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I t  is generally recognized that data collected 
by censuses and surveys are subject to error, and 
without knowledge of the magnitude and direction 
of this error, results are of questionable useful- 
ness. This lack of knowledge is particularly acute 
in many developing countries where census and sur- 
vey data provide the major sources of information 
on the demographic processes. 

The purpose of the present paper is to discuss the 
u t i l i t y  individual record checks and aggregate 
comparisons offer in population census coverage 
evaluation. Selected developing countries of Asia 
and Latin America are taken as examples. Since each 
of the evaluative methods are themselves subject to 
error, particular attention is given to cases where 
a combination of individual record checks and 
aggregate comparisons have been util ized to derive 
estimates of census coverage error. 

EVALUATION METHODS 
Individual record checks. This method refers to 

the checking of individual census returns against 
records which are independently obtained in an effort 
to measure, the degree of consistency between the two 
sets of information. For the purpose of this paper, 
two types of record checks are identified" matching 
studies and postenumeration surveys (PES). 

Matching studies involve the matching of indi- 
vidual census records with those obtained from an 
independent source such as previous population 
census, censuses of housing and agriculture, birth 
and death registers, church records, tax rol ls ,  
school enrollment records, records on old age ben- 
ef i ts,  etc. The results of the matching process 
give estimates of gross differences (erroneous 
omissions and inclusions), as well as net di f fer- 
ences. Furthermore, this method maybe used to 
obtain a l ist ing of the population which is more 
complete than either the census or the independent 
source. 

In general, postenumeration surveys (PES) are 
special household surveys (taken shortly after the 
census enumeration), conducted for the purpose of 
evaluating censuses through an individual matching 
process. As such, they generally provide estimates 
of both net and gross coverage error. 

Aggregate comparisons. This method of evaluation 
pertains to the cr i t ical  analysis of the internal 
consistency of the census results; to the manner in 
which these results relate to known demographic 
social, pol i t ical ,  and/or natural occurrences;and 
to the relationship between independent estimates 
(derived from direct or indirect estimation tech- 
niques) for the components of demographic change 
and the size, distribution, and characteristics of 
the population. As such, the method may ut i l ize 
any or all of the commonly known techniques of demo- 
graphic analysis; e.g., balancing equation, lexis 
diagram, cohort analysis, age and sexrai~o~nalysis, 
forward and/or reverse survival. Comparisons at the 
aggregate level only give indications of the net 
differences between the estimates. 

Obviously, the method (or methods ) emploYed to 
evaluate the census for a single country is depend- 
ent upon the avai labi l i ty and detail of the neces- 
sary data. Many countries of the world do notundeF 
take individual record, checks as a method of census 

evaluation. For those countries which do conduct 
such checks, there is often a lack of published cross- 
tabulations of sufficient detail to provide amean- 
ingful evaluation beyond an aggregate comparison of 
the published results. The failure of many countri~ 
to publish sufficient detail to adequately assess 
the quality of results obtained from individual 
record checks in terms of variance and bias also 
hampers the researcher engaged in the evaluation of 
published census data. Census evaluation is further 
complicatedinmany instances by the absence of in- 
dependent demographic or vital event data to apply 
alternative direct and/or indirect demographic esti- 
mation techniques in an effort to conduct an evalua- 
tion based onaggregate comparisons. This is par- 
t icular ly true where migration is an important fac- 
tor in the process of demographic change. 

In the sections which follow, discussion centers 
on the results obtained from an application of 
various evaluative methods of available data in 
selected countries of Asia and Latin America. 
Particular emphasis is given to the limitations of 
data and methods, and to the considerations in- 
volved in ascertaining the "final" estimate of 
coverage error. 

CENSUS EVALUATION IN SELECTED COUNTRIES 
The census evaluations discussed below draw 

upon the experiences of the demographic situation 
in a number of developing countries. The examples 
were selected after considering the avai labi l i ty 
of several different types of evaluative methods, 
as well as the numerous approaches to census eval- 
uation given specific method combinations. As can 
be seen in table l ,  methods in the selected 
countries cover a wide spectrum; from Mexico with 
no individual record checks, toPeninsular 
Malaysia with a PES tabulated by age, sex and race. 

Mexico. Due to the lack of individual record 
checks, the evaluation of the 1960 and 1970 cen- 
suses had to rely upon aggregate comparisons. 
These comparisons were further hampered by the non- 
availabi l i ty of reliable international migration 
data. Thus, after considering the probable impact 
migration had had upon the census age-sex struc- 
ture, i t  wasfelt that the most prudent course of 
action would be to concentrate upon the evaluation 
of the population under age lOand to accept the re- 
ported figures for the total population ageslO 
years and over for each sex. 

An extensive demographic analysis of data from 
the vital registration system led to the conclusion 
that birth and death registration was relatively 
complete and could, with "minor" adjustments, be 
used to construct Lexis diagrams and obtain ad- 
justed populations under lOyears of age for each 
sex. Attention next focused ontheelimination of 
probable age misreporting in the accepted popula- 
tion over lO years of age. This was accomplished by 
accepting the enumerated population for both sexes 
combined in each lO-year age group, and subsequently 
spli t t ing them into 5-year age groups with a math- 
ematical formula and applying a smoothed set of 
sex ratios. The resulting distributions were ad- 
justed back to the enumerated totals for each sex. 

Jamaica. Although the Jamaica evaluation also 
relies upon aggregate comparisons, i t  differs from 
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Mexico in two important aspects" l) a reenumeration 
of selected areas was undertaken in 1970 and the re- 
sults were incorporated into the published figures; 
and 2) information on external migration was judged 
to be "more reliable" (based on a comparison of re- 
ported emigration and immigration data for the 
major receiving countries -Canada, United Kingdom, 
and the United States), than in the case of Mexico. 

The approach used to evaluate the 1970 jamaican 
census was essentially aforward survival of an 
of f ic ia l ly  adjusted 1960 census, using adjusted 
registered births and deaths, and reported emigra- 
tion data for theintercensal period. Because of the 
reliance on reported emigration data, the net 
coverage error in 1970 implied by this approach 
(see table 2) may overstate the "actual" coverage 
error to the extent that emigration has been mis- 
specified. 

Thailand. The postenumeration survey conducted 
shortly after the 1970 census resulted in a low 
estimate of net under-coverage (see table 2). I t  
was also possible to obtain various aggregate com- 
parisons. This was hindered, however, by the lack 
of adequate vital registration data. Thus, i t  was 
necessary to indirectly estimate the levels and 
trends for each of the demographic components 
using various estimation techniques before an 
evaluation of the census could be undertaken. 

The processes of evaluating the census consist- 
ed of obtaining an adjusted 1960 census based on 
cohort analysis, age and sex ratio analysis, and 
reverse survival ut i l iz ing estimated levels and 
trends for the components of change during the 
1950-60 period. Once the evaluated 1960 census age- 
sex distribution had been obtained, i t  wassurvived 
to 1970 using estimated levels and trends in fer- 
t i l i t y  and mortality for the 1960-70 intercensal 
period. 

Honduras. Two types of individual record checks 
were used to evaluate the 1961 census; a reenumer- 
ation of selected areas, and a matching of census 
schedules with the birth register for the month 
prior to the census. Results from these two proce- 
dures indicated net underenumeration of 8.9 per- 
cent (all ages) for the selected areas and 3.6 per- 
cent (under age one) for the reenumeration and 
matching procedures, respectively; the combined 
estimate of net underenumeration was 5.3 percent 
(Honduras, 1962, table l ) .  No individual record 
check was conducted after the 1974 census. 

As an in i t ia l  step in the aggregate evaluation of 
the 1961 and l974censuses, cohortsforeach sex were 
analyzed to ascertain the degree of consistency of 
cohorts between the two censuses. The results sug- 
gest that there was either a considerably larger 
underenumerationinthe1974census (relative to the 
1961 census ) , or there had beena sizable amount of 
emigration from Honduras during the intercensal 
period. After investigating the available evidence 
for emigration, i t  appeared that the discrepancies 
in the cohorts at the beginning and end of the inter- 
censal period were more l ikely due to the greater ex- 
tent of underenumeration in the 1974 census. There- 
fore, the aggregate evaluation concentrated on ob- 
taining an adjusted 1961 age-sex distribution which 
would be survived tol974usingintercensal estimates 
of f e r t i l i t y ,  mortality, and migration obtained by 
various demographic estimation techniques applied 
to data from numerous sources. 

The f i rs t  step in the 1961 census evaluation was 
to smooth, for each sex, the reported population 

in lO-year age groups and spl i t  the resulting esti- 
mates into 5-year age groups to lessen the effects 
of age misreporting. At this point asex ratio 
analysis was undertaken, and the smoothed and spl i t  
age-sex distribution was adjusted to an expected 
pattern of sex ratios. These adjustments implied a 
total net underenumeration which wasless than that 
obtained by the individual record checks. Therefore, 
the adjusted age-sex distribution obtained by the 
age and sex ratio analysis was proportionally in- 
flated to the total population figure implied by the 
total net underenumeration estimated from the in- 
dividual record check (5.3 percent). A final step 
was to obtain an evaluation of the population under 
5 years of age for each sex. First, the total 
births for 1956-61 were obtained byusing an esti- 
mated set ofa_ge-specific f e r t i l i t y  rates, the ad- 
justed 1961 female population andafemale popula- 
tion for 1956 (reverse survived from 1961). Second, 
these births were subsequently survived to 1961, 
resulting in adjusted population under 5 years of 
age which implied a net underenumeration of 9.45 
percent for both sexes. 

Pakistan In the case of Pakistan, a PES was 
undert~aken after the 1961 and 1972censuses. Results 
from the 1961 PES were reported only for the total 
urban and rural population, and indicated nosigni- 
ficant net coverage error (see table 2). The 1972 
PES was not only directly used for establishing 
the undercount in particular ages, but also formed 
the basis for the aggregate evaluation. 

An extensive age and sex ratio analysis indicated 
that the results from the 1972 PES could be accepted 
for the overall estimate of net underenumeration, for 
each lO-year age groups (over age 19) for each sex, 
and for the total net error estimated for all ages 
under 20 years. The problem, therefore, amounted 
to obtaining an estimate of the age-sex distribution 
under age 20which would be consistent with the 
overall net coverage error found bythe PES for the 
age group 0 to 19, and with past trends of f e r t i l i t y  
and mortality. This was accomplished by" l) in- 
flating the broad age-sex distribution reported in 
the census by the net coverage error found by the 
PES; 2)splitting the adjusted lO-year age groups 
into 5-year age groups; 4) reverse surviving the 
age-sex distribution over age 19 to 1952; and 5) 
projecting this age-sex distribution to 1972 based 
on estimated levels and trends in f e r t i l i t y  and 
mortality during the 20-year period. The age-sex 
distribution under age 19 resulting from this pro- 
jection was accepted. (For more detailed examples 
of the procedures, see U.S. Bureau of the Census, 
1980). 

Malaysia (Peninsular) This example is similar 
to Pakistan in that the i970 PES provided informa- 
tion for net coverage error by age and sex (see 
table 3). The major difference lies in the approach 
to the estimation of coverage error for under age 
lO. Rather than having to rely on a reverse survival 
and projection process, independent estimates were 
derived through the use of adjusted vital registra- 
tion statistics and a Lexis diagram technique. 

As is shown in table 3, the PES estimates for 
the sex ratios suggest the possibility of rather 
severe age misreporting (although less than in the 
enumerated census) for ages 30 years and over. I t  
also suggests that the PES estimates of underenum- 
eration for the population under age lO are probably 
too low, while those for ages over 70 are too high, 
based on the experiences found in most developing 
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The independent analysis of  the population less 
than I0 years of age gave credence to the observa- 
t ion that the PES estimates were re la t i ve l y  low. 
While no ind i rec t  independent estimate could be 
made for the population ages 70 and over, the re- 
ported census f igures appeared more reasonable in 
l i gh t  of the pattern of sex rat ios obtained by 
sp l i t t ing thePES estimates for  the  age groups lOto 
69 years. 

Taking the aforementioned results into considera- 
t ion ,  the combined estimates shown in table 3 are 
comprised of: l ) the  results from the Lexis dia- 
gram to obtain the adjusted population under age I0; 
2) thePES results by lO-year age groups for ages 
10 to 69 smoothed to account for age misreporting; 
and 3)the acceptance of the enumerated census popu- 
lation 70 years of age and over. (For an example of 
combining results from individual record checks 
and aggregate comparisons for the Republic of Korea, 
see Marks and Finch, 1977). 

CONCLUS IONS 
This paper discussed methods frequently used in 

developing countries for  evaluating enumerated 
census populations by age and sex. The methods were 
c lass i f ied  into individual record checks based on 
postenumeration surveys and matching procedures 
anId-aggregate comparisons based on analyt ical  demo- 
graphic procedures. Several examples of par t icu lar  
approaches to evaluation were presented (3 Asian 
and 3 Latin American countr ies).  

The point was made the r e l i a b i l i t y  of results 
from individual record checks should be evaluated 
in terms of the survey design, s t a t i s t i ca l  error 
and confidence intervals of the estimates, and the 
matching process. The data and information neces- 
sary for  th is are, however, often not avai lable 
from published sources. S imi la r ly ,  i t  was noted 
that the results from aggregate comparisons should 
be evaluated in re la t ion to the r e l i a b i l i t y  of the 
demographic estimates accepted and the va l i d i t y  of 
assumptions made in the process of evaluating the 
age-sex d is t r i bu t ion  of the population. 

The tentat ive conclusion to be reached is that 
no single evaluative approach or procedure can be 
universal ly  recommended. Furthermore, no recom- 
mendation can be made as to which method ( ind i -  
vidual record checks or aggregate comparison) may 
provide "more re l iab le"  resul ts under d i f fe r ing  
circumstances. Currently, indicat ions tend to sup- 
port the contention that individual record checks 
provide "more acceptable" results when evaluating 
the population over age I0. Aggregate comparison, 
on the other hand, tend to provide a "more accept- 
able" evaluation of the population under I0 years 
of age. In a l l  cases, combining both approaches 
appear to produce a "more acceptable" evaluation. 
That is,  complementing an individual record check 
with aggregate comparison--through a demographic 
analysis--produce results which are more consistent 
with exist ing knowledge about the demographic 
character is t ics of the population and the compo- 
nents of demographic change--mortal i ty, f e r t i l i t y  
and migration. Probably the only general rule that 
can be offered is that in a l l  cases, a combination 
of evaluative techniques should be applied to the 
avai lable data and the results of each taken into 
consideration. 

I t  is hoped that continued research by in te r -  
nat ional ,  governmental, and private organizations 
into a l l  aspects of census evaluation w i l l  be en- 

couraged. Specif ic at tent ion in the case of ind i -  
vidual record checks, should be drawn to the areas 
of developing and evaluating the usefulness of 
a l ternat ive survey designs, estimating and evalu- 
ating the effects of corre lat ional  bias, and of 
invest igat ing problems associated with the matching 
process. With regard to aggregate comparisons, re- 
search ef for ts  should focus upon invest igat ions in- 
to the r e l i a b i l i t y  and v a l i d i t y  of estimates for  
the components of demographic change derived 
through the appl icat ion of various ind i rec t  es t i -  
mation techniques• Such invest igat ions should in- 
clude the va l i d i t y  of underlying assumptions and 
the consequences deviations from the assumptions 
have upon the resul t ing estimates. Only through 
the continued research e f for ts  of a l l  concerned, 
can a more complete understanding of each evalua- 
t ive method be reached and more conclusive recom- 
mendations be made regarding the evaluation of 
census data for  developing countries• 
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Table 1. Ava i l ab i l i t y  of Individual Record Checks, by Type 
and Available Major Cross-Tabulations" Selected Countries and 
Years 

Region, country, 
and year Type 

Available 
cross-tabul ations 

ASIA 

Malaysia (Peninsular) 
1970 

Pakistan 

1961 

1972 

Thailand 

1960 
1970 

Postenumeration survey 

Postenumeration survey 

Postenumeration survey 

None 
Postenumeration survey 

Total,  by age, sex, 
and race. 

Totals, by urban and 
rural residence. 

Totals, by sex, age 
and urban and 
rural resi dence. 

(x) 
Total only. 

LATIN AMERICA 

Honduras 

1961 

1974 

Jamaica 

1960 

1970 

Mexico 

1960 

1970 

Reenumeration, match- 
ing with b i r th  
regi ster 

None 

None 

Reenumeration o f  
select areas 

None 

None 

Total,  by type of 
method 

(x) 

(x) 
Published population 
f igures incorporated 
f igures for  reenumer- 
ated areas. 

(x) 
(x) 

X Not applicable 
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Table 2. Enumerated Census Population and Estimated Net Coverage Error,  by Method for  Both Sexes and Specif ied 
Aqes: Selected Countries and Years 

(Population in thousands; net coverage error  in percent) 

Region, country and year 

I Enumerated census Net error  (both sexes) coverage 
vuvu ,aLiu,, 

(both sexes) Indiv idual  record check Aggregate comparison Accepted 

Under I Jnder Under 1 Under 
Al l  ages age I0 Al l  ages a~e I0 Al l  ages age I0 Al l  ages age I0 

ASIA 

Malaysia (Peninsular) 

1970 8,810 2,728 -4.1 -3.6 (X) I -6.4 -4.-  -6.4 

Pakistan 

1961 42,9782 14,0882 +0.4 (NA) 
1972 65,3093 20,5483 -6.3 -7.4 

Thailand 

1960 26,258 8,2465 (X) (X) 
1970 34,397 10,9585 - I . 7  (NA) 

LATIN AMERICA 

Honduras 

1961 1,885 6665 -5.3 (NA) 
1974 2,657 910 (X) (X) 

Jamaica 

1960 1,610 489 (X) (X) 
1970 1,8327 5987 (X) (X) 

Mexico 

1960 34,923 11,1305 (X) (X) 
1970 48,225 15,891 (X) (X) 

-16.0 -9.2 -16.0 -9.2 
(X) 4 -4.8 - 6.3 -4.8 

- 4 . 0  
- 6 . 6  

-9.5 - 4.0 -9.5 
-5.1 - 6.6 -5.1 

- 3 . 0  - 4 . 3  - 6 . 0  - 5 . 9  
12.5 -13.9 -12.5 -13.9 

- 0.96 
_ 5.58 

_ 3 . 3 1  

_ 2 . 4 1  

_ 2.96 
_ 4.28 

- 9 . 6  

7.0 

- 0.96 
_ 5.58 

_ 3 . 3 1  

_ 2 . 4 1  

_ 2.96 
_ 4.28 

- 9 . 6  
- 7.0 

NA Data not avai lable.  
X Not appl icable.  

1The population 10 years of age and over was not adjusted for  underenumeration. 

21ncludes estimates and reported f igures for  t r i b a l  areas and non-Pakistanis (Pakistan, no date b, Chapter 4, table I0;  
Chapter 5, tables 13 and 14; and Chapter 9, tables I and 4 (sections I and I I ) .  

31ncludes reported f igures for  the Federal ly Administered Tr ibal  Areas, the Kohistan Area of Hazara D i s t r i c t ,  and the 
Tr ibal  Areas adjo in ing Hazara D i s t r i c t .  

4The population 20 years of age and over was not adjusted for  underenumeration. 

51ncludes persons of unknown age p ropor t iona l l y  d is t r ibu ted .  

6The populat ion 5 years of age and over was not adjusted for  underenumeration. 

71ncludes persons of unknown sex and age propor t iona l l y  d i s t r i bu ted ,  but excludes the i n s t i t u t i o n a l i z e d  populat ion. 

8Excludes i n s t i t u t i o n a l i z e d  population for  which no adjustments for  coverage error  were made. 

Note: Al l  f inures are subject to sampling and/or response variance. A plus (+) sign denotes net overenumeration; a 
negative ( - )  sign denotes net underenumeration. 

Sources: 

Malaysia (Peninsular) - Population as reported in Department of S t a t i s t i c s ,  1975, tables 4.4 and 5.1; record checks 
as reported in Department of S t a t i s t i c s ,  1973, table 6; and aggregate comparison and accepted coverage error  from U.S. 
Bureau of the Census, 1979, unpublished data. 

Pakistan - Population from U.S. Bureau of the Census, 1980, unpublished data; record checks for  1961 as reported in 
Pakistan, no date a, p . l -15 ,  and for  1972 based on a weighted average of urban and rural  estimates as reported in Pakistan, 
1974, tables I I ,  V, and V I I I ;  aggregate comparison from U.S. Bureau of the Census, 1980, unpublished data; and accepted 
coverage error  as reported in U.So Bureau of the Census, 1980, p. 2. 

Thailand - Population from U.S. Bureau of the Census, 1978, unpublished data; record check as reported in Arnold 
and Phananiramai, 1975, table 13; and aggregate comparison and accepted coverage error  as reported in U.S. Bureau of the Census, 
1978, p. I .  

Honduras - Population for  1961 and 1974 as reported in United Nations, 1971, table 6 and Honduras, 1977, table 6, respect ive ly ;  
record checks as reported in Honduras, 1962, table I ;  aggregate comparison from U.S. Bureau of the Census, 1977, 
unpublished data; and accepted coverage error  as reported in U.S. Bureau of the Census, 1977a, p . l °  

Jamaica - Population for  1960 as reported in United Nations, 1970, table 6, and for  1970 from U.S. Bureau of the Census, 1977, 
unpublished data; aggregate comparison and accepted coverage error as reported in U.S. Bureau of the Census, 1977b, p. I .  

Mexico - Population as reported in U.S. Bureau of the Census, 1979b, tables A-I and A-2; aggregate comparison and accepted coverage error  
as re~erted in U.S. Bureau of the Census, 1979b, p.25. 
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Table 3. Enumerated Census Population (Both Sexes), Estimated Sex Ratio and Net Coverage Error, by Age and Method" 
Peninsular Malaysia, 1970 

(X)  

Age 

Enumerated 
census 

population 
(in thousands) Census I P ES 

" 

All ages 8,810 101 

Estimated sex ra t io  

(Male per 100 females) 

i Aggregate I Combined 
compari son • 

102 102 102 

Estimated net coverage error 
for  both sexes 

(Percent) 
Census I pES, #Aggregate i Combinedcomparison 

(X) - 4.1 (X) - 4.7 

0 to 4 years 1,370 104 104 104 104 (X) 
5 to 9 years 1,358 104 104 103 103 (X) 

I0 to 14 years 1,198 103 103 102 102 (X) 
15 to 19 years 977 98 I00 I01 I01 (X) 
20 to 24 years 745 97 I00 I00 I00 (X) 
25 to 29 years 550 99 I00 I00 I00 (X) 
30 to 34 years 534 99 102 99 99 (X) 
35 to 39 years 420 95 97 99 99 (X) 
40 to 44 years 374 I00 I01 99 99 (X) 
45 to 49 years 310 97 98 I00 I00 (X) 
50 to 54 years 276 103 102 104 104 (X) 
55 to 59 years 223 I I0 I I0  107 107 (X) 
60 to 64 years 195 109 109 111 111 (X) 
65 to 69 years 121 123 121 116 116 (X) 
70 to 74 years 83 106 102 106 106 (X) 
75 years and over 76 89 92 89 89 (X) 

- 3 . 9  
- 3 . 2  
- 3 . 6  

- 5 

- 3 

- 2 

- 2 ~" 

- 2"91 - 3 4  
- 4 4  
- 4 9  
- 3 7  

. s  

-8.0 - 8.0 
-4.8 - 4.8 

- 2 . 9  
- 5 . 7  
- 5 . 2  
- 4 . 3  
+ 0 . 2  
- 7 . 6  

-4.01 - 1.2 

l 
-4.3 

• - 2 . 5  

-5.5 
+3.1 
-14.5 

0.0 { 0.0 
O0 

X Not applicable 
IBased on an acceptance of the estimated to ta l  underenumeration for  ages 10 to 69 years obtained by the PES. 

Note" Al l  f igures are subject to sampling and/or response variance. A plus (+) sign denote net overenumeration; a minus (-)  
siqn denotes net underenumeration. 

Source" Population as reported in Department of S ta t i s t i c s ,  1975, tables 4.4 and 5.1; PES coveraqe error as reported in 
Department of S ta t i s t i cs ,  1973, table 6; aggregate comparison and combined coverage error from U.S. Bureau of the Census, 1979, 
unpublished data. 


