h e  d i r e c t  a p p l i c a t i o n  of 

s t a b l e  populat ion methods may no t  produce 

acceptable  r e s u l t s .  I n  such i n s t a n c e s ,  t h e  

b a s i c  s t a b l e  populat ion approach can never- 

t h e l e s s  be used i f  information on l e n g t h  of 

t ime during which mor ta l i ty  h a s  been d e c l i n i n g  

and t h e  approximate r a t e  of d e c l i n e  i s  a v a i l -  

a b l e .  This informat ion can b e  used t o  d e r i v e  

adjustments t o  t h e  implied s t a b l e  age d i s -  

t r i b u t i o n  t o  r e f l e c t  t h e  e f f e c t s  of d e c l i n i n g  

m o r t a l i t y  on t h e  b a s i s  of quas i - s tab le  popu- 

l a t i o n  methods. The uses  of s t a b l e  and quasi-  

s t a b l e  populat ion methods f o r  census evalua- 

t i o n  purposes a r e  described i n  s e c t i o n  5.2.  

F i n a l l y ,  i t  i s  f requen t ly  t h e  case  t h a t  

i n s i g h t  i n t o  broad p a t t e r n s  of e r r o r  i n  

census da ta  can be obtained through t h e  

examination of t h e  degree of i n t e r n a l  consis-  

tency i n  t h e  d a t a .  The b a s i c  premise behind 

t h i s  approach i s  t h a t  i n  o rder  f o r  a  p a r t i c u -  

l a r  census i tem o r  c h a r a c t e r i s t i c  t o  have 

been enumerated accura te ly ,  i t  should d i s p l a y  

p l a u s i b l e  r e l a t i o n s h i p s  with o t h e r  charac te r -  

i s t i c s .  For example, t h e  observa t ion  of 

h igher  populat ion d e n s i t i e s  i n  r u r a l  than i n  

urban a reas  and higher  p ropor t ions  of r u r a l  

than urban households r e p o r t i n g  hav ing  

e l e c t r i c  l i g h t i n g  w i l l ,  i n  most developing 

c o u n t r i e s ,  i n d i c a t e  coverage and/or  con ten t  

problems i n  t h e  census.  

I n t e r n a l  consis tency may a l s o  be 

assessed through t h e  examination of c ross -  

t a b u l a t i o n s  of s e l e c t e d  census c h a r a c t e r i s -  

t i c s .  For example, one u s e f u l  t a b u l a t i o n  f o r  

assess ing  t h e  p l a u s i b i l i t y  of t h e  recorded 

ages  of young a d u l t s  might be age  by m a r i t a l  

s t a t u s .  Under normal condi t ions ,  i t  would b e  

expected t h a t  t h e  proport ion of persons who 

were "ever-marri.edt' would be very s m a l l  a t  

young ages and i n c r e a s e  i n  a  r a t h e r  smooth 

progression over  t h e  age range i n  which 

marriage i s  c u l t u r a l l y  p resc r ibed .  Marked 

f l u c t u a t i o n s  and/or  p rogress ion  r e v e r s a l s  

ac ross  s u c c e s s i v e  ages  would b e  i n d i c a t i v e  

of e r r o r  i n  e i t h e r  t h e  recorded ages  o r  

m a r i t a l  s t a t u s .  This  approach may b e  a p p l i e d  

i n  connection t o  any census c h a r a c t e r i s t i c  

whose r e l a t i o n s h i p  o r  a s s o c i a t i o n  w i t h  age 

i s  f a i r l y  w e l l  known ( f o r  example, number of 

ch i ld ren  ever  born t o  females ,  d u r a t i o n  of 

marriage, e t c . ) .  Appl ica t ions  of t h i s  

approach t o  t h e  e v a l u a t i o n  of age r e p o r t i n g  

e r r o r s  i n  sample surveys a r e  descr ibed  i n  

Berggren et a l .  (1974), Ewbank (1981),  and 

Goldman e t  a l .  (1979). 

2 . 3  Methudn band  upon cam)3cuLinon wLth a 
p e v h u n  cennw a& cevlnunen 

A t h i r d  c l a s s  of demographic census 

e v a l u a t i o n  techniques  c o n s i s t s  of methods 

i n  which t h e  popula t ion  "expected" a t  t h e  

time of a  p a r t i c u l a r  census  is  der ived  on 

t h e  b a s i s  of t h e  popula t ion  enumerated i n  a  

previous census .cambined with  i n £  ormat i o n  

about one o r  more of t h e  components of 

populat ion change during t h e  i n t e r c e n s a l  

per iod.  I n  t h e  absence of independent d a t a  

t o  a s s e s s  d i r e c t l y  t h e  p l a u s i b i l i t y  of 

census counts  f o r  one o r  more segments of 

t h e  popula t ion ,  methods under t h i s  heading 

provide t h e  primary b a s i s  f o r  a s s e s s i n g  

census coverage e r r o r  among t h e  demographic 

methods descr ibed  i n  t h i s  chap te r .  I n  view 

of t h e  l a c k  of d a t a  of s u f f i c i e n t  q u a l i t y  t o  

permit t h e  d i r e c t  eva lua t ion  of census 

r e s u l t s  i n  many c o u n t r i e s  and t h e  f a c t  t h a t  

many c o u n t r i e s  have now conducted a t  l e a s t  

t h e i r  second census,  one o r  more of t h e s e  
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methods a r e  l i k e l y  t o  provide t h e  f i r m e s t  

b a s i s  f o r  comprehensive census  e v a l u a t i o n  i n  

a  s i z a b l e  number of developing c o u n t r i e s .  

Evaluat ion methods based upon t h e  

analyses  of success ive  censuses  range from 

q u i t e  s imple  t o  r e l a t i v e l y  e l a b o r a t e  proce- 

dures .  Perhaps t h e  s imples t  procedure 

involves  t h e  assessment of t h e  p l a u s i b i l i t y  , 

of t h e  r a t e  of population growth implied by 

t h e  t o t a l  populat ion enumerated i n  two suc- 

c e s s i v e  censuses.  Given t h e  t o t a l  popula- 

t i o n s  enumerated in  two censuses  (P and PI 
0 

r e s p e c t i v e l y )  taken t years  a p a r t ,  t h e  implied / 
r a t e  of populat ion growth, r, may be der ived 

by so lv ing  t h e  following express ion  f o r  r: 

( 4 . 6 )  PI = Po exp (rt) , o r  
D 

This  formula assumes an exponen t ia l  r a t e  of 

growth. Other mathematical formulae,  des- 

c r ibed  i n  U. S .  Bureau of t h e  Census ( l 9 7 5 ) ,  

can a l s o  be used. 

The implied r a t e  of growth is used t o  

e v a l u a t e  t h e  degree of coverage i n  t h e  cen- 

suses  through t h e  assessment of t h e  p laus i -  

b i l i t y  of t h e  es t imate .  An implausibly  low 

implied r a t e  of growth would be sugges t ive  

of n e t  underenumeration i n  t h e  second census 

r e l a t i v e  t o  t h e  f i r s t ,  which could have 

r e s u l t e d  e i t h e r  from underenumerat ion  i n  

t h e  second census,  overenumeration i n  t h e  

f i r s t  census ,  o r  both.  An implaus ib ly  high 

implied r a t e  of i n t e r c e n s a l  popu la t ion  growth 

would be sugges t ive  of t h e  o p p o s i t e  p a t t e r n  

of r e l a t i v e  o r  d i f f e r e n t i a l  e r r o r  i n  t h e  two 

censuses.  

I f  a n  independent e s t i m a t e  of t h e  i n t e r -  

c e n s a l  r a t e  of population growth, r, i s  

a v a i l a b l e  (perhaps from v i t a l  s t a t i s t i c s  o r  

a  demographic survey conducted dur ing t h e  

i n t e r c e n s a l  pe r iod) ,  t h i s  e s t i m a t e  can be 

used in conjunct ion w i t h  equa t ion  ( 4 . 6 )  o r  

s i m i l a r  mathematical  f u n c t i o n  t o  d e r i v e  a n  

"expected" t o t a l  popu la t ion  a t  t h e  t ime of 

t h e  second census a g a i n s t  which t o  compare 

t h e  populat ion a c t u a l l y  enumerated i n  t h e  

census .  It should be  noted t h a t  t h e  compari- 

son of t h e  expected and enumerated census 

t o t a l s  provides  in fo rmat ion  on t h e  mutual 

cons i s t ency  of two census  t o t a l s  and t h e  

es t imated r a t e  of popul-ation growth, but  n o t  

a  d i r e c t  e s t i m a t e  of t h e  l e v e l  of complete- 

ness  of e i t h e r  of t h e  i n d i v i d u a l  censuses .  

This  i s  because the  f i r s t  census ,  l i k e  t h e  

second census being e v a l u a t e d ,  is s u b j e c t  t o  

e r r o r .  Accordingly,  any observed d i sc repancy  

between t h e  "expected" and t h e  enumerated 

populat ion i n  the  second census  s u g g e s t s  t h e  

presence of e r r o r  i n  one o r  bo th  censuses  (o r  

i n  t h e  e s t i m a t e  of t h e  r a t e  of growth) .  I f  

t h e  expected popu la t ion  a t  t h e  t ime of t h e  

second census i s  g r e a t e r  than t h e  enumerated 

popu la t ion ,  a  n e t  undercount o f . t h e  second 

census r e l a t i v e  t o  t h e  f i r s t  census  i s  

i n d i c a t e d .  I n  t h i s  c a s e ,  t h e  i m p l i c a t i o n  

would be t h a t  t h e  second census  was l e s s  

completely enumerated t h a n  t h e  f i r s t .  A 

l a r g e r  enumerated than  expected popu la t ion  

would suggest  t h e  o p p o s i t e  i n t e r p r e t a t i o n .  

I n  c o u n t r i e s  i n  which v i t a l  r e g i s t r a t i o n  

systems a r e  r e l a t i v e l y  complete o r  i n  which 

t h e  degree  of u n d e r - r e g i s t r a t i o n  can be 

r e l i a b l y  es t imated ,  t h e  r e g i s t e r e d  numbers of 

i n t e r c e n s a l  b i r t h s ,  d e a t h s ,  and i n t e r n a t i o n a l  

migrants  ( ad jus ted  f o r  u n d e r - r e g i s t r a t i o n ,  a s  

r equ i red)  may be used i n  con junc t ion  wi th  t h e  

populat ion count from a  p rev ious  census t o  

d e r i v e  a n  expected popu la t ion  a t  t h e  t i m e  of 

a  subsequent census.  Th i s  approach makes u s e  

of t h e  populat ion ba lanc ing  equa t ion ,  which 

i s  e s s e n t i a l l y  an account ing framework i n  

which t h e  number of b i r t h s ,  B, and immigrants, 

I, a r e  added t o  t h e  popu la t ion  enumerated in 

t h e  i n i t i a l  census ,  whf le  t h e  number of 
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deaths ,  D, and e m i g r a n t s , E ,  a r e  s u b t r a c t e d  

from t h i s  populat ion t o  d e r i v e  t h e  expected 

populat ion a t  t h e  time of t h e  second census,  

a s  i n  equat ion (4 .7) .  

(4.7) P = P  + B - D + I - E k e  
1 0 

The r e s i d u a l  term "e" i n  equa t ion  (4.7) i s  t h e  

quan t i ty  requ i red  t o  balance t h e  equat ion.  

~t provides  an es t imate  of d i f f e r e n t i a l  

coverage e r r o r  i n  t h e  two censuses ,  a l though 

i n  a c t u a l  p r a c t i c e  e r r o r s  i n  each of t h e  com- 

ponents of t h e  equat ion c o n t r i b u t e  t o  t h e  

r e s i d u a l  e r r o r .  See s e c t i o n  6.3 of chap te r  5 

f o r  f u r t h e r  informat ion and an  i l l u s t r a t i v e  

a p p l i c a t i o n  of t h e  balancing equa t ion .  

I n  cases  i n  which usab le  v i t a l  r e g i s t r a -  

t i o n  d a t a  a r e  unava i lab le  b u t  e s t i m a t e s  of t h e  

p r e v a i l i n g  l e v e l s  of f e r t i l i t y  and m o r t a l i t y  

can be der ived from a demographic survey o r  

from one or  both censuses,  e s t imated  f e r t i l i t y  

and m o r t a l i t y  r a t e s  may be used i n  conjunct ion 

with  informat ion on the  s i z e  and composition 

of t h e  populat ion (by age and sex) a t  t h e  time 

of a  previous census t o  d e r i v e  an expected 

populat ion a t  t h e  time of t h e  second census.  

This  approach, known a s  t h e  cohort-component 

method, e n t a i l s  t h e  "project ion" of t h e  f i r s t  

census populat ion forward i n  t i m e  t o  t h e  

re fe rence  d a t e  of t h e  second census on t h e  

b a s i s  of es t imated schedules  of f e r t i l i t y ,  

m o r t a l i t y ,  and migrat ion.  

More s p e c i f i c a l l y ,  t h e  method e n t a i l s  

t h e  s e p a r a t e  es t imat ion  of t h e  e f f e c t s  of 

each of t h e  components of popula t ion  change 

on the  s i z e  and composition of t h e  populat ion 

enumerated i n  t h e  f i r s t  census.  The e f f e c t s  

of m o r t a l i t y  on t h e  s i z e  of age and s e x  

cohorts  enumerated i n  t h e  f i r s t  census a r e  

estimated by applying l i f e - t a b l e  s u r v i v a l  

r a t e s  t o  each cohort  t o  d e r i v e  an expected 

count of su rv ivors  a t  t h e  t ime of t h e  second 

census. B i r t h s  dur ing t h e  i n t e r c e n s a l  per iod 

a r e  estimated by applying assumed age-spec i f i c  

POPULATION AND HOUSING 

f e r t i l i t y  r a t e s  t o  t h e  p r o j e c t e d  numbers of 

females i n  t h e  reproduct ive y e a r s  (ages  1 5  t o  

49) dur ing  t h e  i n t e r c e n s a l  pe r iod  and "sur- 

vived,'' forward t o  the  d a t e  of t h e  second 

census on t h e  b a s i s  of l i f e - t a b l e  s u r v i v a l  

p r o b a b i l i t i e s .  The e f f e c t s  of m i g r a t i o n  on 

t h e  r e s u l t i n g  s i z e  and d i s t r i b u t i o n  of t h e  

popula t ion  a r e  es t imated by i n t r o d u c i n g  a c t u a l  

d a t a  on t h e  number of n e t  migran t s  c l a s s i f i e d  

by age and sex  o r  on t h e  b a s i s  of a n  assumed 

schedule  of age- and sex-spec i f i c  n e t  migra- 

t i o n  r a t e s  app l ied  t o  t h e  cohort  p o p u l a t i o n s  
' 

enumerated i n  t h e  f i r s t  census.  

The expected populat ion d e r i v e d  i n  t h i s  

manner is then  compared wi th  t h e  p o p u l a t i o n  

(by age and sex)  enumerated i n  t h e  second 

census.  I f  i t  i s  p o s s i b l e  t o  a d j u s t  t h e  

popula t ion  enumerated i n  t h e  f i r s t  census  

f o r  n e t  census  e r r o r  p r i o r  t o  t h e  a p p l i c a t i o n  

of t h i s  method, t h e  comparison of t h e  expected 

and enumerated populat ions  a t  t h e  t ime of t h e  

second census w i l l  y i e l d  e s t i m a t e s  of n e t  

census e r r o r  i n  t h e  seccnd census.  I f  such 

adjustments  a r e  not  p o s s i b l e ,  t h e  method w i l l  

y i e l d  e s t i m a t e s  of r e l a t i v e  o r  d i f f e r e n t i a l  

e r r o r  i n  t h e  two censuses.  

Another approach which makes u s e  of 

d a t a  from consecut ive censuses i n v o l v e s  t h e  

a n a l y s i s  of i n t e r c e n s a l  cohort  s u r v i v a l  r a t e s .  

I n  t h e  absence of census e r r o r s ,  t h e  observed 

change i n  t h e  s i z e  of each b i r t h  (age) cohor t  

over t h e  i n t e r c e n s a l  per iod should r e f l e c t  

t h e  e f f e c t s  of m o r t a l i t y  and migra t ion  a l o n e .  

Accordingly, t h e  observed r a t i o  of t h e  cohor t  

popula t ion  enumerated i n  t h e  second census  t o  

t h a t  enumerated i n  t h e  f i r s t  census  ( t h e  census 

cohort  s u r v i v a l  r a t e )  should be c o n s i s t e n t  

wi th  t h a t  which would be considered "normal" 

under p r e v a J l i n g  m o r t a l i t y  and m i g r a t i o n  

r a t e s .  I n  populat ions  with  n e g l i g i b l e  l e v e l s  

of n e t  i n t e r n a t i o n a l  migrat ion,  t h e  observed 

i n t e r c e n s a l  cohort  s u r v i v a l  r a t e s  should 
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approximate l i f e - t ab l e  s u r v i v a l  p r o b a b i l i t i e s  

f o r  the  i n t e r c e n s a l  per iod.  I n  populat ions 

i n  which t h e  l e v e l  of ne t  migra t ion  i s  s ign i -  

f  i c an t  , t he  "expected" s u r v i v a l  p r o b a b i l i t i e s  

must a l s o  t ake  i n t o  account t he  volume and 

age-sex s e l e c t i v i t y  of migra t ion .  The degree 

t o  which t he  observed cohor t  s u r v i v a l  r a t e s  

devia te  s i g n i f i c a n t l y  from those  expected on 

t h e  ba s i s  of mor t a l i t y  and migra t ion  condi- 

t i o n s  is i n d i c a t i v e  of t he  degree of 

inconsis tency between the  two censuses. 

Cohort su rv iva l  r a t e s  may be used i n  a  

number of ways i n  census eva lua t i on  appl ica-  

t i o n s .  The most d i r e c t  a p p l i c a t i o n  involves 

t he  assessment of the  p l a u s i b i l i t y  of t he  in- 

t e r censa l  cohort  surv iva l  r a t e s  implied by 

success ive  census enumerations. A v a r i a n t  of 

t h i s  approach e n t a i l s  t he  c a l c u l a t i o n  of t he  

r a t i o  of t h e  observed cohor t  s u r v i v a l  r a t e  t o  

a  l i f e - t a b l e  su rv iva l  r a t e  assumed t o  be 

r ep re sen t a t i ve  of mor t a l i t y  condi t ions  i n  t he  

i n t e r c e n s a l  per iod.  I n  t h e  absence of census 

e r r o r  and d i s t o r t i o n s  due t o  migra t ion ,  t h i s  

r a t i o  should equal  1  .O.  S i g n i f i c a n t  devia- 

t i o n s  from t h i s  expected r a t i o  which cannot 

be accounted f o r  by migrat ion s i g n i f y  t h e  

presence of e r r o r  i n  one o r  both censuses.  

The uses  of cohort  su rv iva l  techniques a r e  

descr ibed i n  f u r t h e r  d e t a i l  i n  s e c t i o n  6 

of chapter  5. 

The b a s i c  cohort s u r v i v a l  r a t e  approach 

has been extended t o  the e s t ima t ion  of age- 

r epo r t i ng  e r r o r s  i n  two o r  t h r e e  success ive  

censuses (Demeny and Sho r t e r ,  1968; 

Das Gupta, 1975; Ntozi, 1978). Under t h i s  

approach, information on t h e  s i z e  and d i s -  

t r i b u t i o n  of t he  populat ion by age and sex 

i n  two (or  t h r ee )  successive censuses is used 

i n  conjunct ion with est imated l i f e - t a b l e  sur- 

v i v a l  p r o b a b i l i t i e s  t o  de r ive  a  s e t  of cohort  

co r r ec t i on  f a c t o r s  which would make t he  two 

(or  t h r ee )  censuses and t he  assumed 

schedule(s)  of s u r v i v a l  r a t e s  j o i n t l y  con- 

s i s t e n t .  The c o r r e c t i o n  f a c t o r s  der ived  a r e  

i n t e r p r e t a b l e  a s  e s t i m a t e s  of n e t  e r r o r  i n  

each of t h e  censuses.  

F i n a l l y ,  a  method has  been r e c e n t l y  pro- 

posed (Preston and H i l l ,  1980; Luther ,  1983) 

which makes use  of d a t a  from two consecut ive 

censuses and e i t h e r  dea th  r e g i s t r a t i o n  d a t a  

o r  an est imated l i f e - t a b l e  f o r  t h e  i n t e r -  

c ensa l  per iod  t o  e s t i m a t e  t h e  r e l a t i v e  l e v e l  

of completeness of coverage i n  t h e  two cen- 

su se s  using ord inary  l e a s t  squares  procedure. 

The method produces e s t i m a t e s  of t h e  correc-  

t i o n  f a c t o r s  f o r  t h e  two censuses  which would 

be requi red  t o  make t h e  census counts  and t h e  

recorded o r  es t imated  l e v e l  of m o r t a l i t y  

during t he  i n t e r c e n s a l  pe r iod  j o i n t l y  consis-  

t e n t .  The r a t i o  of t h e  c o r r e c t i o n  f a c t o r s  

der ived i n  t h i s  f a s h i o n  r e p r e s e n t s  an e s t i -  

mate of d i f f e r e n t i a l  completeness of coverage 

i n  t he  two censuses. This  method is  descr ibed  

i n  f u r t h e r  d e t a i l  i n  s e c t i o n  7 of chapter  5. 

3.  TECHNIQUES FOR INDIRECT DEMOGRAPH TC 
ESTlMATlON 

Several  of t h e  more powerful  demographic 

techniques f o r  census e v a l u a t i o n  ( those  based 

upon ana lyses  of succes s ive  censuses ,  i n  par-  

t i c u l a r )  r equ i r e  t h e  a v a i l a b i l i t y  of informa- 

t i o n  on one o r  more demographic parameters  i n  

t he  populat ion under s tudy .  Unfortunately,  i n  

many coun t r i e s  t he  s t a t i s t i c a l  systems which 

t r a d i t i o n a l l y  provide such information ( v i t a l  

and immigration r e g i s t r a t i o n  systems) a r e  no t  

y e t  developed t o  t h e  p o i n t  where t he  r e g i s t r a -  

t i o n  da t a  a r e  s u f f i c i e n t l y  accu ra t e  t o  be used 

d i r e c t l y .  

The l a c k  of u s a b l e  d i r e c t  d a t a  on 

f e r t i l i t y ,  mor t a l i t y ,  and migra t ion  i n  many 

c o u n t r i e s  has  l e d  t o  t h e  development of a  s e t  

of s t a t i s t i c a l  t echniques  which may be appl ied  

t o  incomplete and/or  d e f e c t i v e  da t a  of va r ious  
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types  i n  o rder  t o  provide " i n d i r e c t "  e s t i -  

mates of s e l e c t e d  demographic parameters.  

The term i n d i r e c t  de r ives  from t h e  f a c t  t h a t  

such techniques produce e s t i m a t e s  of demo- 

graphic  parameters on t h e  b a s i s  of informa- 

t i o n  which, i n  many c a s e s ,  i s  only i n d i r e c t l y  

r e l a t e d  t o  t h e i r  va lue .  Among t h e s e  a r e  

methods which use demographic models and 

p a r t i a l  informat ion about a c t u a l  popula t ions  

t o  d e r i v e  es t imates  of o ther  (unknown) param- 

e t e r s ,  techniques which provide adjustments  

f o r  recorded d a t a  based upon cons i s tency  

checks between s e l e c t e d  d a t a  i t ems ,  and tech- 

niques  which use conventional d a t a  i n  uncon- 

v e n t i o n a l  ways (United Nations,  1983:2). In  

many c o u n t r i e s ,  these  techniques  provide t h e  

primary b a s i s  f o r  t h e  e s t i m a t i o n  of demo- 

g raph ic  parameters and, a s  such,  a r e  l i k e l y  

t o  p lay  an i n t e g r a l  r o l e  i n  t h e  census 

eva lua t ion  process .  

This  s e c t i o n  summarizes how v a r i o u s  

types  of census,  survey, and r e g i s t r a t i o n  

d a t a  may be used i n  conjunct ion wi th  one o r  

more techniques of i n d i r e c t  e s t i m a t i o n  t o  

d e r i v e  es t imates  of b a s i c  demographic param- 

e t e r s .  The purpose of p resen t ing  t h i s  ma- 

t e r i a l  i s  t o  e s t a b l i s h  a l i n k  between d i f -  

f e r e n t  types  of d a t a ,  methods, and ou tpu t  

( t h a t  i s ,  e s t i m a t e s  of f e r t i l i t y ,  m o r t a l i t y ,  

and migrat ion parameters) . The reader  is 

r e f e r r e d  t o  United Nations (1983) and U.S. 

Bureau of t h e  Census (1975) f o r  more d e t a i l e d  

d e s c r i p t i o n s  ( including assumptions and l i m i -  

t a t i o n s  of t h e  methods descr ibed)  and i l l u s -  

t r a t i v e  a p p l i c a t i o n s  of these  methods. 

3 . 7  F W q   on 
Techniques f o r  the  i n d i r e c t  es t imat ion  

of f e r t i l i t y  parameters may be ca tegor ized  

i n t o  t h r e e  groups: (a) methods based upon 

census o r  survey information on the  number 

of c h i l d r e n  ever  born t o  women above t h e  

minimum age of chi ldbear ing,  (b) s t a b l e  

popula t ion  methods, and (c) methods based 

upon t h e  "reverse-survival" of t h e  popula t ion  

enumerated i n  a census. 

Methods i n  t h e  f i r s t  group make u s e  of 

responses  t o  census o r  survey q u e s t i o n s  on 

t h e  number of ch i ld ren  ever  born t o  women 

above t h e  minimum age of c h i l d b e a r i n g  ( u s u a l l y  

age 15) and an a d d i t i o n a l  p i e c e  of informa- 

t i o n  (which v a r i e s  by method) t o  d e r i v e  esti- 

mates of pe r iod  and cumulative f e r t i l i t y  r a t e s .  

I n  t h e  o r i g i n a l  procedure (Brass ,  1964; s e e  

a l s o  Mortara,  1949) t h e  r e p o r t e d  cumulat ive 

f e r t i l i t y  schedule  i n  a census  o r  survey is 

compared with  a schedule of a g e - s p e c i f i c  f e r -  

t i l i t y  es t imated from census and/or  survey 

q u e s t i o n s  on t h e  number of l i v e  b i r t h s  dur ing  

a s p e c i f i e d  per iod  preceding t h e  census  o r  

survey ( u s u a l l y  12 months) t o  d e r i v e  a d j u s t e d  

age-spec i f i c  and cumulative f e r t i l i t y  sched- 

u l e s .  The adjustments a r e  der ived  based upon 

observa t ion  t h a t  c e r t a i n  f e a t u r e s  of t h e  im-  

p l i e d  f e r t i l i t y  schedules  tend t o  be r e p o r t e d  

f a i r l y  a c c u r a t e l y  and may t h u s  be used t o  

a d j u s t  t h e  remainder of t h e  f e r t i l i t y  sched- 

u l e s .  I n  essence ,  t h e  b a s i c  B r a s s  procedure 

a c c e p t s  a s  a c c u r a t e  the  r e p o r t e d  cumulat ive 

f e r t i l i t y  of young women (ages  20 t o  30 o r  

35) and uses  t h i s  l e v e l  of f e r t i l i t y  t o  a d j u s t  

t h e  cumulative f e r t i l i t y  l e v e l  impl ied  by t h e  

r e p o r t e d  b i r t h s  i n  t h e  p rev ious  p e r i o d ,  which 

is  assumed t o  r e p r e s e n t  f a i r l y  c l o s e l y  t h e  

a c t u a l  shape of the  per iod  f e r t i l i t y  schedule  

b u t  n o t  n e c e s s a r i l y  i ts  l e v e l .  

Subsequently,  a number of a l t e r n a t i v e  

procedures  have been developed u s i n g  d a t a  f o r  

c h i l d r e n  ever  born i n  an  a t t empt  t o  overcome 

some of the  remaining weaknesses i n  t h e  o r ig -  

i n a l  method. Among these  a r e  (a )  a v a r i a n t  

based upon t h e  comparison of cumulated " f i r s t -  

b i r t h "  f e r t i l i t y  r a t e s  and t h e  r e p o r t e d  ( i n  a 

census  o r  survey) p ropor t ion  of women i n  each 

age group r e p o r t i n g  having borne a t  l e a s t  one 
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chi ld ;  (b) a  v a r i a n t  based on the  comparison 

of the  number of b i r t h s  r e g i s t e r e d  by a  cohort 

of women with t he  reported average p a r i t y  of 

women i n  t he  same cohort i n  a  survey o r  

census; (c) a  vers ion  based on t h e  compari- 

son of cohort f e r t i l i t y  r e g i s t e r e d  between 

two censuses with cohort p a r i t y  increments 

between two censuses; (d) a  method which 

measures period f e r t i l i t y  based on cohort  

p a r i t y  increments between two surveys (cf . 
Arriaga,  1983) ; and (e) a  v a r i a n t  of t he  

b a s i c  Brass age model based upon ch i ld ren  

ever  born from survey or census da t a  tabula-  

t ed  by the dura t ion  of marriage of t h e  women 

repor t ing ,  which i s  thought t o  be repor ted  

more accura te ly  than age i n  some s e t t i n g s .  

Thus, depending upon t h e  types of 

f e r t i l i t y  information ava i l ab l e  and the  

ex t en t  t o  which c e r t a i n  assumptions regarding 

changes i n  f e r t i l i t y  l e v e l s  and types  of 

e r r o r s  i n  t he  da t a  can be j u s t i f i e d ,  t h e  

a v a i l a b i l i t y  of bas i c  survey or  census infor -  

mation on the  number of ch i ld ren  ever  born t o  

women of reproduct ive age may be used i n  

conjunction with severa l  i n d i r e c t  es t imat ion  

techniques t o  provide es t imates  of t he  l e v e l  

and age s t r u c t u r e  of f e r t i l i t y  a t  a  re ference  

po in t  c lo se  t o  a  census d a t e  f o r  use i n  

census evaluat ion.  

A second approach f o r  the  i n d i r e c t  e s t i -  

mation of f e r t i l i t y  e n t a i l s  the  use of s t a b l e  

populat ion methods. A s  described i n  s ec t ion  

2 ,  a  populat ion which has been exposed t o  

approximately constant  f e r t i l i t y  and mor t a l i t y  

and neg l ig ib l e  ne t  migrat ion w i l l ,  over a  

s u f f i c i e n t l y  long period of time, acqui re  a  

constant  age d i s t r i b u t i o n  which i s  determined 

by the  f e r t i l i t y  and mor ta l i ty  r a t e s  t o  which 

i t  has been exposed. Accordingly, f o r  t h e  

purposes of f e r t i l i t y  es t imat ion  i n  a  popula- 

t i o n  which has been approximately s t a b l e ,  the  

age d i s t r i b u t i o n  from a cur ren t  or  previous 

census and an es t imate  of t h e  r a t e  of growth 

i n  t he  l e v e l  of mor t a l i t y  i n  t h e  populat ion 

may.be used t o  i den t i fy  a  model s t a b l e  popula- 

t i o n  which corresponds t o  two of t h e  observed 

parameters i n  the  popula t ion  under s tudy.  

(See United Nations, 1983, f o r  a  d e s c r i p t i o n  

o f  t he  var ious  systems of model s t a b l e  popula- 

t i o n s  which a r e  a v a i l a b l e  f o r  t h i s  purpose .) 

The l e v e l  and age s t r u c t u r e  of f e r t i l i t y  i n  

the  model s t a b l e  popula t ion  s o  i d e n t i f i e d  may 

then be used a s  an e s t ima te  of t h e  p r e v a i l i n g  

f e r t i l i t y  regime i n  t h e  popula t ion  under 

study. I n  cases  where m o r t a l i t y  has  been 

dec l in ing ,  quasi-s table popula t ion  methods 

may be appl ied  t o  de r ive  app rop r i a t e ly  

ad jus ted  es t imates  of f e r t i l i t y .  

The t h i r d  type of technique f o r  i n d i r e c t  

es t imat ion  of f e r t i l i t y  c o n s i s t s  of methods 

i n  which t h e  number of c h i l d r e n  at any given 

age x enumerated i n  a  census o r  survey,  who 

r ep re sen t  t h e  su rv ivo r s  of t h e  b i r t h s  oc- 

cu r r ing  x yea r s  p r i o r  t o  t h e  census o r  survey, 

a r e  "reverse-survived" on t h e  b a s i s  of an 

assumed o r  est imated l e v e l  of m o r t a l i t y  t o  

de r ive  an es t imate  of t h e  t o t a l  number of 

b i r t h s  x yea r s  p r i o r  t o  t h e  census o r  survey. 

This  e s t ima te  is  used a s  t h e  numerator i n  any 

one of s eve ra l  f e r t i l i t y  measures whose de- 

nominators a r e  derived by r e v e r  se-surviving 

the  t o t a l  o r  some po r t i on  of t h e  popula t ion  

( fo r  example, females of ch i ldbea r ing  age) t o  

es t imate  t he  average popula t ion  "a t  r i s k .  I '  

I n  t h e  most d i r e c t  a p p l i c a t i o n  of t h e  

approach, t h e  populat ion enumerated i n  5- 

year  age groups is reverse-survived 5 o r  10 

years  p r i o r  t o  t he  d a t e  of d a t a  c o l l e c t i o n  on 

the  b a s i s  of l i f e - t a b l e  s u r v i v a l  p robab i l i -  

t i e s .  The r e s u l t i n g  e s t ima te  of t h e  number of 

b i r t h s  during each 5-year pe r iod  p r i o r  t o  

the  census o r  survey i s  then used i n  con- 

junc t ion  wi th  t he  es t imated  average popula- 

t i o n  ( e i t h e r  t he  t o t a l  popula t ion  o r  t h e  
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i n  t h e  

reproduc t ive  years )  t o  der ive  e s t i m a t e s  of 

crude b i r t h  r a t e s .  

A more d e t a i l e d  v a r i a n t  of t h i s  procedure 

invo lves  the  reverse -surv iva l  of t h e  enumera- 

t e d  number of c h i l d r e n  and t h e i r  mothers c las -  

s i f i e d  by s i n g l e  y e a r s  of age back i n  t ime 

over a pe r iod  of 10 o r  15 y e a r s .  Chi ldren 

a r e  l i n k e d  t o  t h e i r  mothers on t h e  b a s i s  of 

informat ion on " r e l a t i o n s h i p  t o  head of house- 

hold" t y p i c a l l y  included i n  census and survey 

household r o s t e r s .  Conceptual ly ,  t h e  "own- 

c h i l d r e n "  procedure is s i m i l a r  t o  t h a t  

desc r ibed  above, b u t  due t o  t h e  more d e t a i l e d  

n a t u r e  of t h e  requ i red  d a t a ,  produces more 

d e t a i l e d  es t imates  ( f o r  example, age-specif ic  

f e r t i l i t y  r a t e s  by s i n g l e  y e a r s  of women). I n  

a c t u a l  p r a c t i c e ,  t h e  own-children method i s  

' u s u a l l y  employed t o  d e r i v e  e s t i m a t e s  of age- 

s p e c i f i c  f e r t i l i t y  r a t e s ,  w i t h  t h e  b a s i c  

reverse -surv iva l  procedure descr ibed  above 

used t o  es t imate  crude b i r t h  r a t e s  (both of 

which provide u s e f u l  in format ion  f o r  census 

e v a l u a t i o n  purposes) . 
For census e v a l u a t i o n  purposes ,  f e r t i l i t y  

e s t i m a t e s  der ived on t h e  b a s i s  of any of t h e  

approaches descr ibed above may be used i n  

developing an expected popula t ion  a g a i n s t  

which t o  compare an enumerated census popula- 

t i o n .  Caution i s  adv ised ,  however, when us ing  

t h e  r e s u l t s  of t h e  census under e v a l u a t i o n  t o  

d e r i v e  e s t i m a t e s  of f e r t i l i t y  parameters .  

The reason  f o r  t h i s  is  t h a t  t h e  use  of methods 

which a r e  dependent upon a s p e c t s  of t h e  census 

which a r e  t o  be eva lua ted  w i l l  produce evalua- 

t i o n  r e s u l t s  which a r e  b iased  t o  some e x t e n t .  

For example, i f  c h i l d r e n  aged 0 t o  4 y e a r s  a r e  

underenumerated i n  t1.e census  (which is  q u i t e  

f r e q u e n t l y  t h e  case)  and reverse -surv iva l  

t echn iques  a r e  used t o  e s t i m a t e  t h e  number of 

b i r t h s  dur ing t h e  5 y e a r s  p r i o r  t o  t h e  census,  

t h e  r e s u l t i n g  f e r t i l i t y  e s t i m a t e  w i l l  be  

b i a s e d  downward. When t h i s  e s t i m a t e  i s  used 

t o  d e r i v e  an expected count  of p e r s o n s  aged 

0 t o  4 y e a r s  a t  t h e  t i m e  of t h e  census ,  t h i s  

expected popula t ion  w i l l  be b i a s e d  downward, 

a s  w i l l  t h e  r e s u l t i n g  e s t i m a t e  of census  

coverage e r r o r  f o r  t h i s  segment of t h e  popula- 

t ion .  

General ly  speaking,  f e r t i l i t y  e s t i m a t e s  

based upon c h i l d r e n  ever  born d a t a  a r e  pre- 

f e r a b l e  t o  those  based upon r e v e r s e - s u r v i v a l  

methods f o r  census e v a l u a t i o n  purposes  s i n c e  

t h e  former t ends  t o  be l e s s  d i r e c t l y  b i a s e d  by 

e r r o r s  i n  t h e  census.  While s t a b l e  popula t ion  

methods a r e  dependent upon t h e  age d i s t r i b u -  

t i o n  of t h e  popula t ion  recorded  i n  t h e  census 

(where t h i s  parameter is  used t o  s e l e c t  a model 

s t a b l e  p o p u l a t i o n ) ,  t h e  p r o c e s s  of cumulat ion 

of t h e  age d i s t r i b u t i o n  t e n d s ,  a t  l e a s t  

p a r t i a l l y ,  t o  dampen t h e  b i a s e s  i n  t h e  esti- 

mates r e s u l t i n g  from age  m i s r e p o r t i n g  o r  age- 

s p e c i f i c  coverage e r r o r s .  S i m i l a r l y ,  whi le  

f e r t i l i t y  e s t i m a t e s  d e r i v e d  on t h e  b a s i s  of 

a n a l y s e s  of census d a t a  f o r  c h i l d r e n  e v e r  born 

a r e  c l e a r l y  a f f e c t e d  by e r r o r s  i n  t h e  census 

(coverage e r r o r s  and age m i s r e p o r t i n g ) ,  t h e  

r e s u l t i n g  e s t i m a t e s  a r e  u s u a l l y  l e s s  b i a s e d  by 

t h e s e  e r r o r s  (un less  t h e  e r r o r s  a r e  c o r r e l a t e d  

wi th  f e r t i l i t y ) .  Es t imates  from d a t a  f o r  

c h i l d r e n  e v e r  born c o l l e c t e d  i n  a sample survey 

a r e  even less dependent upon e r r o r s  i n  t h e  

census and a r e  g e n e r a l l y  l e s s  a f f e c t e d  by non- 

sampling e r r o r ,  a l though s u b j e c t  t o  d i f f e r e n t  

types  of e r r o r s  (sampling e r r o r ,  f o r  example). 

The b a s i c  p o i n t  i s  t h a t  f o r  census  eval-  

u a t i o n  purposes ,  t h e  e s t i m a t e s  of f e r t i l i t y  

l e v e l s  used i n  developing an "expected" census 

popula t ion  should be a s  independent  of t h e  

census under e v a l u a t i o n  a s  p o s s i b l e .  

3 . 2  MontuRity ena%na;tion 

For d e s c r i p t i v e  purposes ,  t e c h n i q u e s  f o r  

t h e  i n d i r e c t  e s t i m a t i o n  of m o r t a l i t y  may be 
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divided i n t o  t h r e e  groups: (a)  methods f o r  

t h e  es t imat ion  of c h i l d  m o r t a l i t y ,  (b) methods 

f o r  t h e  es t imat ion  of a d u l t  m o r t a l i t y ,  and (c)  

methods which produce e s t i m a t e s  of t h e  over- 

a l l  l e v e l  of m o r t a l i t y  ( t h a t  is, both c h i l d  

and a d u l t  m o r t a l i t y ) .  The methods i n  t h e  

f i r s t  group, those producing es t imates  of 

i n f a n t / c h i l d  m o r t a l i t y ,  d e r i v e  from t h e  method 

developed by Brass (1964) using census o r  

survey information on numbers of c h i l d r e n  

ever  born by women of ch i ldbear ing  age 

(descr ibed i n  s e c t i o n  4.31) and numbers of 

c h i l d r e n  surviving.  The b a s i c  procedure 

t ransforms the  r a t i o  of t h e  number of sur- 

v i v i n g  c h i l d r e n  t o  t h e  t o t a l  number of 

c h i l d r e n  ever  born f o r  women i n  each 5-year 

age category i n t o  a l i f e - t a b l e  measure of t h e  

p r o b a b i l i t y  of s u r v i v a l  from b i r t h  t o  the  

average age of ch i ld ren  i n  each 5-year age 

category of women. These es t imates  a r e  ad- 

j u s t e d ,  depending upon t h e  f e r t i l i t y  p a t t e r n ,  

t o  y i e l d  es t imates  of t h e  p r o b a b i l i t y  of 

dying from b i r t h  t o  t h e  convent ional  ages 1, 

2 ,  3 ,  5 ,  10, and 20. T h e s e v a l u e s  a l s o  

provide a b a s i s  f o r  es t imat ing  t h e  re fe rence  

p o i n t  f o r  each of t h e  es t imated &(x) param- 

e t e r s  assuming t h a t  m o r t a l i t y  has been con- 

s t a n t  o r  has decl ined i n  a l i n e a r  fash ion  

( c f .  Feeney, 1980). 

Subsequently, a v a r i e t y  of modi f ica t ions  

t o  and ex tens ions  of t h e  b a s i c  method have 

been proposed. Su l l ivan  (1972) and T r u s s e l l  

(1975) have developed a l t e r n a t i v e  sets of ad- 

justment m u l t i p l i e r s  t o  i n c r e a s e  t h e  f  l e x i -  

b i l i t y  of the  method under d i f f e r i n g  f e r -  

t i l i t y  condi t ions .  Extensions of t h e  b a s i c  

method include t h e  development of a dura t ion  

of marriage-based v e r s i o n  of t h e  Brass age 

model, t h e  a p p l i c a t i o n  of t h e  b a s i c  method 

t o  da ta  from two surveys t o  ob ta in  an e s t i -  

mate of inter-survey c h i l d  m o r t a l i t y ,  and a 

v a r i a n t  i n  which t h e  f e r t i l i t y  exper iences  

of " t rue"  cohorts  a r e  used t o  a d j u s t  t h e  

model-based adjustment m u l t i p l i e r s  used i n  

t h e  b a s i c  v e r s i o n  of t h e  method. 

Recently,  a method based upon d a t a  col- 

l e c t e d  from women a t t e n d i n g  a medica l /hea l th  

c e n t e r  t o  bear  a c h i l d  regard ing  t h e  s u r v i v a l  

of t h e  previous c h i l d  h a s  been t e s t e d  i n  

s e v e r a l  L a t i n  American c o u n t r i e s  ( s e e  P u j o l ,  

1985). This  method u s e s  in format ion  which 

can be quickly and inexpensively c o l l e c t e d  t o  

provide an e s t i m a t e  of c h i l d  m o r t a l i t y  between 

t h e  b i r t h  of t h e  p rev ious  c h i l d  and t h e  d a t e  

of b i r t h  of t h e  newborn c h i l d  (an average 

d u r a t i o n  of about 30 months i n  h igh  f e r t i l i t y  

s o c i e t i e s )  . 
Several  approaches have been developed 

f o r  t h e  i n d i r e c t  e s t i m a t i o n  of a d u l t  mortal-  

i t y .  One approach is  based upon census  o r  

survey informat ion on t h e  orphanhood s t a t u s  

of a l l  persons interviewed ( c f .  B r a s s  and 

H i l l ,  1973; Blacker ,  1977).  Under t h i s  ap- 

proach, informat ion on t h e  p r o p o r t i o n  of re- 

spondents whose mother o r  f a t h e r  had d ied  

p r i o r  t o  t h e  d a t e  of d a t a  c o l l e c t i o n  is  com- 

bined with  informat ion on t h e  average age of 

ch i ldbear ing  women i n  t h e  popula t ion  t o  pro- 

duce e s t i m a t e s  of t h e  p r o b a b i l i t y  of p a r e n t a l  

s u r v i v a l  from t h e  t i m e  of b i r t h  of respondents  

over a pe r iod  of t ime equa l  t o  t h e  r e s p o n d e n t ' s  

age. These e s t i m a t e s  a r e  t ransformed i n t o  sur- 

v i v a l  p r o b a b i l i t i e s  f  o r  convent iona l  ages  ( f o r  

example, from ages 25 t o  35, 40, 45, ..., 85) .  

Because t h e  method is  based upon t h e  m o r t a l i t y  

exper ience of t h e  p o r t i o n  of t h e  popula t ion  who 

survived t o  bear  c h i l d r e n ,  t h e  r e s u l t i n g  e s t i -  

mates a r e  c o n d i t i o n a l  p r o b a b i l i t i e s  based upon 

s u r v i v a l  t o  t h e  mean age of c h i l d b e a r i n g .  The 

method may be a p p l i e d  e i t h e r  t o  t h e  e s t i m a t i o n  

of female a d u l t  m o r t a l i t y  ( t h e  mate rna l  arphan- 

hood method) based upon t h e  s u r v i v a l  s t a t u s  of 

t h e  respondents  mother o r  male a d u l t  m o r t a l i t y  

( t h e  p a t e r n a l  orphanhood method) based upon 

s i m i l a r  informat ion regard ing  t h e  s u r v i v a l  

s t a t u s  of f a t h e r s .  
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A s imi la r  approach uses census o r  survey 

information on t he  surv iva l  s t a t u s  of f i r s t  

spouses t o  es t imate  adu l t  su rv iva l  probabil- 

i t i e s  (H i l l ,  1977) . I n  the  "widowhood" method, 

proport ions of ever-married persons whose 

f i r s t  spouse was s t i l l  l i v i n g  a t  the  time of 

da t a  co l l ec t i on  is used i n  conjunct ion wi th  

t h e  information on mean age a t  f i r s t  marriage 

(estimated by t he  s i ngu l a t e  mean age a t  mar- 

r i a g e  - SMAM) t o  der ive  e s t ima te s  of condi- 

t i o n a l  surv iva l  p r o b a b i l i t i e s  f o r  spouses from 

marriage t o  t he  da t e  of the census o r  survey. 

These a r e  then transformed i n t o  p r o b a b i l i t i e s  

of surv iva l  from a re fe rence  age (age 20, f o r  

example, t o  ages 25, 30, 35, ..., 60) i n  much 

t h e  same way a s  i n  t he  orphanhood method. 

Est imates  f o r  males a r e  obtained based upon 

t h e  r epo r t s  of spousal  su rv iva l  s t a t u s  of 

female respondents,  while e s t ima te s  f o r  females 

a r e  derived on t he  b a s i s  of r e p o r t s  of male 

respondents.  

Brass (1984) has r ecen t ly  shown t h a t  

o the r  es t imates  of adu l t  mor t a l i t y  can be 

obtained from deductions regard ing  maternal  

su rv iva l  even i n  t he  absence of d i r e c t  in for -  

mation concerning survivor  sh ip .  The method 

uses  the excess of ch i ldren  recorded i n  a  

census over those repor ted  by mothers a s  

surviving t o  es t imate  t he  number of ch i l d r en  

whose mothers have died. 

I n  general ,  t he  widowhood method i s  

thought t o  produce more r e l i a b l e  es t imates  

than the  orphanhood method l a r g e l y  because 

i t  avoids some of t he  p o t e n t i a l l y  s e r i ous  

b i a se s  assoc ia ted  with t he  orphanhood method 

( c f .  United Nations, 1983:llO). 

An a l t e r n a t i v e  approach f o r  the  e s t i -  

mation of adul t  mor t a l i t y  de r ive s  from the  

work of Brass (1975) and Pres ton  e t  a l .  

(1980). The two v a r i a n t s  of t h i s  method a r e  

based upon the f a c t  t h a t  i n  a  s t a b l e  popula- 

t i o n  the r a t e  of en t ry  i n t o  t h e  populat ion 

aged x and above i s  equa l  t o  t h e  r a t e  of 

depar ture  through death p l u s  t h e  s t a b l e  pop- 

u la t ion 'growth  r a t e  (which is  t h e  same f o r  

a l l  va lues  of x) . The o r i g i n a l  Brass  

Growth Balance Method makes use  of t h i s  

r e l a t i o n s h i p  i n  developing a  mathematical 

model from which the  under repor t ing  of 

dea ths  e i t h e r  i n  v i t a l  r e g i s t r a t i o n  d a t a  o r  

i n  survey r e p o r t s  on t h e  number of dea th s  i n  

t h e  previous 12 months may be e s t ima ted  

by means of comparison w i th  t h e  age d i s t r i -  

bu t ion  of t he  populat ion a s  recorded i n  a  

census. The bas i c  method compares t h e  age 

d i s t r i b u t i o n  of repor ted  dea ths  wi th  t h e  age 

d i s t r i b u t i o n  of t he  popula t ion  which is  exposed 

t o  t he  underlying m o r t a l i t y  regime t o  d e r i v e  

an es t imate  of t he  e x t e n t  of under repor t ing  of 

dea ths .  The r e s u l t i n g  e s t i m a t e  may then  be 

used t o  a d j u s t  t he  r epo r t ed  m o r t a l i t y  da t a .  

The method proposed by P re s ton  e t  a l .  a t tempts  

t o  i nc r ea se  t he  robus tness  of t h e  Brass  method 

i n  de s t ab i l i z ed  s i t u a t i o n s .  

A t h i r d  approach f o r  t he  e s t ima t ion  of 

a d u l t  mor t a l i t y  uses  t h e  age and s ex  d i s t r i b u -  

t i o n s  from two success ive  census enumerations 

t o  der ive  e s t ima te s  of t h e  l e v e l  of m o r t a l i t y  

during t he  i n t e r censa l  per iod .  The r a t i o n a l e  

f o r  t h i s  approach i s  q u i t e  s t r a i g h t £  orward. 

I n  a  populat ion closed t o  migra t ion  i n  which 

two censuses have been taken  i yea r s  a p a r t ,  

t h e  populat ion aged x + i y e a r s  a t  t h e  time 

of t he  second census r e p r e s e n t s  t he  "survivors"  

of t he  populat ion aged x a t  t h e  time of t h e  

f i r s t  census. Accordingly, t h e  p r o b a b i l i t y  of 

s u r v i v a l  over t he  i n t e r c e n s a l  per iod  a t  each 

i n i t i a l  age x may be es t imated  from t h e  sur- 

v i v a l  r a t i o s  implied by t h e  two census age-sex 

d i s t r i b u t i o n s  (assuming of course ,  a ccu ra t e  

census enumerations).  

The bas i c  l o g i c  of t h i s  approach may be 

appl ied  i n  a  number of ways t o  e s t ima te  d i f -  

f e r e n t  mor t a l i t y  parameters.  I n  t h e  most 
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d i r e c t  app l i ca t i on ,  implied cohort surv iva l  

r a t e s  a r e  compared with (smoothed by) model 

l i f e  t a b l e  surv iva l  r a t e s  using t he  Coale- 

Demeny o r  o ther  system of model l i f e  t ab l e s  

(see United Nations, 1983, f o r  a  de sc r ip t i on  

of t he  ava i l ab l e  systems of model l i f e  t ab l e s )  

t o  i den t i fy  a  l eve l  of mor t a l i t y  which is  the  

most cons i s t en t  with t he  implied census sur- 

v i v a l  r a t e s .  The r e s u l t i n g  "best" es t imate  

of t he  mor t a l i t y  l e v e l  may then be used t o  

derive a  f u l l  l i f e  t a b l e  corresponding t o  t he  

i n t e r censa l  per iod.  

When information on i n t e r c e n s a l  cohort  

deaths  i s  ava i l ab l e  e i t he r ' f r om v i t a l  reg is -  

t r a t i o n  d a t a  o r  r e t ro spec t i ve  surveys,  t h i s  

information can be u t i l i z e d  along with popula- 

t i o n  counts by age and sex  from two successive 

censuses t o  der ive  es t imates  of both t he  

ex ten t  of underreport ing of dea ths  and d i f -  

f e r e n t i a l  coverage i n  t he  two censuses. The 

bas ic  procedure e n t a i l s  t h e  comparison of t he  

observed census cohort s u r v i v a l  r a t e s  be- 

tween t he  two censuses wi th  those expected 

on t he  b a s i s  of r epo r t ed / r eg i s t e r ed  deaths 

and t he  consistent adjustment of t h e  census and 

mor ta l i ty  da ta .  The app l i ca t i on  of t h i s  

approach t o  census eva lua t ion  i s  described 

i n  g r ea t e r  d e t a i l  i n  s e c t i o n  7 of chapter  5. 

A t h i r d  va r i an t  of t h e  b a s i c  approach 

e n t a i l s  t h e  use  of t h e  i n t e r c e n s a l  cohort 

growth r a t e s  implied by two successive 

censuses i n  a  population t h a t  has been ap- 

proximately s t a b l e  t o  convert t h e  average age 

d i s t r i b u t i o n  from the  two censuses i n t o  t h e  
L 

equivalent  of a  s t a t i ona ry  populat ion (5 x) 

l i f e - t a b l e  func t ion  from which var ious  mor- 

t a l i t y  parameters may be derived (Bennett 

and Horiuchi,  1981; Pres ton  e t  a l . ,  1980). 

While s imi l a r  conceptually t o  t he  f i r s t  

va r i an t  descr ibed above, t h i s  v a r i a n t  uses  

the  bas ic  required da t a  i n  an innovat ive 

manner t o  der ive  an es t imate  of expec ta t ion  

of l i f e  f o r  t he  average i n t e r c e n s a l  popula- 

t i o n  from which a  f u l l  l i f e  t a b l e  may be 

derived.  This  method r ecen t ly  has  been ex- 

tended t o  t he  case  of d e s t a b i l i z e d  popula t ions  

given information on n e t  migra t ion  r a t e s  

(see Preston and Coale, 1982; Bennett  and 

Horiuchi,  1984) . 
Fina l l y ,  s t a b l e  and quas i - s tab le  popula- 

t i o n  methods, a s  descr ibed above i n  connect ion 

wi th  t he  es t imat ion  of f e r t i l i t y  parameters ,  

may be appl ied  i n  t he  e s t ima t ion  of an  o v e r a l l  

l e v e l  of mdr t a l i t y  given t he  age-sex d i s t r i -  

bu t ion  from a census and an e s t ima te  of e i t h e r  

t h e  growth r a t e  o r  t he  l e v e l  of fertility i n  

t he  populat ion.  I n  t he  case  of m o r t a l i t y  

es t imat ion ,  a  model s t a b l e  popula t ion  would 

be s e l ec t ed  on t h e  b a s i s  of t h e  recorded 

census age d i s t r i b u t i o n  and e i t h e r  t h e  esti- 

mated growth r a t e  o r  f e r t i l i t y  l e v e l  i n  t he  

populat ion and t he  mor t a l i t y  l e v e l  implied 

by t he  two observed parameters accepted  a s  an 

es t imate  of t h e  o v e r a l l  l e v e l  of m o r t a l i t y  i n  

t he  populat ion under study. Under cond i t i ons  

of dec l in ing  mor t a l i t y ,  quas i - s tab le  popula- 

t i o n  adjustments may be appl ied  i f  t h e  l e n g t h  

of time during and t he  r a t e  a t  which m o r t a l i t y  

has  been dec l in ing  can be approximated. 

Est imates  of c h i l d  and a d u l t  m o r t a l i t y  

der ived on t he  b a s i s  of t he  methods descr ibed 

above may be combined i n t o  a  c o n s i s t e n t  s e t  

of l i f  e- table  s u r v i v a l  p r o b a b i l i t i e s  fol lowing 

procedures descr ibed i n  United Nations 

(1983: 147-155). 

The cau t ion  noted i n  connection wi th  

f e r t i l i t y  es t imat ion  regard ing  t he  need f o r  

t he  e s t ima te ( s )  t o  be a s  independent as pos- 

s i b l e  of t he  census under eva lua t i on  a l s o  

a p p l i e s  t o  e s t ima te s  of mor t a l i t y .  I n  t h e  

ca se  of mor t a l i t y  e s t ima t ion ,  e s t ima te s  based 

upon the  comparison of success ive  censuses 

a r e  t he  l e a s t  p r e f e r r ed  because of t h e i r  f u l l  
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r e l i ance  on t he  population count i n  t h e  cen- 

' sus  being evaluated. While t h e  es t imates  

from o ther  methods based upon the  da t a  from 

the census under eva lua t ion  a l s o  w i l l  be  i n f l u -  

enced by t he  q u a l i t y  of t he  census enumeration, 

t he  degree of dependency is genera l ly  lower. 

I n  t he  absence of usable s t a t i s t i c s  from 

border con t ro l  systems, passenger counts ,  

passpor t /v i sa  app l i ca t i on  counts ,  e t c . ,  t h e  

est imation of i n t e r n a t i o n a l  migrat ion must 

depend upon census and survey da ta .  Useful  

information f o r  es t imat ion  purposes may be 

derived from responses t o  ques t ions  f requent ly  

included i n  censuses and household surveys,  

such a s  p lace  (country) of b i r t h ,  res idence  

a t  a  f ixed  p r i o r  d a t e ,  dura t ion  of res idence  

( i n  t he  country) ,  per iod of immigration, and 

na tu ra l i z a t i on  ( c i t i z ensh ip )  s t a t u s .  In for -  

mation a l s o  may be derived from census o r  

survey counts of na t i ona l s  abroad and/or 

migration s t a t i s t i c s  of o ther  coun t r i e s .  

Several approaches a r e  ava i l ab l e  f o r  

u t i l i z i n g  census and survey information t o  

est imate t he  volume of n e t  migrat ion during 

t he  period between two censuses or  surveys. 

Separate es t imates  f o r  immigration and emi- 

g r a t i on  a r e  genera l ly  no t  poss ib le  on t he  

b a s i s  of census o r  survey da t a .  

One bas i c  approach makes use of t he  pop- 

u l a t i o n  balancing equat ion ( see  s ec t i ons  5.3 

and 6.3 of chapter  5) t o  provide an e s t ima te  

of t he  volume of n e t  migrat ion.  I n  t he  

absence of census e r r o r s ,  t he  populat ion 

enumerated a t  the  time of a  p a r t i c u l a r  census 

w i l l  be equal  t o  t he  populat ion enumerated 

i n  a  previous census p lus  the  number of i n t e r -  

censa l  b i r t h s  minus the  number of i n t e r censa l  

deaths  p lus  o r  minus t he  number of i n t e r c e n s a l  

migrants. Hence, i f  t he  numbers of i n t e r -  

censal  b i r t h s  and deaths a r e  known or  can be 
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es t imated ,  these f i g u r e s  may be used i n  

conjunction with the  two census counts  t o  

es t imate  t he  number of n e t  i n t e r c e n s a l  migrants  

a s  a  r e s idua l  i n  the  ba lanc ing  equa t ion .  

For census eva lua t ion  purposes, t h e  e s t i -  

mates of migration obtained through t h i s  pro- 

cedure w i l l  not  be p a r t i c u l a r l y  u s e f u l  because 

some por t ion  of t he  r e s i d u a l  es t imate  of migra- 

t i o n  w i l l  cons i s t  of d i f f e r e n t i a l  coverage 

e r r o r s  i n  t he  two censuses.  A s  a  r e s u l t ,  t he  

use  of such migrat ion e s t ima te s  f o r  census 

eva lua t ion  w i l l  produce b i a sed  e s t ima te s  of 

n e t  census coverage e r r o r .  

Related methods based on da t a  from two 

censuses may, however, prove u se fu l  f o r  

eva lua t ion  purposes. I n  coun t r i e s  where a  

l a r g e  propor t ion  of t he  n e t  movement of pop- 

u l a t i o n  c o n s i s t s  of movement of foreign-born 

persons,  an es t imate  of n e t  in-migration f o r  

an i n t e r censa l  per iod may be obtained through 

the  comparison of counts  of foreign-born per- 

sons ( i d e a l l y  by age and sex)  i n  success ive  

censuses. Under t h i s  approach, t he  change i n  

t he  s i z e  of the  foreign-born populat ion 

between two census d a t e s  which cannot be  ac- 

counted f o r  by m o r t a l i t y  i s  used a s  an e s t i -  

mate of ne t  migrat ion between t he  two censuses.  

I f  t he  populat ion of foreign-born persons  

enumerated i n  t h e  second census exceeds t h a t  

expected on the  b a s i s  of t he  count enumerated 

i n  t he  f i r s t  census and t he  p r eva i l i ng  l e v e l  

of mor t a l i t y  ( introduced ope ra t i ona l l y  i n  

terms of l i f e - t a b l e  s u r v i v a l  p r o b a b i l i t i e s ) ,  

n e t  i n t e r c e n s a l  immigration would be i n f e r r e d .  

A d e f i c i t  of t he  enumerated foreign-born popu- 

l a t i o n  i n  comparison w i th  t h e  expected count 

would imply n e t  emigrat ion during t he  i n t e r -  

censa l  per iod .  Census counts  of t he  popula t ion  

by c i t i z e n s h i p  may be used i n  a  s i m i l a r  manner, 

bu t  an adjustment f o r  t h e  dep l e t i on  of t h e  num- 

ber  of non-ci t izens due t o  n a t u r a l i z a t i o n  dur- 

ing t he  i n t e r censa l  per iod  w i l l  be r equ i r ed .  
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I n  c o u n t r i e s  where t h e  major p o r t i o n  of 

i n t e r n a t i o n a l  migra t ion  c o n s i s t s  of movement 

of n a t i o n a l s  (native-born p e r s o n s ) ,  t h e  same 

approach may be app l ied  t o  counts  of n a t i o n a l s  

r e s i d i n g  abroad i n  two censuses  t o  d e r i v e  an 

e s t i m a t e  of t h e  n e t  i n t e r c e n s a l  migra t ion  of 

n a t i o n a l s .  I n  t h i s  case ,  a  s u r p l u s  of t h e  

enumerated popula t ion  of n a t i o n a l s  r e s i d i n g  

abroad i n  t h e  second census over  t h a t  expected 

on the  b a s i s  of t h e  count i n  t h e  f i r s t  census 

and the  es t imated  l e v e l  of i n t e r c e n s a l  mor- 

t a l i t y  f o r  t h i s  populat ion would be i n d i c a t i v e  

of n e t  emigrat ion from t h e  count ry  under s tudy 

dur ing  t h e  i n t e r c e n s a l  p e r i o d ,  whi le  a  d e f i c i t  

of t h e  enumerated t o  t h e  expected popula t ion  

of n a t i o n a l s  r e s i d i n g  abroad would i n d i c a t e  

n e t  i n t e r c e n s a l  immigration. 

I n  s i t u a t i o n s  where t h e r e  i s  s i g n i f i c a n t  

movement of both n a t i o n a l s  and foreign-born 

populat ion,  t h e  s e p a r a t e  e s t i m a t e s  of n e t  

i n t e r c e n s a l  migra t ion  der ived a s  desc r ibed  

above may be combined i n t o  a  s i n g l e  e s t i m a t e  

f o r  t h e  i n t e r c e n s a l  per iod.  The use  of t h i s  

approach assumes t h e  a p p r o p r i a t e  q u e s t i o n s  

have been included i n  both censuses .  

It should be noted t h a t  t h e s e  e s t i m a t e s  

a r e  sub jec t  t o  t h e  same l i m i t a t i o n s  noted 

above i n  connect ion with  t h e  popula t ion  

balancing equa t ion ,  namely t h a t  t h e  r e s u l t i n g  

e s t i m a t e s  of migrat ion w i l l  be a f f e c t e d  t o  

some e x t e n t  by d i f f e r e n t i a l  l e v e l s  of coverage 

and content  e r r o r  i n  t h e  two censuses .  How- 

e v e r ,  s i n c e  t h e  numbers of persons involved 

i n  the  es t imat ion  procedure a r e  substan- 

t i a l l y  smal le r  than t h e  r e s i d u a l  method 

based upon t h e  e n t i r e  popula t ion ,  t h e  

r e s u l t i n g  b i a s  w i l l  o f t e n  have a  p r o p o r t i o n a l l y  

smal l  e f f e c t  on t h e  r e s u l t i n g  e s t i m a t e s  of 

census  e r r o r .  

Census o r  survey ques t ions  on p l a c e  of 

res idence  a t  a f i x e d  p r i o r  d a t e ,  f o r  example 

5 or  10 years  p r i o r  t o  t h e  census o r  survey,  

and per iod  of immigration may be used i n  a  

more d i r e c t  fash ion  t o  e s t i m a t e  t h e  l e v e l  of 

immigration i n  s p e c i f i e d  p e r i o d s  p reced ing  t h e  

census o r  survey. However, t h e s e  d a t a  s u f f e r  

from s e v e r a l  methodological d i f f i c u l t i e s .  

F i r s t  and foremost among t h e s e  is t h a t  t h e  

respondents  interviewed r e p r e s e n t  t h e  "sur- 

v ivors"  of t h e  stream of in-migrants and n o t  

t h e  a c t u a l  numbers. Immigrants who had d i e d  

o r  had emigrated p r i o r  t o  t h e  d a t e  of d a t a  

c o l l e c t i o n  a r e  missed i n  t h e s e  d a t a ,  and t h u s  

b i a s  t h e  r e s u l t i n g  e s t i m a t e  of immigration. 

While t h e  m o r t a l i t y  b i a s  may be minimized by 

"reverse-surviving" t h e  enumerated popula t ion  

of immigrants over a p p r o p r i a t e  p e r i o d s  depend- 

i n g  upon t h e  r e f e r e n c e  p e r i o d s  used i n  t h e  

census o r  survey q u e s t i o n s ,  t h e  problem of 

subsequent emigrat ion p r i o r  t o  t h e  d a t e  of 

d a t a  c o l l e c t i o n  remains.  F u r t h e r ,  t h e s e  t y p e s  

of d a t a  p rov ide  no b a s i s  f o r  measuring t h e  

movement of n a t i o n a l s .  I n  summary, whi le  

such d a t a  p rov ides  some informat ion on 

migra t ion  i n  v a r i o u s  p e r i o d s  p r i o r  t o  a  census  

o r  survey,  i t  should be used w i t h  g r e a t  c a u t i o n  

f o r  census  e v a l u a t i o n  purposes .  

In  some c a s e s ,  u s a b l e  d a t a  on emigra t ion  

from a country may b e  der ived  from immigration 

s t a t i s t i c s  o r  censuses  o r  su rveys  of o t h e r  

c o u n t r i e s .  Where t h e  d a t a  may be assumed t o  

be reasonably a c c u r a t e ,  s t a t i s t i c s  on numbers 

of immigrants and emigran t s  of ano ther  country 

may be used d i r e c t l y  a s  a  s u b s t i t u t e  f o r  such 

d a t a s i n  t h e  country under s tudy .  Due t o  t h e  

g e n e r a l l y  low q u a l i t y  of such d a t a ,  however, 

adjustments  f o r  suspected b i a s e s  a r e  u s u a l l y  

r e q u i r e d .  Data from one o r  two censuses  

o r  surveys i n  ano ther  country may be used 

i n  t h e  manner desc r ibed  above, assuming 

t h a t  t h e  d a t a  a r e  pub l i shed  o r  otherwise  

a v a i l a b l e  i n  a  form t h a t  i n d i c a t e s  t h e  f low 

of popula t ion  between t h e  country of i n t e r e s t  

and t h e  country f o r  which t h e  d a t a  a r e  

a v a i l a b l e .  
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Several  coun t r i e s  have at tempted t o  

measure emigrat ion of na t iona l s  by inc luding  

ques t ions  on r e l a t i v e s  r e s id ing  abroad i n  

censuses and surveys.  To d a t e ,  however, t h e  

r e s u l t s  of t h i s  approach have been f o r  t h e  

most p a r t  d isappoin t ing .  The major methodo- 

l o g i c a l  problems encountered under t h i s  

approach involve dup l i ca t e  r e p o r t i n g  of  

i nd iv idua l s  migrat ing from households i n  

which one or  more persons remain behind and 

undercoverage of cases  i n  which t h e  e n t i r e  

household has  migrated. 

F i n a l l y ,  migrat ion r e sea rche r s  have 

r ecen t ly  begun t o  explore  the p o s s i b i l i t i e s  

of using network ( m u l t i p l i c i t y )  sampling tech- 

niques i n  survey e f f o r t s  t o  e s t ima te  t h e  vol-  

ume of migrat ion wi th in  s p e c i f i e d  pe r iods  

(Goldstein and Goldstein,  1981). Under t h i s  

approach, respondents  who a r e  "captured" i n  

t h e  survey sample a r e  asked t o  r e p o r t  on t h e  

movement of persons with whom they a r e  

acquainted ( c f .  S i rken ,  1970 and 1972). While 

t h e r e  a r e  s eve ra l  methodological problems 

inhe ren t  i n  t h i s  approach which must be 

minimized t o  the  ex ten t  f e a s i b l e ,  t he  approach 

has cons iderable  p o t e n t i a l ,  p a r t i c u l a r l y  i n  

cases  where a l t e r n a t i v e  sources of information 

a r e  not  a v a i l a b l e .  
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Chapter  5 .  APPLICATION OF SELECTED DEMOGRAPHIC  

TECHNIQUES FOR CENSUS EVALUATION 

This chap te r  descr ibes  and provides 

i l l u s t r a t i v e  example a p p l i c a t i o n s  of some of 

the  more u s e f u l  demographic techniques f o r  

census evaluat ion in  developing country se t -  

t i n g s .  The chapter  begins with  a  desc r ip t ion  

of basic  g raph ica l  techniques f o r  t h e  v i s u a l  

inspect ion of census age and sex d i s t r i b u t i o n s .  

The app l ica t ion  of s t a b l e  populat ion theory t o  

t h e  evaluat ion of census a g e  and sex d i s t r i -  

butions i s  described next. Following t h i s  

d i scuss ion ,  four  evaluat ion approaches based 

upon t h e  comparison of da ta  from successive 

censuses a r e  i l l u s t r a t e d .  The f i r s t  of t h e s e  

uses r e g i s t e r e d  numbers of b i r t h s ,  dea ths ,  and 

n e t  migrants f o r  t h e  period between t h e  two 

censuses t o  d e r i v e  an "expected" population 

a t  t h e  t ime of t h e  second census which i s  used 

a s  a  "standard" f o r  evaluat ion purposes. The 

second method i s  based upon t h e  use  of e s t i -  

mates of f e r t i l i t y ,  m o r t a l i t y ,  and migration 

t o  p ro jec t  t h e  population enumerated i n  t h e  

f i r s t  census t o  t h e  da te  of t h e  second census. 

This projected population i s  used a s  a  stand- 

a rd  aga ins t  which t o  eva lua te  t h e  second cen- 

sus .  The t h i r d  approach involves  t h e  assess -  

ment of t h e  p l a u s i b i l i t y  of t h e  two census 

age d i s t r i b u t i o n s  through t h e  examination of 

implied i n t e r c e n s a l  cohort s u r v i v a l  r a t e s .  

The f i n a l  approach considered uses  regress ion  

procedures t o  es t imate  t h e  coverage "correc- 

t ion"  f a c t o r s  f o r  t h e  two censuses which 

would be required t o  make t h e  two census 

counts (by age) mutually c o n s i s t e n t  wi th  each 

o ther  and t h e  underlying l e v e l  of m o r t a l i t y  

i n  t h e  i n t e r c e n s a l  period. The r a t i o  of these  

cor rec t  ion f a c t o r s  represen t s  an es t imate  of 

r e l a t i v e  completeness of coverage i n  t h e  two 

censuses.  

With t h e  exception of t h e  f i r s t  approach 

considered (g raph ica l  ana lyses )  , t h e  presenta-  

t i o n  of each method is  arranged i n  t h e  follow- 

ing fashion:  (a)  a  d i s c u s s i o n  of t h e  b a s i s  o r  

r a t i o n a l e  of t h e  method; (b)  t h e  d a t a  requ i red  

f o r  i t s  a p p l i c a t i o n ;  (c )  t h e  step-by-step com- 

pu ta t iona l  procedures involved;  (d)  one o r  

more examples of t h e  a p p l i c a t i o n  of t h e  method; 

and (e )  a  d i scuss ion  of  t h e  u s e s  and l i m i t a -  

t i o n s  of t h e  method. 

Because of t h e  d i f f i c u l t i e s  involved i n  

obtaining s e p a r a t e  e s t i m a t e s  of coverage and 

content  e r r o r  using t h e s e  t echn iques ,  no a t -  

tempt was made t o  o rgan ize  t h e  c h a p t e r  around 

t h e  measurement o b j e c t i v e s  of t h e  methods 

descr ibed.  Instead,  t h e  u t i l i t y  of each 

method f o r  measuring coverage and con ten t  

e r r o r  i s  ind ica ted  i n  t h e  d i s c u s s i o n  of t h e  

method and, where p o s s i b l e ,  i l l u s t r a t e d  i n  

t h e  example a p p l i c a t i o n  of t h e  method. 

2 .  ANALYSES OF AGE-SEX V7STRI BUTS ONS 

Evaluation of t h e  "reasonableness"  of t h e  

d i s t r i b u t i o n  of t h e  popula t ion  enumerated i n  

a  census by age  and sex  can prov ide  consider-  

a b l e  i n s i g h t  i n t o  t h e  q u a l i t y  o f  t h e  census 

enumeration. The reason f o r  t h i s  is  t h a t  t h e  

age and s e x  d i s t r i b u t i o n  of a  popula t ion ,  which 

i s  determined by t h e  l e v e l s  of f e r t i l i t y ,  mor- 

t a l i t y ,  and i n t e r n a t i o n a l  migra t ion  t o  which 

t h e  populat ion has been exposed, fo l lows  a 

well-known and f a i r l y  p r e d i c t a b l e  p a t t e r n  ( i n  

t h e  absence of e r r o r  i n  t h e  d a t a ) .  Accordingly, 

s i g n i f i c a n t  d i sc repanc ies  i n  a  census age-sex 
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d i s t r i b u t i o n  which cannot b e  accounted f o r  by 

ex t raord ina ry  events  (wars,  famines,  e t c . )  o r  

o the r  d i s t o r t i n g  f a c t o r s  ( s i g n i f i c a n t  l e v e l s  

of age- o r  sex-se lec t ive  i n t e r n a t i o n a l  migra- 

t i o n  o r  ab rup t  changes i n  f e r t i l i t y / m o r t a l i t y  

l e v e l s ,  f o r  example) a r e  u s u a l l y  i n d i c a t i v e  of 

census e r r o r s .  

Deta i led  eva lua t ion  of age-sex d i s t r i b u -  

t i o n s  can be  undertaken i n  t h e  absence of any 

o t h e r  informat ion.  However, an important l i m i -  

t a t i o n  of such ana lyses  is  t h a t  it i s  o f t e n  

d i f f i c u l t  t o  determine t h e  sources  of observed 

d i sc repanc ies  i n  t h e  da ta .  Never the less ,  be- 

cause e r r o r s  i n  census age-sex d a t a  tend t o  

fol low f a i r l y  common p a t t e r n s  whose sources  

a r e  known from previous  r e s e a r c h ,  it i s  o f t e n  

p o s s i b l e  t o  conclude w i t h  a  f a i r l y  h igh degree 

of conf idence t h a t  e i t h e r  census  e r r o r s  o r  

o t h e r  d i s t o r t i n g  f a c t o r s  were p r i m a r i l y  re-  

spons ib le  f o r  observed d i s t o r t i o n s  i n  va r ious  

segments of t h e  d i s t r i b u t i o n s  ( a l though  it i s  

less f r e q u e n t l y  t h e  c a s e  t h a t  d i r e c t  numerical  

e s t ima tes  of coverage and c o n t e n t  e r r o r  r a t e s  

can be de r ived) .  

I n  t h i s  s e c t i o n ,  s e v e r a l  approaches f o r  

a s s e s s i n g  t h e  q u a l i t y  of census  age and sex  

d a t a  a r e  descr ibed.  F i r s t ,  t h e  uses  of age- 

sex  pyramids and r e l a t e d  g r a p h i c a l  techniques  

t o  v i s u a l l y  i n s p e c t  t h e  d a t a  a r e  desc r ibed .  

Second, a  somewhat more q u a n t i t a t i v e  approach 

based upon t h e  a n a l y s i s  of age- and sex- ra t ios  

is  i l l u s t r a t e d .  The uses  o f  s e l e c t e d  i n d i c e s  

of o v e r a l l  accuracy and of t h e  magnitude of 

p a r t i c u l a r  p a t t e r n s  of e r r o r ,  "age heaping, ' '  

a r e  then summarized. The s e c t i o n  concludes 

w i t h  a  d i scuss ion  of t h e  p r a c t i c a l  u s e s  and 

l i m i t a t i o n s  of t h e s e  methods. 

One of t h e  more bas ic  procedures  f o r  

a s sess ing  t h e  q u a l i t y  of census  d a t a  on age 

and sex is  t o  v i s u a l l y  examine t h e  d a t a  us ing  

g raph ica l  techniques .  Perhaps t h e  most widely- 

used among these  i s  t h e  use  of t h e  popu la t ion  

pyramid, which d i s p l a y s  t h e  s i z e  of t h e  popu- 

l a t i o n  enumerated i n  each age group ( o r  cohor t )  

by sex.  I n  a  popula t ion which has  exper ienced 

r e l a t i v e l y  cons tan t  l e v e l s  of f e r t i l i t y  and 

m o r t a l i t y  and a t  most modest l e v e l s  of migra- 

t i o n ,  t h i s  d i s p l a y  t a k e s  t h e  form of a  pyramid. 

The wideness of the  base  of t h e  pyramid i s  de- 

termined by t h e  l e v e l  of f e r t i l i t y  i n  t h e  popu- 

l a t i o n ,  whi l e  t h e  r a p i d i t y  a t  which t h e  pyramid 

converges t o  i t s  peak i s  a  f u n c t i o n  of p rev ious  

l e v e l s  of m o r t a l i t y  and f e r t i l i t y .  

The popula t ion d i s t r i b u t i o n  enumerated 

i n  t h e  1950 Census of Japan ( f i g u r e  5-1) il- 

l u s t r a t e s  t h e  t y p i c a l  shape of a  p o p u l a t i o n  

age pyramid (shown i n  5-year a g e  groups) i n  

a  popula t ion wi th  r e l a t i v e l y  h i g h  l e v e l s  of 

f e r t i l i t y  and m o r t a l i t y  and n e g l i g i b l e  m i -  

g r a t i o n  and i n  which t h e  census enumeration 

i s  of r e l a t i v e l y  h igh  q u a l i t y .  The major 

d i s t o r t i o n  i n  t h e  pyramid f o r  Japan,  t h e  

d e f i c i t  of males aged 25 t o  39,  i s  t h e  

r e s u l t  of war c a s u a l t i e s .  

The e f f e c t s  of d e c l i n i n g  f e r t i l i t y  

and m o r t a l i t y  on t h e  age  d i s t r i b u t i o n  may 

be observed by comparing f i g u r e  5-1 w i t h  

f i g u r e  5-2, which shows t h e  a g e  d i s t r i b u t i o n  

of t h e  1980 census popu la t ion  of Japan.  The 

narrower base  of t h e  pyramid i n  t h e  1980 

census r e f l e c t s  t h e  r a p i d  d e c l i n e  i n  f  er- 

t i l i t y  which took p l a c e  dur ing  t h e  l a s t  30 

yea r  pe r iod .  The i r r e g u l a r  s i z e s  of t h e  

c o h o r t s  under t h e  age of 15 a r e  l a r g e l y  t h e  

r e s u l t  of d i s t o r t i o n s  among o l d e r  c o h o r t s  

in t h e  Japanese  popu la t ion  caused i n i t i a l l y  

by war, known a s  an "echo" e f f e c t ,  Over 

the  course  of s e v e r a l  g e n e r a t i o n s  t h e s e  

i r r e g u l a r i t i e s  w i l l  be d iminished and a 

smooth pyramid w i t h  a  narrower  base  t h a n  

t h a t  shown i n  f i g u r e  5-1 w i l l  e v e n t u a l l y  

evolve  (assuming, of course ,  t h a t  no  
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Figure 5 - 2 .  CENSUS POPULATION OF JAPAN BY AGE AND SEX, 1950 

Male 

Age 

85 and over 
80 to 84 
75 to 79 

70 to 74 

65 to 69 
60 to 64 
55 to 59 
50 to 54 

45 to 49 
40 to 44 

35 to 39 
30 to 34 
25 to 29 

20 to 24 
15 to 19 
10 to 14 

5 to 9 
under 5 

Female 

Population (millions) 

Source: Japan S t a t i s t i c s  Bureau, 1982, 1980 Population Census of Japan, Volume 3, Results of  
the First Basic Complete Tabulation, Part 1, Whole Japan, Table 3. 

Figure 5-2. CENSUS POPULATION OF JAPAN BY AGE AND SEX, 1980 

Male 

85 and over 
80 to 84 
75 to 79 
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55 to 59 
50 to 54 
45 to 49 
40 to 44 
35 to 39 
30 to 34 
25 to 29 
20 to 24 
15 to 19 
10 to 14 
5 to 9 
under 5 

Population (millions) 

Source: Japan S t a t i s t i c s  Bureau, 1982, 1980 Population Census of Japan, Volwne 2, Results of 
the First Basic Complete Tabulation, Part 1, Whole Japan, Table 2. 
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ex t raord ina ry  event  o r  f u r t h e r  major swings 

i n  f e r t i l i t y  o r  m o r t a l i t y  l e v e l s  occur) . 
I n  c o n t r a s t  w i t h  t h e  c a s e  of Japan,  where 

t h e  i r r e g u l a r i t i e s  in t h e  popula t ion pyramid 

can be  a t t r i b u t e d  l a r g e l y  t o  d e c l i n i n g  f e r -  

t i l i t y  l e v e l s  and per iods  of h igh m o r t a l i t y  

a s soc ia ted  wi th  war, t h e  causes  of t h e  i r r egu-  

l a r i t i e s  i n  t h e  1975 de f a c t o  census popula- 

t i o n  of Yemen ( f i g u r e  5-3) a r e  l e s s  c l e a r .  

While some por t ion  of t h e  d e f i c i t  of popula- 

t i o n  ( p a r t i c u l a r l y  among males) ages  15 t o  35 

is l i k e l y  a t t r i b u t a b l e  t o  l a b o r  migrat ion t o  

o the r  middle e a s t e r n  c o u n t r i e s ,  some of t h e  

o the r  d i s t o r t i o n s  i n  t h e  d i s t r i b u t i o n  a r e  

l i k e l y  t h e  r e s u l t  of census e r r o r .  The d e f i -  

c i t  of ch i ld ren  under 5  y e a r s  of age ,  f o r  

example, suggest  t h a t  young c h i l d r e n  may have 

been underenumerated and/or t r a n s f e r r e d  i n t o  

t h e  5  t o  9  age category through age r e p o r t i n g  

e r r o r s .  However, t h e  p o s s i b i l i t y  t h a t  t h e  

d e f i c i t  of young c h i l d r e n  r e f l e c t s  t h e  r e l a -  

t i v e l y  smal l  s i z e  of t h e  c o h o r t s  i n  t h e  peak 

f e r t i l i t y  yea r s  (ages  20 t o  24) cannot be  

dismissed s o l e l y  on t h e  b a s i s  of f i g u r e  5-3. 

I n  a c t u a l  p r a c t i c e ,  a d d i t i o n a l  i n v e s t  i- 

ga t ion  would be requ i red  t o  a s s e s s  whether 

t h e  s i z e  of t h e  enumerated cohor t  of young 

ch i ld ren  is  c o n s i s t e n t  wi th  t h e  s i z e  o f  t h e  

enumerated popula t ion in t h e  ch i ldbear ing  

yea r s  (ages  15 t o  49) and e s t i m a t e s  of t h e  

c u r r e n t  l e v e l s  of f e r t i l i t y  and i n f a n t  

m o r t a l i t y  i n  Yemen. (See s e c t i o n  5.4 f o r  

f u r t h e r  d i scuss ion  of t h i s  procedure.)  In- 

s i g h t  i n t o  t h i s  i s s u e  a l s o  can be gained 

through t h e  examination of t h e  census d a t a  

t abu la ted  by s i n g l e  yea r s  of age  (p resen ted  

l a t e r  i n  t h i s  s e c t i o n ) .  

While t h e  i n t e r p r e t a t i o n  of t h e  smal l  

s i z e  of t h e  cohor t  of c h i l d r e n  under 5  y e a r s  

of age  i s  unc lea r  s o l e l y  on t h e  b a s i s  of 

f i g u r e  5-3, t h e  i r r e g u l a r  s i z e s  of both  male 

and female cohor t s  above age 45 i s  very  l i k e l y  

t o  i n d i c a t e  t h e  presence of e r r o r  i n  t h e  d a t a .  

Because t h e  p a t t e r n  of a l t e r n a t i n g  excesses  

and d e f i c i t s  among s u c c e s s i v e l y  o l d e r  c o h o r t s ,  

age  mis repor t ing  (con ten t  e r r o r )  would seem 

l i k e l y  t o  be t h e  major s o u r c e  of e r r o r  i n  t h i s  

segment of t h e  popu la t ion .  

The age-sex d a t a  from t h e  1975 census  of 

Yemen w i l l  be used throughout  t h i s  s e c t i o n  t o  

i l l u s t r a t e  t h e  v a r i o u s  t echn iques  d i scussed .  

For comparative purposes ,  d a t a  from t h e  1980 

census of Argent ina  ( s e e  f i g u r e  5-4) a l s o  w i l l  

be used.  A s  i n d i c a t e d  i n  f i g u r e  5-4, t h e  a g e  

pyramid from t h e  A r g e n t ~ n a  census  conforms 

more c l o s e l y  t o  a  smooth d i s t r i b u t i o n ,  a l though  

some i r r e g u l a r i t i e s  a r e  e v i d e n t .  The a c t u a l  

d a t a  used t o  develop t h e s e  pyramids a r e  pre- 

sen ted  i n  f i g u r e s  5-5 and 5-6 t o  pe rmi t  t h e  

r e a d e r  t o  fo l low t h e  computat ional  procedures  

involved f o r  t h e  g r a p h i c a l  and numer ica l  tech- 

n iques  covered i n  t h i s  s e c t i o n .  

An examination of t h e  d a t a  by s i n g l e  

y e a r s  of age  p rov ides  a  c l o s e r  l o o k  a t  t h e  

p a t t e r n s  of e r r o r  suggested by t h e  a g e  pyra- 

mids based upon 5-year grouped d a t a  ( s e e  

f i g u r e s  5-7 and 5-8). The Yemen d a t a  shown 

i n  f i g u r e  5-7 sugges t  r a t h e r  s t r o n g l y ,  a s  was 

suggested by f i g u r e  5-3, t h a t  young c h i l d r e n  

(under age 2)  were underenumerated i n  t h e  cen- 

s u s  and t h a t  t h e  magnitude o f  a g e  r e p o r t i n g  

e r r o r s  among a d u l t s  is  s i g n i f i c a n t  . The 

p a r t i c u l a r  form of a g e  e r r o r  i l l u s t r a t e d  i n  

f i g u r e  5-7, a  tendency f o r  r e sponden t s  t o  r e -  

p o r t  ages  ending i n  p a r t i c u l a r  d i g i t s  ( o f t e n  0 

and 5 ,  a s  i n  t h e  c a s e  of Yemen), is  know a s  

d i g i t  p re fe rence  o r  age  heap ing  and i s  u s u a l l y  

observed t o  some degree  i n  most censuses .  A 

l e s s  pronounced degree  of heaping on a g e s  end- 

ing  i n  t h e  d i g i t s  0 and 5 a l s o  i s  apparen t  i n  

t h e  Argent ine  census ( f i g u r e  5-8). Otherwise,  

t h e  recorded age d i s t r i b u t i o n  of t h e  popu la t ion  

enumerated i n  t h e  Argent ine  census  r e v e a l s  only  

minor i r r e g u l a r i t i e s .  The major  u n c e r t a i n t y  

h e r e  might be  t h e  somewhat s m a l l e r  s i z e  of t h e  

5 t o  9  and 10 t o  14 a g e  ranges  i n  comparison 
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Figure 5-3. DE FACT0 CENSUS POPULATION OF YEMEN BY AGE AND SEX, 1975 

Age 
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Population (thousands) 

Source: "Evaluation and Analysis of t h e  1975 Population and Housing Census: Testing the 
Accuracy o f  Age-Sex S ta t i s t i c s , "  Yemen Arab Republic, Central Planning Organization, S t a t i s t i c s  
Dept., 1980, Table 1. 

Figure 5-4. CENSUS POPULATION OF ARGENTINA BY AGE AND SEX, 1980 
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Source: Censo National de Poblacion y Vivienda 1980, Ser ie  D, Reswnen National, Table G. 2. 
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Figure 5-5. DE FACT0 POPULATION OF YEMEN BY AGE AND SEX, 29 75 

-- 

Age I Hales  I Females Fema 1 es Age 

Source: Yemen Arab Republic (1980),  table 1. 

Age Males Ma l e s  Females 
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Figure 5-6. CENSUS POPULATION OF ARGENTIIVA BY AGE A N D  SEX, 2980 

2 5 215,544 
26 204,093 
27 21 1,619 
28 212,382 
29 206,427 

Source: Argentina 

Over 84  44,321 87,153 

Age Ferna 1 es Age Ma 1 es Ferna 1 es  Males Ferna l e s  Age Males 
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F i g u r e  5-7. DE FACT0 CENSUS POPULATION OF YEMEN BY SEX AND SINGLE YEARS OF AGE, 1975 

Male 
I":5h"I- 

Female 

Population (thousands) 

S o u r c e :  Yemen A r a b  Republic 11980), t a b l e  2 .  
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F i g u r e  5-8. CENSUS POPULATION OF ARGENTINA BY SEX AND SINGLE YEARS OF AGE, 1980 

Age 

Male Female 

350 300 250 200 150 100 50 0 0 50 100 150 200 250 300 350 

Population (thousands) 
Source: Argentina (1 9 8 2 ) ,  t a b l e  G. 2 
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with t h e  0  t o  4  and 15 t o  19 ranges .  The 

r e l a t i v e l y  l a r g e  s i z e  of t h e  popu la t ion  aged 

0  t o  4  yea r s  i n  comparison w i t h  those  aged 

5  t o  9 yea r s  might be due t o  a  r e c e n t  i n c r e a s e  

in f e r t i l i t y  which has been noted i n  a t  l e a s t  

one o t h e r  L a t i n  American coun t ry  ( C h i l e ) .  

The modest s i z e  of t h e  popula t ion aged 10 t o  

14 yea r s  r e l a t i v e  t o  ad jacen t  cohor t s  sugges t s  

t h e  presence of e r r o r  i n  t h e  census ,  o r  i m -  

migrat ion in t h e  15 t o  19 age  category (pos- 

s i b l y  from B o l i v i a  o r  Paraguay),  a l though  t h e  

cause i s  not apparent  from t h e  age pyramid 

a lone.  

An a l t e r n a t i v e  t o  t h e  popu la t ion  pyramid 

is  t h e  g raph ica l  d i sp lay  of cohor t  s i z e s  by 

age shown f o r  Yemen and Argent ina  i n  f i g u r e s  

5-9 and 5-10 (shown i n  s i n g l e  yea r s  of age) .  

This type of g raph ica l  d i s p l a y  s e r v e s  essen- 

t i a l l y  t h e  same purpose a s  t h e  popu la t ion  o r  

age pyramid, but  may be somewhat e a s i e r  t o  

analyze  p a r t i c u l a r l y  when two o r  more census  

age d i s t r i b u t i o n s  a r e  being compared i n  t h e  

same graph. 
I 

When two o r  more censuses  a r e  a v a i l a b l e ,  

the  g r a p h i c a l  technique i l l u s t r a t e d  in f i g u r e s  

5-9 and 5-10 may be extended t o  'examine t h e  

consis tency of t h e  age d i s t r i b u t i o n s  i n  suc- 

c e s s i v e  censuses .  This procedure,  known a s  

g r a p h i c a l  cohor t  a n a l y s i s ,  e n t a i l s  t h e  p l o t -  

t i n g  of t h e  s i z e  of a c t u a l  c o h o r t s  i n  each of 

the  censuses being compared on "semi-log" 

paper ( t h e  y-axis of t h e  graph is  expressed 

on a  logar i thmic  s c a l e ) .  Due t o  m o r t a l i t y ,  

t h e  s i z e  of each cohort  should d e c l i n e  i n  

success ive  censuses  and, i n  t h e  absence of 

e r r o r s  i n  t h e  censuses and migra t ion ,  t h e  

l i n e s  f o r  t h e  success ive  censuses  should 

fol low t h e  same p a t t e r n .  An important  ad- 

vantage of t h i s  approach is  t h a t  because 

a c t u a l  cohor t s  a r e  followed over t ime,  it is  

genera l ly  p o s s i b l e  t o  d i s c e r n  t h e  e f f e c t s  of 

ex t raord ina ry  events  and o t h e r  d i s t o r t i n g  

f a c t o r s  on t h e  census age-sex d i s t r i b u t i o n s .  

A g r a p h i c a l  cohor t  a n a l y s i s  i s  i l l u s t r a t -  

ed i n  f i g u r e  5-11 us ing  popula t ion coun t s  of 

males by age  ( i n  5-year a g e  groups) from t h e  

1970, 1975, and 1980 censuses  of Turkey. The 

p o i n t s  on t h e  l i n e  f o r  each census a r e  popu- 

l a t i o n  coun t s  f o r  each cohor t  p l o t t e d  at  t h e  

mid-point of t h e  5-year i n t e r v a l  dur ing  which 

t h e  cohor t  was born.  For t h e  0  t o  4  a g e  group 

i n  the  1980 census ,  f o r  example, t h e  census  

count of 3 .05 m i l l i o n  i s  p l o t t e d  a t  t h e  mid- 

po in t  of t h e  1975-1980 per iod dur ing which 

they were born.  This procedure i s  repea ted  

f o r  each cohor t  i n  t h e  1980 census and then  

f o r  t h e  1975 and 1970 censuses .  

I n  t h e  absence of census  e r r o r s  o r  migra- 

t i o n ,  t h e  t h r e e  l i n e s  should fo l low t h e  same 

t r e n d  and n o t  c r o s s  each o t h e r ,  wi th  t h e  l i n e  

corresponding t o  t h e  1970 census on t o p  and 

t h e  l i n e  f o r  t h e  1980 census  on t h e  bottom. I n  

f a c t ,  t h e  l i n e s  i n  f i g u r e  5-11 depar t  somewhat 

from t h i s  expected p a t t e r n ,  most no tab ly  a t  

t h e  youngest and o l d e s t  ages .  The f a c t  t h a t  

t h e  l i n e s  f o r  t h e  1975 and 1970 census begin  

lower than and c r o s s  over  t h e  l i n e  f o r  t h e  

1980 census  between t h e  ages  of 5 t o  9  is 

sugges t ive  of underenumeration of c h i l d r e n  

aged 0  t o  4  y e a r s  and /o r  a  sys temat ic  t r a n s f e r  

of i n f a n t s  and young c h i l d r e n  i n t o  t h e  5  t o  9  

age  ca tegory .  More extreme v o l a t i l i t y  is 

observed a t  t h e  o l d e r  ages ,  which i s  t y p i c a l l y  

a s soc ia ted  wi th  p r o p o r t i o n a t e l y  l a r g e r  e r r o r s  

made i n  r e p o r t i n g  ages  among o l d e r  popu la t ions .  

One of t h e  more u s e f u l  f e a t u r e s  of g raph i -  

c a l  cohor t  a n a l y s i s  i s  t h a t  t h e  comparison of 

success ive  censuses  p rov ides  t h e  a n a l y s t  w i t h  

a t  l e a s t  a  p a r t i a l  b a s i s  f o r  s e p a r a t i n g  h i s -  

t o r i c a l  a r t i f a c t s  i n  t h e  age  d i s t r i b u t i o n  

from t h e  e f f e c t s  of census  e r r o r s .  I n  t h e  

c a s e  of Turkey, f o r  example, t h e  f a c t  t h a t  

smal l e r  s u r v i v i n g  c o h o r t s  a r e  observed i n  a l l  

t h r e e  censuses  f o r  persons  born dur ing  

war yea r s  (1913-1917 and 1933-1943) s u g g e s t s  

t h a t  t h e s e  d i s t o r t i o n s  l a r g e l y  r e f l e c t  
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Figure  5-9. DE FACT0 CENSUS POPULATION OF YEmN, MALES BY SINGLE YEARS OF AGE, 2975 

Population 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 

Age 
Source:  Yemen Arab R e p u b l i c  ( 1 9 8 0 ) ,  t a b l e  I .  

F igure  5-10. CENSUS POPULATION OF ARGENTINA, MALES BY SINGLE YEARS OF AGE, 2980 

Population (in thousands) 

Age 
Source : Argen t i na  (2982 ) ,  t a b l e  G. 2.  
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Figure 5- 11. GRAPHICAL COHORT ANALYSIS OF CENSUS ENUMERATIONS OF MALES IN THE TURKISH CENSUSES 
OF 1970, 1975, AND 1980 

Population (in thousands) 

Year of Birth 
Source: S t a t e  I n s t i t u t e  o f  S t a t i s t i c s ,  Census o f  Population, Soc ia l  and Economic Charac- 

t e r i s t i c s  o f  the  PopuZation, tab le  8 ( f o r  1970 and 1975) and t a b l e  14 ( f o r  1980). 
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h i s t o r i c a l  even t s  r a t h e r  than  census a - r o r s  

(a l though some degree of census  e r r o r  is  sug- 

ges ted  by t h e  f a c t  t h a t  t h e  l i n e s  f o r  t h e  t h r e e  

censuses c r o s s  dur ing those  p e r i o d s ) .  The i m -  

p l i c a t i o n  of t h i s  is  t h a t  t h e s e  d i s t o r t i o n s  

should not  be "smoothedf1 when us ing t h e  census 

age d i s t r i b u t i o n s  f o r  popula t ion p r o j e c t i o n s  o r  

o t h e r  demographic analyses  s i n c e  they r e f l e c t  

a c t u a l  c h a r a c t e r i s t i c s  of t h e  popula t ion.  

2 .2  Age and h e x  ha;tioh 

The assessment of t h e  "reasonableness" of 

census age-sex d i s t r i b u t i o n s  may be approached 

in a  more q u a n t i t a t i v e  f a sh ion  through t h e  

examination of age and sex r a t i o s  in t h e  

enumerated census  popula t ion.  The d i a g n o s t i c  

va lue  of t h e s e  r a t i o s  l i e s  i n  t h e i r  p r e d i c t a b l e  

p a t t e r n s  i n  human popula t ions .  Accordingly,  

s i g n i f i c a n t  depar tu res  from r a t i o  v a l u e s  ex- 

pected i n  t h e  absence of measurement e r r o r  

which cannot be  explained by e x t r a o r d i n a r y  o r  

d i s t o r t i n g  f a c t o r s  i n d i c a t e  census e r r o r .  

Age r a t i o s  provide a  measure of t h e  

"smoothness" of t h e  age d i s t r i b u t i o n  of t h e  

popula t ion over a  r e s t r i c t e d  age range.  I n  

t h e  absence of sharp  swings i n  f e r t i l i t y  o r  

m o r t a l i t y ,  s i g n i f i c a n t  l e v e l s  of migra t ion ,  

o r  o the r  d i s t o r t i n g  f a c t o r s ,  t h e  enumerated 

s i z e  of a  p a r t i c u l a r  cohor t  should be approxi-  

mate ly  equa l  t o  t h e  average s i z e  of t h e  i m -  

media te ly  preceding and subsequent cohor t s .  

I n  o t h e r  words, t h e  r a t i o  of t h e  census  count 

f o r  a  p a r t i c u l a r  cohor t  t o  t h e  average of 

t h e  counts  f o r  t h e  ad jacen t  cohor t s  should 

be approximately equal  t o  1 . 0  ( o r  100 i f  

m u l t i p l i e d  by a  constant  o f  100). S i g n i f i -  

c a n t  depar tu res  from t h i s  "expected" r a t i o  

i n d i c a t e  e i t h e r  t h e  presence of e r r o r  i n  

t h e  census enumeration o r  of o t h e r  f a c t o r s  

noted above. 

Sex r a t i o s  a r e  def ined a s  t h e  r a t i o  of 

t h e  enumerated male popula t ion t o  t h e  enu- 

merated female popula t ion i n  a  p a r t i c u l a r  age  

group ( u s u a l l y  m u l t i p l i e d  by a  c o n s t a n t  t o  

produce a  measure based upon 100 - t h a t  i s ,  

t h e  number of males pe r  100 females)  . The 

s e x  r a t i o  a t  b i r t h  f o r  most p o p u l a t i o n s  l ies 

'between 102 t o  107, but due t o  h i g h e r  mor- 

t a l i t y  * r a t e s  f o r  males than  females  in most 

popu la t ions ,  t h e  r a t i o  d e c l i n e s  g r a d u a l l y  

among s u c c e s s i v e l y  o l d e r  segments o f  t h e  popu- 

l a t i o n .  Accordingly,  s i g n i f i c a n t  v a r i a t i o n s  

from t h i s  p a t t e r n  a r e  s u ~ g e s t i v e  e i t h e r  of 

census e r r o r s  o r  of t h e  2 r e s e n c e  o f  d i s t o r t i n g  

f a c t o r s  such  a s  s e x - s e l e c t i v e  m i g r a t i o n ,  p e r i -  

ods of h i g h  o r  changing s e x - s e l e c t i v e  mor- 

t a l i t y ,  o r  i n  some p o p u l a t i o n s  h i g h e r  female 

than male m o r t a l i t y .  

The u s e s  of age and s e x  r a t i o s  f o r  cen- 

s u s  e v a l u a t i o n  purposes  a r e  i l l u s t r a t e d  h e r e  

us ing t h e  d a t a  from t h e  censuses  o f  Yemen and 

Argentina ( s e e  f i g u r e s  5-5 and 5-6). F igure  

5-12 shows t h e  a g e  r a t i o s  f o r  5-year a g e  

c a t e g o r i e s  by s e x  c a l c u l a t e d  from t h e s e  two 

censuses.  The age  r a t i o s  were  c a l c u l a t e d  

us ing  t h e  formula:  

(5.1) 5ARx = 
P 

5 x 
1 

x 100 

3 (5px-5 + sPx + gPx+5) 
Where : 

AR = The age r a t i o  f o r  t h e  a g e  
category x t o  x+4 

P = The enumerated p o p u l a t i o n  i n  t h e  
age ca tegory  x t o  x+4 

P = The enumerated p o p u l a t i o n  i n  t h e  5  2-5 
a d j a c e n t  lower a g e  c a t e g o r y  (ages  
2-5 t o  2-1) 

5Pe5 = The enumerated p o p u l a t i o n  i n  t h e  
a d j a c e n t  h igher  a g e  c a t e g o r y  
(ages  x+5 t o  x+9) 

The i r r e g u l a r i t i e s  i n  t h e  a g e  d i s t r i b u -  

t i o n s  no ted  i n  t h e  g r a p h i c a l  a n a l y s e s  of t h e  

two censuses  a r e  c l e a r l y  r e f l e c t e d  by t h e  age  

r a t i o s  shown i n  f i g u r e  5-12. The r a t i o s  f o r  

t h e  Yemen census  r e v e a l  a  l a r g e r  number of 

s i g n i f i c a n t  d e p a r t u r e s  from t h e  expected 

r a t i o  v a l u e  of 100 than  t h e  Argen t ine  census.  

The g e n e r a l  p a t t e r n  i n  t h e  Yemen census  i s  
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Figure 5 -12 .  AGE RATIOS FOR FIVE-YEAR AGE CATEGORIES 
BY SEX: 1975 CENSUS OF YEMJW AND 1980 CENSUS OF 
ARGENTINA 

Y E M E N  
Age 

25 t o  29 yea r s . .  . . . 107.6 109.1 
30 t o  34 years . .  . . . 97.0 115.2 
35 t o  39 years . . . . .  105.1 99.2 
4 0 t o 4 4 y e a r s  ..... 105.2 107.2 
45 t o  49 years . .  .. . 86.6 82.3 

0  t o  4 years  ....... 
5  t o  9  years. . . . . . .  
1 0  t o  1 4  yea r s . . . . .  
15 t o  19 yea r s . .  ... 
20 t o  24 years . .  . . . 

ARGENT I NA 

Ma 1 e s  Fema 1 e s  

- - 
117.2 115.9 
97.3 87.9 
85.9 94.7 
81.1 90.1 

Ma 1 e s  Fema 1 e s  

Source: Derived from figures 5-5 and 5 - 6 .  

f o r  t h e  magnitude of t h e  d e p a r t u r e s  from a  

r a t i o  of 100 t o  grow l a r g e r  w i t h  t h e  inc reas -  

i n g  age of t h e  popula t ion.  Th i s  is  e s p e c i a l -  

l y  t r u e  a f t e r  a g e  40, due t o  a  s u b s t a n t i a l  

p re fe rence  among t h e  popula t ion aged 40 and 

above f o r  ages ending i n  t h e  d i g i t  0  (and t o  

a  l e s s e r  e x t e n t  t h e  d i g i t  5) observed i n  

f i g u r e s  5-7 and 5-9. The f l u c t u a t i o n s  i n  t h e  

age  r a t i o s  f o r  t h e  popula t ion aged 60 and 

above i n  t h e  Argent ine  census a r e  a l s o  sug- 

g e s t i v e  of somewhat g r e a t e r  census  e r r o r  f o r  

t h e  o l d e r  than f o r  t h e  younger popu la t ion .  

Two o the r  p o i n t s  worthy of n o t e  i n  

connection w i t h  t h e  age r a t i o s  from Yemen a r e  

t h e  high r a t i o s  f o r  t h e  5  to  9  cohor t  and t h e  

low r a t i o s  f o r  t h e  15 t o  19 and 20 t o  24 co- 

h o r t s .  The very  l a r g e  census count f o r  t h e  

5  t o  9  cohor t ,  e s p e c i a l l y  i n  r e l a t i o n  t o  t h e  

0  t o  4  cohor t ,  again  suggests  t h e  presence of 

s i g n i f i c a n t  l e v e l s  of underenumeration of 

young ch i ld ren  and/or  age mis repor t ing  re-  

s u l t i n g  i n  a  n e t  t r a n s f e r  of popu la t ion  i n t o  

t h e  5  t o  9  ca tegory  i n  t h e  Yemen 

census .  I n  a c t u a l  a p p l i c a t i o n ,  

f u r t h e r  i n v e s t i g a t i o n  of t h e  con- 

s i s t e n c y  of t h e  enumerated number of 

c h i l d r e n  aged 0  t o  4  w i t h  t h e  pre- 

v a i l i n g  l e v e l  of f e r t i l i t y  and t h e  

number of women of c h i l d b e a r i n g  a g e  

(ages  15 t o  49) would have  t o  b e  

undertaken i n  o r d e r  t o  assess t h e  

r e l a t i v e  magnitude of coverage  and 

con ten t  e r r o r s  f o r  t h e s e  c o h o r t s .  

The low r a t i o s  f o r  t h e  15 t o  19 

and 20 t o  24 c o h o r t s  s u g g e s t  t h e  

presence of some combination o f  cen- 

s u s  e r r o r  ( s e e  f i g u r e s  5-7 and 5-9 

f o r  evidence of age  heaping) and 

l a b o r  migra t ion  t o  o t h e r  middle  

e a s t e r n  c o u n t r i e s  ( p a r t i c u l a r l y  

Saud i  Arabia) which has  c h a r a c t e r i z e d  

Yemen i n  r e c e n t  y e a r s .  Higher  mor- 

t a l i t y  a s s o c i a t e d  w i t h  t h e  c i v i l  war 

(1968-1975) may a l s o  have c o n t r i b u t e d  

t o  t h e  lower age  r a t i o s  f o r  t h i s  segment of 

t h e  popu la t ion .  However, t h e  f a c t  t h a t  t h e  

male a g e  r a t i o s  i n  t h e  15 t o  19 and 20 t o  24 

age c a t e g o r i e s  a r e  s i g n i f i c a n t l y  lower t h a n  

those  f o r  females  suppor t s  t h e  i n t e r p r e t a t i o n  

t h a t  l a b o r  migra t ion  is  an impor tan t  c o n t r i b u t -  

ing  f a c t o r  i n  t h e  unexpectedly smal l  c o h o r t s  i n  

t h i s  a g e  r a n g e  ( a t  l e a s t  f o r  ma les ) .  

By way of c o n t r a s t ,  t h e  a g e  r a t i o s  ca lcu-  

l a t e d  from t h e  1980 Argent ine  census  ( f i g u r e  

5-12) show r e l a t i v e l y  minor d e v i a t i o n s  from 

t h e  expected r a t i o  value  of 100 up t o  approxi-  

mately age 60,  a t  which p o i n t  t h e  r a t i o s  become 

somewhat more e r r a t i c .  The p a t t e r n  of a g e  

r a t i o s  i n  t h e  Argentine census  p rov id -  no  

evidence of s i g n i f i c a n t  s y s t e m a t i c  e r r o r  i n  

t h e  census  enumeration (of t h e  p o p u l a t i o n  aged 

60 and under ,  a t  l e a s t ) ,  a l though  t h e  r e l a t i v e -  

l y  low r a t i o s  f o r  t h e  5  t o  9  and 1 0  t o  14 co- 

h o r t s  sugges t  underenumeration and /o r  a g e  

mis repor t ing .  
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Figure  5-23. CENSUS OF POPULATION BY AGE AND SEX AND SEX RATIOS: 2975 CENSUS OF YEMEN AND 
I980  CENSUS OF ARGENTINA 

Total  ....... 
0 t o  4 years .  .... 
5 t o  9 years  ..... 
10 t o  14 years  ... 
15 t o  19 years  . . .  
20 t o  24 y e a r s . .  . 
25 t o  29 y e a r s . .  . 
30 t o  34 years . .  . 
35 t o  39 years . .  . 
40 t o  44 y e a r s . .  . 
45 t o  49 y e a r s . .  . 
50 t o  54  y e a r s . .  . 
55 t o  59 years .  . . 
60 t o  64 y e a r s . .  . 
65 t o  69 years .  . . 
70 t o  74 years . .  . 
75 or  o l d e r . .  . . . . 

YEMEN 

Males Fema l es R a t i o  

S o u r c e :  Der ived  from figures 5-5 and 5-6. 

The sex  r a t i o s  from t h e  Yemen and Argen- 

t i n e  censuses  shown i n  f i g u r e  5-13 provide  

a d d i t i o n a l  i n s i g h t  i n t o  l i k e l y  e r r o r s  i n  t h e s e  

d a t a .  The r a t i o s  were c a l c u l a t e d  us ing  t h e  

fol lowing formula: 

number of males enumerated 
i n  t h e  age  category x t o  x + 4 y e a r s  

number of females enumerated 
x 100 

i n  t h e  age  category x t o  x + 4 y e a r s  

While t h e  expected p a t t e r n  of smoothly 

d e c l i n i n g  sex r a t i o s  wi th  i n c r e a s i n g  age in 

t h e  popula t ion i s  f o r  t h e  most p a r t  observed 

in t h e  Argentine census ,  t h e  sex  r a t i o s  f o r  

Yemen a r e  q u i t e  v o l a t i l e .  The low r a t i o  f o r  

t h e  0 t o  4 age group and t h e  h igh  r a t i o  f o r  

t h e  5 t o  9 age group sugges t s  t h e  p o s s i b i l i t y  

of s u b s t a n t i a l  sex - se lec t ive  age mis repor t ing  

such t h a t  a  s i g n i f i c a n t  number of male ch i ld -  

ren  aged 0 t o  4 years  were r e p o r t e d  a s  being 

ages 5  t o  9 years  i n  t h e  census .  The high 

r a t i o  f o r  t h e  10 t o  14 cohor t  is  a l s o  

ARGENT l NA 

Males Fema 1 e s  R a t i o  

s u g g e s t i v e  of t h e  p resence  o f  s e x - s e l e c t i v e  

coverage and/or  age m i s r e p o r t i n g  e r r o r s .  On 

t h e  o t h e r  hand, t h e  v e r y  low r a t i o s  f o r  t h e  

t h r e e  cohor t s  beginning w i t h  t h e  2 0  t o  24 co- 

h o r t  a r e  suppor t ive  o f  t h e  i n t e r p r e t a t i o n  t h a t  

s i g n i f i c a n t  male l a b o r  m i g r a t i o n  h a s  a f f e c t e d  

t h e  a g e  d i s t r i b u t i o n  of t h e  p o p u l a t i o n  of 

Yemen. F i n a l l y ,  t h e  f a c t  t h a t  t h e  r a t i o s  f o r  

o l d e r  cohor t s  (ages  45 and above) a r e  q u i t e  

v o l a t i l e  and never  f a l l  much below 90  a r e  

i n d i c a t i v e  of s i g n i f i c a n t  l e v e l s  of coverage 

and con ten t  ( age  r e p o r t i n g )  e r r o r  i n  t h e  census  

of Yemen. 

The only  n o t a b l e  d i s t o r t i o n  i n  t h e  pro- 

g r e s s i o n  of s e x  r a t i o s  i n  t h e  Argent ine  census 

is t h e  r e l a t i v e l y  low r a t i o s  f o r  t h e  20 t o  24 

and 25  t o  29 cohor t s  and t h e  p a t t e r n  of s l i g h t -  

l y  i n c r e a s i n g  sex  r a t i o s  over  t h e  2 0  t o  49 a g e  

range.  This l i k e l y  r e f l e c t s  some combination 

of sex-se lec t ive  migra t ion  and p o s s i b l y  d i f -  

f e r e n t i a l  census coverage by s e x  ( t h a t  i s ,  

females  being enumerated more complete ly  
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than males).  Overal l ,  however, t h e  degree  of 

d i s t o r t i o n  i s  r e l a t i v e l y  smal l .  

The e f f e c t s  of age- and sex-se lec t ive  

i n t e r n a t i o n a l  migration on t h e  age-sex d i s t r i -  

bution of Yemen i l l u s t r a t e  a  f r e q u e n t l y  en- 

countered problem when using age- and sex- 

r a t i o  a n a l y s i s  t o  eva lua te  census  r e s u l t s .  

When r a t i o s  a r e  t o  be used t o  e v a l u a t e  census 

r e s u l t s  f o r  sub-areas of a coun t ry ,  t h i s  

problem i s  f u r t h e r  compounded by age- and 

sex-se lec t ive  i n t e r n a l  migra t ion .  This is  , 

i l l u s t r a t e d  by t h e  sex r a t i o s  f o r  urban and 

r u r a l  a r e a s  ca lcu la ted  from t h e  1980 census 

of Argentina ( f i g u r e  5-14). Beginning w i t h  

the  15 t o  19 cohor t ,  t h e  sex  r a t i o s  i n  urban 

a r e a s  a r e  c o n s i s t e n t l y  below 100, whi le  those  

i n  r u r a l  a r e a s  a r e  c o n s i s t e n t l y  above 100. 

These r a t i o s  r e f l e c t  a  p a t t e r n  of female- 

s e l e c t i v e  migrat ion from r u r a l  t o  urban a r e a s  

which genera l ly  c h a r a c t e r i z e s  La t in  American 

coun t r i es  and a l s o  has been observed i n  

severa l  Asian coun t r i es  (Shaw, 1974). The 

F i g w e  5-14. SEX RATIOS OF THE CENSUS 
POPULATIONS I N  URBAN AND RURAL AREAS IN 
ARGENTINA, 198 0 

Age 

A l l  a g e s . . . . . .  

0  t o  4 y e a r s . . . . .  . 
5  t o  9  y e a r s . . . . . .  
10 t o  1 4  years  .... 
15 t o  19 years .  .. . 
20 t o  24 years . .  . . 
25 t o  29 years . .  .. 
30 t o  34 years . .  . . 
35 t o  39 years . .  .. 
40 t o  44 y e a r s . .  . . 
45 t o  49 years . .  . . 
50 t o  54 years . .  . . 
55 t o  59 years .  . . . 
60 t o  64 years . .  . . 
65 t o  69 years  . . . .  
70 t o  74 y e a r s . .  . . 
75 years or  o l d e r .  

Total  Urban Rural 1 

Source  : A r g e n t i n a  ( l 9 8 O ) ,  tab Ze G. 2 .  

impl ica t ion  of t h i s  is  t h a t  i n  i n s t a n c e s  i n  

which sex and/or age r a t i o s  t end  t o  be  d i s -  

t o r t e d  by migra t ion ,  a l t e r n a t i v e  "expected" 

r a t i o s  must be der ived f o r  t h e  purposes  of 

census eva lua t ion .  

One p o s s i b i l i t y  f o r  d e r i v i n g  "expected" 

s e x - r a t i o s  i n  a  c u r r e n t  census  i s  t o  u s e  t h e  

sex-ra t  i o  of t h e  populat ion enumerated i n  a  

previous  census a s  t h e  b a s i s  f o r  e v a l u a t i o n .  

The most genera l  use  of s e x - r a t i o s  i n  succes- 

s i v e  censuses would e n t a i l  t h e  assessment  of t h e  

p l a u s i b i l i t y  of t h e  r a t i o s  of t h e  t o t a l  popu- 

l a t i o n s  enumerated. Unless a f f e c t e d  by e r r o r s  

o r  s i g n i f i c a n t  s h i f t s  i n  t h e  s e x - s e l e c t i v i t y  of 

migra t ion  o r  m o r t a l i t y ,  t h e  sex- ra t  i o  of t h e  

enumerated t o t a l  populat ion should b e  r e l a t i v e -  

l y  s t a b l e  from census t o  census .  

A s  an i l l u s t r a t i o n ,  f i g u r e  5-15 shows 

t h e  s e x - r a t i o s  of enumerated p o p u l a t i o n s  from 

t h e  most r ecen t  censuses of f i v e  c o u n t r i e s  

which have conducted t h r e e  o r  more censuses .  

On a  comparative b a s i s ,  t h e  s e x - r a t i o s  i n  t h e  

Indian and Indonesian censuses  would appear  t o  

e x h i b i t  t h e  g r e a t e s t  degree  of s t a b i l i t y  from 

census t o  census.  To some e x t e n t ,  t h i s  may 

r e f l e c t  t h e  lower volume of i n t e r n a t i o n a l  

migra t ion  t o  and from t h e s e  c o u n t r i e s  i n  com- 

par i son  w i t h  t h e  o the r  c o u n t r i e s  considered.  

The Egyptian and P h i l i p p i n e  censuses ,  on t h e  

o t h e r  hand, show somewhat g r e a t e r  v a r i a b i l i t y  

from census  t o  census.  I n  t h e  Egypt ian case ,  

t h e  r e l a t i v e l y  high s e x  r a t i o  of  t h e  populat ion 

enumerated i n  t h e  1976 census  i n  p a r t i c u l a r  

s t a n d s  ou t  from t h e  s e x - r a t i o s  i n  t h e  f o u r  

p rev ious  censuses (which va ry  w i t h i n  a  narrow- 

e r  range)  and would warrant  f u r t h e r  i n v e s t i -  

g a t i o n  i n  a c t u a l  a p p l i c a t i o n .  Some of t h e  

changes i n  t h e  sex r a t i o s  i n  s u c c e s s i v e  cen- 

s u s e s  i n  t h e  P h i l i p p i n e s  a r e  l i k e l y  a t t r i b u t -  

a b l e  t o  t h e  changing s e x - s e l e c t i v i t y  of e m i -  

g r a t i o n  from t h e  P h i l i p p i n e s  from female- 

dominated migrat ion t o  t h e  United S t a t e s  and 
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F i g w e  5-2 5. SEX RATIOS OF THE POPULATION 
ENUMRATED I N  THE MOST RECENT CENSUSES 
OF SELECTED COUNTRIES 

Country 

Egypt ........ 

India . . . . . . . .  

Indonesia. ... 

Pakis tan. . . . .  

Ph i l ipp ines . .  

Source: Egypt (19791; I n d i a  (1975, 2983); 
Indonesia (1963, 1975, and 2983); Pakis tan 
(U.S. Bureau of t h e  Census, 2984: t a b l e  4 ) ;  
Phi Zippines (2963, 1974, 1978, and 1983).  

Canada i n  t h e  1960's and e a r l y  1970's t o  a 

s i g n i f i c a n t  volume of male l abor  migrat ion t o  

middle e a s t e r n  countr ies  i n  t h e  mid t o  l a t e  

1970's. Male l abor  migration is a l s o  l i k e l y  

t o  have been a s i g n i f i c a n t  c o n t r i b u t i n g  f a c t o r  

in t h e  dec l ine  i n  sex-rat ios  i n  successive 

Year of Census 

censuses i n  Pakis tan,  which otherwise  would 

appear t o  have.been r e l a t i v e l y  c o n s i s t e n t  

over time . 
Comparisons of sex-rat ios  from succes- 

s i v e  censuses can a l s o  be h e l p f u l  i n  de tec t -  

ing problems i n  p a r t i c u l a r  age ranges o r  f o r  

p a r t i c u l a r  cohorts .  With respec t  t o  age 

ca tegor ies ,  t h e  expected r e l a t i o n s h i p  of sex- 

r a t i o s  i n  any given age range i n  successive 

censuses would be one of r e l a t i v e  s t a b i l i t y  

i n  the  absence of census e r r o r s ,  changes i n  

Sex Rat io  

t h e  s e x - s e l e c t i v i t y  of migra t ion ,  o r  o t h e r  

d i s t o r t i n g  f a c t o r s .  S i g n i f i c a n t  f l u c t u a t i o n s  

from t h i s  p a t t e r n  which cannot be p l a u s i b l y  

explained by one o r  more d i s t o r t i n g  f a c t o r s  

a r e  l i k e l y  t o  i n d i c a t e  v a r i a t i o n s  i n  coverage 

o r  accuracy of age r e p o r t i n g  on a sex-se lec t ive  

b a s i s  from census t o  census.  

S i m i l a r l y ,  i n  t h e  absence of census 

e r r o r s  o r  d i s t o r t i n g  f a c t o r s ,  changes i n  t h e  

sex- ra t ios  of b i r t h  cohor t s  from census t o  

census should be cons ix ten t  w i t h  s e x  d i f f e r e n -  

t i a l s  of m o r t a l i t y  under t h e  p r e v a i l i n g  mor- 

t a l i t y  regime(s) .  I n  c o u n t r i e s  where male 

m o r t a l i t y  r a t e s  exceed those  of females ,  t h e  

expected p a t t e r n  would be f o r  t h e  sex- ra t io  

f o r  each cohort  t o  d e c l i n e  from census t o  

census a s  t h e  cohort ages .  The oppos i te  

p a t t e r n  would be expected in c o u n t r i e s  where 

female m o r t a l i t y  r a t e s  exceed t h o s e  f o r  males.  

The u s e  of cohor t - spec i f i c  sex- ra t ios  

from success ive  censuses i s  i l l u s t r a t e d  i n  

f i g u r e  5-16, which shows sex- ra t ios  f o r  5-year 

age groups from t h e  f o u r  most r e c e n t  censuses  

of Pak is tan .  Looking f i r s t  a t  t h e  degree of 

consis tency of s e x - r a t i o s  a c r o s s  censuses  f o r  

f ixed  age  c a t e g o r i e s ,  s e v e r a l  observa t ions  

may be made. F i r s t ,  t h e  cons i s tency  of sex- 

r a t i o s  appears  t o  be somewhat g r e a t e r  i n  t h e  

t h r e e  most recen t  censuses  than  when t h e  1951 

census i s  considered,  suggest ing some degree 

of d i f f e r e n t i a l  coverage/accuracy i n  t h e  1951 

census i n  comparison w i t h  t h e  1961, 1972, and 

1981 censuses (shown g r a p h i c a l l y  in f i g u r e  

5-17). Second, even w i t h i n  t h e  more homogene- 

ous group of censuses,  s i g n i f i c a n t  f l u c t u a t i o n s  

in s e x - r a t i o s  f o r  p a r t i c u l a r  age groups a r e  

observed ( f o r  example, t h e  10 t o  14 and 50 t o  

54 age groups) .  Third,  t h e  d e c l i n e  i n  t h e  

sex- ra t ios  i n  the  age  groups i n  t h e  25 t o  49 

range, p a r t i c u l a r l y  between t h e  1972 and 1981 

censuses,  is consis t ,ent  w i t h  expec ta t ions  i n  

view of t h e  s i g n f i c a n t  volume of male l a b o r  
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Figure 5- 16. SEX RATIOS BY AGE GROUP FOR THE POPULATION 
ENUMERATED I N  THE 1951, 1961, 1972, AND 1981 CENSUSES 
OF PAKTSTAN 

0 t o 4 y e a r s  ....... 
5 t o  9 years  ....... 
l o t o 1 4 y e a r s  ..... 
15 t o  19 years  ..... 
20 t o  24 years  ..... 

104.6 103.0 100.8 97.7 
112.0 114.6 110.4 108.4 
114.4 122.6 127.0 119.3 
106.1 118.5 120.1 115.9 
116.5 112.9 106.3 108.6 

2 5 t o 2 9 y e a r s  ..... 
3 0 t o 3 4 y e a r s  ..... 
35 t o  39 years  ..... 
40 t o  44 years  ..... 
45 t o  49 years  ..... 

Sowlee: U.S. Bureau of the Census ( 1 9 8 4 ) ,  tab le  4. 

135.1 108.9 111.6 106.6 
133.9 110.7 108.1 104.4 
134.9 117.5 116.4 105.8 
132.2 119.4 116.1 109.2 
130.2 125.5 122.9 112.4 

5 0 t o 5 4 y e a r s  ..... 
5 5 t o 5 9 y e a r s  ..... 
6 0 t o 6 9 y e a r s  ..... 
70 yea r s  o r  o l d e r . .  

AND HOUSING 

131.4 129.4 132.7 124.0 
108.6 125.8 118.2 113.3 
121.2 133.7 138.5 134.2 
111.7 132.9 134.6 131.8 

migrat ion from P a k i s t a n  t o  t h e  middle  

e a s t .  F i n a l l y ,  t h e  s t eady  d e c l i n e  i n  

t h e  sex- ra t io  of t h e  popu la t ion  aged 

0 t o  4 yea r s  i n  each s u c c e s s i v e  census  

i s  somewhat puzzl ing i n  view of t h e  

f a c t  t h a t  t h e  s e x - r a t i o s  of t h e  popu- 

l a t i o n  i n  t h e  5 t o  9 age group a l s o  de- 

c l i n e d  i n  s u c c e s s i v e  censuses  a f t e r  

1961. I f  i n c r e a s i n g  l e v e l s  of exaggera- 

t i o n  of ages  of male c h i l d r e n  were re- 

spons ib le  f o r  t h e  d e c l i n i n g  s e x - r a t i o  

of t h e  popu la t ion  aged 0 t o  4 y e a r s ,  it 

would be  a n t i c i p a t e d  t h a t  t h e  s e x - r a t i o  

of t h e  5 t o  9 a g e  group would have in-  

c reased .  The f a c t  t h a t  they  d i d  n o t  

sugges t s  e i t h e r  t h a t  t h e  s e x  r a t i o  a t  

b i r t h  has dec l ined  i n  P a k i s t a n  o r  t h a t  

female c h i l d r e n  were  enumerated i n c r e a s -  

i n g l y  more complete ly  i n  each  s u c c e s s i v e  

census r e l a t i v e  t o  male c h i l d r e n .  

Figure 5-17. SEX RATIOS BY AGE GROUP FOR THE POPULATION ENUMERATED I N  THE 1951 ,  1961 ,  2972, AND 
1981 CENSUSES OF PAKISTAN 

Sex Ratio 

Age Group 

Source: Derived from figure 5- 16 .  
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S i g n i f i c a n t  v a r i a t i o n s  i n  t h e  sex- ra t ios  

of b i r t h  cohorts  from census t o  census a r e  

a l s o  apparent i n  t h e  da ta  displayed i n  f i g u r e  

5-18. Given t h e  higher l e v e l s  of female than 

male mor ta l i ty  i n  Pakis tan,  t h e  expected pa t -  

t e r n  would be f o r  t h e  sex- ra t io  of t h e  popu- 

l a t i o n  enumerated of each cohort  t o  i n c r e a s e  

i n  successive censuses. This  p a t t e r n  i s  ob- 

served f o r  r e l a t i v e l y  few cohor t s ,  however, 

suggesting t h e  presence of census e r r o r  and/or 

d i s t o r t i n g  f a c t o r s .  Labor migrat ion might 

p a r t i a l l y  account f o r  the  d e c l i n i n g  sex r a t i o s  

of t h e  cohorts  under age 15 a t  t h e  t ime of t h e  

1951 census. 

2 .3  SummatLy irzdicu oh ULtOh i n  age-sex dcLta 

A number of measures have been developed 

t o  summarize t h e  magnitude of observed d i s -  

crepancies i n  census age-sex d i s t r i b u t i o n s  i n  

t h e  form of a s i n g l e  index value.  Among t h e  

more widely-used a r e  t h e  United Nations Age- 

Sex Accuracy Index (United Nations,  1955) , 
Whipple' s Index (1921) , ~ y e r s '  Blended Index 

(1940), and an index recommended by t h e  United 

Nations which provides a measure of t h e  re-  

l a t i v e  importance of age overstatement and 

understatement i n  accounting f o r  age  heaping 

(United Nations,  1955). 

The United Nations Age-Sex Accuracy Index 

is  e s s e n t i a l l y  an extension of age- and sex- 

r a t i o s  a n a l y s i s  i n  which t h e  d e v i a t i o n s  of t h e  

observed from t h e  expected age and sex  r a t i o s  

f o r  each 5-year age group a r e  combined i n t o  a 

s i n g l e  "score.  A low index v a l u e  i s  i n d i c a t i v e  

of r e l a t i v e l y  minor d e v i a t i o n s  from t h e  expect- 

ed age and sex  r a t i o s ,  whi le  h i g h  index va lues  

i n d i c a t e  more s e r i o u s  d i s t o r t i o n s  i n  t h e  age- 

sex d i s t r i b u t i o n .  

The ~ h i p p l e ' s  and Myers' i n d i c e s  measure 

t h e  magnitude of a p a r t i c u l a r  type  of e r r o r  i n  

census age d a t a  - prefe rence  f o r  ages ending 

i n  p a r t i c u l a r  d i g i t s  (age  heaping) . ~ h i p p l e ' s  

Index measures t h e  e x t e n t  of heaping on ages  

ending i n  t h e  d i g i t s  0 t o  5 on a s c a l e  w i t h  a 

range from 0 t o  500, where 0 r e p r e s e n t s  t o t a l  

"avoidance" of these  d i g i t s ,  100 r e p r e s e n t s  a 

uniform d i s t r i b u t i o n  a c r o s s  ages  ending i n  

each of t h e  d i g i t s  0 t o  9 ( t h a t  i s ,  no age 

heaping),  and 500 r e p r e s e n t s  t h e  extreme c a s e  

of d i g i t  p re fe rence  i n  which t h e  e n t i r e  census  

populat ion is recorded a t  ages  ending i n  0 o r , 5 .  

~ y e r  s ' Blended Index i s  concep tua l ly  

s i m i l a r  t o  Whipple's Index,  except  t h a t  t h e  

index cons iders  p re fe rence  ( o r  conversely ,  

avoidance) of ages ending i n  each of t h e  d i g i t s  

F i g u r e  5-18. SEX RATIOS OF BIRTH COHORTS AS ENUMERATED 
I N  SUCCESSIVE CENSUSES I N  PAKISTAN, 1951 TO 1981 

Age of b i r t h  cohort 
i n  the  1951 Census 11951  1 1 9 6 1  1 1972 1 1 9 8 1  

0 t o  4 years. .  . . . . . 
5 t o  9 years . . . . . . .  
10 t o  14 years . . .  .. 
15 t o  19 years . . . . .  

20 t o  24 years . . . . .  
25 t o  29 years . . . . .  

1 

30 t o  34 years  ... . . 
35 to 39 years ..... 125.5 118.2 131.8 

40 t o  44 years . .  
45 t o  49 years . .  
50 t o  54 years . .  
55 t o  59 years. .  

S o u r c e :  ~ e r i v e d  from figure 5-26. 

/ 

0 t o  9 in d e r i v i n g  an o v e r a l l  age- 

accuracy score .  The t h e o r e t i c a l  

range of t h e  Myers' Index i s  from 

0 t o  90, where an index va lue  of 0 

i n d i c a t e s  no a g e  heaping and 90 

i n d i c a t e s  t h e  extreme case  where 

a l l  recorded ages  end i n  t h e  same 

d i g i t .  

The United Nat ions  has recom- 

mended a procedure t o  examine t h e  

causes of a g e  heaping i n  a more de- 

t a i l e d  manner. S p e c i f i c a l l y ,  t h e  

measure a s s e s s e s  whether age  over- 

s ta tement  o r  age understatement a r e  

more important causes  of observed 

heaping on p a r t i c u l a r  d i g i t s .  For 
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each terminal  d i g i t  0 o r  5 (denoted age  X) 

where d i g i t  p re fe rence  i s  observed, t h e  pro- 

cedure  e n t a i l s  t h e  c a l c u l a t i o n  of t h e  r a t i o  

of t h e  popula t ion enumerated i n  t h e  nex t  

younger age (2-2) t o  t h e  popula t ion count f o r  

t h e  nex t  o lde r  age (x+1). A r a t i o  v a l u e  of 

1 .0  would i n d i c a t e  t h a t  age  unders ta tement  and 

overs ta tement  con t r ibu ted  equa l ly  t o  t h e  ob- 

served l e v e l  of age  heaping on age  x. A r a t i o  

v a l u e  of g r e a t e r  than 1 .0  would i n d i c a t e  t h a t  

age  understatement was a more important  d e t e r -  

minant of age  heaping on age x than age  over- 

s t a t ement ,  whi le  a r a t i o  of l e s s  t h a t  1 .0  

would have t h e  oppos i t e  i n t e r p r e t a t i o n .  

The a p p l i c a t i o n  of t h e s e  procedures  is  

n o t  i l l u s t r a t e d  i n  t h i s  manual f o r  two primary 

reasons .  F i r s t ,  t h e  procedures a r e  wel l -  

documented i n  o t h e r  widely-avai lable  r e f e r e n c e  

sources  (U.S. Bureau of t h e  Census, 1975; 

United Nations,  1955). Second, t h e s e  proce- 

d u r e s  a r e  summary measures of e r r o r  in  census 

age and sex d a t a  and, a s  such, a r e  n o t  an 

adequate  s u b s t i t u t e  f o r  d e t a i l e d  i n s p e c t i o n  

of t h e  d a t a  a s  desc r ibed  above. While t h e s e  

procedures a r e  u s e f u l  as summary measures o r  

f o r  comparative purposes,  they  g e n e r a l l y  do 

n o t  provide  any i n s i g h t  i n t o  p a t t e r n s  of e r r o r  

i n  t h e  d a t a  t h a t  cannot be ob ta ined  through 

g r a p h i c a l  and r a t i o  ana lyses  of t h e  d a t a .  

Where a summary measure i s  d e s i r e d  a f t e r  de- 

t a i l e d  inspec t ion  of t h e  d a t a ,  however, t h e  

r e a d e r  i s  r e f e r r e d  t o  t h e  sources  c i t e d  above 

f o r  d e t a i l e d  computational procedures .  

, , 
2 .4  Uh e~ and .LmtA&Lonn 

The assessment of t h e  r easonab leness  of 

t h e  age  and sex  d i s t r i b u t i o n  of t h e  popula t ion 

enumerated i n  a census i s  t y p i c a l l y  t h e  f i r s t  

s t e p  taken i n  eva lua t ing  a census  by means of 

demographic methods. Such a n a l y s e s  s e r v e  

s e v e r a l  u s e f u l  purposes.  F i r s t ,  t h e y  provide  

a qu ick  and inexpensive  i n d i c a t i o n  of t h e  

genera l  q u a l i t y  of t h e  da ta .  Second, they 

provide  evidence on t h e  s p e c i f i c  segments of 

t h e  popula t ion i n  which t h e  presence of e r r o r  

i s  l i k e l y .  F i n a l l y  s i n c e  age-sex d i s t r i b u -  

t i o n s  r e f l e c t  l e v e l s  and t r e n d s  i n  f e r t i l i t y ,  

m o r t a l i t y ,  migra t ion ,  and e x t r a o r d i n a r y  even t s  

experienced i n  t h e  c o u n t r y ' s  p a s t ,  such analy-  

s e s  can provide  " h i s t o r i c a l "  in fo rmat ion  

which may b e  u s e f u l  f o r  i n t e r p r e t i n g  t h e  re -  

s u l t s  of e v a l u a t i o n  s t u d i e s  based upon o t h e r  

methods and i n  determining how t h e  census  d a t a  

should be a d j u s t e d  f o r  u s e  i n  subsequent  demo- 

graphic  ana lyses .  

The major l i m i t a t  i o n  of age-sex d i s  t r i b u -  

t i o n  a n a l y s i s  is t h a t ,  g e n e r a l l y  speak ing ,  it 

i s  no t  p o s s i b l e  t o  d e r i v e  s e p a r a t e  numerical  

e s t i m a t e s  of t h e  magnitude o f  coverage and 

con ten t  e r r o r  on t h e  b a s i s  of such  a n a l y s e s  

a lone .  While it i s  o f t e n  p o s s i b l e ,  a s  i l l u s -  

t r a t e d  above, t o  d i s c e r n  t h a t  p a r t i c u l a r  t y p e s  

of e r r o r s  a r e  l i k e l y  t o  have a f f e c t e d  t h e  cen- 

s u s  counts  f o r  p a r t i c u l a r  segments of t h e  popu- 

l a t i o n  w i t h  a f a i r l y  h i g h  degree  bf conf idence ,  

e s t i m a t e s  of coverage e r r o r  from o t h e r  s o u r c e s  

(PES, f o r  example) o f t e n  a r e  r e q u i r e d  t o  v e r i f y  

t h e s e  o b s e r v a t i o n s  and pe rmi t  t h e  development 

of s e p a r a t e  numerical  e s t i m a t e s  of t h e  d e g r e e  

of census coverage and c o n t e n t  e r r o r .  

3. STABLE POPULATION ANALYSIS 
OF AGE DISTRI BUT1 ONS 

Another approach f o r  a s s e s s i n g  t h e  plau-  

s i b i l i t y  of a census  age  and s e x  d i s t r i b u t i o n  

i s  based upon t h e  comparison of t h e  recorded 

age d i s t r i b u t i o n  ( f o r  each s e x  s e p a r a t e l y )  

wi th  t h e  age  d i s t r i b u t i o n  of an a p p r o p r i a t e l y  

chosen s t a b l e  popula t ion.  As i n d i c a t e d  i n  

chap te r  4 ,  t h e  age d i s t r i b u t i o n  of a popula- 

t i o n  which has  been s u b j e c t  t o  c o n s t a n t  l e v e l s  

of f e r t i l i t y  and m o r t a l i t y  and no  i n t e r n a t i o n a l  

migrat ion w i l l ,  given a s u f f i c i e n t l y  long  p e r i -  

od of t ime ,  evo lve  i n t o  a c o n s t a n t  d i s t r i b u t i o n  

which is independent o f  t h e  i n i t i a l  age  d i s t r i -  

bu t ion .  
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The cons tan t  age d i s t r i b u t i o n  of a  s t a b l e  

popula t ion,  known a s  a  s t a b l e  age  d i s t r i b u t i o n ,  

is  determined f u l l y  by t h e  p r e v a i l i n g  cons tan t  

l e v e l s  of f e r t i l i t y  and m o r t a l i t y  (assuming 

t h e  absence of migrat ion)  and has  t h e  follow- 

ing  form: 

Where : 

c f x )  = t h e  i n f i n i t e s i m a l  p ropor t ion  of 
t h e  s t a b l e  popula t ion a t  exact  
age  x  

b = t h e  cons tan t  b i r t h  r a t e  

r = t h e  cons tan t  r a t e  of n a t u r a l  
inc rease  

R(x)  = t h e  p r o b a b i l i t y  of s u r v i v a l  from 
b i r t h  t o  age x  

From equat ion (5.3) , t h e  p ropor t ion  of 

t h e  popula t ion under age y ,  C(y), and t h e  

b i r t h  r a t e ,  b ,  of a  s t a b l e  popula t ion may b e  

der ived a s  shown i n  equa t ions  (5.4) and (5.5), 

r e s p e c t i v e l y  . 

Where: 

w = The h i g h e s t  age  a t t a i n a b l e  i n  t h e  
popula t ion,  and a l l  o t h e r  terms 
a r e  a s  def ined above 

Equations (5.4) and (5.5) permit  t h e  

c a l c u l a t i o n  of an "expected" s t a b l e  a g e  d i s -  

t r i b u t i o n  f o r  an a c t u a l  popula t ion when two 

of t h r e e  parameters b ,  r, o r  R ( X )  a r e  known 

or  can be  es t imated.  I n  popu la t ions  which 

have experienced approximately c o n s t a n t  l e v e l s  

of f e r t i l i t y ,  n e g l i g i b l e  l e v e l s  of n e t  i n t e r -  

n a t i o n a l  migra t ion ,  and m o r t a l i t y  l e v e l s  which 

have been e i t h e r  cons tan t  o r  have dec l ined  

only r e c e n t l y ,  a  s t a b l e  age  d i s t r i b u t i o n  de- 

r ived  on t h i s  b a s i s  provides  a  meaningful 

standard a g a i n s t  which t o  compare a  recorded 

census age d i s t r i b u t i o n .  

I n  a c t u a l  a p p l i c a t i o n ,  few ( i f  any) 

popu la t ions  a r e  genuinely  s t a b l e .  Even i n  

t h e  absence of wide swings i n  f e r t i l i t y  and 

m o r t a l i t y  l e v e l s ,  p e r i o d i c  f l u c t u a t i o n s  can 

produce age d i s t r i b u t i o n s  which do n o t  con- 

form p r e c i s e l y  t o  t h o s e  a n t i c i p a t e d  through 

t h e  a p p l i c a t i o n  of s t a b l e  popu la t ion  theory .  

This problem is compounded by t h e  f a c t  t h a t  

t h e  parameters  b, r, and /o r  R(x)  used t o  

d e r i v e  a  s t a b l e  age d i s t r i b u t i o n  f o r  census 

e v a l u a t i v e  purposes a r e  of t e n  themselves 

i n d i r e c t  e s t i m a t e s  which a r e ,  a s  such ,  s u b j e c t  

t o  e r r o r .  

Despi te  t h e s e  problems, p rev ious  exper i -  

ence has shown s t a b l e  p o p u l a t i o n  a n a y s i s  t o  

be a  u s e f u l  t o o l  f o r  e v a l u a t i n g  age  d i s t r i b u -  

t i o n s  i n  popu la t ions  which have been s u b j e c t  

t o  approximate s t a b i l i t y  o r  low-level f l u c t u -  

a t i o n s  i n  v i t a l  r a t e s  and m i g r a t i o n  (United 

Nations 1983) . However, an under ly ing  con- 

s i d e r a t i o n  i n  meaningful a p p l i c a t i o n  of s t a b l e  

popula t ion theory  t o  demographic e s t i m a t i o n  o r  

census e v a l u a t i o n  i s  t h a t ,  because  of t h e  prob- 

lems c i t e d  above, e s t i m a t e s  f i n a l l y  accepted 

should be based upon c e n t r a l  t e n d e n c i e s  i n  a 

s e r i e s  of e s t i m a t e s  i d e n t i f i e d  us ing  d i f f e r e n t  

p a i r s  of v a l u e s  of t h e  pa ramete r s  u t i l i z e d  i n  

t h e  ana lyses .  Th i s  p o i n t  i s  i l l u s t r a t e d  i n  

t h e  examples provided below and d i scussed  i n  

g r e a t e r  d e t a i l  i n  United Na t ions  (1967 and 

1983). 

The u s e  of s t a b l e  popu la t ion  methods i s  

based upon t h e  v a r i o u s  model s t a b l e  popu la t ions  

desc r ibed  i n  chap te r  4 .  This  summary desc r ip -  

t i o n  and t h e  r e f e r e n c e s  c i t e d  t h e r e i n  should 

be consu l t ed  i n  connect ion w i t h  t h e  i l l u s t r a -  

t i v e  examples provided below. 

The fol lowing d a t a  a r e  r e q u i r e d  f o r  

s t a b l e  popula t ion a n a l y s i s  : 

(1) The census coun t  of popu la t ion  (which 
i s  t o  be  eva lua ted  by s i n g l e  y e a r s  of 
age  o r  5-year a g e  groups ,  by sex ;  and 
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Est imates  of two of t h e  fol lowing 
parameters:  (a) t h e  growth r a t e  
r i n  the  populat ion;  (b) t h e  b i r t h  
r a t e  b; and (c) t h e  p r o b a b i l i t y  
of su rv iv ing  from b i r t h  t o  age  x; 
t h a t  is,  t h e  o x )  f u n c t i o n  of a  
l i f e - t a b l e .  An e s t i m a t e  of expecta- 
t i o n  of l i f e  a t  b i r t h  e ,  may be 
used t o  s e l e c t  a model l i f e - t a b l e  
t o  represen t  m o r t a l i t y  cond i t ions  
i n  t h e  population under s tudy.  

Procedures f o r  der iving i n d i r e c t  e s t i -  

mates of these  parameters a r e  summarized i n  

sec t ion  4 . 3 .  

For t h e  procedure involving d i r e c t  com- 

par ison between t h e  recorded and s t a b l e  age  

d i s t r i b u t i o n ,  t h e  computational s t e p s  de- 

scr ibed below a r e  required.  

3.21 S tep  1: Calcula t ion of t h e  

p ropor t iona l  age d i s t r i b u t i o n  of t h e  census 

populat ion .--The i n i t i a l  s t e p  in t h e  proce- 

dure i s  t o  c a l c u l a t e  t h e  p r o p o r t i o n a l  d i s t r i b u -  

t i o n  e ( x )  of t h e  enumerated census populat ion 

( f o r  each sex) by 5-year age c a t e g o r i e s .  I f  
I 

gN represen t s  t h e  number of persons  aged x 
2 

t o  x  + 4 enumerated i n  t h e  census  and N i s  

the  t o t a l  populat ion enumerated, t h e  propor- 

t i o n  i n  each category x i s  c a l c u l a t e d  a s :  

(5.6) c  ( x )  = Nx /N x 100 5 
3.22 Step 2:  Se lec t ion  of a  model 

s t a b l e  age d i s t r i b u t i o n .  --The model s t a b l e  

age d i s t r i b u t i o n  aga ins t  which t h e  recorded 

census d i s t r i b u t i o n  i s  t o  be  compared i s  

i d e n t i f i e d  by c a l c u l a t i n g  t h e  p ropor t ions  in  

each age group i n  t h e  model s t a b l e  popu la t ion ,  

which s h a l l  be denoted c(x )  ', which corre-  

sponds t o  t h e  known o r  es t imated va lues  of 

two of the  parameters r, b, o r  in t ( x )  t h e  

population under study. I f ,  f o r  example, 

r and C ( 2 )  were t o  be used t o  s e l e c t  t h e  

model s t a b l e  populat ion,  va lues  of c f x )  ', 
t h a t  i s  those f o r  t h e  s t a b l e  age  d i s t r i b u t i o n ,  

would be obtained by i n t e r p o l a t i n g  between 

t h e  p r i n t e d  va lues  of R(2) and r i n  t h e  model 

l i f e  t a b l e s  and s t a b l e  popu la t ions  t o  i d e n t i f y  

t h e  implied s t a b l e  popu la t ion ,  and then u s i n g  

t h e  same i n t e r p o l a t i o n  f a c t o r s  t o  c a l c u l a t e  

t h e  corresponding va lues  of c (x )  ' i n  t h a t  

s t a b l e  populat ion.  This two-way i n t e r p o l a t i o n  

procedure i s  used i r r e s p e c t i v e  of which set 

of parameters  is used t o  i d e n t i f y  a  model 

s t a b l e  populat ion.  The computations involved 

a r e  i l l u s t r a t e d  i n  t h e  examples below. 

3.23 Step 3: C3mparison of t h e  recorded 

and s t a b l e  a g e  dis t r ibut ion.- -The f i n a l  s t e p  

i n  t h e  procedure i s  t o  compare t h e  a g e  d i s t r i -  

but ion f o r  each sex  recorded i n  t h e  census  

wi th  t h e  s t a b l e  age  d i s t r i b u t i o n  impl ied by 

t h e  two demographic parameters  f o r  t h e  popu- 

l a t i o n .  A u s e f u l  measure of t h e  degree  of 

d e p a r t u r e  of t h e  recorded age  d i s t r i b u t i o n  

from t h a t  expected on t h e  b a s i s  of t h e  s t a b l e  

populat ion theory  is  t h e  r a t i o  of t h e  census  

t o  t h e  s t a b l e  popu la t ions  p r o p o r t i o n s  i n  each 

age ca tegory ,  o r  c f x ) / e f x )  '. A r a t i o  of 1 .0  

would i n d i c a t e  e x a c t  correspondence between 

t h e  observed and expected age  d i s t r i b u t i o n s .  

Rat ios  of less than  1.0 i n  a  p a r t i c u l a r  a g e  

category would i n d i c a t e  a  lower than p r e d i c t e d  

census count i n  t h a t  ca tegory  and would b e  

sugges t ive  of n e t  underenumeration and/or  a 

n e t  t r a n s f e r  of persons o u t  of t h e  ca tegory  

through a g e  mis repor t ing  (con ten t  e r r o r ) .  A 

r a t i o  of g r e a t e r  than 1 .0  would have t h e  

oppos i t e  i n t e r p r e t a t i o n .  

Two examples a r e  p resen ted  i n  t h i s  s e c t i o n  

i n  o r d e r  t o  i l l u s t r a t e  somewhat d i f f e r e n t  

a p p l i c a t i o n s  of  s t a b l e  popu la t ion  theory  f o r  

census e v a l u a t i o n  purposes.  The f i r s t  a p p l i -  

c a t i o n  e n t a i l s  t h e  d i r e c t  comparison of  a  

recorded census  age  d i s t r i b u t i o n  and a s t a b l e  

age d i s t r i b u t i o n  s e l e c t e d  on t h e  b a s i s  of 

two of t h e  parameters  from equa t ion  (5.4).  
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The second procedure descr ibed does not  

d i r e c t l y  compare t h e  recorded and s t a b l e  age 

d i s t r i b u t i o n s ,  but  r a t h e r  assesses  t h e  con- 

s i s tency  of t h e  s t a b l e  implied b i r t h  r a t e  a t  

d i f f e r e n t  p o i n t s  i n  t h e  cumulative age d i s t r i -  

but ion,  b(x), derived on t h e  bas i s  of t h e  

recorded census age d i s t r i b u t i o n  and an 

a r b i t r a r i l y  chosen l e v e l  of m o r t a l i t y .  I n  

t h e  app l ica t ion ,  incons i s tenc ies  in  t h e  

implied b i r t h  r a t e  a t  d i f f e r e n t  po in t s  i n  , 

t h e  age d i s t r i b u t i o n  from a constant  va lue  

a r e  suggest ive of t h e  e r r o r s  i n  t h e  recorded 

age d i s t r i b u t i o n  (assuming, of course ,  t h a t  

the  population was i n  f a c t ,  approximately 

s t a b l e ) .  

3.31 1970 Census of Thailand.--As an 

i l l u s t r a t i o n ,  t h e  procedure i s  f i r s t  app l ied  

t o  t h e  1970 Census of Thailand t o  a s s e s s  t h e  

p l a u s i b i l i t y  of t h e  d i s t r i b u t i o n  of t h e  

enumerated population by a g e  and sex (shown 

i n  f i g u r e  5-19). 

As descr ibed above, t h e  f i r s t  s t e p  i n  

t h e  computational procedure i s  t o  t ransform 

t h e  census counts of persons by age and sex 

i n t o  a p ropor t iona l  a g e  d i s t r i b u t i o n  ( f o r  

each sex) .  The f i g u r e s  shown i n  f i g u r e  5-19 

were used t o  d e r i v e  t h e  p r o p o r t i o n a l  age d i s -  

t r i b u t i o n s  f o r  males and females  ( t h a t  i s ,  

t h e  proport ions  i n  each a g e  category)  shown 

i n  columns (1) and (4)  of f i g u r e  5-20. 

The next  s t e p  i n  t h e  computational pro- 

c e d u r e $ i s  t o  s e l e c t  a model s t a b l e  age  d i s t r i -  

but ion cons i s ten t  w i t h  demographic condi t ions  

i n  Thailand during t h e  1960-1970 per iod f o r  

u s e  a s  a s tandard i n  e v a l u a t i n g  t h e  recorded 

age  d i s t r i b u t i o n  i n  t h e  ,1970 census.  I n  t h e  

case  of Thailand, s u f f i c i e n t  informat ion i s  

a v a i l a b l e  f o r  t h e  1960-1970 per iod  such t h a t  

any combination of two of t h e  parameters r, 

b, o r  c f x )  may be used in s e l e c t i n g  a model 

s t a b l e  population. Following Arnold and 

Phananiramai (1975), t h e  i n t e r c e n s a l  growth 

r a t e ,  r, and t h e  es t imated l e v e l  of m o r t a l i t y  

during t h e  i n t e r c e n s a l  pe r iod  were used i n  

t h i s  i l l u s t r a t i o n .  

The growth r a t e ,  r, was der ived using 

t h e  census counts from t h e  1960 and 1970 

censuses and so lv ing  t h e  fol lowing equation 
L 

Figure 5- 19.  POPULATION ENUMERATED IN TflE 1970 CENSUS 
OF !l'HAILAND, BY AGE AND SEX 

A l l  a g e s . . . .  . . . . . . . .  
0 t o  4 years . .  ........... 
5 t o  9 years  ............. 
10 t o  1 4  years  ........... 
15 t o  19 years  ........... 
20 t o  24 years . .  ......... 

.......... 25 t o  29 years .  
........... 30 t o  34 years  

...... 35 t o  39 years . . . . .  
........... 40 t o  44 years  

......... 45 t o  49 y e a r s . .  

......... 50 t o  54 years . .  
55 t o  59 years . .  ......... 

. . . . .  60 t o  64 years . . . . . .  
........... 65 t o  69 years  

...... 70 years o r  o lder . .  

f o r  r. 

(5.7) PI  = PO exp f r t )  
Fema 1 e Total 

I n s e r t i n g  t h e  r e s p e c t i v e  

census popula t ion  counts  and 

t h e  l e n g t h  of t h e  i n t e r c e n s a l  

i n t e r v a l  f t  = 10 years)  i n t o  

t h e  equa t ion ,  we have: 

Male 

(5.8) 34,397,300 = 

26,432,000 exp ( r  10) 

Taking natural 1 logar i thms  

of bo th  s i d e s  of equat ion 

(5.8) and r e a r r a n g i n g  terms 

y i e l d s  : 

Source : Thai land f 19 73) . 



144 EVALUATING CENSUSES OF POPULATION A N D  HOUS l N G  

Figure 5-20. COMPARISON OF AGE DISTRIBUTION OF THE POPULATION ENUMERATED IN THE 1970 CENSUS OF 
THAILAND AND A STABLE AGE DISTRIBUTION, BY SEX 

A I  1 ,  ages . .  . / 100 .O 100 .O - 1 100.0 100 .O - 

Fema 1 es  

Enumerated S t a b l e  
Populat ion Population Ra t io  Ag €3 

Males 

Enumerated S tab le  
Population Population Rat io  

o t o 4 y e a r s  . . . .  
5 t o  9 y e a r s . .  . .  
10 t o  14 y e a r s . .  
1 5 t o 1 9 y e a r s . .  
20 t o  24 y e a r s . .  

25 t o  29 y e a r s . .  
30 t o  34 y e a r s . .  
36 t o  39 y e a r s . .  
40 to  44 y e a r s . .  
45 t o  49 y e a r s . .  

dur ing t h e  i n t e r c e n s a l  pe r iod  was provided by I t i o n  i n  t h e  1970 census.  These s t a b l e  a g e  

16.7 17.3 0.97 
15.7 14.4 1 .09 
13.5 12.3 1 . l o  
10.7 10.5 1.02 
7.7 8.8 0.88 

50 t o  54 years .  . 
55 t o  59 y e a r s . .  
60 to  64 y e a r s . .  
65 t o  69 y e a r s . .  
30 years  

o r  o l d e r . .  . . . 

t h e  Survey of Population Change (Thai land,  1 d i s t r i b u t i o n s  f o r  males and females are shown 

16.2 17 .O 0 .95 
15 .1  14 .2  1 .06 
13 .1 12.1 1 .08 
10.9 10.3 1 .06 
7.9 8 .8  0 .YO 

6 .4  7 .5  0 .85  
6.1 6.3 0.97 
5.6 5.3 1.06 
4.5 4.4 1.02 
3.5 3.6 0.97 

6.6 7.4 0 .85 
6 . 2  6 . 2  1 .00 
5.6 5.3 1 .06 
4.4 4.4 1 .00 
3 . 5  3.7 0 .9S 

Sources : Thailand (1973) : CoaZe and Demeny (1966) 
 table age distribution w i th  West"  mortal i ty ,  leve l  1 7 ,  and r=.03 (see t e x t  for further d e t a i l s  

on method o f  select ion of t h i s  particular stabZe age d i s t r ibu t ion ) .  

Information on t h e  l e v e l  of m o r t a l i t y  I which t o  e v a l u a t e  t h e  recorded age  d i s t r i b u -  

2.8 2.9 0.97 
2.3 2.3 1 .OO 
1.8 1 .7 1 .O6 
1.3 1 .2  1 .08 

1.5 1.5 1 .OO 

t h e  Census (1978) . These d a t a  suggest an I t i o n  i s  n o t  required s i n c e  t h e  es t imated  r 

2.8 3.0 0 .93 
2.3 2.4 0 .96 
1.9 1 .9 1 .OG 
1 .4 1 .4 1 .Oo 

2.0 1 .9 1.05 

1969) conducted during t h e  1964-1967 per iod  

and es t imates  derived by t h e  U.S. Bureau of 

average expec ta t ion  of l i f e  a t  b i r t h ,  e and e parameters  f o r  Thailand a r e  p r i n t e d  i n  
0 

f o r  females dur ing t h e  i n t e r c e n s a l  pe r iod  of t h e  Coale-Demeny model l i f e  t a b l e s  and s t a b l e  

i n  columns (2)  and (5) r e s p e c t i v e l y ,  of f i g u r e  

5-20. I n  t h i s  p a r t i c u l a r  example, i n t e r p o l a -  

approximately 60 years .  Based upon t h i s  I populat ions .  I n  o the r  c a s e s ,  as i n  t h e  second 

es t imate ,  l e v e l  17 of t h e  Coale and Demeny I example presented below, i t  w i l l  be necessa ry  

(1966) "west" model l i f e  t a b l e s  was deemed I t o  i n t e r p o l a t e  between t h e  p r i n t e d  v a l u e s  i n  

period (female e = 60 years ;  male e = 56.5 1 t i o n  under s tudy.  
0 0 

t o  be r e p r e s e n t i v e  of m o r t a l i t y  cond i t ions  

i n  Thailand dur ing t h e  1960-1970 i n t e r c e n s a l  

t h e  model l i f e  t a b l e  and s t a b l e  popu la t ions  

t o  d e r i v e  appropr ia te  va lues  f o r  t h e  popula- 

l e v e l  17 "West" m o r t a l i t y  w i t h  an annual I is i n d i c a t e d  by t h e  r a t i o s  of t h e  recorded 

years) .  

The age d i s t r i b u t i o n  of t h e  Coale and 

Demeny s t a b l e  populat ion corresponding t o  

growth r a t e ,  r ,  of t h r e e  pe rcen t  (.03) was I t o  t h e  "expected" p ropor t ions  i n  each a g e  

chosen accordingly as t h e  "standard" a g a i n s t  category shown i n  columns (3) and (6) of 

The degree  of correspondence .between 

t h e  recorded and s t a b l e  age  d i s t r i b u t i o n s  

in t h e  case  of t h e  1970 census of Thai land 
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f i g u r e  5-20 and displayed g r a p h i c a l l y  i n  

f i g u r e  5-21. 

These r e s u l t s  suggest  t h e  following 

i r r e g u l a r i t i e s  : (a)  an underenumeration of 

ch i ld ren  aged 0  t o  4  yea r s ;  (b) a  r e l a t i v e l y  

high propor t ion of t h e  census popula t ion 

under age 15; (c) a  r e l a t i v e l y  low propor t ion  

of t h e  popula t ion i n  t h e  20 t o  34 age range; 

(d) somewhat more modest d e p a r t u r e s  from t h e  

s t a b l e  age d i s t r i b u t i o n  a t  ages  35 t o  59; and 

(e)  somewhat e r r a t i c  counts  above age 60 f o r  

males and 65 f o r  females. 

I f  t h e  popula t ion of Thailand had been 

genuinely s t a b l e ,  t h e s e  r e s u l t s  would be 

i n d i c a t i v e  of s i g n i f i c a n t  l e v e l s  of coverage 

and/or con ten t  e r r o r  in t h e  1970 census. I n  

f a c t ,  t h e  major d i s t o r t i o n s  i n  t h e  1970 census 

age d i s t r i b u t i o n s  shown in f i g u r e  5-21 a r e  

exp la inab le  t o  some e x t e n t  by changes i n  f e r -  

t i l i t y  l e v e l s  s i n c e  World War 11. The d e f i c i t  

of popula t ion ages  25 t o  34,  f o r  example, 

is l i k e l y  t h e  r e s u l t  of lower f e r t i l i t y  l e v e l s  

dur ing t h e  war years  ( s e e  Bourgeois-Pichat ,  

1974) , al though some census  underenumeration 

( p a r t i c u l a r l y  of males) i n  t h i s  a g e  range  

i s  a l s o  l i k e l y .  S i m i l a r l y ,  t h e  r e l a t i v e l y  

high p ropor t ion  of t h e  popu la t ion  under age  

20 may be a t t r i b u t a b l e  t o  some degree  t o  a  

post-war "baby-boom" s i m i l a r  t o  t h a t  exper i -  

enced i n  a  number of o t h e r  c o u n t r i e s  (Arnold 

and Phananiramai, 1975). Dec l in ing  l e v e l s  

of m o r t a l i t y  during t h e  mid-1960's may a l s o  

have c o n t r i b u t e d  t o  t h e  observed d i s c r e p a n c i e s  

between t h e  enumerated and s t a b l e  age  d i s t r i -  

bu t ions  under age 10,  a l t h o u g h  t o  a  l e s s e r  

e x t e n t  than  t h e  f a c t o r s  c i t e d  above. 

Even i f  al lowance i s  made f o r  t h e  exag- 

g e r a t i n g  e f f e c t s  of c y c l i c a l  changes i n  f e r -  

t i l i t y  i n  Thailand, t h e  f a c t  t h a t  t h e  age  

p a t t e r n  of i r r e g u l a r i t i e s  i n  t h e  1970 Thai  

census resembles a  common p a t t e r n  of age  

e r r o r s  i n  censuses i n  developing c o u n t r i e s  

Figure 5-22.  RATIO OF THE PROPORTION OF THE POPULATION ENUMERATED AT EACH AGE IN Th% 2970 
CENSUS OF THAILAND TO A STABLE AGE DISTRIBUTION 

- Males 
.... -... Females 

5 10 15 20 25 

Derived from figure 5-20 .  
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suggests  t h a t  changing f e r t i l i t y  i s  no t  t h e  

s o l e  source of t h e  d i sc repanc ies  observed i n  

f i g u r e  5-21. I n  p a r t i c u l a r ,  t h e  fol lowing 

a s p e c t s  of t h e  census age d i s t r i b u t i o n  a r e  

suggest ive  of e r r o r  ( r a t h e r  than "real"  d i s -  

t o r t i o n s ) :  (a)  t h e  d e f i c i t  of populat ion 

aged 0 t o  4 years  and corresponding surp lus  

of population aged 5  t o  9  y e a r s ,  which may 

r e f l e c t  the underenumeration and/or t h e  

exaggeration of ages of c h i l d r e n ;  (b) t h e  

extreme d e f i c i t  of males aged 20 t o  29 y e a r s ,  

which l i k e l y  r e f l e c t s  t h e  typical ly-encountered 

underenumeration of males i n  t h i s  age  range 

(and/or  poss ibly  migration) ; (c)  a  su rp lus  

of females aged 30 t o  39 y e a r s ,  which has 

been hypothesized t o  r e f l e c t  t h e  exaggeration 

of ages  of women aged 15 t o  29 years  i n  o rder  

t o  make t h e i r  ages c o n s i s t e n t  wi th  perceived 

expec ta t ions  regarding age a t  marr iage and 

f e r t i l i t y  (Ewbank, 1981) ; and (d) extreme 

f l u c t u a t i o n s  at o lde r  ages,  which a r e  thought 

t o  r e f l e c t  the  tendency t o  exaggerate  ages 

i n  c u l t u r e s  where o ld  age is  revered.  

Thus, whi le  t h e r e  i s  reason t o  suspect  

t h a t  t h e  age  d i s t r i b u t i o n  of  t h e  populat ion 

enumerated i n  t h e  1970 Thai census may have 

been d i s t o r t e d  by swings i n  f e r t i l i t y  associ-  

a t e d  w i t h  World War 11, t h e r e  i s  a l s o  reason 

t o  suspect  t h e  presence of s u b s t a n t i a l  cover- 

age and/or content  e r r o r  i n  va r ious  segments 

of t h e  population which would r e q u i r e  f u r t h e r  

i n v e s t i g a t i o n  using o t h e r  methods descr ibed 

i n  t h i s  chapter.  

3.32 1960 Census of B r a z i l  .--As a  second 

example, a  v a r i a n t  of t h e  procedure descr ibed 

above recommended by t h e  United Nations (1983) 

i s  i l l u s t r a t e d .  

The general  approach and computational 

procedure of t h i s  v a r i a n t  a r e  very s i m i l a r  t o  

t h a t  described above. The b a s i c  d i f f e r e n c e s  

between t h i s  approach and t h e  approach descr ib-  

ed above l i e s  i n  t h e  amount of information 

requ i red  about t h e  populat ion being s t u d i e d  

and t h e  manner i n  which t h e  accuracy of t h e  

recorded age  d i s t r i b u t i o n  i s  a s s e s s e d .  While 

t h e  two approaches should produce approxi-  

mately  t h e  same r e s u l t s ,  t h e  la t ter  approach 

w i l l  prove more u s e f u l  i n  c a s e s  of l i m i t e d  

demographic information. 

S p e c i f i c a l l y ,  t h e  procedure  i n v o l v e s  t h e  

determinat ion of a  sequence of impl ied b i r t h  

r a t e s ,  b f x ) ,  f o r  5-year a g e  groups i n  t h e  enu- 

merated census populat ion c a l c u l a t e d  by f i n d i n g ,  

through i n t e r p o l a t i o n ,  t h e  model s t a b l e  popu- 

l a t i o n  at  an a r b i t r a r i l y  chosen l e v e l  of mor- 

t a l i t y  t h a t  has t h e  same p r o p o r t i o n s  under a g e  

x  a s  t h e  populat ion enumerated i n  t h e  census .  

The r a t i o n a l e  behind t h i s  approach is 

t h a t  i n  a  s t a b l e  populat ion t h e  impl ied b i r t h  

r a t e  f o r  each age group w i l l  b e  approximately  

cons tan t .  Accordingly, i n  an a c t u a l  popula- 

t i o n  which has  been s u b j e c t  t o  c o n d i t i o n s  of 

approximate s t a b i l i t y ,  s i g n i f i c a n t  v a r i a t i o n s  

of t h e  implied bfx)  v a l u e s  may b e  cons t rued  

a s  being i n d i c a t i v e  of some mix tu re  of cover- 

a g e  and con ten t  e r r o r  i n  t h e  census .  A v a l u e  

of b f x )  which is higher  than  p r e d i c t e d  on t h e  

b a s i s  of a  genuinely s t a b l e  popu la t ion ,  f o r  

example, would i n d i c a t e  t h a t  t o o  h i g h  a pro- 

p o r t i o n  of t h e  populat ion was recorded  a s  

being under age  x i n  t h e  census.  Lower t h a n  

p red ic ted  va lues  of b(x)  would sugges t  t h e  

oppos i t e  p a t t e r n  of n e t  census  e r r o r .  

An important f e a t u r e  of t h i s  approach i s  

t h a t  t h e  a c t u a l  l e v e l  of m o r t a l i t y  i n  t h e  popu- 

l a t i o n  under s tudy need n o t  be known very pre-  

c i s e l y .  Conceptually,  t h e  procedure  should 

produce reasonable  r e s u l t s  a t  any a r b i t r a r i l y  

chosen l e v e l  of m o r t a l i t y ,  a l t h o u g h  t h e  s e l e c -  

t i o n  of a  model l i f e  t a b l e  which approximates  

t h e  a c t u a l  m o r t a l i t y  c o n d i t i o n s  i n  t h e  popu- 

l a t i o n  being s tud ied  is l i k e l y  t o  produce 

b e t t e r  r e s u l t s  ( s e e  United Na t ions ,  1983: 

162, f o r  f u r t h e r  d i s c u s s i o n  of t h i s  p o i n t )  . 
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Computat i o n a l l y ,  t h r e e  s t e p s  which a r e  

very  s i m i l a r  t o  those  desc r ibed  above a r e  

required : 

(1) Step 1:  Ca lcu la t ion  of t h e  cumulated 
age d i s t r i b u t i o n .  The cumulated age 
d i s t r i b u t i o n ,  o r  t h e  p ropor t ion  of 
t h e  popula t ion under exac t  age  X, 

denoted C(X), i s  determined by sum- 
ming t h e  p ropor t ions  i n  each age 
group, t h e  c(x) v a l u e s  desc r ibed  i n  
t h e  f i r s t  example, up t o  t h e  r equ i red  
age x .  

(2) S tep  2 :  Ca lcu la t ion  of b i r t h  r a t e s  
a t  a  f i x e d  l e v e l  of m o r t a l i t y .  This 
s t e p  involves  t h e  i d e n t i f i c a t i o n  of 
t h e  s t a b l e  b i r t h  r a t e ,  b f x ) ,  f o r  
each va lue  of x  which is  implied by 
t h e  l e v e l  of m o r t a l i t y  chosen and 
t h e  observed v a l u e s  of Cfx) from t h e  
census.  A s  i n  t h e  f i r s t  example, 
t h e  a p p r o p r i a t e  v a l u e s  a r e  der ived 
through i n t e r p o l a t i o n ;  but  i n  t h i s  
case  a  one-way i n t e r p o l a t i o n  i s  
performed between t h e  p r i n t e d  va lues  
of C(x) i n  t h e  model s t a b l e  popu- 
l a t i o n s  a t  t h e  chosen ( f ixed)  l e v e l  
of m o r t a l i t y .  The v a l u e s  of b(x) 
chosen a r e  those  which correspond 
t o  t h e  observed Cfx) v a l u e s  from 
t h e  census.  Th i s  procedure is 
i l l u s t r a t e d  i n  t h e  example below. 

(3) Step 3: P l o t  of t h e  e s t ima ted  b i r t h  
r a t e s  b (x )  a g a i n s t  age  X. The 

es t imated b(x)  v a l u e s  a r e  t h e n  p l o t t e d  
a g a i n s t  va lues  of a g e ,  x ,  t o  a s s e s s  
t h e  e x t e n t  t o  which t h e y  f a l l  on a  
s t r a i g h t  l i n e .  As no ted  above, 
d e p a r t u r e s  from a  s t r a i g h t  l i n e  a r e  
i n d i c a t i v e  e i t h e r  of n o n s t a b i l i t y  
of t h e  popula t ion o r  of n e t  census 
e r r o r  (coverage and /o r  c o n t e n t  
e r r o r ) .  

To i l l u s t r a t e  t h e  above approach,  t h e  

example us ing  t h e  male a g e  d i s t r i b u t i o n  of 

t h e  1960 census of B r a z i l  p r e s e n t e d  i n  United 

Nat ions  (1983 : 160-62) h a s  been reproduced. 

The p ropor t ions  of t h e  enumerated popu la t ion  

i n  each 5-year age  group, c f d ,  and t h e  cumu- 

l a t i v e  p ropor t ions  up t o  each  a g e  X,  C(X), re- 

qu i red  i n  s t e p  1 of t h e  computat ional  procedure  

a r e  shown i n  columns (2) and ( 4 )  of f i g u r e  5-22 

The c(x) v a l u e s  were ob ta ined  by summing t h e  

va lues  of C(X) up t o  t h e  r e q u i r e d  age.  

The es t ima ted  b i r t h  rates impl ied  by t h e  

p ropor t ion  of t h e  popu la t ion  under  e a c h  age  x, 

bfx) , shown i n  column (5) of t h e  t a b l e  were de- 

r i v e d  by i n t e r p o l a t i n g  between p r i n t e d  v a l u e s  

of C(x) i n  t h e  Coale-Demeny model s t a b l e  popu- 

l a t i o n s  corresponding t o  m o r t a l i t y  l e v e l  13 of 

t h e  "west" r e g i o n a l  model l i f e  t a b l e .  

Figure 5-22. AGE DISTRIBUTION AND FITTED BIRTH-RATE ESTIMATES FOR MALES, BRAZIL, 1960 

Age 
group 

P ropor t  ion Cumulated 
in each age Est imated 

age group Age d i s t r i b u t i o n  b i r t h  r a t e  
x C (x) b  fx) 

c (x) 

0  t o  4 y e a r s . . . . . , .  
5  t o  9  years . .  . . . . . 
10 t o  14 years . . . . .  
15 t o  19 yea r s . . . . .  
20 t o  24 yea r s . .  . .. 

0.1625 5  0.1625 0.04114 
0.1477 10 0.3102 0.04316 
0.1227 15 0.4329 0.04337 
0.0986 20 0.5315 0.04253 
0.0855 25 0.61 70 0.04202 

25 t o  29 years . .  . . . 
30 t o  34 years . . .  .. 
35 t o  39 years . .  . . . 
4 0 t o 4 4 y e a r s  ..... 
45 t o  49 yea r s . .  . . . 

Source: United Nations (1983) 

0.0727 3  0  0.6897 0.04151 
0.0644 3  5  0.7541 0.04137 
0.0563 40 0.8104 0.04147 
0.0474 4  5  0.8578 0.04159 
0.0398 50 0.8976 0.04186 

50 t o  54 yea r s .  .. . . 
55 t o  59 y e a r s . .  . . . 
60 t o  64 y e a r s . .  . .. 
65 years  o r  o l d e r . .  

0.0317 55 0.9293 0.04203 
0.0235 60 0.9528 0.04163 
0.0206 65 0.9734 0.04503 
0.0266 w 1 . 0000 - 



A * k 

148 EVALUATING CENSUSES OF POPULATION AND HOUSING 

. To i l l u s t r a t e  t h i s  i n t e r p o l a t i o n  proce- 

dure,  t h e  value of b ( 2 5 ) ,  t h e  b i r t h  r a t e  i n  a  

s t a b l e  population a t  mor ta l i ty  l e v e l  13 (ex- 

pectat ion of l i f e  = 47 .11  years )  having a 

va lue  of C ( 2 5 )  i d e n t i c a l  t o  t h e  value record- 

ed in t h e  B r a z i l i a n  census, was c a l c u l a t e d  a s  

follows. The p r i n t e d  values of C ( 2 5 )  i n  t h e  

model s t a b l e  populat ion with  a  b i r t h  r a t e ,  

b ( 2 5 ) ,  of 0.03756 is C ( 2 5 )  = 0 .5823 ,  while  

C ( 2 5 )  = 0.6293 i n  t h e  s t a b l e  populat ion with  

b ( 2 5 )  = 0.04230. Since these  two va lues  of 

C(25)  "bracket" t h e  observed C f 2 5 )  i n  t h e  

Braz i l i an  census (which equa l s  0.6170) , i n t e r -  

polat ion i s  performed between these  two values  

of C f 2 5 )  t o  d e r i v e  t h e  i n t e r p o l a t i o n  f a c t o r s  

( 8 )  and ( 2 - 8 )  from which t o  i n t e r p o l a t e  be- 

tween t h e  b ( 2 5 )  va lues  a s  fo l lows :  

The i n t e r p o l a t i o n  f a c t o r s  ( 0 )  and ( 1 - 8 )  

were then app l ied  t o  t h e  corresponding values  

of b ( 2 5 )  t o  determine t h e  v a l u e  of b ( 2 5 )  i m -  

p l i e d  by t h e  observed v a l u e  of C ( 2 5 )  i n  t h e  

B r a z i l i a n  census a s  fol lows:  

b ( 2 5 )  = 0.94 (0 .04230)  + 0.06 ( 0 . 0 3 7 5 6 )  

= 0.04202 

This procedure was used i n  e s t i m a t i n g  t h e  

values  of b ( x )  shown i n  column (5)  of f i g u r e  

5-22. 

The f i n a l  s t e p  i n  t h e  procedure i s  t o  

p l o t  t h e  es t imated b f x )  v a l u e s  by age ,  x ,  a s  

shown in  f i g u r e  5-23. On t h e  b a s i s  of t h i s  

f i g u r e ,  it would appear bo th  t h a t  t h e  B r a z i l -  

i a n  population was approximately s t a b l e  and 

t h e  1960 census male age  d i s t r i b u t i o n  had 

n o t  been s e r i o u s l y  d i s t o r t e d  by n e t  census  

e r r o r ,  a l though some d i s t o r t i o n  a t  a g e s  10 

and 15 and a t  t h e  o lder  ages  is ev iden t .  

The r e l a t i v e l y  modest degree of d i s t o r t i o n  

in t h e  age d i s t r i b u t i o n  of B r a z i l i a n  males 

in t h e  1960 census i s  ev iden t  when compared 

t o  t h e  p l o t s  of b ( x )  by age f o r  s e l e c t e d  

Figure 5-23. PLOT OF THE ESTIMATED BIRTH-RATE, b ( x ) ,  SEQUENCE BASED ON THE MODEL STABLE MALE 
POPULATION, WEST FAMILY, LEVEL 13 ,  BRAZIL, 2960 

b(x) 
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African female,  f i g u r e  5-24, and L a t i n  Arneri- 

c a n / F i l i p i n o  male popu la t ions ,  f i g u r e  5-25. 

The p a t t e r n  of b f x )  v a l u e s  shown i n  

f i g u r e s  5-24 and 5-25, f o l l o w  f r e q u e n t l y  

observed p a t t e r n s  of d i s t o r t i o n  i n  census age 

d a t a .  The b ( x )  va lues  f o r  Afr ican females 

shown i n  f i g u r e  5-24, f o r  example, seem t o  

fo l low a p a t t e r n  c h a r a c t e r i s t i c  of popula t ions  

( f o r  bo th  males and females) i n  Af r i ca  and 

South Asia (United Nat ions ,  1983) . This 

p a t t e r n  of age e r r o r s  is c h a r a c t e r i z e d  by 

maximum values  of b ( x )  a t  age  10,  a sharp  

d e c l i n e  up t o  age 20, and a g radua l  i n c r e a s e  

t h e r e a f t e r  w i t h  i n c r e a s i n g  age.  This  p a t t e r n  

i n d i c a t e s  a s i g n i f i c a n t  d e f i c i t  of females 

ages  10 t o  19 i n  census enumerations of these  

populaLions and is  l i k e l y  t h e  r e s u l t  of age 

mis repor t ing  and e r r o r s  made by census enu- 

merators  i n  e s t ima t ing  t h e  ages  of females 

i n  t h i s  age range. It should  be no ted ,  how- 

ever ,  t h a t  t h e  PES r e s u l t s  of t h e  1981 cen- 

suses  of I n d i a  and Bangladesh i n d i c a t e  t h a t  

omission r a t e s  tend t o  be  r e l a t i v e l y  high i n  

t h i s  age  range ( I n d i a ,  1982; Bangladesh,  1983), 

sugges t ing  t h a t  coverage e r r o r  may a l s o  b e  a 

c o n t r i b u t i n g  f a c t o r  t o  t h e  d i s t o r t i o n  i n  t h e  

age  d i s t r i b u t i o n  of at least t h e  South  Asian 

popula t ions .  

The p a t t e r n  of b f x )  v a l u e s  f o r  L a t i n  

American and F i l i p i n o  males shown i n  f i g u r e  

5-25 sugges t  a s u b s t a n t i a l l y  d i f f e r e n t  p a t t e r n  

of census  e r r o r s .  This  p a t t e r n  is c h a r a c t e r -  

i z e d  by maximum va lues  o i  b f x )  a t  age 15 

followed by a gradual  d e c l i n e  w i t h  i n c r e a s i n g  

age.  This p a t t e r n  might r e f l e c t  a tendency 

toward i n c r e a s i n g l y  g r e a t e r  overs t a t ement  

of age  among s u c c e s s i v e l y  o l d e r  c o h o r t s  of 

males. It would appear ,  however, t h a t  t h e  

d i s t o r t i o n s  i n  t h e  a g e  d i s t r i b u t i o n s  of t h e s e  

c o u n t r i e s  a r e  cons ide rab ly  l e s s  marked t h a n  

t h o s e  shown i n  f i g u r e  5-24. 

3 . 4  U n u  and fimLta;tioa 

I n  c o u n t r i e s  i n  which a r e a s o n a b l e  c a s e  

can b e  made f o r  approximately  s t a b l e  demograph- 

i c  c o n d i t i o n s ,  s t a b l e  p o p u l a t i o n  t echn iques  

Figure 5- 24. BIRTH RATE ESTIMATES, b ( x ) ,  OBTAINED FROM PROPORTIONS UNDER AGE x, C f x ) ,  I N  
MODEL STULE POPULATIONS FOR SELECTED AFRICAN FEMALE POPULATIONS 

b(x) 

- - - - - Angola, females, 1960 - Ghana, females, 1960 .......... Morocco, females, 1960 --- Senegal, females, 1960161 

30 1 1 1 I 1 
0 10 20 30 40 50 60 70 

Age 

Source: U. N .  Manual X ,  figure 19, pane2 e 



1 5 0  EVALUATING CENSUSES OF POPULATION AND HOUSING 

F i g u r e  5-25. BIRTH RATE ESTIMATES, b ( x ) ,  OBTAINED FROM PROPORTIONS UNDER AGE x, C ( x ) ,  IN  MODEL 
STABLE POPULATIONS FOR SELECTED LATIN AMERICAN MALE POPULATIONS AND PHILIPPINE MALES 

- - - - - Brazil, males, 1960 - Mexico, males, 1960 
- - - . - - - = a  Peru, males, 1961 - - - Philippines, males, 1960 

Source:  U.  N .  Mama2 X,  f i g u r e  19, pane2 f 

provide a  v a l i d  b a s i s  f o r  eva lua t ing  t h e  

accuracy of census  age s t a t i s t i c s .  The use- 

fu lness  of t h e  approach d e r i v e s  both from 

t h e  robustness  of t h e  method in previous 

a p p l i c a t i o n s  under a  f a i r l y  wide range of 

r e c e n t l y  d e s t a b i l i z e d  cond i t ions  and the  f a c t  

t h a t  t h e  cond i t ions  assumed under t h e  model 

(constant  f e r t i l i t y  and cons tan t  o r  r e c e n t l y  

decl ining m o r t a l i t y )  a r e  s a t i s f i e d  i n  a  number 

of coun t r i es .  

The recen t  dec l ines  in  f e r t i l i t y  exper i -  

enced in a  number of c o u n t r i e s ,  however, l i m i t s  

t h e  use fu lness  of t h e  approach s i n c e  t h e  re- 

s u l t i n g  es t imates  under e i t h e r  of t h e  v a r i a n t s  

described above a r e  s e n s i t i v e  t o  changes in 

l e v e l s  of f e r t i l i t y .  S u b s t a n t i a l  l e v e l s  of 

n e t  migration a l s o  w i l l  l i m i t  t h e  a p p l i c a b i l -  

i t y  of the  method, but in  some cases  i t  may be 

poss ib le  t o  overcome t h i s  l i m i t a t i o n  by ad- 

j u s t i n g  t h e  recorded census age  d i s t r i b u t i o n  

f o r  t h e  e f f e c t s  of migration p r i o r  t o  t h e  

app l ica t ion  of s t a b l e  populat ion techniques.  

Recent d e c l i n e s  i n  m o r t a l i t y  should n o t  

s i g n i f i c a n t l y  l i m i t  t h e  u s e  of t h e  approach 

s i n c e  changing l e v e l s  of m o r t a l i t y  have a  

r a t h e r  smal l  e f f e c t  on t h e  a g e  d i s t r i b u t i o n  

of t h e  populat ion.  Larger m o r t a l i t y  d e c l i n e s  

may, however, n e c e s s i t a t e  t h e  u s e  of a  some- 

what d i f f e r e n t  approach as d e s c r i b e d  below. 

I n  a c t u a l  a p p l i c a t i o n ,  one of t h e  more 

problemat ic  a s p e c t s  of t h e  u s e  of s t a b l e  

populat ion techniques  a r i s e s  i n  t h e  i n t e r p r e t a -  

t i o n  of r e s u l t s .  One problem i s  t h a t  i t  

is o f t e n  d i f f i c u l t  t o  judge t h e  e x t e n t  t o  

which d i sc repanc ies  between t h e  recorded and 

s t a b l e  age  d i s t r i b u t i o n s  should be  a t t r i b u t e d  

t o  census  e r r o r ,  t o  a  d e p a r t u r e  i n  t h e  popu- 

l a t i o n  s t u d i e d  from t h e  assumed c o n d i t i o n  of 

approximate s t a b i l i t y ,  o r  t o  o t h e r  f a c t o r s .  

I n  some i n s t a n c e s ,  d i s t o r t e d  age  d i s t r i b u t i o n s  

a r e  t h e  r e s u l t  of e x t r a o r d i n a r y  e v e n t s  such 

a s  wars,  famines,  e t c . ,  and t h e  observed d i s -  

c repanc ies  can be  explained on t h i s  b a s i s .  

I n  o t h e r  c a s e s ,  however, t h e  c a u s e s  of t h e  

observed d i s c r e p a n c i e s  w i l l  b e  less apparen t .  

Previous  exper ience has  shown t h a t  census  age  
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e r r o r s  tend t o  follow s e v e r a l  common p a t t e r n s  

and t h e  observat ion of one of t h e s e  p a t t e r n s  

i n  a c t u a l  a p p l i c a t i o n  should p rov ide  j u s t i f i -  

c a t i o n  f o r  t h e  assumption of approximate 

s t a b i l i t y  ( s e e  United Nat ions ,  1983 and 

Ewbank, 1981 f o r  a d e s c r i p t i o n  of t y p i c a l  

p a t t e r n s  of census age e r r o r s ) .  F a i l u r e  t o  

observe one of t h e s e  common p a t t e r n s  should ,  

however, cause  t h e  v a l i d i t y  of t h e  assumption 

of s t a b i l i t y  t o  be i n v e s t i g a t e d  f u r t h e r  be- 

f o r e  accep t ing  t h e  observed d i s c r e p a n c i e s  a s  

e s t ima tes  of census  e r r o r .  

Another l i m i t a t i o n  of t h e  method i s  t h a t  

i t  i s  o f t e n  d i f f i c u l t  to  a s s e s s  t h e  r e l a t i v e  

con t r ibu t ions  of coverage and c o n t e n t  e r r o r  

t o  observed d i sc repanc ies  i n  t h e  census  age 

d i s t r i b u t i o n .  One p o s s i b i l i t y  f o r  overcoming 

t h i s  weakness i s  t o  use s t a b l e  popu la t ion  

techniques  i n  combination w i t h  o t h e r  methods 

which p rov ide  e s t i m a t e s  of n e t  census  cover- 

age  e r r o r  by age and sex.  Ewbank (1981) , f o r  

example, i l l u s t r a t e s  t h e  use  of s t a b l e  popu- 

l a t i o n  a n a l y s i s  in con junc t ion  w i t h  PES e s t i -  

mates of n e t  coverage e r r o r  f o r  t h e  1972 cen- 

s u s  of Paraguay ( s e e  f i g u r e  5-26). I n  t h i s  

t a b l e ,  t h e  age  d i s t r i b u t i o n  recorded i n  t h e  

census (column 1) was a d j u s t e d  f o r  n e t  census  

undercount (column 4) on t h e  b a s i s  of PES 

r e s u l t s  and t h e  a d j u s t e d ' a g e  d i s t r i b u t i o n  

compared w i t h  an a p p r o p r ~ a t e  s t a b l e  age  d i s t r i -  

but ion.  The r a t i o n a l e  behind t h i s  approach 

is  t h a t  i n  an approximately s t a b l e  popu la t ion  

and on t h e  assumption t h a t  n e t  census  coverage 

e r r o r  h a s  been es t ima ted  a c c u r a t e l y  by t h e  PES, 

t h e  remaining d i s c r e p a n c i e s  between t h e  ad- 

j u s t e d  census  and s t a b l e  age d i s t r i b u t i o n s  

Figure 5-26. STABLE POPULATION ANALYSIS OF TEE REPORTED AND ADJUSTED AGE DISTRIBUTION: 
PARAGUAY 1 972 

0 t o  4 yea r s . .  ............. 
............. 5 t o  9 yea r s . .  
............. 10 t o  14 years  
............. 15 t o  19 years  

20 t o  24 yea r s . .  ........... 
25 t o  29 years. .  ........... 
30 t o  34 yea r s . .  ........... 

............. 35 t o  39 years 
40 t o  44 y e a r s . . . . . . . . . . . . .  

Fema 1 e s  

0 t o  4 years  ............... 
............. 5 t o  9 yea r s . .  

10 t o  14 years .  ............ 
........ 15 t o  19 y e a r s . . . . .  

........... 20 t o  24 yea r s . .  

25 t o  29 years  . . . . . . . . . . . . .  
. . . . . . . . . . .  30 t o  34 yea r s . .  

35 t o  39 yea r s . .  . . . . . . . . . . .  
. . . . . . . . . . .  40 t o  44 yea r s . .  

Reported by census 

Stab 1 e 
e ( x )  f 
Stab le  

C (x) 

( 3  1 

Adjusted f o r  undercount 

I S t a b l e  I d x ) +  S t a b l e  

S o m c e :  Adapted from Ewbank ( 1 9 8 1 ) ,  based  on Marks and Rwnford (1978)  and U. N .  
Demographic Yearbook 11 978) .  
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should r e f l e c t  s o l e l y  t h e  e f f e c t s  of c o n t e n t  

(age mis repor t ing )  e r r o r .  (These assumptions 

a r e  never,  of  course ,  f u l l y  met i n  a c t u a l  

a p p l i c a t i o n ) .  

I n  t h e  c a s e  of Paraguay, t h e  adjus tment  

of t h e  recorded census  age d i s t r i b u t i o n  f o r  

n e t  census undercount improves t h e  " f i t "  

between t h e  census  and s t a b l e  age  d i s t r i b u -  

t i o n s  i n  most age  c a t e g o r i e s  (compare column 

3 w i t h  column 6 i n  f i g u r e  5-26) ; The f a c t  

t h a t  t h e  adjus tments  a r e  g e n e r a l l y  l a r g e r  

f o r  males t h a n  f o r  females r e f l e c t s  t h e  PES 

e s t i m a t e s  of h igher  degree o f  underenumeration 

of males  i n  t h e  1972 census.  However, t h e  

f a c t  t h a t  s i g n i f i c a n t  d i s c r e p a n c i e s  remain 

between t h e  a d j u s t e d  census and s t a b l e  a g e  

d i s t r i b u t i o n s  (column 6) suppor t s  t h e  i n t e r -  

p r e t a t i o n  t h a t  age  m i s r e p o r t i n g  ( c o n t e n t  

e r r o r )  i s  a  s i g n i f i c a n t  source  of e r r o r  i n  

t h e  census  d a t a  f o r  most a g e  groups.  

I n  a d d i t i o n  t o  t h e  uses  desc r ibed  above, 

s t a b l e  popu la t ion  techniques  o f t e n  prove 

u s e f u l  i n  c o u n t r i e s  which have conducted 

m u l t i p l e  censuses  in a d j u s t i n g  t h e  a g e  d i s t r i -  

b u t i o n s  recorded i n  an  e a r l i e r  census  when 

s t a b l e  c o n d i t i o n s  may more r easonab ly  be 

assumed t o  have app l i ed .  The a d j u s t e d  popu- 

l a t i o n  of t h e  e a r l i e r  census  may then be  

"projec ted ' '  forward t o  t h e  d a t e  of a  c u r r e n t  

census based upon e s t i m a t e s  of l e v e l s  and 

t r e n d s  i n  f e r t i l i t y ,  m o r t a l i t y ,  and m i g r a t i o n  

i n  t h e  i n t e r v e n i n g  pe r iod  and compared w i t h  

t h e  c u r r e n t  census.  This  procedure ,  t h e  

cohort-component method, is  desc r ibed  i n  

s e c t i o n  5.  

The procedure  of a c c e p t i n g  a  s t a b l e  age  

d i s t r i b u t i o n  a long w i t h  t h e  enumerated t o t a l  

from a  p rev ious  census  and p r o j e c t i n g  t h i s  

popula t ion forward t o  t h e  d a t e  of a  subse- 

quent census  i s  o f t e n  a  u s e f u l  approach i n  

cases  where changing f e r t i l i t y  and/or  mor- 

t a l i t y  i n v a l i d a t e  t h e  d i r e c t  u s e  of s t a b l e  

popu la t ion  methods t o  e v a l u a t e  t h e  a g e  d i s t r i -  

bu t ion  of t h e  subsequent census .  I n  a  s i t u a -  

t i o n  of d e c l i n i n g  f e r t i l i t y ,  t h i s  would i n  

f a c t  be a  p r e s c r i b e d  approach.  I n  a  s i t u a t i o n  

of d e c l i n i n g  m o r t a l i t y  ove r  a  s i g n i f i c a n t  

number of y e a r s ,  a  c h o i c e  needs  t o  be  made 

between t h i s  approach and t h e  u s e  of quas i -  

s t a b l e  popu la t ion  methods. 

A c a s e  f o r  t h e  a p p l i c a t i o n  of t h e  cohor t -  

component approach u s i n g  a  s t a b l e  a g e  d i s t r i -  

bu t ion  f o r  an e a r l i e r  census  d a t e  i n  l i e u  of 

q u a s i - s t a b l e  methods may be  made on t h e  b a s i s  

of two p o i n t s .  F i r s t ,  t h e  number and s e v e r i t y  

of assumpt ions  r e q u i r e d  a r e  c o n s i d e r a b l y  l e s s  

under t h e  cohort-component approach t h a n  under 

t h e  q u a s i - s t a b l e  approach.  Second, and per-  

haps more r e l e v a n t ,  i s  t h e  f a c t  t h a t  i n  most 

i n s t a n c e s  i n  which s u f f i c i e n t  i n f o r m a t i o n  is  

a v a i l a b l e  f o r  t h e  a p p l i c a t i o n  of q u a s i - s t a b l e  

methods ( t h e  l e n g t h  of t i m e  and t h e  r a t e  a t  

which m o r t a l i t y  has been d e c l i n i n g )  , s u f f i c i e n t  

in fo rmat ion  a l s o  w i l l  be  a v a i l a b l e  t o  app ly  

t h e  cohort-component approach.  

4. ANALYSES OF SUCCESS1 VE CENSUSES 
USING ACTUAL DATA ON COMPONENTS 

OF POPULATION CHANGE 

I n  c o u n t r i e s  w i t h  r e l a t i v e l y  complete  

systems of v i t a l  r e g i s t r a t i o n  a n d / o r  i n  which 

e v a l u a t i o n  s t u d i e s  have been under t aken  s o  

t h a t  a  f a i r l y  r e l i a b l e  e s t i m a t e  of t h e  degree  

of  u n d e r - r e g i s t r a t i o n  i n  t h e s e  sys tems can be  

de r ived ,  in fo rmat ion  on t h e  number of i n t e r -  

c e n s a l  b i r t h s ,  d e a t h s ,  and n e t  i n t e r n a t i o n a l  

mig ran t s  can b e  used i n  c o n j u n c t i o n  w i t h  t h e  

r e s u l t s  of a p rev ious  census  t o  e v a l u a t e  t h e  

coverage  of a  subsequent o r  c u r r e n t . c e n s u s .  

The b a s i c  mathemat ica l  framework f o r  ana- 

l y z i n g  s u c c e s s i v e  censuses  is commonly r e f e r r e d  

t o  a s  t h e  p o p u l a t i o n  ba lanc ing  e q u a t i o n ,  which 

may be expressed symbol i ca l ly  a s :  
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Where: 

P1 = t h e  population enumerated i n  t h e  
census being evaluated 

Po = t h e  population enumerated i n  a  
previous census 

B,D = t h e  number of b i r t h s  and deaths  
i n  t h e  period between t h e  two 
censuses,  r espec t ive ly  

M = t h e  number of n e t  i n t e r n a t i o n a l  
migrants i n  t h e  per iod,  which i s  
equal  t o  t h e  number of immigrants 
(I) l e s s  t h e  number of emigrants 
( E ) ;  t h a t  is  M = I - E. I n  t h e  
case  of ne t  immigration, M w i l l  
have a  p o s i t i v e  s ign ;  i n  t h e  case  
of n e t  emigration, M w i l l  have a  
nega t ive  s ign.  

The l o g i c  underlying t h e  balancing equa- 

t i o n  i s  q u i t e  simple. Assuming f ixed  nat ion-  

a l  boundaries, t h e  population of a  country 

can increase o r  decrease between any two 

po in t s  i n  time (such a s  between two censuses) 

only a s  a  r e s u l t  of b i r t h s ,  dea ths ,  and move- 

ment of popula t ion  ac ross  n a t i o n a l  boundaries.  

B i r ths  and immigration between t h e  two cen- 

suses  add t o  t h e  populat ion,  whi le  dea ths  and 

emigration during t h e  i n t e r c e n s a l  period re- 

duce it. I n  t h e  absence of e r r o r  i n  t h e  com- 

ponents of t h e  balancing equat ion,  the  equa- 

t i o n  w i l l  balance exact ly .  

For census evaluat ion purposes,  the  

ex ten t  t o  which t h e  enumerated populat ion 

( P I )  f a l l s  s h o r t  of ( o r  exceeds) t h e  popula- 

t i o n  count expected on t h e  b a s i s  of t h e  sum 

of t h e  components on t h e  r i g h t  hand s i d e  of 

equation (5.9) i s  of prime i n t e r e s t .  The 

"res idual"  quan t i ty  needed t o  make t h e  equa- 

t i o n  balance e x a c t l y ,  l abe led  "e" i n  equation 

(5 . lO) ,  i s  r e f e r r e d  t o  a s  t h e  "e r ro r  of 

closure" and represen t s  an es t imate  of t h e  

r e l a t i v e  coverage e r r o r  i n  t h e  two censuses. 

This es t imate  i s  derived by solving equation 

(5.10) f o r  e.  

I f  a nega t ive  r e s i d u a l  q u a n t i t y  e ,  is  

needed t o  balance equat ion (5.10) , t h e  enu- 

merated t o t a l ,  P I ,  w i l l  have f a l l e n  s h o r t  of 

t h e  expected t o t a l ,  o r  i n  o t h e r  words w i l l  

have been underenumerated r e l a t i v e  t o  Po. I f  

a  p o s i t i v e  r e s i d u a l  i s  requ i red  t o  balance 

t h e  equat ion,  a  r e l a t i v e  overenumerat ion of 

P1 i s  ind ica ted .  

I n  a c t u a l  a p p l i c a t i o n ,  t h e r e  a r e  s e v e r a l  

important l i m i t a t i o n s  t o  t h i s  procedure.  

Foremost among t h e s e  is  t h a t  because t h e  ex- 

t e n t  of coverage e r r o r  i n  PI is es t imated  by 

a  r e s i d u a l  value i n  t h e  ba lanc ing  equa t ion ,  

t h i s  es t imate  i s  d i r e c t l y  a f f e c t e d  by e r r o r s  

i n  each of t h e  o t h e r  components of t h e  equa- 

t i o n .  Underenumeration i n  t h e  f i r s t  census,  

P o ,  and under - reg i s t ra t ion  of b i r t h s ,  B, o r  

n e t  emigrat ion,  M, w i l l  l e a d  t o  a  lower "ex- 

pected" populat ion and an e s t i m a t e  of t h e  

l e v e l  of undercoverage i n  Pi which i s  b iased  

downward. he renumera t ion  of Po , under- 

r e g i s t r a t i o n  of dea ths ,  D, and of n e t  immigra- 

t i o n  w i l l  have t h e  o p p o s i t e  e f f e c t .  It i s  

o f t e n  t h e  case  t h a t  e r r o r s  i n  t h e  components 

of t h e  balancing equat ion compensate f o r  o r  

mutually cance l  o t h e r  e r r o r s ,  a s  i n  t h e  case  

of underenumeration of P I  and under- 

r e g i s t r a t i o n  of b i r t h s .  The i m p l i c a t i o n  of 

t h i s  i s  t h a t  a smal l  r e s i d u a l  v a l u e ,  e ,  in  

t h e  balancing equat ion cannot n e c e s s a r i l y  be 

i n t e r p r e t e d  a s  being i n d i c a t i v e  of a  low l e v e l  

of n e t  census  coverage e r r o r  i n  P I .  

Accordingly, e v a l u a t i o n  of t h e  accuracy 

of t h e  components of t h e  ba lanc ing  equat ion 

should be undertaken and a p p r o p r i a t e  correc-  

t i o n s  o r  adjustments made p r i o r  t o  using t h e  

balancing equation t o  e v a l u a t e  t h e  l e v e l  of 

coverage e r r o r  i n  P , .  I n  c a s e s  where b i r t h s  

and/or dea ths  a r e  known o r  thought  t o  be under- 

r e g i s t e r e d ,  es t imates  of t h e  degree  of under- 

r e g i s t r a t i o n  can be used t o  a d j u s t  t h e  record- 

ed nuxbers of i n t e r c e n s a l  b i r t h s  and dea ths .  
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The procedure proposed by Chandrasekar and 

Deming (1949), which is  of common t h e o r e t i c a l  

o r i g i n  a s  t h e  PES model f o r  e v a l u a t i n g  census 

coverage ou t l ined  i n  chap te r  2 ,  has  been 

u t i l i z e d  by a number of c o u n t r i e s  f o r  t h i s  

purpose.  Other procedures f o r  a d j u s t i n g  t h e  

r e g i s t e r e d  number of b i r t h s  and dea ths  have 

been suggested by Brass (1975), P res ton  e t  a l .  

(1980), Pres ton and H i l l  (1980),  and Luther 

and Retherford (1985). Severa l  of t h e s e  

methods a r e  documented i n  United Nat ions  

(1983). 

Deriving s i m i l a r  adjus tments  f o r  t h e  

migrat ion component of t h e  balancing equat ion 

i s  t y p i c a l l y  more d i f f i c u l t .  This i s  due t o  

t h e  less comprehensive n a t u r e  of t h e  informa- 

t i o n  c o l l e c t e d  on migrat ion by many c o u n t r i e s  

and t h e  genera l ly  lower q u a l i t y  of t h e s e  d a t a  

in comparison w i t h  b i r t h  and d e a t h  r e g i s t r a -  

t i o n  da ta .  A s  a r e s u l t ,  i t  i s  g e n e r a l l y  the  

c a s e  t h a t  t h e r e  i s  l e s s  conf idence i n  t h e  

accuracy of migrat ion d a t a  than  i n  f e r t i l i t y  

and m o r t a l i t y  d a t a .  

I n  c o u n t r i e s  where t h e  volume of i n t e r -  

n a t i o n a l  migrat ion i s  smal l  o r  i n  which t h e  

volume of in- and out-migration is  thought  t o  

b e  more o r  l e s s  equivalent  ( t h a t  is ,  net 
i n t e r n a t i o n a l  migrat ion is c l o s e  t o  z e r o ) ,  t h e  

migra t ion  component of t h e  balancing equat ion 

can be dropped without a s i g n i f i c a n t  adverse  

e f f e c t  on t h e  r e s u l t i n g  es t ima te  of census  

coverage. I n  c o u n t r i e s  w i t h  s i g n i f i c a n t  

l e v e l s  of n e t  migra t ion ,  however, an e s t i m a t e  

of t h e  number of n e t  i n t e r n a t i o n a l  migran t s  

dur ing  t h e  i n t e r c e n s a l  pe r iod  w i l l  be  r e -  

qu i red .  One o r  more of t h e  i n d i r e c t  methods 

f o r  e s t ima t ing  i n t e r n a t i o n a l  migra t ion  out-  

l i n e d  i n  chap te r  4 might be  used i n  d e r i v i n g  

such an es t ima te .  

I t  should be  noted,  however, t h a t  t h e  

census being evaluated should n o t  be used 

i n  de r iv ing  a " res idua l "  e s t i m a t e  of t h e  

volume o f  n e t  i n t e r c e n s a l  migrat ion.  The 

reason f o r  t h i s  i s  t h a t  such r e s i d u a l  esti- 

mates of migrat ion a l s o  w i l l  i n c l u d e  a t  least 

some p o r t i o n  of census coverage e r r o r ,  which 

when i n s e r t e d  i n t o  t h e  balancing equa t ion ,  

w i l l  produce an es t ima te  of census coverage 

e r r o r  which i s  biased downward. The procedure  

used t o  e s t i m a t e  t h e  migra t ion  component of 

t h e  balancing equation must be  independent of 

t h e  census being eva lua ted .  

F i n a l l y ,  i f  t h e  popu la t ion  ba lanc ing  

equat ion i s  t o  be used t o  e s t i m a t e  t h e  degree  

of census coverage e r r o r  on an a b s o l u t e  b a s i s ,  

an adjus tment  f o r  n e t  coverage e r r o r  i n  t h e  

p rev ious  census  w i l l  b e  r equ i red .  This  ad- 

jus tment  i s  necessa ry  because t h e  p rev ious  

census ,  l i k e  t h e  census  being e v a l u a t e d ,  is  

s u b j e c t  t o  e r r o r .  I f  t h e  enumerated popula- 

t i o n  from t h e  previous  census ,  Po, is a d j u s t e d  

t o  account  f o r  n e t  coverage e r r o r ,  t h e  popula- 

t i o n  balancing equat ion w i l l  y i e l d  an e s t i m a t e  

of n e t  coverage e r r o r  i n  t h e  second o r  c u r r e n t  

census ,  P I .  I f  such an adjus tment  is n o t  made, 

t h e  balancing equat ion w i l l  produce an e s t i m a t e  

of t h e  d i f f e r e n c e  i n  coverage l e v e l s  between 

t h e  two censuses ,  o r  r e l a t i v e  coverage.  I f  

t h e  r e s i d u a l  term, e ,  i n  t h e  ba lanc ing  equa- 

t i o n  i s  n e g a t i v e ,  t h e  i m p l i c a t i o n  would b e  

t h a t  t h e  second census,  P I ,  was enunierated 

l e s s  complete ly  than t h e  f i r s t  census ,  Po. - 
A p o s i t i v e  r e s i d u a l  term would imply t h a t  t h e  

second census  was enumerated more complete ly  

than  t h e  f i r s t  census.  

The fol lowing d a t a  a r e  r equ i red  f o r  t h e  

a p p l i c a t i o n  of t h i s  method: 

(1 )  The popula t ion counts  from t h e  census  
under e v a l u a t i o n ,  P I ,  and from a pre-  
vious census ,  P,. ( I f  an e s t i m a t e  of 
n e t  coverage e r r o r  i n  t h e  c u r r e n t  cen- 
s u s  i s  sought ,  t h e  enumerated popula- 
t i o n  from t h e  p rev ious  census  shou ld  
be ad jus ted  f o r  n e t  coverage e r r o r .  
Otherwise,  t h e  r e s u l t i n g  e s t i m a t e  
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w i l l  r ep resen t  t h e  r e l a t i v e  coverage 
e r r o r  in t h e  second census in com- 
par ison wi th  the  f i r s t  .) 

(2 )  The number of b i r t h s ,  dea ths ,  and 
n e t  i n t e r n a t i o n a l  migrants  dur ing 
t h e  i n t e r c e n s a l  p e r i o d ,  a d j u s t e d  
f o r  under - reg i s t r a t ion  ( t o  t h e  
e x t e n t  poss ib le )  . 

For t h e  procedure involving ana lyses  of 

success ive  censuses  us ing  t h e  popula t ion 

balancing equat ion,  t h e  computat ional  s t e p s  

descr ibed below a r e  r equ i red .  

4.31 S tep  1: Adjustment of r e g i s t e r e d  

numbers of i n t e r c e n s a l  b i r t h s ,  d e a t h s ,  and 

migrants.--The i n i t i a l  s t e p  i n  t h e  procedure 

i s  t o  c o r r e c t  ( t o  t h e  e x t e n t  poss ib le )  t h e  

numbers of b i r t h s ,  d e a t h s ,  and (where app l i -  

cable)  migrants  recorded i n  t h e  v i t a l  and 

immigration record systems. Where eva lua t ion  

s t u d i e s  have been under taken t o  a s s e s s  t h e  

l e v e l  of undercoverage i n  t h e s e  systems, t h e  

r e s u l t i n g  es t ima tes  can b e  used t o  i n f l a t e  

the  r e g i s t e r e d  numbers of even t s  t o  r e f l e c t  

t h e  t r u e  number of events  more a c c u r a t e l y .  

I n  t h e  case  of migra t ion ,  i t  i s  f r e q u e n t l y  

found t h a t  i n d i r e c t  e s t i m a t e s  must be used 

due t o  severe ly  d e f i c i e n t  immigration statis- 

t i c s  and/or  t h e  l a c k  of s u i t a b l e  informat ion 

w i t h  which t o  a d j u s t  t h e  s t a t i s t i c s .  

4.32 Step 2: Computation of t h e  

"expected" census population.--The popu la t ion  

"expected" on t h e  r e f e r e n c e  d a t e  of t h e  census 

being evaluated E(P1) c o n s i s t s  of t h e  number 

of persons enumerated i n  a previous  census ,  

Po,  p re fe rab ly  ad jus ted  f o r  n e t  coverage e r r o r ,  

p l u s  the  ad jus ted  number of b i r t h s ,  B ,  dur ing 

t h e  i n t e r c e n s a l  p e r i o d ,  minus the  ad jus ted  

number of i n t e r c e n s a l  d e a t h s ,  D,  p l u s  o r  minus 

t h e  number of n e t  migrants  dur ing t h e  i n t e r -  

censa l  pe r iod ,  M. 

4.33 S tep  3 :  C a l c u l a t i o n  of t h e  

r e s i d u a l  e r r o r  o r  e r r o r  of closure.--The 

r e s i d u a l  e r r o r ,  e ,  which r e p r e s e n t s  an  esti- 

mate of n e t  coverage e r r o r ,  i s  c a l c u l a t e d  by 

s u b t r a c t i n g  t h e  expected census  count  E(P l ) ,  

from t h e  enumerated census  coun t ,  P I .  

A s  no ted  p rev ious ly ,  i f  t h e  enumerated 

popu la t ion  i n  t h e  p rev ious  census ,  Po, has  

been a d j u s t e d  f o r  n e t  covp-rage e r r o r ,  t h e  

e s t ima ted  r e s i d u a l  e r r o r ,  e ,  w i l l  r e p r e s e n t  

an e s t i m a t e  of n e t  coverage  e r r o r  in P 1 .  I f  

such an adjus tment  i s  n o t  made, t h i s  e s t i m a t e  

w i l l  r e p r e s e n t  an e s t i m a t e  of t h e  r e l a t i v e  

l e v e l  of n e t  coverage e r r o r  i n  P1 i n  compari- 

son w i t h  Po. 

4 . 4  Example ~ i m g  pap-n b&ncing 
equatian 

To i l l u s t r a t e  t h e  u s e  of t h e  popu la t ion  

ba lanc ing  equat ion,  t h e  method was a p p l i e d  t o  

t h e  1981 census  of S r i  Lanka. A t o t a l  of 

14,848,364 persons were enumerated i n  t h e  

1981 census .  Data from t h e  1971 census ,  i n  

which 12,689,897 persons  were enumerated,  and 

r e g i s t r a t i o n  d a t a  on t h e  number of b i r t h s  

and d e a t h s  dur ing  t h e  i n t e r c e n s a l  p e r i o d  a s  

r e p o r t e d  by t h e  S r i  Lanka Reg i s t r a r -Genera l ' s  

Department and n e t  i n t e r n a t i o n a l  migran t s  a s  

r e p o r t e d  by t h e  Department of Immigration and 

Emigration a r e  used t o  a s s e s s  t h e  accuracy 

of t h e  t o t a l  popu la t ion  enumerated i n  1981. 

F igure  5-27 shows, f o r  each  y e a r  from 

1971 t o  1981, t h e  r e g i s t e r e d  number of b i r t h s  

(column 1) , dea ths  (column 4 ) ,  and n e t  m i -  

g r a n t s  (column 8 ) .  The remainder of t h e  d a t a  

d i sp layed  i n  t h i s  t a b l e  documents t h e  a d j u s t -  

ments made t o  t h e  r e g i s t e r e d  f i g u r e s  t o  mini- 

mize t h e  e f f e c t s  of s e v e r a l  d e f i c i e n c i e s .  

Two adjus tments  were made t o  t h e  b i r t h  

r e g i s t r a t i o n  d a t a  shown i n  column (1 ) .  F i r s t ,  



Year 

i o t a  1 

1971 
1972 
1973 
1974 
1975 

1976 
1977 
1978 
1979 
1980 
1981 

B i r t h s  

Adjusted 
f o r  Adjusted 

under- t o  
r e g i s t r a -  census 

Regis tered t ion1 date2 

Deaths 

Under 
r e g i s t r a -  Adjusted 

t i o n  f o r  Adjusted 
ad j us t -  under- t o  

ment reg i s t r a -  census 
teg i s t e r e d  f a c t o r s  t ion3 date2 

Net Migrants  

Ad j us ted 
t o  

census 
Regis tered date2 

(8) (9) 

Net 
popul a t  i on  

increase 
(decrease) 

(10) 

Source: S r i  Lanka (1982), table 4 5 ;  united ~ a t w n s  ( 1 9 8 4 ) ,  table 1. 

1 ' ~ d j u s t m e n t  assumes constant under-registration of b ir ths  of 1.3 percent. 
'1971 figure i s  an estimate of the nmber of b ir ths ,  deaths and ne t  migrants bebeen  the  census date (October 9 )  and the 5 

end o f  the year derived by aZlocating the proportion ( 8 3  t 365 = .2274)  of events registered i n  1971 t o  t h i s  period. The Q 

proportion (76  t 365 = .2082) was used t o  allocate 1981 events t o  the period up t o  the census date (March 7 7 )  
2 
2 

I 3 ~ o Z m  (6) = C o l m  ( 4 )  t C o Z m  (5) 2 
I 

I (X) Not applicable 
I 2 
I 

ti, 

2 
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the  number of b i r t h s  r e g i s t e r e d  i n  each year 

was corrected t o  compensate f o r  under-regis- 

t r a t i o n .  The completeness of b i r t h  r e g i s t r a -  

t i o n  i n  S r i  Lanka i s  q u i t e  h i g h ,  having been 

estimated a t  98.7 percent  complete i n  1967 

( S r i  Lanka, 1970). In  view of t h i s  a l ready 

low l e v e l  of under - reg i s t ra t ion ,  i t  was 

assumed f o r  t h i s  example t h a t  no f u r t h e r  

s i g n i f i c a n t  improvements took p lace  i n  t h e  

1970's and the  number of b i r t h s  r e g i s t e r e d  i n  

each year  from 1971 t o  1981 was revised 

upward by 1 . 3  percent a s  shown i n  column ( 2 ) .  

The second adjustment was n e c e s s i t a t e d  

by t h e  f a c t  t h a t  t h e  1971 census was conducted 

on October 9, 1971 while  t h e  1981 census was 

taken i n  March 17, 1981. As a r e s u l t ,  some 

por t ion  of t h e  reg i s te red  b i r t h s ,  dea ths ,  and 

migration shown f o r  t h e  y e a r s  1971 and 1981 

would have occurred out,side of t h e  i n t e r c e n s a l  

period and accordingly should not  be included 

i n  t h e  d a t a  used t o  e v a l u a t e  census coverage. 

To compensate f o r  t h i s ,  es t imates  of t h e  

number of 1971 b i r t h s  occur r ing  a f t e r  t h e  

census d a t e  and of t h e  1981 b i r t h s  occurr ing 

p r i o r  t o  t h e  census d a t e  ( t h a t  i s ,  those  

occurr ing during the i n t e r c e n s a l  period) were 

derived and subs t i tu ted  f o r  r e g i s t e r e d  numbers 

of b i r t h s  i n  1971 and 1981, a s  shown i n  column 

( 3 ) .  The adjustment f a c t o r  f o r  1971 was de- 

r ived by dividing the number of days between 

t h e  census da te  and t h e  end of t h e  calendar  

year  (83 days) by 365 days. The r e s u l t i n g  

proportion (.2274) was then mul t ip l i ed  by 

t h e  number of reg i s te red  b i r t h s  i n  1971 t o  

y i e l d  t h e  es t imate  of 88,150 b i r t h s  occurr ing 

between October 9 and December 31, 1971 shown 

in column (3). Similar ly ,  t h e  number of days 

between t h e  beginning of ca lendar  year 1981 

and t h e  1981 census da te  (76 days) was divided 

by t h e  t o t a l  number of days i n  t h e  calendar  

year  t o  der ive an a l l o c a t i o n  f a c t o r  f o r  reg- 

i s t e r e d  b i r t h s  i n  1981. The r e s u l t i n g  f a c t o r  

("2082) was then mul t ip l i ed  by t h e  number of 

r e g i s t e r e d  b i r t h s  i n  1981 and used a s  an esti- 

mate of t h e  number of 1981 b i r t h s  which oc- 

curred during t h e  i n t e r c e n s a l  p e r i o d  (88,634) 

a s  shown i n  column ( 3 ) .  

This adjustment procedure i m p l i c i t l y  

assumes t h a t  b i r t h s  a r e  d i s t r i b u t e d  evenly 

a c r o s s  months. While t h i s  assumption i s  un- 

l i k e l y  t o  hold exac t ly  due t o  s e a s o n a l  v a r i -  

a b i l i t y  i n  b i r t h  r a t e s ,  t h e  r e s u l t i n g  e r r o r  

i s  no t  l i k e l y  t o  be s i g n i f i c a n t .  An a l t e r n a -  

t i v e  t o  t h i s  adjustment procedure would have  

been t o  "move" t h e  census popula t ions  t o  t h e  

end o r  beginning of t h e  ca lendar  y e a r s  in 

which they were enumerated so  a s  t o  c o i n c i d e  

e x a c t l y  wi th  re fe rence  per iods  f o r  t h e  v i t a l  

r e g i s t r a t  ion da ta .  

S i m i l a r  adjustments  were made t o  t h e  

r e g i s t e r e d  number of dea ths  shown i n  column 

( 4 ) .  F i r s t ,  an adjustment f o r  under- 

r e g i s t r a t i o n  was introduced. The adjustment  

f a c t o r s  used were based on o f f i c i a l  e s t i m a t e s  

of under - reg i s t ra t ion ,  which showed 11 p e r c e n t  

under - reg i s t ra t ion  i n  1953 ( S r i  Lanka, 1953) 

and 5 percent  in 1967 ( S r i  Lanka, 1970). 

Based upon t h e  assumption t h a t  t h e  complete- 

ness  of dea th  r e g i s t r a t i o n  would con t inue  t o  

improve t o  t h e  po in t  of becoming comparable 

t o  t h a t  of b i r t h  r e g i s t r a t i o n ,  t h e  adjustment  

f a c t o r s  shown i n  column (5) were der ived  by 

e x t r a p o l a t i n g  t o  1981 t h e  cont inuous r a t e  of 

improvement i n  under - reg i s t ra t ion  observed 

from 1953 t o  1967. The r e g i s t e r e d  number of 

dea ths  i n  each year (column 4)  was then 

divided by t h e s e  adjustment f a c t o r s  (column 5) 

t o  y i e l d  t h e  ad jus ted  deaths  shown i n  column 

( 6 ) .  The es t imated number of d e a t h s  i n  1971 

and 1981 were then a l l o c a t e d  t o  t h e  i n t e r -  

c e n s a l  pe r iod  fol lowing t h e  procedure de- 

s c r i b e d  above i n  connection w i t h  b i r t h s .  

The r e s u l t i n g  es t imates  a r e  shown i n  column ( 7 ) .  

The r e g i s t e r e d  number of n e t  migran t s  

shown i n  column (8) were der ived from d a t a  

c o l l e c t e d  on t h e  movement of passengers  i n t o  
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and ou t  of S r i  Lanka by t h e  Department of 

Immigration and Emigration. I l l u s t r a t i v e  

d a t a  on t h e  movement of passengers  by na t ion-  

a l i t y  and yea r  f o r  t h e  y e a r s  1976 t o  1981 a r e  

shown i n  f i g u r e  5-28. These and comparable 

d a t a  f o r  t h e  yea r s  1971 t o  1975 were used t o  

d e r i v e  t h e  e s t i m a t e s  of t h e  number of n e t  

migrants  f o r  each year  shown i n  column (8) . 
While s u b j e c t  t o  s e v e r a l  important  

l i m i t a t i o n s  ( see  U.S. Bureau of t h e  Census, 

l97S), passenger  s t a t i s t i c s  p rov ide  a t  l e a s t  

an approximation of t h e  l e v e l  of n e t  migra t ion  

f o r  S r i  Lanka in t h e  1971-1981 ~ e r i o d .  I n  

t h e  absence of a d d i t i o n a l  in fo rmat ion  w i t h  

which t o  a d j u s t  t h e  implied e s t i m a t e s  of n e t  

migrat ion,  t h e s e  d a t a  would have t o  be accept-  

ed f o r  a n a l y t i c  purposes. For t h i s  example, 

t h e  e s t i m a t e s  of n e t  migra t ion  f o r  t h e  yea r s  

1971 t o  1980 were accepted as shown i n  

column (9) . An adjus tment  was made, however, 

t o  t h e  d a t a  f o r  1971 and 1981 t o  a l l o c a t e  m i -  

g r a n t s  f o r  t h e s e  years  w i t h  r e s p e c t  t o  t h e  

i n t e r c e n s a l  per iod us ing t h e  same adjus tment  

f a c t o r s  t h a t  were app l i ed  t o  b i r t h s  and d e a t h s .  

The " f i n a l "  e s t i m a t e s  a r e  shown i n  column (9) . 
Column (10) shows t h e  r e s u l t i n g  e s t i m a t e s  

of n e t  popula t ion change f o r  each y e a r  d u r i n g  

t h e  i n t e r c e n s a l  per iod de r ived  on t h e  b a s i s  of 

t h e  a d j u s t e d  f i g u r e s  i n  columns ( 3 ) ,  (7) , and 

( 9 ) .  The sum of column (10) r e p r e s e n t s  t h e  

e s t i m a t e  of t o t a l  popu la t ion  change f o r  t h i s  

per iod.  Th i s  f i g u r e  (2,300,859) may a l s o  be  

der ived on t h e  b a s i s  o f  t h e  t o t a l s  of columns 

( 3 ) ,  (71, and ( 9 ) .  

Having ad jus ted  t h e  v i t a l .  r e g i s t r a t i o n  

and migra t ion  d a t a ,  t h e  nex t  s t e p  i n  t h e  

Figure  5-28. MOVEMENT OF PASSENGERS INTO AND OUT OF S R I  LAN.A, 1976 T O  1981 

Type of Movement and 
Na t iona l i ty  

l nward 

Total  ............ 
S r i  Lanka Ci t izens . . .  . 
Other Indians. . . . . , . . .  
Pakis tanis . . . . . . . . , .  .. 
Commonwealth 

........... Ci t i zens .  
Other Aliens. . . . . . . . . .  

Outward 

Tota 1. ........... 
Sr i  Lanka Ci t izens . . . .  ......... Other Indians 
E s t a t e  Residents of 

Indian Origin ....... 
Pak i s t an i s . . . . . . . . . . . .  
Commonwealth 

C i t i z e n s . . . . . . . .  .... 
Other Aliens. . . . . . . . . .  

Source: S r i  Lanka f1982), table 44 
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procedure is  t o  i n s e r t  these  

data  in to  t h e  balancing equat ion.  Based upon 

t h e  unadjusted 1971 census count of 12,689,897 

and the  ad jus ted  da ta  from f i g u r e  5-27, the  

"expected" population a t  t h e  t ime of the  1981 

census is  derived a s  follows: 

The r e s i d u a l  d i f fe rence  between t h e  

expected and enumerated 1981 census population 

i s  ca lcu la ted  as :  

The r e s u l t  suggests t h a t  t h e  S r i  Lankan 

1981 census was enumerated less completely 

than the  1971 census by an amount equivalent  

t o  approximately three-fourths  of 1 percent  

of t h e  expected 1981 populat ion count 

(109,392 t 14,957,756 = .0073). 

I n  o rder  t o  der ive  an e s t i m a t e  of t h e  

l e v e l  of n e t  underenumeration i n  t h e  1981 

census on an absolute  b a s i s ,  t h e  U.S. Bureau 

of t h e  Census (1977) es t imate  of undercoverage 

i n  t h e  1971 census of approximately 1 percent 

was used t o  i n f l a t e  t h e  1971 census count. 

The expected 1981 population count and res id-  

u a l  e r r o r  were then re-calculated a s  follows: 

E(P1) = Po (adjusted)  + B - D + M 

E(P1) = 12,816,796 + 3,716,878 - 1,002,108 

+ (-413,911) = 15,117,655 

e = E(P1) - PI 

= 15,117,655 - 14,848,364 

= 269,291 

On t h e  b a s i s  of t h i s  es t imate ,  t h e  e s t i -  

mated l e v e l  of undercoverage i n  t h e  1981 cen- 

sus  would be approximately 1.8 percent  

(269,291 + 15,117,655 = ,01781).  

4 .5  U o e ~  and R i m i ; t a t i u ~  

The populat ion balancing equat ion pro- 

v ides  a b a s i s  f o r  evaluat ing n e t  census  cover- 

age e r r o r  i n  ins tances  i n  which two censuses  

have been taken and f a i r l y  r e l i a b l e  informa- 

t i o n  on t h e  numbers of b i r t h s ,  dea ths ,  and 

n e t "  i n t e r n a t i o n a l  migrants between two census- 

e s  i s  a v a i l a b l e  o r  can be der ived.  T y p i c a l l y ,  

s u f f i c i e n t  information t o  permit t h e  a d j u s t -  

ment of t h e  number of recorded even ts  f o r  

under - reg i s t ra t ion  and o ther  b i a s e s  must a l s o  

be a v a i l a b l e ,  s i n c e  t h e s e  o f t e n  tend t o  be 

incomplete and/or  d e f i c i e n t  i n  o t h e r  ways. 

Under t h e s e  condi t ions ,  t h i s  method o f f e r s  t h e  

advantages of being q u i t e  simple computation- 

a l l y  and providing reasonably a c c u r a t e  esti- 

mates . 
In  many count r ies ,  however, t h e  a p p l i -  

c a b i l i t y  of t h e  method is l i m i t e d  by incom- 

p l e t e  and d e f e c t i v e  d a t a  on t h e  components o f  

populat ion change. Because t h e  estimate of 

n e t  census e r r o r  i n  t h e  balancing equa t ion  i s  

der ived a s  a r e s i d u a l  of t h e  d i f f e r e n c e  be- 

tween t h e  enumerated and an expected census 

populat ion,  t h e  method is s e n s i t i v e  t o  e r r o r s  

i n  any of t h e  equat ion components. Accord- 

i n g l y ,  t h e  i n a b i l i t y  t o  adequately  c o r r e c t  f o r  

d e f i c i e n c i e s  i n  any of t h e  s t a t i s t i c a l  systems 

providing t h e  d a t a  f o r  use  i n  t h e  ba lanc ing  

equat ion w i l l  b i a s  t h e  r e s u l t i n g  e s t i m a t e  of 

n e t  census coverage e r r o r .  The u s e  of t h e  

balancing equation should be approached w i t h  

p a r t i c u l a r  caut ion i n  c o u n t r i e s  w i t h  substan-  

t i a l  l e v e l s  of i n t e r n a t i o n a l  migra t ion ,  s i n c e  

da ta  on migrat ion g e n e r a l l y  tend t o  be of 

lower q u a l i t y  than does informat ion on t h e  

o ther  components of populat ion change. 

I n  some i n s t a n c e s ,  a r e s t r i c t e d  form of 

t h e  balancing equation can be used t o  o b t a i n  

e s t i m a t e s  of n e t  census coverage e r r o r  f o r  

c e r t a i n  segments of t h e  populat ion.  For 
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example, i n  cases  where b i r t h s  and d e a t h s  of 

i n f a n t s  and young ch i ld ren  are s e v e r e l y  under- 

r e g i s t e r e d ,  only persons  5 y e a r s  and above a t  

t h e  t ime of t h e  f i r s t  census and 5 + x y e a r s  

(where x r e p r e s e n t s  t h e  l e n g t h  of t h e  i n t e r -  

c e n s a l  per iod)  might be  considered a long  w i t h  

d e a t h s  t o  t h i s  popula t ion and migra t ion  i n  t h e  

balancing equat ion.  S i m i l a r l y ,  i n  c a s e s  where 

b i r t h  r e g i s t r a t i o n  a lone  is s e v e r e l y  d e f i c i e n t  . 
t h e  balancing equat ion might be r e s t r i c t e d  t o  

pe r sons  aged x yea r s  and above a t  t h e  t ime of 

t h e  second census.  These r e s t r i c t e d  e q u a t i o n s ,  

whi l e  no t  y i e l d i n g  es t ima tes  of census  cover- 

age e r r o r  f o r  t h e  e n t i r e  popu la t ion ,  w i l l  a t  

l e a s t  provide some informat ion on t h e  l e v e l  

of census  coverage f o r  a  s i z a b l e  p ropor t ion  

of i t .  

F i n a l l y ,  i t  should be noted t h a t  t h e  

popula t ion balancing equat ion is  g e n e r a l l y  

no t  u s e f u l  f o r  ob ta in ing  es t ima tes  of n e t  

census  coverage e r r o r  f o r  sub-nat i o n a l  popu- 

l a t i o n s  ( r eg ions  o r  provinces ,  f o r  example) . 
The reason f o r  t h i s  i s  t h a t ,  i n  a d d i t i o n  t o  

i 
t h e  components of popula t ion change consider-  

ed above, i n t e r n a l  migra t ion  a l s o  has  t o  be  

considered.  I n  many i n s t a n c e s ,  s u f f i c i e n t l y  

d e t a i l e d  informat ion on l e v e l s  and t r e n d s  of 

migra t ion  between sub-nat ional  a r e a s  w i l l  n o t  

be a v a i l a b l e .  For most p r a c t i c a l  purposes ,  

t h e  u s e  of t h e  popula t ion balancing equa t ion  

i s  l i m i t e d  t o  e s t ima t ion  of n e t  coverage 

e r r o r  a t  t h e  n a t i o n a l  l e v e l .  

5. ANALYSES OF SUCCESSIVE CENSUSES USING 
ESTlMATES OF THE COMPONENTS OF 

POPULATION CHANGE 

I n  cases  where v i t a l  r e g i s t r a t i o n  d a t a  

a r e  n o t  a v a i l a b l e  o r  are d e f i c i e n t  t o  such 

an e x t e n t  t h a t  i t  i s  n o t  p o s s i b l e  t o  a d j u s t  

t h e  d a t a  in any s a t i s f a c t o r y  manner, t h e  

eva lua t ion  procedure based upon t h e  u s e  of 

t h e  popula t ion balancing equat ion desc r ibed  

i n  t h e  preceding s e c t i o n  w i l l  no t  be 

a p p l i c a b l e .  I f ,  however, e s t i m a t e s  of f e r t i l -  

i t y  and m o r t a l i t y  l e v e l s  dur ing  t h e  in te rcen-  

s a l  pe r iod  can be der ived (from a  demographic 

survey o r  a  c u r r e n t  o r  p rev ious  census ,  f o r  

example) t h e s e  can be used i n  c o n j u n c t i o n  wi th  

t h e  r e s u l t s  of a  p rev ious  census  t o  d e r i v e  an 

"expected" popula t ion t o  e v a l u a t e  t h e  r e s u l t s  

of a  second census.  

E s s e n t i a l l y ,  t h i s  approach, t h e  "cohort-  

component" method, e n t a i l s  t h e  " p r o j e c t  ion" 

of t h e  popula t ion enumerated i n  t h e  f i r s t  

census  t o  t h e  r e f e r e n c e  d a t e  of t h e  second 

census based upon es t ima ted  l e v e l s  and age 

schedu les  o f  f e r t i l i t y ,  m o r t a l i t y ,  and m i -  

g r a t i o n  dur ing  t h e  i n t e r c e n s a l  p e r i o d .  The 

"expected" popu la t ion  i s  then  compared w i t h  

t h e  popu la t ion  enumerated i n  t h e  second census.  

This approach d i f f e r s  from t h e  method based 

upon t h e  u s e  of t h e  popu la t ion  ba lanc ing  equa- 

t i o n ,  i n  t h a t  i n t e r c e n s a l  b i r t h s ,  d e a t h s ,  and 

migra t ion  a r e  e s t ima ted  on t h e  b a s i s  of e s t i -  

mates and/or  assumptions r e g a r d i n g  l e v e l s  and 

age schedu les  of t h e s e  pa ramete r s  r a t h e r  than 

d i r e c t l y  a v a i l a b l e  d a t a  based on r e g i s t r a t i o n  

systems. Like t h e  p o p u l a t i o n  b a l a n c i n g  equa- 

t i o n  approach, however, t h e  r e s u l t i n g  e s t i m a t e s  

of census  e r r o r  a r e  " r e s i d u a l "  e s t i m a t e s ,  and 

t h e  c a u t i o n s  noted i n  connec t ion  w i t h  t h e  

ba lanc ing  equat ion a r e  a l s o  a p p l i c a b l e .  A s  

was a l s o  t h e  c a s e  i n  u s i n g  t h e  p o p u l a t i o n  

balancing equat ion,  t h e  r e s u l t i n g  e s t i m a t e s  

under t h e  cohort-component approach a r e  e s t i -  

mates of r e l a t i v e  o r  d i f f e r e n t i a l  e r r o r  i n  

t h e  two censuses .  The method may be  used i n  

con junc t ion  w i t h  an "adjus ted"  p o p u l a t i o n  

from a  p rev ious  census t o  d e r i v e  e s t i m a t e s  

of census e r r o r  i n  t h e  second census  on an 

a b s o l u t e  b a s i s .  

The d e r i v a t i o n  of an expected popu la t ion  

a t  t h e  r e f e r e n c e  d a t e  of t h e  second census  

e n t a i l s  t h r e e  primary o p e r a t i o n s .  F i r s t ,  t h e  
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populat  ion enumerated in . t h e  f i r s t  census  i s  

"survived" on a  cohort-by-cohort b a s i s  t o  

t h e  da te  of t h e  second census based upon age- 

s p e c i f i c  s u r v i v a l  r a t e s  from a  l i f e  t a b l e  

assumed t o  r e p r e s e n t  i n t e r c e n s a l  m o r t a l i t y  

cond i t ions  i n  t h e  popula t ion under s t u d y  ( see  

s e c t i o n  3 of chap te r  4  f o r  a  summary of 

techniques  of i n d i r e c t  e s t ima t ion  which may 

be  used t o  s e l e c t  an a p p r o p r i a t e  l i f e  t a b l e )  

Second, t h e  "surviving" cohor t  popu la t ions  

a r e  ad jus ted  t o  t a k e  i n t o  account i n t e r c e n s a l  

immigration o r  emigration.  F i n a l l y ,  t h e  num- 

be r  and t iming of b i r t h s  dur ing  t h e  i n t e r -  

c e n s a l  per iod a r e  es t imated on t h e  b a s i s  of an 

assumed schedule of f e r t i l i t y  r a t e s  and t h e  

p r o j  ec ted popula t ion of females of c h i l d -  

bear ing age dur ing the  i n t e r c e n s a l  pe r iod .  

These b i r t h s  a r e  then "survived" t o  t h e  d a t e  

of t h e  second census t o  y i e l d  an e s t i m a t e  of 

t h e  number of c h i l d r e n  under a  c e r t a i n  age 

expected i n  t h e  second census.  This  p r o j e c t -  

ed population i s  then compared wi th  t h e  popu- 

l a t i o n  enumerated i n  t h e  second census .  

The fol lowing d a t a  a r e  r e q u i r e d  t o  

apply  t h e  cohort-component method: 

(1) The popula t ion enumerated i n  two 
success ive  censuses by a g e  and sex.  
Age d a t a  e i t h e r  i n  s i n g l e  y e a r s  o r  
i n  5-year age groups may b e  used.  

(2 )  L i f e  t a b l e  s u r v i v a l  r a t e s  f o r  males 
and females assumed t o  be  rep resen ta -  
t i v e  of m o r t a l i t y  c o n d i t i o n s  dur ing 
the  i n t e r c e n s a l  per iod.  

(3) A schedule  of age - spec i f i c  f e r t i l i t y  
r a t e s  f o r  women aged 15 t o  49 ( i n  
5-year age  groups) assumed t o  repre-  
s e n t  t h e  l e v e l  and age s t r u c t u r e  of 
f e r t i l i t y  during t h e  i n t e r c e n s a l  
pe r iod ,  o r  o the r  f e r t i l i t y  e s t i m a t e s  
from which age- spec i f i c  f e r t i l i t y  
schedules  may be der ived.  

(4) An e s t i m a t e  of t h e  sex r a t i o  a t  
b i r t h .  

(5) Es t ima tes  of the  l e v e l  and a g e  pat -  
t e r n  of n e t  i n t e r n a t i o n a l  migra t ion  
during t h e  i n t e r c e n s a l  per iod (where 
t h e  l e v e l  of n e t  migra t ion  i s  sub- 
s t a n t i a l ) .  Information o r  assump- 
t i o n s  regarding t h e  d i s t r i b u t i o n  of 

n e t  migran t s  by Elme of migra t ion  
w i l l  a l s o  be needed. 

5 .3  Compu;tatiunaL pnu c e d w  

The computat ional  procedure  p resen ted  

below is  desc r ibed  i n  a g e n e r a l  form a p p l i -  

c a b l e  t o  i n t e r c e n s a l  p e r i o d s  of any l eng th .  

I n  t h e  most g e n e r a l  a p p l i c a t i o n ,  a  s e r i e s  

of s ing le -yea r  p r o j e c t i o n  i n t e r v a l s  a r e  used 

t o  p r o j e c t  t h e  popu la t ion  t o  t h e  appropr iaCe 

r e f e r e n c e  d a t e .  The u s e  of s ingle-year  pro- 

j e c t i o n  i n t e r v a l s  p rov ides  maximum f l e x i b i l i t y  

in c a s e s  where t h e  i n t e r c e n s a l  pe r iod  is n o t  

a  convenient m u l t i p l e  of 5 ,  f e r t i l i t y  and /o r  

m o r t a l i t y  l e v e l s  have been changing r a p i d l y  

and/or  i n  a  non- l inear  f a s h i o n  dur ing  t h e  

i n t e r c e n s a l  pe r iod ,  o r  when annual  migra t ion  

d a t a  a r e  t o  be  used. Single-year  p r o j e c t i o n  

i n t e r v a l s  a l s o  a r e  used i n  many of t h e  widely- 

a v a i l a b l e  computer so f tware  packages f o r  

performing popu la t ion  p r o j e c t i o n s .  I n  c a s e s  

where t h e  l e n g t h  of t h e  i n t e r c e n s a l  p e r i o d  i s  

a  convenient m u l t i p l e  of 5  y e a r s ,  t h e  proce- 

dure  may be a p p l i e d  u s i n g  grouped age d a t a  

( i . e . ,  5-year age c a t e g o r i e s ) ,  abr idged l i f e  

t a b l e s ,  and p r o j e c t i o n  i n t e r v a l s  of 5  yea r s .  

I n  t h e s e  i n s t a n c e s ,  t h e  i n i t i a l  census  popula- 

t i o n  c l a s s i f i e d  i n t o  5-year age  groups  i s  

p r o j e c t e d  over  one o r  more 5-year p r o j e c t i o n  

i n t e r v a l s  u n t i l  t h e  r e f e r e n c e  d a t e  of t h e  

second census  i s  reached.  

Accordingly,  t h e  formulae  p resen ted  below 

d e s c r i b i n g  t h e  r e q u i r e d  computations a r e  ex- 

p ressed  i n  terms of p r o j e c t i o n  p e r i o d s  of 

v a r i a b l e  l e n g t h  i (where i i s  an index  of t h e  

number of y e a r s  i n  t h e  p r o j e c t i o n  p e r i o d ) .  

I n t e r c e n s a l  pe r iods  a r e  understood t o  c o n s i s t  

of a  v a r i a b l e  number of p r o j e c t i o n  p e r i o d s ,  

depending upon t h e  number of y e a r s  between 

censuses  and t h e  l e n g t h  of t h e  p r o j e c t i o n  

pe r iods  chosen. F u r t h e r ,  i t  i s  understood 

t h a t  t h e  use  of s ing le -yea r  p r o j e c t i o n  p e r i o d s  

impl ies  t h e  a v a i l a b i l i t y  of d a t a  by s i n g l e  

yea r s  which a r e  e i t h e r  d i r e c t l y  a v a i l a b l e  from 

t h e  censuses  o r  der ived by " s p l i t t i n g "  grouped 
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d a t a  using one of s e v e r a l  well-known methods 

( s e e  U.S.  Bureau of t h e  Census, 1975, f o r  

a  d e s c r i p t i o n  of techniques f o r  s p l i t t i n g  

age da ta  and d e r i v i n g  s ingle-year  of age ,  

unabridged, l i f  e- tables)  . 
5.31 S tep  1: Survivinp t h e  popula t ion 

enumerated i n  t h e  f i r s t  census forward t o  

t h e  r e fe rence  d a t e  of t h e  second census.-- 

The i n i t i a l  s t e p  i n  t h e  procedure invo lves  

t h e  p r o j e c t i o n  of t h e  popula t ion enumerated 

i n  t h e  f i r s t  census t o  the  d a t e  of t h e  second 

census t ak ing  i n t e r c e n s a l  m o r t a l i t y  i n t o  ac- 

count.  Expected cohort  s u r v i v a l  r a t e s  f o r  

t h e  i n t e r c e n s a l  pe r iod ,  ( o r  more p r e c i s e l y  

f o r  each p r o j e c t i o n  pe r iod) ,  a r e  de r ived  from 

t h e  l i f e  t a b l e ( s )  chosen t o  r e f l e c t  m o r t a l i t y  

cond i t ions  in t h e  country u s i n g  t h e  fol lowing 

genera l  formula : 

Where: 

i = t h e  l eng th  of t h e  p r o j e c t i o n  
pe r iod  

S = t h e  l i f e  t a b l e  s u r v i v a l  r a t e  
f o r  t h e  cohort  aged x t o  x+n 
a t  t h e  time of t h e  f i r s t  census  

L = t h e  number of l i f e  t a b l e  person- 
n  x y e a r s  l i v e d  i n  t h e  a g e  i n t e r v a l  

x t o  x+n 

L = t h e  number of l i f e  t a b l e  person- 
y e a r s  l i v e d  i n  t h e  age  i n t e r v a l  
x + i  t o  x + n + i  

For t h e  o l d e s t  (open-ended) age  ca te -  

gory (75  yea r s  and o l d e r ,  f o r  example), t h e  

fol lowing formula i s  app l i cab le :  

Where: 

W = t h e  o l d e s t  age a t t a i n a b l e  i n  
t h e  population 

i = t h e  l eng th  of t h e  p r o j e c t i o n  
pe r iod  

S = t h e  l i f e  t a b l e  s u r v i v a l  r a t e  
W x f o r  t h e  popula t ion aged x and 

above 

'OPULATION AND HOUSING 

T = t h e  number of l i f e  t a b l e  person- 
W x 

y e a r s  l i v e d  a t  a g e s  x and above 

,,,TXti = t h e  number of l i f e  t a b l e  person- 
yea r s  l i v e d  a t  a g e s  x + i  and 
above 

The computation of s u r v i v a l  r a t e s  f o r  

c h i l d r e n  born dur ing t h e  i n t e r c e n s a l  pe r iod  

a l s o  r e q u i r e s  a  d i f f e r e n t  formula  which is  

given below i n  connection w i t h  t h e  es t ima t ion  

of t h e  number of i n t e r c e n s a l  b i r t h s  ( s e e  

s t e p  6 below). 

The cohor t  s u r v i v a l  r a t e s  ob ta ined  i n  

t h i s  f a sh ion  a r e  then m u l t i p l i e d  by t h e  cohor t  

popula t ion a t  t h e  beginning o f  t h e  p r o j e c t i o n  

pe r iod  ( P O )  t o  d e r i v e  a  p r e l i m i n a r y  expected 
n  x 

cohor t  popula t ion a t  t h e  end of t h e  p r o j e c t i o n  

per iod (nP*i) a s  fo l lows :  

5.32 S tep  2:  Adjus t ing  f o r  migration.--  

I n  c a s e s  where n e t  i n t e r n a t i o n a l  migra t ion  i s  

s u b s t a n t i a l ,  t h e  "survived"  c o h o r t  popu la t ions  

c a l c u l a t e d  a s  desc r ibed  above must be  a d j u s t e d  

t o  r e f l e c t  t h e  e f f e c t s  of m i g r a t i o n .  I d e a l l y ,  

t h e  adjus tments  should t a k e  i n t o  account n o t  

only  t h e  d i r e c t  e f f e c t s  of t h e  movement of t h e  

popula t ion a c r o s s  n a t i o n a l  boundar ies ,  bu t  a l s o  

t h e  i n d i r e c t  e f f e c t s  o f  subsequent  migrant  f e r -  

t i l i t y  and m o r t a l i t y .  

What i s  requ i red  t o  make a p p r o p r i a t e  ad- 

jus tments  a r e  (a)  a c t u a l  r e g i s t r a t i o n  d a t a  on 

o r  e s t i m a t e s  of t h e  number of n e t  migran t s  by 

age  and sex  dur ing t h e  i n t e r c e n s a l  pe r iod  and 

(b) informat ion on o r  assumptions  about  t h e  

d i s t r i b u t i o n  of n e t  m i g r a n t s  by t i m e  of migra- 

t i o n .  Unless a c t u a l  d a t a  by s i n g l e  c a l e n d a r  

y e a r s  a r e  a v a i l a b l e  o r  t h e  t iming  of migrat ion 

can be  determined on some o t h e r  b a s i s ,  i t  w i l l  

be  necessa ry  t o  assume t h a t  t h e  n e t  migra t ion  

was d i s t r i b u t e d  evenly a c r o s s  t h e  y e a r s  i n  t h e  

i n t e r c e n s a l  pe r iod ;  t h a t  is, t h a t  t h e  popula- 

t i o n  grew ( o r  decl ined)  by an e q u a l  amount i n  
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each year  dur ing t h e  i n t e r c e n s a l  pe r iod  due t o  

n e t  migra t ion .  

The b a s i c  procedure involved i s  t o  add/ 

s u b t r a c t  t h e  number of migran t s  rro/from t h e  

popula t ion a t  appropr ia t e  p o i n t s  i n  t h e  i n t e r -  

censa l  pe r iod  and t r e a t  t h e  migrant popula t ion 

i n  t h e  same manner w i t h  r e s p e c t  t o  f e r t i l i t y  

and m o r t a l i t y  a s  t h e  popula t ion enumerated i n  

t h e  f i r s t  census (assuming t h a t  migrants  a r e  

s u b j e c t  t o  t h e  same schedules  of f e r t i l i t y  and 

m o r t a l i t y  a s  t h e  non-migrant popula t ion,  an 

assumption which is o f t e n  necessa ry  due t o  

l a c k  of informat ion on a c t u a l  f e r t i l i t y  and 

m o r t a l i t y  l e v e l s  of migran t s ) .  

I f  e s t i m a t e s  of annual  n e t  migra t ion  a r e  

a v a i l a b l e  and 1-year p ro j  e c t i o n  i n t e r v a l s  a r e  

t o  b e  employed, t h e  a p p r o p r i a t e  number of n e t  

migrants  i n  each cohor t  may simply be added 

t o  o r  sub t rac ted  from t h e  "survived" cohor t  

on a  year-by-year b a s i s .  I n  t h e  most p r e c i s e  

a p p l i c a t i o n ,  migrants  would be added l sub t rac t -  

ed at t h e  mid-point of each yea r ,  a l though  i n  

most cases  a d j u s t i n g  cohor t  popula t ions  a t  t h e  

beginning o r  end of each y e a r  w i l l  s u f f i c e .  

I f  annual  migrat ion d a t a  a r e  u n a v a i l a b l e  

and/or  5-year p r o j e c t i o n  i n t e r v a l s  a r e  t o  be 

used, an assumption about t h e  d i s t r i b u t i o n  of 

migrants  w i t h  regard t o  t i m e  of migra t ion  with- 

in t h e  p r o j e c t i o n  per iod w i l l ,  a s  noted above, 

be r equ i red .  

Under t h e  assumption of an equal  d i s t r i -  

bu t ion  of n e t  migrants  a c r o s s  yea r s  of t h e  

i n t e r c e n s a l  o r  p r o j e c t i o n  pe r iod ,  migran t s  

would have immigrated t o  o r  emigrated from 

t h e  country on average a t  t h e  mid-point of 

t h e  per iod and accordingly  would have been 

exposed t o  t h e  a p p l i c a b l e  schedules  of f e r -  

t i l i t y  and m o r t a l i t y  over a per iod equa l  t o  

one-half of t h e  i n t e r c e n s a l  o r  p r o j e c t i o n  

per iod.  On t h i s  b a s i s ,  n e t  migrants would 

be a p p r o p r i a t e l y  added t o  o r  s u b t r a c t e d  from 

t h e  "survived" popu la t ion  de r ived  a s  desc r ibed  

above a t  t h e  mid-point of t h e  p r o j e c t i o n  pe r iod  

and included i n  o r  e l i m i n a t e d  from t h e  base  

popula t ion i n  a l l  subsequent computations.  

a d d i t i o n a l  complication t o  be reso lved  

i n  dea l ing  w i t h  migra t ion  concerns  t h e  a l l o c a -  

t i o n  of migrants  t o  census  c o h o r t s .  This  

problem a r i s e s  because m i g r a t i o n  f i g u r e s  

u s u a l l y  r e l a t e  t o  t h e  age of t h e  migrants  a t  

t h e  t ime of migrat ion and n o t  a t  t h e  t ime of 

a  census.  Accordingly,  t h e  "census" ages  of 

n e t  i n t e r c e n s a l  migran t s  c l a s s i f i e d  by age 

a t  t h e  t ime of migra t ion  must b e  es t ima ted .  

I f  i t  can be  assumed t h a t ,  i n  a d d i t i o n  

t o  an  even d i s t r i b u t i o n  a c r o s s  months/years 

of t h e  p r o j e c t i o n  p e r i o d ,  m i g r a n t s  i n  each 

age group ( a t  t h e  t ime  of migra t ion)  a r e  even ly  

d i s t r i b u t e d  w i t h  r e s p e c t  t o  a g e ,  n e t  migran t s  

may be ass igned t o  p ro jec t ion-pe r iod  c o h o r t s  

by assuming t h a t  one-half of t h e  migran t s  

would have been i n  t h e  same a g e  group a t  t h e  

t i m e  of migrat ion a s  a t  t h e  beginning of t h e  

p r o j e c t i o n  pe r iod ,  w h i l e  one-half would have 

"aged" i n t o  t h e  n e x t  h i g h e r  age  group between 

t h e  beginning of t h e  p r o j e c t i o n  pe r iod  and t h e  

t ime of migrat ion.  Accordingly ,  one-half of 

t h e  n e t  p r o j e c t i o n  p e r i o d  migran t s  i n  a  par-  

t i c u l a r  age group would b e  a l l o c a t e d  t o  t h a t  

age group a t  t h e  beginning o f  t h e  p r o j e c t i o n  

pe r iod ,  whi l e  t h e  o t h e r  h a l f  would b e  a l l o -  

ca ted  t o  t h e  nex t  younger a g e  group a t  t h e  

beginning of t h e  p r o j e c t i o n  i n t e r v a l .  

Computationally,  t h e  i n t r o d u c t i o n  of n e t  

migrants  ( c l a s s i f i e d  by age) a t  t h e  mid-point 

of t h e  p r o j e c t i o n  p e r i o d ,  t h e  s u r v i v a l  of 

t h e s e  migrants  t o  t h e  end of t h e  p r o j e c t i o n  

pe r iod ,  and t h e  a l l o c a t i o n  t o  c o h o r t s  may b e  

accomplished us ing  t h e  fo l lowing  formula : 
h 

(5.16) nMx+i = - 4 n x  M (1 + nSx) 

1 + - 4 n M x+i (1  + nSx+i) 
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Where : 

i = t h e  l eng th  of t h e  p r o j e c t i o n  
per iod 

A 

M = t h e  expected number of su rv iv ing  ' x+i n e t  p ro j  ection-period migrants  
ages  x+i t o  x+n+i years  a t  t h e  
end of t h e  p r o j e c t i o n  pe r iod  

M = t h e  es t imated number of n e t  
n x migrants  aged x t o  x+n y e a r s  a t  

t h e  time of migra t ion  

S = t h e  l i f e - t a b l e  s u r v i v a l  r a t e  f o r  n x t h e  population aged x t o  x+n years 

M = t h e  es t imated number of n e t  n x+i 
migrants  aged x+i t o  x+n+i 
y e a r s  a t  t h e  t i m e  of migrat ion 

S = t h e  l i f e - t a b l e  s u r v i v a l  r a t e  f o r  
x+i t h e  population aged x+i t o  x+n+i 

years  

The analogous express ion f o r  t h e  o l d e s t  

(open-ended) a g e  category is:  

Where: 

w = t h e  o l d e s t  age a t t a i n e d  i n  t h e  
popula t ion under s tudy  

i = t h e  l e n g t h  of t h e  p r o j e c t i o n  
per iod 

h 

M = t h e  expected number of s u r v i v i n g  
W x n e t  pro j ect ion-per iod migrants  

aged x years  and above a t  t h e  
end of t h e  p r o j e c t i o n  pe r iod  

M = t h e  es t imated number of n e t  n x-i  project ion-per iod migrants  aged 
x - i  t o  ~+.+n-i y e a r s  a t  t h e  t ime 
of migration 

S = t h e  p ro j  ec t ion-per iod l i f  e - t ab le  
n x-i s u r v i v a l  r a t e  f o r  t h e  popula t ion 

aged X-i t o  x+n-i years  

M = t h e  estimated number of n e t  
W x p r o j e c t  ion-period migrants  aged 

x years  and above a t  t h e  t ime 
of migration 

S = t h e  project ion-per iod of l i f e -  
W x t a b l e  s u r v i v a l  r a t e  f o r  t h e  

popula t ion aged x years  and 
above 

F i n a l l y ,  t h e  following formula i s  app l i -  

cab le  t o  t h e  0 t o  4 age group: 

Where a l l  terms are a s  de f ined  above, 

but  s p e c i f i c a l l y  wi th  r e g a r d  t o  t h e  popula t ion 

aged 0 t o  4 years .  

A computat ional ly  s i m p l e r  but  less pre- 

c i s e  procedure  would c o n s i s t  of simply adding 

o r  s u b t r a c t i n g  t h e  e s t i m a t e d  number of n e t  

migrants  i n  each cohor t  e i t h e r  t o  o r  from t h e  

cohor t  popula t ion enumeraeed i n  the f i r s t  

census o r  t h e  "expected" cohor t  popula t ion 

a t  t h e  t ime  of t h e  second census  der ived by 

su rv iv ing  t h e  enumerated f i r s t  census  cohor t  

popula t ion forward t o  t h e  second census d a t e  

a s  desc r ibed  i n  s e c t i o n  5.31. An assumption 

i m p l i c i t  i n  t h i s  approach, however, i s  t h a t  

a l l  of t h e  i n t e r c e n s a l  m i g r a t i o n  occurred 

e i t h e r  a t  t h e  beginning o r  a t  t h e  end of t h e  

i n t e r c e n s a l  pe r iod .  To t h e  e x t e n t  t h a t  t h i s  

is  not  t h e  case ,  t h e  r e s u l t i n g  e s t i m a t e s  

of t h e  e f f e c t s  of migra t ion  on t h e  s i z e  of 

cohor t s  enumerated i n  t h e  second census w i l l  

e i t h e r  b e  o v e r s t a t e d  o r  u n d e r s t a t e d .  However, 

i n  c a s e s  where t h e  l e v e l  of migra t ion  is  

modest, t h e  r e s u l t i n g  b i a s  may b e  t o l e r a b l e  

i n  view of t h e  g a i n  i n  computat ional  s impl ic -  

i t y .  

5.33 S tep  3: C a l c u l a t i o n  of t h e  aver-  

age  number of women of c h i l d b e a r i n g  age  

dur ing t h e  i n t e r c e n s a l  pe r iod .  --After having 

made ad jus tmen t s  f o r  m i g r a t i o n  ( a s  n e c e s s a r y ) ,  

t h e  n e x t  s t e p  i n  t h e  computa t iona l  procedure  

i s  t o  e s t i m a t e  t h e  number of b i r t h s  occur r ing  

dur ing t h e  p r o j e c t  ion p e r i o d  which su rv ived  

t o  t h e  end of t h e  pe r iod .  The f i r s t  s t e p  i n  

t h i s  procedure  i s  t o  e s t i m a t e  t h e  number of 

women " a t  r i s k "  t o  c h i l d b e a r i n g  dur ing  t h e  

p r o j e c t i o n  pe r iod .  Because f e r t i l i t y  r a t e s  

vary  cons ide rab ly  by age ,  an e s t i m a t e  of t h e  

average number of women a t  each  age i n  c h i l d -  

bear ing y e a r s  dur ing  each p r o j e c t i o n  pe r iod  

i s  needed. 

The average  number of women i n  any age  

group x t o  x+n dur ing  a  p r o j e c t i o n  pe r iod  may 
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be c a l c u l a t e d  a s  t h e  

aged x t o  x+n a t  t h e  

j e c t i o n  pe r iod  and t h  

average of t h e  popula t ion 

beginning of t h e  pro- 

e  pro j ec ted  popula t ion 

of females aged x t o  x+n a t  t h e  end of t h e  

per iod.  The average number of females i n  

each age group beginning w i t h  women in  t h e  

15 t o  19 age  category up t o  and inc lud ing  

t h e  45 t o  49 age category would be c a l c u l a t e d  

a s  follows: 

Where: 

P n x = average number of females aged x 
t o  x+n i n  t h e  p r o j e c t i o n  per iod 

P O  = t h e  number of females  aged x t o  
x+n a t  t h e  beginning of t h e  pro- 
j ec  t ion period 

P1 = t h e  projected number of £emales 
aged x t o  x+n a t  t h e  end of t h e  
p r o j  ec t ion  pe r iod  

5.34 S tep  4 :  Est imat ion of t h e  number 

of b i r t h s  dur ing t h e  p r o j e c t i o n  per iod.  --The 

number of b i r t h s  i n  t h e  p r o j e c t i o n  per iod may 

be es t imated by mul t ip ly ing  t h e  average number 

of women i n  each age ca tegory ,  by t h e  n x' 
assumed age s p e c i f i c  f e r t i l i t y  r a t e ,  denoted 

f a s  i n  equation (5.20) . This w i l l  y i e l d  n xJ 
an e s t i m a t e  of t h e  number of b i r t h s  per  yea r  

f o r  women aged x t o  ~9%; summing a c r o s s  ages  

up t o  age  49  w i l l  y i e ld  an e s t i m a t e  of t h e  

t o t a l  number of b i r t h s  in t h e  p r o j e c t i o n  

per iod.  I f  5-year grouped age d a t a  is  used, 

t h i s  sum must be mul t ip l i ed  by 5  t o  d e r i v e  

an e s t i m a t e  f o r  t h e  5-year per iod.  Symboli- 

c a l l y ,  4 9 
(5.20) B = inFx .,fi) f o r  a  1-year 

x=15 
pro jec t ion  p e r i o d ,  o r  - - 

45-49 
8 = 5 inPx J X )  f o r  a  5-year 

x=15-29 
pro jec t ion  per iod 

Where : 

B = t h e  estimated number of b i r t h s  
dur ing t h e  p r o j  e c t i o n  per iod 

= t h e  average number of women i n  t h e  
n x age  group x t o  x+n y e a r s  dur ing  

t h e  p r o j e c t i o n  p e r i o d  

f = t h e  age s p e c i f i c  f e r t i l i t y  r a t e  
( p e r  woman) f o r  women aged x t o  
x+n y e a r s  d u r i n g  t h e  p r o j e c t i o n  
per iod 

5.35 S tep  5: D i s t r i b u t i n g  t h e  es t imated 

number of b i r t h s  by sex.--To o b t a i n  an esti- 

mate of t h e  number of male and female b i r t h s ,  

t h e  e s t ima ted  o r  known sex  r a t i o  a t  b i r t h ,  

SRB, i s  used as i n  t h e  fo l lowing  equat ion t o  

e s t i m a t e  t h e  p ropor t ion  of b i r t h s  which a r e  

females : 

(5.21) 
SRB PCT F = 1 - 
+ SRB 

This  es t imated p r o p o r t i o n  is then  app l i ed  

t o  t h e  e s t i m a t e  of t o t a l  b i r t h s  d u r i n g  each 

p r o j e c t i o n  i n t e r v a l  segment t o  e s t i m a t e  t h e  

number of female b i r t h s  and, by s u b t r a c t i o n  

of t h i s  r e s u l t  from t h e  es t ima ted  t o t a l  number 

of b i r t h s ,  t h e  number of m a l e  b i r t h s .  For 

example, w i t h  a  sex  r a t i o  a t  b i r t h  of 1.05 ,  

t h e  p ropor t ion  of female b i r t h s  would be  

es t ima ted  a s  1 - 1.05/2.05 = .488. The t o t a l  

number of female b i r t h s  would b e  es t ima ted  a s  

B~ = B x ( . 488 )  and t h e  number of male b i r t h s  

a s $ n = ~ - B f  

5.36 S tep  6 : S u r v i v i n g  i n t e r c e n s a l  

b i r t h s  t o  t h e  end of t h e  p r o j e c t i o n  period.-- 

The s i z e  of t h e  cohor t  of c h i l d r e n  born dur ing 

t h e  p r o j e c t i o n  pe r iod  "expected" a t  t h e  end of 

t h e  p r o j e c t i o n  pe r iod  is es t ima ted  by applying 

a p p r o p r i a t e  l i f e  t a b l e  s u r v i v a l  r a t e s  t o  t h e  

es t imated numbers of male and female b i r t h s .  

The expected popu la t ion  of f emales  aged 0  t o  1  

o r  0 t o  4  y e a r s  a t  t h e  end of t h e  p r o j e c t i o n  

pe r iod ,  f o r  example, would b e  es t ima ted  a s :  

(5.221 p E = B f *  f l L  / e )  f o r  a  1-year 
2 0  0 0 

p r o j e c t i o n  p e r i o d ,  and 

P' = B' L o  + 5 1 ) f o r  a  
5 0 0 

5-year p r o j e c t i o n  pe r iod  
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Where: 

$ = t h e  "expected" populat ion of fe-  
O males aged 0  t o  1  a t  t h e  end of 

t h e  p ro jec t ion  pe r iod  

$ = t h e  "expected" populat ion of fe-  
males aged 0  t o  4 a t  t h e  end of 
t h e  p ro jec t ion  pe r iod  

B~ = t h e  estimated number of female 
b i r t h s  dur ing t h e  1- o r  5-year 
p ro jec t ion  period 

t h e  l i f e - t a b l e  number of person 
= years  l i v e d  i n  t h e  0  t o  1 and 1 t o  

4 age i n t e r v a l s ,  r e s p e c t i v e l y  

l? = t h e  number of b i r t h s  per  y e a r  i n  
O t h e  l i f e  t a b l e  populat ion,  r e f  e r r e d  

t o  a s  t h e  "radix" of t h e  l i f e  t a b l e  
and o r d i n a r i l y  equa l  t o  100,000 

The expected number of males aged 0  t o  4  

would be derived i n  a  similar fashion.  

5.37 Step 7: Comparison of t h e  expect- 

ed and enumerated census populations.--The 

f i n a l  s t e p  i n  t h e  procedure i s  t o  compare t h e  

populat ion (by age and sex)  enumerated i n  t h e  

second census w i t h  t h e  expected popu la t ion  de- 

r ived  as descr ibed above. 

5.4 ExampLen 

To i l l u s t r a t e  t h e  u s e  of t h e  cohort -  

component method, t h e  method was a p p l i e d  t o  

t h e  1980 censuses  of t h e  P h i l i p p i n e s  and 

Indonesia .  The P h i l i p p i n e s  example i l l u s -  

t r a t e s  t h e  use  of grouped a g e  d a t a ,  an  abr idg-  

ed l i f e  t a b l e ,  adjustments  f o r  i n t e r c e n s a l  m i -  

g r a t i o n ,  and 5-year p r o j e c t i o n  i n t e r v a l s  i n  

p r o j e c t i n g  t h e  populat ion enumerated i n  t h e  

1970 census  forward t o  t h e  d a t e  of t h e  1980 

census .  I n  t h e  Indondesian example, a series 

of n i n e  s i n g l e  year  p r o j e c t i o n  i n t e r v a l s  a r e  

used t o  d e r i v e  an expected 1980 census  popula- 

F i g u r e  5-29. ENWERATED 1970 AND 2980 CENSUS POPULATION OF 
THE PHILIPPINES, BY AGE AND SEX 

( P o p u l a t i o n  i n  thousaizds)  

............. Total 

0  t o  4 years . . . . . . . . . . .  
5 t o  9 years . . . . . . . . . . .  
10 t o  14 years . . . . . . . . .  
15 t o  19 y e a r s . . . . . . . . .  

....... 20 t o  24 years . .  

25 t o  29 y e a r s . . . . . . . . .  
...... 30 t o  34 years . . .  
...... 35 t o  39 years . . .  
...... 40 t o  44 years . . .  

45 t o  49 years . . . . . . . . .  

50 t o  54 years . . . . . . . . .  
55 t o  59 years . . . . . . . . .  

....... 60 t o  64 years . .  ...... 65 t o  69 years . . .  
...... 70 t o  74 years . . .  ..... 75 years  o r  o l d e r .  

Unknown age . . . . . . . . . . . .  

Fema 1 es 

Source:  , 2970  census  popuZat ion  r e p o r t e d  i n  P h i l i p p i n e s  
( 1 9 7 4 ) ,  t a b l e  I-7; 2980 c e n s u s  popuZat ion  r e p o r t e d  i n  
P h i l i p p i n e s  ( 2983 ) ,  t a b l e  3. 

t i o n  based on t h e  r e s u l t s  of 

t h e  1971 census  and i n d i r e c t  

e s t i m a t e s  of l e v e l s  of f e r -  

t i l i t y  and m o r t a l i t y  dur ing  

t h e  i n t e r c e n s a l  pe r iod .  

5.41 1980 census  of 

t h e  P h i l i p p i n e s .  --In t h i s  

example, t h e  cohort-component 

method i s  used t o  e v a l u a t e  . 

t h e  1980 census of t h e  P h i l i p -  

p ines .  The 1980 census  coun ts  

of .populat ion c l a s s i f i e d  by 

age and sex  a r e  shown i n  

columns (2)  and (4) of f i g u r e  

5-29. The corresponding coun ts  

from t h e  1970 census ,  which 

a r e  used i n  d e r i v i n g  an ex- 

pected 1980 census popula- 

t i o n ,  a r e  shown i n  columns 

(1) and (3) . 
I n  t h i s  example, t h e  

1970 census  populat ion is pro- 

j e c t e d  forward 5  y e a r s  t o  t h e  

mid-point of t h e  i n t e r c e n s a l  

per iod (May 1975) and then  
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over a  subsequent 5-year p r o j e c t i o n  i n t e r v a l  

t o  t h e  r e f e r e n c e  po in t  of t h e  1980 census 

(May 1980) . While t h e  i n t e r c e n s a l  per iod 

i n  t h i s  c a s e  i s  n o t  exac t ly  10 y e a r s  ( t h e  

1970 census having been conducted wi th  a  

May 6  r e f e r e n c e  d a t e ,  whi le  t h e  r e f e r e n c e  

d a t e  f o r  t h e  1980 census was May 1) , t h i s  

d i f f e r e n c e  w i l l  have a n e g l i g i b l e  e f f e c t  on 

t h e  r e s u l t i n g  es t ima tes .  To maximize pre- 

c i s i o n ,  one of t h e  census popu la t ions  could 

have been "moved" 5  days t o  c r e a t e  an i n t e r -  

censa l  per iod of exact ly  1 0  yea r s .  For t h e  

purpose of t h i s  example, however, an i n t e r -  

c e n s a l  pe r iod  of exac t ly  10 yea r s  i s  assumed 

The expected 1975 popula t ion ( t h a t  i s ,  

t h e  popula t ion a t  t h e  end of t h e  f i r s t  5-year 

p r o j e c t i o n  per iod)  was de r ived  i n  t h e  follow- 

ing manner. The 1970 census popula t ion was 

f i r s t  survived forward based upon l i f  e - t ab le  

s u r v i v a l  r a t e s  der ived from v a r i o u s  d i r e c t  

and i n d i r e c t  e s t ima tes  of m o r t a l i t y  l e v e l s  

dur ing t h e  i n t e r c e n s a l  pe r iod .  These e s t i -  

mates a r e  summarized in f i g u r e  5-30. E s t i -  

mates f o r  1970 were der ived by t h e  U.S. 

Bureau of t h e  Census ( 1 9 8 4 ~ )  based. upon 

ad jus ted  d e a t h  r e g i s t r a t i o n  d a t a  f o r  t h e  

1960-1970 pe r iod  ( s e e  a l s o  United Nations 

1976, and Mi ja res  1974). The 1975 es t ima tes  

F i g u r e  5-30. ESTIMATED AND PROJECTED INFANT 
MORTALITY RATES AND LIFE EXPECTAiVCY AT 
BIRTH FOR THE PHILIPPINES, SELECTED YEARS 
DURING THE 1970-1980 INTERCENSAL PERIOD 

l nfant  Mortal i t y  Rate I 
Mortal i t y  measure 

................ Males. 
Females ............... 

Reference Year 
1970 1975 1980 

Life  Expectancy 
a t  B i r t h  

S o u r c e :  U.S. Bureau o f  t h e  C e n s u s  (2984c), 
t a b l e s  9 a n d  10. 

Males . . . . . . . . . . . . . . . .  . 
Females ............... 

were der ived through t h e  a p p l i c a t i o n  of t h e  

Brass  Growth Balance t echn ique  t o  d e a t h  r e g i s -  

t r a t i o n  d a t a  and t h e  r e s u l t s  of t h e  1975 cen- 

s u s  (Pagtolun-an 1983) and a n a l y s e s  of i n f a n t  

m o r t a l i t y  r a t e s  de r ived  from t h e  1978 Republic 

of t h e  P h i l i p p i n e s  F e r t i l i t y  Survey ( P h i l i p -  

p i n e s  1979). The 1980 e s t i m a t e s  were de r ived  

by l o g i s t i c a l l y  p r o j e c t i n g  t h e  1975 e s t i m a t e s  

of expec ta t ion  of l i f e  a t  b i r t h  forward based 

upon assumed average r a t e s  o f  improvement of 

.25 and .275 yea r s  p e r  c a l e n d a r  yea r  f o r  

males and females,  r e s p e c t i v e l y  (U. S . Bureau 

of t h e  Census 1 9 8 4 ~ ) .  

The l i f e  t a b l e s  impl ied  by t h e s e  e s t i m a t e s  

were then  used t o  d e r i v e  l i f e  t a b l e s  f o r  each 

of t h e  p r o j e c t i o n  p e r i o d s  (1970-1975 and 1975- 

1980). The l i f e  t a b l e  f o r  t h e  1970-1975 p e r i -  

od was de r ived  by t a k i n g  t h e  a v e r a g e  v a l u e s  

of t h e  1970 and 1975 l i f e  t a b l e s .  Correspond- 

56.0 59.2 60.7 
62.4 64.1 65.8  

ing v a l u e s  f o r  t h e  1975-1980 p e r i o d  were de- 

r i v e d  in a  s i m i l a r  f a s h i o n  based  on t h e  e s t i -  

mated 1975 and 1980 l i f e  t a b l e s .  The nLx 

values  of t h e s e  p r o j  e c t i o n - p e r i o d  l i f e  t a b l e s  

and t h e  implied 5-year s u r v i v a l  r a t e s  ( 5 S x )  

a r e  shown i n  f i g u r e  5-31. 

The S va lues  from f i g u r e  5-31 were then n x 
a p p l i e d  t o  t h e  1970 census  coun t s  from f i g u r e  

5-29 t o  d e r i v e  a  p r e l i m i n a r y  expected count 

of popula t ion aged 5 y e a r s  and above i n  1975 

shown in f i g u r e  5-32 (column 2 ) .  

The migrat ion d a t a  used in d e r i v i n g  an 

expected 1975 popula t ion were assembled by 

U.S. Bureau of t h e  Census ( 1 9 8 4 ~ )  based upon 

immigration s t a t i s t i c s  of t h e  United S t a t e s  

and Canada, a  primary p o i n t  o f  d e s t i n a t i o n  

f o r  F i l i p i n o  migran t s ,  and e s t i m a t e s  of male 

l a b o r  migrat ion t o  midd le -eas tem c o u n t r i e s  

based on s e v e r a l  sources  ( s e e  U.S. Bureau of 

t h e  Census, 1 9 8 4 ~ ) .  F igure  5-33 shows t h e  

es t ima ted  number of migran t s  by age  and s e x  

dur ing  t h e  1970-1975 and 1975-1980 pe r iods .  

The 1970, 1975, and 1980 d a t a  were a l l o c a t e d  

w i t h  r ega rd  t o  t h e  r e f e r e n c e  d a t e s  of t h e  
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F i g m e  5.31 . VALUES OF 5Lx AND 5Sx FROM LIFE TABLES FOR THE 1970-1975 AND 1975-1980 PERIODS 
BY AGE AND SEX. PHILIPPINES 

Sex and age 

0 t o  4 y e a r s  ....... 
5 t o  9 y e a r s  ....... 
10 t o  14 year s  ..... 
15 t o  19 year s  ..... 
20 t o  24 year s  ..... 
25 t o  29 year s  ..... 
30 t o  34 year s  ..... 
35 t o  39 year s  ..... 
40 t o  44 year s  ..... 
45 t o  49 year s  ..... 
50 t o  54 year s  ..... 
55 t o  59 y e a r s  ..... 
60 t o  64 year s  ..... 
65 t o  69 y e a r s  ..... 
70 t o  74 year s  ..... 
75 year s  o r  o l d e r  .. 

Fema 1 e s  

0 t o  4 y e a r s  ....... 
5 t o  9 y e a r s  ....... 
10 t o  14 year s  ..... 

..... 15 t o  19 y e a r s  
20 t o  24 year s  ..... 

..... 25 t o  29 y e a r s  

..... 30 t o  34 y e a r s  

..... 35 t o  39 year s  

..... 40 t o  44 y e a r s  
45 t o  49 y e a r s  ..... 

..... 50 t o  54 y e a r s  

..... 55 t o  59 y e a r s  

..... 60 t o  64 y e a r s  

..... 65 t o  69 y e a r s  

..... 70 t o  74 y e a r s  
75 year s  o r  o l d e r  .. 

Source:  Der ived  as d e s c r i b e d  i n  t ex t  from U . S . Bureau 
o f  t h e  C e n s u s  (1984  c). t a b l e s  1 0  and 24 . 

p r o j e c t i o n  p e r i o d s  assuming an e q u a l  d i s t r i -  

but ion of mig ran t s  by month i n  t h e s e  y e a r s  . 
Accordingly. two- th i rds!  (8 months + 12 months) 

of t h e  n e t  emigra t ion i n  1970 was assumed t o  

have occurred a f t e r  t h e  r e f e r e n c e  d a t e  of 

t h e  1970 census (May 6 ) .  which i s  a l s o  t h e  

r e fe rence  s t a r t i n g  p o i n t  of t h e  1970-1975 

p r o j e c t i o n  pe r iod  . S i m i l a r l y .  one - th i rd  of 

t h e  1975 n e t  emigra t ion was assumed t o  have 

occurred w i t h i n  t h e  1970-1975 p r o j  e c t i o n  

i n t e r v a l .  w i t h  t h e  remaining two- thi rds  

a l l o c a t e d  t o  t h e  1975-1980 p r o j e c t i o n  p e r i o d .  

a long  w i t h  one- th i rd  of t h e  1980 n e t  emi- 

g r a n t s  . 
Net emigran t s  d u r i n g  t h e  1970-1975 

pe r iod  were su rv ived  t o  1975 and a l l o c a t -  

ed t o  c e n s u s  c o h o r t s  fo l lowing  t h e  pro- 

cedure  d e s c r i b e d  above i n  s t e p  2 of  t h e  
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Figure 5-32. WORKSHEET FOR APPLYING THE COHORT-COMPONENT METHODS TO THE 1980 CENSUS OF THE 
PHILIPPINES 

(PopuZation i n  thousands) 
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computational procedure.  The e s t i m a t e  of 

-10,000 f o r  males aged 25 t o  29' in 1975 shown 

i n  column (3)  of f i g u r e  5-32, f o r  example, 

was derived by applying formula (5.16) t o  t h e  

n e t  emigrat ion e s t i m a t e s  f o r  males aged 20 t o  

24 and 25 t,o 29 from f i g u r e  5-33 and t h e  age- 

s p e c i f i c  l i f e  t a b l e  s u r v i v a l  p r o b a b i l i t i e s  

from f i g u r e  5-31. 

The e s t i m a t e s  f o r  t h e  o t h e r  a g e  c a t e -  

g o r i e s  ( ages  5  and above) shown i n  column (3) 

Figure 5-33. ESTIMATED IUMBER OF NET EMIGRANTS FROM THE 
PHILIPPINES BY AGE AND SEX: 2970-1975 AND 1975-2980 

0 t o  4  yea r s . . . . . . .  
... 5 t o  9  y e a r s . . . .  

10 t o  14 y e a r s . . . . .  
15 t o  19 yea r s . . . . .  
20 t o  24 y e a r s . . . . .  

25 t o  29 yea r s . . . . .  
30 t o  34 yea r s . . . . .  
35 t o  39 years . . . . .  
40 t o  44 y e a r s . . . . .  

... 45 t o  49 yea r s . .  

50 t o  54 years  ..... 
55 t o  59 years . . . . .  ... 60 t o  64 y e a r s . .  
65 t o  69 y e a r s . . . . .  
70 t o  74 yea r s . . . . .  
75 years  o r  o l d e r . .  

Source: Based on estimates prepared for and summarized 
i n  U.S. Bureau of  the Census (2984 c ) ,  table 36. 

Figure 5-34. ESIL'IMATED AND PROJECTED AGE-SPECIFIC AND TOTAL 
FERTILITY RATES FOR THE PHILIPPINES FOR SELECTED YEARS, 
1968 t o  1980 

1970- 1975 

(Rates shown are per-woman) 

1975- 1980 

Ma 1 e s  Males Fema 1 e s  Females 

Age of woman 

Total f e r t i l i t y  ra te . .  

Source: U.S. Bureau of the  Census f1984), tab les  27 and 28. 

15 t o  19 years.. ........... 
20 t o  24 years  ............. 
25 t o  29 years.. ........... 
30 t o  34 years  ............. 
35 t o  39 yea r s  ............. 
40 t o  44 years . .  ........... 
45 t o  49 years  ............. 

of f i g u r e  5-32 were  de r ived  

i n  a  s i m i l a r  f a s h i o n  on t h e  

b a s i s  of formulae  (5.16) and 

(5.17). These e s t i m a t e s  

were then  used t o  a d j u s t  

t h e  p re l iminary  1975 cohor t  

counts  from column (2) as 

shown i n  column ( 4 ) .  

The expec ted  1975 

popula t ion aged 0  t o  4  y e a r s  

was de r ived  by e s t i m a t i n g  

t h e  number of b i r t h s  (by 

sex) dur ing  t h e  1970-1975 

pe r iod ,  s u r v i v i n g  t h e  e s t i -  

mated number of b i r t h s  t o  

t h e  end of t h e  1970-1975 

p r o j e c t i o n  i g t e r v a l ,  and 

a d j u s t i n g  f o r  t h e  e s t ima ted  

l e v e l  of n e t  emigra t ion  . 

during t h e  p r o j  e c t i o n  p e r i -  

od. The number of b i r t h s  

dur ing  t h i s  p e r i o d  was esti- 

mated based on t h e  ave rage  

number of f emales  i n  each age 

group from 15 t o  49 y e a r s  and 

e s t i m a t e s  of a g e - s p e c i f i c  f e r -  

t i l i t y  r a t e s  d u r i n g  t h e  pro- 

j e c t i o n  pe r iod .  Es t ima tes  of 

age - spec i f i c  f e r t i l i t y  r a t e s  

(ASFR) f o r  v a r i o u s  r e f e r e n c e  

p o i n t s  from 1968 t o  1980 a r e  

shown i n  f i g u r e  5-34. For 

t h i s  example, t h e  e s t i m a t e  

f o r  1973 d e r i v e d  from t h e  

1973 Na t iona l  Demographic 

Survey (Concepcion 1974) 

Reference Year 

.063 .054 .053 .041 .038 

.238 .221 .216 .204 .I91 

.306 .269 .245 .236 .221 

.276 .250 .235 .241 .225 

.206 . I88 .180 .I72 .I61 

.I00 .095 .091 .089 .083 

.021 .026 ,029 .018 .017 

1968 

6.05 5.52 5.24 5.01 4.68 

1973 1975 1977 1980 
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was used a s  an approximation of t h e  average 

l e v e l  of f e r t i l i t y  during t h e  1970-1975 pe r i -  

od. A l t e r n a t i v e l y ,  an estimate f o r  t h e  exact  

mid-point of t h e  p ro jec t ion  i n t e r v a l  could 

have been obta ined by i n t e r p o l a t i n g  between 

t h e  1968 and 1975 es t ima tes .  

The es t ima ted  number o f  b i r t h s  i n  t h e  

1970-1975 per iod was c a l c u l a t e d  a s  i n d i c a t e d  

i n  f i g u r e  5-35. The average number of women 

i n  each age category of t h e  c h i l d  bea r ing  

years  dur ing t h e  p r o j e c t i o n  pe r iod  was 

der ived a s  t h e  average of t h e  number of 

women i n  each age  category a t  t h e  beginning 

of t h e  p r o j e c t i o n  per iod (from column 1 of 

f i g u r e  5-32) and t h e  p r o j e c t e d  number at 

t h e  end of t h e  p r o j e c t i o n  i n t e r v a l  (column 4  

of f i g u r e  5-32). The average number o f  

women " a t  r i s k "  i n  each age  category was 

m u l t i p l i e d  by t h e  a p p r o p r i a t e  age - spec i f i c  

f e r t i l i t y  r a t e  t o  d e r i v e  t h e  es t ima ted  

number of annual b i r t h s  dur ing  t h e  p r o j e c t i o n  

per iod shown i n  f i g u r e  5-35. The t o t a l  

number of p r o j e c t i o n  pe r iod  b i r t h s  was 

es t imated by mul t ip lying t h e  r e s u l t  by 5  

(5  x 1,489,000 = 7,445,000 f o r  1970-1975). 

Assuming a  sex- ra t io -a t -b i r th  of 105, 48.8 

percent  of t h e s e  b i r t h s  were assumed t o  

have been females (.488 x 7,445,000 = 

3,633,160) and 51.2 percent  t o  have been 

males (.512 x 7,445,000 = 3,811,800).  

Male and female b i r t h s  were then s u r -  

v ived forward t o  May 1975 on t h e  b a s i s  of t h e  

l i f e  t a b l e  s u r v i v a l  p r o b a b i l i t i e s  shown i n  

f i g u r e  5-31 and formula (5.18). For males ,  

t h e  s u r v i v a l  p r o b a b i l i t y  of .9033 f5L /5 R = 
0 0 

451,623/500,000 = .9033) was used;  and f o r  fe- 

males .9224 (461,182/500,000) was used.  Ac- 

co rd ing ly ,  an es t ima ted  3,443,235 males  

(3,811,840 x .9033) and 3,351,227 females  

(3,633,160 x .9224) were expected t o  have su r -  

v ived  t o  t h e  end of t h e  p r o j e c t i o n  p e r i o d .  

These e s t i m a t e s  were then  a d j u s t e d  f o r  

n e t  emigrat ion dur ing t h e  p r o j  e c t  i o n  p e r i o d  

on t h e  b a s i s  of t h e  migrat ion e s t i m a t e s  shown 

i n  f i g u r e  5-33 and formula (5.18).  The ad- 

justment f o r  males was c a l c u l a t e d  a s  fo l lows :  

5M = -  I M (1 + 5So) 
0 4 5 0  

= [ f .  25) (8540) + f. 25) (8540) (. 9033)] 

= 2,135 + 1,929 
= 4,064 

4,000 

The corresponding e s t i m a t e  f o r  females  

was 3,900. 

These e s t i m a t e s  were then s u b t r a c t e d  

( s i n c e  they  r e p r e s e n t  n e t  emigrat ion)  from 

t h e  es t ima ted  number of s u r v i v i n g  mabe and 

female b i r t h s  t o  y i e l d  t h e  expected coun t s  

of males and females aged 0  t o  4  a t  t h e  end 

of t h e  1970-1975 p r o j e c t i o n  p e r i o d  shown 

in f i g u r e  5-32. 

The p r o j e c t e d  1975 popu la t ion  shown i n  

column (4) of f i g u r e  5-32 was then  used a s  

t h e  s t a r t i n g  popula t ion f o r  t h e  1975-1980 

F i g u r e  5-35, WORKSHEET SHOWING COMPUTATIONS OF THE ESTIMATED NUMBER OF ANNUAL BIRTHS IN THE 
PHILIPPINES: 2970-1975 AND 1975-1980 

15 t o  19 years . . . . .  
20 t o  24 yea r s . . . . .  
25 t o  29 yea r s . . . . .  
30 t o  34 y e a r s . . . . .  
35 t o  39 years  ..... 
40 t o  44 years  ..... 
45 t o  49 years  ..... 

Age of Women 
I 

1970 1975 Avg ASFR B i r t h s  1 1975 1980 Avg ASFR B i r t h s  
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p r o j e c t  ion i n t e r v a l  and t h e  s t e p s  desc r ibed  

above repeated us ing t h e  1975-1980 l i f e - t a b l e  

s u r v i v a l  r a t e s  from f i g u r e  5-31, the  e s t i m a t e s  

of n e t  emigrat ion from f i g u r e  5-33, and t h e  

es t imated schedule  of age - spec i f i c  f e r t i l i t y  

r a t e s  f o r  1977 from f i g u r e  5-34. The s t e p s  

a r e  documented i n  columns (5)  through (7) of 

f i g u r e  5-32. The f i n a l  r e s u l t s  of t h i s  pro- 

cedure,  t h e  expected popula t ion a t  t h e  t i m e  

of t h e  1980 census,  a r e  shown i n  column (7) 

of f i g u r e  5-32 and columns (2) of f i g u r e  5-36 

( f o r  males and females,  r e s p e c t i v e l y ) .  

The r e s u l t s  of t h e  comparison between 

t h e  expected and enumerated 1980 census popu- 

l a t i o n s  a r e  shown i n  f i g u r e  5-36. Di f fe rences  

in terms o f  thousands of popu la t ion  a r e  shown 

in column (3 ) ,  and in percentage terms i n  

column (4 ) .  

Overa l l ,  t h e  d i f f e r e n c e s  between t h e  

expected and enumerated male popu la t ions  i s  

smal l ,  suggest ing t h a t  t h e  l e v e l  of complete- 

n e s s  of enumeration of males i n  t h e  1980 cen- 

sus  was very  c l o s e  t o  t h a t  i n  t h e  1970 census ,  

whi le  females were enumerated 1.67 pe rcen t  

l e s s  completely i n  t h e  1980 census than i n  

1970. T h i s  sex  d i f f e r e n t i a l  i n  r e l a t i v e  cover- 

age would appear t o  have r e s u l t e d  p r i m a r i l y  

from d i f f e r e n c e s  i n  coverage i n  t h e  30 t o  39 

ages range,  where t h e  expected popula t ion 

of females c o n s i s t e n t l y  exceeds t h e  enumerated 

popula t ion whi le  t h e  oppos i t e  i s  t r u e  

f o r  males. This p a t t e r n  r a i s e s  t h e  p o s s i b i l -  

i t y  t h a t  t h e  migrat ion d a t a  used i n  d e r i v i n g  

the  expected popula t ions  may have been flawed. 

I n  s e v e r a l  o t h e r  r e s p e c t s ,  t h e  p a t t e r n  

of e r r o r  suggested by f i g u r e  5-36 conforms 

t o  p a t t e r n s  of e r r o r  f r e q u e n t l y  observed i n  

popula t ion censuses.  The d e f i c i t  of popula- 

t i o n  aged 0 t o  4 ,  f o r  example, i s  l i k e l y  t o  

r e f l e c t  t h e  tendency t o  undercount i n f a n t s  

and young ch i ld ren .  The s i g n i f i c a n t  excess  

of popu la t ion  aged 10 t o  1 4  i n  t h e  enumerated 

a s  compared t o  t h e  expected 1980 popu la t ion  

sugges t s  t h a t  t h e  popu la t ion  aged 0 t o  4 i n  

t h e  1970 census may have been s e r i o u s l y  under- 

enumerated. The d e f i c i t  of p o p u l a t i o n  aged 

15 t o  24 of bobh sexes  a l s o  is observed q u i t e  

f r e q u e n t l y ,  l i k e l y  r e f l e c t i n g  d i f f i c u l t i e s  

t y p i c a l l y  encountered i n  enumerating h igh ly  

mobile segments of t h e  popu la t ion .  The l a r g e  

excesses  of popula t ion a t  age  60 y e a r s  and 

above a r e  l i k e l y  t o  r e f l e c t  s e v e r e  a g e  ex- 

aggera t  ion.  

The r e s u l t s ,  t hen ,  sugges t  t h a t  t h e  1980 

census  was underenumerated by approximately  

0.8 pe rcen t  ( f o r  both s e x e s  combined) i n  com- 

pa r i son  w i t h  t h e  1970 census .  I f  t h e  U.S. 

Bureau of t h e  Census ( 1 9 8 4 ~ )  e s t i m a t e  ,of 4.7 

pe rcen t  n e t  underenumeration i n  t h e  1970 cen- 

s u s  i s  accepted,  t h e  impl ied l e v e l  of n e t  

undercoverage in t h e  1980 census  o f  t h e  P h i l i p -  

p ines  would b e  roughly 5 .5  p e r c e n t .  

5.42 1980 census of Indonesia . - - In  t h i s  

example, t h e  cohort-component method i s  used 

t o  e v a l u a t e  t h e  1980 census  of Indones ia .  

This example i l l u s t r a t e s  t h e  u s e  of a s e r i e s  

of s ing le -yea r  p r o j e c t i o n s  i n  a s i t u a t i o n  

where t h e  number of y e a r s  s e p a r a t i n g 8 s u c c e s -  

s i v e  censuses  i s  not  a conven ien t  m u l t i p l e  

of 5 ( t h e  most r e c e n t  p r e v i o u s  Indonesian 

census  having been conducted i n  1971).  

The popu la t ion  enumerated i n  t h e  1980 

census  c l a s s i f i e d  by a g e  ( i n  5-year a g e  

groups) and sex  is  shown i n  columns (3) and 

(6) of f i g u r e  5-37 ( f o r  males  and females ,  

r e s p e c t i v e l y ) .  The male and female  popu la t ion  

enumerated i n  t h e  1971 c e n s u s ,  which i s  used 

a s  t h e  b a s i s  f o r  d e r i v i n g  an expected popu- 

l a t i o n  a t  t h e  t ime of t h e  1980 census ,  is 

shown i n  columns (1) and ( 4 ) ,  r e s p e c t i v e l y .  

I n  t h i s  example, t h e  a d j u s t e d  1971 cen- 

s u s  popula t ion counts  shown i n  columns (2) and 

(5) a r e  used t o  d e r i v e  a n  expected 1980 census 

popu la t ion .  These a d j u s t e d  census  coun t s  were 

de r ived  a t  t h e  U.S. Bureau o f  t h e  Census (1984b) 

us ing  a cohort-component approach s i m i l a r  t o  
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F i g u r e  5-36. ENUMERATED AND EXPECTED 1980 CENSUS POPULATION OF THE PHILIPPINES, BY AGE AND SEX 

(PopuZation zn thousands) 

- - 

Enumerated 
P o p u l a t i o n  

(1)  

Expected Percentage 
Popu la t i  o n  D i f f e r e n c e  D i f f e r e n c e  

Male 

A l l  ages ..... 

0  t o  4 years . .., 
5  t o  9  yea rs . .  . , 
10 t o  14 y e a r s . .  
15 t o  19 yea rs .  . 
20 t o  24 yea rs . .  

25 t o  29 yea rs . .  
30 t o  34 y e a r s .  . 
35 t o  39 years . .  
40 t o  44 yea rs . .  
45 t o  49 y e a r s . .  

50 t o  54 yea rs . .  
55 t o  59 yea rs . .  
60 t o  64 y e a r s . .  
65 t o  69 yea rs . .  
70 t o  74 years . .  
75 years 

and o l d e r . .  . . 
Fema 1 e 

A l l  ages ..... 
0  t o  4 years . .  . . 
5  t o  9  y e a r s . .  . . 
10 t o  14 y e a r s . .  
15 t o  19 yea rs . .  
20 t o  24 yea rs . .  

25 t o  29 years. .  
30 t o  34 yea rs .  . 
35 t o  39 y e a r s . .  
40 t o  44 years . .  
45 t o  49 yea rs . .  

50 t o  54 yea rs . .  
55 t o  59 yea rs . .  
60 t o  64  yea rs . ,  
65 t o  69 years . .  
70 t o  74 years . .  
75 years 

and o l d e r  .... 
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t h a t  being descr ibed here.  Under t h e  assump- 

t i o n  t h a t  t h e  a d j u s t e d  1971 census f i g u r e s  

a c c u r a t e l y  p o r t r a y  t h e  Indonesian popula t ion 

a t  t h e  t ime of t h e  1971 census (September 6 

through 24) ,  t h e s e  d a t a  may be  used t o  d e r i v e  

an e s t i m a t e  of n e t  e r r o r  i n  t h e  1980 census 

on an a b s o l u t e  b a s i s .  

The cohort-component procedure was app l i -  

ed t o  t h e  ad jus ted  1971 census counts  by 

s ing le -yea r s  of age (not  shown) and sex  i n  

t h e  fol lowing manner. F i r s t ,  t h e  1971 census  

popu la t ion  was survived us ing es t ima ted  l i f e -  

t a b l e  s u r v i v a l  p r o b a b i l i t i e s  corresponding t o  

d i f f e r e n t  p o i n t s  i n  t h e  i n t e r c e n s a l  pe r iod .  

The m o r t a l i t y  e s t i m a t e s  used i n  developing 

t h e  l i f e  t a b l e s  a r e  summarized i n  f i g u r e  5-38. 

The e s t i m a t e s  f o r  t h e  1961-1971 p e r i o d  were 

de r ived  on t h e  b a s i s  of a n a l y s e s  of a d j u s t e d  

census  s u r v i v a l  r a t i o s  between t h e  1961 and 

1971 censuses  and t h e  a p p l i c a t i o n  of Brass  

m o r t a l i t y  techniques  t o  d a t a  from t h e  1971 

census  and t h e  1964-1965 N a t i o n a l  Socio- 

Economic Survey (U.S. Bureau of t h e  Census 

1975a); t h e  1976 e s t i m a t e s  were d e r i v e d  from 

a n a l y s e s  of sample v i t a l  r e g i s t r a t i o n  d a t a  

(Gardiner l978) ,  d a t a  from t h e  1979 Na t iona l  

Socio-Economic Survey ( Indones ia  1981) ,  and 

t h e  1980 census ( Indones ia  1983).  The 1980 

e s t i m a t e s  were de r ived  by p r o j e c t i n g  t h e  r a t e  

of i n c r e a s e  i n  l i f e  expectancy a t  b i r t h  i n  t h e  

1960 's  t o  1976 forward t o  1980 (U.S. Bureau 

of t h e  Census 1984a). 

Figure 5-3 7.  ENLMERATED AND ADJUSTED 2 972 CENSUS POPULATION AND ENLMERATED 1 980 CENSUS POPULA- 
TION OF INDONESIA, BY AGE AND SEX 

( ~ o p u l a t i o n  i n  thousands) 

A l l  ages ......... 

0 t o  4 years  .......... 
5 t o  9 years  .......... 
10 t o  14 y e a r s . . . . . . . .  
15 t o  19 yea r s . .  . . . . . . 
20 t o  24 yea r s . . . . . . . .  

25 t o  29 y e a r s . . . . . . . .  
30 t o  34 years .  ... . . . . 
35 t o  39 yea r s . . . . . .  .. 
40 t o  44 yea r s  ........ 
45 t o  49 years . .  . . . . . . 
50 t o  54 years  ........ 
55 t o  59 y e a r s . . . . . . . .  
60 t o  64 years .  .. ... . . 
65 t o  69 years .  ....... 
70 t o  74 yea r s  ........ 
75 yea r s  o r  o lde r . . . . .  

Age unknown.... . . . . . . .  

Males Fema 1 e s  

1980 Census 
Enumerated 

(3) 

1971 Census 

Source: 2.q71 xwnerated population reported i n  Indonesia (1 975), table  2; 1971 adjusted 
population reported i n  U.S. Bureau o f  the Census (1984), table 5; 2980 census population 
reported i n  Indonesia (1983), table 2. 

Enumerated 
( 1 )  

1980 Census 
Enumerated 

4 6 )  
Adjusted 

(2) 

197' Census 

Enumerated 
(4) 

Adjusted 
( 5 )  



.a P 
'CIA , 

Chapter 5 APPLICATION OF SELECTED D E M O G R A P H I C  TECHNIQUES FOR CENSUS EVALUATION 175 

F i g u r e  5-38. ESTIMA!l'ED AND PROJECTED INFANT 
MORTALITY RATES AND LIFE EXPECTANCY AT 
BIRTH FOR INDONESIA, SELECTED YEARS DURING 
THE 1971-1980 INTERCENSAL PERIOD 

Mortal i ty  Measure 

Infant  Mortal i t y  Rate 

Ma 1 e s .  ................ 
............... Fema 1 e s  

L i f e  Expectancy / 

a t  B i r th  

Ma 1 es  ................. 
Females ............... 

Reference Year(s)  

tables 9 and 10. 

The L v a l u e s  from t h e  abr idged l i f e  
n x 

t a b l e s  der ived on t h e  b a s i s  of t h e s e  morta l -  

i t y  e s t ima tes  a r e  shown i n  f i g u r e  5-39. Life- 

t a b l e  values  f o r  s i n g l e  yea r s  of age  were 

der ived by applying convent ional  " s p l i t t i n g t t  

formulae t o  t h e  grouped l i f e - t a b l e  d a t a  ( s e e  

U. S . Bureau of t h e  Census 1975a). Life-  

t a b l e  values  f o r  t h e  yea r s  between t h o s e  f o r  

which es t ima tes  were a v a i l a b l e  were obta ined 

by i n t e r p o l a t i n g  l i n e a r l y  between t h e  va lues  

f o r  t h e  yea r s  1971, 1976, and 1980. The 

s ingle-year  L va lues  were then used t o  n x 
su rv ive  t h e  ad jus ted  1971 census popula t ion 

y e a r l y  dur ing t h e  9-year i n t e r c e n s a l  pe r iod  

t o  September 1980, t h e  r e fe rence  p o i n t  of 

t h e  1980 census. 

I n  t h e  c a s e  of Indones ia ,  n e t  i n t e r -  

n a t i o n a l  migra t ion  dur ing t h e  i n t e r c e n s a l  

pe r iod  was of a s u f f i c i e n t l y  smal l  magnitude 

t h a t  it may be s a f e l y  ignored i n  t h e  projec-  

t i o n  procedure. Accordingly,  t h e  expected 

number of persons in 1971 who were a l i v e  a t  

t h e  time of t h e  1980 census i s  der ived s o l e l y  

on the  b a s i s  of t h e  1971 ad jus ted  census  

counts  and es t imated m o r t a l i t y  schedule  a s  

shown i n  column (2) of f i g u r e  5-40. 

The "survived" popu la t ion  of females was 

then used t o  e s t ima te  t h e  number of i n t e r -  

censa l  b i r t h s  and expected s u r v i v o r s  o f  t h e s e  

b i r t h s  at  t h e  d a t e  of t h e  second census .  The 

assumed l e v e l  and a g e - s t r u c t u r e  of f e r t i l i t y  

a t  va r ious  p o i n t s  i n  t h e  i n t e r c e n s a l  p e r i o d  

used i n  d e r i v i n g  t h e  e s t i m a t e s  of t h e  number 

of b i r t h s  a r e  summarized i n  f i g u r e  5-41. The 

es t ima tes  f o r  t h e  1971-1975 p e r i o d  were de- 

r i v e d  from t h e  1976 I n t e r c e n s a l  Popu la t ion  

Survey (Suharto and Cho 1978) ,  whi le  t h o s e  

f o r  1976-1979 were based upon "own-children" 

e s t i m a t e s  from t h e  1980 census  ( Indones ia  

1982). F e r t i l i t y  e s t i m a t e s  f o r  1980 were 

der ived on t h e  b a s i s  of a p r o j e c t e d  con t inu ing  

d e c l i n e  i n  f e r t i l i t y  l e v e l s  by t h e  U.S. Bureau 

of t h e  Census (1984a) . 
Est imates  of t h e  number of b i r t h s  i n  

each yea r  dur ing t h e  p r o j e c t i o n  pe r iod  were 

obta ined by applying t h e  age - spec i f i c  f e r t i l i t y  

schedules  from f i g u r e  5-41 (assumed t o  b e  t h e  

same f o r  a l l  ages  w i t h i n  each  5-year age  group) 

t o  the  average number of females  i n  each (1-year) 

age  category dur ing each s ingle-year  p r o j  e c t i o n  

i n t e r v a l .  The expected number of b i r t h s  of 

each sex  was de r ived  assuming a s e x - r a t i o  a t  

b i r t h  of 1.05 on t h e  b a s i s  of formula (5 .19) .  

F i n a l l y ,  t h e  expected number of b i r t h s  

i n  each year  was su rv ived  forward t o  r e f e r -  

ence p o i n t  of t h e  1980 census  us ing  t h e  l i f e -  

t a b l e  s u r v i v a l  p r o b a b i l i t i e s  summarized i n  

f i g u r e  5-39 on t h e  b a s i s  of formula (5 .20) .  

The r e s u l t i n g  e s t i m a t e s  o f  t h e  number of sur-  

v i v o r s  of t h e  c h i l d r e n  born i n  t h e  i n t e r c e n s a l  

per iod ( t h a t  is, t h o s e  aged 0 t o  8 yea r s )  a t  

t h e  r e f e r e n c e  p o i n t  of t h e  1980 census a r e  

shown i n  column (2) of f i g u r e  5-40. 

The enumerated and expected 1980 

Indonesian census  popu la t ions  a r e  compared i n  

f i g u r e  5-40. Column (3) shows t h e  d i f f e r e n c e s  

i n  t h e  expected popu la t ion  from t h a t  a c t u a l l y  
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F i g u r e  5-39. VALUES OF .L, FROM LIFE TABLES COR- 
RESPONDING TO ESTIMATED AND PROJECTED LEVELS OF 
MORTALITY FOR INDONESIA, SELECTED YEARS DURING 
THE 1971-2980 INTERCENSAL PERIOD 

Sex and age 

Under 1 y e a r . . . . . . .  
1 t o  4 y e a r s . . .  .... 
5 t o  9 y e a r s . . . . .  .. 
10 t o  14 y e a r s . . . . .  
15 t o  19 years . .  .. . 
20 t o  24 years .  .. . . 
25 t o  29 y e a r s . . . . .  
30 t o  34 y e a r s . . . .  . 
35 t o  39 years . .  .. . 
40 t o  44 y e a r s . . . . .  

45 t o  49 years . . .  .. 
50 t o  54 years . .  . . . 
55 t o  59 years  ..... 
60 t o  64 years . . . . .  
65 t o  69 y e a r s . . . . .  

70 t o  74 years . . .  .. 
75 years  o r  o l d e r . .  

I Under 1 year . .  ..... 
1 t o  4 years  ....... 
5 t o  9 years  ....... 
10 t o  14 years .  .. . . 
15 t o  19 years . . .  .. 

20 t o  24 years . . . .  . 
25 t o  29 years  ..... 
30 t o  34 years . . . . .  
35 t o  39 years  ..... 
40 t o  44 years . .  . . . 
45 t o  49 years .  .... 
50 t o  54 years . . . . .  
55 t o  59 y e a r s . . . . .  
60 t o  64 years . .  . . . 
65 t o  69 years . .  . . . 
70 t o  74 years . . . . .  
75 years  o r  o l d e r . .  

S o u r c e :  U.S. Bureau  o f  the C e n s u s  ( 1 9 8 4 ) ,  tabZes 
10 and 14.  

Reference year  ( s )  

enumerated i n  terms of numbers of per- 

sons whi le  column (4 )  p r e s e n t s  t h e s e  

d i f f e r e n c e s  i n  t e r m s  of pe rcen tage  

d i f f e r e n c e s .  

1961-1971 
I n  terms of o v e r a l l  coverage,  t h e  

r e s u l t s  suggest  t h a t  t h e  1980 census  

count of males was underenumerated by 

s l i g h t l y  above 6 p e r c e n t  and t h e  count  

of females by j u s t  under 6 p e r c e n t .  

With rega rd  t o  n e t  census  e r r o r  by age ,  

t h e  r e s u l t s  suggest  an underenumeration 

of c h i l d r e n  aged 0 t o  4  of about 10 

percent  (which may b e  accounted f o r  

p a r t i a l l y  by t h e  t r a n s f e r  of popu la t ion  

i n t o  t h e  5 t o  9 a g e  ca tegory  due t o  a g e  

misrepor t  ing)  ; a  s i g n i f i c a n t  under- 

enumeration of young a d u l t s  aged 15 t o  

3 4 ,  p a r t i c u l a r l y  among males;  and s i g n i -  

f i c a n t  overenumeration of popu la t ion  

a t  ages  60 and above, l i k e l y  t h e  r e s u l t  

of a  widespread tendency t o  exaggera te  

ages.  

The cohort-component method de- 

sc r ibed  i n  t h i s  s e c t i o n  i s  a p p l i c a b l e  

i n  s i t u a t i o n s  where r e g i s t r a t i o n  d a t a  

1976 

a r e  non-exis tent  o r  d e f i c i e n t  t o  such 

an e x t e n t  t h a t  s a t i s f a c t o r y  adjus tment  

is  no t  p o s s i b l e ,  bu t  i n  which two cen- 

suses  and s u f f i c i e n t  informat ion from 

which t o  d e r i v e  i n d i r e c t  e s t i m a t e s  of 

p r e v a i l i n g  f e r t i l i t y  and m o r t a l i t y  

l e v e l s  a r e  a v a i l a b l e .  S i n c e  t h i s  

s i t u a t i o n  d e s c r i b e s  a  f a i r l y  l a r g e  

number of developing c o u n t r i e s ,  t h e  

f r equen t  u s e  of t h i s  approach i s  n o t  

s u r p r i s i n g  . 

1380 
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Figure 5-40. COMPARISON OF THE ENUMERATED AND EXPECTED 1980 INDONESIAN CENSUS POPULATIONS, 
BY AGE AND SEX 

(population i n  thousands) 

Male 

A l l  ages . . . . .  
0 t o  4 years .... 
5 t o  9 years .... 
10 to 14 years . . 
15 to  19 yea r s . .  
20 t o  24 years . .  

25 t o  29 yea r s . .  
30 t o  34 years . .  
35 t o  39 yea r s . .  
40 t o  44 years . .  
45 t o  49 years . .  

50 t o  54 yea r s . .  
55 t o  59 years .. 
60 t o  6 4  yea r s . .  
65 t o  69 years . .  
70 t o  74 years . .  
75 years 

or  older  ..... 
Fema 1 e 

A l l  ages ..... 
0 t o  4 years . .  . . 
5 t o  9 years .  ... 
10 t o  14 years . .  
15 t o  19 yea r s . .  
20 to  24 years . .  

25 t o  29 yea r s . .  
30 t o  34 years . .  
35 t o  39 years .. 
40 t o  44 yea r s . .  
45 t o  49 years . .  

50 t o  54 yea r s . .  
55 t o  59 yea r s . .  
60 t o  6 4  years . .  
6 5  t o  69 years . .  
70 t o  74 years . .  
75 years 

o r  older ...., 

Enumerated I Expected I I Percentage 
~ o ~ u l a t i o n ~  Population D i  fference D i  f f  arence 

7 2 , ~  52' 

10,816 
lo ,  832 
9,1.32 
7,513 
5,979 

5,613 
4,023 
4,191 
3,644 
3,013 

2,718 
1,721 
1,559 

81 1 
6 89 

688 

Source: Enumerated 1980 census popuZation reported i n  Indonesia (2983); expected population 
re  orted i n  U. S. Bureau o f  the Census (1984) derived a s  described i n  t e x t .  

'The popu2ation of East Timor m s  exc Zuded from these ca Zcu lat ions.  
 he figures for the t o t a l  populution enumerated i n  the  1980 census include 11,000 males and 

9,000 females whose ages were not recorded. 
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F s p e  5-41. ESTIMATED AND PROJECTED AGE-SPECIFIC AND 
TOTAL FERTILITY RATES FOR INDONESIA FOR SELZCTED 
YE4RS DURING THE 19 71- 19 80 INTERCENSAL PERIOD 

(Ra te s  shown are per  woman) 
I 

I Reference  ear ( s )  
Age of woman 

and 28.  

For p r a c t i c a l  purposes, t h e  method 

i s  a d i r e c t  s u b s t i t u t e  f o r  t h e  eva lua t ion  

approach based upon t h e  populat ion balancing 

equation i n  t h a t  es t imates  of i n t e r c e n s a l  

b i r t h s  and deaths  based upon i n d i r e c t  e s t i -  

mates of f e r t i l i t y  and m o r t a l i t y  l e v e l s  a r e  

s u b s t i t u t e d  f o r  d i r e c t  d a t a  from a v i t a l  

r e g i s t r a t i o n  system. A s  such, t h e  method 

s u f f e r s  from many of the  same weaknesses a s  

t h e  population balancing equation approach, 

t h e  major weakness being t h e  " res idua l"  

n a t u r e  of t h e  r e s u l t a n t  e s t i m a t e  of n e t  cen- 

sus e r r o r .  This may be a p a r t i c u l a r l y  seri- 

ous problem in countr ies  with  l i m i t e d  o r  non- 

e x i s  t e n t  v i t a l  r e g i s t r a t i o n  systems. I n  such 

cases ,  i n d i r e c t  es t imates  of f e r t i l i t y  and 

m o r t a l i t y  must be used. Such es t imates  can 

be q u i t e  v o l a t i l e  due t o  such f a c t o r s  a s  

v i o l a t i o n  of t h e  assumptions underlying t h e  

techniques used and e r r o r s  in  t h e  survey 

da ta  (age repor t ing  e r r o r s  can be p a r t i c u l a r l y  

problematic).  The a v a i l a b i l i t y  of i n d i r e c t  

es t imates  from two or  more surveys and /or  

p r i o r  censuses a r e  he lpfu l  t o  t h e  ex ten t  t h a t  

cons i s ten t  es t imates  from mul t ip le  app l ica -  

t i o n s  of one o r  more i n d i r e c t  techniques  can 

be used instead of having to  r e l y  upon t h e  

r e s u l t s  of a s i n g l e  app l ica t ion .  

Total f e r t i  1 i t y  ra te . .  . 

......... 15 t o  19 years . . . .  
20 t o  24 years ............. 
25 t o  29 years .  ............ 

........... 30 t o  34 years . .  
35 t o  39 years.  ............ 

............. 40 t o  44 years 
45 t o  49 years. . . . .  ........ 

A s  i s  t h e  c a s e  i n  t h e  u s e  of 

t h e  populat ion balancing equa t ion ,  

t h e  l imi ted  amount of informat ion 

t y p i c a l l y  a v a i l a b l e  on i n t e r n a -  

t i o n a l  migrat ion of t e n  proves t o  

be t h e  most problematic  a s p e c t  of 

t h e  a p p l i c a t i o n  of t h e  cohort-  

component approach. In  cases  

where t h e  volume of n e t  migra t ion  

is s u b s t a n t i a l ,  a d i s p r o p o r t i o n a t e  

s h a r e  of a t t e n t i o n  i n  t h e  app l ica -  

t i o n  of t h e  method w i l l  have t o  b e  

devoted t o  t h e  development of 

p l a u s i b l e  e s t i m a t e s  of t h i s  

component. 

5.20 4.68 4.38 

. I 27  . I 16  . 105 

.265 .2 48 .231 

. 2 ~ 6  .232 .223 

. I 9 9  . I 7 7  . I 6 8  

. I 1 8  . l o 4  .096 

.057 .046 . 0 42 

.018 .013 .012 

In genera l ,  t h e  u s e f u l n e s s  of t h e  method 

w i l l  depend upon t h e  q u a n t i t y  and q u a l i t y  of 

demographic informat ion a v a i l a b l e  about t h e  

populat ion under study. Where informat ion 

about l e v e l s  of f e r t i l i t y  , m o r t a l i t y ,  and 

migration between two censuses  i s  l i m i t e d  and/ 

o r  u n r e l i a b l e ,  t h e  method should be used cau- 

t i o u s l y .  I n  such a case ,  t h e  p r e p a r a t i o n  of a 

range of es t imates  based upon d i f f e r e n t  s e t s  

S o w c e :  U.S. B w e a u  o f  t h e  Census (29841,  t a b l e s  27 

of assumptions about v i t a l  rates and migrat ion 

would be prudent .  I n  c a s e s  where s u f f i c i e n t  

in£ ormat ion e x i s t s  t o  d e r i v e  r e l i a b l e  e s t i -  

mates of demographic parameters ,  t h e  method 

is  perhaps t h e  most powerful among t h e  a l t e r -  

n a t i v e  demographic approaches f o r  t h e  evalu- 

a t i o n  of censuses ,  p a r t i c u l a r l y  s i n c e  it 

provides age- and sex-specif i c  e s t i m a t e s  of 

ne t  census e r r o r .  

6 .  ANALYSIS OF COffORT SLIRVIVAL RATES 

An approach which has  proven u s e f u l  

i n  previous a p p l i c a t i o n s  i s  based upon t h e  

comparison of t h e  s i z e  of b i r t h  cohor t s  

enumerated i n  success ive  censuses  ( s e e  

Coale and Zelnick 1963; Coale and Rives 

1973;  and Mukherjee 1976 f o r  example 

a p p l i c a t i o n s )  . 
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population which is  closed t o  migra- 

t i o n ,  a c t u a l  changes i n  t h e  number of persons i n  

any p a r t i c u l a r  b i r t h  cohort between two census 

d a t e s  w i l l  be due so le ly  t o  m o r t a l i t y .  Accord- 

ing ly ,  i n  t h e  absence of census e r r o r s ,  t h e  ra- 

t i o  of t h e  number of persons i n  a  b i r t h  cohort  

enumerated i n  the  second census t o  t h e  number 

enumerated i n  the  f i r s t  census should approxi- 

mate t h e  s u r v i v a l  r a t e  t h a t  would be expected on 

the  b a s i s  of p reva i l ing  m o r t a l i t y  condi t ions .  

I n  o ther  words, the  observed i n t e r c e n s a l  cohort  

s u r v i v a l  r a t e s  should be comparable t o  l i f e -  

t a b l e  cohort  s u r v i v a l  r a t e s  a p p l i c a b l e  t o  t h e  

populat ion under study. I n  populat ions  where 

net  i n t e r c e n s a l  migration is  n e g l i g i b l e ,  depart-  

ures  of observed i n t e r c e n s a l  cohort  s u r v i v a l  

r a t e s  from those expected may be construed a s  

evidence of e r r o r s  i n  one o r  both censuses.  

In  populat ions  which have experienced s i g n i f i -  

cant ne t  i n t e r c e n s a l  migrat ion,  t h e  "expected" 

s u r v i v a l  r a t e s  must be modified t o  r e f l e c t  t h e  

e f f e c t s  of migration on t h e  r e l a t i v e  s i z e  of 

t h e  cohorts  a s  enumerated i n  t h e  two censuses.  

This may be done by ad jus t ing  t h e  s i z e  of t h e  

cohorts  enumerated i n  one of t h e  two censuses.  

6.1 B a b h  0 6  rnelhod 

defined b; t h e  following expression:  

nrx 
Where: 

i = t h e  length of the  i n t e r c e n s a l  per iod 

S = t h e  census s u r v i v a l  r a t e  f o r  t h e  n x 
cohort  aged x t o  x+n years  a t  t h e  
t i m e  of the  f i r s t  census 

P1 = t h e  population aged x+i t o  x + i w  years  x+i enumerated i n  the second census 

P O  = t h e  population aged x t o  x+n i n  t h e  
f i r s t  census 

I n  t h e  example a p p l i c a t i o n s  presented be- 

low, two ways of using i n t e r c e n s a l  cohort  sur- 

v i v a l  r a t e s  f o r  evaluat ing a  census a r e  

i l l u s t r a t e d .  lk the  f i r s t  a p p l i c a t i o n ,  d i sc re -  

pancies  between the  cohort s u r v i v a l  r a t e s  

implied by successive censuses and those ex- 

pected on t h e  b a s i s  of a l i f e  tab3.e a r e  

analyzed graph ica l ly .  I n  t h e  second appl ica-  

t i o n ,  t h e  i n t e r c e n s a l  cohor t  and "expected" 

l i f e - t a b l e  s u r v i v a l  r a t e s  a r e  combined i n t o  a  

r a t i o  measure of the  fo l lowing  form: 

Where : 

i = t h e  l eng th  of t h e  i n t e r c e n s a l  per iod 

R = t h e  r a t i o  of t h e  observed i n t e r c e n s a l  
n x cohort s u r v i v a l  r a t e  t o  the  cor re -  

sponding l i f e - t a b l e  s u r v i v a l  r a t e  f o r  
t h e  cohort aged x t o  x+n years  a t  the  
t ime of the  f i r s t  census  

L = t h e  l i f e - t a b l e  number of person-years x+i l i v e d  i n  t h e  age i n t e r v a l  x+i  t o  x+i+n 
years  

L = t h e  l i f e - t a b l e  number of person-years 
l i v e d  i n  t h e  age i n t e r v a l  x t o  x+n 
years  

and a l l  o t h e r  terms a r e  a s  def ined  above. 

I n  t h e  absence of census  e r r o r ,  t h e  ex- 

pected value of t h i s  r a t i o  would be 1.0.  Rat io  

values  which d i f f e r  from 1.0 i n d i c a t e  e i t h e r  

e r r o r s  i n  one o r  both censuses ,  d i s t o r t i o n s  due 

t o  migrat ion,  o r  the  use  of an inappropr ia te  

l i f e  t a b l e .  I n  the  absence of migrat ion and 

assuming t h e  use  of an a p p r o p r i a t e  l i f e  t a b l e ,  

r a t i o  va lues  f o r  any p a r t i c u l a r  cohort  which 

exceed 1 . 0  would i n d i c a t e  overenumeration of t h e  

cohort i n  t h e  second census r e l a t i v e  t o  t h e  

f i r s t ,  whi le  r a t i o  va lues  of less than 1.0 would 

support t h e  opposi te  i n t e r p r e t a t i o n .  

6.2 Data heqlLirred 

The following informat ion is required f o r  

t h e  c a l c u l a t i o n  of i n t e r c e n s a l  cohort  s u r v i v a l  

r a t e s :  

(1) The populat ions  enumerated i n  two succes- 
s i v e  censuses by age and sex .  

(2) L i f e  t a b l e s  (by sex)  assumed t o  be repre- 
s e n t a t i v e  of m o r t a l i t y  c o n d i t i o n s  dur ing 
t h e  i n t e r c e n s a l  p e r i o d .  

(3) Information on t h e  volume of n e t  migra- 
t i o n  during the  i n t e r c e n s a l  per iod by 
age and sex (where a p p l i c a b l e ) .  

For t h e  procedure invo lv ing  t h e  compar i- 

son of t h e  s i z e  of b i r t h  c o h o r t s  enumerated i n  

successive censuses,  t h e  computational s t e p s  

descr ibed below a r e  requ i red .  
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6.31 Step 1: Adjustment f o r  migration.--  

I n  coun t r i e s  exper iencing s i g n i f i c a n t  l e v e l s  

of n e t  i n t e r c e n s a l  migra t ion ,  t h e  i n i t i a l  

s t e p  i n  t h e  computational procedure  e n t a i l s  

t h e  adjustment of one of the  censuses  i n  

order  t o  minimize t h e  d i s t o r t i n g  e f f e c t s  of 

migrat ion on t h e  implied cohor t  s u r v i v a l  r a t e s .  

A procedure f o r  accomplishing t h i s  would be  t o  

add o r  s u b t r a c t  t h e  es t imated number of n e t  in-  

t e r c e n s a l  migrants  t o  one of t h e  census  coun t s .  

I n  cohor t s  exper iencing n e t  immigration dur ing  

t h e  i n t e r c e n s a l  pe r iod ,  the  number of n e t  in -  

t e r c e n s a l  immigrants i n  each cohor t  may e i t h e r  

be added t o  t h e  cohor t  popula t ion enumerated i n  

t h e  f i r s t  census o r  sub t rac ted  from t h e  cohor t  

popula t ion enumerated i n  t h e  second census .  

S imi la r ly ,  i n  cohor t s  exper iencing n e t  i n t e r -  

censa l  emigrat ion,  t h e  number of n e t  i n t e r -  

censa l  emigrants can e i t h e r  be  added t o  t h e  

second census popula t ion o r  s u b t r a c t e d  from 

t h e  f i r s t  census population.  More r e f i n e d  pro- 

cedures,  such a s  applying l i f e - t a b l e  s u r v i v a l  

r a t e s  t o  t h e  es t imated number of n e t  immi- 

I g r a n t s  t o  d e r i v e  an  es t ima te  of t h e  number of 

immigrants s u r v i v i n g  t o  t h e  d a t e  of t h e  sec- 

ond census,  a l s o  may be app l i ed  ( s e e  s e c t i o n  

6 .4  f o r  a  more d e t a i l e d  d i s c u s s i o n ) .  Adjust-  

ments f o r  migra t ion  a r e  i l l u s t r a t e d  below. 

6.32 S tep  2: Ca lcu la t ion  of census 

cohor t  s u r v i v a l  r a t e s  .--Having in t roduced ad- 

jus tments  f o r  migra t ion  a s  necessa ry ,  cohor t  

s u r v i v a l  r a t e s  between t h e  two censuses  a r e  

then c a l c u l a t e d  f o r  each sex  s e p a r a t e l y  o r  

both sexes  combined a s  i n  equa t ion  (5 .23) .  

6.33 S tep  3: Ca lcu la t ion  of l i f e - t a b l e  

s u r v i v a l  r a t e s  .--Life-table s u r v i v a l  r a t e s  

r e f l e c t i n g  t h e  expected e f f e c t s  of i n t e r c e n s a l  

m o r t a l i t y  on t h e  s i z e  of b i r t h  c o h o r t s  i n  t h e  

i n t e r c e n s a l  pe r iod  a r e  c a l c u l a t e d  as :  

(5.25) S = L / L  
n x  n x + i n x  

Where: 

S = t h e  l i f e  t a b l e  s u r v i v a l  r a t e  f o r  t h e  n  x  
cohor t  aged x  t o  x+n y e a r s  

L = t h e  l i f e  t a b l e  number of person-years n  x  l i v e d  i n  t h e  x  t o  x+n age i n t e r v a l  

L = t h e  l i f e  t a b l e  number of person-years n  x+i 
l i v e d  i n  t h e  age i n t e r v a l  x + i  t o  x+i+n 

6.34 Step 4: C a l c u l a t i o n  of cohor t  sur-  

v i v a l  r a t i o s  .--The f i n a l  s t e p  is t o  c a l c u l a t e  

the  r a t i o  of the  i n t e r c e n s a l  cohor t  s u r v i v a l  

( ad jus ted  f o r  migrat ion where necessa ry )  and t h e  

l i f e - t a b l e  s u r v i v a l  r a t e  f o r  each  cohor t ;  

Where : 

R = t h e  r a t i o  of t h e  census  cohor t  s u r v i v a l  n  x r a t e  t o  t h e  l i f e - t a b l e  s u r v i v a l  r a t e  
f o r  t h e  cohor t  aged x  t o  x+n i n  t h e  
f i r s t  census 

and a l l  o t h e r  terms a r e  d e f i n e d  above. 

6 . 4  ExampRa 

To i l l u s t r a t e  t h e  u s e  of t h e  cohor t  sur-  

v i v a l  r a t e s  method, t h e  method was a p p l i e d  t o  

t h e  1960 t o  1980 censuses  of t h e  P h i l i p p i n e s  

and t h e  1881 t o  1961 censuses  of Ind ia .  

6.41 1960 t o  I980 censuses  of t h e  

P h i l i p p i n e s  .--In t h e  f i r s t  a p p l i c a t i o n ,  i n t e r -  

c e n s a l  cohor t  s u r v i v a l  r a t e s  are used t o  a s s e s s  

t h e  cons i s t ency  of t h e  s i z e  of female b i r t h  co- 

h o r t s  enumerated i n  s u c c e s s i v e  censuses  i n  t h e  

P h i l i p p i n e s  from 1960 t o  1980. Three s e t s  of 

cohor t  s u r v i v a l  r a t e s  were c a l c u l a t e d  cor res -  

ponding t o  t h e  i n t e r c e n s a l  p e r i o d s  1960-1970, 

1970-1975, and 1975-1980, t h e  impl ied c o h o r t  

s u r v i v a l  r a t e s ,  c a l c u l a t e d  a s  shown i n  e q u s t i o n  

(5.23) above, a r e  d i sp layed  i n  f i g u r e  5-42. 

The r a t i o s  shown i n  f i g u r e  5-42 a r e  t h e  ra-  

t i o s  of t h e  cohor t  popu la t ion  enumerated i n  t h e  

second of each of t h e ' p a i r s  of censuses  consid- 

e red  t o  t h a t  enumerated i n  t h e  f i r s t  census  of 

each p a i r ,  d isplayed f o r  t h e  age  of t h e  cohor t  

i n  t h e  f i r s t  ( r e fe rence )  census .  The r a t i o  

shown f o r  t h e  cohor t  aged 0  t o  4 i n  t h e  1960 

census ,  f o r  example, was c a l c u l a t e d  a s  t h e  r a t i o  

of t h e  enumerated popu la t ion  aged 10 t o  14 i n  

t h e  1970 census t o  t h a t  aged 0  t o  4 i n  t h e  1960 

census .  The o the r  r a t i o s  shown i n  t h e  t a b l e  

were de r ived  i n  a  similar fash ion .  
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F i g u r e  5-42. COHORT SURVIVAL RATES FOR SELECTED 
COHORTS I N  THE PHILIPPINES FOR THE 1960-70, 
19 7O-F5, AND 19 75-80 INTERCENSAL PERIODS 

Sex and age i n  year 
of r e fe rence  census 

.......... 0  t o  4 years .  
........... 5  t o  9  years  

10 t o  14 y e a r s . . .  ....... 
15 t o  19 yea r s  ......... 
20 t o  24 y e a r s . . . . . . . . .  

25 t o  29 y e a r s . . . . . . . . .  
30 t o  34 yea r s . . . . . . . . .  

........ 35 t o  39 yea r s .  
....... 40 t o  44 yea r s . .  

......... 45 t o  49 years  

50 t o  54 y e a r s . . . . . . . . .  
........ 55 t o  59 years .  

Females 

0  t o  4 y e a r s . . . . . . .  .... 
......... 5 t o  9  yea r s . .  

.. 10 t o  14 y e a r s . . . . . . .  
I5 t o  19 y e a r s . . . . . .  ... 
20 t o  24 y e a r s . . . . . . . . .  

....... 25 t o  29 y e a r s . .  
........ 30 t o  34 yea r s .  
........ 35 t o  39 yea r s .  
....... 40 t o  44 y e a r s . .  

. 45 t o  49 y e a r s . . . . . . . .  

50 t o  54 y e a r s . . . . . . . . .  
55 t o  59 yea r s . . . . . . . . .  

Year of r e fe rence  census 

1960 1970 1975 

Source:  1960 c e n s u s ,  P h i l i p p i n e s  ( l 9 6 3 ) ,  table 5; 
2970 c e n s u s ,  P h i l i p p i n e s  ( 1 9 7 4 ) ,  V o l .  11, t a b l e s  1- 
7; 1975 census, P h i l i p p i n e s  ( 1 9 7 8 ) ,  VoZ. 11, t a b l e  
6; 1980 census, P h i l i p p i n e s  ( 1 9 8 3 ) ,  V o l .  11, t a b l e  3. 

7 

Corresponding l i f e - t a b l e  cohor t  s u r v i v a l  

r a t e s  were then  der ived f o r  t h e  purpose of 

comparison wi th  t h e  cohort  s u r v i v a l  r a t e s  i m -  

p l i e d  by t h e  censuses.  The procedure used i n  

de r iv ing  a p p r o p r i a t e  l i f e - t a b l e  s u r v i v a l  r a t e s  

consis ted  of s e v e r a l  s t e p s .  F i r s t ,  l i f e  t a b l e s  

were es t imated f o r  each of t h e  census  y e a r s  

(1960, 1970, 1975, and 1980) based upon dea th  

r e g i s t r a t i o n  d a t a  (adjus ted f o r  under-regis-  

t r a t i o n ) ,  t h e  a p p l i c a t i o n  of s e l e c t e d  tech- 

niques f o r  i n d i r e c t  e s t i m a t i o n ,  and t h e  pro- 

j e c t i o n  of t h e  assumed expec ta t ion  of l i f e  a t  

b i r t h  ( e , )  from 1975 t o  1980 ( s e e  U . S .  Bureau 

of t h e  Census, 1984c, f o r  complete docu- 

mentat ion of the  p rocedures  and assump- 

t i o n s  used i n  d e r i v i n g  t h e s e  l i f e  t a b l e s ) .  

Following t h e  d e r i v a t i o n  of l i f e  

t a b l e s  f o r  each of t h e  census  y e a r s ,  l i f e  

t a b l e s  corresponding t o  each  of t h e  t h r e e  

i n t e r c e n s a l  p e r i o d s  were de r ived  by tak- 

ing  t h e  average of t h e  l i f e  t a b l e  v a l u e s  

from t h e  l i f e  t a b l e s  f o r  t h e  census  yea r s  

d e f i n i n g  t h e  end p o i n t s  of t h e  r e s p e c t i v e  

i n t e r c e n s a l  pe r iods .  The r e f e r e n c e  po in t  

f o r  t h e s e  " i n t e r c e n s a l  l i f e  t a b l e s "  was 

assumed t o  be t h e  mid-point of t h e  r e -  

s p e c t i v e  i n t e r c e n s a l  p e r i o d s .  The va lues  

of t h e  L l i f e  t a b l e  f u n c t i o n  of t h e  n x 
i n t e r c e n s a l  l i f e  t a b l e s  d e r i v e d  i n  t h i s  

manner f o r  females a r e  shown i n  t h e  middle 

panel  of f i g u r e  5-43. The corresponding 

l i f e  t a b l e  s u r v i v a l  r a t e s  f o r  each of t h e  

i n t e r c e n s a l  p e r i o d s ,  c a l c u l a t e d  a s  ind i -  

ca ted  i n  equat ion (5.25) , a r e  shown i n  

t h e  bottom panel  of f i g u r e  5-43. 

The female c o h o r t  s u r v i v a l  r a t e s  

impl ied by t h e  s u c c e s s i v e  censuses  (from 

f i g u r e  5-42) and t h o s e  expected on t h e  

b a s i s  of t h e  i n t e r c e n s a l  l i f e  t a b l e s  (from 

f i g u r e  5--43) a r e  compared g r a p h i c a l l y  i n  

f i g u r e  5-44. While v a r y i n g  somewhat 

a c r o s s  i n t e r c e n s a l  p e r i o d s ,  a  g e n e r a l  pat -  

t e r n  of d e v i a t i o n  of t h e  observed from t h e  ex- 

pected cohor t  s u r v i v a l  r a t e s  i s  obse rvab le  f o r  

each p a i r  of censuses .  For example, t h e  cohor t  

s u r v i v a l  r a t e s  implied f o r  t h e  c o h o r t  aged 0  t o  

4  i n  each of t h e  t h r e e  i n t e r c e n s a l  pe r iods  ex- 

ceed those  expected on t h e  b a s i s  of t h e  i n t e r -  

c e n s a l  l i f e  t a b l e s ,  s u g g e s t i n g  a  r e l a t i v e  

underenumeration of t h e  0  t o  4 c o h o r t  i n  each 

of t h e  r e f e r e n c e  censuses .  S i m i l a r l y ,  the  i m -  

p l i e d  cohor t  s u r v i v a l  r a t e s  i n  t h e  age range 1 5  

t o  25 y e a r s  a r e  c o n s i s t e n t l y  below t h o s e  ex- 

pected i n  each i n t e r c e n s a l  pe r iod .  A tendency 

f o r  census  cohor t  s u r v i v a l  r a t e s  f o r  t h e  e l -  

d e r l y  popu la t ion  (above age 55) t o  exceed 
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LIFE-TABLE .LX VALUES AND SURVIVAL PROBABILITIES FOR FEMALES FOR 

0 t o  4 y e a r s . . . . . . .  
5  t o  9  yea r s . . .  . ... 
10 t o  1 4  yea r s . . . . .  
15 t o  19 years . .  ... 
20 t o  24 yea r s . . . . .  

25 t o  29 yea r s . . . . .  
30 t o  34 yea r s . . . . .  
35 t o  39 years . .  . .. 
40 t o  44 yea r s  ..... 
45 t o  49 yea r s . . . . .  

50 t o  54 years . .  . . . 
55 t o  59 yea r s .  .... 
60 t o  64 yea r s . . . . .  
65 t o  69 years . .  . .. 

IiVTERCENSAL PERIODS I N  THE PHILIPPINES, 19 60- 19 80 

Li fe - t ab le  .LX va lues  

1960- 1970 1970- 1975 1975- 1980 

L i f e - t a b l e  s u r v i v a l  probabi 1 i t i e s  

S o u r c e :  U .  S .  Bureau o f  t h e  Census (1984c),  t a b l e s  10 and 14. 

t h e  l i f e  t a b l e  s u r v i v a l  r a t e s  i s  a l s o  ev iden t  

i n  a l l  t h r e e  i n t e r c e n s a l  p e r i o d s ,  l i k e l y  re-  

f l e c t i n g  exaggerat ion of ages  among persons  

i n  t h i s  age  range.  

I n  t h e  c a s e  of t h e  P h i l i p p i n e s ,  it i s  

p o s s i b l e  t h a t  t h e  female cohor t  s u r v i v a l  r a t e s  

implied by success ive  censuses  have been d i s -  

t o r t e d  by migrat ion.  Beginning i n  t h e  e a r l y  

1960qs ,  an inc reas ing ly  s i g n i f i c a n t  s t ream of 

female migrat ion from t h e  P h i l i p p i n e s  ( p r i -  

mar i ly  t o  t h e  United S t a t e s  and Canada) h a s  

emerged. It has  been es t ima ted  t h a t  t h e  

l e v e l  of n e t  female migrat ion from t h e  P h i l i p -  

p ines  averaged s l i g h t l y  i n  excess  of 1 pe rcen t  

of t h e  female popula t ion dur ing  each y e a r  of 

t h e  1970 's  (U.S. Bureau of t h e  Census 1 9 8 4 ~ ) .  

To i l l u s t r a t e  t h e  use o f  a  procedure f o r  

a d j u s t i n g  f o r  t h e  e f f e c t s  of migrat ion,  e s t i -  

mates of n e t  cohor t  emigrat ion f o r  females 

dur ing  t h e  1975-1980 i n t e r c e n s a l  per iod were 

used t o  a d j u s t  t h e  counts  of female cohor t s  i n  

t h e  1975 census.  The d a t a  used i n  making t h e  

adjustment were derived from annual  immigra- 

t i o n  s t a t i s t i c s  from t h e  United S t a t e s  and 

Canada. Est imates  of female n e t  migra t ion  

from t h e  P h i l i p p i n e s  f o r  t h e  y e a r s  1975 t o  

1980 (by age a t  t h e  t i m e  o f  immigrat ion)  a r e  

shown i n  column (1) of f i g u r e  5-45. 

P r i o r  t o  t h e  u s e  of t h e s e  d a t a  t o  a d j u s t  

t h e  1975 census coun t s ,  two p re l iminary  a d j u s t -  

ments were made. F i r s t ,  t h e  e s t ima ted  number 

of n e t  migrants  f o r  t h e  y e a r s  1975 and 1980 

were a l l o c a t e d  w i t h  r e g a r d  t o  t h e  r e f e r e n c e  

d a t e  of t h e  census  (May 1 in b o t h  y e a r s ) .  

Assuming t h a t  migra t ion  was evenly  d i s t r i b u t e d  

a c r o s s  months, two- th i rds  of t h e  e s t ima ted  

number of n e t  1975 emigran t s  i n  each cohor t  

( r e p r e s e n t i n g  t h e  months May through December 

1975) were a l l o c a t e d  t o  t h e  i n t e r c e n s a l  pe r iod  

( t h a t  i s ,  were assumed t o  have emigrated a f t e r  

t h e  1975 census d a t e  and t h e r e f o r e  should  have 

been enumerated i n  t h e  1975 census ) .  Simi- 

l a r l y ,  one- thi rd  of t h e  e s t ima ted  number of n e t  

emigrants  i n  1980 ( r e p r e s e n t i n g  t h e  months Janu- 

a r y  through Apr i l )  were assumed t o  have emi- 

g ra ted  dur ing t h e  i n t e r c e n s a l  p e r i o d  ( t h a t  is ,  

p r i o r  t o  May 1) and t h e r e f o r e  should n o t  have 

been enumerated i n  t h e  1980 census .  I n  e f f e c t ,  

t h i s  procedure p rov ides  a n  e s t i m a t e  of n e t  

emigrat ion between t h e  r e s p e c t i v e  census d a t e s .  
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F i g u r e  5-44. OBSERVED FEMALE INTERCENSAL COHORT SURVIVAL RATES AND ESTIMATED LIFE-TABLE SURVIVAL 
RATES FOR THE 2960-70, 1970-75, AND 2975-80 INTERCENSAL PERIODS I N  THE PHILIPPINES 

Proportion Surviving 
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Source:  Der ived  from f i g u r e s  5-42 and 5-43. 
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The resulting estimates of net intercensal emi- 

gration are shown in figure 5-45, column (2). 

The second step in adjusting the migra- 

tion data consisted of the allocation of the 

estimated number of net intercensal emigrants 

by age to 1975 census cohorts. These estimates 

shown in column (2) pertain to the age of the 

migrants at their time of arrival in the coun- 

try of destination (and presumably at the time 

of emigration). However, prior to using these 

data to adjust the 1975 counts, the ages of 

the emigrants at the time of their presumed 

enumeration in the 1975 census must be 

ascertained. 

Assuming that emigrants within each 

5-year age group were evenly distributed with 

respect to single years of age, on average 

one-half of the net intercensal emigrants in 

each 5-year age group would have been enu- 

merated in the immediately younger age group 

. in the 1975 census. Accordingly, estimates 

of the number of net intercensal emigrants 

from each 1975 census cohort were derived by ' taking one-half of the net intercensal emi- 

grants whose age at the time of emigration 

was the same as at the time of the 1975 census, 

plus one-half of the net emigrants from the 

adjacent older age group. For example the 

estimated number of net intercensal emigrants 

from the 1975 census cohort aged 25 to 29 

shown in column (3) of figure 5-45 was derived 

by taking one-half of the intercensal emigrants 

aged 25 to 29 (.5 x 31,058 = 15,529) plus one- 

half of the emigrants aged 30 to 34 (.5 x 

18,722 = 9,361). 

These estimates of net emigration for 

1975 census cohorts were then subtracted from 

the respective cohort populations enumerated 

in the 1975 census and the adjusted cohorts 

used in conjunction with the 1980 census counts 

to calculate adjusted cohort survival rates 

over the interval between the two censuses. 

The results are displayed graphically in 

figure 5-46. For comparative purposes, the 

unadjusted census cohort and life-table sur- 

vival rates derived earlier are also shown. 

Overall, the adjustment for migration 

improves the "fit" of the observed to the 

expected survival rates only slightly, result- 

ing in a better fit for some cohorts and a 

Figure  5-45. ESTIMATED NLIMBER OF NET FEMALE EMIGRANTS FROM THE 
PHILIPPINES DURING THE 1975-1 980 INTERCENSAL PERIOD, BY COHORT 

Number allocated 
Number of Adjusted to to 1975 census 
net emigrants census dates cohort 

(3) 

0 to 4 years ....... 
5 to 9 years.. . . . . . 
10 to 14 years..... 
15 to 19 years..... 
20 to 24 years... . . 
25 to 29 years.. . .. 
30 to 34 years,. . . . 
35 to 39 years..... 
40 to 44 years... . . 
45 to 49 years.. . . . 
50 to 54 years.. . . . 5,191 4,220 5,334 
55 to 59 years ..... 7,871 6,447 6,619 
60 to 64 years.. . . . 8,175 1 6,790 

Source:  U.S. Bureau of t h e  Census  (1984 ) ,  table 36. 
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F i g u r e  5 - 4 6 .  UNADJUSTED AND ADJUSTED FEMALE INTERCENSAL COHORT SURVIVAL AND LIFE-TBLE SURVIVAL 
h X T ' S  FOR WE' PHILIPPINES, 19 75- 1980 INTERCENSAL PERIOD 

Life-table survival rate ----- Unadjusted census cohort survival rate 

1 .06 - Adjusted census cohort survival rate 
4 

d a t a ,  however, remain l a r g e l y  i n t a c t  a f t e r  

adjustment f o r  t h e  e f f e c t s  of migra t ion ,  

thereby impl ica t ing  e r r o r s  i n  one o r  bo th  

0 5 10 15 20 25 30 35 40 45 50 55 60 

Age at time of 1975 census 
S o u r c e :  D e r i v e d  from f i g u r e s  5-42 and 5 - 4 5 .  

censuses as t h e  major cause  of these  d i s -  

c r  epanc i e s  . 

worse f i t  f o r  o the r s .  The genera l  p a t t e r n  of 

d i s t o r t i o n s  observed i n  t h e  unadjus ted census 

popula t ion aged 0  t o  4 i n  1881 and d i v i d i n g  

t h i s  r e s u l t  by t h e  co r respond ing  l i f  e - t ab le  I 
t h e  r a t i o  of t h e  enumerated popu la t ion  aged 

10 t o  14 i n  t h e  1891 census  t o  t h e  ehumerated 

I s u r v i v a l  r a t e  L / L . 
5 1 0 5 ,  

I n  t h e  case  of I n d i a ,  ad jus tmen t  f o r  

migrat ion was no t  r e q u i r e d  due t o  t h e  (pro- 

6.42 1881 t o  1961 censuses  of India . - -  

The u t i l i t y  of t h e  r a t i o  of t h e  census cohor t  

s u r v i v a l  r a t e  t o  t h e  corresponding l i f e - t a b l e  

s u r v i v a l  r a t e  defined i n  equa t ion  (5 .26) f o r  

Cohort s u r v i v a l  r a t e s  de r ived  from t h e s e  cen- ( obse rva t ion  of s o  c o n s i s t e n t  a p a t t e r n  of 

p o r t i o n a l l y )  i n s i g n i f i c a n t  l e v e l s  of n e t  

migra t ion  which c h a r a c t e r i z e d  I n d i a  dur ing  

t h i s  pe r iod .  

The remarkable f e a t u r e  of t h e  r e s u l t s  

census eva lua t ion  purposes i s  i l l u s t r a t e d  i n  

t h e  second example us ing d a t a  form success ive  

decennia l  censuses of I n d i a  from 1881 t o  1961. 

shown i n  f i g u r e  5-47 i s  t h e  c o n s i s t e n c y  of t h e  

cohor t  s u r v i v a l  r a t e s  impl ied by s u c c e s s i v e  

censuses  over  a  pe r iod  of 80 y e a r s .  The 

were used i n  de r iv ing  t h e  r a t i o s  d isplayed i n  I t i o n s  a r e  due t o  p e r s i s t e n t  e r r o r s  i n  t h e  

suses  and corresponding i n t e r c e n s a l  l i f e  t a -  

b l e s  ( s e e  Mukherjee 1976 and Ewbank 1981) 

f i g u r e  5-47. The r a t i o  f o r  t h e  0 t o  4  cohor t  I success ive  censuses r a t h e r  than  cohor t -  o r  

d i s c r e p a n c i e s  over so  long  a  p e r i o d  of t ime 

c o n s t i t u t e s  s t rong  ev idence  t h a t  t h e  d i s t o r -  

i n  1881, f o r  example, was de r ived  by t ak ing  1 per iod-spec i f i c  anomal ies .  
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Figure 5-47. CENSUS SURVIVAL RATIOS FOR SELECTED COHORTS IN INDIAN CENSUSES FROM 
1881-19612 

Sex and age i n  year 
o f r e f e r e n c e c e n s u s  

Fema l e s  I 

Year of r e fe rence  census 

1881 1891 1901 1911 1921 1931 1941 1951 

.......... years . .  
............ years  

.......... 1 4 y e a r s  
19 years . .  ........ 

1.29 1.33 1.31 1.25 1.23 ' :" 'z"::: ::::: ::k: $$iii 0.69 0.71 0.70 0.77 0.84 
1 0  t o  14 y e a r s . . . . . . . . . .  0.83 0.76 0.80 0.82 0.83 0.85 
15 t o  19 y e a r s . . . . . . . . . .  1.32 1.23 1.37 1.28 1.33 1.21 

Source: Mukherjee (2976: 6 3 ) .  See also Ewbank (2981: 3 7 ) .  
'see t ex t  for def in i t ion of and computational formula for rat ios  show. 
2~ncludes  only areas included i n  a l l  nine censuses. 

1 . O 1  1 . O 1  1 .09 1 .03 1.07 1 .07 1.13 1.08 
0.72 0.68 0.71 0.65 0.69 0.69 0.76 0.81 
1.14 1.14 1.04 1.01 1.05 1.02 1.01 1.35 
1.58 1.42 1.44 1.33 1.50 1.36 1.35 . 1 - 2 6  

The e r r o r s  ind ica ted  by t h e  female census 

l i f e - t a b l e  s u r v i v a l  r a t i o s  f o r  s u c c e s s i v e  

Indian censuses  fol low a  p a t t e r n  t y p i c a l  of 

South Asian c o u n t r i e s  (United Nations 1967; 

Ewbank 1981) : a su rp lus  of popula t ion aged 

5 t o  9,  apparen t ly  caused by n e t  age  t r a n s -  

f e r s  from t h e  0 t o  4 and 10 t o  14 age  groups; 

a  d e f i c i t  i n  t h e  10 t o  14 and 15 t o  19 age  

c a t e g o r i e s ;  and a  l a r g e  su rp lus  i n  t h e  peak 

ch i ldbear ing  ages  (ages 25 t o  34). The e r r o r s  

apparent  i n  t h e  enumerations of males fo l low 

a  s i m i l a r  p a t t e r n ,  except f o r  t h e  10 t o  14 

age  category where a  s u r p l u s  r a t h e r  than  a  

d e f i c i t  i s  observed. 

The fol lowing p a t t e r n  of census e r r o r s  

i s  suggested by t h e s e  r e s u l t s :  a  c o n s i s t e n t  

underenumeration of c h i l d r e n  aged 0 t o  4 ,  

p a r t i c u l a r l y  of female c h i l d r e n  ( a s  i n d i c a t e d  

by t h e  r a t i o s  f o r  t h e  0 t o  4 cohor t  which con- 

s i s t e n t l y  exceed 1.0 i n  each p a i r  of censuses)  ; 

overenumeration of females aged 5 t o  9 and 

10 t o  14 r e l a t i v e  t o  t h o s e  aged 15 t o  19 and 

20 t o  24 years ;  overenumeration of males aged 

5 t o  9 and underenumeration of t h o s e  aged 

10 t o  14; and s i g n i f i c a n t  r e l a t i v e  under- 

enumeration of t h e  popula t ion of both  sexes  

aged 15 t o  19. 

6.5 Uoen and RimA&vnn 

The a n a l y s i s  of census  cohor t  s u r v i v a l  

r a t e s  is  a  widely a p p l i c a b l e  approach f o r  

examining p a t t e r n s  of e r r o r  in s u c c e s s i v e  

censuses.  To a l a r g e  degree ,  t h e  wide a p p l i -  

c a b i l i t y  of t h e  method r e s u l t s  from t h e  f a c t  

t h a t  r e l a t i v e l y  l i t t l e  informat ion o t h e r  than  

t h e  two census  coun t s  is needed t o  apply  t h e  

method. Given age-sex d i s t r i b u t i o n s * f r o r n  two 

success ive  censuses ,  t h e  only  o t h e r  p i e c e  of 

informat i o n  r e q u i r e d  i n  us ing  t h e  method i s  

an e s t i m a t e  o f  t h e  l e v e l  of m o r t a l i t y  i n  t h e  

popula t ion which pe rmi t s  t h e  s e l e c t i o n  of a 

model l i f e  t a b l e  ( i n  c a s e s  where an a c t u a l  

l i f e  t a b l e  i s  n o t  a v a i l a b l e ) .  Knowledge of 

t h e  l e v e l  of f e r t i l i t y  is not  r e q u i r e d  s i n c e  

t h e  method does not  a s s e s s  t h e  coverage of 

t h e  popu la t ion  born between t h e  two censuses  

( u n l e s s  t h r e e  o r  more censuses  a r e  a v a i l a b l e ) .  

I n  c o u n t r i e s  which have exper ienced s i g n i f i c a n t  

l e v e l s  of i n t e r c e n s a l  migra t ion ,  however, an  

es t ima te  o f  t h e  volume and age  p a t t e r n  of n e t  

migrat ion d u r i n g  t h e  i n t e r c e n s a l  pe r iod  w i l l  

prove u s e f u l  i n  minimizing t h e  d i s t o r t i n g  in -  

f  luences  o f  migra t ion .  

When on ly  two censuses  a r e  a v a i l a b l e ,  

t h e  method s u f f e r s  from t h e  l i m i t a t i o n s  sha red  
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by most of t h e  demographic methods of census 

evaluation, namely d i f f i c u l t i e s  involved i n  

separat ing census e r r o r s  from o t h e r  " fac tua l"  

d i s t o r t i o n s  on t h e  one hand and coverage from 

content e r r o r s  on t h e  o ther .  The u t i l i t y  of 

the  census s u r v i v a l  approach increases  s ign i -  

f i c a n t l y ,  however, when t h r e e  o r  more censuses 

a r e  ava i lab le .  The a b i l i t y  t o  s tudy changes 

i n  t h e  s i z e  of b i r t h  cohorts  a s  enumerated 

in successive censuses and i n  t h e  r e l a t i v e  

s i z e  of cohor t s  born during successive i n t e r -  

censal pe r iods  has provided a r a t h e r  f i rm 

bas i s  f o r  assess ing  t h e  e x t e n t  t o  which his-  

t o r i c a l  a r t i f a c t s  and demographic s h i f t s  

r a t h e r  than census e r r o r s  have r e s u l t e d  i n  

d i s t o r t e d  d i s t r i b u t i o n s  in s e v e r a l  previous 

s t u d i e s  ( f o r  example, Demeny and S h o r t e r ' s  

1968, analyses  of t h e  1935 t o  1960 censuses 

of Turkey). I n  addi t ion,  t h e  consis tency (or 

l a c k  thereof)  of age p a t t e r n s  of apparent 

census e r r o r s  in consecutive censuses can 

sometimes provide valuable c l u e s  a s  t o  t h e  

r e l a t i v e  importance of coverage and content  

e r r o r s ,  a s  i n  t h e  case of I n d i a  descr ibed 

above. 

The b a s i c  ideas  of t h e  census s u r v i v a l  

approach descr ibed above form t h e  b a s i s  of a 

r e l a t e d  technique f o r  assess ing  t h e  p laus i -  

b i l i t y  of and der iving c o r r e c t i o n  f a c t o r s  

f o r  age d i s t r i b u t i o n s  i n  two (or  i d e a l l y  

more) successive censuses (Demeny and Shorter  

1968; Das Gupta 1975; Ntozi 1978). The 

bas ic  method developed by Demeny-Shorter and 

subsequent modif icat ions  thereof  a r e  re levan t  

t o  t h e  eva lua t ion  of content  e r r o r  (age m i s -  

r e p o r t i n g ) ,  bu t  not  coverage s i n c e  one of the  

b a s i c  assumptions of the  method(s) i s  t h a t  

the  l e v e l  of coverage remains approximately 

constant  from census t o  census.  

QUES FOR CENSUS E V A L U A T I O N  

TWO-CENSUS REGRESSION METHOD 

Preston and H i l l  (1980) have proposed a 

method which, while developed i n i t i a l l y  t o  

provide an es t imate  of t h e  degree of under- 

r e g i s t r a t i o n  of deaths  i n  t h e  i n t e r v a l  between 

two censuses ,  may a l s o  be used t o  a s s e s s  t h e  

r e l a t i v e  l e v e l  of coverage i n  t h e  two censuses .  

I n  many r e s p e c t s  t h e  method r e p r e s e n t s  an 

extension of t h e  bas ic  ideas  of t h e  census 

s u r v i v a l  methods descr ibed i n  t h e  previous 

s e c t i o n  of t h i s  chapter .  I n  e f f e c t .  t h e  

method seeks  t o  determine coverage e r r o r  cor- 

r e c t i o n  f a c t o r s  f o r  t h e  enumerated popula t ions  

(by age) i n  two successive censuses  which, 

when combined with  informat ion on t h e  number 

of dea ths  during t h e  i n t e r c e n s a l  pe r iod  de- 

r ived  e i t h e r  from a v i t a l  r e g i s t r a t i o n  system 

o r  on t h e  b a s i s  of a l i f e  t a b l e ,  r e s u l t s  i n  

t h e  populat ion of each cohort  i n  t h e  second 

census being c o n s i s t e n t  w i t h  t h e  s i z e  of t h e  

cohort  i n  t h e  f i r s t  census and t h e  implied 

l e v e l  of i n t e r c e n s a l  m o r t a l i t y  (assuming a 

n e g l i g i b l e  l e v e l  of n e t  i n t e r n a t i o n a l  migra- 

t i o n )  . The r a t i o  of t h e  implied census cover- 

age c o r r e c t i o n  f a c t o r s  i n  t h e  two censuses 

is used a s  an es t imate  of t h e  r e l a t i v e  cover- 

age i n  t h e  censuses.  Or'dinary l e a s t  squares  

fOLS) regress ion  procedures are used t o  de- 

r i v e  t h e  es t imates  of r e l a t i v e  coverage. 

7.1 BcmA 06 mahod  

The following n o t a t i o n ,  adapted from Luther 

(1983), i s  required t o  d e s c r i b e  t h e  method: 

P = population aged x o r  o lder  a s  
O enumerated i n  t h e  f i r s t  census  

P = population age x + i o r  o l d e r  
a s  enumerated i n  t h e  second census 

k = cor rec t ion  f a c t o r  f o r  P such t h a t  
0 0 

k P i s  t h e  t r u e  popula t ion  aged x 
0 0 

o r  o lder  a t  t h e  t ime of t h e  f i r s t  
census 
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k  = c o r r e c t i o n  f a c t o r  f o r  P (such 
1 1 

t h a t  k  P is  t h e  t r u e  popula t ion 
1 1  

aged x + i o r  o l d e r  a t  t h e  t ime 

of t h e  second census  

D G  number of deaths  r e g i s t e r e d  i n  
i n t e r c e n s a l  pe r iod  t o  those  who 
were age x o r  o l d e r  a t  t h e  time 
of t h e  f i r s t  census  

- 
h = c o r r e c t i o n  f a c t o r  f o r  D v s u c h  

t h a t  h ~ q s  t h e  t r u e  number of 
i n t e r c e n s a l  d e a t h s  t o  those  aged 
x o r  o lde r  a t  t h e  t ime of t h e  
f i r s t  census) 

These concepts  a r e  i l l u s t r a t e d  i n  t h e  

l e x i s  diagram i n  f i g u r e  5-48. 

Figure  5-98. LEXIS DIAGRm ILLUSTRATING THE 
MAJOR CONCEPTS OF THE TWO-CENSUS 

REGRESSION METHOD 

CENSUS 1 CENSUS 2 
age a ge 

0 I 1 "  

1- i years -1- 

I The r a t i o n a l e  of t h e  method i s  a s  

1 fol lows.  Given two censuses  taken i y e a r s  

1 a p a r t  i n  a  country  wi th  n e g l i g i b l e  l e v e l s  

1 of n e t  i n t e r n a t i o n a l  migra t ion ,  t h e  popula- 

t i o n  aged x o r  o l d e r  a t  t h e  t ime  of t h e  f i r s t  

census w i l l  be  equa l  t o  t h e  popu la t ion  aged 

x + i y e a r s  o r  o l d e r  a t  t h e  t ime of t h e  

second census plus t h e  number of i n t e r c e n s a l  

dea ths  i n  t h e  o r i g i n a l  popu la t ion  ( t h a t  i s ,  of 

persons  aged x and above a t  t h e  t ime  of t h e  

f i r s t  census) o r ,  

This  e q u a l i t y  is ,  of c o u r s e ,  r a r e l y  

obta ined i n  a c t u a l  p r a c t i c e  due t o  coverage 

e r r o r s  i n  t h e  two censuses  and under- 

r e g i s t r a t i o n  of dea ths .  I f  c o r r e c t i o n  

f a c t o r s  f o r  undercoverage i n  t h e  two censuses  

( k  and k  r e s p e c t i v e l y )  and f o r  under- 
0 1 '  - 

r e g i s t r a t i o n  of dea ths  (h)  were o b t a i n a b l e ,  

however, t h e  e q u a l i t y  of t h e  express ion  i n  

equat ion (5.27) could b e  ob ta ined  as fo l lows :  

Equation (5.28) may be  r e w r i t t e n  as: 

Assuming independence between t h e  r a t i o s ,  

h / k l ,  k  / k  and age  ( s e e  Luther  1983 f o r  
0 1 

j u s t  i f  i c a t  ion of t h i s  assumption) , equa t ion  

(5.29) may be r e w r i t t e n  as :  

Where : 

k  = k  / k i ,  and 
0 

bo th  h  and k a r e  independent of x 

F i n a l l y ,  i f  k  is  t h e  c o r r e c t i o n  f a c t o r  
0 

(which t o  t h i s  po in t  remains unknown) r e q u i r -  

ed such t h a t  k  P equa l s  t h e  " t rue"  t o t a l  
0 0 

populat ion a t  t h e  t ime of t h e  f i r s t  census ,  

t h e  l e v e l  of coverage r e a l i z e d  i n  t h e  f i r s t  

census  may be w r i t t e n  a s  P  / P  k  , o r  l / k o .  
0 0 0  
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The analogous expression f o r  t h e  l e v e l  of 

coverage i n  t h e  second census is  P  /P k  o r  
1 1 1  

1 / k  . Redefining k  i n  equat ion (5.30) a s  
1 

k  = k  / k  = Z/k / 1 / k  r e s u l t s  i n  t h e  f i n a l  
0 1 1 0 

est imat ion formula shown i n  equat ion (5.31) . 

Where: 

h = $ k l ,  and 

For census eva lua t ion  purposes,  t h e  k  

term i n  equat ion (5.31) , which i s  a  measure 

of r e l a t i v e  l e v e l  of coverage i n  t h e  two 

censuses,  i s  of primary i n t e r e s t .  I n  t h e  

two-census r e g r e s s i o n  method, k i s  es t ima ted  

by means of o r d i n a r y  l e a s t  squares  r eg ress ion  

procedures.  The dependent v a r i a b l e  i n  t h e  

regress ion equat ion is  t h e  observed va lue  of 

t h e  r a t i o  (P /P ), t h e  census s u r v i v a l  r a t e  
1 0  

of t h e  popula t ion ages x and above a t  t h e  

time of t h e  f i r s t  census,  f o r  d i f f e r e n t  va lues  

of age  ( 2 ) .  The independent v a r i a b l e  i s  t h e  

va lue  of t h e  r a t i o  ( D X / P  1 ,  t h e  p ropor t ion  
0 

of t h e  popula t ion aged x and above a t  t h e  

time of t h e  f i r s t  census who had d i e d  p r i o r  

t o  t h e  second census ,  a l s o  f o r  d i f f e r e n t  

values  of x .  A s t r a i g h t  l i n e  i s  f i t  t o  t h e  

p o i n t s  (D*/PO, P  /P 1 t o  y i e l d  e s t i m a t e s  of 
1 0  

t h e  i n t e r c e p t  k and s lope -h r e g r e s s i o n  

parameters . 
The k  parameter of equat ion (5 .31) ,  t h e  

i n t e r c e p t  of t h e  r eg ress ion  l i n e ,  i s  i n t e r -  

p r e t a b l e  a s  a  measure of t h e  l e v e l  of census 

coverage i n  t h e  second census r e l a t i v e  t o  

t h a t  i n  t h e  f i r s t  census. A value  f o r  k  

of 1.0 would be i n d i c a t i v e  of equ iva len t  

completeness of coverage i n  t h e  two censuses.  

Values above 1 .0  would i n d i c a t e  improved 

coverage i n  t h e  second census i n  comparison 

wi th  t h e  f i r s t ,  while va lues  of l e s s  than 

1 .0  would support  t h e  oppos i t e  conc lus ion .  

The p r o p o r t i o n a l  change i n  l e v e l  of coverage 

between two censuses would be c a l c u l a t e d  a s  

lOO(k-I) .  

It should be noted t h a t  a l though  t h e  

e s t i m a t e  of k  descr ibed above measures t h e  

d i f f e r e n c e  i n  coverage l e v e l s  between two 

censuses ,  e s t ima tes  of t h e  a b s o l u t e  l e v e l  

of coverage e r r o r  i n  e i t h e r  census can b e  

der ived i f  e i t h e r  of t h e  enumerated popula- 

t i o n s  fP o r  P  1 can b e  a d j u s t e d  f o r  under- 
0 1 

coverage on t h e  b a s i s  of o t h e r  in fo rmat ion  

o r  procedures.  Thus, i f  t h e  a d j u s t e d  count  

f o r  one of t h e  censuses  can be assumed t o  

be a c c u r a t e ,  t h e  method desc r ibed  above 

w i l l  y i e l d  a  d i r e c t  e s t i m a t e  of n e t  coverage  

e r r o r  i n  t h e  o the r  census  

The -h parameter i n  equa t ion  (5 .31) ,  t h e  

s lope  of t h e  r eg ress ion  l i n e ,  i s  i n t e r p r e t a b l e  

a s  a  measure of t h e  completeness of d e a t h  

r e g i s t r a t i o n  dur ing t h e  i n t e r c e n s a l  p e r i o d .  

This parameter w i l l  be  meaningful i n  a p p l i -  

c a t i o n s  of t h e  method based upon r e g i s t e r e d  

numbers of i n t e r c e n s a l  d e a t h s ,  but  wiV b e  

l e s s  r e l e v a n t  when l i f e  t a b l e s  a r e  used t o  

e s t i m a t e  t h e  number of i n t e r c e n s a l  dea ths .  

The fol lowing informat ion is  r e q u i r e d  

f o r  t h e  a p p l i c a t i o n  of t h e  method: 

(1) counts  of popula t ion by hoe (5-year age  
groups a r e  s u f f i c i e n t )  from two succes- 
s i v e  censuses 

(2 )  coun t s  of dea ths  by age dur ing t h e  
i n t e r c e n s a l  pe r iod ,  o r  an a p p r o p r i a t e  
l i f e  t a b l e  which provides  a b a s i s  f o r  
d e r i v i n g  age- spec i f i c  s u r v i v a l  p robab i l -  
i t i e s  over  a  pe r iod  of t ime equa l  t o  
t h e  l e n g t h  of t h e  i n t e r c e n s a l  pe r iod  

For t h e  procedure invo lv ing  t h e  

two-census r e g r e s s i o n  method, t h e  computa- 

t i o n a l  s t e p s  descr ibed below a r e  r equ i red .  
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7.31 S tep  1: Calcu la t ion  of t h e  

pbpula t ion aged x years  and above f o r  t h e  

two censuses .--The f i r s t  s t e p  i n  app ly ing  

t h e  method e n t a i l s  t h e  c a l c u l a t i o n  of a  

cumulative d i s t r i b u t i o n  of t h e  enumerated 

popula t ion i n  each of t h e  two censuses  by age 

( t h a t  i s ,  t h e  number of persons  aged x and 

above). Beginning w i t h  t h e  o l d e s t  age  ca te -  

gory (75 and over ,  f o r  example) i n  t h e  second 

census,  t h e  popula t ion i n  each s u c c e s s i v e l y  

younger age category is  added t o  t h e  t o t a l  

popula t ion of t h e  previous  ca tegory  u n t i l  

t h e  i n i t i a l  age  category (ages  0 t o  4) h a s  

been included. The same procedure  i s  then  

repea ted  f o r  t h e  f i r s t  census ,  w i t h  t h e  

except ion t h a t  t h e  o l d e s t  age  category chosen 

must r e f l e c t  t h e  l e n g t h  of t h e  i n t e r c e n s a l  

pe r iod .  For example, i f  t h e  age  category of 

75 and o l d e r  is used as t h e  open-ended ca te -  

gory f o r  t h e  second census and t h e  two cen- 

s u s e s  were taken 10 yea r s  a p a r t ,  t h e  appropr i -  

a t e  open-ended category f o r  t h e  f i r s t  census  

would be  t h e  popula t ion aged 65 and over .  

The va lues  obta ined through t h e  procedure  

a r e  t h e  va lues  of P and P ( f o r  each age  x)  
1 0 

t o  be  used i n  equat ion (5 .31) .  

7.32 S tep  2: Ca lcu la t ion  of t h e  number 

of in t e r c e n s a l  deaths .  --The number of i n t e r -  

c e n s a l  dea ths ,  DQn equa t ion  (5 .31) ,  can be  

obta ined e i t h e r  from d e a t h  r e g i s t r a t i o n  d a t a  

o r  es t imated on t h e  b a s i s  of a  l i f e  t a b l e  

assumed t o  r ep resen t  m o r t a l i t y  cond i t ions  

dur ing the  i n t e r c e n s a l  pe r iod .  I n  view of 

i t s  wider a p p l i c a b i l i t y  in developing country  

s e t t i n g s ,  t h e  l i f e - t a b l e  approach i s  desc r ibed  

here .  The reader  is  r e f e r r e d  t o  t h e  paper by 

Luther (1983) f o r  a  d e s c r i p t i o n  of t h e  proce- 

dures  f o r  c a l c u l a t i n g  D-ased upon r e g i s t e r e d  

dea ths .  

The es t imat ion of t h e  number of i n t e r -  

censa l  deaths  tndX) t o  t h e  popula t ion of each 

cohor t  enumerated i n  t h e  f i r s t  census i s  

accomplished by applying t h e  compliment of 

t h e  l i f e - t a b l e  s u r v i v a l  r a t e ,  o r  t h e  "non- 

s u r v i v a l "  r a t e ,  t o  t h e  f i r s t  census count  f o r  

t h e  cohor t  ( P O ) .  Symbol ical ly ,  n x 

Where: 

i = t h e  l e n g t h  of t h e  i n t e r c e n s a l  
per iod es t ima ted  

d = t h e  es t imated number of i n t e r -  n x 
c e n s a l  d e a t h s  t o  t h e  c o h o r t  aged 
x t o  x+n y e a r s  a t  t h e  t i m e  of 
t h e  f i r s t  census  

Po = t h e  popula t ion enumerated i n  t h e  
age  category x t o  x+n y e a r s  i n  
t h e  f i r s t  census 

L = t h e  l i f e  t a b l e  number of person 
yea r s  l i v e d  i n  t h e  age i n t e r v a l  
x t o  x+n years  

L = t h e  l i f e  t a b l e  number of pe r son  n x+i 
y e a r s  l i v e d  i n  t h e  age i n t e r v a l  
x+i t o  x+i+n years  

nLx+i The express ion  (1 - - ) is  t h e  compli- 
n x 

ment of t h e  l i f e - t a b l e  p r o b a b i l i t y  of s u r v i v a l ,  

o r  t h e  p r o b a b i l i t y  of dying, dur ing t h e  i n t e r -  

c e n s a l  pe r iod .  

For t h e  o l d e s t  (open-ended) a g e  c a t e g o r y ,  

t h e  fo l lowing  formula i s  used: 

Where : 

i = t h e  l e n g t h  of t h e  i n t e r c e n s a l  
pe r iod  

w = t h e  h i g h e s t  age  recorded i n  t h e  
census  popula t ion 

d = t h e  number of i n t e r c e n s a l  d e a t h s  * 
t o  persons  aged x and above 

P o  = t h e  popula t ion enumerated a t  ages  
W x x and above i n  t h e  f i r s t  census  

T = t h e  l i f e - t a b l e  number of person x 
y e a r s  l i v e d  a t  age  x y e a r s  and 
above 

Tx+i = t h e  l i f e - t a b l e  number of person 
y e a r s  l i v e d  a t  age  x+i y e a r s  and 
above 

The v a l u e s  of ( d ) f o r  each cohor t  a r e  n x 
t ransformed i n t o  v a l u e s  of D v t h e  number of 

dea ths  i n  t h e  popu la t ion  aged x t o  XW y e a r s  



Chapter 5  

-m - 
C 

APPLICATION OF SELECTED D E M O G R A P H I C  TECHNIQUES FOR CENSUS EVALUATION 191 

and above i n  t h e  f i r s t  census) by cumulating 

dea ths  a c r o s s  cohor t s  aged x f n  y e a r s  and 

above (as  was done f o r  t h e  census popu la t ions  

i n  s t e p  1 ) .  

7.33 Step 3:  Computation of cumulated 

p r o p o r t i o n s  dead and census s u r v i v a l  r a t i o s . - -  

The cumulated census popu la t ions ,  P and P I ,  
0 

and t h e  cumulated number of dea ths ,  D * ,  c a l -  

c u l a t e d  i n  t h e  two previous  s t e p s  a r e  then  

used t o  c a l c u l a t e  t h e  two r a t i o  v a r i a b l e s  

t o  be subjected t o  r e g r e s s i o n  a n a l y s i s .  The 

census s u r v i v a l  r a t i o  ( t h e  dependent v a r i -  

ab le )  i s  c a l c u l a t e d  P ,'P , while  t h e  pro- 
1 0  

por t ion  dead among t h e  popula t ion enumerated 

i n  t h e  f i r s t  census ( t h e  independent v a r i a b l e )  

is c a l c u l a t e d  a s  DA/P . These two r a t i o s  
0 

a r e  c a l c u l a t e d  f o r  each v a l u e  of X. 

7.34 Step 4: Ca lcu la t ion  of r e g r e s s i o n  

parameters.--The f i n a i  s t e p  of t h e  computa- 

t i o n a l  procedure i s  t o  f i t  a  s t r a i g h t  l i n e  t o  

t h e  p o i n t s  (one f o r  each v a l u e  of X) w i t h  

coord ina tes  ( P  /P , DX/P c a l c u l a t e d  in 
1 0  0 

s t e p  3  us ing o rd ina ry  l e a s t  squares  r eg res -  

s i o n  procedures.  Since  t h e s e  procedures  

a r e  we l l  known and documented i n  numerous 

a l g e b r a  and s t a t i s t i c s  textbooks ,  they 

a r e  not  descr ibed here.  A s  ind ica ted  

above, t h e  i n t e r c e p t ,  k, of t h e  r e g r e s s i o n  

l i n e  r ep resen t s  an e s t i m a t e  of t h e  r e l a t i v e  

l e v e l  of coverage in  t h e  two censuses ,  whi le  

t h e  s lope  of t h e  l i n e ,  -h, provides  a  meas- 

u r e  of t h e  completeness of dea th  r e g i s t r a -  

t i o n  (when r e g i s t r a t i o n  d a t a  a r e  used i n  

de r iv ing  D*) . 

7 . 4  ExampXe. 

The method was a p p l i e d  t o  t h e  1961 and 

1971 censuses of I n d i a  t o  i l l u s t r a t e  i t s  

a p p l i c a t i o n .  The "smoothed" age d i s t r i -  

bu t ions  from t h e  two censuses  prepared by 

t h e  Of f i ce  of t h e  R e g i s t r a r  General ( I n d i a  

1963 and 1977a) were used i n  l i e u  of t h e  

a c t u a l l y  enumerated popula t ions  i n  o r d e r  

t o  reduce t h e  v a r i a n c e  of t h e  r e g r e s s i o n  e s t i -  

mates ( see  Luther 1983 f o r  a  comparison of 

r e s u l t s  ob ta ined  us ing t h e  smoothed and un- 

smoothed d a t a  f o r  I n d i a ) .  S ince  t h e  a d j u s t -  

ment procedures  a p p l i e d  t o  t h e  census  age  

d i s t r i b u t i o n s  d id  no t  i n v o l v e  adjus tment  of 

t h e  enumerated popula t ion t o t a l s  t h e s e  d a t a  

may be  used v a l i d l y  t o  a s s e s s  t h e  r e l a t i v e  

completeness i n  coverage i n  t h e  two censuses  

The popu la t ion  enumerated by age and s e x  i n  

t h e  two Ind ian  censuses  a r e  shown i n  f i g u r e  

5-49. 

Following t h e  computat ional  procedure  

desc r ibed  above, t h e  two census  popu la t ions  

were f i r s t  transformed i n t o  t h e  cumulat ive  

age d i s t r i b u t i o n s  ( t h a t  is ,  t h e  popu la t ion  a t  

each age  x and above) shown i n  columns (1) 

and ( 2 )  of f i g u r e  5-50. The v a l u e s  shown 

f o r  t h e  1971 census ,  P a r e  l i s t e d  i n  f i g u r e  
1 '  

5-50 a t  ages  corresponding t o  t h e  age of t h i s  

popula t ion a t  t h e  time of t h e  1961 census .  

Thus, f o r  example, t h e  popu la t ion  aged 60 and 

above t o  1971 i s  shown i n  f i g u r e  5-50 a t  

age 50 and above. 

F i g u r e  5-49. SMOOTHED POPULATIONS GENERATED 
I N  THE 1961 AND 1971 CENSUSES OF INDIA, BY 

5-YEAR AGE GROUPS 

Age groups 

0 t o  4  years . . .  .. . 
5 t o  9 yea r s . .  . . . . 
10 t o  14 y e a r s . .  .. 
15 t o  19 y e a r s . .  .. 
20 t o  24 y e a r s . .  . . 
25 t o  29 yea r s . .  . . 
30 t o  34 years .  .,. . 
35 t o  39 yea r s . .  . . 
40 t o  44 yea r s . .  . . 
45 t o  49 y e a r s . .  . . 
50 t o  54 yea r s .  . . . 
55 t o  59 yea r s . .  . . 
60 t o  64 y e a r s . .  . . 
65 t o  69 yea r s . . .  . 
70 years  o r  o l d e r .  

Census 

S o u r c e :  1961 d a t a  r e p o r t e d  i n  I n d i a  ( 1 9 6 3 ) ;  
1971 d a t a  r e p o r t e d  i n  I n d i a  ( 1 9 7 7 ~ )  
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F i g u r e  5-50. SMOOTHED CUMULATED POPULATIONS FROM THE 1961 AND 1971 CENSUSES OF INDIA, ESTIMATES 
OF C U M U L A T I ~  NUMBER OF INTERCENSAL DEATHS, AND ESTIMATED RATIOS ( D * / P ~  AND p l / p o )  

Age f x )  a t  
1961 census 

...... Under 1 year.,. 
5  y e a r s , . . . . . . . . . . .  . 

.. 10 y e a r s . . . . . . . . . .  
....... 15 y e a r s . . . . .  

20 years .  ........... 
25 y e a r s . . . . . . . . . . . .  
30 y e a r s . . . . . . . . . . . .  
35 yea r s . . .  ......... 
40 years  ............ 
45 yea r s  ............. 
50 y e a r s . . . . . . . . .  ... 
55 y e a r s . . . . . . . . . . .  . 
60 y e a r s . . . . . . . . . . . .  
65 y e a r s . . . . . . . . . . . .  
70 years. . . . . . . . . . . .  

1961 census 1971 census 
P P D* D*/P r /P 

0 1 0 1 0  

(1) (2) (3) (4) (5) . 

S o u r c e :  D e r i v e d  f r o m  f i g u r e s  5-49 a n d  5-52 

The second s t e p  i n  t h e  procedure c o n s i s t s  

of t h e  e s t i m a t i o n  of t h e  number of i n t e r c e n s a l  

dea ths ,  D\ accruing t o  t h e  1961 census popu- 

l a t i o n ,  P . Because of t h e  g e n e r a l l y  poor 
0 

q u a l i t y  o f  d e a t h  r e g i s t r a t i o n  d a t a  f o r  Ind ia  

£.or t h e  1961-1971 i n t e r c e n s a l  pe r iod ,  o f f i c i a l  

l i f e  t a b l e s  ( Ind ia  1977b) were used t o  e s t i -  

mate D*. The values  of t h e  L and T l i f e -  
5  x x 

t a b l e  f u n c t i o n s  f o r  each age ,  X ,  from t h e s e  

i n t e r c e n s a l  l i f e  t a b l e s  a r e  shown ( s e p a r a t e l y  

f o r  each sex) i n  columns; (3 )  t o  (6)  of f i g u r e  

5-51. S i n c e  l i f e  t a b l e s  were a v a i l a b l e  only  

f o r  each sex  s e p a r a t e l y ,  it was necessary  t o  

combine t h e s e  i n t o  a  s i n g l e  "both-sex" l i f e  

t a b l e .  This  may be accomplished e i t h e r  on 

t h e  b a s i s  of t h e  sex-ra t io  a t  b i r t h  (SRB)  i n  

t h e  popula t ion o r  by weight ing t h e  T va lues  
x 

p r o p o r t i o n a l l y  t o  t h e  observed s e x - r a t i o  of 

t h e  popula t ion.  The former procedure is used 

here.  Assuming a  sex- ra t io  a t  b i r t h  of 105, 

T v a l u e s  f o r  both  sexes  combined were calcu- x 
l a t e d  a s  fo l lows:  

T = (Tx  ( m a l e )  x  1 .05)  $. Tx ( f e m a l e )  
(5.34) x 

2.05 

The r e s u l t s  of t h e s e  c a l c u l a t i o n s  a r e  

shown i n  column (2) of f i g u r e  5-51. The 5Lx 

va lues  shown i n  column (1) were de r ived  from 

t h e  T v a l u e s  on t h e  b a s i s  of t h e  fo l lowing  x 
formula : 

(5.35) gLx  = - Tx+5 

The L and T x  l i f  e - t ab le  v a l u e s  shown 
5 x 

i n  columns (1) and (2) were then used i n  

conjunct ion w i t h  equa t ions  (5.32) and (5.33) 

t o  c a l c u l a t e  t h e  number of i n t e r c e n s a l  d e a t h s  

t o  each cohor t  f 5 d x ) ,  which when cumulated 

above each age  f x )  a s  was done f o r  t h e  census  

popu la t ions  ( P  and P ), r e s u l t e d  i n  t h e  D* 
0 1 

values  shown i n  column (3)  o f  f i g u r e  5-50. 

For r e f e r e n c e  purposes ,  t h e  %on-survival" 

f a c t o r s  applied l i n  e q u a t i o n s  (5.32) and (5.33) 

a r e  d i sp layed  i? column ( 7 )  of f i g u r e  5-51. 

Following t h e  computation of DX v a l u e s  

f o r  each a g e ,  t h e  r a t i o s  D*/P and P ,/P were 
0 1 0  

c a l c u l a t e d  f o r  each age  u s i n g  t h e  f i g u r e s  i n  

columns ( I ) ,  ( 2 ) ,  and ( 3 )  of f i g u r e  5-50. The 

r e s u l t s  of t h e s e  c a l c u l a t i o n s  a r e  shown i n  

columns (4)  and (5) of f i g u r e  5-50 and p l o t t e d  

i n  f i g u r e  5-52. 
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F i p e  5-51. LIFE TABLE 5Lx AND Tx VALUES AND 10-YEAR NONSURVIVAL PROBABILITIES FOR INDIA FOR THE 
1961 - 19 7 1  INTERCENSAL PERIOD 

T.-a m- 
a m m o -  
m  m m  - m  
o m ~ h m  
a a m m o  
N Ma m a  . . . . .  

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  

. m m m  m m m m m  m m m m m  m m .  

. I L L  I L I L L  L L L L L  L L .  
m m m m  m m m m m  m m m m m  m m .  
L Q a ) Q  Q U Q Q Q  Q Q U Q Q  Q Q L  
m r > %  r ~ r > r  > > % % >  > > a  
a, -0 
h a m a  m a m a n  a m a m a  m a -  
- - N  a m m a a h  h W  0  

a m  
0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 1  

o o u u u  u u u u w  u w r w u  u u o  
u  u  

o m 0  m o m o m  o m o m o  m o m  
o m - - N  m a  i n m a a h  h m m  
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F i g u r e  5-52. PLOT OF POINTS (DX/P0,  P, /Po ) DERIVED FROM THE SMOOTHED AGE DISTRIBUTION FROM THE 
1962 AND 2971 CENSUSES OF INDIA 

"1 'Po 

S o u r c e :  Der ived  from f i g u r e  5-50 

The f i n a l  s t ep  in t h e  procedure i s  t o  f i t  

a s t r a i g h t  l i n e  t o  t h e  p o i n t s  p l o t t e d  i n  f i g u r e  

5-52, whose values  f o r  each age  were c a l c u l a t e d  

i n  t h e  previous s tep .  The r e s u l t s  obtained 

using t h e  1971 Indian censuses a r e  shown i n  

f i g u r e  5-53. The var ious  es t imates  of t h e  

i n t e r c e p t ,  k, and s lope,  -h,  parameters f o r  

each age x shown i n  f i g u r e  5-53 were obtained 

by f i t t i n g  regress ion l i n e s  t o  success ive ly  

l a r g e r  numbers of po in t s .  The f i r s t  e s t imate  

shown was derived based upon only two p o i n t s  

(x = 0 and 5), while t h e  l a s t  e s t i m a t e  t a k e s  

i n t o  account a l l  of t h e  p o i n t s  up t o  and in- 

c luding t h e  point  corresponding t o  x = 60. 

These es t imates  suggest  t h a t  coverage i n  

t h e  1971 census of I n d i a  was somewhat poorer 

than i n  t h e  1961 census, a l though  only 

s l i g h t l y  so.  The es t imates  of d i f f e r e n t i a l  

undercoverage implied a t  varying p o i n t s  i n  

t h e  cumulative age d i s t r i b u t i o n  range from 

a high of about 2.8 percent f o r  t h e  p o i n t s  

x = 0,. . . ,15, t o  a low of 0.6 percent  f o r  

x = 0,. . .,55. The median es t imate  of t h i s  

series implies  a decrease  i n  completeness cf  

coverage i n  t h e  1971 census of approximately 

0.9 percent  compared w i t h  t h e  1961 census,  

which is very c l o s e  t o  t h e  es t imates  of 

Premi (1982) and t h e  U.S. Bureau of t h e  

Census (l978a) . 
A s  ind ica ted  above, t h e  es t imates  

generated by t h e  method a r e  es t imates  of 

degree of d i f f e r e n t i a l  coverage i n  t h e  two 

censuses considered. I n  o rder  t o  estimat-e 

t h e  completeness of coverage i n  t h e  1971 

census on an abso lu te  b a s i s ,  an estimate of 

t h e  l e v e l  of undercoverage i n  t h e  1961 census 

is needed. I f  t h e  U.S. Bureau of t h e  Census 

(1978b) es t imate  of n e t  underenumeration i n  

t h e  1961 census of 2.7 percent  is  accepted,  

t h e  implied n e t  undercount i n  t h e  1971 

Indian census would be 3.6 percent (2.7 

percent  p l u s  0.9 percen t )  . 
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Mean 1 .98741 
Med i an .99 1 00 

Source: Derived from figure 5-51. 

Figure 5-53. ESTIMATES OF THE LEVEL OF 
COVERAGE IN THE 1971 CENSUS OF INDIA 
RELATIVE TO THE 1961 CENSUS 

, , 
7.5 Uned and Runcta; t iov~s 

Points used i n  F i t t i n g  
Line t o  Estimate k and 

x = O ,  5 
x = 0,  5 ,  10 
X =  0 ,  ...., 15 
x =  0,  ...., 20 
x =  0 ,  ...., 25 
x =  0 ,  ...., 30 
x =  0 ,  ...., 35 
X =  0,  ...., 40 
X =  0 ,  ...., 45 
x =  0 ,  ...., 50 
X =  0 ,  ...., 55 
X =  0 ,  ...., 60 

The two-census regress ion procedure 

described above provides a b a s i s  f o r  assess ing  

.99057 

.97960 

.97212 

.97732 

.98526 
,99248 

.98894 

.99210 

.993 1 4  

.99364 

.99228 

t h e  r e l a t i v e  completeness of coverage i n  suc- 

8 

.93645 
,85117 
.79474 
.83256 
.88808 
.93638 
.92978 
.91485 
.93290 
.93844 
.94095 
.93460 

cess ive  censuses. Aside from t h e  population 

counts by age (and sex i f  sex-specif ic  esti- 

mates a r e  des i red)  from t h e  two censuses ,  t h e  

only other  information required t o  apply t h e  

method i s  information on t h e  l e v e l  of mortal- 

i t y  during t h e  intercensaL per iod.  E i ther  

dea th  r e g i s t r a t i o n  d a t a  o r  a l i f e  t a b l e  which 

may be assumed t o  be r e p r e s e n t a t i v e  of mortal- 

i t y  condi t ions  during t h e  i n t e r c e n s a l  period 

may be used f o r  t h i s  purpose. Despite i t s  

apparent complexity, t h e  method is  q u i t e  

s t ra ightforward computationally and may be 

appl ied using only a hand c a l c u l a t o r .  

While experience t o  d a t e  with  t h e  method 

i s  l imi ted ,  t h e  r e s u l t s  obtained by Luther 

(1983) i n  a p p l i c a t i o n s  t o  seven Asian coun- 

t r i e s  suggest considerable  u t i l i t y  i n  t h e  

method. I n  h i s  paper,  Luther shows t h a t  e s t i -  

mates obtained using t h e  two-census regress ion 

procedure agree  q u i t e  wel l  wi th  es t imates  f o r  

t h e s e  count r ies  based upon o ther  methods. 

With regard t o  l i m i t a t i o n s  of t h e  method, 

two points  warrant mention. The f i r s t  point  

concerns t h e  e f f e c t s  of migra t ion  on t h e  

r e s u l t i n g  es t imates .  S ince  i n t e r c e n s a l  

migrat ion w i l l  d i s t o r t  t h e  observed census 

cohort  s u r v i v a l  r a t e s ,  P /P , which a r e  
1 0  

c r i t i c a l  t o  t h e  es t imat ion procedure,  a d j u s t -  

ments t o  one of t h e  two census counts  w i l l  

need t o  be undertaken i n  c o u n t r i e s  exper iencing 

s i g n i f i c a n t  l e v e l s  of n e t  migra t ion  p r i o r  t o  

t h e  a p p l i c a t i o n  of t h e  method. 

The second point  c m c e r n s  t h e  s e n s i t i v i t y  

of t h e  method t o  e r r o r s  i n  t h e  b a s i c  inpu t  

da ta .  Because of t h e  r e l a t i v e l y  few a p p l i -  

c a t i o n s  of t h e  method undertaken t o  d a t e ,  t h e  

ex ten t  t o  which such f a c t o r s  as s e v e r e  census 

age misreport ing e r r o r s  and g r o s s l y  d i s t o r e e d  

m o r t a l i t y  information used i n  d e r i v i n g  DX 

adversely  a f f e c t  t h e  r e s u l t i n g  es t imates  of 

d i f f e r e n t i a l  census coverage i n  s u c c e s s i v e  

censuses i s  somewhat u n c e r t a i n .  For example, 

Luther observes  i n  h i s  paper t h a t  t h e  esti- 

mates of d i f f e r e n t i a l  coverage i n  t h e  1961 

and 1971 Indian censuses ob ta ined  us ing  t h e  

unadjusted census counts  vary considerably 

from age t o  age ( t h a t  is,  a t  d i f f e r e n t  va lues  

of 2). While t h e  o v e r a l l  e s t i m a t e  of t h e  

degree of d i f f e r e n t i a l  coverage i n  t h e  two 

censuses obtained on t h e  b a s i s  of t h e  unadjust-  

ed count i s  c l o s e  t o  t h a t  obtained using t h e  

smoothed age  da ta ,  t h e  v a r i a n c e  of t h e  esti- 

mate i s  s i g n i f i c a n t l y  h igher .  

I n  s h o r t ,  while t h e  method appears  t o  

have performed adequately in prev ious  a p p l i -  

c a t i o n s ,  f u r t h e r  i n v e s t i g a t i o n  of t h e  robust- 

ness  of t h e  method i s  warranted. 
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Chapte r  6 .  ADJUSTING CENSUS FIGURES 

I. INTRODUCTION 

E a r l i e r  chapters  reviewed t h e  types  of 

e r r o r s  t h a t  can occur i n  a census. I f  t h e  

e r r o r s  a r e  s u b s t a n t i a l  and t h e  v a l i d i t y  of t h e  

counts de l ive red  by t h e  census i s  i n  ques- 

t i o n ,  the  c e n t r a l  s t a t i s t i c a l  o f f i c e  may wish 

t o  consider ad jus t ing  the  census counts us ing  

information from the  eva lua t ion  s t u d i e s .  Th is  

chapter w i l l  examine.the ques t ions  r a i s e d  i n  

consider ing an adjustment: how does one 

decide whether t o  make an adjustment,  what 

e f f e c t s  w i l l  the  adjustment have on t h e  d a t a  

co l lec ted  and o ther  products  from t h e  census,  

what procedures a r e  a v a i l a b l e  f o r  making an 

adjustment,  and how does one choose among 

a l t e r n a t i v e  adjustment procedures? 

The implicat ions  f o r  making an adjustment 

of t h e  census f i g u r e s  a r e  so  far-reaching,  

however, t h a t  t h e  decis ion t o  do s o  should be 

made a t  t h e  time general  census planning is 

taking p lace ,  r a t h e r  than a f t e r  t h e  e v a l u a t i o n  

r e s u l t s  have been processed. For example, t h e  

decis ion t o  make an adjustment w i l l  r e q u i r e  

t h e  commitment of a d d i t i o n a l  resources  t o  t h e  

evaluat ion of the  census. For a s t a t i s t i c a l  

o f f i c e  with  a f ixed  budget, t h i s  means f inan-  

c i a l  resources  and s t a f f  a r e  s h i f t e d  away from 

t h e  conduct of t h e  census. I n  a d d i t i o n ,  t h e  

decis ion t o  ad jus t  t h e  da ta  l eads  t o  choices  

between producing census counts  i n  a t imely 

manner and obtaining populat ion es t imates  of 

t h e  h ighes t  qua l i ty .  A t r adeof f  a r i s e s  i n  t h e  

choice between the  timing of t h e  census and 

t h e  degree t o  which t h e  counts  can be improved. 

Decisions of t h i s  s o r t  can only be addressed 

f o r  each census ind iv idua l ly ;  t h e r e  i s  no 

general  gu ide l ine  f o r  deciding whether t o  

make an adjustment or f o r  reso lv ing  t h e  

t r a d e o f f s  r a i s e d  by t h e  commitment of re- 

sources  i n  t h e  census. 

Th is  chapter  w i l l  show t h a t  t h e  i s s u e s  

surrounding census adjustment a r e  v a r i e d  and 

complex. Moreover, n o t  many c o u n t r i e s  have 

a c t u a l l y  ad jus ted  t h e i r  census f i g u r e s ,  so  

p a s t  exper ience is  v e r y  l i m i t e d  i n  terms of 

guiding t h e  dec i s ion  process .  For these  

reasons,  t h e  chief b e n e f i t  of t h i s  chap te r  

w i l l  be i n  focusing a t t e n t i o n  on what t h e  

i s s u e s  a r e ,  no t  n e c e s s a r i l y  what t h e  b e s t  

s o l u t i o n s  might be. 

2. GENERAL CONSIVERATIONS IN DECIDING 
TO MAKE AN ADJUSTMENT 

2 . 1  The inCtid decinion to mahe. an adjim3nen.t 

The dec i s ion  whether t o  a d j u s t  census 

counts is very l i k e l y  t o  be made a t  t h e  h i g h e s t  

l e v e l s  of government; f o r  example, a t  t h e  

m i n i s t e r i a l  l e v e l .  Though t h e r e  a r e  many 

t e c h n i c a l  cons idera t ions  t h a t  must be taken 

i n t o  account,  t h e r e  a r e  a l s o  p o l i c y  conse- 

quences t h a t  w i l l  undoubtedly a f f e c t  t h e  choice.  

Making t h e  dec i s ion  can be a s e n s i t i v e  p rocess ,  

f o r  i t  i s  q u i t e  p o s s i b l e  t h a t  p o l i c y  concerns 

could over r ide  the  t e c h n i c a l  ones.  I n  any 

case ,  i t  w i l l  no t  l i k e l y  be t h e  a n a l y s t s ,  

s t a t i s t i c i a n s ,  o r  t e c h n i c i a n s  a lone  who 

u l t i m a t e l y  decide whether an adjustment w i l l  

be done; i t  is t h e i r  r e s p o n s i b i l i t y ,  based 

on t h e i r  t e c h n i c a l  e x p e r t i s e ,  t o  make appro- 

p r i a t e  recommendations t o  t h e  decis ion-  

maker s. 

On t h e  t e c h n i c a l  l e v e l ,  t h e r e  i s  a 

dilemna no t  usua l ly  encountered i n  o t h e r  

eva lua t ion  s t u d i e s .  I n  o t h e r  e v a l u a t i o n  

s e t t i n g s ,  i t  i s  u s u a l l y  p o s s i b l e  t o  determine, 
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f o r  a  subsample of the  p o p u l a t i o n ,  a  more ac- 

c u r a t e  measure of t h e  v a r i a b l e  being s t u d i e d .  

But f o r  the  es t imat ion  of a  popu la t ion  t o t a l ,  

i t  may be impossible t o  g e t  a  measure of 

the  t o t a l  which can be p resen ted  with  conf i -  

dence a s  being more a c c u r a t e  than t h e  census 

count.  The a n a l y s t  us ing e s t i m a t e s  from a  

PES o r  demographic a n a l y s i s  may only be a b l e  

t o  say t h a t  the  e s t i m a t e s  a r e  an a l t e r n a t i v e  

t o  t h e  census count.  Deciding whether t o  u s e  

t h e  census count o r  an e s t i m a t e  of t h e  t o t a l  

from a  resea rch  s tudy designed f o r  such a  

purpose has  t o  be based on a  t h e o r e t i c a l  

j u s t i f i c a t i o n  f o r  use  of t h e  count o r  an e s t i -  

mate. There is  no way t o  know t h e  t r u e  popu- 

l a t i o n  t o t a l ,  and s o  t h e r e  i s  no way t o  be 

s u r e  t h a t  t h e  adjustment u s i n g  an e s t i m a t e  

of t h e  populat ion g e t s  one c l o s e r  t o  t h e  t r u e  

populat ion t o t a l .  

Another i s s u e  i s  i n  dec id ing  where and 

how t o  make an adjustment.  I f  an adjustment  

i s  made, i t  would cover a  v a r i e t y  of geo- 

graphic  d e t a i l ,  and have an e f f e c t  on 

demographic d i s t r i b u t i o n s .  Considerat ion 

w i l l  have t o  be given t o  what l e v e l s  of 

geography and which demographic v a r i a b l e s  

a r e  most important i n  t h e  d e c i s i o n  t o  make 

an adjustment .  With t h i s  in fo rmat ion  and t h e  

theory  underlying t h e  popu la t ion  e s t i m a t i o n  

procedures ,  t h e  a n a l y s t  can recommend 

whether t o  make an adjustment and which pro- 

cedure  t o  use .  

The a n a l y s t  w i l l  need t o  know how t o  

c a l c u l a t e  ga in  o r  l o s s  from making an a d j u s t -  

ment and a l s o  needs t o  develop a  r u l e  f o r  

determining whether an adjustment  should be 

made. These should be chosen before  ana lyz ing  

the  d a t a  a v a i l a b l e  f o r  t h e  adjustment .  The 

choice  of an o b j e c t i v e  f u n c t i o n  a s  desc r ibed  

above should r e f l e c t  the  e f f e c t  of t h e  a d j u s t -  

ment on t h e  uses  of the  pub l i shed  census d a t a ,  

and t h e  choice  of a  d e c i s i o n  r u l e  should 

r e f l e c t  t h e  c o s t  of making an ad jus tment .  

Examples w i l l  he lp  e x p l a i n  t h e  c h o i c e s  t o  be  

made. 

Two o b j e c t i v e  f u n c t i o n s  t h a t  might be 

considered would be an adjustment  t h a t  reduced 

t h e  average e r r o r  i n  t h e  popu la t ion  t o t a l s  

v e r s u s  one t h a t  would minimize t h e  maximum 

e r r o r  i n  t h e  e s t i m a t e s .  The f i r s t  a l t e r n a t i v e  

is one which i n  e x p e c t a t i o n  w i l l  minimize t h e  

average e r r o r  i n  t h e  e s t i m a t e s ,  b u t  f o r  which 

some of t h e  changes due t o  ad jus tment  c a n  be  

q u i t e  s u b s t a n t i a l .  The second a l t e r n a t i v e  

' procedure  would keep t h e  l a r g e s t  e r r o r s  a f t e r  

adjustment  t o  a  minimum, b u t  might a l l o w  a l l  

e r r o r s  t o  be l a r g e r  on average.  S ince  one 

w i l l  never  know t h e  e r r o r s  i n  t h e  e s t i m a t e s  

a f t e r  adjustment  of t h e  census  c o u n t s ,  one 

would u s e  a  proxy v a r i a b l e  t o  i n d i c a t e  average 

o r  maximum e r r o r .  Such a  proxy might be  t h e  

degree  of change from t h e  census  c o u n t s ,  u s i n g  

t h e  a d j u s t e d  f i g u r e s ,  a s  measured by t h e  

p r o p o r t i o n a l  change from t h e  census  coun t .  I f  

t h e r e  i s  reason t o  b e l i e v e  t h a t  some geo- 

g raph ic  a r e a s  o r  some demographic subgroups 

were e s p e c i a l l y  poor ly  covered i n  t h e  census ,  

then t h e  degree  of change may s e r v e  as a  

poor proxy, because minimizat ion of change 

from t h e  census  would d e f e a t  t h e  purpose of 

making t h e  adjustment . 
On t h e  o t h e r  hand, i f  t h e  coverage of 

t h e  census  is low but  f a i r l y  uniform a c r o s s  

a l l  geographic  and demographic subgroups,  then  

one may recommend a g a i n s t  making a n  adjustmenf .  

A s  an  extreme example, suppose each a r e a  

covered by the  census was undercounted by 10 

p e r c e n t .  I f  the  primary u s e  of t h e  census  i s  

f o r  t h e  disbursement of funds  and r e s o u r c e s  

by t h e  n a t i o n a l  government based o n  propor- 

t i o n a l  a l l o c a t i o n ,  an i n c r e a s e  of 10 p e r c e n t  

i n  t h e  popu la t ion  t o t a l s  f o r  each  geographic  

a r e a  would have no e f f e c t  on funds  d i sburse -  

ment. There would be no b e n e f i t  t o  making 
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an adjus tment ,  though t h e  c o s t  of doing i t  

could  be s u b s t a n t i a l .  

To summarize, i n  o r d e r  t o  make appropr i -  

a t e  recommendations t o  t h e  decision-makers,  

t h e  a n a l y s t  is faced wi th  s e v e r a l  cho ices  

from the  o u t s e t .  The f i r s t  i s  whether t o  

make an adjus tment :  a  d e c i s i o n  r u l e ,  o r  s e t  

of d e c i s i o n  r u l e s  i s  needed t o  i n d i c a t e  

whether t h e  adjustment w i l l  make a  s u f f i c i e n t  

d i f f e r e n c e  i n  t h e  f i n a l  e s t i m a t e s  of t h e  pop- 

u l a t i o n  t o  compensate f o r  t h e  c o s t  of making 

t h e  adjus tment .  It may be t h a t  t h e  e s t ima ted  

undercount i s  too  smal l  o r  n o t  v a r i a b l e  

enough a c r o s s  geographic a r e a s  t o  make an 

adjus tment  worthwhile.  The second choice  

a r i s e s  i f  more than one adjus tment  procedure  

i s  a v a i l a b l e .  I n  t h i s  c a s e  t h e  a n a l y s t  must 

have an o b j e c t i v e  f u n c t i o n  t o  choose between 

procedures ,  o r  a  func t ion  t h a t  would a l low 

t h e  combination of a  s e t  of popu la t ion  

e s t i m a t e s .  

I f  an  i n i t i a l  d e c i s i o n  is made t o  a d j u s t ,  

t h e  s t a t i s t i c a l  o f f i c e  must determine how t o  

do i t .  Dec i s ions  must be made about  what 

coun t s  should  be a d j u s t e d ,  t h e  geographic  

l e v e l  a t  which adjustment i s  t o  be made, t h e  

cons i s t ency  of t h e  e s t i m a t e s ,  and t h e  e x t e n t  

of t h e  informat ion t o  be a d j u s t e d .  Most of 

t h e s e  i s s u e s  r evo lve  around t h e  p u b l i c a t i o n  

and p r e s e n t a t i o n  of t h e  coun t s  from t h e  

census .  The s t a t i s t i c a l  o f f i c e  making t h e  

adjus tment  h a s  t h e  op t ion  of pub l i sh ing  bo th  

t h e  census coun t s  and t h e  e s t i m a t e s  from t h e  

adjus tment ,  o r  only t h e  a d j u s t e d  coun t s .  

I f  bo th  a r e  pub l i shed ,  i t  w i l l  have t o  be 

made c l e a r  a t  t h e  time of p u b l i c a t i o n  which 

s e t  i s  considered t h e  o f f i c i a l  census  f i g u r e s .  

F a i l u r e  t o  des igna te  o f f i c i a l  census  f i g u r e s  

w i l l  l ead  t o  a  v a r i e t y  of problems fo l lowing  

p u b l i c a t i o n ,  s i n c e  d i f f e r e n t  u s e r s  would 
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l i k e l y  choose t h e  s e t  of numbers most advan- 

tageous  t o  t h e i r  v e s t e d  i n t e r e s t s .  

A second d e c i s i o n  is needed r e g a r d i n g  

what d a t a  a r e  a c t u a l l y  t o  be  a d j u s t e d .  For 

example, a  census  c o l l e c t s  i n f o r m a t i o n  on 

popu la t ion ,  housing,  and o t h e r  c h a r a c t e r i s t i c s .  

I f  one were t o  a d j u s t  on ly  t h e  p o p u l a t i o n  

coun t s ,  b u t  n o t  t h e  hous ing  c o u n t s ,  f i g u r e s  

such a s  t h e  average number of p e r s o n s  p e r  

housing u n i t  might become u s e l e s s ,  and hence 

t h i s  index a s  an i n d i c a t o r  of hous ing  condi- 

t i o n s  would no longer  b e  v a l i d .  A r e l a t e d  

i s s u e  i s  when d i f f e r e n t  c h a r a c t e r i s t i c s  a r e  

t o  be a d j u s t e d ,  whether d i f f e r e n t  procedures  

should be  used t o  a d j u s t  t h e  c h a r a c t e r i s t i c s ,  

o r  f o r  c o n s i s t e n c y ,  whether one procedure  

should be used t o  make a n  ad jus tmen t  f o r  a l l  

c h a r a c t e r i s t i c s .  

Var ious  procedures  can  be  used t o  e s t i -  

mate t h e  l e v e l  of undercount  i n  t h e  census ,  

bu t  each procedure  (e .g . ,  a  PES) is  u s u a l l y  

a p p l i c a b l e  t o  some minimum l e v e l  of geography. 

Below t h a t  l e v e l ,  some o t h e r  t echn ique  (e .g . ,  

r e g r e s s i o n )  must be used t o  a l l o c a t e  t h e  under- 

count ,  o r  a  d e c i s i o n  must be  made n o t  t o  a l -  

l o c a t e  t h e  undercount t o  lower l e v e l s  of 

geography. I f  t h e  l a t t e r  c o u r s e  i s  chosen 

t h e  s t a t i s t i c a l  o f f i c e  is  f a c e d  w i t h  t h e  

problem of p u b l i s h i n g  f i g u r e s  f o r  low l e v e l s  

of geography, such a s  b l o c k s ,  t h a t  w i l l  no t  

sum t o  publ ished a d j u s t e d  f i g u r e s  a t  h igher  

geographic  l e v e l s .  Even i f  an  adjus tment  i s  

a l l o c a t e d  t o  lower l e v e l s  of geography, t h e  

technique chosen w i l l  n o t  n e c e s s a r i l y  p rov ide  

e s t i m a t e s  a t  a l l  lower l e v e l s  t h a t  would sum 

t o  a d j u s t e d  counts ,  u n l e s s  t h e  procedure  

c a r e f u l l y  t a k e s  i n t o  accoun t  t h e  t o t a l  

p u b l i c a t i o n  p lans  of t h e  s t a t i s t i c a l  o f f i c e .  

See s e c t i o n  5.2 of t h i s  c h a p t e r  f o r  more 

in fo rmat ion  on a l l o c a t i n g  t h e  count  t o  lower 

l e v e l s  of geography. 
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On t h e  mat te r  of consis tency,  i t  may be 

t h a t  the re  i s  more information a v a i l a b l e  f o r  

c e r t a i n  por t ions  o r  segments of the  popula- 

t i o n ,  so  t h a t  a d i f f e r e n t  a l l o c a t i o n  procedure 

could be used f o r  t h e s e  segments than f o r  

o t h e r s .  The a n a l y s t  has  t o  choose between 

us ing  t h e  a d d i t i o n a l  informat ion t h a t  is 

a v a i l a b l e  and t h e  consis tency of using only 

one procedure a c r o s s  a l l  segments of t h e  

populat ion,  even though the  l a t t e r  procedure 

may be optimal f o r  each segment. 

The l a s t  i s s u e  t o  be addressed i n  t h i s  

s e c t i o n  i s  t h e  e x t e n t  of the  adjustment.  The 

no t ion  of adjustment usua l ly  impl ies  a 

census undercount - persons completely missed 

who should be counted. A narrower d e f i n i t i o n  

of adjustment,  however, would be the  use  of 

imputation - t h a t  i s ,  t o  make c o r r e c t i o n s  f o r  

missed persons about whom t h e r e  is  some evi- 

dence t h a t  a person (or  a t  l e a s t  a p o s s i b l e  

res idence)  was missed. For example, i f  t h e r e  

a r e  some res idences  where no person has  been 

contacted,  t h e  a n a l y s t  may wish t o  impute 

persons i n t o  t h e s e  res idences ,  us ing o t h e r  

persons i n  t h e  same enumeration a r e a  a s  t h e  

"deck" from which t o  impute. Often t h e r e  

w i l l  be information a s  t o  t h e  number of 

persons and composition of t h e  household 

and t h i s  information can be used a s  p a r t  of 

t h e  imputation process .  In  t h e  case  where 

no information i s  a v a i l a b l e  o t h e r  than t h e  

f a c t  t h a t  a res idence  e x i s t s  b u t  has  n o t  been 

enumerated, t h e  number of persons is imputed 

f i r s t ,  and then t h e  composition of t h e  house- 

hold is imputed from neighboring u n i t s .  

The l a t t e r  approach i s  more r e s t r i c t i v e  

than an adjustment f o r  t h e  undercount because 

i t  r e q u i r e s  some t a n g i b l e  evidence t h a t  a 

u n i t  o r  person was missed. But a d d i t i o n a l  

adjustment,  beyond imputat ion,  can a l s o  be 

based on a PES approach, where, through a 

matching s tudy,  o ther  u n i t s  and persons a r e  

found t o  be missed from t h e  census ,  b u t  n o t  

through t h e  e x e r c i s e  of t h e  r e g u l a r  census  

procedures.  Furthermore, it may be acknowl- 

edged t h a t  t h e  frame f o r  t h e  survey used f o r  

t h e  PES i s  incomplete,  s o  an  e s t i m a t e  i s  made 

of persons missing from t h e  PES frame; t h i s  

e s t i m a t e  i s  used a s  p a r t  of t h e  adjustment  

p rocess .  

The broadest  p o s s i b l e  adjustment  would 

a l s o  t ake  account of an e s t i m a t e  of t h e  over- 

count i n  t h e  census.  Dupl ica te  enumerat ions  

and persons who should n o t  have been enumerated 

( f o r  example, c h i l d r e n  born a f t e r  census  day) 

could be deducted from t h e  census t o t a l  t o  

g i v e  a more a c c u r a t e  e s t i m a t e  of t h e  c o r r e c t  

number of persons i n  t h e  popula t ion .  Because 

t h i s  problem i s  t r a d i t i o n a l l y  much less 

severe  than problems of undercount ing,  t h e r e  

has  been a tendency n o t  t o  make an  adjustment  

f o r  overcounts.  D u p l i c a t e s  and e r roneous  

enumerations a r e  harder  t o  e s t i m a t e  c o r r e c t l y ,  

can be sca rce  r e l a t i v e  t o  t h e  undercounted 

popula t ion ,  and so  may add unwarranted d i f f i -  

c u l t i e s  t o  t h e  adjustment p rocess .  

3 .  IMPACT OF VARZEV USES OF CENSUS DATA 

A s  p a r t  of t h e  a n a l y s i s  of whether and 

how t o  make an adjustment of t h e  census ,  t h e  

a n a l y s t  has  t o  cons ider  what u s e s  a r e  made of 

census  d a t a .  An important  use  f o r  t h e  d a t a  is 

program implementation and funds d i s t r i b u t i o n .  

Some n a t i o n a l  and l o c a l  government agenc ies  

r e l y  on census f i g u r e s  t o  determine how t o  a l -  

l o c a t e  funds and r e s o u r c e s  t o  v a r i o u s  govern- 

ment programs. The q u e s t i o n  f o r  t h e  a n a l y s t  

i s  t o  f i n d  out what d a t a  a r e  mandated f o r  use ,  

what programs a r e  most s e v e r e l y  a f f e c t e d ,  and 

what v a r i a b l e s  a r e  most o f t e n  used t o  d e t e r -  

mine funds a l l o c a t i o n s .  

A s  pointed ou t  i n  t h e  p rev ious  s e c t i o n ,  

a d j u s t i n g  only t h e  popula t ion  counts  may do 

more harm than good i f  v a r i a b l e s  such a s  
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number of persons per  household, pe r  c a p i t a  

income, and o t h e r  r a t i o  v a r i a b l e s  a r e  pre- 

dominant i n  funding formulas. The adjustment 

process  must consider  each of t h e  v a r i a b l e s  

used i n  funds a l l o c a t i o n ,  and f o r  v a r i a b l e s  

which w i l l  be adversely  a f f e c t e d  by t h e  ad- 

justment,  and o f f e r  a l t e r n a t i v e  o r  proxy 

v a r i a b l e s  f o r  t h e  program a f f e c t e d .  

Another use  of census d a t a  i s  i n  program 

management. The quest ion of t imel iness  i s  

c r i t i c a l  he re .  While the  adjustment may 

a c t u a l l y  improve t h e  q u a l i t y  of t h e  census 

d a t a  used i n  program management, i f  it l a g s  

too  f a r  behind t h e  census i t  would be of lit- 

t l e  use f o r  some programs. Th is  may i n d i c a t e  

t h a t  t h e  adjustment contemplated should be 

made l e s s  comprehensive i n  o rder  t o  m e e t  t h e  

t iming requirements f o r  some important pro- 

grams. Besides r e s t r i c t i o n s  on t h e  t iming 

of t h e  production of counts ,  t h e r e  could a l s o  

be r e g u l a t i o n s  a g a i n s t  the  use  of s t a t i s t i c a l  

o r  ad jus ted  d a t a  f o r  some programs. I n  t h i s  

case  two sets of census es t imates  would be 

produced - ad jus ted  and unadjusted. 

Besides being used f o r  t h e  d i s t r i b u t i o n  

of program funds,  i n  some c o u n t r i e s  t h e  census 

counts  may be used t o  def ine  p o l i t i c a l  bound- 

a r i e s  and t o  apport ion s e a t s  i n  t h e  n a t i o n a l  

l e g i s l a t u r e .  The apportionment p rocess  must 

o f t e n  be completed soon a f t e r  t h e  census,  

again cons t ra in ing  the  adjustment i n  terms of 

t h e  time a v a i l a b l e  t o  complete t h e  r e s e a r c h  

necessary. I n  some cases  t h e  apportionment 

of t h e  l e g i s l a t u r e  i s  based s o l e l y  on 

populat ion counts  f o r  e x i s t i n g  geographic 

a r e a s .  I n  o t h e r s ,  geographic a r e a s  a r e  

a c t u a l l y  redef ined  based on census populat ion 

counts  and a  v a r i e t y  of o t h e r  census v a r i a b l e s  

( c a l l e d  r e d i s t r i c t i n g ) .  Again, the  considera- 

t i o n  here  i s  how v a r i a b l e s  o ther  than t h e  

census counts a r e  a f fec ted  by adjustment 

and what t h e  e f f e c t  is  on t h e  r e d i s t r i c t i n g  

o r  apportionment process .  

I n  a d d i t i o n  t o  funds d i s t r i b u t i o n  and 

uses  f o r  de f in ing  l e g i s l a t i v e  boundaries  o r  

apportionment,  t h e r e  a r e  many o t h e r  uses  

of census d a t a  t h a t  need t o  b e  t aken  i n t o  

account f o r  adjustment purposes .  One use  of 

t h e  census i s  a s  a  sampling frame f o r  surveys.  

Any redesign of t h e  sampling frame would be 

a f f e c t e d  by an adjustment i n  s e v e r a l  ways - t h e  

d e f i n i t i o n  of s t r a t a ,  t h e  combination of 

geographic e n t i t i e s  i n t o  pr imary sampling 

u n i t s ,  and t h e  de te rmina t ion  of p r o b a b i l i t i e s  

of s e l e c t i o n .  Following t h e  conduct of a  sur- 

vey, t h e  ad jus ted  census d a t a  cou ld  b e  used t o  

p o s t s t r a t i f y  t h e  sample o r  t o  develop weight- 

i n g  f a c t o r s  f o r  r a t i o  o r  r a k i n g  adjustments .  

Besides survey u s e s ,  p r i v a t e  bus inesses  

and r e s e a r c h e r s  i n  o t h e r  governmental agencies  

w i l l  have o t h e r  u s e s  f o r  census  d a t a .  For 

example, census d a t a  a r e  commonly used t o  

determine t h e  l o c a t i o n  of new h o t e l s ,  shopping 

c e n t e r s ,  and government s e r v i c e  c e n t e r s .  Cen- 

s u s  d a t a  a r e  used t o  determine and improve 

t r a f f i c  flows o r  t o  analyze market ing s t r a -  

t e g i e s  f o r  v a r i o u s  p roduc ts .  The a n a l y s t ,  i n  

consider ing t h e s e  u s e s ,  needs t o  determine 

t h e  v a r i a b l e s  used f o r  t h e s e  a p p l i c a t i o n s ,  t h e  

e f f e c t s  an adjustment would have,  and whether 

any of these  a p p l i c a t i o n s  r e q u i r e  unadjusted 

d a t a .  

4. OPERATIONAL CONSIDERATZONS I N  MAKING 
AN ADJUSTMENT 

Before an adjustment i s  made, c e r t a i n  

o p e r a t i o n a l  f a c t o r s  must be  cons idered .  These 

inc lude  when t o  make an  ad jus tment ,  t h e  type 

of r e v i s i o n s  i o  be i s sued  ( i f  a n y ) ,  and how 

t h e  adjustment p rocess  r e l a t e s  t o  t h e  main 

census.  
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One of t h e  most important c o n s i d e r a t i o n s  

i n  making an adjus tment  is  t h a t  i t  be done on 

a  t imely b a s i s .  The b e s t  adjus tment  pro- 

cedure is  u s e l e s s  i f  i t  t a k e s  t o o  long  t o  
1 

perform r e l a t i v e  t o  t h e  demand f o r  census  

d a t a .  The a n a l y s t  h a s  t o  determine when t h e  

counts  a r e  needed and what u s e s  of t h e  census  

w i l l  s u f f e r  i f  d e l i v e r y  of t h e  coun t s  i s  

delayed by an  adjus tment .  

Ant i c ipa ted  e a r l y  uses  of t h e  census  d a t a  

may severe ly  r e s t r i c t  t h e  t ime a v a i l a b l e  f o r  

adjustment based on complete e v a l u a t i o n  

r e s u l t s .  So a  p r o v i s i o n a l  adjus tment  could 

be made, which would be r e v i s e d  a s  more ev i -  

dence became a v a i l a b l e  from t h e  e v a l u a t i o n  

program, o r  a  s e r i e s  of r e v i s i o n s  could  be  

incorpora ted .  With t h i s  s t r a t e g y ,  t h e  

a n a l y s t  would need t o  know when t h e  r e v i s i o n s  

would be needed t o  f i t  i n t o  v a r i o u s  programs, 

and when i e v i s i o n s  would be l e a s t  d i s r u p t i v e  

t o  t h e  p u b l i c a t  i o n s  program f o r  t h e  census .  

The d e c i s i o n  would a l s o  have t o  be  made as t o  

how t o  p u b l i c i z e  t h e  r e v i s i o n s .  P u b l i c a t i o n s  

from t h e  census  could  be  r e i s s u e d  and i f  

computer t a p e s  and geographic p roduc t s  l i k e  

maps a r e  a l s o  i s s u e d  fol lowing t h e  census ,  

these  could a l s o  be  r e v i s e d .  But t h e  r e v i s i o n  

p rocess  i s  c o s t l y  and confusing.  The more 

e s t i m a t e s  produced, t h e  ha rde r  it w i l l  be t o  

d isseminate  t h e  informat ion t o  a l l  u s e r s  of 

census d a t a .  

The d e c i s i o n  t o  make a  r e v i s i o n  t o  t h e  

adjustment i s  c l o s e l y  ak in  t o  t h e  d e c i s i o n  

i n i t i a l l y  t o  make t h e  adjus tment .  The same 

types  of q u e s t i o n s  need t o  be  asked: whether 

t h e  change in t roduced  by t h e  r e v i s i o n  is sub- 

s t a n t i a l  enough t o  j u s t i f y  t h e  c o s t  of making 

t h e  r e v i s i o n ,  and i f  more than  one type of 

r e v i s i o n  i s  p l a u s i b l e ,  how does one choose 

between a l t e r n a t i v e  r e v i s i o n s .  

F i n a l l y ,  t h e  cho ice  t o  i s s u e  r e v i s i o n s  of 

t h e  adjustment w i l l  have an  e f f e c t  on s t a f f i n g  

needs.  I t  w i l l  be necessa ry  t o  a d v e r t i s e  and 

document changes due t o  r e v i s i o n s .  S h i f t i n g  

e x i s t i n g  s t a f f  t o  t ake  c a r e  of t h e s e  f u n c t i o n s  

o r  adding new s t a f f  i s  necessa ry  t o  h e l p  u s e r s  

adap t  t o  t h e  r e v i s i o n s  and maximize t h e i r  use  

of census d a t a .  

A s  p a r t  of t h e  c o n s i d e r a t i o n  of t iming 

and p u b l i c a t i o n ,  t h e  adjus tment  w i l l  a f f e c t  

many f a c e t s  of t h e  census  p r o c e s s i n g ,  espe- 

c i a l l y  i f  a PES i s  conducted.  I f  t h e  s t a -  

t i s t i c a l  o f f i c e  wishes t o  make t h e  adjus tment  

t o  t h e  census coun t s  soon a f t e r  o r  a t  t h e  t ime 

t h e  census i s  pub l i shed ,  t h e  adjus tment  p rocess  

must be incorpora ted  i n t o  t h e  conduct  of t h e  

census .  The p u b l i c a t i o n  program, t h e  c l e r i c a l  

p rocess ing  of t h e  d a t a ,  and computer opera- 

t i o n s  a l l  need t o  be changed t o  i n c o r p o r a t e  

procedures  f o r  t h e  ad jus tmen t .  Note t h a t  t h i s  

i s  n o t  t h e  same a s  say ing  t h e  p rocedures  must 

be changed t o  accommodate t h e  ad jus tmen t .  For 

t h e  adjus tment  p r o c e s s  t o  work, i t  must b e  

considered an i n t e g r a l  p a r t  of t h e  census ,  

n o t  a s  an add-on f e a t u r e  t h a t  can b e  p u t  a s i d e  

i f  problems a r i s e  i n  t h e  census .  

A s  an example, i f  a PES i s  conducted 

s h o r t l y  a f t e r  t h e  c e n s u s ,  a  l a r g e  matching 

opera t ion  must be  under taken u s i n g  census  

q u e s t i o n n a i r e s .  But t h e s e  same q u e s t i o n n a i r e s  

a r e  being p rocessed  f o r  t h e  census:  they  a r e  

undergoing e d i t i n g ,  key ing ,  o r  some o t h e r  

p rocess  t o  g e t  them on computer t a p e s ,  and 

t h e  o t h e r  census  m a t e r i a l s  a r e  i n  u s e  a t  t h e  

same time t o  ensure  a  complete enumerat ion.  

I f  t h e  PES i s  going t o  be  used t o  a d j u s t  t h e  

census ,  some r o u t i n g  sys tem h a s  t o  b e  devised 

s o  t h a t  t h e  PES h a s  a c c e s s  t o  census  ques- 

t i o n n a i r e s  and m a t e r i a l s  s h o r t l y  a f t e r  t h e  
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t be  designed 

s o  a s  n o t  t o  c r e a t e  o b s t r u c t i o n s  i n  t h e  

census p rocess ing .  A delay i n  census  pro- 

cess ing  w i l l  e v e n t u a l l y  l e a d  t o  a de lay  i n  

t h e  PES, s t a r t i n g  a cyc le  of slowdowns t h a t  

could e v e n t u a l l y  t h r e a t e n  p u b l i c a t i o n  of a 

completed p roduc t ,  e s p e c i a l l y  i f  t h e  a d j u s t -  

ment r e l i e s  on PES d a t a .  

5 .  METffODOLOGlCAL CONSlDERATlONS I N  MAKlNG 
AN ADJUSTMENT 

There a r e  many t echn iques  a v a i l a b l e  t o  

make popu la t ion  e s t i m a t e s  and t o  e s t i m a t e  t h e  

undercount i n  t h e  census.  These i n c l u d e  

demographic a n a l y s i s ,  r e v e r s e  r e c o r d  check 

s t u d i e s ,  a d m i n i s t r a t i v e  r e c o r d  s t u d i e s ,  and 

p o s t  enumeration s t u d i e s .  These t echn iques  

have been desc r ibed  e i t h e r  i n  o t h e r  c h a p t e r s  

of t h i s  document o r  o t h e r  t e x t s  on e v a l u a t i o n ,  

and w i l l  no t  be desc r ibed  f u r t h e r  h e r e .  

Depending on t h e  range of t h e  e v a l u a t i o n  

program a s s o c i a t e d  wi th  t h e  census ,  t h e  s t a -  

t i s t i c a l  o f f i c e  conducting t h e  census  may 

c a r r y  ou t  more than  one t y p e  of s tudy  t o  eva l -  

u a t e  t h e  census .  I f  t h i s  is t h e  c a s e ,  t h e r e  

w i l l  be a m u l t i p l i c i t y  of e s t i m a t e s  a v a i l a b l e  

upon which t o  base  an adjus tment  of t h e  pop- 

u l a t i o n  t o t a l s ,  and t h e  s t a t i s t i c a l  o f f i c e  

w i l l  want t o  g ive  s e r i o u s  c o n s i d e r a t i o n  t o  

combining t h e  e s t i m a t e s .  Combining t h e  e s t i -  

mates has  t h e  advantage of t ak ing  t h e  b e s t  

c h a r a c t e r i s t i c s  from each e v a l u a t i o n  program 

and us ing t h e s e  c h a r a c t e r i s t i c s  t o  counter-  

balance weaknesses i n  t h e  o t h e r  e v a l u a t i o n  

programs. For example, e s t i m a t e s  from 

demographic a n a l y s i s  may on ly  provide  n a t i o n a l  

t o t a l s ,  b u t  those  may be considered s u p e r i o r  

t o  e s t i m a t e s  from a PES. The PES, however, 

can provide  more geographic d e t a i l  t han  

demographic a n a l y s i s ,  i f  t h e  sample s i z e  i s  

b ig  enough. I f  t h e  a n a l y s t  b e l i e v e s  t h a t  t h e  

d i f f e r e n c e s  f o r  coverage among geograph ic  

a r e a s  a r e  w e l l  r ep resen ted  i n  t h e  PES, b u t  

t h a t  t h e  t o t a l s  c a l c u l a t e d  from demographic 

a n a l y s i s  a r e  of b e t t e r  q u a l i t y ,  t h e  PES t o t a l s  

could  be  r a t i o  a d j u s t e d  t o  t h e  demographic 

a n a l y s i s  t o t a l s ,  combining t h e  b e s t  f e a t u r e s  

of bo th  e s t i m a t e s .  

One o t h e r  c o n s i d e r a t i o n  is  t h e  measure- 

ment of popu la t ions  which a r e  e s p e c i a l l y  ha rd  

t o  enumerate.  An adjus tment  may be  hampered 

by t h e  l a c k  of d a t a  f o r  c e r t a i n  subgroups  i f  

t h e s e  groups a r e  n o t  g iven s p e c i a l  cons ide ra -  

t i o n  from t h e  beginning of t h e  r e s e a r c h .  

Persons  l i v i n g  i n  group q u a r t e r s ,  t o u r i s t s ,  

nomadic popu la t ions ,  and o t h e r  g roups  may 

cause  s p e c i a l  problems i n  e i t h e r  measur ing 

t h e  undercount o r  a l l o c a t i n g  t h e  undercount  

t o  de f ined  geographic a r e a s .  C a r e f u l  thought  

should  be given t o  i d e n t i f y i n g  t h e s e  groups  

and how they  a r e  t o  be measured.  I f  t h i s  

ca tegory  inc ludes  t h e  i n s t i t u t i o n a l  p o p u l a t i o n ,  

such a s  persons  i n  p r i s o n  o r  t h e  m i l i t a r y ,  t h e  

a n a l y s t  should c o n s i d e r  whether a s e p a r a t e  

e s t i m a t e  i s  needed of t h e  i n s t i t u t i o n a l  

p o p u l a t i o n ,  and t h e  p o s s i b i l i t y  f o r  u s e  of 

a d m i n i s t r a t i v e  r e c o r d s  t o  a i d  i n  e s t i m a t i o n .  

J u s t  a s  t h e r e  a r e  s e v e r a l  t e c h n i q u e s  

a v a i l a b l e  f o r  measurement of t h e  census  under- 

coun t ,  there '  a r e  a l s o  s e v e r a l  t e c h n i q u e s  

a v a i l a b l e  f o r  making an a d j u s t m e n t  f o r  lower 

l e v e l s  of geography and more s p e c i f i c  demo- 

g r a p h i c  s u b c l a s s e s .  The t e c h n i q u e s  d e s c r i b e d  

i n  t h e  preceding s e c t i o n s  w i l l  o n l y  supply  

e s t i m a t e s  of t h e  undercount f o r  f a i r l y  g r o s s  

l e v e l s  of geography, l i k e  r e g i o n s  of a 

coun t ry .  To make an  adjus tment  o f  t h e  census  

and t o  a l l o c a t e  t h e  r e v i s e d  p o p u l a t i o n  

f i g u r e s  down t o  lower l e v e l s  of geography, 

t echn iques  which w i l l  u s e  t h e  d a t a  from t h e  

measurement s t u d i e s  can be implemented.  

These t echn iques  a r e  s y n t h e t i c  e s t i m a t i o n ,  
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regress ion ,  and borrowed s t r eng th  techniques. 

Each of these r equ i r e  t h a t  a s e t  of v a r i a b l e s ,  

pr imari ly  demographic, be ava i l ab l e  f o r  lower 

l e v e l s  of geography, i n  some ins tances  down 

t o  the  person or  household l e v e l .  The tech- 

niques permit modeling t he  d i s t r i b u t i o n  of 

the undercount a t  the l eve l  of geography 

appropriate  t o  t he  measurement technique; t he  

model obtained is then used t o  a l l o c a t e  the  

undercount t o  lower l eve l s  of geography o r  

t o  a reas  not  i n  t he  sample. 

The modeling process f o r  syn the t i c  e s t i -  

mation i s  t o  est imate the  mean undercount 

r a t e  (persons missed a s  a percent  of t o t a l  

estimated population) f o r  var ious  demographic 

subgroups a t  a c e r t a i n  geographic l eve l .  

These r a t e s  would then be used a t  the  lowest 

l e v e l  of geography, l i k e  enumeration a r e a  

c l u s t e r s ,  t o  a l l oca t e  the  undercount. This  

methodology takes  the  undercount a t  high. 

l eve l s  of geography and d i s t r i b u t e s  i t  pro- 

po r t i ona t e ly  a t  lower l eve l s  of geography. 

Synthet ic  est imates  created i n  t h i s  fashion 

a r e  guaranteed t o  sum t o  es t imates  of under- 

count generated a t  higher l e v e l s .  

A s  an example, suppose t h a t  undercount 

es t imates ,  Uij, a r e  ava i l ab l e  a t  the na t i ona l  

l e v e l  f o r  age, i, and sex,  j .  Synthet ic  

es t imates ,  gijk, would be made f o r  each 

block, k, by multiplying t he  na t iona l  l e v e l  

est imates  by t he  proportion of persons having 

p a r t i c u l a r  ageisex c h a r a c t e r i s t i c s  i n  t he  

block r e l a t i v e  t o  a l l  persons having t he  same 
A i j k  

age/sex c h a r a c t e r i s t i c s  - : 
C X i j k  k 

h - ' i jkUij  
'ijk - 

F x i j k  

The second technique, r eg re s s ion ,  f i t s  a 

regress ion  model t o  t he  undercount es t imates  

f o r  a s e t  of geographic a r e a s  (possibly pr i -  

mary sampling u n i t s ,  PSU'S, o r  t he  l a r g e r  

geographic u n i t s  they c o l l e c t i v e l y  r ep re sen t ) .  

The es t imates  a r e  generated i n  a fash ion  

s imi l a r  t o  t h a t  used f o r  s y n t h e t i c  es t imat ion ,  

by applying t he  c o e f f i c i e n t s  est imated a t  a 

g rosser  l e v e l  of geography t o  c h a r a c t e r i s t i c s  

and v a r i a b l e s  observed i n  f i n e r  d e t a i l .  I f  

undercount es t imates ,  Ui, a r e  ava i l ab l e  wi th in  

reg ions ,  i , a regress ion  can be run on a 

v a r i e t y  of va r i ab l e s ,  l i k e  propor t ion  of pop- 

u l a t i o n  under age 40, 
'li' 

propor t ion  of male 

populat ion i n  region i , X and proport ion of 
p i '  - 

census d a t a  imputed, X wi th  t h e  equat ion ~ i '  
Ui = a + b X + b2XZi + b3X3i + ei 1 li 

where 

a = t h e  i n t e r c e p t  of the  
r eg re s s ion  

blJb2,  and b = s lope  c o e f f i c i e n t s  f o r  
3 t h e  age,  sex,  and 

imputat ion v a r i a b l e s  
r e spec t i ve ly  

e = t h e  e r r o r  term i n  t he  i 
reg re s s ion  f o r  reg ion  i 

To go t o  lower l e v e l s  of geography, such 

a s  enumeration a r ea s ,  j , wi th in  reg ions ,  t he  

a l l o c a t i o n  would be implemented a s  

These e s t ima te s  a r e  not  guaranteed t o  sum t o  

the  survey o r  demographic e s t ima te s  formed f o r  
h 

each region;  ins tead  t he  e s t ima te s  U . .  w i l l  
23 

sum t o  t he  pred ic ted  va lues  obtained from the  

regress ion  conducted a t  t h e  r eg iona l  l e v e l .  

An a l t e r n a t i v e  r eg re s s ion  technique would 

be t o  f i t  t he  regress ion  t o  sample u n i t s ,  such 

a s  PSU1s r a t h e r  than t o  broad r eg iona l  a r e a s  

f o r  which es t imates  can be obtained from the  

where the X variable i s  the 
person count. 
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combination of severa l  PSU1s. The regress ion  

equation is used then t o  a l l o c a t e  the  under- 

count t o  a l l  u n i t s  i n  the  populat ion,  based 

on the regress ion  conducted on the  sample 

u n i t s  a t  t he  same l eve l  of geography. These 

est imates  can then be a l l oca t ed  t o  lower 

l eve l s  of geography using t h e  same methodology 

described i n  the  preceding paragraph. 

Another a l l oca t i on  technique which w i l l  

not  be f u l l y  described here is the  use of 

borrowed s t r eng th  est imators .  This technique 

requi res  ascr ib ing  a mu l t i va r i a t e  dens i ty  t o  

t he  undercount and i ts co r r e l a t e s ;  t he  multi-  

v a r i a t e  normal i s  most o f t en  used. The use 

of p r io r  and pos te r ior  d e n s i t i e s  i n  t h i s  e s t i -  

mation is  d i f f i c u l t  t o  descr ibe  without a l s o  

discussing the  broader category of Bayesian 

techniques, which i s  beyond the  scope of t h i s  

manual. I n  t he  case where t he  mu l t i va r i a t e  

normal is  used a s  an asymptotic approximat-ion 

f o r  descr ibing t he  densi ty  of the  undercount 

and i t s  co r r e l a t e s ,  the methodology is  very 

s imi la r  t o  smoothed regress ion  tdchniques. 

The reader is re fe r red  t o  a r t i c l e s  by Scot t  

and Smith (1969) and Sedransk (1977) f o r  a 

complete descr ip t ion  of t h e  technique. 

Two i n t e r e s t i n g  i s sues  a r e  r a i s ed  by t he  

considerat ion of a l l oca t i on  techniques: t he  

question of how t o  form undercount es t imates  

a t  a l l  geographic l eve l s ,  and how the  al loca-  

t i o n  methods might a f f e c t  t he  design of t he  

undercount est imation measurement techniques. 

A s  mentioned i n  the  previous s ec t i on ,  synthe- 

t i c  est imates  a r e  guaranteed t o  sum t o  t he  

t o t a l s  used a t  higher l e v e l s  of geography t o  

make the es t imates ,  but t h i s  is not  t r u e  f o r  

regression o r  borrowed-strength est imates .  

I f  one wishes t o  r e t a i n  t he  demographic o r  

survey es t imates  a t  t he  l e v e l s  f o r  which they 

a r e  formed, one can fu r the r  weight t he  

est imates  a t  low l e v e l s  of geography by t he  

% 
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r a t i o  of t he  es t imates  a t  higher  l e v e l s  t o  t he  

sum of t he  es t imates  a t  lower l e v e l s .  For t he  

regress ion  es t imates ,  i f  they were regressed  

a t  the reg iona l  l e v e l  and used t o  a l l o c a t e  

down t o  t he  enumeratLon area ,  j, then t he  

weight, Wi, f o r  a l l  es t imates  i n  reg ion  i 

would be formed a s  

W. = 
r eg iona l  es t imate  ( r a t i o  i) from PES 

Z Zij 
j 

A 

This weight appl ied t o  each of t he  Vij a s  a 

rev ised  enumeration a r e a  es t imate  would fo r ce  

t he  enumeration a rea  es t imates  t o  sum t o  the  

reg iona l  es t imate .  The obvious advantage t o  

t h i s  procedure is t o  make t he  lower l e v e l  

es t imates  cons i s t en t  with es t imates  generated 

by survey o r  demographic methods. 

This  weighting technique can be used t o  

make a l l o c a t i o n s  t o  lower l e v e l s  of geography, 

a l so .  I n  f a c t ,  weights can be assigned t o  

each i nd iv idua l  and household t o  a l low any 

t abu l a t i on  necessary using weighted t o t a l s .  

These weights would be s imi l a r  t o  noninter-  

view adjustments made i n  sample surveys.  

Problems can a r i s e  using t h i s  technique (and 

o thers  mentioned above) i f  a t t e n t i o n  is  no t  

paid t o  rounding e r r o r s ,  s i nce  they can l ead  

t o  incons is tenc ies  among t a b l e s .  This  problem 

can be reduced by c a r e f u l  a t t e n t i o n  t o  t he  pro- 

gramming of t he  tabula t ions ,  o r  t he  use  of 

integex weights.  

Use of i n t ege r  weights has e x a c t l y  t he  

same e f f e c t  a s  a "hot deck" imputation scheme. 

In teger  weights would be randomly assigned t o  

u n i t s  wi th in  low l e v e l s  of geography. For 

example, most housing u n i t s  wi th in  an enumera- 

t i o n  a r ea  would rece ive  a weight of one, bu t  

one o r  more u n i t s  would rece ive  a weight of 

two t o  "double-count" some u n i t s  o r  persons.  

Under ho t  deck imputation, t he  records  f o r  

these u n i t s  would simply be dupl ica ted  on t he  

census da t a  f i l e s .  The most severe problem 

with t h i s  method i s  i f  t he r e  is  an  overcount 
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measured f o r  some demographic subgroups, t h i s  1 w i l l  have t h e  e f f e c t  of reducing t h e  r e l a t i v e  

would imply ass ign ing  a  zero weight t o  some 

u n i t s  o r  i n d i v i d u a l s ,  e f f e c t i v e l y  removing 

propor t ion  of persons i n  some a r e a s  and there-  

f o r e  t h e  resources ,  such a s  funding,  a l l o c a t e d  

them from t h e  census f i l e s .  Th is  would most 1 t o  t h a t  a r e a  by t h e  n a t i o n a l  government. I t  

d a t a  ou t  a t  random is commonly used i n  exper i -  I a b l e ,  whether it is a  PES, demographic 

l i k e l y  be unacceptable p o l i t i c a l l y  s i n c e  i t  

impl ies  throwing d a t a  away, although throwing 

mental des igns  f o r  o ther  purposes.  I a n a l y s i s ,  o r  some combination. The second 

i s  necessary t h e r e f o r e  t o  confirm t h a t  t h e  

adjustment i s  based on t h e  b e s t  d a t a  a v a i l -  

adjustment t o  t h e  census has far-reaching 

impl ica t ions  f o r  the  var ious  s t a g e s  of t h e  

census,  u l t i m a t e l y  a f f e c t i n g  even t h e  com- 

Each of these  methods has impl ica t ions  

f o r  t h e  design of t h e  d a t a  s t o r a g e  and tabula-  

t i o n  systems employed by the  census.  An 
an adjustment ,  and i f  n o t ,  how much more 

r e s e a r c h  i s  needed. Applying t h e  adjustment 

w i l l  have t o  be done f a i r l y  qu ick ly  a f t e r  

reason f o r  an e v a l u a t i o n  of t h e  e v a l u a t i o n  i s  

t o  g ive  a  sense t o  t h e  r e s e a r c h e r  of when t h e  

e v a l u a t i o n  d a t a  a r e  "good enough" t o  use  i n  

d i r e c t i o n  a l s o .  I f  an adjustment i s  t o  be 

pu te r  systems used f o r  processing t h e  census.  

The adjustment has  impl ica t ions  i n  t h e  o t h e r  I account .  That i s ,  t h e  focus  of p a r t  of t h e  

t h e  census i s  complete, and s o  t h e  r e s e a r c h  

on t h e  eva lua t ion  should t a k e  t h i s  i n t o  

t i o n  program should be designed t o  a l l o w  

made, and regress ion  or  borrowed s t r e n g t h  

techniques  a r e  t o  be implemented, t h e  evalua- I ment. A number of key d e c i s i o n s  on how t o  

r e s e a r c h  should be on how t o  come t o  c l o s u r e  

r a p i d l y  on deciding how t o  make t h e  ad jus t -  

t h e  g r e a t e s t  f l e x i b i l i t y  f o r  both measurement 

of t h e  undercount and t h e  use  of broadly 

d i s t r i b u t e d  smal l  a r e a s  a s  u n i t s  i n  t h e  

f o r  genera t ing  e s t i m a t e s  with  low v a r i a n c e ,  

implying l a r g e r  a r e a s  represen ted  i n  t h e  ' I  

make t h e  adjustment cannot  be made u n t i l  t h e  

d a t a  a r e  i n  hand, and e v a l u a t i o n  r e s e a r c h  

should be d i r e c t e d  towards qu ick ly  determining 

r e g r e s s i o n s .  A s  wi th  o ther  phases  of t h i s  

program, t h e r e  i s  a  t radeoff  between t h e  need 

7. CONCLUSIONS 

which adjustment techniques  w i l l  no t  be 

f e a s i b l e .  

sample e s t i m a t e s  (assuming a  PES-like s tudy  I Any type of adjustment int roduced i n t o  

w i l l  be used f o r  the  r e g r e s s i o n s ) ,  v e r s u s  I t h e  census w i l l  have fa r - reach ing  consequences. 

having more u n i t s  a v a i l a b l e  f o r  the  regres -  I It w i l l  a f f e c t  t h e  way t h e  census i s  conducted, 

s i o n s  ( the  regress ion  u n i t s  being s m a l l e r  and / how t h e  i e s u l t s  a r e  pub l i shed ,  t h e  q u a l i t y  of 

more d i v e r s e  would each have a  higher  var- I t h e  f i n a l  d a t a  produced, and even noncensus 

i a n c e ) .  Optimal designs  would have t o  t ake  I o p e r a t i o n s  conducted by t h e  s t a t i s t i c a l  o f f  i c e  

account of t h e  n a t i o n a l  l e v e l  and an upper I o r  o t h e r  o rgan iza t ions  which use census da ta  

bound on the  var iance  of e s t i m a t e s  a t  r e g i o n a l  I f o r  t h e  design of surveys.  The adjustment  

l e v e l s  t o  be used i n  the  regress ions .  w i l l  be time consuming, c o s t l y ,  and r e q u i r e  a 

6. EVALUATION OF THE EVALUATION 

s i g n i f i c a n t  amount of s t a f f  r e s o u r c e s .  

But an adjustment t o  t h e  census may be 

I f  the  eva lua t ion  r e s u l t s  a r e  t o  be used I judged t o  be necessary.  I f  coverage f o r  

t o  a d j u s t  the  census,  then an assessment of I c e r t a i n  populat ion groups is  no t  up t o  t h e  

t h e  q u a l i t y  of t h e  eva lua t ion  is  needed f o r  

two reasons.  The f i r s t  i s  t h a t  adjustment 

s t a n d a r d s  s e t  by t h e  s t a t i s t i c a l  o f f i c e ,  

t h e  adjustment may be of g r e a t  b e n e f i t  t o  
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t h e  popula t ion groups d i s p r o p o r t i o n a t e l y  under- 

r ep resen ted  and t o  t h e  economy a s  a whole. 

A key conclus ion t h a t  should be  drawn 

from t h i s  chap te r  is t h a t ,  a l though  t h e  

adjustment may b e  expensive t o  t h e  n a t i o n a l  

s t a t i s t i c a l  o f f i c e ,  a t  t h e  same t ime it may 

be necessary  t o  r e f l e c t  adequa te ly  t h e  

composit ion of t h e  popu la t ion  be ing  measured. 

8 .  REFERENCES 

S c o t t ,  A l a s t a i r ,  and Smith, Terence M.F. 
1969. "Est imat ion i n  Multi-Stage 

Surveys." Journal of  the American 
S t a t i s t i c a l  Association 64:830-840. 

Sedransk, Joseph. 1977. "Sampling Problems 
i n  t h e  Es t ima t ion  of t h e  Money Supply." 
Jowlnu2 o f  the American S t a t i s t i c a l  
Association 72:516-522. 

S t e i n b e r g ,  Joseph,  ed .  1979. Synthet ic  
Estimates for Small Areas: S t a t i s t i c a l  
Workshop Papers and Discussion. 
Nat iona l  I n s t i t u t e  of Drug Abuse 
Research Monograph 24. Washington, D. C. : 
U.S. Department of Hea l th ,  Educa t ion ,  
and Welfare .  



Chapter  7 .  PLANNING FOR CENSUS E V A L U A T I O N  

Planning f o r  a  census e v a l u a t i o n  program 

h a s  many f a c e t s  i n  common wi th  p lann ing  f o r  

t h e  census i t s e l f .  They i n c l u d e  determining 

o v e r a l l  o b j e c t i v e s ;  o rgan iz ing ,  r e c r u i t i n g  and 

t r a i n i n g  of s t a f f ;  d a t a  c o l l e c t i o n ,  process-  

i n g ,  a n a l y s i s  and p u b l i c a t i o n ;  budget ing;  

developing and moni tor ing d e t a i l e d  schedu les  

of o p e r a t i o n s ;  and dea l ing  w i t h  r e l e v a n t  

i s s u e s  concerning p u b l i c i t y ,  c o n f i d e n t i a l i t y  

and l e g a l  mandates. 

When f i e l d  s t u d i e s ,  such a s  a  coverage 

s t u d y  t o  measure an undercount o r  an i n t e r -  

p e n e t r a t i o n  des ign  t o  s tudy s y s t e m a t i c  enumer- 

a t o r  e r r o r s ,  a r e  t o  c o n s t i t u t e  one o r  more 

components of t h e  e v a l u a t i o n ,  t h e  p lann ing  

p rocess  t a k e s  on t h e  a d d i t i o n a l  r equ i rements  

necessary  f o r  p lanning any moderate ly  complex 

sample survey.  I n  a d d i t i o n  t o  t h e  e lements  

a l r e a d y  mentioned f o r  census  p lann ing ,  each of 

which i s  a l s o  necessary  f o r  any f i e l d  s t u d y ,  

t h e r e  i s  a  need f o r  developing t h e  e v a l u a t i o n  

q u e s t i o n n a i r e  and t h e  survey p l a n ,  des ign ing  

t h e  sample, p r e t e s t i n g ,  mapping, case-by-case 

matching ( i n  a  coverage s t u d y ) ,  and p r e p a r i n g  

t h e  v a r i o u s  e s t i m a t e s  wi th  r e q u i s i t e  measures 

of p r e c i s i o n .  

F u r t h e r ,  t h e  use of a d m i n i s t r a t i v e  r e -  

c o r d s  and/or  demographic t echn iques  i n  t h e  

e v a l u a t i o n  imposes s t i l l  more planning r e q u i r e -  

ments beyond those  necessary  f o r  census- 

t a k i n g  o r  f o r  survey o p e r a t i o n s .  With t h e  use  

of demographic methods, a l l o c a t i o n  of ( e x i s t -  

i n g )  s t a f f  becomes an important  p lann ing  

c o n s i d e r a t i o n .  I n  a d d i t i o n ,  p lanning needs  

i n c l u d e  determining the  o v e r a l l  measurement 

methodology, inc lud ing  choosing among compet- 

i n g  t echn iques ;  and acqu i r ing ,  assembl ing and 

u s i n g  v a r i o u s  independent d a t a  f i l e s  and d a t a  

p rocess ing  p r o t o c o l s .  

F i n a l l y ,  even though t h e  concept of in -  

dependence i s  a  guiding p r i n c i p l e  t h a t  pervades  

t h e  des ign  of an e v a l u a t i o n  program, coord i -  

na ted  planning of t h e  program cannot  be  inde-  

pendent of t h e  census .  

2 .  GENERAL REQUIREMENTS 

In  developing t h e  o v e r a l l  p l a n  f o r  evalu-  

a t i n g  a  popu la t ion  and hous ing  census ,  t h e r e  

a r e  many f e a t u r e s  of t h e  p r o c e s s  which a r e  n o t  

u n l i k e  those  f o r  any l a r g e - s c a l e  d a t a  c o l l e c -  

t i o n  program, such a s  t h e  c e n s u s  i t s e l f .  

Perhaps  t h e r e  i s  no g r e a t e r  o b s t r u c t i o n  

t o  ach iev ing  a  s a t i s f a c t o r y  e v a l u a t i o n  program 

than  f a i l i n g  t o  s e t  f o r t h ,  e a r l y  enough, c l e a r  

and unambiguous o b j e c t i v e s  t o  b e  served by t h e  

e v a l u a t i o n .  This  i s  t r u e  whether  t h e  objec-  

t i v e s  a r e  modest o r  comprehensive.  I f  t h e  

group i n  charge of o v e r a l l  c e n s u s  p o l i c y  ' 

p lann ing  can s e t t l e  upon what is wanted ou t  of 

t h e  e v a l u a t i o n ,  t h e  t a s k  of d e s i g n i n g  how b e s t  

t o  do i t  i s  made c o n s i d e r a b l y  e a s i e r  f o r  t h e  

t e c h n i c a l  e v a l u a t i o n  s t a f f .  Too o f t e n ,  i n  

t h e  absence of wel l -def ined and s t a t e d  objec- 

t i v e s ,  e v a l u a t i o n  "planning" b e g i n s  wi th  un- 

focused d i s c u s s i o n s  and arguments on how t o  

do an e v a l u a t i o n  r a t h e r  t h a n  what t o  do.  

Though t h e  f e a s i b i l i t y  of under tak ing  any 

e v a l u a t i o n  e f f o r t  h a s ,  of n e c e s s i t y ,  t o  be 

p a r t  of t h e  planning p r o c e s s ,  d e c i d i n g  upon an 

a p p r o p r i a t e ,  p r a c t i c a l  methodology f o r  evalu- 

a t i o n  i s ,  n e v e r t h e l e s s ,  t h e  second major 

a c t i v i t y  t o  be developed. The f i r s t  i s  t o  

dec ide  and a g r e e  upon what t h e  e v a l u a t i o n  is 
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t o  f i n d  o u t .  I n  a s c e r t a i n i n g  what an evalu-  

a t i o n  should encompass, t h e r e  a r e  many consid- 

e r a t i o n s ,  b u t  t h e  most impor tan t  a r e  scope,  

c o s t ,  r e sources  and f e a s i b i l i t y .  

2.11 Scope.--The scope of a  census  

e v a l u a t i o n  program i s  h i g h l y  dependent on t h e  

u s e s  t h a t  a r e  t o  be made of t h e  census d a t a  

i t s e l f .  A s  a  h y p o t h e t i c a l  example, one 

country  may have a  l e g i s l a t i v e  requirement  t o  

o b t a i n  t h e  "bes t  e s t ima te"  of t h e  popu la t ion  

a t  t h e  n a t i o n a l  l e v e l  based on t h e  census  

r e s u l t s .  With p r i o r  evidence of undercounts  

i n  p rev ious  censuses ,  t h e  census  p lann ing  

group could p l a u s i b l y  dec ide  t h a t  t h e  b e s t  

s t r a t e g y  f o r  f u l f i l l i n g  t h e  l e g i s l a t i v e  r e -  

quirement would be  t o  a d j u s t  t h e  nat ionwide 

census  t o t a l  on t h e  b a s i s  of a  concur ren t  e s t i -  

mate of t h e  underco,unt. The planning group 

might conclude,  t h e r e f o r e ,  t h a t  t h e  only  

o b j e c t i v e  of t h e i r  e v a l u a t i o n  program would be  

t o  e s t i m a t e  t h e  undercount.  

The above example s p e c i f i e s  a  s imple  

o b j e c t i v e ,  though no t  an  easy one t o  implement. 

It i s  more l i k e l y  t h a t  an e v a l u a t i o n  program 

would s e r v e  m u l t i p l e  o b j e c t i v e s .  An appro- 

p r i a t e  s c e n a r i o  could  be a  country  t h a t  wishes  

Est imate  t h e  census  undercount a t  
t h e  n a t i o n a l  l e v e l ,  wi th  a  c e r t a i n  
r e l i a b i l i t y ;  

Est imate  t h e  census  undercount a t  
t h e  r e g i o n a l ,  p r o v i n c i a l ,  o r  o t h e r  
subna t iona l  l e v e l ,  a t  s p e c i f i e d  
r e l i a b i l i t y  l e v e l s  t h a t  a r e  equa l ,  
f o r  example, by reg ion  but  l e s s  
than t h e  s p e c i f i e d  r e l i a b i l i t y  f o r  
t h e  n a t i o n a l  e s t i m a t e ;  

Analyze evidence of age mis repor t ing ;  

Compare r a c e / e t h n i c i t y  e s t i m a t e s  
wi th  independent d a t a ;  

Measure t h e  e x t e n t  of response  
v a r i a t i o n  on new census  q u e s t i o n s  
designed t o  t a p  i n t e r n a l  migra t ion ;  

(6) Study t h e  c o r r e l a t e d  component e f f e c t  
(enumerator v a r i a n c e )  t o  p rov ide  
informat ion t o  gu ide  a  d e c i s i o n  on 
t h e  p o s s i b l e  u s e  of se l f - admin i s t e red  
q u e s t i o n n a i r e s  i n  a  f u t u r e  census;  

(7 )  Analyze t h e  undercoverage e s t i m a t e s  
by v a r i o u s  socioeconomic c a t e g o r i e s  
t o  t h e  e x t e n t  p r a c t i c a b l e ,  g iven 
r e l i a b i l i t y  l i m i t a t i o n s ,  i n  o r d e r  t o  
i d e n t i f y  popu la t ion  subgroups  where 
improved coverage methods might be 
t r i e d  i n  t h e  nex t  census .  

It seems c l e a r  t h a t  t h e  scope  of census 

e v a l u a t i o n  may range b road ly  from hav ing  a  

s i n g l e  o b j e c t i v e  t o  having m u l t i p l e  o b j e c t i v e s .  

N a t u r a l l y ,  t h e  more o b j e c t i v e s  t h e r e  a r e ,  t h e  

g r e a t e r  t h e  need f o r  sound p l a n n i n g  e a r l y  i n  

t h e  census  p rocess .  With m u l t i p l e  o b j e c t i v e s ,  

t h e  p lann ing  f u n c t i o n  i s  t h e  o n l y  way t o  sa fe -  

guard a g a i n s t  c o n f l i c t i n g  o b j e c t i v e s  o r  t o  

p rov ide  t h e  kind of o v e r s i g h t  needed t o  ensure  

t h a t  o t h e r  important  o b j e c t i v e s  a r e  no t  

n e g l e c t e d .  

2.12 Cost.--The f i r s t  d e c i s i o n  t h a t  t h e  

census  planning group must make w i t h  r e s p e c t  

t o  e v a l u a t i o n  planning i s  whether  t h e r e  is t o  

be  a  meaningful e v a l u a t i o n  program o r  n o t .  

T h i s  i s  n o t  s t r i c t l y  a  p o l i c y  o r  program 

c o n s i d e r a t i o n ;  c o s t  i s  a  de te rmin ing  f a c t o r .  

When one c o n s i d e r s  t h a t  a  comprehensive evalu- 

a . t ion program could  account  f o r  5 t o  1 0  per- 

c e n t  of t h e  t o t a l  census  budge t ,  c e r t a i n  

c h o i c e s  must be made. For example,  i f  samp- 

l i n g  i s  used i n  t h e  census  enumerat ion t o  

g a t h e r  some of t h e  q u e s t i o n n a i r e  i t e m s ,  i t  i s  

r e l e v a n t  t o  cons ide r  whether i n c r e a s i n g  t h e  

sample s i z e  (commensurate w i t h  t h e  5 t o  10 

p e r c e n t  e v a l u a t i o n  a l l o c a t i o n )  t o  improve t h e  

r e l i a b i l i t y  of e s t i m a t e s  f o r  s m a l l  a r e a s  might 

n o t  b e t t e r  s e r v e  t h e  o v e r a l l  a ims of t h e  cen- 

s u s  than conduct ing a  post -enumerat ion survey 

t o  measure undercoverage.  

I n  most c o u n t r i e s  w i t h  s c a r c e  r e s o u r c e s ,  

t h i s  and o t h e r  cho ices  must be  made i n  
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deciding whether t o  a l l o c a t e  funds f o r  evalu- 

a t i o n .  It i s  necessary  t o  make t h e  appropr i -  

a t e  t r a d e - o f f s  between e v a l u a t i o n  and o t h e r  

competing a c t i v i t i e s ,  such a s  v e r i f i c a t i o n  of 

coded i t ems ,  nonresponse follow-up, v e r i f i c a -  

t i o n  of d a t a  e n t r y ,  and a  number of o t h e r  

d e s i r a b l e  q u a l i t y  c o n t r o l  e f f o r t s .  It gener- 

a l l y  is f e l t  i n  most c o u n t r i e s  today,  however, 

t h a t  census e v a l u a t i o n  i s  an  i n t e g r a l  p a r t  

of census- taking,  and s o  t h e  i d e a l  s i t u a t i o n  - 
i s  f o r  census  p lanners  t o  a l l o c a t e  some 

amount of funding f o r  t h e  conduct of a  defen- 

s i b l e  e v a l u a t i o n  program. 

2.13 Resources.--Costs a r e  c l e a r l y  

important ,  b u t  t h e  a v a i l a b i l i t y  of o t h e r  

r e sources  a s  we l l  impinge upon t h e  p lann ing  

c o n s i d e r a t i o n s  i n  census e v a l u a t i o n .  It may 

be  necessary  t o  i n c r e a s e  t h e  e x i s t i n g  s t a f f  

wi th  s e v e r a l  s t a t i s t i c i a n s  t r a i n e d  i n  demog- 

raphy, mathematical  s t a t i s t i c s ,  sampling,  

exper imental  des ign and survey methodology, 

a s  w e l l  a s  computer programmers wi th  mathe- 

m a t i c a l  t r a i n i n g .  The need f o r  s p e c i a l i z e d  

equipment, such a s  microcomputers f o r  some of 

t h e  t e c h n i c a l  ana lyses ,  has  t o  be a s s e s s e d  i n  

t h e  i n i t i a l  s t a g e s  of p lanning.  Data process-  

i n g  requirements  i n  p a r t i c u l a r  can be t roub le -  

some i f  n o t  p roper ly  planned; though t h e  

p rocess ing  needs  f o r  an e v a l u a t i o n  program a r e  

no t  l i k e l y  t o  be a s  e x t e n s i v e  a s  those  f o r  

t h e  main census ,  they a r e  d i f f e r e n t  and can 

be more complicated.  

Hence, c l o s e  examination of t h e  o v e r a l l  

r e source  requ i rements ,  by type  and amount, 

i s  necessa ry  t o  he lp  shape t h e  scope and 

s c a l e  of t h e  e v a l u a t i o n  program. 

2.14 Feas ib i l i ty . - -C lose ly  r e l a t e d  t o  

t h e  r e s o u r c e  c o n s i d e r a t i o n s  i n  p lanning f o r  

census  e v a l u a t i o n  i s  t h e  i s s u e  of f e a s i b i l i t y .  

For a  country  which may have never conducted 

a  comprehensive census e v a l u a t i o n ,  i t  simply 

may no t  be f e a s i b l e  t o  p lan  a  complex 
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e v a l u a t i o n  program r e q u i r i n g  enormous t e c h n i c a l  

r e s o u r c e s  o r  s e v e r a l  s t a g e s  of p r e t e s t i n g .  On 

t h e  o t h e r  hand, many o p t i o n s  f o r  examining 

c u r r e n t  census d a t a  f o r  c o n s i s t e n c y  and 

reasonab leness  a r e  a v a i l a b l e  t o  any coun t ry ,  

s o  t h a t  t e c h n i c a l  f e a s i b i l i t y  should  n o t  be  a  

p a r t i c u l a r  h indrance f o r  t h e s e  methods of 

e v a l u a t i o n  ( see  c h a p t e r  4 )  . 

The h i g h e s t  l e v e l s  of management i n  t h e  

s t a t i s t i c a l  agency r e s p o n s i b l e  f o r  t h e  census  

must be  f u l l y  committed t o  b o t h  t h e  philosophy 

and t h e  implementation of census  e v a l u a t i o n .  

An a lmost  c e r t a i n  way t o  doom a n  e v a l u a t i o n  

program i s  t o  t r y  t o  c a r r y  one o u t  wi thout  

such commitment. Lack of i n s t i t u t i o n a l  

commitment can l e a d  t o  damaging m o d i f i c a t i o n s  

o r  cu tbacks  i n  t e c h n i c a l  s t a g e s  of t h e  evalu- 

a t i o n  o r  even t o t a l  abandonment of t h e  program, 

under t h e  combination of i n t e n s e  p r e s s u r e  and 

s c a r c e  r e s o u r c e s  which must b e  devoted t o  

complet ing t h e  main census .  

O r g a n i z a t i o n a l l y  t h e r e  shou ld  be  des ig-  

na ted  a  d i r e c t o r  of t h e  census  e v a l u a t i o n  

program who gu ides  t h e  t o t a l i t y  of t h e  e f f o r t .  

The e v a l u a t i o n  d i r e c t o r  s h o u l d ,  however, have 

np o t h e r  r e s p o n s i b i l i t i e s  i n  connec t ion  with 

t h e  main census  o p e r a t i o n .  T h i s  pe r son  should 

be a  member of t h e  c e n t r a l  c e n s u s  ( p o l i c y )  

p lann ing  group and shou ld  r e p o r t  d i r e c t l y  t o  

t h e  census  d i r e c t o r .  Depending upon t h e  scope 

of t h e  e v a l u a t i o n  program, t h e  e v a l u a t i o n  u n i t  

could be  s t a f f e d  i n  a  v a r i e t y  of ways. A 

c r i t i c a l  requirement ,  however, is t h e  need f o r  

independence from t h e  main c e n s u s .  The s t a f f  

t h a t  a r e  charged wi th  c a r r y i n g  o u t  t h e  evalu- 

a t i o n  must be d e d i c a t e d  t o  t h a t  e f f o r t  wi th  

no o t h e r  o p e r a t i o n a l  r e s p o n s i b i l i t i e s  i n  t h e  

main census  t o  t h e  e x t e n t  f e a s i b l e .  Indepen- 

d e n t  e v a l u a t i o n  i s  one of t h e  s t a n d a r d s  of 

des ign ,  and t h i s  p r e c e p t  e x t e n d s  t o  t h e  s t a f f  

working on e v a l u a t i o n .  
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With rega rd  t o  t r a i n i n g ,  t h e  s e l e c t i o n  

c r i t e r i a  f o r  choosing enumerators and t h e  type  

of t r a i n i n g  given may d i f f e r  cons ide rab ly  from 

t h a t  f o r  t h e  main census .  Otherwise ,  t h e r e  i s  

no th ing  s p e c i a l i z e d  about r ec ru i tmen t  o r  t r a i n -  

i n g  of e i t h e r  o f f i c e  s t a f f  o r  f i e l d  pe r sonne l  

f o r  census e v a l u a t i o n  compared t o  t h e  main 

census  i t s e l f .  It i s  only necessa ry  t o  p l a n  

f o r  t r a i n i n g  i n  t h e  e a r l y  s t a g e s  of t h e  census  

p rocess  i n  o r d e r  t o  ensure  t h a t  adequate  s t a f f -  

i n g  w i l l  be a v a i l a b l e  t o  conduct t h e  e v a l u a t i o n  

e f f i c i e n t l y  . 

With t h e  scope of t h e  e v a l u a t i o n  f i r m l y  

i n  mind (see  s e c t i o n  2.11),  t e c h n i c a l  p lanning 

can begin .  Here t h e r e  a r e  d i f f e r e n t  l e v e l s  of 

p lanning,  e s p e c i a l l y  i f  t h e  e v a l u a t i o n  scope 

i s  mul t i f ace ted  wi th  many d i v e r s e  o b j e c t i v e s .  

J u s t  a s  i t  i s  t h e  r e s p o n s i b i l i t y  of t h e  census  

planning group t o  ensure  t h a t  t h e  o v e r a l l  

o b j e c t i v e s  a r e  i n t e g r a t e d  and n o n c o n f l i c t i n g ,  

t h a t  group a l s o  h a s  an  o v e r s i g h t  r e s p o n s i b i l i t y  

f o r  i n t e g r a t i o n  of t h e  t e c h n i c a l  p lann ing .  

The r e s p o n s i b i l i t y  f o r  d e v i s i n g  t h e  de- 

t a i l e d  p lans  would b e  pa rce led  ou t  t o  s e v e r a l  

t e c h n i c a l  p lanning groups,  each of which would 

be  i n  charge of a  p a r t i c u l a r  component of t h e  

eva lua t ion .  For example, i t  might b e  reason- 

a b l e  and e f f i c i e n t  t o  e s t a b l i s h  t h r e e  t echn i -  

c a l  groups,  i n  cha rge ,  r e s p e c t i v e l y ,  of ( a )  

a  post-enumeration survey,  (b)  a  c o n t e n t  r e -  

in te rv iew check and (c )  a n a l y s i s  us ing  demo- 

g raph ic  techniques .  Each group would develop 

i t s  own t e c h n i c a l  p l a n s ,  commensurate wi th  t h e  

o b j e c t i v e s  mandated by t h e  census  planning 

group, and work somewhat independent ly  of each 

o t h e r  wi th in  s p e c i f i e d  g u i d e l i n e s  f o r  des ign .  

This  i s  not t o  sugges t  t h a t  c o o r d i n a t i o n  of 

t h e  planning f u n c t i o n s  c a r r i e d  on by each 

t e c h n i c a l  group i s  n o t  e s s e n t i a l  ( see  s e c t i o n  

5 ) .  These t e c h n i c a l  groups should ,  however, 

i n c l u d e  some members of t h e  main census  opera- 

t i o n  t o  enhance communication and,  consequent- 

l y ,  t h e  f i n a l  product .  

What a r e  t h e  b a s i c  e l ements  of sound 

t e c h n i c a l  p lanning? F i r s t  and fo remos t ,  

t h e  o b j e c t i v e s  of t h e  e v a l u a t i o n  have t o  be 

c l e a r ,  unambiguous, and s p e c i f i c  ( t h i s  h a s  

a l r eady  been d i scussed  a t  l e n g t h  i n  

s e c t i o n  2.1).  Beyond t h a t  is t h e  need f o r  

c o o r d i n a t i o n  wi th  census  o p e r a t i o n s ,  o v e r a l l  

manageab i l i ty ,  d e c i s i o n s  on t h e  c h o i c e  of 

methodologies,  and development of t h e  

e v a l u a t i o n  des ign .  

2.31 R e l a t i o n  t o  o v e r a l l  o b j e c t i v e s . - -  

A s  mentioned, t h e  need f o r  good, c l e a r  objec-  

t i v e s  is mandatory and h a s  a l r e a d y  been 

expounded. The reason  t h i s  i s  s o  impor tan t  t o  

t e c h n i c a l  p lanning is t h a t  any s t a t i s t i c a l ,  

t e c h n i c a l  o r  o p e r a t i o n a l  p l a n  t h a t  i s  con- 

s i d e r e d  i s  much e a s i e r  t o  f o r m u l a t e  when t h e  

g o a l s  of t h e  e v a l u a t i o n  a r e  wel l -unders tood by 

t h e  des ign  t e c h n i c i a n s .  

2.32 Coordinat ion w i t h  census  opera- 

tions.--Much e v a l u a t i o n  work i s  dependent upon 

t h e  census m a t e r i a l s  themse lves .  The a v a i l -  

a b i l i t y  of maps f o r  a  PES, t h e  degree  of 

t a b u l a t i o n  d e t a i l  of t h e  census  e s t i m a t e s  f o r  

demographic a n a l y s i s ,  and t h e  t iming  of both 

t h e  f i e l d  work and d a t a  p r o c e s s i n g  f o r  t h e  

census  a r e  j u s t  a few examples of t h e  many 

census  a c t i v i t i e s  t h a t  have t o  be  taken i n t o  

account by t h e  e v a l u a t i o n  s p e c i a l i s t s  i n  

p lann ing .  

It i s  apparent  t h a t  thorough f a m i l i a r i -  

z a t i o n  wi th  t h e  census  p l a n s  and o p e r a t i o n a l  

schedu le  i s  a  p r e r e q u i s i t e  f o r  e v a l u a t i o n  

p lann ing .  I t  i s  e q u a l l y  a p p a r e n t  t h a t  t h e  

e v a l u a t i o n  p l a n s  must f i t  t o g e t h e r  wi th  t h e  

census  o p e r a t i o n s .  Th i s  of c o u r s e  must be 

accomplished wi th  minimum d i s r u p t i o n  t o  on- 

going census  a c t i v i t i e s .  
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2.33 Manageability.--The p a r t i c u l a r  

eva lua t ion  scheme t h a t  is proposed obviously  

must be manageable, i n  s e v e r a l  ways. The 

complexity of t h e  o p e r a t i o n a l  and measurement 

t a s k s  s e t  f o r t h  must be w i t h i n  t h e  c a p a b i l i t y  

of the  s t a f f  t o  c a r r y  them o u t ,  o r  e l s e  out- 

s i d e  a s s i s t a n c e  must be planned. Timing con- 

s i d e r a t i o n s  must be r e a l i s t i c a l l y  planned with  

allowances f o r  contingency o p e r a t i o n s .  An- 

t i c i p a t e d  u s e  of da ta  o r  m a t e r i a l s  from o t h e r  

m i n i s t r i e s  a s  i n p u t  t o  t h e  e v a l u a t i o n  e s t i m a t e s  

must be researched i n  advance with  r e s p e c t  t o  

a v a i l a b i l i t y ,  r e levance ,  t i m e l i n e s s  and u t i l i t y .  

2.34 Choice of methodologies . - - Ini t ia l  

dec i s ions  on t h e  choice of s u i t a b l e  methodol- 

og ies  must be  made by t h e  t e c h n i c a l  p lanning 

group. Eva lua t ion  techniques  a r e  evolving 

wi th  new and improved methods coming about  

r a p i d l y .  But d i f f e r e n t  methods work i n  d i f -  

f e r e n t  c o u n t r i e s ,  and what may be a  u s e f u l  

eva lua t ion  t o o l  i n  one census may be seen t o  

be obso le te  by t h e  nex t .  I n  many c o u n t r i e s  

t h e  choice of an e v a l u a t i o n  measurement method 

i s  cons t ra ined  s e v e r e l y ,  n o t  by t h e  l a c k  of 

e x p e r t i s e  o r  knowledge, but by t h e  l a c k  of 

s u i t a b l e  independent d a t a  t h a t  might be used 

f o r  comparative purposes.  

The e v a l u a t i o n  p lanners  thus  have t o  

choose methods and techniques  t h a t  a r e  robus t  

and p r a c t i c a l ,  y e t  germane and f a i t h f u l  t o  

t h e  o b j e c t i v e s  . 
2.35 E l o p m e n t  of design.--The design 

of an eva lua t ion  program can perhaps b e s t  be 

def ined by t h e  s tudy  methodology t o  be used. 

The study methodology is  a l s o  r e f e r r e d  t o  a s  

t h e  "research plan";  it  e n t a i l s  t h e  s p e c i f i -  

c a t i o n  of t h e  parameters  of t h e  design.  

These parameters inc lude  when and how t h e  da ta  

w i l l  be c o l l e c t e d ,  op t imiza t ion  determinants  

i n  balancing c o s t s  a g a i n s t  va r iance  and b i a s ,  

the  c h a r a c t e r i s t i c s  of t h e  sample design ( i f  

sampling i s  u s e d ) ,  the  t a r g e t  populat ion t o  

be s t u d i e d ,  t h e  p r o p e r t i e s  of  e s t i m a t o r s  t o  

be used,  e t c .  

Where planning p l a y s  a  key r o l e  i n  design 

development i s  i n  recogn iz ing  t h e  need f o r  

modi f i ca t ions ,  which a r e  i n e v i t a b l e ,  i n  t h e  

i n i t i a l  des ign  parameters .  Hence, p lann ing  

f o r  v a r i o u s  design c o n t i n g e n c i e s  i s  probably 

necessa ry ,  o r  a c t u a l l y  p lann ing  a l t e r n a t i v e  

des igns  may be requ i red .  

A s  an example, Procedure  A f o r  t h e  PES 

( see  c h a p t e r  2)  cannot f e a s i b l y  be  used i n  a  

de j u r e  census .  The census  p l a n n i n g  group 

may be undecided about whether t o  u s e  de j u r e  

o r  de f a c t o  methods and they may t h e r e f o r e  

p l a n  t o  conduct some f i e l d  tests b e f o r e  making 

t h e  d e c i s i o n .  The s tudy  d e s i g n  s p e c i a l i s t s  

i n  charge of t h e  PES cannot  "design" t h e  u s e  

of Procedure A i n t o  t h e  e v a l u a t i o n  program 

u n t i l  a  d e c i s i o n  is reached about  a d e  j u r e  

ve rsus  a  de f a c t o  enumeration. I n  t h i s  

i n s t a n c e  i t  would behoove t h e  e v a l u a t i o n  des- 

ign  group n o t  only t o  p l a n  f o r  Procedure  A 

c o n d i t i o n a l l y  ( i f  i t  is o t h e r w i s e  deemed 

v i a b l e ) ,  bu t  a l s o  t o  develop a l t e r n a t i v e s  t o  

Procedure A .  

A comprehensive census  e v a l u a t i o n  can 

e a s i l y  demand a s  much a s  1 0  p e r c e n t  of t h e  

t o t a l  budget f o r  t h e  census .  P lann ing  t h e  

budget f o r  t h e  census e v a l u a t i o n  must be  done 

a t  the  same time planning t h e  budget f o r  t h e  

census  t a k e s  p lace .  When funds  f o r  t h e  census  

a r e  l e g i s l a t i v e l y  a u t h o r i z e d  o r  sought  from 

donor o r g a n i z a t i o n s ,  they  must i n c l u d e ,  

s p e c i f i c a l l y ,  a  l i n e  i t e m  f o r  t h e  e v a l u a t i o n  

component. De ta i l ed  budgets  w i l l  have t o  be 

developed by each s t a f f  r e s p o n s i b l e  f o r  t h e  

va r ious  e v a l u a t i o n  modules (e .g . ,  t h e  PES 

program, t h e  demographic a n a l y s i s  program, 

e t c . )  which make up t h e  o v e r a l l  e v a l u a t i o n  

e f f o r t .  
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2 . 5  VcweLupment and mani;tohing 0 6  bcheduRu 

Planning t o  develop d e t a i l e d  schedu les  

of a l l  o p e r a t i o n s  i n  t h e  e v a l u a t i o n  program 

i s  recommended. For a  m u l t i f a c e t e d  e f f o r t ,  a  

s e p a r a t e  d e t a i l e d  schedule  f o r  each e v a l u a t i o n  

s tudy o r  component i s  necessary .  

It i s  recommended t h a t  f lowchar t ing  o f  

major o p e r a t i o n s  and a c t i v i t i e s  precede t h e  

p r e p a r a t i o n  of d e t a i l e d  schedu les .  Again, 

t h e  more comprehensive o r  complex t h e  evalua-  

t i o n ,  t h e  more t h i s  is  needed. I d e a l l y  t h e  

f lowchar t ( s )  would show t h e  i n t e g r a t i o n  and 

r e l a t i o n s h i p  of o p e r a t i o n s  among t h e  s e p a r a t e  

eva lua t ion  components, 

and t h e  r e l e v a n t  

n e c t i o n s  wi th  main census o p e r a t i o n s  ( f o r  

example, how matching PES c a s e s  f i t s  wi th  

census  p rocess ing) .  

With t h e  e x i s t e n c e  of good schedu les ,  

e v a l u a t i o n  managers can monitor p rogress  

more e a s i l y ,  and i n  doing so ,  they  can a l s o  

s e e  where a l t e r a t i o n s  i n  p lans  must be made 

because of unforeseen snags.  

2.6 Pubficity, c a n ~ i d e v L t i U y ,  and Rcgd 
mandate 

I n  most c o u n t r i e s  a  p e r i o d i c  popu la t ion  

census i s  l e g i s l a t i v e l y  a u t h o r i z e d .  And, a l s o  

by law, response  t o  t h e  census q u e s t i o n n a i r e  

i s  mandatory. It i s  important  t h a t  t h e r e  a l s o  

be a  l e g i s l a t i v e  b a s i s  f o r  conduct ing a  census  

eva lua t ion .  

When second in te rv iews  a r e  taken w i t h  a  

sample of respondents  f o r  e v a l u a t i o n  purposes ,  

whether wi th  t h e  same q u e s t i o n n a i r e  o r  a  

d i f f e r e n t  one,  i t  i s  c r i t i c a l  t h a t  respondents  

unders tand why. Enumerators must be prepared 

t o  g ive  a  b r i e f  exp lana t ion  of t h e  r eason  f o r  

t h e  second i n t e r v i e w  and how i t  i s  t o  be used.  

I n  t h i s  connect ion advance p u b l i c i t y  of' t h e  

f a c t  t h a t  some households ,  t o  be  chosen s t r i c t -  

l y  a t  random, w i l l  be asked t o  respond t o  a  

second census - re la t ed  e v a l u a t i o n  q u e s t i o n n a i r e  

i s  u s e f u l  t o  f o s t e r  coopera t ion  and h igh  

response  r a t e s .  

When t h e r e  i s  a  l e g a l  mandate f o r  t h e  

e v a l u a t i o n  i t  is  e a s i e r  t o  p l a n  bo th  an 

a p p r o p r i a t e  p u b l i c i t y  campaign and t h e  c o n t e n t  

of prepared s t a t ements  t h a t  enumerators  can 

u s e  t o  persuade r e l u c t a n t  r e sponden t s .  Of 

course ,  i f  r e sponse  t o  t h e  e v a l u a t i o n  ques t ion-  

n a i r e  is mandatory, t h i s  requirement  must be  

made known t o  respondents .  

Rela ted t o  t h e  l e g a l  a s p e c t s  of d a t a  

c o l l e c t i o n  i s  t h e  i s s u e  o f  c o n f i d e n t i a l i t y .  

I n  c o u n t r i e s  where i n d i v i d u a l  r e sponses  t o  

census  q u e s t i o n s  a r e  c o n f i d e n t i a l  and used 

only  f o r  s t a t i s t i c a l  a g g r e g a t i o n ,  t h e  evalua-  

t i o n  responses  should a l s o  be  t r e a t e d  conf i -  

d e n t i a l l y .  Respondents must be  informed of 

t h i s .  Reinterview surveys  a r e  sometimes 

p a r t i c u l a r l y  d i f f i c u l t  because  some responden t s  

may f e e l  t h a t  they  a r e  b e i n g  checked on due t o  

something being "wrong" w i t h  t h e i r  r e sponses  

i n  t h e  main census  q u e s t i o n n a i r e .  This  sen- 

s i t i v e  problem can be l e s s e n e d  i f  t h e  enumerator 

enumerator can emphasize t h e  random manner i n  

which t h e  respondent  was chosen ,  t h e  conf i -  

d e n t i a l  n a t u r e  of t h e  q u e s t i o n n a i r e ,  and t h a t  

t h e  r e s u l t s  a r e  t o  be used  o n l y  f o r  s t a t i s t i c a l  

purposes .  

The c o n f i d e n t i a l i t y  i s s u e  on t h e  use  of 

a d m i n i s t r a t i v e  r e c o r d s  i s  a l s o  important  i n  

p lann ing  t h e  e v a l u a t i o n  program. For example, 

i f  c i v i l  r e g i s t r a t i o n  l i s t s  a r e  t o  be used 

t o  do a  r ecord  match t o  e s t i m a t e  t h e  number 

of a l i e n s ,  i t  would be n e c e s s a r y  t o  p lan  what 

exchange of in fo rmat ion  between t h e  census  

agency and t h e  c i v i l  r e g i s t r a t i o n  agency would 

b e  kept  c o n f i d e n t i a l ,  and how i t  would b e  

done. 
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3. S P E C I A L  REQUIREMENTS FOR F I E L D  S T U D I E S  

There a r e  a  h o s t  of concerns r e l a t e d  t o  

planning t h a t  a r e  genera l ly  a p p l i c a b l e  t o  cen- 

sus  eva lua t ion  a s  discussed i n  s e c t i o n  2. 

Depending upon t h e  s p e c i f i c  n a t u r e  of t h e  

eva lua t ion  program, t h e r e  a r e  a d d i t i o n a l  con- 

ce rns .  This s e c t i o n  d e a l s  w i t h  those  s p e c i f i c  

planning i s s u e s  f o r  an eva lua t ion  program t h a t  

i n c l u d e s  f i e l d  s t u d i e s  o r  i n v e s t i g a t i o n s .  

3.7 Que&ionn&e d e k g n  and nuhvey plan 

The planning which i s  necessary f o r  the  

design of f i e l d  q u e s t i o n n a i r e s  and, i n  genera l ,  

t h e  development of t h e  o v e r a l l  e v a l u a t i o n  

survey is  no t  conceptual ly  d i f f e r e n t  from t h a t  

f o r  any sample survey. A s  such, t h e r e  i s  t h e  

need t o  plan t h e  q u e s t i o n n a i r e  c o n t e n t ,  word- 

ing  and l ayou t ;  the  t iming and d i s t r i b u t i o n  of 

t h e  f i e l d  work; t h e  t iming and method of proc- 

e s s i n g  the completed ques t ionna i res ;  e t c .  

Where planning f o r  ques t ionna i re  des ign /  

survey opera t ions  i s  d i s t i n c t  f o r  census 

e v a l u a t i o n  i s  i n  t h e  n e c e s s i t y  f o r  complete 

i n t e g r a t i o n  o r  coord ina t ion  with  t h e  main cen- 

sus .  Quest ionnaire  content  f o r  e v a l u a t i o n  

i s  unavoidably t i e d  t o  a  subse t  of census 

con ten t ,  al though t h e  exac t  wording and design 

a r e  n o t .  For example, a  r e i n t e r v i e w  s tudy 

might be designed t o  a s s e s s  response v a r i a t i o n  

on census r e p o r t i n g  of s i n g l e  years  of age; 

the  measurement ins t rument ,  o r  q u e s t i o n n a i r e ,  

might be r a d i c a l l y  d i f f e r e n t  i n  approach, se- 

quencing, o r  wording than t h e  census quest ion-  

n a i r e ,  though both may con ta in  t h e  same sub- 

s t a n t i v e  content  f o r  age measurement. 

Thus i n  planning t h e  e v a l u a t i o n  survey,  

p lanners  must be keenly aware of t h e  need f o r  

s u f f i c i e n t  l ead  time t o  develop t h e  i n s t r u -  

ments. It i s  p a r t i c u l a r l y  l i k e l y ,  f o r  example, 

t h a t  p r e t e s t i n g  v a r i o u s  v e r s i o n s  of e v a l u a t i o n  

ques t ionna i res  w i l l  be necessary when t h e  pro- 

posed instrument i s  otherwise  u n t r i e d .  Of 

equa l  importance i s  t h e  need fo'r e v a l u a t i o n  

p lanners  t o  t a k e  heed of how changes i n  census 

p l a n s  can a f f e c t  t h e  e v a l u a t i o n  p l a n .  For 

example, t h e  census planning group may conduct 

a  p r e t e s t  of s e v e r a l  q u e s t i o n s  on d i s a b i l i t y  

be fore  dec id ing  whether t o  i n c l u d e  t h o s e  

ques t ions  on t h e  f i n a l  q u e s t i o n n a i r e .  The 

e v a l u a t i o n  group must, a c c o r d i n g l y ,  coord ina te  

i t s  p lans  wi th  t h e  census  p lann ing  group i f  i t  

i n t e n d s  t o  e v a l u a t e  t h e  q u a l i t y  of response 

on d i s a b i l i t y .  

The keys t o  proper  p lann ing  f o r  t h e  sample 

design of an e v a l u a t i o n  survey i n c l u d e  (a) 

determining t h e  domains of s tudy ,  (b) d e t e r -  

mining the  source  of sampling f rame,  and ( c )  

seeking independence of des ign  and implementa- 

t ion .  

3.21 Domains.--Planning should b e  done, 

a t  t h e  o u t s e t ,  on what t h e  domains of s tudy  

should be i n  t h e  e v a l u a t i o n  su rvey .  Domains 

a r e  the  geographic a r e a s  o r ,  i n  some i n s t a n c e s ,  

t h e  demographic o r  socioeconomic subgroups 

f o r  which s e p a r a t e  e s t i m a t e s  a r e  needed wi th  

c e r t a i n ,  s p e c i f i e d  degrees  of p r e c i s i o n .  

Determining t h e  d e f i n i t i o n s  of t h e  domains 

fo l lows  l o g i c a l l y  from s e t t i n g  t h e  e v a l u a t i o n  

survey o b j e c t i v e s  ( s e e  s e c t i o n  2 .1 ) .  Thus, 

p lanning t o  s p e c i f y  t h e  s tudy  domains c l e a r l y  

is a  p r e r e q u i s i t e  f o r  t h e  t e c h n i c a l  s t a f f  i n  

charge qf des ign ing  t h e  sample. With t h e  

domains c l e a r l y  d e l i n e a t e d ,  t h e  way is paved 

f o r  working o u t  t h e  des ign  i s s u e s ,  such a s  

determining o v e r a l l  sample s i z e ,  d e c i d i n g  on 

t h e  number and make-up of the  s t a g e s  of 

sample s e l e c t i o n ,  and determining how t o  b u i l d  

i n  sampling e f f i c i e n c i e s  such a s  c l u s t e r i n g  o r  

s t r a t i f i c a t i o n .  

3.22 Sampling frame.--A very  b a s i c  plan- 

ning i s s u e  i s  dec id ing  on what source  m a t e r i a l s  

a r e  t o  be used t o  develop t h e  sampling frame 
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f o r  t h e  e v a l u a t i o n  survey.  The key i s  i n  

whether t h e  frame i s  t o  be developed from t h e  

census being eva lua ted ,  o r  from some o t h e r  

source .  For a coverage e v a l u a t i o n  su rvey ,  a 

source  a p a r t  from t h e  c u r r e n t  census i s  manda- 

t o r y  i n  o rde r  t o  f u l f i l l  t h e  independent 

measurement requirement .  On t h e  o t h e r  hand, a 

con ten t  r e i n t e r v i e w  survey might p l a u s i b l y  

make u s e  of e i t h e r  t h e  c u r r e n t  census l i s t i n g s  

o r  a c u r r e n t  household survey sample a s  t h e  

sampling frame. 

I n  e i t h e r  case ,  important  t iming consid-  

e r a t i o n s  must be taken i n t o  account i n  p lan-  

n ing.  I f  t h e  c u r r e n t  census i s  t o  c o n s t i t u t e  

t h e  frame, then  planning must proceed on how 

and when t o  g e t  access  t o  t h e  census  l i s t i n g  

books, maps, enumerator ass ignments ,  o r  o t h e r  

m a t e r i a l s  f o r  purposes of c o ~ s t r u c t i n g  t h e  

frame. P a r t  of t h e  planning e f f o r t  must d e a l  

wi th  t h e  problem oE minimizing i n t e r r u p t i o n  

t o  t h e  f low of census documents f o r  census  

p rocess ing ,  whi le  a t  t h e  same time seek ing  t o  

I 
g e t  t h e  e v a l u a t i o n  survey frame developed i n  

a t ime ly  manner. Th i s  can be  a c r u c i a l  

problem s i n c e  t h e  e v a l u a t i o n  survey must 

u s u a l l y  fo l low t h e  main census  enumeration 

w i t h i n  a very  s h o r t  pe r iod  of time. 

When an independent s o u r c e ,  such a s  an 

area-based frame f o r  a coverage s tudy ,  i s  

used f o r  t h e  sampling frame, p lanning f o r  t h e  

development of t h a t  frame can proceed wi thou t  

concern about t h e  main census  m a t e r i a l s  a s  

such. However, p lanning may have t o  begin  

sooner than  t h a t  f o r  t h e  census-based frame, 

e s p e c i a l l y  i f  t h e  independent source  must en- 

t a i l  a cons ide rab le  amount of development i n  

i t s  own r i g h t .  

3 - 2 3  Independence.--Throughout t h i s  

manual, independence h a s  been s t r e s s e d  a s  one 

of t h e  r u l e s  of census e v a l u a t i o n .  Indepen- 

dence i s  e s p e c i a l l y  important  f o r  t h e  sample 

des ign .  P lanners  should make p rov i s ions  f o r  

POPULATION AND HOUSING 

a s e p a r a t e  s t a f f ,  i f  p o s s i b l e ,  t o  be  re spons i -  

b l e  f o r  des ign ing  t h e  e v a l u a t i o n  survey sample,  

t h a t  i s ,  a s t a f f  s e p a r a t e  from t h e  group which 

would have r e s p o n s i b i l i t y  f o r  t h e  u s e  of samp- 

l i n g  and i t s  des ign  i n  t h e  main census .  A s  

noted,  an independent area-based frame i s  a 

must f o r  a coverage e v a l u a t i o n  su rvey .  I n  t h e  

f i e l d ,  t h e  i n d i v i d u a l s  r e s p o n s i b l e  f o r  l i s t i n g  

and enumerating sample households  should  be  

independent of those  working t h e  same geographic  

a r e a s  i n  t h e  census .  

3.3 Mapping 

The u s e  of maps i n  t h e  main census  r e -  

q u i r e s  an enormous amount of p lann ing .  Plan- 

n ing f o r  t h e  use  of maps i n  census  e v a l u a t i o n  

surveys  i s  no l e s s  impor tan t ,  though l e s s  

ex tens ive .  For example, t h e  use  of segment 

maps may be t h e  only  c a r t o g r a p h i c  requirement  

i n  a PES, and t h e  s c a l e  o f  a PES i s ,  of c o u r s e ,  

much s m a l l e r  than  t h e  census .  It i s  n o t  

p o s s i b l e  t o  conduct a PES, i n  f a c t ,  w i thou t  

maps, s i n c e  t h e  unit-by-unit  coverage h a s  t o  

be judged i n  a r e a  segments wi th  wel l -def ined 

boundar ies .  Appropr ia te  p lann ing  f o r  t h e  

t iming of t h e  p r e p a r a t i o n  of t h e  e v a l u a t i o n  

survey maps i s ,  t h e r e f o r e ,  an impor tan t  

r e s p o n s i b i l i t y  of t h e  t e c h n i c a l  p lann ing  group. 

It i s  l i k e l y  t h a t  a c e r t a i n  amount of pre-  

t e s t i n g  w i l l  be done i n  p r e p a r i n g  f o r  t h e  

main census ,  i n c l u d i n g  smal l - sca le  f i e l d  t e s t s ,  

p i l o t  t e s t i n g ,  and pe rhaps  a f u l l - s c a l e  " d r e s s  

r e h e a r s a l . "  J u s t  a s  l i k e l y  i s  t h e  p o s s i b i l i t y  

t h a t  e v a l u a t i o n  survey p r e t e s t i n g  w i l l  be done. 

With a c o n t e n t  r e i n t e r v i e w  s t u d y ,  t h e  

q u e s t i o n n a i r e  can be  d i f f e r e n t  from t h e  main 

census  q u e s t i o n n a i r e  ( s e e  s e c t i o n  3 . l )  . I n  

t h i s  c a s e ,  i t  i s  e s s e n t i a l  t h a t  some p r e t e s t -  

ing  be  done t o  e s t a b l i s h  f e a s i b i l i t y ,  d e t e r -  

mine necessa ry  m o d i f i c a t i o n s ,  e t c .  For a PES 
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or  i n t e r p e n e t r a t e d  s tudy  d e s i g n ,  t h e  survey 

methods a r e  more complex, and s o  p r e t e s t i n g  of 

t h e  o v e r a l l  f i e l d  methodology probably i s  

necessary be fore  engaging i n  the  f u l l - s c a l e  

opera t ion .  For a  PES, i t  i s  a l s o  p a r t i c u l a r l y  

important t o  t e s t  the  o v e r a l l  w o r k a b i l i t y  of 

t h e  proposed matching procedures .  

I n  genera l ,  i t  is  v i t a l  t h a t  c o u n t r i e s  

which have never undertaken e v a l u a t i o n  surveys  

plan f o r  appropr ia te  p r e t e s t s .  Even those  

c o u n t r i e s  which have exper ience  i n  e v a l u a t i o n  

surveys  would b e n e f i t  from planning c e r t a i n  

p r e t e s t s  i n  o rder  t o  r e f i n e  t h e i r  measurement 

procedures.  

Matching of i n d i v i d u a l  r ecords  between 

t h e  e v a l u a t i o n  survey and t h e  main census  i s  

one of t h e  d i s t i n g u i s h i n g  f e a t u r e s  of a  PES 

o r  con ten t  r e i n t e r v i e w  program. It i s  a l s o  

one of t h e  most d i f f i c u l t ;  i f  no t  done w e l l ,  

t h e  e v a l u a t i o n  survey r e s u l t s  can be Fendered 

u s e l e s s .  Devoting s u f f i c i e n t  a t t e n t i o n  t o  

planning t h e  i n t r i c a t e  requirements  f o r  t h e  

e n t i r e  matching opera t ion  (whether exclusive-  

l y  manual o r  computer-ass is ted) ,  e s t a b l i s h i n g  

matching r u l e s  and r e c o n c i l i a t i o n  procedures ,  

i n t e g r a t i n g  t h e  flow of records  between 

census and eva lua t ion ,  e t c . ,  i s  one of the  

most demanding and c r i t i c a l  r e s p o n s i b i l i t i e s  

of the  t e c h n i c a l  planning group. 

Since an eva lua t ion  survey,  whatever i t s  

design o r  purpose,  i s  based on a  complex 

sample p lan  and enumeration, then t h e  prepara- 

t i o n  of t h e  eva lua t ion  e s t i m a t e s  w i l l  l i k e l y  

be somewhat more complicated (and w i l l  cer-  

t a i n l y  be of a  d i f f e r e n t  n a t u r e )  than t h e  

main census es t imates .  Even i f  sampling i s  

used i n  t h e  main census ,  i t  o f t e n  i s  done i n  

such a  way t h a t  t h e  r e s u l t i n g  e s t i m a t i o n  

CENSUS EVALUAT! ON 

procedure i s  s t r a i g h t f o r w a r d .  Mcreover, 

v a r i o u s  measures of r e l i a b i l i t y ,  such a s  samp- 

l i n g  e r r o r  and c e r t a i n  b i a s  components of 

t h e  t o t a l  mean square  e r r o r  a s s o c i a t e d  w i t h  

t h e  e v a l u a t i o n  e s t i m a t e s  themselves ,  w i l l  a l s o  

be computed. It is necessa ry ,  t h e r e f o r e ,  t o  

p lan  f o r  t h e s e  added compl ica t ions ,  w i t h  

r e s p e c t  t o  t h e i r  impact on such m a t t e r s  a s  t h e  

need f o r  t e c h n i c a l  a s s i s t a n c e ,  a d d i t i o n a l  

t iming t o  c a r r y  t h e  a s s i s t a n c e  o u t ,  computer 

programming requirements ,  and p r e s e n t a t i o n  

of r e s u l t s .  

4. SPEClAL REQUIREMENTS OF DEMOGRAPHlC 
TECH NIQUES 

The preceding two main s e c t i o n s  of t h i s  

chap te r  have d i scussed  t h e  p lann ing  needs  

(a )  g e n e r a l l y  a p p l i c a b l e  f o r  census  e v a l u a t i o n  

and (b) those  necessa ry  e s p e c i a l l y  f o r  f i e l d  

s t u d i e s .  This  s e c t i o n  t a k e s  up p lann ing  needs  

which a r e  e s p e c i a l l y  p e r t i n e n t  t o  demographic 

techniques  of e v a l u a t i o n ,  t h o s e  t h a t  do n o t  

r e l y  upon o r i g i n a l  d a t a  c o l l e c t i o n  i n  t h e  

f i e l d .  

I n  many r e s p e c t s  i t  can be  argued t h a t  

demographic a n a l y s i s  f o r  t h e  evalu 'a t ion of 

census  d a t a  i s  a  c o n t i n u i n g  p r o c e s s ,  ex tend ing  

i n  unbroken a c t i v i t y  from one census  t o  t h e  

nex t .  Indeed many c o u n t r i e s  r e t a i n  a  smal l  

p r o f e s s i o n a l  s t a f f  of demographers and 

s t a t i s t i c i a n s  who a r e  employed f u l l  t ime f o r  

t h e  purpose of ana lyz ing  census  d a t a ,  i n c l u d i n g  

a s s e s s i n g  i t s  q u a l i t y .  

Planning t h e  demographic components of  

census  e v a l u a t i o n ,  t h e r e f o r e ,  may n o t  c a l l  

f o r  s u b s t a n t i a l  augmentation of s t a f f  b u t  

r a t h e r  a  s h i f t  of focus  f o r  t h e  e x i s t i n g  

s t a f f  from t h e i r  r e g u l a r  a n a l y s i s  t a s k s  t o  t h e  

specia l -purpose t a s k s  of des ign ing  and 

execu t ing  t h e  e v a l u a t i o n  program. I n  c o u n t r i e s  

where l i t t l e  o r  no demographic e v a l u a t i o n  



t a k e s  p l a c e ,  t h e  census  planning group must,  

i n  t h e  process  of a s s e s s i n g  i ts  p l a n s  f o r  t h e  

demographic e v a l u a t i o n  component, d e c i d e  what 

s t a f f i n g  i s  needed, s o  t h a t  budge t ing  and 

r e c r u i t i n g  f o r  e v a l u a t i o n  can be  done. 

4 . 2  Ov!?h& meanuhe.men;t melhodulog y 

There i s  a  wide a r r a y  of demographic 

methods t h a t  can be  used t o  e v a l u a t e  census  

e s t i m a t e s  ( see  chap te r  4 ) .  The cho ice  of 

a p p r o p r i a t e  t echn iques  must t a k e  i n t o  account  

t h e  c o s t ,  a v a i l a b i l i t y ,  and q u a l i t y  of inde- 

pendent d a t a ,  t h e  complexity o f  app ly ing  one 

t echn ique  ve r sus  a n o t h e r ,  and, of c o u r s e ,  

c o n s i d e r a t i o n s  of primary v e r s u s  secondary 

o b j e c t i v e s  t o  be served by t h e  e v a l u a t i o n .  

So, development of an o v e r a l l  p l a n  f o r  

t h e  demographic e v a l u a t i o n  methodology is  

necessa ry  t o  achieve a  cohesive  and i n t e g r a t e d  

e v a l u a t i o n ;  one t h a t  meets t h e  proposed 

o b j e c t i v e s  bu t  i s  w i t h i n  t h e  l i m i t s  o r  con- 

s t r a i n t s  of s t a f f  c a p a b i l i t y  and r e s o u r c e s .  

Moreover, t h e  demographic e v a l u a t i o n  p l a n  

should  be developed along wi th  t h e  p l a n s  f o r  

o t h e r  a s p e c t s  of t h e  t o t a l  e v a l u a t i o n  package,  

coverage,  r e i n t e r v i e w ,  e t c . ,  t o  ach ieve  

a  p roper ly  coord ina ted  and comprehensive 

census  e v a l u a t i o n  program. 

4.3 Obtaining independent data nouhceA 

Many d a t a  sources  can be used i n  t h e  

v a r i o u s  demographic e v a l u a t i o n  methods. One 

of t h e  most obvious sources ,  which i s  inde- 

pendent from t h e  c u r r e n t  census ,  is d a t a  from 

prev ious  censuses .  Another may be c u r r e n t  

survey d a t a  from t h e  coun t ry ' s  i n t e r c e n s a l  

survey program. S t i l l  more sources  might be  

v i t a l  s t a t i s t i c s  r e c o r d s ,  c i v i l  r e g i s t r a t i o n  

r e c o r d s ,  income t a x  records ,  o r  s o c i a l  

insu rance  records .  

P lans  must b e  made f o r  a c c e s s i n g  each 

d a t a  source  t h a t  w i l l  be needed, a c q u i r i n g  

t h e  d a t a ,  manipula t ing i t  t o  p rov ide  t h e  

-- -- - 
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a s p e c t  of census  e v a l u a t i o n  where independence 

of e f f o r t  would be d e t r i m e n t a l ;  t h a t  is i n  

t h e  a r e a  of p lann ing .  P lann ing ,  a t  a l l  l e v e l s ,  

must be  coord ina ted  and i n t e r d e p e n d e n t .  The 

c e n t r a l  census  planning committee must i n -  

c o r p o r a t e  t h e  e v a l u a t i o n  p l a n s  a s  p a r t  of t h e  

o v e r a l l  census  program; t h i s  committee must 

t h e r e f o r e  have r e p r e s e n t a t i o n  from t h e  eva lua -  

t i o n  group,  probably  t h e  census  e v a l u a t i o n  

d i r e c t o r .  F u r t h e r ,  s p e c i f i c  components of an 

e v a l u a t i o n  program r e q u i r e  coord ina ted  p lan-  

n i n g ,  wi th  each o t h e r  (e . g . , PES, i n t e r p e n e -  

t r a t i o n  s t u d y ,  r e i n t e r v i e w )  and w i t h  t h e  

main census .  It is e s s e n t i a l  t h e r e f o r e  t h a t  

t h e  managers i n  charge of t h o s e  s p e c i f i c  s t u d i e s  

work t o g e t h e r  f o r  i n t e g r a t e d  p lann ing .  

necessa ry  comparative e s t i m a t e s ,  and p r e p a r i n g  

some f a i r l y  d e t a i l e d  documentgtion.  To t h e  

e x t e n t  t h a t  some d a t a  sources  may be  j u r i s -  

d i c t i o n a l l y  housed i n  o t h e r  m i n i s t r i e s ,  e a r l y  

p lann ing  i s  necessa ry  t o  a l l o w  f o r  f o r m a l i t i e s ,  

q u e s t i o n s  of c o n f i d e n t i a l i t y ,  t e c h n i c a l  d i f -  

f i c u l t i e s  of d a t a  convers ion t o  t h e  p roper  

computer format ,  e t c .  

5. COORDINATED PLANNING 

We have s t r e s s e d  throughout  t h i s  c h a p t e r  

t h a t  good e v a l u a t i o n  i s  se rved  by indepen- 

dence of e f f o r t .  That i s ,  a sound census  

e v a l u a t i o n  program i s  b e s t  accomplished when 

the  e v a l u a t i o n  des ign  and implementat ion a r e  

c a r r i e d  ou t  by a  ded ica ted  s t a f f  whose d u t i e s  

a r e  independent of main census  o p e r a t i o n s .  

Th i s  i s  n o t  always p o s s i b l e  i n  c o u n t r i e s  where 

r e s o u r c e s  a r e  l i m i t e d ;  b u t  t o  t h e  e x t e n t  

p r a c t i c a l ,  i t  is  a  goa l  t o  s t r i v e  toward.  

C e r t a i n  t e c h n i c a l  r equ i rements ,  however, such 

a s  n o t  a l lowing  t h e  census f i e l d  s t a f f  t o  know 

which a r e a  segments a r e  s e l e c t e d  f o r  t h e  PES, 

exemplify t h e  n e c e s s i t y  f o r  s e p a r a t i o n  of 

e f f o r t .  

I n  s p i t e  of t h e  need f o r  independence i n  

t h e  t e c h n i c a l  f a c e t s ,  however, t h e r e  i s  one 
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THE THEORY AND METHODS O F  THE S T A T I S T I C A L  EVALUATION O F  CONTENT ERROR 

1 . 1 NTROPUCTI ON 

This appendix descr ibes  t h e  s t a t i s t i c a l  

theory f o r  t h e  methods used i n  chap te r  3 i n  

t h e  eva lua t ion  of census content  e r r o r .  This  

t h e o r e t i c a l  development assumes f a m i l i a r i t y  

wi th  t h e  concepts of expected va lue ,  v a r i a n c e ,  

and general  s t a t i s t i c a l  modeling techniques .  

It i s  included f o r  those  r e a d e r s  wi th  a good 

knowledge of bas ic  s t a t i s t i c s  who r e q u i r e  a 

deeper understanding of t h e  concepts and 

methods of s t a t i s t i c a l  eva lua t ion  i n  o rder  t o  

des ign ,  analyze,  and i n t e r p r e t  the  r e s u l t s  of 

eva lua t ion  s t u d i e s .  

2 .  THE GENERAL MODEL AND FORMULATION 

I n  t h i s  s e c t i o n ,  a general  model f o r  in- 

v e s t i g a t i n g  response e r r o r  i n  both sample sur- 

veys and censuses w i l l  be descr ibed.  Sample 

surveys a r e  included i n  our d i scuss ion  because: 

(1) Most census eva lua t ion  s t u d i e s  a r e  con- 
ducted on a sample b a s i s .  

(2) The census i t s e l f  may incorpora te  a 
sample component f o r  some items. 

( 3 )  Some commonly used s t a t i s t i c a l  measures 
of content  e r r o r  were * o r i g i n a l l y  developed 
f o r  sample surveys and a r e ,  t h e r e f o r e ,  
b e s t  descr ibed from t h i s  p e r s p e c t i v e .  

We s h a l l  focus on one p a r t i c u l a r  i t e m  on 

t h e  census ques t ionna i re  i n  our development. 

For our purposes,  the  term census popula t ion ,  

o r  populat ion,  is  t h e  c o l l e c t i o n  of a l l  u n i t s  

t a r g e t e d  i n  t h e  census f o r  t h i s  i tem. For 

example, t h e  u n i t s  may be persons,  households,  

o r  housing u n i t s  possessing some sc reen ing  

c h a r a c t e r i s t i c .  

Let N denote the  s i z e  of the  census pop- 

u l a t i o n .  Let n denote the  s i z e  of a sample 

drawn from the  population f o r  some purpose-- 

e .g . ,  an eva lua t ion  survey, a census survey 

component, o r  otherwise .  

Denote by t h e  s u b s c r i p t  j, t h e  jth u n i t  

i n  t h e  sample, by y, t h e  f i n a l  recorded re- 
J 

sponse f o r  t h e  jth sample u n i t ,  by p . t h e  
3 

t r u e  v a l u e  of u n i t  j f o r  t h e  i t e m ,  and by e 
j 

t h e  d e v i a t i o n  of y from p t h a t  is t h e  e r r o r  
j j y 

i n  u n i t  j ' s  response. We have j u s t  d e s c r i b e d  

a very simple response e r r o r  model, namely, 

o r ,  i n  words, 

Recorded - True + Error - 
v a l u e  v a l u e  

The s t a t i s t i c a l  e v a l u a t i o n  of census  con- 

t e n t  e r r o r  s t r i v e s  t o  determine t h e  impact of 

t h e  e r r o r s ,  e on census t o t a l s ,  p r o p o r t i o n s ,  
j , 

and means. It assumes t h a t  t h e  e a r e  random 
j ' 

v a r i a b l e s  and a t t empts  t o  e s t i m a t e  t h e i r  means, 

v a r i a n c e s ,  and covar iances ,  s i n c e  t h e s e  com- 

ponents comprise the  t o t a l  e r r o r  i n  census  

s t a t i s t i c s .  

Le t  Y denote t h e  census t o t a l  f o r  some 

c h a r a c t e r i s t i c s .  The t o t a l  e r r o r  i n  Y is  

measured by t h e  mean square  e r r o r  (MSE) which 

is t h e  b i a s  of Y squared p l u s  t h e  v a r i a n c e  of 

Y. That is 

For example, t h e  census t o t a l ,  Y ,  i s  g iven  by 

which by model (2 .1 )  is  

Denote t h e  expected v a l u e  of e with r e s p e c t  
j 

t o  i t s  underlying s t a t i s t i c a l  d i s t r i b u t i o n  by 

1 -' 

and denote  - B ~ ,  t h e  mean of B . over  a l l  
I' 3=1 3 
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populat ion u n i t s  by B ,  c a l l e d  t h e  census 

response b i a s .  Thus, 

o r  E(Census t o t a l )  = True popula t ion  t o t a l  

1 + Bsas 

Formula (2.4) a l s o  ho lds  f o r  sample surveys.  
A 

Let Y denote t h e  usua l  unbiased e s t i m a t o r  of 
A 

Y, where t h e  computational form of Y is deter-  

mined by t h e  sample design. Then 

where t h e  expected va lue  opera to r ,  E, now a l s o  

inc ludes  t h e  sampling d i s t r i b u t i o n  a s  w e l l  a s  

t h e  nonsampling e r r o r  d i s t r i b u t i o n ( s )  . 
The response b i a s  o b j e c t i v e  of con ten t  

re in te rv iew def ined i n  s e c t i o n  2.2 of chap te r  

3 was concerned with  es t imat ing  B .  As we see  

from ( 2 . 4 ) ,  t h i s  is p o s s i b l e  only i f  an  e s t i -  
N 

mator of the  t r u e  t o t a l ,  p is a v a i l a b l e .  
2 j, 

Now, consider  t h e  second p a r t  of t h e  mean 
A 

square e r r o r  of Y(or Y ) ;  v i z . ,  t h e  var iance .  

Let V I Y )  denote t h e  t o t a l  va r iance  of t h e  

census t o t a l ,  Y .  By model (2 .1 ) ,  we have 

N 
s i n c e  x p ,  i s  t h e  populat ion t o t a l ,  a cons tan t .  

F i n a l l y ,  V e j  and, hence, V ( Y )  can be * d(: ) 
w r i t t e n  a s  

where Cov  denotes  t h e  covar iance.  The f i r s t  

term, divided by N,  i s  known a s  t h e  s imple  

response var iance  (SRV)  . It i s  t h e  average 

var iance  of responses from t h e  same u n i t  t o  

the  same ques t ion  over  repea ted  i n q u i r i e s .  

The second term i n  (2 .6) ,  t h e  covar iance  

term, a r i s e s  a s  a r e s u l t  of e x t e r n a l  f a c t o r s  

i n  t h e  census t h a t  cause s i m i l a r  e r r o r s  i n  

responses  from d i f f e r e n t  u n i t s .  One of t h e  

major c o n t r i b u t o r s  t o  t h i s  term, a s  we men- 

t ioned  i n  s e c t i o n  1.3 of chap te r  3 ,  is t h e  

census enumerator. Other f a c t o r s  might b e  

superv i sors ,  t r a i n e r s ,  and coders ;  however, we 

w i l l  be  p r imar i ly  i n t e r e s t e d  i n  enumerator co- 

var iances .  Theref o r e ,  assume t h a t  C o v  ( e  j ,  e ,) 

= 0, i f  u n i t s  j and j ' a r e  i n  two d i f f e r e n t  

enumerator assignments.  I f  j and j '  a r e  two 

u n i t s  i n  t h e  same enumerator ass ignment ,  

C o v ( e .  e  .,) may no t  b e  zero.  T h i s  covar iance  
3' 3 

i s  c a l l e d  t h e  c o r r e l a t e d  component of enumera- 

t o r  va r iance  denoted by CC. 

Suppose t h e r e  a r e  k enumerators f o r  t h e  

census l a b e l l e d  i=l, . . ., k. Let  m .  denote  
Z 

t h e  number of u n i t s  i n  t h e  ith enumerator ' s  

assignment.  The covar iance term i n  (2.6) can 

be r e w r i t t e n  a s  k 

s i n c e  t h e r e  a r e  m . ( m  .-1) p a i r s  of u n i t s  i n  an 
2 2 

assignment of s i z e  m each having covar iance  i 
CC. 

We can now summarize t h e s e  r e s u l t s  i n  one 

formula f o r  t h e  mean square  e r r o r  of a census  

t o t a l  Y :  

(2 .8)  M S E f Y )  = N'B' + 

Thus, t h e r e  a r e  t h r e e  components t h a t  make 

up t h e  t o t a l  e r r o r  i n  a census  t o t a l :  t h e  

b i a s  ( B )  , t h e  simple response v a r i a n c e  ( S R V )  

and t h e  c o r r e l a t e d  component ( C C ) .  I n  t h e  

remaining s e c t i o n s  of t h i s  appendix,  we 

s h a l l  d i s c u s s  (a)  t h e  e s t i m a t i o n  of t h e s e  

components and (b) two s p e c i f i c  models 
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t ha t  a i d  i n  the i n t e rp re t a t i on  of t he  

components. 

It i s  i n t e r e s t i ng  t o  view (2.8) assuming 

t h a t  each enumerator assignment i s  approximate- 

l y  t he  same s i z e ,  i. e .  , m = m ,  say f o r  a l l  i 
enumerators i=1, . . . , k .  Formula (2.8) is, 

thus,  

which emphasizes t ha t  the  impact of CC on the  

t o t a l  census e r r o r  depends upon the  s i z e  of 

the enumerator assignment o r ,  equiva len t ly ,  

the number of enumerators employed f o r  the  '7 

census. The ,&ast term'lin (2.9) is a t  a maxi- - -- 
1 

mum when m = N (or k = 1 ) ;  t h a t  i s ,  when only 

one enumerator c o l l e c t s  information from a l l  - 
N un i t s .  The impact of CC is a t  a minimum 

when m = 1 ( k  = N )  or when every populat ion 

un i t  is enumerated by a d i f f e r e n t  enumerator. 

Obviously, these two extremes can never be 

achieved i n  practice--or can they? For 

example, one enumerator may c o l l e c t  t he  census 

information f o r  a l l  persons i n  a small v i l l a g e .  

Therefore, the  enumerator has  maximal impact 

on t h a t  v i l l a g e ' s  s t a t i s t i c s .  On the  o ther  

hand, t he  census quest ionnaire  may be f i l l e d  

e n t i r e l y  by respondents without t he  a s s i s t ance  

of the  enumerator. Thus, each respondent i s  

h i s  or  her  own enumerator ( k  = N)  with mini- 

mal enumerator impact on census e r r o r .  I n  

most cases ,  the  number of enumerators employed 

i n  the census i s  somewhere between these  two 

extremes. However, t h i s  number should be 

determined, i n  p a r t ,  with cons idera t ion  of 

the  impact of the cor re la ted  component of 

enumerator variance on the s t a t i s t i c s .  

F ina l l y ,  l e t  us consider t he  var iance  of 

an estimated t o t a l  based upon a sample survey. 

In addi t ion  t o  the  v a r i a b i l i t y  i n  t he  estima- 

t o r  due t o  response e r ro r s ,  we must a l s o  con- 

s i de r  the  v a r i a b i l i t y  a r i s i n g  from sampling, 

i . e . ,  the  sampling variance.  However, t he  

sampling variance depends upon the  sample 

design implemented fo,r t he  survey, and general  

formulas which apply f o r  a l l  sample designs 

a r e  conceptually d i f f i c u l t .  Therefore,  t o  

i l l u s t r a t e  t he  bas ic  concepts ,  we s h a l l  assume 

simple random sampling. 

A general  formula f o r  t he  var iance  of 
n. . - 

=. N G ,  where $ = y ./n is  the  mean of a 
j=2 3 

simple random sample of s i z e  n ,  w i l l  now be 

given assuming, f o r  s i m p l i c i t y ,  equal  i n t e r -  

viewer assignment s i z e s  (m, = m ) .  The va r i -  
l/ 

ance of ? i s  N 2 v ( & )  where V f i )  is the  var iance  

of the  sample mean & given by 

m - 1 CC SRV 
(2.10) v f y )  = n 

and 
SV = V E ( y  . ( .) is  c a l l e d  t he  sampling 

3 3  n " 
variance.  It is  t h e  var iance  over  
t he  census populat ion of t he  
p . + B .  where B i s  the  u n i t  
3 3 ti 

response b i a s  def ined i n  ( 2 . 3 ) .  
CC = COV (y .>y . ,) - Cov fya.9yb) is a more 

3 3 
general  d e f i n i t i o n  of t he  corre- 
l a t e d  component prev ious ly  defined.  
C o v ( y j ,  y j  ,) is  t h e  covariance be- 
tween any responses f o r  two u n i t s  i n  
t he  same i n t e rv i ewer ' s  assignment 
and Cov(ya,yb)  is  the  covariance be- 

tween any responses f o r  two u n i t s  i n  
d i f f e r e n t  in te rv iewer  assignments.  
Therefore, CC is t h e  covariance t h a t  
i s  s p e c i f i c  t o  u n i t s  w i th in  an i n t e r -  
viewer 's  assignment a f t e r  e l imina t ing  
t he  covariance t h a t  i s  common t o  a l l  
u n i t s  without regard  t o  in te rv iewer  
assignments. 

SRV = E V f y  . I  .) or  s i n c e  V f p  . I  .) = 0 ,  
j  3 3 3 3 

= E V f e  .I .) , t h e  s imple response var- 
j  3 3 

i ance  f o r  sample surveys.  Note t h a t  

2 N 
E V f y  .I .) = C v f e j )  which w a s  
ri 3 3 2 
defined prev ious ly  i n  (2.6) . 

Formula (2 . lo )  a p p l i e s  under very genera l  

condi t ions  a s  w i l l  be  d i scussed  i n  t he  next  

s ec t i on .  It i s  easy t o  v e r i f y  t h a t  (2.10) 

and V f Y )  given i n  (2.9) a r e  i d e n t i c a l  when 

n = N ,  a complete census. It ignores  the  

c o r r e l a t i o n  between e r r o r s  i n  d i f f e r e n t  
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enumerator assignments t h a t  may a r i s e  i n  a 

survey a s  t h e  r e s u l t  of t r a i n e r s ,  superv i sors ,  

o ther  survey personnel ,  and respondents .  How- 

ever ,  experience suggests  t h a t  t h e s e  c o r r e l a -  

t i o n s  a r e  t y p i c a l l y  small  r e l a t i v e  t o  

interviewer  c o r r e l a t i o n s .  I n  a d d i t i o n ,  i t  

does no t  take i n t o  account t h e  c o r r e l a t i o n  

between the  e r r o r  made f o r  a p a r t i c u l a r  u n i t  

i n  an i n t e r v i e w e r ' s  assignment and t h e  t r u e  

va lues  of t h e  o t h e r  u n i t s  i n  an  assignment.  

Although l i t t l e  i s  known about i t s  magnitude, 

t h i s  covar iance,  r e f e r r e d  t o  a s  t h e  i n t e r -  

a c t i o n  covar iance,  may be s u b s t a n t i a l .  An 

example of t h i s  occurred i n  t h e  1950 U.S. 

census. Enumerators were t o  provide e s t i m a t e s  

based on observat ion of t h e  c o s t  of housing 

u n i t s  i n  t h e i r  assignments.  Housing u n i t s  i n  

assignments wi th  a l a r g e  p ropor t ion  of high- 

c o s t  housing tended t o  be overest imated.  

Conversely, a h igh  proport ion of low-cost 

housing i n  t h e  assignments tended t o  b i a s  t h e  

es t imates  downward. 

A n  a l t e r n a t i v e  form f o r  t h e  var iance  of 

j y is o f t e n  encountered i n  t h e  l i t e r a t u r e .  

Th is  form i s  expressed i n  terms of t h e  i n t r a -  

in te rv iewer  c o r r e l a t i o n  c o e f f i c i e n t  denoted 

by 

(2.11) 
CC 

'Y = SV + SRV 

where j and j f  a r e  u n i t s  i n  t h e  same i n t e r -  

viewer assignment,  and t h e  approximation i s  

due t o  ignoring t h e  between in te rv iewer  co- 

var iance  i n  t h e  def i n i t i o n  of CC. Note t h a t  

SV + SRV = V ( y  .) by t h e  well-known i d e n t i t y  
3 

V ( y  .) = VE(y . I  .) + E V ( ~  . )  .) . With t h i s  
j 3 3  j 3 3 

d e f i n i t i o n ,  v(;) can be expressed a s  

The l a s t  term is  due t o  the  f i n i t e  populat ion 

cor rec t ion .  It is usua l ly  dropped f o r  surveys 

where n/N i s  very smal l ,  because then t h e  

f i r s t  term dominates the  v a r i a n c e .  Under 

c e r t a i n  condi t ions ,  the  c o r r e l a t i o n  c o e f f i -  

cient, p ~ ,  
can be es t imated from e i t h e r  census  

o r  survey d a t a  a s  w i l l  be d i scussed  i n  s e c t i o n  

4 .  These e s t i m a t e s  of p can then  be compared 
Y 

w i t h  o t h e r  e s t i m a t e s  publ ished ( i n  t h e  l i t e r a -  

t u r e )  f o r  census  and survey d a t a  t o  gauge t h e  

magnitude of t h e  enumerator e f f e c t .  F igure  

3-10 i n  chap te r  3 provided genera l  r u l e s  f o r  

p obtained from j u s t  such an a n a l y s i s .  
Y 

Another measure of response e r r o r  com- 

monly used i n  con ten t  e r r o r  e v a l u a t i o n  is t h e  

index of incons i s tency  denoted by I and given 

by 
SRV 

I = SV + SRV 

Whereas p measures the  magnitude of CC 
Y 

r e l a t i v e  t o  V ( y  .) , I measures t h e  magnitude 
3 

of t h e  simple response v a r i a n c e  t o  t h e  t o t a l  

v a r i a n c e ,  V ( y j ) .  Both p and I w i l l  be  
Y 

discussed  i n  d e t a i l  l a t e r .  

The next  s e c t i o n  focuses  on t h e  i n t e r -  

p r e t a t i o n  of t h e  components CC and SRV ( o r  p 
Y 

and I) f o r  two types  of d a t a  o f t e n  encountered 

i n  censuses  and surveys: q u a n t i t a t i v e  d a t a  

and q u a l i t a t i v e  d a t a .  Q u a n t i t a t i v e  d a t a  a r e  

measured on a continuous s c a l e .  Examples a r e  

income, age ,  y e a r s  of educa t ion ,  e t c . ,  when 

t h e s e  a r e  r e p o r t e d  a s  a s i n g l e  number. Quali- 

t a t i v e  d a t a  a r e  repor ted  by c a t e g o r i e s .  

Examples a r e  s e x ,  r a c e ,  r e l i g i o n ,  income 

group, e t c .  The na ture  of t h e  e r r o r ,  e 
j , 

d i f f e r s  by type of d a t a ,  a s  we s h a l l  see. 

For example, f o r  income ( r e p o r t e d  a s  a s i n g l e  

number), e may t h e o r e t i c a l l y  t a k e  on any 
J- 

v a l u e  w i t h i n  some i n t e r v a l  about  0 .  For sex 

repor ted  a s  male = 0  and female = 1 ,  however, 

e may only t ake  on t h r e e  va lues :  -1, 0 ,  o r  1 .  
j 

Thus, t h e  s t r u c t u r e  of t h e  e r r o r  e depends 
j 

on t h e  type of d a t a  we a r e  c o l l e c t i n g .  

Two models which d e s c r i b e  t h e  s t r u c t u r e  

of t h e  response e r r o r  w i l l  be examined i n  t h e  
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nex t  sec t ion .  Through these  models, w e  can 

b e t t e r  i n t e r p r e t  t he  meaning of a h igh  o r  low 

va lue  of CC o r  SRV. Addi t iona l ly ,  t he se  

models suggest  s t a t i s t i c a l  measures o r  i n d i c e s  

t h a t  help u s  t o  summarize t h e  r e s u l t s  of eval-  

ua t i on  s t u d i e s  and t o  compare t he se  r e s u l t s  

wi th  other  s t u d i e s  both wi th in  our own country 

and i n  o ther  coun t r i e s .  

3. ERROR STRUCTURES ANV T H E I R  USE 

I n  t h i s  s e c t i o n ,  t he  s t r u c t u r e s  f o r  t h e  

e r r o r  e which a r e  app rop r i a t e  f o r  both 
j  

q u a n t i t a t i v e  and q u a l i t a t i v e  d a t a  w i l l  be 

examined us ing  t h e  model y = 1 - 1 .  + e 
j  J j '  

Through these  a l t e r n a t i v e  s t r u c t u r e s ,  t h e  way 

i n  which response e r r o r  a f f e c t s  v(;)  w i l l  be 

demonstrated. 

3 . 7  Quuvl;tLta;tiv e dcLtu 

A s  a n o t a t i o n a l  convenience, we s h a l l  

r ep l ace  the  s i n g l e  subsc r ip t  j  denoting t he  

u n i t  i n  t he  sample o r  t he  census by t h e  double 

subsc r ip t  (i, j )  denoting t he  jth u n i t  i n  t h e  
{th i n t e rv i ewer ' s  assignment. Thus, t h e  e ii , 
j=Z, ..., n, becomee i=I, ..., k a n d  i j' 
j=Z, ..., m i' 

The s t r u c t u r e  of e f o r  q u a n t i t a t i v e  i j 
d a t a  is assumed t o  be 

3 . 1  1 e i j  = bi + E~~ 

where b .  i s  t h e  systematic e r r o r  a s soc i a t ed  
2 

with  the  ith enumerator,  and E is t h e  
i j  

v a r i a b l e  e r r o r  a s soc i a t ed  wi th  u n i t  ( i , j ) .  

E is a combination of the  v a r i a b l e  e r r o r s  of i j 
a l l  o ther  sources  of e r r o r  i n  t h e  survey.  

Thus, model (2.1) may be w r i t t e n  a s  

- - ( 3 . 1 . 2 )  yij l~~.+b.+~~~ z 

This  model may be  recognized a s  t he  usua l  

" ana ly s i s  of var iance" model. 

The model assumes t h e  fol lowing:  

(1) The enumerator v a r i a b l e s  b . . . , bk a r e  i ' 
a random sample from an  i n f i n i t e  popula- 
t i o n  of enumerator v a r i a b l e s .  

(2) E(bi) = Bb and V(bi) = 0; 

(3) E ( E .  .) = BE and V ( E .  .) = a2 
23 ",J E 

( 4 )  bi and E a r e  mutual ly independent  i j 

(5) For sample surveys,  model (3.1.2) per- 
t a i n s  t o  u n i t  ( i , j )  i n  t h e  sample, and 
t he  sample va lue  l~ is  independent  of 
b . and E 

i j  
z  i j '  

Under t h i s  model we w i l l  d e r i v e  exp re s s ions  

f o r  B, ~ ( y ) ,  p and I .  Sample surveys  w i l l  
Y 

f i r s t  be considered.  These r e s u l t s  w i l l  be  

re-examined f o r  use  i n  censuses .  

Assume simple random sampling f o r  t h e  

sample survey.  The u s u a l  "unbiased" e s t ima to r  

of t h e  popula t ion  mean i s  y = Exy. ./n, t h e  
i ri 23 

sample mean. By assumptions (2) ' and (3) and 

model (3.1.2), t he  expected v a l u e  of y is  

where l~ i s  t h e  t r u e  popu la t i on  mean. There- 

f o r e ,  t he  b i a s  i n  ; i s  B = Bb + BE. P a r t  of 

t h e  b i a s  (B i s  due t o  i n t e r v i e w e r s ,  and p a r t  b 
(BE)  i s  due t o  respondents  and o t h e r  sources  

of random e r r o r .  

For s i m p l i c i t y ,  assume m = m f o r  a l l  in- i 
t e rv iewers .  Using t h e  d e f i n i t i o n s  presen ted  

i n  s e c t i o n  2 ,  i t  i s  p o s s i b l e  t o  show t h a t  

N 
SV = a2 = - : ) ' /N,  t h e  popula t ion  

lJ J=Z 
va r i ance  f o r  t h e  c h a r a c t e r i s t i c .  

CC = a2 t h e  popu la t i on  v a r i a n c e  f o r  in- b' 
t e rv i ewer s ,  o r  t h e  i n t e rv i ewer  
va r i ance  . 
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SRV = O: + c$, the  in te rv iewer  var iance  

component p lus  t h e  random e r r o r  
va r iance  component. 

Now, using the  general  va r iance  formula 

f o r  surveys,  (2.10) , we have 

This  equa t ion  demonstrates t h e  impact of t h e  

c o r r e l a t e d  response e r r o r  on t h e  var iance  of 
- 
y .  It i s  evident  t h a t  t h e  v a r i a n c e  due t o  

c o r r e l a t e d  e r r o r s  does no t  decrease a s  t h e  

sample s i z e  inc reases ,  but  on ly  a s  t h e  number 

of in te rv iewers  increases .  Hence, when n i s  

l a r g e ,  v($)  may be dominated by t h e  term 

For t h i s  model, t h e  i n t e r p r e t a t i o n  of 

CC = 0 o r  equ iva len t ly ,  a: = 0 ,  i s  t h a t  

b .  = B f o r  a l l  in terviewers  ( i . e . ,  t h e r e  i s  z b  
no v a r i a b i l i t y  among in te rv iewer  b i a s e s ) .  

Since t h i s  sugges t s  t h a t  t h e  in te rv iewers  a r e  

performing c o n s i s t e n t l y ,  one might i n t e r p r e t  

t h i s  a s  an i n d i c a t i o n  t h a t  t h e  opera t ion  is  i n  

c o n t r o l  and is producing q u a l i t y  r e s u l t s .  

During t h e  1950 U.S. census,  an  experiment was 

conducted t o  es t imate  t h e  component o2 f o r  b 
census enumerators. This  s tudy  showed t h a t  

f o r  smal l  a r e a  s t a t i s t i c s  u:, t h e  enumerator 

c o n t r i b u t i o n  t o  the  t o t a l  v a r i a n c e  was consid- 

e r a b l e .  Th is  l e d  t o  t h e  adopt ion of t h e  meth- 

od of self-enumeration beginning with  t h e  1960 

census ( see  chap te r  3 ,  s e c t i o n  4.3) .  For s e l f -  

enumeration surveys,  t h e  c o r r e l a t e d  component, 

I$, , may be i n t e r p r e t e d  a s  t h e  var iance  of t h e  

respondent e r r o r  v a r i a b l e s ,  bk. That i s ,  each 

respondent may be considered a s  h i s f h e r  own 

in te rv iewer  so  t h a t  the  c o r r e l a t e d  component 

has t h e  d i v i s o r  n. Thus i f  (c$ + a:)/n f o r  

self-enumeration is  smal ler  than 02/k + a2/n b E 

f o r  t h e  enumerator a s s i s t e d  census,  v ($ )  can 

be decreased i f  self-enumeration i s  adopted. 

Using (2 .13) ,  V ( y )  can a l s o  be w r i t t e n  

ignoring t h e  f i n i t e  populat ion c o r r e c t i o n  a s  

where, f o r  t h e  present  model, p , with  general  
Y 

form given by (2.11),  has  t h e  s p e c i f i c  form 

When t h e  sampling f r a c t i o n  n/N is  s m a l l ,  

Covfyij ,yij  ,) f o r  two u n i t s  l i ,  j) and l i ,  j ' 1  

i n  t h e  same interviewer  assignment is  a2 b' 
Also, V(y  .I = o2 + cr2 + o2 s o  t h a t  (3.1.6) 12 P ~ E  
can be w r i t t e n  a s  

Cov tyi j ,  Y; .' ) 
(3.1.7)  - P~ - v t y .  .) 

23 

which i s  t h e  c o r r e l a t i o n  c o e f f i c i e n t  between 

u n i t s  i n  t h e  same in te rv iewer  ass ignment .  

Thus, i n  analogy t o  t h e  i n t r a - c l u s t e r  c o r r e l a -  

t i o n  c o e f f i c i e n t  def ined i n  c l u s t e r  sampling, 

p has been c a l l e d  t h e  i n t r a - i n t e r v i e w e r  as- 
Y 

signment c o r r e l a t i o n  c o e f f i c i e n t .  Note, how- 

e v e r ,  t h a t  p is a l s o  t h e  r a t i o  of in te rv iewer  
Y 

v a r i a n c e ,  , t o  the  t o t a l  v a r i a n c e  of t h e  o; 
recorded va lue  y  i j *  

Using (3.1.5) t h e  e f f e c t  of smal l  cor re la -  

t i o n s  between the  u n i t s  in t roduced  by i n t e r -  

viewers  can be i l l u s t r a t e d .  Even a smal l  p 
Y 

may niake a major c o n t r i b u t i o n  t o  v(;) s i n c e  i t  

i s  m u l t i p l i e d  by roughly t h e  s i z e  of an i n t e r -  

v iewer ' s  assignment. T h i s  i s  d i scussed  below 

i n  example 3.1. 

Using (2 .14) ,  the  index of incons i s tency  

f o r  q u a n t i t a t i v e  da ta  h a s  t h e  form 

Thus, I is t h e  r a t i o  of t h e  t o t a l  response 

var iance ,  V(b  . + E . .) , t o  t h e  t o t a l  v a r i a n c e ,  
23 

v t y  . .) . 
23 

Example 3.1--Consider t h e  impact of i n t e r -  

viewer var iance  i n  a n a t i o n a l  f e r t i l i t y  survey. 

Suppose t h a t ,  f o r  the  c h a r a c t e r i s t i c  "number of 
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ch i ld r en  ever born t o  t he  respondent," t he  

parameters i n  (3.1.5) a r e  a2 + a2 + a2 = 6.0,  
U b E  

= . 01 and t he  sample s i z e ,  n ,  is  2,000. 

I f  100 in te rv iewers  were h i r ed  f o r  t h e  survey,  

each interviewing approximately t he  same num- 

ber  of respondents (m=lO), then t he  va lue  of 

(1 + (m-2)p ) i s  2.1. I f  10 in te rv iewers  were 
Y 

h i r e d ,  then m=lOO and ( 1  + (m-l)p  ) i s  3.0. 
Y 

Therefore,  i f  only 10 in te rv iewers  a r e  em- 

ployed,  the  var iance  of ; is  1.82 t imes 

g r e a t e r  than i f  100 in te rv iewers  a r e  employed, 

assuming t he  in te rv iewer  var iance  is  t h e  same 

i n  bo th  cases .  J u s t  a s  sampling va r i ance  

decreases  a s  t he  sample s i z e  i nc r ea se s ,  i n t e r -  

viewer var iance  decreases  a s  t he  number of 

in te rv iewers  i nc r ea se s .  

It can be shown t h a t ,  f o r  a complete cen- 

s u s ,  t he  express ions  f o r  SV, CC, and SRV a r e  

i d e n t i c a l  t o  t hose  given f o r  sample surveys.  

The var iance  of y = y can be obtained di-  

r e c t l y  from (3.1.4) s e t t i n g  n equal  t o  N. 

For a complete census 

Thus, t he  t o t a l  va r i ance  of a census mean 

con t a in s  a component f o r  enumerator va r i ance ,  

which i s  divided by t h e  number of enumerators 

i n  t h e  census, and a component f o r  random 

var iance  which i s  divided by t he  s i z e  of t h e  

census populat ion.  The i n t e r p r e t a t i o n  of p 
Y 

and I i s  e s s e n t i a l l y  t he  same f o r  censuses 

a s  i t  i s  fo r  surveys. 

Note t h a t  t he  form of t he  va r i ance  given 

i n  (3.1.5) is  not  appropr ia te  f o r  determining 

t he  impact of enumerator var iance  of t h e  

t o t a l  var iance of I;, s i nce  t he  f i n i t e  popula- 

t i o n  term shown i n  equat ion (2.13) was 

ignored. Therefore,  f o r  censuses, equa t ion  

(3.1.9) is  t he  appropr ia te  one. 

For ca t ego r i ca l  d a t a ,  t h e  a d d i t i v e  com- 

ponent s t r u c t u r e  f o r  enumerator o r  in te rv iewer  

e r r o r  given i n  t he  l a s t  s e c t i o n  is  n o t  appro- 

p r i a t e ,  s i n c e  t he  t r u e  va lue  p t a k e s  only i j 
t h e  va lues  0 and 1. A more a p p r o p r i a t e  model, 

provided i n  (Bai la r  and Biemer 1984),  i s  

a s  fol lows.  

Let  l~ = 1 i f  u n i t  ( i , j )  belongs  t o  i j  
some c l a s s ,  say ,  C, and p = 0 otherwise .  i j 
Now we must consider  e r r o r s  c o n t r i b u t e d  by an 

in te rv iewer  t h a t  r e s u l t  i n  t h e  m i s c l a s s i f  ica-  

t i o n  of a u n i t .  For example, suppose we a r e  

i n t e r e s t e d  i n  eva lua t i ng  t h e  i n t e r v i e w e r s  i n  

a n a t i o n a l  unemployment survey .  Suppose f o r  

one of t h e  i tems on t h e  q u e s t i o n n a i r e  t h e  

in te rv iewers  must c l a s s i f y  an  i n d i v i d u a l  a s  

being a member of t h e  l abo r  f o r c e  o r  n o t  a 

member. Given t h a t  a person  is n o t  a member 

of t he  l abo r  fo r ce ,  i n t e rv i ewer  i has  a proba- 

b i l i t y ,  say @i, of m i s c l a s s i f y i n g  t h e  ind i -  

v i d u a l  a s  being i n  t h e  l a b o r  f o r c e .  And, f o r  

a person who i s  i n  t h e  l a b o r  f o r c e ,  t h e  i n t e r -  

viewer m i s c l a s s i f i e s  a t  a r a t e  8 .. Each 
Z 

i n t e rv i ewer ' s  r a t e s  of m i s c l a s s i f  i c a t i o n ,  ' i 
and e i ,  a r e  a func t ion  of t h e  i n t e r v i e w e r ' s  

understanding of t he  concepts ,  pe r sona l  b i a s e s ,  

thoroughness during t he  i n t e rv i ew ,  e t c . ,  and,  

t h u s ,  $i and 8 .  may vary  from in t e rv i ewer  t o  
z 

in te rv iewer .  

Therefore,  0 .  denotes  t h e  p r o b a b i l i t y  
2 

t h a t  in te rv iewer  i causes  a u n i t  i n  c l a s s  C 

t o  be m i s c l a s s i f i e d  as no t  i n  c l a s s  C ( f o r  

example, someone unemployed is  c l a s s i f i e d  as 

being employed) and 4 .  denotes  t h e  p r o b a b i l i t y  
Z 

t h a t  in te rv iewer  i causes  a u n i t  n o t  i n  c l a s s  

C t o  be mi sc l a s s i f  i e d  i n t o  c l a s s  C ( i . e . ,  

someone employed i s  c l a s s i f i e d  a s  being unem- 

ployed) .  Mathematically, t h i s  is w r i t t e n  a s  
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Oi = M y i j  = 0 , pij = I )  

and 

i j - 1 1 p i  = 0) $i = P r ( y  - 

Now e i n  the  general  model (2.1) can i j 
take  on three possible  va lues ,  -1, 0, o r  1. 

I n  terms of t he  general  model (2. I ) ,  i f  

'i,j 
= 1 ,  then e = -1 or  0 with p r o b a b i l i t i e s  i j 

0 .  and 1 - Oi, r espec t ive ly ;  and i f  = 0, z ij 
then e = 1 or  0 with p r o b a b i l i t i e s  $i i j 
and 1 - respec t ive ly .  By allowing t h e  

"probabi l i ty  of a f a l s e  negative" 0;, and the  

"probabi l i ty  of a f a l s e  pos i t i ve , "  t o  

depend upon the interviewers,  we a r e  a b l e  t o  

i nves t iga t e  the  impact of interviewer va r i a -  

i b i l i t y  on the  es t imates  of proport ions.  

Value o f  

It i s  assumed t h a t  t he  m i s c l a s s i f i c a t i o n  

p r o b a b i l i t i e s ,  8 .  and (Pi, i=1, . .., k, cor- 
Z 

responding t o  the k interviewers f o r  t h e  

survey, cons t i t u t e  a random sample from an 

in£  i n i t e  population of interviewer misc lass i -  

f  i c a t i o n  p r o b a b i l i t i e s  with means (0, $) , 
var iances  (a2 a 2 )  , and covariance a 

8' 4 04- 

Value o f  y 
i j 

It is  now poss ib le  t o  der ive  new expres- 

s ions  for  t he  b i a s  and var iance  components of 

t o t a l  response e r r o r .  A s  before ,  we s h a l l  

f i r s t  focus on sample surveys fo r  t he  i n t e r -  

p r e t a t i ons  of the components; however, t h e  

i n t e rp re t a t i ons  f o r  censuses a r e  i d e n t i c a l .  

Assume simple random sampling f o r  t he  

sample survey a s  before.  Then, i t  can be 

shown tha t  

where t he  sample propor t ion ,  p ,  i n  c l a s s  C is  

t h e  usual  "unbiased" e s t ima to r  of the  popula- 

t i o n  proport ion,  P ,  i n  c l a s s  C and Q = I - P. 

Thus, f o r  quan t i t a t i ve  da t a  p is biased by an 

amount B = -P8 + Q4. This  b i a s  is  zero only 

i f  0 = 0 and (I = 0 or  i f  -P8 exac t ly  cance ls  

out  Q4. 

Now consider t h e  components of var iance  

SV, CC, and SRV i n  t h e  genera l  var iance  

formula (2.10). It can be shown t h a t  

and 

(3.2.4) SRV = P0(l  - 8) + Q@(I - 4) 

where A = 8 + $, the  sum of t h e  average m i s -  

c l a s s i f i c a t i o n  r a t e s .  

These expressions f o r  t h e  components of 

V(p) lead  t o  e n t i r e l y  d i f f e r e n t  i n t e rp re t a -  

t ions  of t he  measures of response var iance  . 
Consider SV given by (3.2.2).  Note t h a t  

S V  = 0 i f  P = 1 (or 0)--that i s ,  everyone i n  

t he  populat ion is ( i s  n o t )  i n  c l a s s  C--= i f  

A = 1. For example, i f  both 0 and @ a r e  . 5  

(and A = I ) ,  then we would say the in t e r -  

viewers a r e  equal ly  l i k e l y  t o  c l a s s i f y  a u n i t  

a s  a "1" o r  "0" without  regard  t o  t he  u n i t ' s  

t r u e  c l a s s i f i c a t i o n .  Thus, t h e  propor t ion  of 

1 ' s  i n  t h e  populat ion has no e f f e c t  on sam- 

p l i n g  var iance ,  and S V  = 0 .  Sampling va r i -  

ance i s  a t  i t s  maximum when A = 0 and S V  = PQ 

= V . ) Thus, mi sc l a s s i f  i c a t i o n  e r r o r s  
'L3 

reduce sampling va r i ance .  

Now consider  SRV, t h e  simple response 

var iance .  Note t h a t  SRV i s  a t  minimum when 

4 and 8 a r e  both zero  (or one) ,  and a t  a 

maximum when 4 and 0 a r e  both ;5. This  i s  

j u s t  t he  reverse  of t h e  e f f e c t  of these  va lues  

on SV. The index of incons is tency  

I =  SRV 
SV + SRV 
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i s  a t  i t s  maximum (1.0) when SV = 0 .  I n  most 

p r a c t i c a l  s i t u a t i o n s ,  t h i s  occurs when 8  and 

@ a r e  both . 5 ;  however, t h i s  maximum i s  a l s o  

a t t a i n e d  whenever A = 1. For example, when 

4 = .3 and 8  = .7 ,  o r  @ = . 6  and 8  = .4 ,  e t c .  

The index of inconsis tency,  t he r e fo re ,  

measures t he  impact of m i s c l a s s i f i c a t i o n  

e r r o r s  on t he  t o t a l  var iance  of an observa- 

t i on .  However, I i s  not a  d i r e c t  measure of 

mi sc l a s s i f i c a t i on  e r r o r .  Moreover, i t  does 

not account f o r  the  e f f e c t s  of co r r e l a t ed  

e r r o r s  a s  i n  the  case  of q u a n t i t a t i v e  d a t a  a s  

was seen from equat ions (3.1.8) and (3.2.4).  

The fol lowing example should help i n  under- 

s tanding  t h e  index I .  

Figure a  considers  hypothe t ica l  s i t ua -  

t ions where t he  e r r o r s  of misc lass i f  i c a t  ion 

a r e  o f f s e t t i n g  or  compensating: i . e . ,  u n i t s  

a r e  mi sc l a s s i f i ed  with t he  same frequency both 

in-category ( f a l s e  pos i t i ve )  and out-of- 

category ( f a l s e  negat ives) .  Reading across  

rows of t he  t ab l e ,  we view the  r a t e  of i nc r ea se  

i n  I a s  t he  l e v e l  of random e r r o r  A = 8 + @ 

increases  t o  the maximum; reading down columns, 

we s ee  t h a t  t he  importance of the  e r r o r  l e v e l  

v a r i e s  according t o  t he  prevalence of t he  

c h a r a c t e r i s t i c  being measured i n  t h e  

populat ion.  For example, a  combined e r r o r  

F i g u r e  a .  THEORETICAL VALUES OF I FOR COM- 
PENSATIiVG FALSE POSITIVES AND FALSE NEGATIVES 

(8 = @ )  

r a t e  of 2  percent  when P = .01 i s  more s e r i o u s ,  

P 

a s  measured by I (I = .510),  than  a  combined 

I 

e=$=.Ol @ = @ = . I  8=$=.3 8=$=.4 

e r r o r  r a t e  of 20 percent  when P = .2 

(I = .468).  

Figure b  cons iders  s i t u a t i o n s  where m i s -  

c l a s s i f i c a t i o n  e r r o r s  occur p r imar i l y  i n  one 

d i r e c t i o n ,  f o r  example, only f a l s e  nega t i ve s .  

Because of t he  d i r e c t i o n  of t h e  e r r o r s ,  a 

s u b s t a n t i a l  e r r o r  r a t e ,  say 8  = . I ,  can be 

t o l e r a t e d  when the  u n i t s  prone t o  m i s c l a s s i f i -  

c a t i on  a r e  no t  dominant i n  t h e  popula t ion  

These t a b l e s  i n d i c a t e  t he  complexi t ies  

involved i n  i n t e r p r e t i n g  I .  This  measure is  

not  neces sa r i l y  an i n d i c a t o r  of t he  q u a l i t y  

of t he  in te rv iew o r  t h e  i n t e rv i ewer s '  per- 

formance. It measures t he  r e l i a b i l i t y  of t he  

da t a  and t he  se r iousness  of t he  e r r o r s  r e l a -  

t i v e  t o  t he  o v e r a l l  p r ec i s ion  of t h e  da t a .  

Figure b. TgEORETICAL VALUES OF I FOR NONCOM- 
PENSATING FALSE POSITIVES  AND FALSE NEGATIVEE 

Now l e t  us consider  t he  i n t e r p r e t a t i o n  of 

a  l a r g e  o r  small  CC. The c o r r e l a t e d  component 

of in te rv iewer  var iance  i s  a  func t i on  of the  

v a r i a b i l i t y  between i n t e rv i ewer s  i n  t h e i r  m i s -  

c l a s s i f i c a t i o n  p r o b a b i l i t i e s  (a2 and 02), t h e  
8  6 

covariance between t h e  p r o b a b i l i t y  of a  f a l s e  
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p o s i t i v e  and t he  p robab i l i t y  of a  f a l s e  nega- 

t i v e ,  08$, and t h e  proport ion,  P a s  shown i n  

equat ion (3.2.3) . Assuming t h a t  a is  non- 
e$ 

negat ive ,  which is reasonable f o r  some opera- 

t i o n s ,  a  l a rge  va lue  of CC impl ies  t h a t  0; and 

a2 a r e  l a rge ,  i nd i ca t i ng  a  d i s p a r i t y  i n  t he  4 
way the  operators  perform t h e i r  jobs. A 

small  CC may have s eve ra l  widely d i f f e r i n g  in- 

t e rp r e t a t i ons .  I f  a l l  the  in te rv iewers  have 

t h e  same propensi ty  t o  cause u n i t s  i n  t h e i r  

assignments t o  be mi sc l a s s i f i ed ,  CC w i l l  be 

small .  This consis tency among in te rv iewers  i s  

u sua l l y  regarded a s  an i nd i ca t i on  t h a t  t he  

opera t ion  is  under cont ro l .  Th i s ,  unfortu- 

n a t e l y ,  i s  not  t he  only condi t ion  t h a t  w i l l  

produce a  small va lue  f o r  CC. For example, 

t h e r e  may be considerable  v a r i a b i l i t y  between 

interviewers  i n  t he  r a t e s  a t  which they m i s -  

c l a s s i f y  u n i t s  i n  c l a s s  C ( l a rge  a2); however, 8 
i f  t he  c l a s s  i s  r a r e  (small P ) ,  t he  co r r e l a t ed  

component may s t i l l  be very s m a l l .  Therefore,  

us ing  cor re la ted  components as i n d i c a t o r s  of 

interviewer performance and q u a l i t y  assurance 

can be misleading. The fol lowing example 

a t tempts  t o  exemplify t h i s  pherwmenon. 

Population 
proportion 

Example 3.2--Consider t he  e f f e c t  of i n t e r -  

viewer m i s c l a s s i f i c a t i o n  e r r o r s  on t he  var iance  

of a  c a t ego r i ca l  survey v a r i a b l e .  The impact 

of co r r e l a t ed  nonsampling e r r o r  on t he  t o t a l  

var iance  can be measured by t he  quan t i t y  p 
Y 

defined above. When t h e  q u a n t i t a t i v e  model 

is  erroneously used f o r  q u a l i t a t i v e  d a t a ,  a s  

i t  o f t en  is i n  p r a c t i c e ,  a  measure pa! r e s u l t s  
cc 3 

where p* = 
y SV + CC + SRV ' 

For t h i s  reason ,  

t h i s  "hybrid" measure w i l l  a l s o  be i nves t i -  

gated.  

Figure c  shows p a ~ d  p-or a  s e r i e s  
Y' Y 

of va lues  of P and f o r  two s p e c i a l  cases  of 

t h e  j o i n t  d i s t r i b u t i o n  of (8 .,$ .). I n  t h e  
Z Z 

f i r s t  case,  t he  o v e r a l l  p r o b a b i l i t y  of a  

f a l s e  nega t ive  response i s  h igh ,  say 8 = . I ,  

while  t he  o v e r a l l  p r o b a b i l i t y  of a  f a l s e  

p o s i t i v e  response is ve ry  smal l ,  say $ = 0. 

Let  = .005 which is  i n  t he  h igh  range f o r  

unimodal Beta-d is t r ibu ted ,  8 I n  t h e  second i ' 
case  both types of e r r o r s  occur wi th  h igh  

p r o b a b i l i t i e s ,  8 = 4 = . I ,  and t he  populat ion 

of interviewer m i s c l a s s i f  i c a t i o n  p r o b a b i l i t i e s  

is  highly v a r i a b l e ,  o2 = o2 = .005. A s  a  
8 4 

F i g u r e  e .  VALUES OF p AlYD p* FOR GIVEN P, 6, a:, (, AND o2 
Y Y 4 

Case 2: High 0 ,  a:; High $, 02 
@ 

(e=. 1 , u;=. 005) ($=. I , D;=. 00s) 
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f u r t h e r  s imp l i f i c a t i on ,  the covariance i s  

ignored, and t he  f i n i t e  populat ion co r r ec t i on  

is taken t o  be un i ty  i n  both examples. For 

t he  case where t he  interviewer p r o b a b i l i t i e s  

of a  f a l s e  p o s i t i v e  ($i) a r e  high and v a r i a b l e  

while 8 i s  ze ro ,  rep lace  P by 1-P i n  case 1 i n  

f i gu re  c .  The da ta  i n  the  f i g u r e  r e f e r  t o  an 

est imate of P f o r  an a rea  t he  s i z e  of one 

in te rv iewer ' s  assignment, which i s  taken 

a r b i t r a r i l y  a s  m = 50 u n i t s .  

Figure c  dramatical ly  i l l u s t r a t e s  t he  

e f f e c t  of t h e  population propor t ion  on t he  

i n t e r p r e t a t i o n  of the  co r r e l a t ed  component. 

Without changing t he  qua l i t y  of t he  i n t e r -  

viewer 's  work--that is, holding t he  i n t e r -  

viewer e r r o r  parameters constant--very 

d i f f e r e n t  va lues  of p can r e s u l t  depending 
Y 

upon the  prevalence of the  c h a r a c t e r i s t i c  

being measured. I n  case 1, where only one 

type of rn i sc lass i f ica t ion  e r r o r  is  made, 
P~ 

increases  a s  t he  proport ion of u n i t s  f o r  which 

t he  e r r o r  is made increases .  For case  2 ,  

where both types  of m i s c l a s s i f i c a t i o n  e r r o r s  

a r e  poss ib le  and a r e  made w i th  i d e n t i c a l  dis-  

t r i b u t i o n s ,  p may st i l l  vary considerably 
Y 

according t o  t he  magnitude of P. 

It i s  important t o  r e a l i z e  t h a t ,  i n  t h e  

case of q u a l i t a t i v e  da ta ,  t h e  c o r r e l a t e d  com- 

ponent of interviewer var iance  is not  neces- 

s a r i l y  a  measure of the d i f f e r ences  among the  

interviewer systematic  e r r o r s ,  a s  i n  t he  case  

f o r  q u a n t i t a t i v e  data .  Therefore,  i t s  useful- 

ness  a s  an i nd i ca to r  of da t a  q u a l i t y  is  

quest ionnable.  However, it i s  s t i l l  usefu l  

t o  measure how the t o t a l  var iance  of an e s t i -  

mator i s  a f f e c t e d  a s  a  r e s u l t  of systematic  

interviewer e r r o r s .  

3.3 ENLon n;ttruc;tuhe n ummahy 

The e r r o r  s t ruc tu re s  j u s t  explored f o r  

quan t i t a t i ve  and q u a l i t a t i v e  d a t a  a s  wel l  a s  

t he  general  e r r o r  formulas a r e  summarized i n  

f i g u r e  d. 

4. THE ESTIMATION OF RESPONSE 
ERROR COMPONENTS 

Two techniques f o r  e s t ima t ing  t he  compo- 

nents  of response e r r o r  have been widely used 

i n  census and survey eva lua t ion :  r e i n t e r v i e w  

surveys and i n t e rpene t r a t i on  s t u d i e s .  There 

a r e  two b a s i c  types of r e in t e rv i ew  surveys.  

One type aims a t  r e p l i c a t i n g  t he  census o r  

survey in te rv iew,  using t he  same procedures ,  

t r a i n i n g ,  ques t ionna i re ,  and i n t e rv i ewer s .  

This  type of re in te rv iew has  t he  o b j e c t i v e  of 

es t imat ing  SRV, t he  simple response va r i ance .  

The second type of r e in t e rv i ew  survey aims a t  

g e t t i n g  t he  most co r r ec t  answer p o s s i b l e  and, 

t he r e fo re ,  may use very expensive procedures ,  

highly q u a l i f i e d  and t r a i n e d  i n t e rv i ewer s ,  

and d e t a i l e d ,  probing ques t i onna i r e s .  This  

type of r e in t e rv i ew  has  t he  ob j ec t i ve  of e s t i -  

mating B, t he  response b i a s .  The response 

b i a s  r e in t e rv i ew  is used f o r  e s t ima t ing  B when 

admin i s t r a t i ve  records  a r e  e i t h e r  no t  ava i l -  

ab l e  o r  a r e  i n f e a s i b l e .  

I n t e rpene t r a t i on  s t u d i e s  aim a t  e s t ima t ing  

CC, t he  co r r e l a t ed  component of i n t e rv i ewer  

var iance .  This  procedure randomizes t h e  as- 

signment of households t o  i n t e rv i ewer s  s o  t h a t  

each in te rv iewer  assignment has  t he  same ex- 

pected va lue  f o r  the  average of some charac- 

t e r i s t i c .  This  procedure is  i d e n t i c a l  t o  t h e  

a n a l y s i s  of var iance  (ANOVA) method of e s t i -  

mating va r i ance  components. The next  s e c t i o n  

descr ibes  t h e  methodology f o r  e s t ima t ing  CC. 

Reinterview surveys w i l l  be addressed i n  

s ec t i on  4.2.  

The es t imat ion  of CC and p w i l l  be 
Y 

discussed f o r  two genera l  des igns  f o r  i n t e r -  

viewer assignment i n t e r p e n e t r a t i o n .  The f i r s t  

design is  the  full i n t e r p e n e t r a t i o n  of i n t e r -  

viewer assignments design.  The second design 

i s  a two-staged i n t e r p e n e t r a t i o n  des ign .  Both 

designs a r e  app l i cab l e  t o  e i t h e r  q u a n t i t a t i v e  
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F i g u r e  d.  SUMMARY OF NONSAMPLING ERROR STRUCTURES 

-- 

Symbo 1 
definition 

Response b ias 

Sampling variance 

Correlated component 
of enumerator variance 

Simple response variance 

Mean square error 
of a census total 

Mean square error 
of a sample mean 

l ndex of i ncons is tency 

I n t ra-enumera tor 
correlation 
coefficient 

General 
form 

N ~ B ~  + N(m-1) CC 

+ N SRV 

n-1  SV B2  + ( 1  - -) 7 
N- 1 

m-2 CC SRV + --- - + - 
m k  n 

SRV 
SV + SRV 

CC 
SV + SRV 

- 

or qualitative data. In each case below, the 

sample design is assumed to be a simple random 

sample of units. For more complex survey de- 

signs, the estimators of CC are still appli- 

cable; however, the estimators of p are not, 
Y 

since the denominator must be properly 

weighted in order to estimate SV + SRV. 

Each estimator described below will, 

under certain conditions, provide an unbiased 

estimate of the quantity 

cc = ( c o v f y i j , y i j  - Cov'yi j ,y i  , j  ,I 

This quantity, under quantitative model 

assumptions, is 0; and under qualitative 
2 2 model assumptions, is P o0 + Q'O; - ZPQo 

0 4 -  

Quant i tat i ve 
form 

(ob ta i ned by 
appropriate 

substitution of 
quantitative 
components) 

Qua1 itative 
form 

(obtained by 
appropriate 

substitution of 
qua1 i tat ive 
components) 

4.11. Full interpenetration.--Suppose 

there are k interviewers or enumerators whose 

assignments are to be interpenetrated. For 

full interpenetration, the units in their 

combined assignments are split as evenly as 

possible into k random subsamples. Let m i 

denote the number of units assigned with 

simple random sampling to interviewer i where 
k 
E m i  = n ,  the number of units in all inter- 
7 
1 

penetrated assignments combined. The usual 

ANOVA table for the computations is given in 

figure e, where 
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F i g u r e  e .  ANALYSIS OF VARIANCE TABLE FOR COMPUTING & 

Among 
operators 

( in te rv iewers )  

W i t h i n  
operators  

( in te rv iewers )  

Degrees of 
freedom 

n - k  

For binomial v a r i a b l e s ,  OSS and ESS i n  f i g u r e  

e  s implify t o  

ESS = npq - OSS 

where p i s  t he  proport ion i n  c l a s s  C i n  t he  i 
ith in te rpene t r a t ed  interviewer assignment. 

Then, an es t imator  of CC is  

OMS - EMS 
(4.1.2) c?= 

where I 
k  

4 . 3 )  m =  i = 1  z m . t k )  
I f  the  assignment workloads m .  do not  vary  

Z 

much between interviewers ,  i n s t ead  of (4.1.3) , 

l e t  m = n / k .  

An es t imator  of p can be obtained from 
Y 

t he  ana ly s i s  of var iance t a b l e .  For quan- 

t i t a t i v e  da t a  t h e  es t imator  i s  

and f o r  q u a l i t a t i v e  data t h e  es t imator  i s  

Sum of Squares 
(SS )  

Operator Sum of 
Square (OSS) = 

Error Sum of 
Squares (ESS) = 

Mean Squares 
(MS) 

Opera t o r  Mean 
Square (OMS) = 

Error Mean 
Square (EMS) = 

ESS - 
n-k 

It can be shown t h a t ,  i f  t he  m .  a r e  
2 

t r e a t e d  l i k e  cons tan ts ,  t he  expec ta t ion  of 

2 i s  

- cov i p i j ,  ei l j  
h 

using t he  no ta t ion  of s e c t i o n  3. Thus, CC 

is,  i n  genera l ,  a  b iased  e s t ima to r  of CC.  

The b i a s  is due t o  t he  c o r r e l a t i o n  between 

t he  interviewer e r r o r  and t h e  t r u e  v a l u e s  of 

t he  c h a r a c t e r i s t i c s  f o r  u n i t s  w i th in  an i n t e r -  

v iewer ' s  assignment, a f t e r  accounting f o r  t h i s  

c o r r e l a t i o n  f o r  u n i t s  ou t s ide  of t h e  i n t e r -  

viewer 's  assignment. For example, p a r t  of t he  

e r r o r  e may be due t o  t he  imputat ion of non- i j 
responses,  and t h i s  e r r o r  may be c o r r e l a t e d  

with the  t r u e  va lues  i n  another  i n t e r v i e w e r ' s  

assignment. Hence, Cov(uij,e , . ,) may no t  
i 3 

be zero. I n  add i t i on ,  t he  e r r o r  e may be i j 
due t o  an i n t e rv i ewer ' s  persona l  b i a s  which 

may be inf luenced by t he  va lues  of o the r  u n i t s  

, i n  the  same assignment. A s  mentioned i n  sec- 

t i o n  3 ,  such a  s i t u a t i o n  occurred i n  a  survey 

conducted by t he  U.S. Census Bureau i n  t he  

1950's where the  in te rv iewers  were t o  
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e s t i m a t e  t h e  v a l u e  of owner-occupied dwel l ings  

i n  t h e  a r e a .  The es t imated v a l u e s  of t h e  

dwel l ings  were inf luenced by t h e  types  of 

housing u n i t s  included i n  the  assignment.  

Hence, t h e  b i a s  term i n  (4.1.6) may n o t  be  

zero and must be considered when a t t empt ing  

t o  i n t e r p r e t  t h e  es t imated  c o r r e l a t e d  com- 

ponent . 
Two examples a r e  given i l l u s t r a t i n g  t h e  

es t imat ion  of t h e  CC and p f o r  f u l l  i n t e r -  
Y 

p e n e t r a t i o n .  I n  both examples, t h e r e  a r e  3 

enumerators whose assignments were i n t e r -  

p e n e t r a t e d  among 30 u n i t s .  The sample of 30 

u n i t s  was s p l i t  a s  evenly a s  p o s s i b l e  i n t o  3 

random subsamples, r e s u l t i n g  i n  10 u n i t s  

being ass igned  t o  each enumerator l i ) .  Data 

on household income were ob ta ined .  I n  t h e  

f i r s t  example, t h e  income v a l u e s  do n o t  d i f f e r  

much between enumerators,  and t h e  e s t i m a t e  of 

CC and p i s  n e g l i g i b l e .  Th is  i n d i c a t e s  no 
Y 

evidence of an in t ra - in te rv iewer  c o r r e l a t i o n .  

I n  t h e  second example, t h e  e s t i m a t e  of CC and 

p i s  smal l  b u t  p o s i t i v e .  
Y 

Example 4.1--The e s t i m a t e  of CC f o r  t h e  

example d a t a  provided i n  f i g u r e  f  is: 

OMS- EMS - 51.735 - 216.415 = -16,468 
CC = - m 1 0  

And t h e  e s t i m a t e  of p is: 

2 2  
Y 

Negative e s t i m a t o r s  of CC sometimes occur  i n  

p r a c t i c e  because t h e  es t imator  i s  t h e  d i f f e r -  

ence between two terms. The usua l  procedure 
h 

f o r  nega t ive  e s t i m a t e s  is t o  r e p l a c e  CC and 

3 by 0 i n  t h e  repor ted  r e s u l t s .  

Example 4.2--The e s t i m a t e  of CC f o r  t h e  

example d a t a  provided i n  f i g u r e  f  is: 

OMS-EMS - 2,034.8-816.63 - 218.17 - 21 h =  - --- 
10 10 

The e s t i m a t e  of p i s  given by: 
Y 

4.12 Two-staged in te rpene t ra t ion . - -A 

more complex des ign  t h a t  i s  o f t e n  used f o r  

i n t e r p e n e t r a t i n g  t h e  assignments of i n t e r -  

viewers  working a t  a number of d i f f e r e n t  

c o l l e c t i o n  o f f i c e s  i s  t h e  two-staged i n t e r -  

p e n e t r a t i o n  des ign .  

For t h e  f i r s t  s t a g e ,  t h e  sample is 

d iv ided  i n t o  k mutually e x c l u s i v e  and exhaus- 

t i v e  enumeration a r e a s  (EA's). These w i l l  

u s u a l l y  be def ined geographica l ly .  Let  t h e  

sample of u n i t s  w i t h i n  each EA be a s s i g n e d  

o r i g i n a l l y  t o  one and only one i n t e r v i e w e r ;  

f o r  example, t h i s  might be t h e  a r e a  t h a t  i s  

most a c c e s s i b l e  t o  t h e  i n t e r v i e w e r .  Now l e t  

t h e  k EA's formed f o r  t h e  k i n t e r v i e w e r s  be 

grouped t o g e t h e r  a r b i t r a r i l y  i n t o  L non- 

over lapp ing  "groups" each c o n t a i n i n g  t h e  same 

number, a ,  f o r  EA1s ( s e e  f i g u r e  f )  . For 

example, geograph ica l ly  neighboring EA1s may 

be p a i r e d  t o g e t h e r ,  a = 2 ,  so  t h a t  t h e  t o t a l  

number of groups i s  L = k/2. Next,  a random 

sample of R groups i s  drawn from t h e  L groups 

of EA1s. 

For t h e  second s t a g e ,  t h e  i n t e r v i e w e r s  

working i n  t h e s e  k? EA-groups, l a b e l l e d  h=Z, 

. . . , R ,  s a y ,  w i l l  have t h e i r  ass ignments  i n t e r -  

p e n e t r a t e d .  The i n t e r v i e w e r s  working i n  t h e  

remaining groups,  say h=R + 1,  . . ., L, main- 

t a i n  t h e i r  o r i g i n a l  ass ignments .  Thus, i f  

each i n t e r v i e w e r  assignment i s  of s i z e  m ,  in- 

t e r v i e w e r s  i n  i n t e r p e n e t r a t e d  EA's a r e  as -  

s igned m / a  u n i t s  a t  random i n  each of t h e  a 

EA'S of t h i s  group, whi le  i n t e r v i e w e r s  i n  non- 

i n t e r p e n e t r a t e d  EA1s maintained t h e i r  o r i g i n a l  

ass ignments  of m u n i t s  i n  each EA. 

Only t h e  EA1s i n  t h e  R groups t h a t  a r e  

i n t e r p e n e t r a t e d  w i l l  be used i n  t h e  e s t i m a t i o n .  

Let  Y~~~~ denote  t h e  recorded v a l u e  f o r  t h e  

j th u n i t  ( 6 1 ,  ..., m/a) i n  t h e  (i,r) f o r  i, 

r=1, . . ., a in te rv iewer  by EA c e l l  f o r  group h 

of t h e  i n t e r p e n e t r a t e d  groups ( h  - < R ) .  Then, 

an e s t i m a t o r  of CC f o r  i n t e r v i e w e r s  is given 

by (Biemer and Stokes ,  1985) . 
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Figure f. ESTIMATION OF CC 

Given data .for example 4.1 

To ta l  4 l nterv iewers 

ANOVA table  for example 4.1 

Household l ncome (1,000's)  

-- - . .- . . - 
Sum o f  Squares 

---- 
Degrees of  

freedom 
Source Mean Squares 

Among 
opera to rs  

( i n t e r v i e w e r s )  

Operator Sum o f  Square 
(OSS) = 17,866.8 

- 17,763.33 
= 103.47 

Operator Mean Square 
(OMS) = 103.47 

2 

W i t h i n  
opera to rs  

( i n t e r v i ewe rs )  

E r r o r  Sum o f  Squares 
(ESS) = 23,710 

- 17,866.8 
= 5,843.2 

E r r o r  Mean Square 
fEI;S) = 5,843.2 

27 
= 216.415 

Given data for examp Ze 4.2 

Household Income (1,000's)  In te rv iewers  F Tota 1 

ANOVA table for example 4.2 

Degrees of 
freedom 

Source Sum o f  Square Mean Squares 

Operator Sum o f  Squares 
(OSS) = 68,057.9 

- 65,988.3 
= 2,069.6 

Operator Mean Square 
(OMS) = 2,069.6 

2 
= 1 ,034.8 

Among 
operators  

( i n t e r v i ewe rs )  

W i t h i n  
opera t o r s  

( i  n t e r v i  ewers) 

E r r o r  Sum of  Squares 
(ESS) = 90,107 

- 68,057.9 
= 22,049.1 

E r r o r  Mean Square 
(EMS) = 22,049.1 

27 
= 816.63 



r- i . 
* "  

Appendix 

where 

and n = Ram. 

An est imator  of t he  denominator of p 
Y 

f o r  q u a l i t a t i v e  da t a  given i n  Biemer and 

Stokes (1985) is: 

has expectat ion SV + SRV f o r  q u a l i t a t i v e  da ta  

and expectat ion SV + SRV - CC f o r  quan t i t a t i ve  

da ta .  Therefore, f o r  quan t i t a t i ve  da t a  we use 
h h 

D + CC t o  es t imate  t he  denominator of p 
Y' 

Example 4.3--Consider a  two-staged in te r -  

penetrat ion a s  i l l u s t r a t e d  i n  f i g u r e  g f o r  4  

interviewers  (A,B , C ,  and D)  . Interviewers  

A and B had t h e i r  assignments paired:  EA 1 

and EA 5 ,  respec t ive ly ,  are  in te rpene t ra ted .  

Likewise, interviewers  C and D had t h e i r  as- 

signments in te rpene t ra ted :  E A ' s  3  and 7 ,  

respec t ive ly .  A l l  remaining assignments were 

not  in te rpene t ra ted ,  and t h e i r  r e s u l t s  w i l l  

not en te r  i n t o  t he  subsequent computations. 

Each interviewer was assigned 50 housing 

u n i t s  and was i n s t ruc t ed  t o  c l a s s i f y  each 

housing un i t  a s  e i t h e r  above o r  below the  

poverty l eve l .  Interviewer A c l a s s i f i e d  

20 percent of t he  housing u n i t s  i n  h i s / he r  

Figure g . TWO-STAGED INTERPENETRATION DESIGN 
FOR k = 8, a = 2, AND 1 = 2 

Group 1 Group 4 
( in te rpene t ra ted)  (non- in te rpene t ra ted)  

Group 2 Group 3 
(non- interpenetrated)  ( i n t e rpene t r a t ed )  

in te rpene t ra ted  assignment below t h e  poverty 

l e v e l .  Interviewer B c l a s s i f i e d  60 percent  

below the  poverty l e v e l .  In te rv iewer  C c las -  

s i f i e d  30 percent and in te rv iewer  D c l a s s i f i e d  

10 percent  of t h e i r  assigned housing u n i t s  

below the  poverty l e v e l .  The fol lowing repre- 

s e n t s  t he  complete r e s u l t s :  

= 50( .2)  = 20; t he  number of households 
y l l . .  in te rv iewer  A c l a s s i f i e d  

below poverty l e v e l .  

= 5 0 ( . 6 )  = 30;  t he  number of households 
y 1 2 . .  i n te rv iewer  B c l a s s i f i e d  

below poverty l e v e l .  

= S O ( .  3 )  = 15;  t he  number of households 
Y 2 1 . .  i n te rv iewer  C c l a s s i f i e d  

below poverty l e v e l .  

= S O ( .  2 )  = 5 ;  t he  number of households 
Y22.. in te rv iewer  D c l a s s i f i e d  

below poverty l e v e l .  

m = 50 ; t he  in te rv iewer  assign-  
ment s i z e .  

- 
Y 

- - l o  + 30 = t he  propor t ion  of households 
1.. . 200 c l a s s i f i e d  below poverty 

l e v e l  i n  Group 1. 

- - 15 + 5  Y - ------ = t he  propor t ion  of households 
2... 100 c l a s s i f i e d  below poverty 

l e v e l  i n  Group 2 .  
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= 5 = t h e  number of households 
y n l .  c l a s s i f i e d  below poverty  l e v e l  

by in te rv iewer  A i n  t h e  f i r s t  
EA (EA1) of t h e  f i r s t  group. 

= 5 = t h e  number of households 
y 1 1 2 .  c l a s s i f i e d  below poverty  l e v e l  

by in te rv iewer  A i n  t h e  second 
EA (EA5) of t h e  f i r s t  -group. 

= 7 = t h e  number of households 
y 2 1 ~ .  c l a s s i f i e d  below poverty  l e v e l  

by in te rv iewer  C i n  t h e  f i r s t  
EA (EA3) of t h e  t h i r d  group. 

= 8 = t h e  number of households 
y 2 1 2 .  c l a s s i f i e d  below poverty l e v e l  

by in te rv iewer  C i n  t h e  second 
EA (EA7) of t h e  t h i r d  group. 

= 1 5  = t h e  number of households 
Y 1 2 1 .  c l a s s i f i e d  below poverty  l e v e l  

by in te rv iewer  B i n  t h e  f i r s t  
EA (EA1) of t h e  f i r s t  group. 

= 1 5  = t h e  number of households 
Y 1 2 2 .  c l a s s i f i e d  below poverty  l e v e l  

by in te rv iewer  B i n  t h e  second 
EA (EA5) of t h e  f i r s t  group. 

= 3 = t h e  number of households 
y 2 2 1 .  c l a s s i f i e d  below poverty l e v e l  

by in te rv iewer  D i n  t h e  f i r s t  
EA (EA3) of t h e  t h i r d  group. 

= 2 = t h e  number of households 
Y 2 2 2 ,  c l a s s i f i e d  below poverty  l e v e l  

by in te rv iewer  D i n  t h e  second 
EA (EA7) of t h e  t h i r d  group. 

- - - 20 = t h e  p ropor t ion  of households 
y 1 . 1  - 50 c l a s s i f i e d  below poverty l e v e l  

i n  EA1. 

- = - 20 = t h e  p ropor t ion  of households 
y ~ . 2 .  50 c l a s s i f i e d  below poverty l e v e l  

i n  EA5. 

- = - = t h e  proport ion of households 
2 . 1  . 50 c l a s s i f i e d  below poverty l e v e l  

i n  EA3. 

- - - - = t h e  proport ion of households 
y 2 . 2 .  50 c l a s s i f i e d  below poverty l e v e l  

i n  EA7. 

An es t imator  of CC f o r  in te rv iewers  is t h u s ,  

An es t imator  of t h e  denominator of p i s  
Y 

so t h a t  

This  i s  an extremely l a r g e  va lue  of p and 
Y 

would u s u a l l y  i n d i c a t e  t h a t  s u b s t a n t i a l  sys- 

temat ic  e r r o r s  were committed by t h e  i n t e r -  

viewers .  I n  t h i s  case ,  however, s i n c e  only 

four  in te rv iewer  assignments were used i n  t h e  

es t imat ion ,  6 i s  s u b j e c t  t o  considerab-le 
Y 

sampling v a r i a b i l i t y .  

4 . 1 3  Precision.--The var iance  of t h e  

es t imator  of CC f o r  two-staged in te rpene t ra -  

t i o n  has  been der ived assuming t h e  quan t i t a -  

t i v e  d a t a  model of s e c t i o n  3 . 1  and normally 

d i s t r i b u t e d  o b s e r v a t i o n s ,  y .  Let  0' denote 
11 ' 

t h e  average w i t h i n  EA v a r i a n c e  of t h e  terms 

- - ' 'hirj %irj + ' h i r j  i n  model ( 3 . 1 . 3 ) .  
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Then p has t h e  form 
Y ' "  

The r e l a t i v e  v a r i a n c e  (ReZvar), which i s  t h e  

c o e f f i c i e n t  of v a r i a t i o n  squared,  of t h e  e s t i -  

mator (4.1.7) of in terviewer  v a r i a n c e  has  been 

derived and can be expressed i n  terms of t h e  

magnitude of p This  express ion  is given 
Y' 

approximately by (Biemer and Stokes  1985) 

h 

(4.1 1 5) Re Zvar (CC) = ----- .(.'-I) [ I  ' f (2) 

It  should be recognized t h a t  t h i s  formula 

should only be used a s  a very rough guide. It 

can be u s e f u l  f o r  determining t h e  number of 

interviewer  assignments t o  i n t e r p e n e t r a t e  f o r  

some s p e c i f i e d  l e v e l  of p r e c i s i o n  i n  t h e  

es t imat ion  c?'. 

Example 4.4--Consider t h e  two-staged 

i n t e r p e n e t r a t i o n  design and suppose R = 259 

groups of a = 4 interviewer  assignments a r e  

chosen f o r  i n t e r p e n e t r a t i o n .  The average as- 

signment s i z e  f o r  each in te rv iewer  i s  125 

households. (This  design was used i n  t h e  

1970 U. S. Census Enumerator Variance Study .) 

Suppose t h a t  from previous s t u d i e s ,  i t  i s  

known t h a t ,  f o r  t h e  c h a r a c t e r i s t i c s  of i n t e r -  

e s t ,  p i s  approximately .01. Then t h e  ex- 
Y 

pected r e l a t i v e  var iance  of t h e  es t imator  of 

CC can be computed using (4.1.15).  Under t h e  

assumptions s t a t e d  above, t h e  es t imated  ReZvar 

(c?) is  approximately .008 o r  a c o e f f i c i e n t  

of v a r i a t i o n  of .09. 

Reinterview surveys can provide e s t i m a t e s  

of e i t h e r  t h e  simple response v a r i a n c e ,  SRV, 

o r  response b i a s ,  B, o r  both SRV and B, de- 

pending upon t h e  o b j e c t i v e s  and t h e  design. 

The designs  we w i l l  cons ider  w i l l  n o t  a l low 

t h e  s e p a r a t e  es t imat ion  of CC. The s i m p l e s t  

way t o  descr ibe  t h e  theory of e s t i m a t i o n  of 

SRV and B i s  through our  g e n e r a l  model 

def ined i n  s e c t i o n  2 .  T h i s  model r e f e r s  t o  a 

s i n g l e  gbserva t ion  of some c h a r a c t e r i s t i c  c 

f o r  t h e  u n i t  j. I n  o r d e r  t o  d i s t i n g u i s h  

between t h e  o r i g i n a l  i n t e r v i e w  and t h e  r e i n -  

terview,  we w i l l  i n c o r p o r a t e  a double sub- 

s c r i p t  ( j , t )  t o  denote t h e  tth o b s e r v a t i o n  

on u n i t  j. Thus, t = 1 d e n o t e s  t h e  census (o r  

o r i g i n a l  survey) response,  and t = 2 denotes  

t h e  r e i n t e r v i e w  survey response .  W e  now have 

two models corresponding t o  t h e  two observa- - 
t ions  : 

t h e  model f o r  t h e  o r i g i n a l  i n t e r v i e w  and 

(4.2.3) = p. + e .  
'j7. 3 J 2 '  

t h e  model f o r  t h e  r e i n t e r v i e w .  Note t h a t  i n  

bo th  models, p is n o t  indexed by t .  This  
j 

r e f l e c t s  t h e  fo l lowing  assumption: t h e  t r u e  

v a l u e ,  pi, f o r  t h e  jth u n i t  i n  t h e  sample is 

assumed t o  be t h e  same f o r  t h e  o r i g i n a l  i n t e r -  

view and t h e  r e i n t e r v i e w .  T h i s  assumption 

can u s u a l l y  be s a t i s f i e d  f o r  most charac te r -  

i s t i c s .  For example, suppose t h e  c h a r a c t e r -  

i s t i c ,  c, i s  age. We a r e  n o t  s a y i n g  t h a t  t h e  

respondents  do n o t  age between t h e  census and 

t h e  re in te rv iew.  Ra ther ,  we a r e  say ing  t h a t ,  

i n  t h e  re in te rv iew,  t h e  r e s p o n d e n t ' s  age a t  

t h e  t ime of t h e  census (no t  t h e  c u r r e n t  age) 

is  t o  be ob ta ined .  There fore ,  t h e  r e i n t e r v i e w  

ques t ions  must be  q u i t e  d i f f e r e n t ,  f o r  some 

c h a r a c t e r i s t i c s ,  t o  t a k e  i n t o  account  t h e  t ime 

l a g  between t h e  census and t h e  r e i n t e r v i e w .  

S t a t e d  simply, t h e  census and t h e  r e i n t e r v i e w  

g r e  intended t o  measure t h e  same thing--an 

i n d i v i d u a l ' s  age ,  m a r i t a l  s t a t u s ,  na t ion-  

a l i t y ,  e t c . ,  f o r  t h e  census r e f e r e n c e  

per iod .  
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The e r r o r s  e  and e  may, of course ,  
j  1 j2 

be d i f f e r e n t  f o r  t h e  two in te rv iews .  Th is  

l eads  t o  t h e  fol lowing assumption: 

E(e .  ) = B and V ( e .  ) = 0: 
3 1 3 1 

E(e j2)  = B r  and V f e .  ) = o2 
3 2 e '  

where B and B r  and a2 and a:, a r e  n o t  e  
necessa r i ly  equal .  

The means and var iances  of t h e  e r r o r s  

e  and e  depend upon t h e  g e n e r a l  condi- 
j  1 j  2 

t i o n s  under which t h e  census and t h e  r e i n t e r -  

view a r e  taken.  Some of these  genera l  

condi t ions  may be beyond t h e  c o n t r o l  o r  speci-  

f  i c a t i o n  of t h e  census and s tudy des igners  a s ,  

f o r  example, t h e  general  p o l i t i c a l ,  economic, 

and s o c i a l  s i t u a t i o n  a t  t h e  t ime of t h e  i n t e r -  

view, rumors, o r  genera l  uncont ro l led  

pub l ic i ty .  Uncontrolled condi t ions  a l s o  

include many temporary chance s i t u a t i o n s  ap- 

pear ing a t  t h e  time a response i s  obtained.  

Some condi t ions  can be c o n t r o l l e d  t o  in f luence  

t h e  q u a l i t y  of r e s u l t s .  These c o n t r o l s ,  which 

at tempt  t o  ensure  adequate q u a l i t y ,  a f f e c t  

ques t ionna i re  design,  in te rv iew procedures ,  

c e r t a i n  a s p e c t s  of census p u b l i c i t y ,  personnel  

q u a l i f i c a t i o n s ,  pay, t r a i n i n g  and i n s p e c t i o n ,  

and other  c o n t r o l s .  

Let G denote t h e  s e t  of genera l  condi t ions  

operat ing dur ing  t h e  census,  which g ives  rise 

t o  the  e r r o r  d i s t r i b u t i o n  f o r  e  . Let G'  
j l  

denote the  set of condi t ions  opera t ing  during 

t h e  re in te rv iew,  which g ives  r i s e  t o  t h e  

e r r o r  d i s t r i b u t i o n  f o r  e  I f  G = G',  t h a t  
$2' 

i s ,  i f  a l l  genera l  condi t ions  which a f f e c t  

response e r r o r s  a r e  t h e  same f o r  both t h e  

census and t h e  re in te rv iew,  then by d e f i n i t i o n ,  

B = B r a n d  0: = 0:). Likewise, i f  G # G r ,  

t h a t  is, t h e  census and t h e  r e i n t e r v i e w  sur- 

vey a r e  conducted under q u i t e  d i f f e r e n t  

general  condi t ions ,  then we cannot say t h a t  

F i n a l l y ,  we assume t h a t  t h e  e r r o r s  e  
j  1 

and e  a r e  independent; i . e . , 
j  2 

Coo (e  
j l J e j 2  

) = 0 f o r  a l l  j .  

I n  p r a c t i c e ,  t h i s  assumption may no t  hold a s  a 

r e s u l t  of respondent condi t ion ing .  Techni- 

c a l l y ,  a condi t ion ing  e f f e c t  i s  p r e s e n t  when 

uncont ro l lab le  i n f l u e n c e s  a r e  brought t o  bear  

on t h e  respondent (or  i n t e r v i e w e r )  a s  a d i r e c t  

r e s u l t  of t h e  o r i g i n a l  in te rv iew.  For example, 

t h e  respondent may simply r e c a l l  p rev ious ly  

given responses  t o  q u e s t i o n s  i n  t h e  o r i g i n a l  

in te rv iew and repea t  them i n  t h e  re in te rv iew.  

This  is a f f e c t e d ,  t o  some e x t e n t ,  by the  

t iming of t h e  r e i n t e r v i e w .  A g r e a t e r  time l a g  

between t h e  census and t h e  r e i n t e r v i e w  can 

reduce t h i s  e f f e c t .  T h i s  assumption w i l l  

be examined i n  more d e t a i l  l a t e r ,  and t h e  

impact of between t r i a l  c o r r e l a t i o n s  w i l l  be 

discussed.  Next, we cons ider  t h e  es t imat ion  

of B and SRV. F i r s t ,  however, some a d d i t i o n a l  

n o t a t i o n  is  needed. I n  t h e  fo l lowing ,  we 6s- 

sume t h a t  t h e  r e i n t e r v i e w  sample c o n s t i t u t e s  

a simple random sample without  replacement of 

s i z e  n from t h e  census ( o r  su rvey) .  

4.21 Notat ion f o r  q u a n t i t a t i v e  data.-- 

For q u a n t i t a t i v e  d a t a ,  bo th  e  and e  have 
j 1 j  2 

t h e  s t r u c t u r e  given i n  ( 3 . 1  . I ) .  Define y and 
1 

y t o  be t h e  sample means of t h e  census obser- 
2 

v a t i o n s  and t h e  r e i n t e r v i e w  observa t ions ,  

r e s p e c t i v e l y .  Let  

denote t h e  average sum of squares  of d i f f e r -  

ences between t h e  two o b s e r v a t i o n s  on t h e  

same u n i t s .  Then, i n  g e n e r a l ,  

and 
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where t h e  primes denote the  d i s t r i b u t i o n s  f o r  

the  r e i n t e r v i e w  e r r o r  v a r i a b l e s  b ! and E ' 
z ici 

(using t h e  n o t a t i o n  of s e c t i o n  3.1). 

4 . 2 2  Notat ion f o r  q u a l i t a t i v e  data.-- 

From t h e  d a t a  c o l l e c t e d  i n  t h e  in te rv iew and 

re in te rv iew,  t h e  fol lowing t a b l e  shown a s  

f i g u r e  h  can be generated. 

F i g u r e  h . CROSS-CLASSIFICATION OF ORIGINAL 
INTERVIEW RESULTS BY REINTERVIEW RESULTS 

Reinterview 

For example, a  i s  the  number of u n i t s  c l a s s i -  

f i e d  i n  C f o r  both the  o r i g i n a l  survey and 

t h e  re in te rv iew,  b  i s  t h e  number c l a s s i f i e d  

a s  not i n  C i n  t h e  survey b u t  i n  C i n  t h e  re-  ' in te rv iew,  e  t c  . The underlying populat ion 

parameters of these  da ta  a r e  represented by a  

s i m i l a r  t a b l e  shown i n  f i g u r e  i. 

F i g u r e  i. PROBABILITIES FOR THE ORIGINAL IiY- 
TERVIEW AND REINTERVIEW CROSS-CLASSIFICATION 

1 

0  

Tota 1 

Reinterv 
(~j* 1 

a b  a + b  

c d c + d  

a + c  b + d  n 

1 

0 

Tota 1 

Original  in terview 
I ew ( ~ j ,  ) 

I 1  0 Total 

That is, t h e  expected v a l u e s  of t h e  c e l l  

t o t a l s  i n  f i g u r e  h  a r e  n t i m e s  t h e  c e l l  param- 

e t e r s  i n  f i g u r e  i. 

The symbols i n  t h e  t a b l e  may b e  i n t e r -  

p r e t e d  a s  follows: Suppose a  u n i t  is drawn 

a t  random from t h e  populat ion;  T is t h e  pro- 

b a b i l i t y  t h a t  t h e  u n i t  is c l a s s i f i e d  i n  C i n  

t h e  o ~ z g i n a l  survey, whi le  T '  is  t h e  p robab i l -  

i t y  t h a t  t h e  u n i t  i s  c l a s s i f i e d  i n  C i n  t h e  

r e i n t e r v i e w  survey. The p r o b a b i l i t y  t h a t  t h e  

u n i t  is c l a s s i f i e d  i n  C on bo th  occas ions  i s  

n and c - a s s i f i e d  no t  i n  l: on both occas ions  
a 

is nd. The p r o b a b i l i t y  t k a t  a  u n i t  i s  c l a s s i -  

f i e d  a s  n o t  belonging t o  C i n  t h e  o r i g i n a l  

survey and i n  C i n  t h e  r e i n t e r v i e w  is  T b'  
whi le  t h e  p r o b a b i l i t y  t h a t  t h e  o r i g i n a l  survey 

c l a s s i f i e s  t h e  u n i t  i n  C b u t  t h e  r e i n t e r v i e w  

c l a s s i f i e s  t h e  u n i t  n o t  i n  C a s  %. It may 

be shown t h a t  c e l l s  i n  f i g u r e  h ,  d iv ided  by 

n unbiasedly,  e s t i m a t e  t h e  corresponding c e l l s  

i n  f i g u r e  i. This can be expressed  

mathematically a s  

Define t h e  n e t  d i f f e r e n c e  r a t e  a s  t h e  

d i f f e r e n c e  between t h e  e s t i m a t e s  of P from 
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t h e  two t r i a l s ,  say pl and p , given by 
2 

- p 2  
. The expected v a l u e  of t h e  n e t  d i f -  

ference r a t e ,  i n  genera l ,  i s  

Define t h e  g ross  d i f f e r e n c e  r a t e  a s  t h e  

r a t e  of g r o s s  disagreement between t h e  two 

t r i a l s  denoted by g where 

and, i n  g e n e r a l ,  

4.23 Est imat ion f o r  both types  of 

data.--This s e c t i o n  w i l l  consider  t h e  estima- 

t i o n  of SRV, I, and t h e  b i a s ,  B, f o r  t h e  cen- 

sus  or survey. 

Cae I : The l den t i cd  Second T h i d  

(1) Simple response var iance  f o r  q u a n t i t a t i v e  
data .  I f  t h e  condi t ions  a t  each t r i a l  - 
a r e  t h e  same, t h a t  is, G = G t ,  then t h e  
e r r o r  components 0; and 0' a r e  t h e  same 

E 

f o r  both t r i a l s  and 

2 bit - iQ2 
,-) =1 Let s2 = 

Z: n- 1 

denote t h e  sample v a r i a n c e s  f o r  t h e  two 
t r i a l s .  Then, it can be shown t h a t ,  f o r  
t = 1,2 

N n-m E ( ~ ' )  = - 0' + - 
t N- I  p n-1 

An es t imator  of t h e  index of incons i s tency  
i s  

I n  the  presence gf c o r r e l a t e d  e r r o r s  
( i . e . ,  0: > 0 ) ,  I may s l i g h t l y  overes t i -  
mate I. 

(2) Simple response var iance  f o r  q u a l i t a t i v e  
data .  I f  t h e  condi t ions  a t  each survey - 

t r i a l  a r e  i d e n t i c a l  (G = Gf) then 8 = 8 '  and1 
$ = $ ' , i . e . ,  t h e  p r o b a b i l i t y  of misclas- 
s i f i c a t i o n  is  t h e  same f o r  bo th  surveys.  
Therefore,  'rrb = vTTC = SRV from (4.2.6) and 

(4.2.6) and (4.2.8) and,  hence,  an unbiased 
es t imator  of SRV is g/2  (from 4.2.13).  

The denominator of t h e  index of inconsis-  
tency,  S V  + SRV, can  be unb iased ly  e s t i -  
mated by e i t h e r  p q o r  p2q2.  Thus a 

1 1  
c o n s i s t e n t  e s t i m a t o r  of I i s  

This i s  t r u e  even i n  t h e  p resence  of corre- 
l a t e d  e r r o r s .  Other e s t i m a t o r s  of I can 
be formed by us ing  2p q o r  plq2 + p2ql 
i n  t h e  denominator. 1 1  

( 3 )  Bias. No e s t i m a t o r  of B i s  p o s s i b l e  f o r  
e i t h e r  q u a n t i t a t i v e  o r  q u a l i t a t i v e  d a t a .  

Cae  2 :  The l ' lmp~uved l l  Second T J L L ~  

Many times S f  # G because t h e  second 

t r i a l  implements an improved procedure.  This  

i s  u s u a l l y  t h e  case  when our  o b j e c t i v e  i s  t o  

ob ta in  t h e  " t r u t h "  i n  t h e  re in te rv iew:  t h e  

b e s t  p o s s i b l e  r e s u l t  is n o t  t h e  " t r u t h "  bu t  

a b e t t e r  response than  i n  t h e  o r i g i n a l  i n t e r -  

view. 

(1) Simple response v a r i a n c e  f o r  q u a n t i t a t i v e  
d a t a .  S p e c i f i c a l l y ,  i t  i s  assumed t h a t  - 
o i f <  0; and a:, < o2 where o;, and o2 

E E 
a r e  t h e  var iance  components f o r  t h e  
improved procedure.  Def in ing  expec ta t ion  
now over a l l  p o s s i b l e  t r i a l s  under both 
condi t ions  G and G t  , we have 

Thus, $2 underes t imates  SRV. 
R 

S i m i l a r i l y ,  it can a l s o  be shown t h a t  

underest imates  I. 
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(2) Simple response variance f o r  q u a l i t a t i v e  
da ta .  I f  the second t r i a l  i s  an improved - 
procedure r e l a t i v e  t o  the o r ig ina l  survey, 
then t h i s  means precisely t h a t  

and 

J u s t  a s  fo r  quant i ta t ive  da ta ,  no unbiased 
est imator  of any of the measures of in- 
t e r e s t  e x i s t s .  By elementary a lgebra ,  
using (4.2.7), (4.2.8), and (4.2.13), 

t h a t  is, the gross d i f fe rence  r a t e  w i l l  
underestimate the simple response var iance  
f o r  the survey. Further ,  a lower bound 
est imator  of the  index of inconsis tency,  
I, i s  

( 3 )  Bias fo r  quan t i t a t i ve  da ta .  Let B' denote 
E ( e  . ) , the b i a s  i n  the second t r i a l .  

3 2 
Then 

and the d i f fe rence  y - y es t imates  t h e  
1 2  

d i f f e r e n t i a l  b i a s  of the two survey pro- 
cedures. I f  it may be assumed t h a t  
B' " 0, then & - & provides an approxi- 
mation t o  B. 1 2  

(4) Bias for  qua l i t a t i ve  data .  From (4.2.12), 
t he  net  d i f fe rence  r a t e  provides an approx- 
imation t o  the  b i a s ,  B, i f  $ '  k 0 '  0. 
Otherwise, the  ne t  d i f fe rence  r a t e  e s t i -  
mates the d i f f e r e n t i a l  b i a s  of t he  census 
and is  a lower bound est imator  f o r  B. 

Cane. 3: The Pe,t@c;t Second T h i d  

(1) Simple response variance f o r  quan t i t a t i ve  
da ta .  Suppose data  a r e  ava i l ab l e ,  e i t h e r  - 
through reinterview, administrat ive 
records,  o r  otherwise, such tha t  t h e  
second measurement represents  " t ru th ."  

Then o2 = o2 = 0; t h a t  is,  the re  is  no b' E '  

nonsampling e r r o r  f o r  t he  second measure- 
ment and 

1 
E(;:) = 3 SRV 

A cons is ten t  es t imator  of I is 

(2) Simple response var iance  fo r  q u a l i t a t i v e  
da ta .  I f  i t  may be assumed t h a t  t he  - 
second t r i a l  i s  performed without e r r o r ,  
an *a l t e rna t ive  i n t e r p r e t a t i o n  of the  
symbols i n  f i gu re  i may be given a s  
follows: For a u n i t  chosen a t  random from 
the  population, a is t h e  p robab i l i t y  t h a t  
the  u n i t  i s  c l a s s i f i e d  i n  C r ega rd l e s s  of 
what c l a s s  i t  belongs t o ,  while  IT' is the  
probabi l i ty  t h a t  i t  t ~ u l y  belongs t o  C. 
The probabi l i ty  t h a t  t he  u n i t  belongs i n  
C and i s  co r r ec t ly  c l a s s i f i e d  i s  r and a 
i s  inco r r ec t ly  c l a s s i f i e d  is  rb . Likewise, 

the  p robab i l i t y  t h a t  a u n i t  does not  belong 
t o  C and is c o r r e c t l y  c l a s s i f i e d  i s  nd and 

inco r r ec t ly  c l a s s i f i e d  is  re. Mathema- 

t i c a l l y ,  t h i s  means t h a t  8 ' = 0, 4 ' = 0, 
and therefore ,  from (4.2.6) t o  (4.2.11) , 
we now have 

From these  r e l a t i o n s h i p s ,  t h e  parameters,  
P, 8 ,  and 4 a r e  a l l  est imable and thus ,  
es t imates  .of SRV and I can be computed by 
the  "method of moments" ( i  . e . , equat ing 
the  parameter func t ions  with t h e i r  unbiased 
es t imators  and so lv ing  f o r  t he  parameters).  
For example, an es t imator  of I i s  

- - abc + abd + aed + bed 

( 3 )  Bias f o r  q u a n t i t a t i v e  da t a .  An unbiased 
A - - 

est imator  of B i s  given by B = Y, - Y; 
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(4) Bias f o r  q u a l i t a t i v e  da t a .  An unbiased 
h 

est imate of B i s  given. by B = p 
1 - P2, 

the ne t  d i f fe rence  r a t e .  

4.24 Covariance between t r ia l s . - -Unt i l  

now, i t  has been assumed t h a t  t he  e r r o r s  e 
j 1 

and e i n  t he  general model a r e  independent, 
j 2  

or  t ha t  the  surveys were ~ o n d u c t e d  completely 

independently. Of course, f o r  re in te rv iew 

surveys, t h i s  is merely conceptual.  I n  

p r ac t i ce ,  a survey usual ly cannot be repeated 

independently, because respondents have been 

exposed t o  t he  o r i g i n a l  survey and may merely 

repeat  answers given i n  t he  o r i g i n a l  survey, 

o r  t h e i r  a t t i t u d e s ,  percept ions,  knowledge, 

e t c . ,  may have changed a s  a r e s u l t  of t h e i r  

f i r s t  exposure t o  the  survey. There a r e  

techniques f o r  minimizing these  co r r e l a t i ons ;  

they were discussed i n  s ec t i on  2.24 of 

chapter 3 .  We now consider t he  e f f e c t  of 

co r r e l a t i on  between t r i a l s  on t he  est imator  

of SRV. 

Consider Case 1 ( i d e n t i c a l  second t r i a l )  

again and denote the co r r e l a t i on  between 

t r i a l s  by p It i s  assumed t h a t  p i s  the  T' 
same fo r  a l l  u n i t s ,  then 

It can be e a s i l y  shown t h a t  t he  expected 

value of s2 (quan t i t a t i ve  data)  o r  g/2 
R 

(qua l i t a t i ve  da ta )  is  

SRV (1 - pT)  
A 

Therefore, tJ2 and g/2 w i l l  be poor est imators  
R 

of SRV when t h e r e  i s  a l a rge  co r r e l a t i on  among 

the  e r ro r s  i n  a census and a re in te rv iew sur- 

vey. In f a c t ,  t he  usual es t imators  of SRV 

and I w i l l  t yp i ca l l y  underestimate these para- 

meters,  s i nce  p i s  usua l ly  non-negative. T 
Techniques e x i s t  f o r  est imating pT; however, 

these requi re  much more complex evaluat ion 

study designs and a r e  no t  i n  our scope of 

work. See (Bai lar  1968) and (Hansen e t  a l .  

1964) f o r  f u r the r  discussion.  

4.25 Prec is ion  of t he  estimators.--We 

s h a l l  now consider t he  p r ec i s ion  of t he  

est imator  

Our study is confined t o  t h e  q u a l i t a t i v e  da ta  

case ,  s ince  t h i s  case i s  more commonly en- 

countered i n  p r ac t i ce .  

Since t he  es t imator  of t h e  index of in- 

consistency i s  a r a t i o  of random v a r i a b l e s ,  

no exact  and t r a c t a b l e  expression of t he  
h 

var iance  of I e x i s t s .  However, an approximate 

formula f o r  the  var iance  can be derived which 

i s  v a l i d  f o r  l a rge  r e in t e rv i ew  samples. We 

f i r s t  give t he  formulas f o r  t h e  rel-variance 

( coe f f i c i en t  of v a r i a t i o n  squared) of t he  

numerator, the  denominator, and t he  r e l a t i v e  

covariance of the  numerator and denominator 

of ?. 

Assume simple random sampling of t he  

populat ion and t ha t  t he  sampling f r a c t i o n  n/N 

i s  neg l ig ib l e .  Consider t h e  s imples t  estima- 

t o r  of I, v i z .  

It can be shown t h a t  

and 
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Therefore, t he  r e l a t i ve  var iance  of the  
h 

r a t i o  I i s  approximately: 

+ Re Zvar (2p q ) - 2 Re Zvar ( g ,  2p q ) 
1 1  1 1  

Equations (4.2.15) through (4.2.19) a r e  t r u e  

regard less  of t he  value of p or  t he  condi- T 
t i o n s  G and G'.  A consis tent  es t imator  of 

(4.2.19) can be obtained by simply rep lac ing  

t he  parameter va lues  by t h e i r  sample e s t i -  

mators.  This est imator  i s  

Estimator (4.2.20) i s  no t  used i n  chapter  

3 (sect ion 3 ) ,  s ince  i t  i s  computationally 

d i f f i c u l t .  I n  f igure  3-14 a d i f f e r e n t  e s t i -  
A 

mator of the  r e l a t i v e  variance of I is  sug- 

gested,  t h a t  i s ,  a combination of two a l t e r -  

na t i ve  es t imators .  When g i s  . l o  o r  l e s s ,  

an est imator  is  used which i s  based upon the  

assumptions t h a t  (a) g i s  d i s t r i b u t e d  a s  a 

Poisson random va r i ab l e ,  and (b) t h e  
h 

denominator of I i s  constant .  The form of 

t he  est imator  is  

When g i s  g rea t e r  than . l o ,  an es t imator  is 

used t h a t  r ep l ace s  assumption (a) above by 

( a ' ) ,  r e su l t i ng  i n  g having the  binomial dis-  

t r i bu t i on .  The est imator  i n  t h i s  case  i s  

It should be noted t ha t  f igure  3-14 includes 

i n  adjustments ( g f 2  i n  place of g and --- 
1 

n (g+1 ) 
place of --) t o  improve the p rope r t i e s  of 

n9 
the  estimated confidence i n t e r v a l s .  

Example 4.5--To i l l u s t r a t e  t he  use  of 

these formulas, consider  t he  da t a  i n  f i g u r e  

j on voca t iona l  t r a i n i n g  from the 1970 U.S. 

Census Reinterview f o r  es t imat ing  SRV. For 

t h i s  t ab l e ,  n = 7,567, a = 859, b = 556, 

383 .18. c = 524, d = 5,628, and p =-"---= 
1 7,567 

Thud, an es t imate  of I using (4.2.15) is  

and, using (4.2.20),  an es t imate  of t he  
A 

r e l a t i v e  var iance  of I is  

o r  an est imated c o e f f i c i e n t  of v a r i a t i o n  of 

about d.00267.00267 o r  4 percent  which i n d i c a t e s  

good p rec i s ion  of t he  es t imate  of I. Using 

t he  computationally e f f i c i e n t  e s t ima to r  of 
A 

t he  R e Z v a r ( I )  , (4.2.22) a p p l i e s ,  s i n c e  

g = - 1 4  which is  g rea t e r  than . I .  Thus 

or  on est imated C V ( ~ )  of 3 percent .  

Figure  j .  DISTRIBUTION OF CENSUS AND REINTER- 
VIEW RESPOIVSES FOR VOCATIONAL TRAINING 

(Data shown a s  numbers o f  sample c a s e s )  

Census response 

Did not  

Reinterview 
c l a s s  i f  i c a t  ion 

Completed a 
vocat i ona 1 
t r a in ing  
program.. . . 

Did not comp 
a vocationa 
t r a in ing  
program. . . . 

Completed complete 
a voca- a voca- 

Total t i ona l  t i ona l  

Total sample 
persons.. . . . . 

sample t r a i n i n g  t r a i n i n g  
persons program program 

7,567 1,383 6 , 1 8 4  
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ACCURACY: Range of census  v a r i a t i o n  o r  t h e  
degree  of conformity  of t h e  census  
count t o  t h e  a c t u a l  number of persons  
o r  housing u n i t s .  

AGE-HEAPING: Tendency f o r  enumerators o r  
respondents  t o  r e p o r t  c e r t a i n  ages  
i n s t e a d  of o t h e r s ;  a l s o  known a s  age 
p re fe rence  o r  " d i g i t  preference."  
Preference f o r  ages  ending i n  z e r o  
o r  f i v e  is  widespread. 

AGE PATTERN OF FERTILITY: R e l a t i v e  d i s t r i -  
bu t ion  of a  s e t  of "age- spec i f i c  
f e r t i l i t y  r a t e s . "  It  expresses  t h e  
r e l a t i v e  c o n t r i b u t i o n  of each age 
group t o  " t o t a l  f e r t i l i t y . "  

AGE RATIO: Ra t io  of t h e  popu la t ion  i n  a  
given age group to .  t h e  average of t h e  
popula t ions  i n  t h e '  two neighbor ing 
age groups,  t i m e s  100. 

AGE-SPECIFIC FERTILITY RATE: Number of 
b i r t h s  occur r ing  dur ing  a  s p e c i f i e d  
pe r iod  t o  women of a  s p e c i f i e d  age  
o r  age group, d iv ided  by t h e  number 
of person-years l i v e d  dur ing t h a t  
per iod by women of t h a t  age o r  age  
group. When an  age- spec i f i c  f e r t i l i t y  
r a t e  is  c a l c u l a t e d  f o r  a  c a l e n d a r  
y e a r ,  t h e  number of b i r t h s  t o  women 
of t h e  s p e c i f i e d  age i s  u s u a l l y  
divided by t h e  mid-year popu la t ion  of 
women t h a t  age.  

AGE-SPECIFIC MORTALITY RATE: Number of 
dea ths  occur r ing  dur ing  a  s p e c i f i e d  
per iod t o  persons  ( u s u a l l y  s p e c i f i e d  
by sex)  of a  s p e c i f i e d  age o r  a g e  
group, d ivided by t h e  number of 
person-y e a r s  l i v e d  d u r i n g  t h a t  pe r iod  
by t h e  persons  of t h a t  age o r  age  
group. When an  age- spec i f i c  m o r t a l i t y  
r a t e  is c a l c u l a t e d  f o r  a  ca lendar  
y e a r ,  t h e  number of d e a t h s  t o  pe r sons  
of t h e  s p e c i f i e d  age i s  u s u a l l y  
divided by t h e  mid-year popu la t ion  
of persons of t h a t  age .  Age-specif ic  
m o r t a l i t y  r a t e s  a r e  g e n e r a l l y  denoted 
by nMx, t h e  annua l  d e a t h  r a t e  of 
persons  aged from x t o  x + n. 

AGGREGATES: I n d i v i d u a l  o b s e r v a t i o n s  (o r  
s t a t i s t i c s )  combined i n t o  a  t o t a l  
number. 

ASSIGNABLE VARIATION: V a r i a t i o n  a  t t r  i b u t -  
a b l e  t o  causes  o t h e r  than chance. 

BALANCING EQUATION: One t echn ique  f o r  
eva lua t ing  a  census .  The expected 
popu la t ion  a t  t h e  p r e s e n t  census  
e q u a l s  t h e  popu la t ion  a t  t h e  l a s t  
census p l u s  t h e  b i r t h s  and immigrants 
dur ing  t h e  i n t e r c e n s a l  p e r i o d  minus 
t h e  dea ths  and emigran t s  d u r i n g  t h e  
i n t e r c e n s a l  pe r iod .  

BIAS: Di f fe rence  between t h e  expec ted  
v a l u e  of a  s t a t i s t i c  and i ts  t r u e  
v a l u e .  

CHANDRASEKARAN-DEMING TECHNIQUE: Procedure  
t o  e s t i m a t e  t h e  coverage of two inde- 
pendent systems c o l l e c t i n g  i n f o r m a t i o n  
about demographic o r  o t h e r  e v e n t s ,  
based on t h e  assumption t h a t  t h e  
p r o b a b i l i t y  of an  even t  b e i n g  recorded  
by one system is t h e  same r e g a r d l e s s  
of whether t h e  even t  i s  recorded  by 
t h e  o t h e r  system. The e v e n t s  from 
bo th  systems a r e  matched t o  e s t a b l i s h  
M, t h e  number of e v e n t s  r ecorded  by 
b o t h  systems; U1, t h e  number re- 
corded only  by system 1 ;  and U 2 ,  t h e  
number recorded o n l y  b y  sys tem 2 .  The 
Chandrasekaran-Deming formula  t h e n  
e s t i m a t e s  t o t a l  e v e n t s ,  N, a s  

CHILDBEARING AGES: The span  w i t h i n  which 
women a r e  capab le  of b e a r i n g  c h i l d r e n ,  
g e n e r a l l y  t aken  t o  be  from a g e  15 t o  
age  49 o r ,  sometimes,  t o  age  44. 

CHILDREN EVER BORN: Number of c h i l d r e n  , 

ever  born a l i v e  by a  p a r t i c u l a r  woman; 
synonymous w i t h  " p a r i t y .  " I n  demo- 
g raph ic  usage,  s t i l l b i r t h s  a r e  
s p e c i f i c a l l y  excluded.  

COEFFICIENT OF VARIATION (CV) : Standard  
e r r o r  d ivided by t h e  p o p u l a t i o n  para-  
meter  being e s t i m a t e d ;  a n o t h e r  name 
f o r  " r e l a t i v e  s t a n d a r d  e r r o r .  " 

COHORT: Group of p e r s o n s  who exper ienced  
t h e  same c l a s s  of e v e n t s  i n  t h e  same 
pe r iod .  Thus, an age  c o h o r t  i s  a  group 
of people  born dur ing  a  p a r t i c u l a r  
pe r iod ,  and a  m a r r i a g e  c o h o r t  is a 
group of people  who mar r i ed  d u r i n g  a  
p a r t i c u l a r  pe r iod .  The e f f e c t s  of a  
g iven s e t  of m o r t a l i t y  o r  f e r t i l i t y  
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r a t e s  a r e  o f t e n  i l l u s t r a t e d  by apply- 
i n g  them t o  h y p o t h e t i c a l  cohor t s .  

COHORT FERTILITY: The f e r t i l i t y  exper i -  
enced over  time by a group of women 
o r  men who form a  b i r t h  o r  marr iage 
cohort .  

CONDITIONING BIAS: Tendency i n  a  subsequent 
i n t e r v i e w  t o  repea t  t h e  o r i g i n a l  
response f o r  a  ques t ion  whether o r  
n o t  i t  i s  perceived a s  t h e  c o r r e c t  
answer. 

CONFIDENCE INTERVAL: I n t e r v a l  wi th in  one 
s t andard  e r r o r  ( two-thirds  conf idence 
i n t e r v a l )  of t h e  e s t i m a t e  o r  two 
s tandard  e r r o r s  (95 percen t  conf idence 
i n t e r v a l ) .  

CONTENT ERROR: Error  i n  t h e  c h a r a c t e r i s -  
t i c s  t h a t  a r e  repor ted  f o r  those  
persons  o r  housing u n i t s  t h a t  a r e  
enumerated. 

CORRELATION BIAS: Resul t  of f a i l u r e  t o  
ach ieve  independence between t h e  
complete enumeration and t h e  coverage 
e v a l u a t i o n  survey. 

COVERAGE ERROR: Error  i n  Ian es t imate  t h a t  
r e s u l t s  from (a)  f a i l u r e  t o  inc lude  
i n  a  census o r  a  survey a l l  e l i g i b l e  
u n i t s  o r  (b) i n c l u s i o n  of some u n i t s  
erroneously .  

COVERAGE EVALUATION: Process  by which 
d a t a  a r e  c o l l e c t e d  f o r  a  sample of 
households a f t e r  t h e  census  f o r  t h e  
purpose of eva lua t ing  completeness 
of t h e  census enumeration. 

CRUDE BIRTH RATE: Number of  b i r t h s  i n  a  
p&pula t ion  dur ing a  speci"fed pe r iod  
divided by t h e  number of person-years 
l i v e d  by t h e  popu la t ion  dur ing t h e  
same per iod .  It is f r e q u e n t l y  
expressed a s  b i r t h s  p e r  1,000 popula- 
t i o n .  The crude b i r t h  r a t e  f o r  a  
s i n g l e  year  is  u s u a l l y  c a l c u l a t e d  a s  
t h e  number of b i r t h s  dur ing  t h e  year  
divided by t h e  mid-year populat ion.  

CRUDE DEATH RATE: Number of dea ths  i n  a  
populat ion dur ing a  s p e c i f i e d  per iod 
divided by t h e  number o f  person- 
yea rs  l i v e d  by t h e  popu la t ion  dur ing  
t h e  same per iod.  It is  f r e q u e n t l y  
expressed a s  dea ths  p e r  1,000 
populat ion.  The crude dea th  r a t e  
f o r  a  s i n g l e  year  is u s u a l l y  calcu-  
l a t e d  as t h e  number of dea ths  dur ing  
t h e  y e a r  divided by t h e  mid-year 
populat ion.  

CUMULATED FERTILITY: An e s t i m a t e  of t h e  
average number of c h i l d r e n  ever  born 
by women of some a g e  x ,  ob ta ined  by 
cumulating "age-specif i c  f e r t i l i t y  
r a t e s "  up t o  age x;  a l s o  o f t e n  
c a l c u l a t e d  f o r  a g e  groups.  

DE FACT0 POPULATION: Popula t ion  enumerated 
on t h e  b a s i s  of t h o s e  p r e s e n t  a t  a  
p a r t i c u l a r  t ime, i n c l u d i n g  temporary 
v i s i t o r s  and excluding r e s i d e n t s  
t empora r i ly  absen t .  

DE JURE POPULATION: Popula t ion  enumerated 
on t h e  b a s i s  of normal o r  u s u a l  
r e s i d e n c e ,  excluding temporary v i s i t o r s  
and i n c l u d i n g  r e s i d e n t s  t empora r i ly  
absen t .  

DUAL SYSTEM ESTIMATION: P r e p a r a t i o n  of 
e s t i m a t e s  by matching,  on a  case-by- 
case  b a s i s ,  two d i f f e r e n t  and independ- 
e n t  sources  which d e s c r i b e  t h e  same 
even t s .  The matching p e r m i t s  an 
e s t i m a t e  of t h e  number of c a s e s  r e p o r t -  
ed by one source  b u t  n o t  t h e  o t h e r .  

ENUMERATOR: Person who c o l l e c t s  d a t a .  

EXPECTATION OF LIFE AT BIRTH: Average 
number of yea rs  t h a t  a  member of a  
"cohort" of b i r t h s  would be  expected 
t o  l i v e  i f  t h e  c o h o r t  were s u b j e c t  t o  
t h e  m o r t a l i t y  c o n d i t i o n s  expressed 
by a p a r t i c u l a r  s e t  of "age-specif ic  
m o r t a l i t y  r a t e s .  " Denoted by t h e  
symbol eo i n  " l i f e  t a b l e "  n o t a t i o n .  

-, e. 
EXPECTED VALUE: Average v a l u e  of sample 

e s t i m a t e s  over a l l  independent 
r e p e t i t i o n s .  

FORWARD SURVIVAL: Procedure  f o r  e s t imat ing  
t h e  age  d i s t r i b u t i o n  a t  some l a t e r  
d a t e  by p r o j e c t i n g  forward an observed 
age d i s t r i b u t i o n .  The procedure 
uses  " surv iva l  r a t i o s  ," of t e n  obtained 
from model " l i f e  t a b l e s . "  The 
procedure  i s  b a s i c a l l y  a  form of 
popu la t ion  p r o j e c t i o n  wi thou t  t h e  
i n t r o d u c t i o n  of new e n t r a n t s  ( b i r t h s )  
t o  t h e  popu la t ion .  

FREQUENCY DISTRIBUTION: D i s t r i b u t i o n  of 
e s t i m a t e s  from a  sample. 
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GROSS ERROR: Census count f o r  any category 
before  s u b t r a c t i n g  t h e  c o r r e c t  count 
f o r  t h a t  category.  

GROWTH RATE: The i n c r e a s e  o r  decrease  of a 
population i n  a per iod divided by t h e  
number of person-years l i v e d  by t h e  
population during t h e  same per iod.  The 
inc rease  i n  a populat ion i s  t h e  r e s u l t  
of a su rp lus  ( o r  d e f i c i t )  of b i r t h s  over 
deaths  and of immigrants over emigrants.  

HOUSEHOLD: A person o r  group of r e l a t e d  o r  
unre la ted  persons who make common pro- 
v i s ion  f o r  food and o t h e r  n e c e s s i t i e s  
f o r  l i v i n g .  

HOUSING UNIT: A s i n g l e  room or  group of 
rooms, o r  o ther  space arranged f o r  human 
h a b i t a t i o n ,  occupied o r  intended f o r  
occupancy a s  s e p a r a t e  and independent 
l i v i n g  q u a r t e r s  by a person l i v i n g  alone 
o r  a group of persons l i v i n g  toge ther .  

INFANT MORTALITY RATE: Number of dea ths  of 
ch i ld ren  under one year  of age occurr ing 
i n  t h e  same year ;  a l s o  used i n  a more 
r igorous sense t o  mean t h e  number of 
deaths  t h a t  would occur under one year  of 
age i n  a " l i f e  t a b l e t t  wi th  a "radix" of 
1,000, i n  which sense i t  i s  denoted by 
t h e  symbol I q , .  

IMPUTATION: Process whereby missing o r  in- 
c o n s i s t e n t  d a t a  a r e  replaced by es t imated 
values  t h a t  a r e  der ived by cons ider ing  
o ther  r e l a t e d  d a t a  i t e m s  t h a t  a r e  present .  

LIFE TABLE: L i s t i n g  of t h e  number of su rv i -  
vors  a t  d i f f e r e n t  ages (up t o  t h e  high- 
e s t  age a t t a i n e d )  i n  a hypothe t ica l  
"cohort t t  s u b j e c t  from b i r t h  t o  a p a r t i c -  
u l a r  s e t  of "age-specif i c  m o r t a l i t y  
ra tes . "  The r a t e s  a r e  u s u a l l y  t h o s e  
observed i n  a given populat ion during a 
p a r t i c u l a r  period of t ime. The surv ivors  
of t h e  "radixt '  t o  age x a r e  g e n e r a l l y  
denoted by Lfxt . ) .  The t a b u l a t i o n s  common- 
l y  accompanying a l i f e  t a b l e  inc lude  
o t h e r  f e a t u r e s  of t h e  c o h o r t ' s  exper ience:  
i t s  expectat ion of l i f e  a t  each age X ,  

denoted by e x ;  t h e  p r o b a b i l i t y  of dying 
from each age x t o  age x + a ,  denoted by 

nqx ; the  person-years l i v e d  by t h e  

hypothe t ica l  cohort  a s  it ages  from age  
x t o  age x + n ,  denoted by .LX ( a l s o  
equivalent  t o  t h e  populat ion aged 
x ,  x  + n i n  a " s t a t i o n a r y  populat ion" 
experiencing a number of b i r t h s  each  
year  equal  t o  t h e  r a d i x  of t h e  l i f e  
t a b l e ) ;  and t h e  person-years l i v e d  by 
t h e  hypothe t ica l  cohort  from a g e  x 
onward, denoted by T f x ) .  

MATCH: Comparison of records  f o r  an individu-  
a l  person o r  housing u n i t  from t h e  census 
and from t h e  e v a l u a t i o n  survey. I f  t h e  
responses  agree  o r  : a l l  w i t h i n  a pre-  
determined t o l e r a n c e ,  t h e  r e c o r d s  a r e  
considered a "match." 

MATCHING BIAS: Bias  i n  t h e  e s t i m a t e  o f  t h e  
coverage of t h e  census due t o  i n c o r r e c t  
outcomes of t h e  matching process .  

MEAN AGE OF CHILDBEARING: Average a g e  a t  
which a m o r t a l i t y - f r e e  "cohortt t  o f  
women bear t h e i r  c h i l d r e n  according t o  
a set of "age-specif ic  f e r t i l i t y  r a t e s . "  

W A N  AGE OF CHILDBEARING I N  THE POPULATION: 
Average age of t h e  mothers of t h e  
c h i l d r e n  born i n  a populat ion dur ing  a 
year .  This measure i n c o r p o r a t e s  t h e  
e f f e c t s  of bo th  m o r t a l i t y  and t h e  a g e  
d i s t r i b u t i o n .  

MEDIAN: The va lue  a s s o c i a t e d  w i t h  t h e  c e n t r a l  
member of a s e t  t h a t  i s  ordered by s i z e  
o r  some o t h e r  c h a r a c t e r  i s t i c  expressed 
i n  numbers. 

MIGRATION RATE: Number of migrants  dur ing  a 
s p e c i f i e d  per iod  divided by t h e  person- - 
y e a r s  l i v e d  of t h e  populat ion exposed 
t o  migrat ion.  

MODEL LIFE TABLE: Expression of t y p i c a l  
m o r t a l i t y  exper ience der ived from a group 
of observed " l i f e  t a b l e s  ." 

MYERS INDEX: An index of d i g i t  p r e f e r e n c e  
t h a t  e s s e n t i a l l y  sums i n  t u r n  t h e  popu- 
l a t i o n  ending i n  each d i g i t  over  some 
age  range, o f t e n  10-89, expressing t h e  
t o t a l  a s  a percentage of t h e  t o t a l  popu- 
l a t i o n ,  and which avoids  t h e  b i a s  i n t r o -  
duced by t h e  f a c t  t h a t  t h e  popula t ion  i s  
n o t  evenly d i s t r i b u t e d  among a l l  ages  by 
repea t ing  t h e  c a l c u l a t i o n s  10 t i m e s ,  once 
f o r  each beginning d i g i t ,  and averaging 
t h e  r e s u l t s .  The d i f f e r e n c e  between t h e  
average percen tage  f o r  each d i g i t  and t h e  
expected v a l u e  of 10 percen t  p rov iues  a 
measure of t h e  p re fe rence  f o r  o r  avoidance 
of t h e  d i g i t  over  t h e  a g e  range cons idered .  



- 

Glossary 

NET ERROR: The d i f f e r e n c e  between t h e  census  
count f o r  any category and t h e  c o r r e c t  
count f o r  t h a t  ca tegory.  

NET MIGRATION: The d i f f e r e n c e  between g r o s s  
immigration and g ross  emigrat ion.  

NON-MATCH: Comparison of r ecords  f o r  an  
i n d i v i d u a l  person o r  housing u n i t  from 
t h e  census and from t h e  e v a l u a t i o n  
survey. I f  t h e  responses  do n o t  a g r e e  
o r  do no t  f a l l  w i th in  a predetermined 
t o l e r a n c e ,  t h e  r ecords  a r e  cons ide red  
a %on-match. " 

NONSAMPLING ERROR: E r r o r  from a source  o t h e r  
than sampling,  such  a s  imperfect  
s e l e c t i o n ,  b i a s  i n  response  o r  e s t i -  
mation,  e r r o r s  of obse rva t ion  and 
recording,  d a t a  keying and t a b u l a t i o n  
e r r o r s ,  e t c .  

OUT-OF-SCOPE BIAS: B i a s  t h a t  arises from 
t h e  erroneous  i n c l u s i o n  of out-of-  
scope persons  o r  housing u n i t s  among 
t h e  r e p o r t s  of e i t h e r  of two s o u r c e s  
used i n  t h e  matching o p e r a t i o n .  

OVERCOUNT: Type of coverage e r r o r  i n  which 
persons  o r  housing u n i t s  a r e  enumerated 
(countedj  more than  once o r  a r e  enu- 
merated when t h e y  should n o t  be. 

OWN-CHILDREN METHOD: A ref inement  of t h e  
"reverse-survival"  procedure f o r  
f e r t i l i t y  e s t i m a t i o n ,  whereby e s t i m a t e s  
of "age-specif i c  f e r t i l i t y  rates" f o r  

i,/ t h e  r e c e n t  p a s t  a q  obta ined by relat- 
ing  mothers t o  t h e i r  own c h i l d r e n ,  us ing  
informat ion on r e l a t i o n s h i p  and o t h e r  
c h a r a c t e r i s t i c s  a v a i l a b l e  from a census  
o r  survey. 

PARAMETER: Unhown q u a n t i t y  t o  be e s t i m a t e d .  

PERIOD FERTILITY: F e r t i l i t y  exper ienced 
dur ing a p a r t i c u l a r  pe r iod  of t i m e  by 
women from a l l  r e l e v a n t  b i r t h  o r  
marr iage "cohor ts ."  

POPULATION CHANGE DUE TO MIGRATION: The sum 
of in-migrants minus out-migrants dur ing  
a s p e c i f i e d  pe r iod  of t ime. The change 
a l s o  may be expressed a s  a r a t e  by 
d i v i d i n g  t h e  change by person-years 
l i v e d  in t h e  popu la t ion  dur ing  t h e  
same per iod.  

RADIX: The h y p o t h e t i c a l  b i r t h  "cohort" of 
a " l i f e  t a b l e . "  Common v a l u e s  a r e  
1, 1,000 and 100,000. 

RATE OF NATURAL INCREASE: The d i f f e r e n c e  
between t h e  b i r t h s  and d e a t h s  o c c u r r i n g  
dur ing  a g iven p e r i o d  d iv ided  by t h e  
number of person-years  l i v e d  by t h e  
popu la t ion  dur ing t h e  same pe r iod .  This  
r a t e ,  which s p e c i f i c a l l y  exc ludes  changes 
r e s u l t i n g  from m i g r a t i o n ,  i s  t h e  d i f f e r -  
ence  between t h e  "crude b i r t h  r a t e "  and 
t h e  "crude d e a t h  r a t e . "  

RECONCILIATION INTERVIEW: I n t e r v i e w  of t h e  
same household t o  r e s o l v e  d i s c r e p a n c i e s  
between t h e  census  and t h e  coverage 
e v a l u a t i o n  survey.  

RECORD CHECK: Comparison of census  d a t a  
f o r  a n  i n d i v i d u a l  o r  household w i t h  
independent r e c o r d s  f o r  t h e  same 
person o r  household.  

REINTERVIEW SURVEY: Survey i n  which t h e  
household i s  in te rv iewed  a second 
t ime,  us ing  t h e  same o r  d i f f e r e n t  
q u e s t i o n s .  

RESPONSE BIAS: D i f f e r e n c e  between t h e  
expected v a l u e  of t h e  s t a t i s t i c  and 
i t s  t r u e  value .  

RESPONSE CORRELATION BIAS:  Source of b i a s  
a r i s i n g  from a f a i l u r e  t o  ma in ta in  
independence between two c o l l e c t i o n  
systems. 

RESPONSE ERROR: Dif fe rence  between r e p o r t e d  
answers and c o r r e c t  answers.  

4 (s; 
RESPONSE VARIANCE: Average of t h e  squared 

d i f f e r e n c e s  between t h e  v a l u e s  of a 
s t a t i s t i c  f o r  t h e  i n d i v i d u a l  r e p e t i t i o n s  
and t h e  expected v a l u e  of t h e s e  obser-  
v a t i o n s  over  a l a r g e  number of r e p e t i -  
t i o n s .  

REVERSE SURVIVAL: A t e c h n i q u e  t o  e s t i m a t e  
an e a r l i e r  popu la t ion  from an observed 
p o p u l a t i o n ,  a l lowing  f o r  t h o s e  members 
of t h e  popu la t ion  who would have d i e d  
accord ing  t o  observed o r  assumed mor- 
t a l i t y  c o n d i t i o n s .  It i s  used a s  a 
method of e s t i m a t i n g  f e r t i l i t y  by c a l -  
c u l a t i n g  from t h e  observed number of 
s u r v i v o r s  of a g iven  age x t h e  expected 
number of b i r t h s  t h a t  occurred x y e a r s  
e a r l i e r .  I n  s i t u a t i o n s  f o r  which bo th  
f e r t i l i t y  and m o r t a l i t y  a r e  known o r  
can be r e l i a b l y  e s t i m a t e d ,  r e v e r s e  
s u r v i v a l  can be  used t o  e s t i m a t e  
migra t ion .  
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ROBUSTNESS: A c h a r a c t e r i s t i c  of e s t i m a t e s  
t h a t  a r e  no t  g r e a t l y  a f f e c t e d  by devia- 
t i o n s  from t h e  assumptions on which t h e  
es t ima t ion  procedure i s  based. 

SAMPLING ERROR: The d i f f e r e n c e  between a 
popula t ion va lue  and an e s t i m a t e  t h e r e o f ,  
der ived from a random sample, which i s  
due t o  t h e  f a c t  t h a t  only  a sample of 
va lues  is  observed. 

SEX RATIO AT BIRTH: Number of m a l e  b i r t h s  f o r  
each female b i r t h  o r  male b i r t h s  pe r  100 
female b i r t h s .  

SINGULATE MEAN AGE AT MARRIAGE (SMAM) : 
A measure of t h e  mean age  a t  f i r s t  
marr iage,  de r ived  from a s e t  o f  pro- 
p o r t i o n s  of people  s i n g l e  a t  d i f f e r e n t  
ages  o r  i n  d i f f e r e n t  a g e  g roups ,  u s u a l l y  
c a l c u l a t e d  s e p a r a t e l y  f o r  male and female. 

STABLE AGE DISTRIBUTION: Propor t ion  of persons  
of d i f f e r e n t  age  groups i n  a s t a b l e  popu- 
l a t  ion.  

STABLE POPULATION: A popula t ion exposed f o r  
a long t ime t o  cons tan t  f e r t i l i t y  and 
m o r t a l i t y  r a t e s ,  and c losed  t o  migra t ion ,  
e s t a b l i s h e s  a f i x e d  age  d i s t r i b u t i o n  and 
cons tan t  growth r a t e  c h a r a c t e r i s t i c  of t h e  
v i t a l  r a t e s .  

STANDARD ERROR: Measure of d i s p e r s i o n  of an 
e s t i m a t e  Erom t h e  expected v a l u e .  

STATIONARY POPULATION: A " s t a b l e  popula t ion"  
t h a t  has  a ze ro  growth r a t e ,  w i t h  con- 
s t a n t  numbers of b i r t h s  and d e a t h s  p e r  
yea r .  I ts age  s t r u c t u r e  i s  determined 
by t h e  mortality r a t e s  and i s  e q u i v a l e n t  
t o  t h e  person-years l i v e d  f L ! column 

xll of a convent ional  " l i f e  t a b l e .  

SURVIVAL RATIO: The p r o b a b i l i t y  o f  s u r v i v i n g  
between one age  and ano the r ;  o f t e n  com- 
puted f o r  age groups,  i n  which c a s e  t h e  
r a t i o s  correspond t o  t h o s e  of t h e  person- 
y e a r s  l i v e d  func t ion ,  L of a " l i f e -  
t a b l e .  " 

n x' 

SYNTHETIC PARITY: The average p a r i t y  ca lcu-  
l a t e d  f o r  a h y p o t h e t i c a l  cohor t  exposed 
i n d e f i n i t e l y  t o  a set of pe r iod  "age- 
s p e c i f i c  f e r t i l i t y  r a t e s . "  

TOTAL ERROR: The sum of t h e  coverage and 
con ten t  e r r o r s  i n  t h e  census  count  f o r  
any category.  

TOTAL FERTILITY RATE (TFR):  The average  
number of c h i l d r e n  t h a t  would be  born 
p e r  woman i f  a l l  women l i v e d  t o  t h e  
end of t h e i r  c h i l d b e a r i n g  y e a r s  and 
bore  c h i l d r e n  accord ing  t o  a g iven  
s e t  of "age-specif ic  f e r t i l i t y  r a t e s " ;  
a l s o  r e f e r r e d  t o  a s  t o t a l  f e r t i l i t y .  
It i s  f r e q u e n t l y  used t o  compute t h e  
consequence of c h i l d b e a r i n g  a t  t h e  
r a t e s  c u r r e n t l y  observed.  

TRUE VALUE: Value which producers  of a 
s t a t i s t i c  in tended  t o  measure. 

UNITED NATIONS AGE/SEX ACCURACY INDEX: An 
index of age - repor t ing  accuracy t h a t  is  
based on d e v i a t i o n s  from t h e  expected 
r e g u l a r i t y  of popu la t ion  s i z e  and s e x  
r a t i o ,  age  group by age group. The 
index i s  c a l c u l a t e d  a s  t h e  sum o f :  
( a )  t h e  mean a b s o l u t e  d e v i a t i o n  from 100 
of t h e  age  r a t i o s  f o r  males ;  (b) t h e  mean 
a b s o l u t e  d e v i a t i o n  from 100 of t h e  a g e  
r a t i o s  f o r  females ;  and (c )  t h r e e  t imes  
t h e  mean of t h e  a b s o l u t e  d i f f e r e n c e  i n  
r e p o r t e d  sex  r a t i o s  from one age  group 
t o  t h e  n e x t .  The United Nat ions  d e f i n e s  
age / sex  d a t a  a s  "accura te , "  " i n a c c u r a t e  ," 
o r  "highly  i n a c c u r a t e , "  depending upon 
whether t h e  index i s  l e s s  than  20,  from 
20 t o  40,  o r  g r e a t e r  than  40. 

VARIANCE: Square of t h e  s t a n d a r d  e r r o r  o r  
ave rage  of t h e  squared d i f f e r e n c e s  
between t h e  v a l u e s  of t h e  s t a t i s t i c  
on t h e  i n d i v i d u a l  r e p e t i t i o n s  and t h e  
expected va lue  of t h e s e  o b s e r v a t i o n s  
taken over  a l a r g e  number of r e p e t i t i o n s  

WHIPPLE'S INDEX: A measure of t h e  q u a l i t y  of 
age - repor t ing  based on t h e  e x t e n t  of 
p r e f e r e n c e  f o r  a p a r t i c u l a r  t a r g e t  d i g i t  
o r  d i g i t s .  The index  e s s e n t i a l l y  compares 
t h e  r e p o r t e d  popu la t ion  a t  a g e s  ending 
i n  t h e  t a r g e t  d i g i t  o r  d i g i t s  w i t h  t h e  
popu la t ion  expected on t h e  assumption 
t h a t  popu la t ion  i s  a l i n e a r  f u n c t i o n  o f  
age.  For a p a r t i c u l a r  a g e  range ,  o f t e n  
23-62, t h e  popu la t ion  w i t h  a g e s  ending 
i n  t h e  t a r g e t  d i g i t s  is d i v i d e d  by one- 
t e n t h  of t h e  t o t a l  popu la t ion ;  t h e  r e -  
s u l t  i s  then  m u l t i p l i e d  by 100 and d i v i d e d  
by t h e  number o f  d i f f e r e n t  t a r g e t  d i g i t s .  
A v a l u e  of 100 i n d i c a t e s  no p r e f e r e n c e  
f o r  t h o s e  d i g i t s ,  whereas v a l u e s  over  100 
i n d i c a t e  p o s i t i v e  p r e f e r e n c e  f o r  them. 




