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Abstract: Census is a complete and systematic enumeration of membargiven population in a particular region or geographical
area. It has variety of advantages but also suffers from eeuf difficulties. In this regard an effort has been madestb whether
sample survey provides sufficient information as that of piete enumeration or not. The data has been taken from tiveysur
Comparison of Two Survey Methodologies to Estimates Totatcihation Coverage” sponsored by Indian Council of Mddica
Research (ICMR), New Delhi. It has been observed that saegtimate gives fairly good estimate of population paramete
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1 Introduction

The census is older than the Chinese, Egyptian, Greek anéRoivilizations, dating back to the Babylonians in 4000
BC who used a census as an essential guide. From around 2GateHEEgyptians used censuses to work out the scale
of the labour force they would need to build their pyramidkin@ too, began to take censuses around this tithélhe
Romans conducted censuses every five years, calling upoynmaam and his family to return to his place of birth to be
counted in order to keep track of the population. The cenfayed a crucial role in the administration of the people of
an expanding Roman Empire, and was used to determine tayesvided a register of citizens and their property from
which their duties and privileges could be listdd. [Censuses are executed differently around the world. €galarity

of the census can vary from every year to every ten years tmlmimpletely irregular. The information gathered also
changes by countn].

The decennial census is a count of the entire populationab@irs once every ten years. The decennial censuses
are planned and conducted with a high degree of professtomapetence. Indian Census is the single largest source of
a variety of statistical information on different charatttics of the people of India. It is the most credible souote
information on demography, economic activity, literacyladucation, housing and household amenities, urbanisatio
fertility and mortality, scheduled castes and schedulidm$r language, religion, migration, disability and marlyeo
socio-cultural and demographic dagj. [

The census provides the nation with essential data that §deyond a simple population count. This information
helps the Central and State Governments in planning andulation of various policies4]. The obligation for the
Central Government to conduct a census or decennial entiorecdi the population for the purpose of apportioning the
Parliament is part of the Constitution. Besides, the déditian/ reservation of Constituencies - Parliamentargehsbly/
Panchayats and other Local Bodies is also done on the bais démographic data thrown up by the Census.

With a history of more than 130 years, this reliable, timég@sxercise has been bringing out a veritable wealth of
statistics every 10 years, beginning from 1872 when thed&ssus was conducted in India non-synchronously in diftere
parts B]. Conducting population census in a country like Indiajwgteat diversity of physical features, is undisputedly
the biggest administrative exercise of peace time. Thettve&information collected through census on houses, atireni
available to the households, socio economic and cultueabderistics of the population makes Indian Census thesic
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and the only source for planners, research scholars, astnaiturs and other data users. The planning and execution of
Indian Census is challenging and fascinatif [

In a study Kish (1979) mentioned that methods of survey sangblave a large literature. The methods are oriented
to design for distinct and separate surveys, but those rdsthave general applicability. Smaller and more concestrat
samples may suffice for difficult data, for national statstand for large domain$]. Waksberg (1968) discusses some
aspects of survey sampling to speed up the processing aigeesults. In that study it is also mentioned that a number
of countries, generally the more industrialized ones, letended the use of sampling to the basic collection of data,
improve timeliness and reduce costs [Davern et al. (2007) evaluated the historical microdatagles of the IPUMS
project from 1850-1930 in order to determine the impact ofigie design on standard error estimates and how to apply
modern standard error estimation software to historicabae samples. They examined the impact of complex sample
designs on standard error estima®jsCensus and survey data had been used to estimate poveityemuality for Small
Areas (Tarozzi and Deaton, 2008).[ Various problems and convenience of sample survey anglEienenumeration
has been discussed (Kish and Verma (1986), Waksberg andrl§h365), Ruggles and Menard. (1995), Davern et al.
(2009)) 10,11,1,12,13].

2 Utility of Census Data

As part of an integrated programme of data collection, theufadion census is the primary source of basic national
population data required for administrative purposes andifany aspects of economic and social research and planning
The value of the census results is increased if they can béogatptogether with the results of other investigationsnas
the use of the census data as a base of benchmark for cuatstict. The usefulness of the census is also enhanced if it
can furnish the information needed for conducting otherstieal investigations. It can, for example, provide distacal
frame for other censuses and sample surveys. The purposeaftiauing programme of data collection can best be
served, therefore, if the relationship between the pojmiatensus and other statistical investigations is constiehen
census planning is under way and if provision is made fofifatihg the use of the census and its results in connexitim wi
intercensal sample surveys, with continuous populatigisters, with other types of censuses and with civil regt&in

and vital statistics, and with labour force, educational similar statistics. The use of consistent concepts anditlefis
throughout an integrated programme of data collectionssmsal if the advantages of these relationships are tolhe fu
realized [L4].

32011 Census

The recently concluded Census 2011 is the 15th NationaluSayfthe Country in the unbroken series since 1872 and the
seventh after Independence. It is remarkable that the gistatical tradition of conducting a Census has been miaiath

in spite of several adversities like wars, epidemics, reditalamities, political unrest etc. Very few countrieshie world

can boast of such a glorious traditid3j.[

4 Problemswith total enumeration

Some striking problems have emerged over the past sevaradlds. The 2011 Indian census had been completed during
the year 2012. The Office of the Registrar General of India@)Ras started releasing data in phases. It will take
another 2-3 years to get many tabulated data and by the ten@RGI will be busy for planning for next (2021) Census
enumeration. The cost of Census taking in such a large opastndia is Enormous]. The cost of Census 2011 has been
estimated at Rs 2200 crores. A total of 2.7 million functisesaworked in the conduct of the census. The census sctsedule
were canvassed in 16 languages. A total of 340 million sclesduere printed4]. The costs of taking the census have
escalated sharply, even after allowing for inflation andyaton growth. A major cause of the cost increase was due to
costs associated with the long form the content of the cerdss non-sampling error is there in complete enumeration.
It is well known fact that larger the size of the sample snrahe sampling error but larger the non-sampling error. Kish
(1979) has discussed the relative advantages and disadesiif samples and censuses together with the variety af way
for using samples to good advantage in connection with cassh.

4.1 A few basic questions to ponder

els it worth to continue trying to count every last person witditional census methods of physical enumeration?
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els it possible to improve the accuracy of the census couhtrgipect to its most important attributes by supplementing
a reduced intensity of traditional enumeration with stii#d estimates of the number and characteristics of those n
directly enumerated?

els the use statistical estimation for completing the couwilt, help to achieve substantial cost savings in the next
census, even as accuracy is being improved?

e|s dropping the long form in the next decennial census anstguting a continuous monthly survey to obtain relevant
data will be sufficient for planning?

4.2 Task

eFirst task is to investigate whether and to what extent wariypes of essential data can best be collected by the
decennial census or by other means.

eSecond task is to consider and recommend the most costiedf@cethods of conducting the census and otherwise
collecting census-type data.

4.3 Recommendations

e|dentify, other than government, who are census data users?
eTo what extent Governments (Central and States) are usinGehsus data.

eldentify: (i) Items required for Complete enumeration gkfpuse Listing, Population Count etc. (ii) ltems those can
be estimated by Statistical Methodology based on Sampteadgt, Fertility, Mortality, Migration etc.

5 Objective

The main objective of the study is to ascertain whether edésibased on sample survey can provide valid estimate of
the population parameter or not. Here in this paper this leas lilustrated through an example of vaccination coverage
in a metropolitan city Guwahati, Assam, India.

6 lllustrated Example

Let us illustrate with an example whether sample survey canige reliable estimate of parameter or not. This example
is based on child vaccination coverage particularly Heigdi (at birth) vaccine. For this study data has been takem fr
the survey “Comparison of Two Survey Methodologies to Eatas Total Vaccination Coverage” sponsored by Indian
Council of Medical Research (ICMR), New Delhi which has @drout in Guwahati City, Assam, India for the period
January to October 2011.

7 Methods

The data set for this analysis is primary data and the stusly iarGuwahati, the capital city of Assam, India. It has been
collected by using two stage (3030) cluster sampling and systematic random sampling. Tlestgpnnaire has been
developed to collect household information and informatbthe eligible members regarding vaccination. All chéldr
aged between 6 months to 5 years have been considered abjiet sfithe study population. The vaccination coverage
Hepatitis B (at birth) is considered. According to GuwakMtinicipal Corporation (GMC) the study area consists of
60 numbers of municipal wards and from that 30 wards are weleandomly. After random selection of the municipal
wards of the study area 30 units from each ward are seleabethis purpose first household is selected where an eligible
child is found in a particular area of a selected ward andethfeer each consecutive household has been selected where
eligible members have found until 30 units (eligible chéidy are completed. After completion of two stage {380)
cluster survey sampling systematic sampling is carriedrotite same ward. For this purpose first household is selected
randomly from the households in a particular lane (whereesuis already carried out under two stage £380) cluster
sampling) and thereafter each household at an interval bblL8eholds are selected till the required number (30 nusnber
of eligible children) is not completed. Both These procedunave been carried out in each selected ward. Altogether
1800 numbers of sampling units have been collected (900dh sampling). Information of immunization is collected
from record of vaccination cards.
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8 Statistical Analysis

First of all it has been observed how many household havesibimieach ward to cover 30 units of sample under two
stage cluster sampling. It is found that to cover 30 unitsanfigle (eligible households) 105 households have to visit in
a particular ward (ward number 2) (Table 1). On the basisatftlumber (i.e. 105) how many household will be eligible
household among the recorded (as per GMC) household in #vak flas been generated. It is found that 453 household
will be eligible household in ward number 2. Similarly fot alard eligible household has been generated together with
combined one. This constitutes the study population aneh fittat population numbers of vaccinated children against
Hepatitis B (at birth) have been obtained for each ward se¢elgr After that dividing this number of vaccinated chédr
against Hepatitis B (at birth) by respective populationadfleward population proportion has been obtained as P. e hav
generated relevant data for all eligible Households. Alsohave generated the population close-to-reality frormadlye
drawn sample.

Here Hepatitis B (at birth) vaccine coverage under both diagmethods has been estimated. To compare sample
proportion with population proportion the null hypotheisis

Ho P= Po
Against the alternative
H1 P 75 P()
The test statistic (for single proportion) is given by
pP—P
Z= 1
() @
where
~ /N—n PQ
and 95 % Confidence Interval of P is
p—1.96SE(p) < P< p+1.965E(p) 3)

where p is the sample proportion aRglis population proportion.

9 Results and discussion

Estimated sample and population proportion of HepatitistBh(rth) vaccine coverage is given in Table 2. An important
result is that sample proportion of combined estimate ofatigp B (at birth) vaccine coverage for two stage cluster
sampling is 0.58 and 0.56 for systematic sampling wheréa®i69 for population proportion. They are very near to each
other and it can be said that these estimates are almost $abie 3 gives values of Z-statistic and confidence inteimal f
Hepatitis B (at birth) vaccine coverage. From the Z-stiatisis found that there is no significant differences betwte
estimates of hepatitis B (at birth) vaccine coverage fohtltestage cluster sample proportion and population prapust
Similarly for systematic sample proportion and estimatepiysation proportion it is seen that Z-statistics are ingigant
except for the ward number 43 and we may accept the null hesiithat sample proportions and population proportions
are equal. In case of two stage cluster sampling minimum aadmum differences of confidence intervals are 0.22 and
0.35 respectively whereas for systematic sampling thefereices are 0.21 and 0.35 respectively. It is seen thatlthe
the differences of confidence intervals (CI) are almost siamthe two sampling methods.

Ericksen (1973) presented a new method of postcensal gistimia which the symptomatic information is combined
with sample data by means of a regression forrm&}. [Kish and Verma (1986) studied uses of censuses for impgpvi
samples and of samples for improving censuses, and proposthend for cumulating data from rolling (or rotating)
periodic (weekly, monthly or quarterly) samples specificalesigned to cover the population in detail over designed
spans (annual and quinquennial). They also compared saupley to censused (. This current work may open
up possibilities of new areas for researchers. It may aldp imedifferent regional level, state level or country level
to implement different policy or scheme for which total eraration is required. Instead of total enumeration sample
estimate will reduce time, cost, manpower and related diffess as survey sampling can be designed to obtain broad
areas of complex data which is deep in content.

10 Conclusion

From the study it can be concluded that sample estimategalsais reliable estimates of population parameters and in
this study it is population proportion of Hepatitis B (atthirvaccination coverage.
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Appendix

Table 1: Household covered in each ward under two stagex(30) cluster sampling

Sl. No. Ward No. Number of household visited toTotal household (as pe|
complete 30 units in two stage GMC record)
(30x 30) cluster sample

1 2 105 1585
2 4 215 570

3 5 133 3094
4 11 127 2768
5 12 105 5243
6 15 163 3450
7 17 216 1990
8 18 122 1971
9 24 130 2062
10 25 149 4185
11 26 123 2655
12 33 139 1329
13 35 108 2950
14 36 126 2721
15 37 84 2511
16 38 123 1723
17 40 137 1509
18 42 181 4027
19 43 168 3891
20 46 166 1330
21 47 168 1125
22 48 112 2397
23 50 147 2084
24 51 188 5140
25 53 118 2073
26 54 177 2835
27 55 125 2747
28 57 167 3855
29 59 235 4664
30 60 192 4674

Total Household visited 4449 83158

r
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Table 2: Estimated sample and population proportions of HepatifjatBirth) vaccine coverage

Sl Ward No. No.of Total Estimated No.of Total Estimated Generated Generated Population
No. children  no.of sample children no.of sample no.of no.of proportion

vaccinated children proportion vaccinated children proportion population children P

(30x 30 (30 x 30 (30 x 30 (systematic (systematic (systematic vaccinated

cluster) cluster) cluster) sample)  sample) sample) (population)

Py
1 2 5 30 0.17 4 30 0.13 453 49 0.11
2 4 21 30 0.70 20 30 0.67 80 55 0.69
3 5 7 30 0.25 14 30 0.48 654 228 0.35
4 11 28 30 0.93 25 30 0.83 654 538 0.82
5 12 16 30 0.53 17 30 0.57 1498 825 0.55
6 15 18 30 0.60 18 30 0.60 635 403 0.63
7 17 14 30 0.47 13 30 0.43 276 115 0.42
8 18 21 30 0.70 21 30 0.70 485 315 0.65
9 24 5 30 0.17 8 30 0.27 476 91 0.19
10 25 20 30 0.67 14 30 0.47 843 497 0.59
11 26 19 30 0.63 20 30 0.67 648 482 0.74
12 33 22 30 0.73 24 30 0.80 287 236 0.82
13 35 12 30 0.40 16 30 0.53 819 394 0.48
14 36 19 30 0.63 17 30 0.57 648 467 0.72
15 37 19 30 0.63 11 30 0.37 897 431 0.48
16 38 13 30 0.43 15 30 0.50 420 207 0.49
17 40 16 30 0.53 11 30 0.37 330 162 0.49
18 42 22 30 0.73 19 30 0.63 667 459 0.69
19 43 20 30 0.67 15 30 0.50 695 473 0.68
20 46 16 30 0.53 16 30 0.53 240 134 0.56
21 47 17 30 0.57 16 30 0.53 201 121 0.60
22 48 18 30 0.60 16 30 0.53 642 371 0.58
23 50 24 30 0.80 22 30 0.73 425 284 0.67
24 51 19 30 0.63 20 30 0.67 820 571 0.70
25 53 20 30 0.67 19 30 0.66 526 413 0.79
26 54 19 30 0.63 15 30 0.50 481 294 0.61
27 55 11 30 0.37 16 30 0.53 659 275 0.42
28 57 21 30 0.70 20 30 0.67 693 448 0.65
29 59 17 30 0.57 19 30 0.63 595 359 0.60
30 60 25 30 0.83 20 30 0.67 730 543 0.74
31 combined 524 900 0.58 501 900 0.56 17477 10240 0.59
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Table 3: Z-values and confidence interval (ClI) for Hepatitis B (athjivaccine coverage

SI.No.  Ward No. Z-value (for two stage ClI Z value (for systematic CI
cluster sample) sample)

1 2 1.13 (0.06,0.28) 0.40 (0.02,0.24)
2 4 0.19 (0.57,0.83) 0.26 (0.54,0.80)
3 5 1.16 (0.08, 0.42) 1.54 (0.31,0.65)
4 11 1.57 (0.80, 1.06) 0.11 (0.70,0.96)
5 12 0.23 (0.35,0.71) 0.21 (0.39,0.75)
6 15 0.40 (0.43,0.77) 0.40 (0.43,0.77)
7 17 0.63 (0.30, 0.64) 0.16 (0.26,0.60)
8 18 0.60 (0.53,0.87) 0.60 (0.53,0.87)
9 24 0.30 (0.03,0.31) 1.13 (0.13,0.41)
10 25 0.91 (0.50, 0.84) 1.35 (0.30,0.64)
11 26 1.46 (0.48,0.78) 0.95 (0.52,0.82)
12 33 1.40 (0.60, 0.86) 0.34 (0.67,0.93)
13 35 0.90 (0.22, 0.58) 0.55 (0.35,0.71)
14 36 1.13 (0.47,0.79) 1.88 (0.41,0.73)
15 37 1.67 (0.45, 0.81) 1.23 (0.19,0.55)
16 38 0.71 (0.26, 0.60) 0.08 (0.33,0.67)
17 40 0.45 (0.36, 0.70) 1.39 (0.20,0.54)
18 42 0.51 (0.57,0.89) 0.70 (0.47,0.79)
19 43 0.13 (0.51,0.83) 2.17* (0.34,0.66)
20 46 0.33 (0.36, 0.70) 0.33 (0.36,0.70)
21 47 0.39 (0.41,0.73) 0.87 (0.37,0.69)
22 48 0.25 (0.43,0.77) 0.54 (0.36,0.70)
23 50 1.59 (0.64, 0.96) 0.74 (0.57,0.89)
24 51 0.80 (0.47,0.79) 0.32 (0.51,0.83)
25 53 1.58 (0.53,0.81) 1.72 (0.52,0.80)
26 54 0.22 (0.46, 0.80) 1.29 (0.33,0.67)
27 55 0.54 (0.20, 0.54) 1.28 (0.36,0.70)
28 57 0.63 (0.53,0.87) 0.28 (0.50,0.84)
29 59 0.38 (0.40, 0.74) 0.31 (0.46,0.80)
30 60 1.10 (0.68, 0.98) 0.95 (0.52,0.82)
31 combined 0.07 (0.40, 0.76) 0.29 (0.38,0.74)

*significant at 5% probability level
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