THE WORK OF THE UNITED STATES BUREAU OF THE
CENSUS WITH EMPHASIS ON SAMPLE DESIGNS
AND CONTROL OF ERRORS IN CENSUSES
AND SURVEYS
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SUMMARY. In this papor sn attempt is mado Lo proacnt tho work of tho United Statos Buresu
of the Cennus with omphasis on (he mothadologhal aepocte of samplo design and control of errors in consuss
and survoys. Though 1 claim no originality of ita contonte, 1 alono am twponsiblo for tho scloction, pro-
sontation and sccursey of tho materia! Included in this psper. By no moans the coverags In this papor
Ia 1o bo considerod complets. At bewt §t attompta to give an idea of tho types of meihods being uacd at
the Burcou of tha Conwus In tho ficld of dnta collection and compilation without allempting to give much
of details to bo preciso. It may bo montioned that more aitontion ia givon in this paper to population
and agricultursl ficlde than o oconomic flolds. This papor is based 20 & numbor of pubtished aad unpub.
Lisbed papors of tho Unitod States Burosu of the Census.

1. UNITED STATES STATISTICAL BYSTEM

LY. Federal satistical aystem. In the United States, o decentralised statistical

system has como Into existenco becauso of historical considerations and the nature of the

govornmental sct-up. The need for coordination of the activities of the different statistical

organisations in a decentralised system was recognised as carly as 1033 when tho Central

Statistical Board was sot up for this purposo. Sinco then, tho responaibilitics of coordination

In tho fickd of statistics bavo been tranaferred to the Offico of Statistical Standards in tho
Burcau of the Budget of the Exocutive Offico of the Presid

Tho Stato Governments are, in genoral, Independent of tho Federal Government
in carrying out statistical Tho dovelop of statistical systems in tho Statcs
has been unoven. In prlcllco. formal and informal cooperative arrangements cxint by which
the statistical activitics of the States and tho Federal Government are coordinated in 8 numiber

of subject matter Bekls such os vital statistics and agriculturo.

Even a bricf account of tho statirtica] system in the United States woukd bo incom-
Ppleto without a mention of thoe activitics of Univensitics and other private organisations in tho
feld of statistica. Tn general, tho coverage by indivitual privato organisationa Is restricted
and thoy usually specialiss in particular fickla with 8 viow to dovelop tho methedulogy of
data collceti pilation and I Thero Is samo amonnt of cooperation in
cortain fickds, botween tho statistical activities of the Federal and Stato Governments on the
ono hand and tho Universitica on tho other.

Tho Federal Stalistical System may Lo considered to conaist of four types of statisti-
cal organisations differentiated on tho basia of thdr functions and tho uso to which tho data
collectod by thens aro put to : (i) General Coonlinating Ageney; (i) General Statistical
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Agencics; (iii) Analytical and IV h Agencies; (iv) Administrativo and Regulatory
Agencica,

1.2, Office of Statistical Standards. Tho Offico of Statistical Standards in tho Bureau
of tho Builgt of the Exocutivo Offico of tho Prexident is primarily a coordinating agency
and its main functions are : (i) coordination of tho activitics of tho various statistical agencics

with a view to avoid duplication and emixsion; (1i) evolution of statistical lards in con-
cepta and definitions, aml in prescntation and publication of data; (iii) reviow of the ques-
tionnaires and forms prepared by tho various statistical agencics; (iv) tstical prog
ming and budgeting; anl (v) p jon of i fonal cooperation in tho fickl of statisti

1.3. General.purpose statistienl agencies, Theso agencies aro primarily reapcnsiblo
for regular colleetk pilation and publication of data in spocificd fickls for general wse.
A1 a group, they account for a largo proportion of tho statistical activitics of tho Federal
Governent. The folluwing are mainly gencral-purposo agencies : (1) Agricultural Marketing
Servico (Department of Agriculture); (i) Burcau of the Census (Department of Commerce);
{ii1) Burcau of Labour Statistics {Department of Labour); (iv) National Offico of VitalStatistics
{Dcpartment of Health Education and Welfare),

14, Analytical and research agencies, The fullowing are agencies which uso statistics
collected by other sgencics for future projections, policy making, and construction of composito
measures of social and economie conditions : (i) Council of Economio Advisors (Exceutivo
Offico of tho President) ; (ii) Division of Agricultural Economics (Department of Agriculturo) ;

(iii) Farm E ica R h Division (Dep of Agriculture); (iv) Bureau of Foreign
Commerco (Department of Commereo); (v) Business and Defence Service Administration
(Departnient of Col ¢0); (vi) Offico of Busi Ei ies (Department of Commeree);

{vii) Burcau of Mines {Department of Interior); (viii) Division of Rescarch and Statistics
(Board of Governors of tho Federal Rescrve System).

15, Administrative and regulatory agencies. Theso agencies collect statistics as
8 by-product of their routine dutics. Usually tho statlstics collected by them aro of sperific
rather than of general interest. But somo of theso agencies, such as the Soclal Security
Administration and Internal Revonuo Servico, colloct data of general intorcst as a by-product
of their administrative functions.

1.8. Adrisory commilices. Tho Advisory Committco on Statistical Policy, set up
by tho Amcrican Statixtical Associntion in 1031, advisca tho Burcau of tho Budget on broad
matters of public policy affecting tho Federal Statistical System. The Advisory Council
on Federal Reports, which was cstablished in 1042 and which is financed by busincss organi-
sations, adviscs tho Bucdget Burcau on the reduction of reporting burdens, cost of Government
roports, and on increasing their uacfulness. The Labour Advisory Committeo on Statistics,
sct up in 1045, adviscs the Government on the interests of organiscd labour in Federal Statisti-
cal programmes. DBesides theso, thero aro other advisory bodics to adviso tho Governmont
on malters relating to statistics in ccrtain specified ficlds.

1.7. Principal federal statistical programmes. As an Important part of statiztical
programming and budgeting, the OMeo of Statistical Stanclants prepares each year a consoli-
dated stat t for major statistical 1 A gonoral idea regarding tho rngo and
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scope of principal federal statistical p is given by Tollo 1 showing tho budgoet
cstimales for tho financisl year ending Juno 30, 1901,

TADLE I. BUDQET ESTIMATES FOR PRINCIPAL CURRENT STATISTICAL
PROGRAMMES BY BROAD SUBJECT AIEAS

. statistical programmo :z“:;::ﬂnl
no. {in million dollars)
1. Inbour statisties 8.8

2. demographio atatistice 6.7

3. prices and prico Indoxes 4.0

4. production and distribulion etstistica 13.1

8. construction and housing stulistica 1.3

6. nationn! incomo and business financial accounts 5.8

7. total 42.0

Sourca : Bpocinl annlysla of principsl fodoral statistical programmes in
tho 1901 budgot.

2. OROANIZATION AND PUNCTIONS OF DORTAD OF THE CENSUS

2.1, Functions. In 1002 tho United States Congress sct up & permanent oflico
to take census and to collect other statistics. Originally this offico was in the Department
of Interior, but was transfirred to the Department of Commereo and Labour in 1903, When
this Department was split in 1013, the Burcou of tho Census was placed in the Department
of Commerce. The Burcau of tho Census collects, piles, analyses and distril statis-
tical data relating to population, housing, agriculture, constniction, governments, manufac-
tures, mineral industrics, business, foreign trade and related subjects under tho broad techni-
cal and administrativo authority frum the Sceretary of tho Department of Commerce.  This
job ia dono In such a way s Lest to carry out the mandates of tho constitution of tho US.A.
and other authorizing and datory legialative anl to meet tho neclds of the
buainoas andt other uners of statistical information, The Burcau also organixes tesining pro-
grammca of diffurent types in tho ficll of statistica to train tho participant trainces from tho
United States and other countrics.

2.2, Cenans and surveys. Tho Burcou conducta tho Census of Population and
Housing overy ten years (years ending in *0°), and every fivo years it comlucts tho Census
of Agriculturo (years cnding in 4 and 0), the Census of Manufacture, Mining Indusiry and
Bunincss (years ending in 3 and 8) andl tho Census of Governnicnts (years cnding in 2 and 7).
Besides corklucting theso censuses, the Bureau conducts a number of current saniple surveys
such o« tho monthly Current Population Survey, the Notional Health Survey, the Monthly
Retail Trade Survey, the Annual Survey of Manufacture, the Monthly Wholeale Trade
Burvey, am) tho Construction Survey. Somo of these snrveys aro undertaken by the Conaus
Burceu in its capacity as data collecting agent for ether government agencics,
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2.3. Organization. Tho Dircctor and the Deputy Director who aro reaponaille for
tho work of the Bureau of tho Census aro assisted by fivo Assistant Diroctors and tho Chlefa
of the International Statistical Programmes Office and Public Information Offico. The
Asai Dircctors aro iblo fur tho work in the ficlds of i) Statixtical Standards; (ii)

Demographio Ficlds; (i) Economie Ficlds; {iv) Operations and (v) Administratk

TABLE 2. OROANIZATION OF THE U.8. BUREAU OF THE CENSUS AXD THE
DISTRIBUTION OF EMPLOYEES AS OX JANUARY 1, 1050

departmont/division/ssotion numbor of
opartmont/ Y b

sl
no.

1. Office of the Dirvetor including Intornational Statistical
Programmo Ofico and Public Information Office 199

Statistical Siandarde

2. Statistical Roscarch Division 2
3. Statistical Reporta Division 25
4. Eloctronio 8ystem Division 8¢
Demographie Ficlde

8. Agricultural Division (1]
6. Population Division 282
7. Mousing Division 54

8. Demographioc Surveys Division .

9. Statistical Mothods Division .
10. Doconnlal Oporations Division 1
Economia Sratistical Ficlds

11, Businoas Division 81
12, Industry Division 132
13. Foroign Tmdo 61
14. Govornmont Division '
18. Tranaportation Division i
10. Economic Oporntions Division 488
17. Construction Statistics Division .
Operationa

18. Fiold Division 1733
19. Goography Divislon 100
20, Machino Tubulation Division as7
Administration

21, Adminlsirative Sorvice Division 84
22, Budgot and Managomont Division 7
23. Porsonnol Division (2}
24, Consus Operations Offico at Jofforsonville 427
25. total (Burosu of tho Consua) 4033

*Not availublo,
Source ; Fodornl Exocutive Dopartmonta and Agenclcs—prepared by the
Biatos Bonnte Cx i on Junuary, 1050,
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24. 1 ional S ical Py Office. ‘This offico conducta tho Burcau’s

foreign consultation and training prog and rep: it in & ional Istical
activitics. In this capacity it provides consultation on statistical matters to foroign countries,
arranges programmes for foreign visitors and trains foreign tochniclans in ccnsns and other
statistical methods. This offico also helps other agencies to recruit and teain tochnicians for
work abroad. Tt conducts tho rescarch needed for ita training and consuliation programmies,

bles forcign statistics through exch of pullications and provides statistical informa-

tion to forcign g ts and 1 organisati
25 Public Information Office. This offico plans and directs the Burcau's public
infi prog; wliich Is designod to onsuro publio cooporation in current and forth.

coming censuscs and survoys,
2.0, Stalistical Standards. This offico consista of threo Divisions and thoir acti-
vities aro the following :
() The Statistieal Rescarch Division dovolops and p fective uso of
ical 1 and paychological methoda and tochniqy This Division conducts
rescarch on all phases of statistical mothodology and provides guldanco to other Divisiona.

(xl) Tho Smluhcnl Reports Division adviscs on publication policy, standard
i jon ond the like. It preparea tho Statistical Abstract of
the Unlu:d States and ln supplemonts.
(iii) Tho Electronio System Division conducts rescarch on all phascs of clectronio
high epeed digital computer systeme and makes availablo such systems to tho other Divisions
of the Census Burcau and to other groups for processing of maas data.

2.7. Demographic Fields. This offico consiats of 8 Divisions and their functions aro
given below :

{i) Agneulwm Division designs and conduct: t survey and census prog
covering agri tural activitics, agricultural products, irrigation and drai
(i) Population Division designs and eonduota prog covering tho demographi

soclal and economic characteristics of the peoplo.

(lif) Housing Division collects and compilea tho data on housing characteristics
through census and survoy programmcs.

(iv) Demographio Surveys Division conducts current survoys and special consuses
in tho demographla fickls.

{v) D ial Operations Division prog and p data collected in the
1060 Censuses of Population and Housing.

(vi) Statiatical ecthods Offico provides guidance on sampling, quality control and
related mattors for tho demographio subject and operations divisions. It may bo noted that
tho Statistical Rescarch Divinion has this responsibility for tho Burcau of tho Census as a
whole.

2.8. Economic Ficlds. This offico consiste of T Divisions and thoir functions are
givon below :

(i) Busincsa Divislon designs and conducts survoys and consus programmes cover-
ing retail, wholusalo and servico trades.
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(1) Trulustry Divirion designs amd conducts current survey and census programmes
covering manufacturing, mincral and related induatrics.
(it)  Forvign Trade Division designs and conducts survey programmes covering the
export and import trado of tho Uniteil States and foreign trado and shipping statistics.

(iv} Gon-mmmt Division designs anl comlucts current survey and census pro.
1 structure, activitics finances and employment in Stato and

5 &
loul governments
{v) Transportation Division deaigns and conducts census programmes covering
transportation industry anil various scgments thercol.
(vi) E lo Operations Division p amd data collected in
of Busii Manufactures, Tra fon snd Mincrsl Industrics amel current

surveys in tho economic fickls,
(vii) Construction Statistics Division designs and comducts survey programmes
covering all phases of construction statistics.
29, Operations. This offico consists of 3 Divisions and their functions are given
below :
(i) Fickl Division which has 17 Regional officcs throughout tho United States
plans and collects data for current surveys and ecnsus programmes.

(i) G hy Division 1 geographi h and blishes goographical
arcas for the collection and T fon of statistical data.
(ili) Machine Tnbuhllon Divislon admini: the p c ing the

tranafer of processed information to punch canls and the ulmlnunn of statistical data
through tho 1 tabulati hi

2.10. Administration. This office consixts of 3 Divisions and their functions aro
given below,

(1) Administrative Servico Division proviles procurement record management,
reference services, guidance on printing matters and other central services within tho Burcau.
It also conducts scarches of Conans records for ago documentations.

(ii) Budget and M Divirion admini tho budget fincal lcnn«-s, al-
ministrative internal audit and work prug! and p [y
wido management prugramme.

(iii) P 1 Di\'ili«m Imini the p 1 g progy includ-
ing org i ! lomsification, pay admink jon, p | i and

utilization, cnlplo)m reiations and training.

2.11, Advisory committees. Tho Burcau of tho Census makes uso of tho advico
given by & number of advisory cummittees. A number of Census Advisory Committees
repreacnting apecinlized busincas aned profensional asancintions adviso tho Census Burenu on
its progmmmes. A commilteo set up by tho American Statistical Association also adviscs
the Cenaus Burcau on all programmes and on matters of general poliey.  Within tho Census
Burcau, tho executivo mafl composcd of the Amsistant Dircctors, Deputy Director and
Dircctor meet almost every week to review and coordinato tho work of tho Burcau,
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3. CURRENT rOPULATION SURVEY

3.1, Introduction. Tho need for data on employment and unemployment was
keonly felt in tho United Statea of Ameriea during the depression of 1930°s and sinco then
thero hus been a growing demand for this information. T 1840, tho Work Projecta Adminls-
tration startedd busuing the monthly report on labour force on the basis of a samplo snrvey
initiated by its Rescarch Divizion during 1039.  Sinco Auguat 1942, tho Burcan of tho Census
has takon up this work.

In October 1943, the Census Burcau designed a now saniplo for tho monthly labour
forco surveys, Every month tho now samplo consisted of about 21,000 interviewed houso.
holds spread over 63 eamplo primary slago units (PSU) which wero countics or groups of coun-
ties. Yn February 1934 tho anmplo was redesigned to mako the sample honscholds spread
over 230 samplo PSU's wlich included the orginal 68 PSU's and in 1956 the samplo was
further expanded to cover 33000 interviewed househiolds spread over 330 PSU's.

Tho concepts and definitions wscd in this survey have remained aubstantinlly tho samo
sinco ils ineeption. The data are collected for tho ealendar week eontaining the 12th of the
month aml tho monthly report is published within threo weeks of the completion of data
colleetion,  In July 1959, the Burcau of Labour Statistics of the Department of Labour was
assigned the work of analysis and publication of tho nonthly report on labour furce. Tho
Burcau of tho Census continues to do the work relating to sample deaign and collection and
tabulation of data,

3.2. Scope of the surgey. Thia survey with its monthly supplements provides fairly
detailed infurmation on the cconomic status and activitics of both the farm and nonfarm
population of the United Statea. It provides data on the personal characteristics of the
total labour force and total population such as employed and unemployed, ago, sex, race,
marital and family status, veteran status, ol ional backg d cte. Tho distributi
of workers, by tho number of hours worked, by major occupation and industry groups aro
slso mado available from this survoy. This survey provides information not only on the
current labour forco but also on the labour reservo.

33. Concepls ond definitions. Though the CTS covera tho wholo of tho population
of tho United States, the labour force survey iu confined to persons of age 14 years and over,
Tho division of tho population is done as foltows :

(1) total lobour forco : () armod forees; (b) civilitn labour forco : (i) at work

(ii) with a job but not at work; (iii) looking for work; (iv) inactivo employment;

(2) notin labour furce : (i) keeping house; (i) going to echool; (iii) unablo to work;

(iv} retired and others.

The priority in tho classifieation is given to work. Even if a person docs an hour's
work during tho referenco week for pay or on own nccount ho is taken as employed.  In caso
of unpaill employment, a person is snid to bo employad anly if ho works for at lcast 15 hours
during tho referenco week.  Persons in the labour forco belonging to categorica (a), b{i) and b{ii)
aro consitlered to bo “empluyed” and those in entegoriea bfii) and b(iv) aro considered to bo
“unemployed™. The category biiv) includes persona who wero not at work and did not look
fur work 08 they thought thero was no scopo for getting a job.  Sinco 1057, persona who
havo heen laid off and thesa who are waiting ta tako up now jobs have been consilered as

ployed and persons ling achnol who had now joba to which they wero ta report
havo boen included in the eategory “not in tho Inbour foreo.”

203




SANKi{YX : THE INDIAN JOURNAL OF STATISTICS : Sxmizs B

34. Availabls information. Fairly detalled information on a number of charscteris-
tles {s avallablo at the county lovel which is an important administrative division in
tho Unitcd States. Each of tho 43 States fs divklod into & number of countics and thece
are about 3,000 countics in the wholo of tho country. Somo of tho dats availablo at
county level are Mustratod by tho fullowing : population, srve, rate of population incroase,
perecnt of populstion clasxifiec as rural farm, pereent of non-white population, Hagood Indox
which is a rural Jovel of living Index, averago vatue of product of all farms, principal industries
nn. “"lhln ecach county fairly detailed maps and tho population for each of tho Consus

Districts (ED) aro AR

38, Onyinal sampling design, Tho original design was ovolvod in 1043 under
rather sovero administrativo restrictions. Tho design had to conform to tho then exiuting
Beld organization of about 60 supervisors each of whom supervisod tho work of 5 to 15 part-
timo Tho main objectives of tho survey wero to provilo estimates of lahour
foroe statistics for tho country as a wholo on & fairly tight timo schodulo and to servoaan
source for collecting data on toples of special current interest from thino to timo,

The sampling design adopted was a stratified multi-stago design whero one primary
stago unit (PSU), which was a county or a group of coluities, was sclected with probability
proportional to population (ppp) from cach stratum and from cach sclocted PSU a samplo of

gmenta of about 6 houschokls was sclcoted diroctly or in atages 0 a8 to mako tho design
sclf-weighting. A scgmont is a clusicr of nearby houscs or fats consisting of approximately
6 bouscholda.

8.6. Primary slage wnit. The country is dirided into 4 regions on tho basis of goo-
graphio and administrative comsidcrations. Within cach region tho contiyuous countics
were grouped to form the PSU sach that the PSU s k within itsclf espocially
with respect to farm-non-farm composition and that the total arce of a PSU did not exceed
1600 aquare miles in the East and 2000 square miles in the \West. Dy this procodure,
3000 and odd countics are grouped Into sbout 2000 PSUS.

3.7. Stratification. Tho P'SU’s aro grouped into 68 strata which aro homogenoous
within themselves with respect to social and economio charasteristics and that the strats
populations aro approximately the samo. For this purpaso tho PSUs are firt clasdfied into
four categories : (i) 12 largest citics and Washington D.C. inchuling tho surrounding motro-
politian arcs; (if) all othor PSUs with citica of 50,000 or more population in 1030; (iii) all
other PSU' with leas than 23%, of tho population reaiding on farma in 1040 and thoso units
with high in-migration rato botween 1040 snd 1043; and (iv) tho rest of tho PSU's.

Tho 13 aress in category (i) aro treated ss Individas) steata, Tholtuuﬂulwnin
elkgorh(li)lnd(ﬂl)lldonohhnghlto ideration the rato of migrati of
labour forco ongaged in 1’ ipal iml of tho arca cto. ‘ﬂwl’SU‘ah
category (iv) aro stratified onthoh-ho(tmol‘ﬁrming and major crops of tho arca.

3.8. Selection of the PSU. Tho PSU's which aro troatod as individual strata are
asiil to bo sclf-ropecaonting strats. I-‘mn cach of the non-aoll‘ roprosonting strata one PSU

1s aclocted with probabllity prop 1 to 1040 p
3.9, Selection of Aouseholds, In cach of thn sirata, tho ovor-all sampling fraction
was takon as 1 in 2030. In caso of solf- ing strata, tho sampling fraction in

the acloctod PSU fs takon as the product of tho ovor-all sampling fraction and tho inverss of
probability of acloction of that PSU so that tho weights to bo uscd in celimation romsins
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2050 for all eamplo unita, In tho samplo PSU’s the 1040 Enumeration Districts (ED)
sro arranged scconding to whether they aro in urban, rural non-farm ot rural farm acea.
The averngo houschold wizo of tho county In which the ED ia situated is applied ts tho
population of that ED to get an approximate iles of tho numbcr of houscholls, sinco tho
1040 Cenwus tabulation did not provide the figurs for number of houscholils at ED lovel.
Divilling tho approximate number of houscholds by 8, the number of clusters or sogments
of 6 liouscholils into which tho ED wase to bo dividel was oltained. Using this as the size
for tho ED's In tho selected PSU’s, tho required number of segmenta were eclocted systo-
matically. Tho number of scgments to bo sclected [n an ED was tho samo as tho numbor
of timea tho ED oceurs in tho samplo which was alnost always one.

Tho samplo segments in tho sclcotedd ED's aro obtained after dividing that ED into
tho number of scgments allotted to it cither in the laboratory by the geography division or
in tho ficld by direct obaervation., In cascs where detailed maps aro availablo, the segments
are schected direetly,  Ifa samplo segmient is funnd to contain moro than 20 houscholds at
the time of enquiry, subsampling is resorted to and the multiplicr is adjustedl.

3.00. Estimation procedure. Till recently tho final estimate was obtained by tho
procedure of doublo ratio estimati Tho estimati 1 isted in first obtaining
a ratio estimato for cach of the 50 ago (14)-sex (2)—colonr (2) classes using tho 1050 census
figures for the 24 colour (2)-residence (3) —region (4) classes and then applying a ratio estimate
to theso figures using tho current figures for age-scx-colour classes obtained from
independent sources. Tho cstimate is of tho form

=%y,
* Ya

Yae Z.
J

Zor 20l y,, 810 tho samplo valuo of somo characteristic and tho samplo value of number of
persons in & pnni:nlnr combination of {a) age-scx-colonr clnas and (¢} colour-residence-
wgmn clnm Z, lml : aro reapectively the actual and estimated census populations in a
P gion class; and / is tho over-all sampling fraction.

whero EAC E:_'/_.Z,_ and y,=E

3.1). Redesign of the aurrey. In tho original design, only 68 I'SU's wore nelected
beeauso it wea thought necessary to have a full-timo supervisor for cach I'SU capeclally
at the initinl stages of the survey to reduco tho reaponso and measurement crrors. I
this restriction was not there, it would have been possiblo to aclect a larger number of PSU's
thereby decereasing tho sampling variability. In 1954, it was folt that tho supervisory staff
was not well utilized and that moro effectivo supervision could bo achicved by strengthen-
ing tho regional supervisory etafl and by introducing cerlain control proceduces without tho
need for o supervisor in each PSU, A redesign was thought of mainly with a view to In.
¢creasa tho effectivencss of supervision through stronger stafling and uso of better control
methods and by reducing regional offices to 17. Tho moncy saved by this reduction in the
number of regional offices wos also utilized to increnso the number of samplo PSU's to 230
from the original 63 kecping the over-all sampling fraction tho samo as before.

Tn re-designing the survey, moro recent data aro used in stratification amd selection
of PSU's.  Ono I'SU is selected from each stratum with probability proportional to tho 1950
consus population, keoping as many of tho originally sclected 63 I'SU's a8 pussiblo in tho
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samplo. In tho selectiun of tho PSU's, the nisthod of controllod scloctiun was uiod to increass
tho geographio apread of the samplo.

3.12. Suample expansion. In 1950, tho over-all samplo aizo was increased from about
21000 interviowed houschokls per month to 35000 interviewed houscholds. Tho expanded
eaniplo is spread over 330 samplo PSU's conaisting of 638 countica as compared to the spread
of the previous sample over 230 samplo PSU's comprising 433 countics. Tho main objective
of this samplo expansion was to increaso tho rcliability of the survey results. With
tho increased somplo sizo tho sampling varisbility would bo about 80% of that in the
previous 230 PSU samplo.

3.13. Rolation of the sample. Tho samplo rotation procedure adopted in 1933
ensures 73%, common ssmplo scgmonts between any two consocutivo months and 60%
commion sanplo scgmenta betwoen any two succeasivo years for tho samo month. This is
achieved by dividing the samplo of segments into 8 sub-samples and sllowing cach sub-
eamplo to bo canvassed during two 4.month periods scparated by 8 months. Afters sub.
samplo los been canvassed in 8 months, that sub-samplo Is replaced by a fresh sample. With
this achemo one-cighth of the sampla segmenta aro replaced every month by a fresh samiplo
and onother ono-cighth of the samplo is replaced by 8 aub-sample canvassed 8 monlln
earlicr, It may bo noted that this p duro is & prontiso between 1
and complete replacement. Tho nbovo rotation schome together with the catmmhun
proceduro adopted aims at providing fairly good estimatea of level and also of chango from
month to month, which is quite imp by retaining 75% samplo from month
to month and at the same timo docs not burden tho respondent sinco tho J
ia given a break for 8 months during tho 16 months ho is in tho samplo,

TABLE 8. RELATIVE EFFICIENCIES OF COMPOSITE ESTIMATES AND
DOUBLE RATIO ESTIMATES

cslimated relvariance®
col. (2)

o [ omposite doubla ratio
no. calimate estimate col. (3)
m @) (&) )

1. total labour fore .000020 000024 0.83
2. total omplayed In non-agriculture .000038 000044 0.02
3. total omployed ia agreultura 001617 001017 0.04
4. malos omployod i agriculiure 00134 001604 0.80
5. malos employed .000020 000020 1.00
8. non-whit employed 000216 000233 0.03
7. fomaloa In laboue forcs 000150 000196 0.81
2. st work i nonagrioulive for oooots 000013 00
0. unomployed 001038 001725 L1

*8quara of coofliciont of varintion (Thaso ostimatos are likoly Lo bo subjoct to large
sampling orrors).
Sourea : Curront Papulation Burvoy {DrmR) by Stoinborg, Tablo 18.
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3.4, Composile estimate, Tho rotation schemo oxplained above helps in getting
good estimates of both tho lovel and tho chango. It may be noted that the fullowing two
estimntes can bo obtained from tho data eollectod : (i) the double ratio estimato mentioned
in paragmph 3.10 and (ii) the cstimato obtained by adding the estinate of change from tho
previous month calculated from tho 76% comnion sample to tho previons miontl’s estimato,
The composito estimiato is obtained as an average of theso two eatimates, Though the
optimum weights to be used may not bo oqual, equal weighting in this caso is found to give
rise to some increass in reliability for almost all items as compared with the doublo ratio
eslimate.

3.13. Estimation of varinnce. Tho estimation of sampling variability has to take
Into account the eampling design and tho estimati 4 Tho calculation of sampling
variability in the CPS becomes difficult because (i) only ono PSU is sclected from cach atratum;
(i) systematio sampling ia used in tho solecterd PSU’s and (iii) the variance of the compesita
estimato used ig complicated. Tho first difficulty may be for all practical purp:
with the usa of collapsed strata techniquo which is likely to provida an over-estimata
of the sampling variation. The socond difficulty presents na problem at all in estimating
tho total varianco of tho estimato. Tho problem then is in obtaining within-PSU variance,
which requirca somo simplifying assumptions. The third difficulty Is overcome by using
tho following method based on the tochniquo of interpenctrating sub-samples.

The method of caleulating tho sampling variability for tho small number of major
summary items is to obtain 20 interp ing half sub-samples (mado up Ly sclocting
ono I'SU from cach collapsed stratum), and preparo the composite estimato for theso items
for each balf eub-gamplo. The estimated varianco of an itom for the total samplo is then
derived from tho 20 half sub plo csti Mora replications can bo obtained, if dosired,
1o inercaso the reliability of tho variance cstimate. This varionco catimate has an upward
bias eontributed by introducing tho varianco between collapsed strats, but ompirical studics
have indicated that this upward bias is relatively small in tho CPS sample,

An i way of calculation of tho ling variability based on more degrees
of freedom h to get an estimato of varianco for cach of the collapsed strata and then add up
tho variance estimatea.  For instanco, if z,, and x,4 are estimates of tho a-th cotlapsed stratum
from the two PSU's, then an estimate of the varianco of tho eetimato

£ Zutn
2

.
is gison by

£ {2

O

3.16. Approzimale variance estimalor. Variances are cstimated scparatoly each

month for a few of tho more Iniportant individunl items, but to simplify tho computation of
approximato variances for a largo number of adilitional items, the relationship between the
sampling variability and tho valuo of tho catimato has beon studied, A satisfactory
relationship for a group of similar Items is beliovod to bo given by

b
d=arl
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whero v s the relvariance, z ks tho valuo of tho catimato arl a and b aro constants, Tho utility
of such an approximation deperwls much on the drgree of ita stability over timo for tho same
group of items. It sccms that this relativnship is oot conformed to Ly largs values of a,

3.17. N J; Tho p rato in this survey is n.nml]y of tho onler
of 3 to 8 perecnt including tho ibution to or L few duo to refusals
which fa lcss than 19. Tho vther sources of nun-hm-rvlmv aro “not at homo”, “temporarily
sbaent”, “difficult communication™, “‘on account of bal weather” ete.  Attempls aro made

to reduco non-rewponso by call hu-k and the uso of telephones.

TADLE 3. DISTRIBUTION OF NON-RESPONSFE. RATE BY REASONS FOR THE
PERIOD JANUARY-DECEMBER 1939

non-rosponaa rute

. moath

no. total :: '?o"r:a tomporarily rofusal  othors
(0) Q] [£] (&) ) {8) ()
1. January 4.0 1.3 1.1 R .6
2. Pobruary 3.0 1.3 1.2 1.0 “
3. March [X) 1.6 1.2 1.0 N1
4. April 3.7 1.4 1.0 11 .2
8 May .1 L2 Bl -8 2
@& Juna 3.0 1.1 1.9 7 .2
7. July 8.9 1.6 3.2 g .3
8. August 8.7 1.6 al .7 3
0. Beptembor 4.0 1.5 1.4 .8 3
10. Octobor 4.3 1.8 1.2 1.0 .3
11. Novombor 3.7 1.6 Bl N 3
12, Docembor 3.9 1.8 -9 .0 9
Sourcs ; y Roport of CPS Rol 1930, Table M1.

Tho weights or multipliers of all the interviewed houschokls aro adjusted for the non-
responso from sumo of the occupied houscholds in the samplo becauso of refusal, not at homo,
temporarily absent or other roasons.  This adjustment is mado separately for groups of PSUS
and within theso for cach of six cok id groups of houscholl

3.18. Tabulation, Onco tho data rocorded on the mark-scnsing cards reach tho
Burcau of tho Census, tho corling of the industry-occupation is undortaken. After this, tho
completed mark-senwing carda aro passed through tho IBM 797 document reader which
transfers tho data from the mark-sonsing carda to tho punch canls,  Thess punched canls aro
passcd through tho 101 machino to got somo conxistonoy chocks. Then the iuformation on
tho cardds is transferred by a card-to-tapo converter to tho magnetio tape. Tho clectronio
computer is uscd 1o odit and tabulato tho data. It is posxblo 4o programmo such that tho
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tabulated data como out of tho high spoed printor In the form in which the tables aro to bo
published. It may bo mentioned that a number of multiplices aro being uscd at the tabula-
Lion stage duo to (i) reaponso adjustmont (i) subsampling in cass of heavy work-load and (iii)
ratio method of estimation.

3.19. Fidd organi:alic Tho field org ion consists of 17 regional offices.
Each regional offico has ono Supervisor, and a fow Programmo Assistants. During the
coumeration week cach month, s staff of about 550 permancntly hired part-timo enumecrators
aro employed to collect data for this survoy from a samplo of about 35000 interviowed house-
holds overy month. Tho ratio of supervisory stalf to the cnumeralors is approximately 1
in 8.

3.20. Quality control programme. To keep tho quality of tho data collected at o
high standard, a Quality Control Pr is in operati: This p consists of
intensivo initial training of organization of refresher training courses, direct
phyzical observation of tho work of enumerators by tho supervisors twico a year, reinterviow
of a sub-samplo of tho work of cach interviowor once in four months by a supervisor and roview
of tho filled-in questionnaircs.

3.21. Cout of the surcey. Tho CPS costs about $ 1.8 million yearly of which
$ 1 million is for ficld operations, §0.5 million for planning, sample designing, offic control
work and tabulation and the rest for analysis and publication.

3.22. Supplemens lo the survey. Sinco tho CPS samplo has Leen chosen so 88 to
represcnt a cross section of tho population of the United States, this samplo is used to obtain
data on many other special aspects of soclo-oconomic activity of the population. This is done
by supplementing the labour force survoy by additional enquirics tho scopo of which may
chango from month to month. Somo of tho topics covored by this programmo aro tho fol-
Jowing :

(i) labour forco trend among marriod women and the famiiy characteristics of
tho workers;

(i5) oducational lovel of workors and tho extont and typo of employment of thosa

currontly in school;

(ii) annual personal “and family income classificd by nunicrous personal and

economio characteristics;

(iv) fonal activitica and li of tho populati

{¥) expenditure for maintonanco and ropair of houso; and

(vi) purc} of durable goods.
Tho samplo primary stago units and ficld organisation of tho CPS aro also used for other
survoys as National liealth Survey and Retail Stores Survoy which aro described later.

4. NATIONAL NEALTH SURVEY
4.1, Objectives. A sub-committco of the U.S. National Committeo on Vital and
Health Statiatics, sct up in 1051, recommended that a continuing national morbidity sarvey
bo conducterd on & probahility samplo basis to obtain data on tho provalknco and lncklonco
of discaso, {njurics, and {mpairmonts, on tho naturo aad duration of tho resulting disability
and on tho amount and typo of modical ¢aro rocoived. At tho instanco of tho Department of
Wealth, Edueation and Welfaro, tho Congress passodl & law in 1050 authorizing tho Surgoon
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General of the Publio 1Mealth Servico to mako continuing surveys and spocial stutlics of tho
population of tho United States to detenmino tho extent of illnoass and disability and rolatod
information such as the number, ago, sex, occupation of porsuns aflictod with chronio or
other diseaso or injury; the type of discaso ot injury; tho amount and types of sorvices recoived
bocauso of such conelilions.

Tho National Health Survey consista of thres companents: (i) colloction of data on
health through a continuing Health Houscholdl-Interviow Survay; (ii) collection of data on
health through p 1 other than houschokl Xn'.crviow; aml {iii) evaluation of tho proco-
dures of data collcotion and ovolution of h of Toro
8 bricef description of only tho first componont of tho survoy is being givon.

4.2, Howsthold-interview aurvey. Tho Houschold-Interview Survey ia being con-
ducted by tho Census Burcau for tho Public Health Servico of tho Department of Hoalth,

Education nnd Welfaro.  Though thero aro limitations to the y of dli io and other
information collecterd in houschold interviows, this proceduro of data colloction is being used,
for (i) somo of the data concerning the el and 1 of illncas or m]ury

and the remedial activn taken or sought by the 1 can Le obtalned mora
from houscholdl members than from any other source; and (ii) this method pf data collection
greatly facilitates tho comparizon of healthy and sick populations.

Thia ia a continuing survey. Every weck a croes acetion of tho population ropresonted
by o samplo of about 720 houschokls aro interviowed. This would mean that in a year o samplo
of about 36,000 houscholds would bo covered by this survoy. For this purposo, thero are
120 permancnt part-timo interviewers throughout the country trained, dirccted, and guided
by 17 supervisors located in tho Regional Offices of tho Consus Burcau.

4.3, Questic ire. Tho questi iro conaists of 40 itomd covering identification.
and socio-ceonomia deseription of reap 12 general on tho presonco or
absenco of illness, accidents, or bnpairnients for cach momber of the housohold, and 54 detailed
questions for cach person, for whom they are applicable, covering detaila of illness, accilent
and impaimient and on medical, dental, and hospital care.  For most questions, tho roferenco
periad is the provious 2 weeks, but for somo rare itoms, for which momory can bo relied upon,
tho referenco poriod is the provious yoar.

44, Sampling design. Tho sampling design for this survoy is similar in many
rospecta to that of the Current Population Survoy (CPS) describod in the provious scction.
Tt docs not, howover, uso tho saniplo rotation and composite estirate of tho CPS. Sinco
separato cstimates were needed for 41 prespocified regions, called Tab Areas, it was nocessary
to modify the CI'S stratification and allocation of tho samiplo to strata, which modification
gavo riso to 372 strata being usced in the Health Survoy. The samplo of 36,000 honscholils
being covered in this survey is not tho samo as tho CPS samplo but is purposoly mado dif-
ferent to reduco tho bunlen on the samplo houscholils by taking tho systematic samplo of
houscholis within the sclocted PSU's in a diroction opposito to that used in tho CPS.

4.5, Estimali dure. Tho estimati 1 is similar to tho doublo ratio
estimato nswd fn the CPS anid consiuts of tho use of mlm nicthod of estimation at two steps.
First, the ratio eatimato in applicd at PSU lovol using the 1050 popnlation for 12 colour-resi-
donco clansca. AL tho second atago, tho curront population figures fur 76 age-sox-oolour
classes obtained from othor Bources aro uacd to obtain o ratio cstimato,
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4.6, Reinterview procedure. Tho Supervisor recontacls about one-sixth of tho
samplo houscliokls interviowed by cach interviewee and reintorviows ono prewpecifid person
in tho houschokl. Thia ruinterviow programmo is mainly intemded for thros purposes :
(i) training and control of quality of interviowors, (i) measuroment of interviower variability,
and (iil) dotection of interviower blaa.  Beakles the reinterviow programme thero are & nuniber
of editing and p ing control aporations to ovaluato and control the quality of the data.

4.7. Non.response. It may bo noted that tho rato of non-reaponso is about 6% of
which 1% is duo to refusal and tho rest duo to ‘not at homo,’ ‘vacant’, ote.

5. RETAIL STORES BURVEY

8.). Oljectives, Sinco 1951, tho Bureau of the Census has bieen conducting & month-
Iy Retail Stores Survey to provide estimatos of tho dolar volumo of sales of retail stores In
tho United States by kind of business and to mcasuro the trends in the volume of eales.

8.2. Sampling design. Tho present samplo of retail storea consists of two parts:
(a) al} organizations reported as operating 11 or more retail stores in the 1954 Census and all
retail stores with 1954 volumo of sales more than 5 million dollars; and (b) & stratifed multi-
stago samplo with tho same arca primary stago units as for the CI'S, but with a combination
of list and area samples of rotail stores within tho primary stage units, Tho samplo arcas
aro Jocated in 230 sclocted primary stago units, The within-PSU samplo consists of all tho
identified laryo establishments and area or scgment samplo of tho remaining establishmonts.
Thero aro 1,000 scgmonts of about 4 retail stores each in tho samplo for cach month. Tho
within-PSU. sample can be considered to consint of threo parts: (i) all retail stores
in samplo PSU's with 1954 volumo of sales greater than a prespecifiod quantity which varied
sccording to the kind of business and all departmental stores with volumo of sales loss than
& million dollars; (ii) all rotail stores in tho sclected scgments with 1954 volumo of aales greater
than a certain amount (§ 150,000, § 225.000 or § 30,000) depending on the kind of business;
and {iii) all other retail stores in tho samplo scgments. Tho overall sampling rate for group
(i) varics from PSU to PSU; for group (i) at is 8% cach month; and for group (iii) at in §%
each month making 8% samplo stores whon aggregatod for 12 montha.

Tho retall stores in categorics(s), b{i) and b{ii) aro survoyed every month, Tho retail
stores in category b{ii) aro divided into 12 groups an overy month ono of theso groups are
surveyed to get information for procoding two calendac months. - In caso of the former,
the data are collected by mail whoreas tho latter are roqueated In porsoa by fiald reprosonta-
tives to report their sales figurce.

83. Esimation procedure. It is of intorcst to mote that tho techniquo of colloct-
ing Information about volumo of salcs for the proceding two months in caso of retall stores
In eategory biii), can bo utilized in improving the efficioney of tho estimato, With the schomo

explained, it is posaiblo to got two cstimatos for a givon month.

(i) Tho usual estimato using the volumo of sales roportod for tho month from
the curront samplo (say X;).
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(i) The ratio cetimato using tho ratio of estimates of volumo of nales for this month
(X;) to that for the provivus month (X;_,) from the zame current samplo and tho estimato
of volumo of sales for the proviuus month from tho provious month's samples (X{_,), namely

2 T
A composito estimalo using tho two catimates would bo
X e (1= )X+ n’x.— Xin

whero I is to bo so chosen as to minimizo the varisnce of tho composito estimato. It may
bo noted that X, is uscd instead of X;_, since in a continuing survey it would bo possible
(o uso & composite cstimato for the (i—1)-th month also.

TABLE 4. EFFICIENCY OF TUE PRELIMINARY AND TIIE FINAL ESTIMATES AND

COMPARISON OF VARIANCES OBTAINED WITII SPECIFIED CONSTANTS WITIL
THOSE OBTAINED WITU OPTIMUM CONSTANTS

relvariances of compoaita oslimates aft atia of variance
1 for s month obtained with
L ifled Hants Lo
optimum consiants with optimum with epocifiod? varinnce oblained with
corrole- constania optimum constants

tion w K — &

y final y Gnal i y final
U] ) (3 ) (5) {8) ) (8) ®)
09 .868 .870 141 a2 1568 136 L1 1.10
.08 817 -0 108 168 200 167 1.01 1.01
B i} .702 2 238 .33 .258 1.07 1.08

1Expreascd ax multiplos of rolvariance for tho usual estimato X;.

17 = 0.8 and K = 0.83,

Source ; Woodrufl, R. 8. (1059): The use of rotating ssmplos in tho Consus Burcau's monthly surveys,
Proo. Amer. Siat. Asem., Bocial Statiztica Bection, 130-138

TABLE 5. RELVARIANCES! OF MONTH.TO-MONTI[ RATIOS, MONTH-TO-YEAR
AGO RATIOS AND ANNUAL TOTALS

month to nwnlh lodnonlh month-to- yoor to
month ago mi:.y:“ yoar annual totals
<z iy e TR e amd
prelimi final to i Bnal to tion sum sum of
o7 “nals to finals faal simplo
floal? Bnnls oslimalos cetimatos
n (2} {3) ) (5) (8) (U] (8)
-9 020 N7 .128 .082 .00 003 .083
.08 040 .002 210 180 .88 108 083
08 008 107 Ao 350 .78 4 083
1Ml p o of rolvarianco for tho Jing simplo
cstimatos Xy
’nclnrhnm of ratio of pml-muury estimato for & givon month o tho final
osiimalo of the procoding month or tho month ycar

ago.
JRolvarianco of ratlo of flnal cetimate of a givon month to that of the proceding
month or tho month yoar ago. g s

Boures ; Bamo o for Tablo 4.
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It may bo noted that in the next month, it would bo possiblo to get another catimato
of this month’s total volunto of eales from the next month's ramplo (). This may bo uscd
in revising the composito estimato mentioned abovo as follows :

X = K X +(1-K)r,
whero K is chosen 80 as to mindmizo the rovised ito estimato. Tho former estimat

may bo considered a3 ‘preliminary’ and the latter as ‘final’, Tho optimum valucs of i and
K would bo

W = VIEP=(=p),
)

where p is the corrclation cocflicient between catimates for two successivo montha from tho
samo samplo and

K= 1=VI=F
e

if optimum value of IF is usced in X;°. Tho constants uxed and proposed to bo used aro
W=108and X =2083.

Tables 4 and 5 demonstrato that thero is considerablo gain in using the pre.
liminary compozite estimato and that the use of final cstimato is sdvisable from an over-all
point of view. This procedure of obtaini i imaltor (s promising and should bo
explored wherever thero is scopo for it.

0. WWIIOLESALE TRADE BURVEY

6.1, Objectives and scope. The main objectives of this monthly survey are to esti-
mato tho volume of salea by kinds of businesa of wholesalers and to study their trend over &
period of time. This survey is confined to merchant wholesalers who constitute 8 major
portion of the brond ficld of wholesalo trade. Merchant wholesalers are defined as ‘estab-
lishments Ny known as wholcsalers, merchant wholesalers or jobbers, primarily engnged
in buying, taking title to and whero customary, physically storing and handling goods and,
selling tho goods st wholcalo principally to retailers and industrial distributors and com.
mercial users,' This group includes industria] distributors, exporters and importers, cash-
and-carry wholesalers, drop ehipper, wagon distributors ete.

0.2. Sampling design. The firm, and not tho cxtablishment, s considered tho
unit of sampling. Tho sonrces used for selecting tho samplo are: (i) list of whulesalers
with paid employces obtained fn the 1058 Consus of Business; andl (ii) Burcau of Old.age and
Survivors I list of wholeralers (with paid empl, ) entering business sinco 1958,
All firms with salcs abovo a ccrtain value aro definitely ineluded in tho eamplo and they
number 1,400. From tho population of wholcsalers excluding these 1400 firms, a sanplo
of 15,600 firnie is eclected using a stratificd sampling scheno.

Thoe firms are firnt stratificd into kinda of business and then tho firms within each
kind of busincss aro stratificd on thoe basis of tho sales figures. Tho number of firms sclected
from each kind of busincas varica fram 150 to 650 depending on : (i) tho number of firms
in tho kind of buxiness; (ii) tho dirtribution of firma Ly thoir sales; and (iii) whether geographio
division trends are to bo studicd.  Within tho kind of bunincss, tho allocation to tho strata
is made in on optimum way with reapect Lo tho salea characteristics.
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Out of the samplo of 17,000, 1,400 largo frms report thoir sales overy month and tho
remaining 15,600 sample firms aro divided into four cqual pancls cach of which report every
fourth month their sales fur tho preceding two months. Thus cvery month reports aro
received from 8 samplo of 5,300 firms.

6.3. LEstimati d\ Tho y and final composito cstimatcs des-
cribed in connection with !.hu Retail Trado Survey aro applicd in this survey alio becauso the
firms in the rutating pantls report for tho precceding two months. Tho coefficients usod for
wand k aro 0.7 and 0.72 respectively.

Sampling errors aro computod by kinds of busincas for cach of tho monthly estimates
of rates, for the ratio of current nonth to provious month sales and for tho ratio of the current
month to year ago galca.

TABLE 6. COEFFICIENTS OF VARIATION FOR MONTHLY ESTIMATES OF SALE DY
KINDS OF BUSINESS

coofficiont of variation for July 1958~June 1850

al, kinds of business monthly suloa ratio of current month salcs to
no,

provious month salos  yoar-ago salcs

range raodion rango modinn rango  madian

0) {1) {2) 3) ) (8) (] m
1. sutomotive 11 7 20 3 411 8
2. eloctrical and eloctronics 24 3 1-2 1 2-3 2
3. furnituro, bomo furnishings 2-5 3 25 3 35 ]
4. bardware, plumbing, hoating goods ~ 2-3 2 1-2 1 2-2 2
6. lumber, construction materiots 2 2 2 293 2
8. machinory, equipment, supplios 2-3 3 2-2 2 2-3 3
7. molale, motulwark (cxeopt scrap) 3-8 ‘ 2 M 3
8. scrup, waato motorind 33 4 23 2 — 4
9. durublo goods total 1.3-20 1.6  0.01.1 09 1220 L5
10. grocery, confoctionary, ment 2-2 2 1-1 1 12 2
1. farm products (odiblo) 3-5 4 1-2 2 2 3
12, boer, wino, distilled spirits E3 E} 1= 2 2-3 2
13. drugw, chomicals, alliod products 22 3 1-2 H 22 2
4. tobacco 24 3 2-2 2 2-2 2
15. dry goods, appnrol 24 3 23 2 3-3 3
16. papor, allied products 23 3 -2 2 2-2 2
17. conl -3 4 1-2 2 24 2
18. farm supplics o8 7 2-5 4 58 6
19. non-durablo goods total 1.2-1.8 1.0 0.7-1.1 8 1oLy L2
20. merchant wholosalors total 0.8-1.5 1.0  0.0-0.0 6 o611 0.3

Source :  Monthly Wholesalo Trade Report Burcau of the Census, B\W.00.2, Fubruary, 1960,
TN
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Sinco esth of sampling crrors obtained from tho sample aro themsclves subjeet to orror,
they are to bo taken to givo a general rather than an oxact ldea of the sampling variability.

Approximately 109 of tho total sales aro imputed bocauso of non-responso. Tho
eampling varinbility does not reflcet tho bins that may bo introduced duo to this imputation
of sales in caso of non-responding firms.  Tho cstimato of volumo of sales is not published
scparately in a fow kinds of business whers tho non-responso rato Is considered too high to
proviide roliablo eatimatcs.

7. SURVEY OF MANUYACTURING INDUSTRIES

7.1, Objectives. Since 1949, Tho Census Bureau is conducting an annual survoy of
manufacturing industrics on & samplo basis to provide int ] et of ehip
by product classes, and of total cmploymient, total wages and salarics, man.honrs worked
and total volume of ship and cost of ials on an catablishnient basis clossifiod by
industry. From theso estimates tho eatimato of value added can bo derived.  Besides theso,

estimates aro provided for motals 4, i s, plant and equip i\
fucls and clectrical energy consumed, and other items.

7.2. Sampling design. Tho sampling framo used s & list of establishmenta es
obtained In the ccnsus suppl 1 by tho establishnients which have come into existenco
sinco the census from the Bureau of Old-Ago Survivors Insuranco lists of manufacturing estabd-
lishments. Tho survoy covers only cstablishments with ono or moro paid employees, as
doca tho Census of Manufactures.

A samplo of about 50,000 establishments is chosen from a popnln!mn of lbou'.
300,000 establisl using a ifiedd io samplo with approxi to
sllocations to sizo sirata. AN multi-unit companics with at least ono establishment \ut.h 250
or moro employces and all establishments with 1,000 or more eniployees are definitely included
in tho samplo. Within cach of the 150 industry groups, tho cstablishmenta aro stratified
according to tho number of employces into 7 sizo classes. Tho allocation to theso strata

is dono in an optimum manner, Soven different sampling fractiona aro used depending on
the size class. Theso sampling fmel.mnl aro modified in certain cascs so as to cnum: approxi-
mately the samo cocfficient of for esti of each jndustry group total. The

cstablishments falling in cach class aro arranged by industry group and o systematio samplo
with tho assigned sampling fraction is sclocted.

7.3. Eatimali d A diff estimato of tho current total Is obtained
Ly adding the differenco bctmen cslimates of tho totals for tho current period and the recent
census period from tho samo samplo to the population total of the consus period. This
estimalo ia being ueed instoad of a ratio eatimato mainly becauso of its simplicity. Further
somo empirical studics conducted in tho Census Burcau havo shown that tho ratio amd the
differenco ! ially provido ecati of equal precision when the samplo sizo
is faicly large.

7.4. Corerage check, Coverago checks using arca anmpling havo shown that about
90% of tho cutablishments and about 00% of employment and wages aro covernl by the
sampling franio used in tho survoy.
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1.5, Redesiyn of the aurvey. Sinco 1049 when the original dexign was ovolved,
the survey lias been redesigned twico, once in 1055 and then in 1939, Tho main objectivo of
the redesign has been to obtain firly reliablo estimntes for product elasses. It may bo noted
that an establishment may havo ono or more products, Tho most important fenturo of tho
revised design is tho construction of a suitablo micasuro of sizo which when used for selection
of tho samplo would provide catimates of changa from year to year with prespecified procision
in an optimum mauner,

For cach industry the regression between tho absoluto change from year to year and
tho baso period valuo is studicd and an empirical relationship of the form

|diel =ai4-b1 vy

is durived, whero dig, is the chango in the valuo of tho character uniler consideration from the
lost year and gy is the last year's figuro for tho ¢-th product cluss for the j-th establishnient
in i-th industey and a; amil 4 aro regression conatanta for that industry. Tho measuro of
#izo to bo attached to a particular establishnient ia given by

Zai+be yue)-

Tt has been shown® that sclection of units with probability proportional to this sizo
gives riso to an optimum design. Tho cocfficient of variation which can bo tolerated for a

product class is specified in the form —AF' whero K [s a constant and X, is the valuo of the

Xe
characteristic for tho product class *c’. The samplo sizo required is a function of K, the
distribution of tho value of the characteristics and the sampling design.  Using the value of
X and tho supplementary information available for the baso period, tho optimum cut-off
point, above which size the units are completely enumerated, is derived.  From the remaining
units, tho required number of samplo units i drawn with probability proportional to the
measure of size mentioned earlier.

A point which needs attention is the selection of the samplo by randomization of each
establishment, i.c., if the proportion of tho measuro of sizo for an establishment to the total
sizo ia P, then that catablishment will bo selected with probability Py and rejected with
probability 1—Py. Though this method is being used in tho Census Burcan becauso of
some aperationnl considerations, it is reorganized thot substantial gnins in efficiency can bo
achieved if tho samplo is selected with probability proportional to size systomatically alter
Buitablo arrangement instead of by the p dure of inlividual randomizati

8. FOREION TRADE BTATISTICS
8.1. Source of deta. 'Tho Forcign Trado Statistics work relnted to both tho export
and tho import statistics. In this section only the cxport statistics part of tho work is ex-
plined. It may be mentioned that similar procedures aro proposed to bo usod for import
statistics also,

* Dy Jack Ogus of tho Buroau of the Consus in an unpublished articlo,
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Tho sourco of data for export statiatics is the Collector of Customs to whom cach
person sending any micrchandiso worth § 25 or moro in easo of commercial shipment and
$ 100 or more in caso of non-comnierciul shipments is required by Jaw Lo filo a Shippee's Export
Declaration, In tho Export Declaration, a description of cach of the eommumtities shipped
with & six-ligit commoility classification code, tho country of destination, the quantity,
value and ahipping weight of the handino aro available. Tt is the reaponaibility of the
Customs authoritics to cnsure that theso forms aro filled in properly.

Every month, tho Burcau of the Census reeeives about 750,000 of theso fillod-in forms
from the 300 ports in tho country. This mass of data is odited and compiled using the
eleetronie computer.  Tho data on the value and tho quantity aro published for the 3000 x 145
poasible commodity by country-wiso classifications.

R.2. Use of sampling. Though tho number of documents with caluo leas than
$500 i about two-thirds of tho total number of documents, their contribution to thy total
valucs ia lesa than 10%. To revduce the work of cumpilation and tabulation, all the docunients
with valuea lexs than $ 100 are completely ignored and a 10% aystematic samplo of documents
with value between $ 100 and § 500 is taken in case of all countrica of deatination.

8.3. Jethod of presentation. Tho commodity totals aro tho cstimated figures which
include the total value of all shipments with value $ 500 or more aml the estimated total
veluo for all shipments with valuo between$ 100 and $500. For each commodily the total
figurea for shipments with valuo § 500 or moro are given by couniry of deatination with &
sub-total for all tho countries taken together. In case of shipments with valuo between
$100 and $500, the cati: arey ted for thoso ic of deatination whero tho number
of documents in the eamplo is 3 or more. For countrics of deatination with the samplo sizo
less than 3, the estimates are poolcd up and presented s for “others”. A sub-total of theso

I figures Is p d for all the ics taken together,

8.4. Confide limita. Tho fidl chart at 060% level for tho binomial
distribution bas beon used to get approximato confidenco limits for tho totals being extimated.
If tho nunmber of samplo documents for 8 particular class is ‘a* the confidenco limits for the
total number of units say *N” in that class can bo obtainced by referring tho binomial con.
fidence chart (say Ny, N,). The approximate confidenco limita for tho total valuo s obtained

by multiplying ¥, and Ny by

RVIFVE

where £ and }2 ero tho average and relvarianco of tho values of all tho shipments betweon
$100 and $ 500 obtained from past data.

In the report, a tablo giving tho doviations of the two limits from the cstimate, aro
given for different values of n.  For getting tho confldenco limits at 609 for a particular
catimato x based on samplo sizo n, ono has to rofer to tho tablo amd mubtract from the
eatimato tho valuo apecificd in ono of tho columns and add to the eatimato tho valuo apecified
in another column. Tho above proceduro is applicd as such in caso of tho commodity totals.
In cano of the enmmodity X country totaly, na has been montioned carlier, tho estimates aro
published only If tho samplo sizo is 3 or moro. S0 in this cass tho table giving the dovintions
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10 Lo used for arriving at tho confidenco Limits havo boen workerd out using tho conditional
binomial eonfidenco chart, It is of interest o noto that the docision to take tho number
3 ax tho samplo size bolow which catimates aro not to bo given has been arrived at on tho
consideration of mcan square orror using tho distribution of tho tabulation cclls by the
number of documents.

8.8. Increase in sampling fradion. R ly tho pling fraction for tho docu.
menta with value § 100 to $ 500 has been increated from 1in 10 to  in 2 in caso of all countrics
of destination exeept Canada in which easo tha original sampling fraction of 1 in 10 is retained,
Thie increazo has been effucted to provide more rolisblo cstimates,

9. EocoN0MIg CEN3USES

9.1, Scope. Tho i covering the facturing, business and
mineral industry establishnients aro conducted onco in overy five years. In theso consuscs
all establishinents with at least ona paid employco aro included.  An almost comploto list of
such catablishments is maintained by tho Burcau of Ohl-Ago and Survivors Insurance sinco
all such establishments aro required to filo tax returns. Fairly detailed information such os
number of persons eniployed, number of man-hours worked, wagos and salarics paid, inven-
torics, valuo added, ete. aro collected from each blish Tho enquiry is carriod out
by mail.

0.2, Cenaus of manufucture. Thelast Consus of Manufacturo was conducted in 1938,
Tho questionnaires were ruailed to the 300,000 and odd establishments early in 1059 with
instructions to fill in and mail back within 30 days. It may bo mentioned that out of theso
300,000 establishments only about 95000 employ 20 or more employees. About 50 percont
of tho questionnaires were returned fillod out within the apecified period of 30 days. Follow-
up work was taken up and by tho entl of August about 08 percent of tho establishments had
scnt in their returns.  In caso of amall non-responding units the figures wero imputed on the
basis of tho figures for sbnilar Dlial in tho responding population in respect of
number of workers.

In caso of establishments with 20 or moro workers somo broad scrutiny was dono
manually and for the smaller Llixk a routino hanical scrutiny was carried out.
The four digited industrial classification and soven digited product classification are adopted.
The industry classification of an Dbl t is d incd by the hino on tho basis of
the products and tho operations. In this Consus about 240 difforent questionnaires were
userl. By December 1039, tho preliminary roport was ready and the dotailod tables wero
expectad to bo ready by the midile of 1060.

0.3. Cenaus of bLusiness. This Censna is conducted on tho samo lines as tho Consus
of Manuf excepl that Llis) with no employees aro also covered. Thero
aro about 1,800,000 retail stores of which about 800,000 have no paid employces, 270,000
wholezalo trading establishnients and about 900,000 servico trado establishments, of which
about half havo pail emiployees. Tho questionnaires aro mailed only to tho establishments
with at least ono paid employea found in tho records of tho Burcau of Okl-Ago and Survivers
Insuranco.  For non-pay roll casca tho information is obtained from tho incono tax returns.
Tho data aro usually published for 4 regions, 9 geographic divisions, States and tho District
of Colwnbia and for countics and citics ovor 2500 In population,
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10. Crxsus OF POPULATION AXD JOUSIXQ
10.1. Introduction. Tho d ia] Consus of Population is requiredd by tho United
States Constitution, Tho first census was taken in 1700 and sinco thon censuses of population
havo Leen taken onco In every 10 years, Many innovations in tho collection and compilation
of data havo been introduced in the b Attempts havo been and aro being mado
to mako effectivo uso of kampling, quality control p i and high speed data processing
equipment in carrying out tho census.

Tho 1000 Census of Population and Housing represented a major ailvanco s compared
with tho 1050 and carlier consuses, Tho rescarch and evaloation work on the 1050 Census,
tho § d uso of sampling dovelop and tho application of electronic computer in
largo ecalo statistical operations wero major factors infl ing tho new develop
introduced in tho 1060 Census. Following the genersl research and dovelopment phascs
that sot tho framo work fur the new methoda to be adopted, apecifio planning work for the 1960
Census of Population and Ifousing which is the 18th Deeennial Consua was initiated in January
1956. In tho Spring of 1956, 8 Budget Roviow Committco was formed, By Fall of 1036 &
number of Advisory Committees wero brought into existenco which included tho Federal
Agency Population Council and the Council of Population and Housing Consus Usors
representing 8 number of fderal agencies and the publie. This shows that planning for tho
1060 Census had begun well in advance.

Considerablo pre-planning was necessary becanso major changes in the methods of
collection and compilation of data were being contemplated for this Census.  Theso changes
wero aimed at reducing tho work, increasing tho speod of publication of results and improv-
ing the sccuracy of tho consus data.

10.2. Complele and sample censuses. In tho 1960 Censua of Population snd
Housing data on ngo, sox, colour, raco and marital status and on somo housing items woro
collected on tho basis of completo enumeration whereas tho data on employinent status,
occupation, industry, class of workers, education, incomo and placo of work amd other popu-
Iation items and a substantial number of housing items wero collected only for a 25% samplo
of houscholds,

Tho usa of sampling in census work woull help in (i) reducing the timo interval botween
data collection and publication of results; (ii) reducing tho over-all cost of operations; (i)
utilization of at Jeast part of tho cost reduction in improving the quality of census results and
in inclusion of aliitional itoms or tabulations in the consus. Tho oxperienco of tho 1950
Consus in which data on migration, cducation, and income and somo other items woro
collected from a 209, samplo of persons has been satisfactory in that the uso of sampling
has not sorioualy limited tho widespread and successful uso of tho results.

Thongh uso of sampling introd pling varinbility in tho results, the non-sampling
varlability which arisca duo to defc llection and 1 ing of data is likely to bo oonsi-
derably less in the samplo consus than in tho completo consus capocially for ch istice

which involvo difficult concepla and or which are difficult to remember.  So in comparing tho
aamplo census and completo census for such itema, ono should consider tho total variability
which is usually known na mesn squaro error and i tho total of sampling and non-sampling
variabilitics,
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TABLE 7. EMPLOYMENT STATUS BY S8EX FOR 203, BAMPLE AND FOR COMPLETE
CENSUS IN 1930=M}ASSACHUSBETTS, SOUTH CAROLINA AND NEVADA

(in 000)
Momuchumtts Bouth Carolina Nevada

o 1 statue and sex

= S mE m e 2n wm
(2] (U] {2 (L] 4 ) (S n
1. males 16 yoars and over 1710 13 [ 088 (N ]
2. lubour force 1313 nu 830 853 ] L]
3. civilian labour force 1203 1308 3 837 &0 5
4. employed 1208 1228 sle 820 10 a7
8. unemployed 85 84 17 17 3 3
€. not in lubour force 303 403 133 130 n 13
7. feosnled 18 years and over 1006 1008 ) 3 5 58
8. labour force 632 631 07 240 13 18
9. civilian labour force L) 630 246 243 18 13
10. cmployed 603 603 230 230 17 18
11. wnemployed 28 29 10 10 1 1
12, not ia Inbour force ”»n 1278 489 488 EY] 8

Source ;1950 Censua of Population, Vol. 11, Tablce 25 and 60.

TADLE 8. EXPECTED RELATIVE MEAN SQUARE ERROR OF ESTIMATED CELL
FREQUENCIES FOR INDIVIDUAL ITEMS BASED ON A COMPLETE CENSUS

AND OX A 25% BAMPLE OF MOUSEHOLDS
o 2500 10000 50000

of arca RMSE with ecll RMSE with cell RSE with

fch::lncy Nr:ﬁl:? 25','; qu:.n:y co:“p.ll::o “2;%'0 quency wma I:Ii’l;”'“
() 2) 3) {4 [U) 8) (U] 8) 0
12 7 10 50 N 20 250 N «“
50 " 1 200 20 i 1000 8 103
125 22 31 500 ] 61 2500 180 200
500 ® 62 2000 100 180 10000 020 [

1250 80 102 5000 320 330 25000 1520 1530

Nots : Computalions aneuno a rollive

sampling varianco for n 25% smmplo of housobolds.
Soures : Proposal for extonsion of smpling and relnted chongea o acccloralo completion and
roduco costa in tho 1000 consusos of population and housing, Table B, Juno 1057.
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10.3. Dala collection, The work of data collectivn for the 1960 Census of Popu-
lation and Housing was generally dono in two stages. In tho first stage tho cnumerators
collected the data on 1009 items and during the Gret stage enumerativn they left samplo
questionnaires in overy fourth houschold with the request to fill-in and return by mail.
During the sccond stage, the enumerators contacted thess samiple households which Mlhrr
did ot return the filladdn questionnaire or sent in ly filldiin q
In arcas which aro sparscly populated, the work of both the stages was done in one oporation.
Sucl areaa accounted for about 15 to 20 pereent of tho whols country.

In this consus, tho techniquo of sclf-cnumeration was adopted supplemonted by enu-
merative follow-up whero neccasary. First, during the last week of March 1060, tho U.S.
Post Office delivoral to all the addresses in the United States a questionnairo, called Advance
Consus Report (ACR), containing questions relating to relation to head, sex, colour (or race),
dato of birth and marital status and zome housing items. Tho head of the houschold was
requested to fill in the questionnairo and holl it fur tho consus cnumerator. During the
firat atage, the visited all houscholls in the country and in cases whero the ACR
waa already filled in, reviewed and transeribed tho snawers to a special form, called FOSDIC
(Fitm Optical Sensing Devico for Input to Computers) echeduls. In canen whero the ACR
was not fillod out, tho consus Ltained tho infi {on direetly on the FOSDIC
achodulo.

In tho sccond stago, the census enumerator transcribed the answers in tho filled-in
samplo questionnaires to tho FOSDIC schedulo and in cases whero the questionnaire was
either not returned or retumned incorrectly Alled-in, the cnumerator obtuined tho required
information in the FOSDIC schedule Ly personal interview or by telephone.

Tho ccnsus enumeration waa dono with reforenco to tho census dato Ist April 1560.
Besildes enumerating all persons living in the houschold on tho census date, the temporary
abscntees and visitors wero also enumerated. An effort was mado to cnuwmerato all the
persons in transiont places such as hotels, metcls cte., on the night of 31st March with o
view to cnsure that all peoplo get enumerated. For vizitors end the tranaient guests in
hotele, motels oto., Indlividual Censua Reports (TCR) wero fled-in which wero sent to their
places of usual residence to cnsuro their enumoration onco and only onco in tho census.

104. Field organization and training. The over-all supervision of tho ficld work of
the consus was dono by tho 17 regional offices of tho Census Buccau. Tho ficld organization
for tha census consisted of about 400 district offices cach in tho chargo of a District Census
Supervisor, Thero were about 10,000 Crow.Leaders who trained and supervised tho work
of abaut 160,000 Enumerators. Each District Cenmus Supervisor was assisted by a Tochnical
Officer in technical matters regarding training, data collection snd ficld review, Similarly
cach Crow-Leader was assisted by a Field Reviower in reviowing tho work of tho enumerators.

Tho wholo of the arca of the United States was divided into sniall arcas, enlled Ena-
meration Districts (ED), which could bo well identificd on tho ficld. Ono or moro ED's
wero grouped to form an Enumeration Assignment (EA) to bo assigned to ono cnwnuerator
in tho census.  On an averago each EA conalsted of about 300 to 400 houscholdy,

Tho Bureau of the Census propared detailed Instructions for the field work at diffurent
lovols. Tho Census Bureau ataff trained about 40 Chief Instructors who in their turn trained
thie 400 and odd Technical Officera. Tho Tochnical Officers buparied training to tho 10000

281
1



SANKIYA : THE INDIAN JOURNAL OF STATISTICS : Serxs B

Crew Leaders who in turn trained tho 160000 Enwmcratora for tho stago 1 work. After
tho completion of stago 1 work, about ono-third of the cnumerators were trained for stago
2 work.

10.5. Tobulation. Tho data collected in tho FOSDIC achedules during the stago 1
cnumeration ia subjected to a fiell roview. Then the filled-in FOSDIC rchedules aro micro-
filmed. The data in tho microfilms are ical), ferred to tho magnetic tapo
on tho FOSDIC machino. A mechanical it is carried out on tho census data using tho
electronio computer to search for invonasistencics in the data. Tho computer is instructed
not only to finil any inconsistency present in tho data but is alwo instructed to suitably
modify or substituto the fignres wherever necessary. A completa record of control totals
and of editing and imputations for each small arca is left by tho computer and significant
diserepancics in control totals anid cxcessivo amount of editing are investigated. After

the edit, the 7 tabulates all tho infe ion coll 1 in stago 1 and tho high speed
printer is instructed to print out tho data in tho form suitablo for publication.
Uso of the FOSDIC schedulo has climi 1 tho punching operation which is timo

consuming and which is liablo to introduco errors. Further the exclusion of industry-
occupation amd any other itemas requiring manual coding from the 100% questionnaire cli-
minates tho need for endmg operation for stago l data thoreby speeding up the tabulation,
The use of cl ic equip for data p g has mado it poasiblo to fumnish the
population counts not only for tho country as a \\holo, but also for all countics, citics and
towns and othor emall political units by tho end of October 1960.

Tho samo p lure of FOSDIC, microfil tio tapo and uso of computers
Is proposed to be used to tabulate tho stago 2 data also. IL may bo noted that stago 2 data
bavo to pass throngh a coding operation.

10.6. Quality conirol procedurea. Quality Control (QC) procedures are being widely
used in the 1060 Census to control the crrors at diffurent lovels.  Quality Control procedures
have been instituted in : (i) printing and cutting of FOSDIC schedules, (i) collecti b,
and binding of schedules into enumerator books, (iii) preparation of enumerator kits, (iv)
enumeration, (v) cding (vi) microfilming, (vii) FOSDIC reading, and (viii) computer tabu-
lation.

Quality Control proceilures aro being used to improvo the outgoing quality of tho
data Ly finding anl climinating defects frum unacceptablo lots and by removing unaccept-

ablo prod (by termination or ining). Details of somo of tho quality control proco-
dures aro given in Scction 13.
107, Eealuati A fairly comprehensi luati has

been ovolved for the 1060 Conuua of Population and l{ousmg to asscss tllo con-rngu and
the content errors. By coverngo error in the population census is meant error in counting
peoplo or houscholds.  Tho content orror is tho error in tho data collected for tho popula-
tion covered in the consus arising from wrong reporting, reconding, transcribing, coding,
ond tabulation. Tho gross error in the results which is tho sum of tho ecrroncous inclu-
sions and omisiona can under certain circumstances bo taken as an indication of tho
responso variance in tho results and tho nut error can bo taken to refleet tho bias of the
techniques used in data collection and tabulation. This matter is discussxl in greater
detail in Seotion )2,

It may Lo montioned that o Post Enumeration Survey (PES) was conducted after tho
1050 Census of Population to ossexs the orrors in tho conaus, Tho best availablo evidenco
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shows that tho PES under.ostimated tho under-cnumeration by about 50% becauso tho
coverage of the PES was cxpecinlly deficient in population clanses whero tho risk of under-
enunivration in the 1950 Census was the highest. Somo evaluation programmies aro dovised
in tho 1960 Cenais to tako caro of this duficiency.

10.8.  Reverse record check. In this programme, it is proposced to sclect a samplo
of persons from tho 1050 Census lixt supplemented by tho lixt of persons who enterod thia
country after April 1930 and who aro registered in January 1960, chililren born sinco April
1930 and persons omitted from tho 1950 Census but detected by the 1950 PES.  An attempt
woull bo madv to obtain the ndilresses of tho sample persons and to determino whether they
aro enunicrated in tho 1960 census or not. This method is likely to overcome the defect
of the PES, namely of the PES tending to miss the same category of persons in tho Census,
A pilot study revealed that it would bo possiblo to contact at least §0% of the samplo
persons.

10.9. Reverae record check of special sample, Thisis casentinlly similar to tho study
mentioned above but is confined Lo threo special population groups, viz, (i) aged socinl security
beneficiarics; (ii) selective servico regisiranta; amd (jii) studenta enrolled in collegea and uni.
vendties in February 1960, From each of theso groups a samplo wonlt be sclected and
attempts would bo mado to determing whether the samplo persons are enunierated or not
in tho 1900 census.

10.10.  Re-enumeralive sludies for coverage error, The objectivo huro is to obtain
cstimatces of tho gross and the net errors in coverngo in tho census. It is proposed to re-onu-
memto the populnhon in an arca samplo using intensively trainad entumerators.  An estimato
of is proposed to bo obtained by a de.facto ion of the populati
and I:y verifying whether they have beea cnumerated or not in tho census,

At tho time of re-cnumeration of tho samplo areas, tho cnumerators would bo required
to locate tho housing unit which immediately precedo and follow each of the enumerated
units. This would help in catimating the und of housing unite in the conxus.
Provision has also been mado to study tho over-cnumeration by tho method of re-cnumeration.

Tt was proposed to uso the poat offico to get an idea by asking them to identify honse-
holids not enumicrated in tho census.  Tho proposal wns that tho post offico would be provided
with one card for each address enwmerated in the census and that the post offico would identi-
fy tho omitted housing unita in tho process of delivering tho census canls. Bul this project
was dropped duo to Inck of funils, lowover, o amall scalo project wns undertaken to study
the feasibility and effectivencss of tho use of post offico personnel to improve coverage. In
this study a sample of tho ccnaus cards wero withheld as a check over the work of tho post
office personnel.

10.11  3easurement of content errors.  Intensivo reintervicws wero conducted fora
samplo of 5000 houscholds included in the 259, samplo by specially Lrained cnumcrators.
Somo of thewo enumerators wero not furnished with tho consus data already coflected and
tho datn obtained at tho reinterview wero to bo matehed with the data collected in the census.
Chnacs of dincrepnncics would bo referred back to tho ficld for reconciliation,

Anothor study of tho contont error consists in comparing tho data collected in tho
CPS with that obtained in tho census. Tho CPS-conmus match woulld bo confined to only
the 23%, samplo houscholds included in the CPS smnplo which woull bo about 8000 howso-
holds.
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10.12.  Provessing-crror studics. In the first stago of tho cenis, tho enumeratar fs
retiined to teanseeibe the informntion from ACR to the stage 1 FOSDIC schedule. Tn tho
second stage, the enwmerntor ix requined Lo transeribo the information from the xamplo ques.
tiunnairo to the stage 2 FOSDIC sehedule. A review wouhl be minde of A sample of this work
to delermine the extent of groas aivl net crrors arixing from tho transeription aperation,

Two cixling operntions nre involved in tago 2 of tho census. Fimt is a genoral
coling of aletuilsl relationahips, place of birth, place of work amd income endd the aceond
in n wpeciulized vding of industry acd veenpation, both are duno by rpecially trained codees.
It is propeoul 1o estimnto the grows aml tho net ereons in eoding hy independently recording
the dbata obtaliel in tho censas for & sample of honseliobls and comparing tho reconbi with
tho wriginal cslet.  Discrepanciea would Lo investigntal and neconciled.

1l CexsUs OF AGRICULTURE

.1, Objrctive and scope.  Since 1R10, agrienlturnl consuses have heen taken every
10 years unti) 1920 fran which year the agricultural census is made a quinguenninl conma
intead of a decenninl one, AL present tho agrienltural consus is taken in the yenrs ending
in 4 and 9, The vbjevtive of the censud is to ubtain data on the number of furnia, utili-
zation of honl, amount of fapn produets prodiceed anl sobil, Jivestock number, farm imple.
ments, fanm wages aml expemliture by fanmers.  The last census was taken in 1939 aml o
brivf deseription uf thin s given here,

All dwelling unita and places with agricultural operntions are covered by tho censia.
Fur the purpose of the census, a place is saill to have agricultural operation if {i) one of mare
hogs, eattle, sheep, goata, horses or mules are kept; (i) o combined total of 20 or more chickens,
turkeys, awl dueks are kept; (i) any grain, hay, tobaceo or other fickl crops are grown; (iv)
a combined totn] of 20 ar mare fruit tree, grape vines; or (v) any vegetablea, berrics, or nuesery
ur grev
for getting information in the census by the enumerator, the definition of a farn adopted at
the pricexsing stnge is the fullywing :

ot prosducts are geown on the place for ale,  Thingh this i the definition followel

(i) places with 10 or more ncres, with at least § 50 sales of agricultural products
(nut more than balf of this value ean be in fureat products); or

(1) phce with last than 10 acres with at Jenst $ 2530 sales of agricultural products
{nest moro than half of this value can be in furest products).

Abuut 0% of the questionnairea fillal-up in the fielt meet this definition and get tabulatel.

112, Method of enquiry und fickt staff. Tho data in the census aro colleeted Ly
enumeratont by interviewing the famt uperators.  In 1059, tho data wero collvetd by a crew
of 30000 cnmmierntars uniler the wupervision aml guidance of about 2,100 crew leadvrs
who in thefe turn were trained and supervised by about 75 technical instructors.  Each
emerator worked in an arca, ealled Enumeration Assig . Thoe tors wero poid
on pivee-rato haxis, but in somo arcan they were paid by the hour,

113 The questionnuire. Tho questions includald in 1ho consin wero selocted from
requents and muggestiona received from many sources, such as tho Department of Agriculture,
Stato Agrivultural Colleges, farm organizati ete., in Iation with a apecinl advisory
commiittee which included representatives from a number of agricultural organizations such
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a8 American Farm Burcau, Federal Farm Equipmcent Instituto, Census Advisory Committeo
of tho Amcrican Statistical Amsociation ecto.

Tho total questivnnairo cansists of 14 cffective soctivns and 310 questions. Thero
are 38 different vemions of this questionnaire in which somp of the questions have been omitted
taking into conzillerativn the reginn in which the questivnnnire waa to be used.  Tho topics
covered by tho different scctions aro (i) ownership, (ii) crops harvested, (i) land usad, (iv)
irrigation, (v) mce, age, residence, off-farm work and other income, (vi) forest products, (vii)
poultry an livestock and livestock production, (vill) dairy products, {ix) animals sold, {x)
fertitizees and limo, (xi) selected farm expeniditure, (xii) farm labour, (xiii) equipment and
facilitics and (xiv) rental agreement, farm values and mortgago doebt.

It moy bo mentioned that the items (viii) to (xiv) aro collected only for a 20% samplo
of farms.  Tho farms with scrial numbers 2 and 7 aro includud in the sample, Besides this
questionnairo, thero ia another questionnaire which is filled for cach landlord who has any
land worked on shares Ly one or moro tenants, ronters or sharccroppers.

114, Reference period. Tho reference period for the data collectod in this ecnsus is
1039. Tho census is conducted in tho fall of that year. Though for many of the items
it may bo possible to give the figure for tho year in the fall, thero are items for whick an esti-

mato has to bo mada by the farmor as tho exact figure may not bo available at tho time
of tho ccasus.

115, Self- ion.  Sclf. jon was attempted for tho first time in 1950
by sending the queationnaires to all farmers except in tho Southern States and has been
continued sinco then. Tho farmers wero required to fill out tho questivnnairo. Tho
enumeratars wero instructed to collect them and to collect tho inforniativa in cascs where
the questionnaires wero either not filled out or filled out incorrectly. About 50% of the
farmers, to whom tho questionnaires had been sent, filled out tho questionnaires by the
timo of the ccusus,

11.8.  Eraluntion prog Evaluation Stulics havo been conducted in each
ccnsus sinco 1943 to awsces the eoverago and content errors.  The ooverago stuly conducted
on & limitod scalo in 1045 indicated an under-enumeration of tho farms by 109, which under-
enumeration was moro pronounced in tho class of relatively smaller farms and ks among
larger farma, A bricf deseription of the ovaluation studics comlucted einco 1045 s given
below.,

117, 1950 Poel-Enumeration Survey. In tho 1950 Conmus of Agriculturo which was
conducted along with the Cenaus of Pupulation in the Spring, 8 Post-Enumeration Survey
(PES) was conducted in about 4000 samplo segments drawn from about 300 samplo primary
tago units. Tho nural part of tho samplo consisted of about 1200 scgnicnts sclectod at tho
rato of 1 in 050 and the samplo acymonts had alout 5500 farins.

Tho rural onumerstors wero supplicd with identification particulars and original
census data for an assoclated samplo of farms obtained from the consus list. Tho enumera-
tors wero instructed ta (i) search for farms and houscholds in tho samplo scgmont but not
in tho aasaciated samplo; and (i) scarch for content errors in the questionnnires Giled out In
the cousus for the farms in tho aasociated samplo, Though tho original consus dala were
provided, tho cnwnerators were instructed not to look at them until they have re-cnumorated
the farm and then to reconcils tho two responscs. Tho ro-intorviow was confined to data on
land utilization and production and did not covor livestock data.
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Soma main results of the PES are given in Tablo 0. It may bo mentioned that
gross crvor beforo reconciliation was greater for farme whero no census data woro provided
than for farms where census data wero made availablo at the timo of tho PES and that the
grons under-cnumeration among farms under 10 acres was tho largest with 16.5% with &
standand error of 4.0%. 589 of tho over all under.cnumeration was duo to ovorlooking of
tho farm at the tino of tho census cnumeration. 30%was duo to exclusion at tho tabulation
stago and the renaining 3% was duo to enumoration as part of another farm.

TABLE 9. ESTIMATE OF PERCENT OF UNDER.EXUMERATION AND
TME CORKES[ONDING STANDARD ERROR FOR SOME IMPORTANT

CHARACTERISTICS

porcont.
ol chamctoristica of undor-
wo. onumorntion eror
{0} () @) ]
1. oumber of farvas 5.t 0.7
2. land arce 2.0 0.8
3. croparea 2.1 0.8
4. com harvosiod eroa 7.8 .4
5. wheat barvestod arca 1.0 1.8
6. catton harvoutod aroa 7.8 a4

Source : Evaluation of Unitod States consusos of agriculture 10451950, (Deaft).

11.8. 1034 Ewaluation programme for agriculture. After tho 195¢ Census of Agri-
culture which was conducted in tho lato Fall, evaluation studics were cond d {n a samplo
of about 3500 farms in about 760 rural scgments selected with an over-all sampling fraction
of 1 in 1500 from 260 samplo primary stago units. Associated samples wero provided for tho
sizo classes less than 1000 acres, 1000 to 10000 acres and greater than 10000 acres.  Tho third
class was represeated by a separato samplo of 365 farma drawn in clusters of § from 73 countica
having largo farms with a sampling fraction of 1in 20, Tho rural ares was represented in tho
evaluation programmo by a samplo of about 3000 CPS segmonts.

Tn this study the enumerators wero not provided with any census dats.  After the

fon, the data colleeted wero hed with tho consus data and in caso of discre-
pancics, the enunicrators rovisited the concerned farms to dotermino tho reasons for the dis-
crepancies.  About 75 experienced enumerntors worked in tho first phaso of this study and
about 20 of theso 75 enwmcrators worked in tho sccond phaso.  The main results of this study
aro given in Tablo 10.  Tho reinterview did not include crop production and livestock.

TABLE 10. FSTIMATE OF PERCENT OF UNDER-ENUMERATION AND
THE CORESPONDIXG STANDARD ERROR FOR SOME INPORTANT

CHARACTERISTICS
reont
ul, characteristics of undlor- standard
no. soumoration orror

©0) ) ) (3

1. numbor of farms 8.1 0.0
2. lund aron 5.4 1.0
3, crop aroa 4.0 11
4. corn harveatod 3.4 1.2
8. whent harvestod arca 5.3 4“1
6. colton hnevestod aren 0.9 13

Sourcs : Bame a¢ for Tablo 0.
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11.0. 1930 Evaluali Jor agricull Tho ovaluation study for tho
1039 Cenaus of Agricul duted of p {on in half the samplo an post-
census enumicration o the othier half, Thu study was corklucted in o samplo of 772 rural
scgments.  Tho fanus with arca greater than 5000 acres wero represented by s soparato
list samplo drawn from census records of largo farns in sclectod counties.

12, NoON-BAMPLINO ERROR
12.1. Introduction. In recent years Increasing attention is being paid to the
asscasment and control of non-sampling errors in gencral and of reaponso error in particular
in conducting large scalo censuscs and survoys. Tho realisation that non.sampling error
would be consislerablo and difficult to control in largo scalo operations as the completo censusea
is excriing a etrong influcnco on thoe decision to havo a well-controllerd samplo survey or &
completo census to obtain specifio items of Information.

It is of intorcet to noto that as long back as 1871 Genoral Francis A. Walker, Diroctor
of tho 1870 Census, had realiscd tho importanco of non-sampling errors when ho wrote the
following.*

“In such a stato of things it would socra to Lo tho duty of thoso charged with tho
publication of theso statistics to indicato in respoct to each class tho degreo to which tho
figures may bo reliod upon, and as nearly as may bo practicablo, tho proportion of omisi
or error. It is undoubtedly truo that many will by such a courso bocomo alvised of theso
deficloncica who nover would havo discovered them. It Is probably truo alse that many
persons will, when candidly adviscd of tho neccesary limitations of such atatintics procced
to tho conclusion that thoy aro worthless, and thus rejoct tho wholo. It ia unquestionabls,
that tho results of tho Consus would obtain moro credit if put forth without any admissions
or exceptions; but I have not deemicd such & courso fair to tho public.”

12.2. Concepls and definitions, Non-sampling error occurs at almost all tho stages
of planning and oxocution of largo acalo data collection and Hation work. N li
error may bo considerod to consist of n. g Lins and Li iai Thu
former is s relatively okl concopt compared to tho hum and a number of stullies have been
condusted in tho Census Burcau and olsowhoro in l.lm lul. lvm dw\du or so to cetimato this
typo of bias. Tho ncod for of P is ingly being folb
in the recent years.

Non-sampling biss Is dofined as tho differonco Letween tho averagoe valuo over all
possiblo pts at data collootion and pilation under ially the samo
which includo tho sampling design and tho estimation proceduro in caso of samplo survoys,
and tho valuo proposed to bo cath 1. As compared to this, sampling bias Is defined as tho
averago valuo over all poasiblo samples. Non-sampling bias for any particular situation can
bo cati d by comparing the valuo d in ono operation with that obtained by repeat-
ing this operation with more caro and belter control. Tho dificulty with this proceduro
in somo situations ariscs duo to tho possibility of the socond hmproved ropotition of tho
oporation being conditioned by tha original operation.

® Quoted by Exklor {1053).



SANKNYX : THE INDIAN JOURNAL OF STATISTICS : Seares B

Tho total variation in & survey result is defined as tho varintion botween tho results
based on all possible atiempte at data collocti and pilation under tially samo
conditions which include the samplo design and the estimation procoduro in caso of wamplo
surveys. This tutal variation can bo analyscd into threo comy Ls (i) pling variation,
(ii) pling variation and (iii) interaction between tho samplo and tho data collection
and compilntion proccss. If noccssary the non-sampling variation may further bo Lroken
into tho fati ibuted by different stages of of jon, such as, data colloction,
coling, punching, tabulation cto., and poasible interactions thereof.

Tho bias and variation Introduced at tho data eollection stage aro termed reaponso
bias and responso variation respectively. In thia chapter brief descriptions of eoma of the
studivs conducted and being conducted to asscas tho resy crrors are given and in tho next
chapter some methods of contrulling theso errors wonld bo given. Somo studica for ovaluat-
ing tho responso Lias have already been mentioned in Seetions 3.10 and 3, 11,

123, Post-Enumeration Survey (1950 Censvas). Tho 1830 Census Post-Enumeration
Survey (PES) consisted of reinterviewing a sample of about 30000 persons in 470 of the
3000 and odd countics in this country by about 230 experienced and well trained intervicwers,
Tho gross and net errorw of classification in the 1030 census bascd on the PES aro given in
Table 11 for some items to indicato tho extent to which response blasmay affect tho
results of tho Consus.

TABLE 11. GROSS AND NET ERRORS IN THE 1950 CEN$US OF POPULATION BASED
ON TIIE POST-ENUMERATION EURVEY

e oo typical class
oum num ]'IQINII‘
of mis-

ol clamiGestion of number  not error in class

Do, classcs caseql  clamifod in class total
amount  standsrd

% orroe %

) () (2) 3) ) (8) {6) ]

1. ago (3 yeor clase) 18 20,950 e 1,086 0.8 0.8

2. occupation group? 10 0,502 15 850 1.8 1.8

3. industry group? N 9,464 n [30) 1.9 1.8

4. individun] incoma? 15 9,012 an 001 10.8 3.2

8. pumbor of rooms$ [ 19,200 18 2,044 2.8 1.3

1Approximato numbor of casse in PES samplo for which both consus and PES data wero available
for cach clasaification.
SEmployel workors 14 yoars of age and over.
3Persona 18 yoars of ago and over (sampling frsction ono-half that umd for first § [tows).
4Occupied dwelling units (sampling froction roughly twice that used for Grst 3 Limce).
Sourca : Ecklor, A. R. and Hurwilz, W.N. (1057) : Responso variance and bisses in censuses and
survoys, Tablo 4.

124. Comparison of 1050 Census rwith the CPS. Sinco tho resulta for labour forco
obtained from the CPS can bo expeeted to bo mors reliable than thoss obtained in tho census,
the figures obtafned in tho 1050 consus and tho CPS for Iabour foreo characteristics wero
compared to get an idea of the responso bias in tho census. Tho results of this comparison
aro given in Tablo 12,
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TABLE 12 RELATIONSIJP DETWEEN THE FIGURES FOR LABOUR FORCE
CHARACTERISTICS FROM TUE 1050 CENSUS AND THE CT'S (APRIL 1050)

oot orror in cenmu ns

. Eabour force status porcent of CPY
e " amount_standand oror
© m () &)
1. civilian non-institutional populstion 14 years and
over + 0.7 (a)
2. in labour force - 8.0 0.8
3. employed ~ 41 0.8
4. unomployed -10.4, 37
8. not in labour fores + 8.2 0.7

(n) Tho CT8 cetimaies are adjusted by a ratio estimation pracedure, to an inde-
pondent estimato of the civilian non-inatitutional populstion 14 yeacu of age
and over and hence this total is not mbjoct to ssmpling variance, though itis,
of courso, subjoot to errors of other sorle.

8ource s+ Ecklor, A. R. and Hurwitz, W.N. (1657), Rosponso variance and blascs

in consusca and surveys, Tablo 8.
125. Enumeralor variability sludy. A stuly using the mothod of interpeno.
trating sul ples (IPS) was conducted during tho 1050 Census in 24 countics in Ohio
and Michigan to determino tho effect of jability on tho results. Moro than

700 enumerators participated in thisstudy. A total of 125 geographical arcas with an averago
population of about 6500 wero token from tho 24 countics. \Within each geographical arca
& number of enwmeration districts (ED) woro formed which wero paired and assigned to
the enumerators [n that arca at randon:.

Tho varianco was calculated scparately for cach of tho 125 arcas
and the averago of this varianco over tho arcas was compared with the varianco between the
ED's completed by tho samo This study was conducted for about 100 items
and for almoet all tho items tho F-test indicated etatistical significanco. It has been shown®
that the total variation including both sampling and responso variations in tho caso of

cstimating s population proportion P ia givon by -PTQ, where a is the samplo sizo and that

tho responso variation is given by
2_ o} —
o= - Utptn—1))

whero pis tho intraclass corrolation among tho responss dovistions in a survoey aml of =
PQ-a3, 0% being the sampling variance for a samplo of ono unit. Approximations to § and
PQ havo been worked out for & number of charactoristics covered in tho 1950 census from the
PES. Tt is found that o3 is of tho order of 5 to 10 percent of PQ for characteristies which
could bo mcasured with high reliability and ia of the order of 50 percont of PQ fur character-
inties which could Lo measured with low roliability.

® Manson, Hurwits and Bershad (1001).
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12.8. Comparison of complele cemsus and sample survey. Undler certain specifiod
conditions tho mean square error of the samplo proportion is given by

maetp) = Z (14 G-1p1+ H=2 2 1,

whero N is tho total number of persons.in tho area,n the numbor of porsona in tho samplo
(3 =N in the census) and & tho numbor of peraons covered by cach enumcrator.
Tablo 13 presents a comparison of tho results of a complete census and of a 25% samplo
survey assumed to bo conducted under substantially tho same conditions. Tho values
taken for tho parameters occurring in the above formuls are given bolow: & = 1000
(census), A == 250 (sample), P =004, Bm=0003, 0} =013 PQ=0005 p=003,
o} = PQ—o} = 0.033.

TABLE 13. COMPARISON OF THE TOTAL VARIATION IN THE RESULTS OF A COMPLETE

CENSUS AND OF A 25% SAMPLE BURVEY IN ESTIMATING A POPULATION
PROPORTION FOR DIFFERENT POPULATION SIZES

N oomplote consus 25% samplo survoy
s
2o, LR T T 5 358 0o
© Mm@ @ @ ® (9 m ®  ® 10
1 1000 1000 .000185 — .000000 32 230 .000169 .000009 .000000 43
2 2500 2300 .000002 — .000000 21 25 000088 000060 000000 47
S 5000 5000 .000031 — .000000 16 1260 .000038 .000020 .000000 20
410000 10000 .000018 — ,000009 13 2300 .000017 .000010 .000009 15
5 25000 23000 .000000 — 000000 10 6250 .000007 .000008 .000009 11
6 100000 100000 .000003 — 000000 8 23000 .000002 .000001 000000 9§

Sourts : Ylanson, M. I, Hurwitz, W, N. and Borshad, M. A. (1061) 1 Moasuroment of errors in
consuscs and eurvoys. Bull. Int. Stat. Insl., 38, (2), 350-374.

l2 7. Measurement of wnon.eampling eariability in the 1000 Census. A com-

poriment is being conducted in tho 1060 Census to measuro tho variability

inlroduc«l at differcnt stages of Lho operation, Two methods aro being usad (i) replication

methed where the data aro collected moro than oneo from tho same units and (i) where two

or moro random groupe or interponclrating sub-samples of units are formed at each stago
of operation and asigned to different cnumerntors, supervisors, oto.

Method (1) is being resorted to in two oxperd Tho first experi. consists
in requesting a samplo of 1,000 samplo houschokla, who have alresdy roturned tho filled.in
samplo queationnairo, to roport again, In the sccond expori: the 1-stag

tors woukl visit a samplo of 5,000 samplo houscholds who have returncd tho samplo
questionnaires and colloct the data onco again from them.

In tho experiment, whero mothod (if) is being used, pairs of enumerators would bo
purposively asigned to clusters of contiguous enumeration districta (ED's) in tho selccted
arcas [n tho samo manncr as in tho other arcas; within cach cluster the 259, samplo houscholils
would bo divided into two random groups ono of which would bo assigned to ono enunerator
at random end tho other would bo assigned to tho other enumorator; in half tho olusters ono

200



SAMPLE DESIGNS AND CONTROL OF ERRORS IN THE U.S. BUREAU OF CENSUS

of tho enumerators would bo assigned st random to & crow leader of & neighbouring crow-
leader district and tho other enumerator would bo supervised by tho regularly onsigned crow-
leader. This study would includo 100 crow-leaders, 1,600 enumerators and 320,000 houschokls,

12.8. Response error in milk and milk products. Somo studice conducted on tho
data on milk and milk products collected in the 1045 Census of Agriculture givo an idea as to
tho extent of tho responso orror in tho data. Somo results of tho cffoct of tho 1945 Cenaus
cditing on tho statistics for certain dairy items in four countica are given in Tablo 14.
Tablo 15 gives an fdea of tho responso or cnumerator crror in reporting averago annual
production per cow milked.

TABLE I4. EFFECT OF THE 1045 CENSUS EDITING ON THE DATA FOR CERTAIN
DAIRY ITESS IN FOUR COUNTIES

porcent changes introducod by editing

L county milk produced wholo milk sold cream sold
Berass  Socreaso Dewaso  toerenso inerwre  Gocrease
) [£)] 2) [&] (0] ) (8) ]
1. Grundy, Mlinois 11.7 22.5 10.9 21.0 15.2 4.6
2. Murshall, Kentucky 1.8 2.2 121 21.8 2.9 12,4
3. Bakor, Oregon 2.4 8.4 28.6 10.7 1.4 2.8
4. Foator, N. Dakota 1.2 2.7 0.8 1.0 1.4 0.3

Sourcs ; 8amo aa for Toblo 9.

TADLE 15, PERCENTAGE OF FARMS REPORTING THE SAME FIGURE FOR
THE AVERAGE ANNUAL PRODUCTION PER COW

o). no. of avomge annual milk emdueﬁoq farma roporting this figure
onumeration por cow
district roporiod (gnllons) number pereent of total
{0) () 2) 3
1 300 3 8.1
2, 400 22 71.0
3 400 o 022.3
4. 600 " 37.8
8 400 2 88.0
LS 300 8 17.2
7. 450 L] 20.0
8 405 38 07.2
0. 403 23 80.6
10. 408 1 50.0
11 400 15 48.9
12, 800 ? 2.3
13 400 28 82.5
1. 400 10 4.7
15, 403 24 83.7
18, 408 21 83.68
17 800 18 82.0
18, 400 10 63.3
19, 500 3 0.0

Sourca ;  Bamo as for Tablo 0.
20)
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12.0. Agriculture variance study (1059 Census). In tho 1959 Census of Agriculture,
8 study is being comluctad to cvaluate the enumcrator contribution to the verianco of an
estimate.  This stly {8 bring comlucted in 10 countics consisting of 105 Enumerator Amsign.
ment (EA) an] 15000 farms, Two cnumicrators aro assigned to cach Enumcrator Assign-
ment,

Tho alternate samplo farma in the 209, samplo aro alloted to the two enumerators.
The remaining 80% of tho farms aro grouped into groups of 4 farms and in cach group two
farms aro assigned at random to ono enumerator and the other two farms to the other enu-
merator, It is proposcd to analyso tho results for each ED in tho form of an analysis of
variance tablo.

13, QuUALITY CONTROL I¥ BURVEYS
13.1.  Imtroduction. Though Statistical Quality Control (SQC) techniques aro
being usnl in induntry to asscss and to control tho quality of finished pmdueu, application
of these techniques Lo control the quality of data collection and pil in ively now.
Many of the quality control programmes put into operation by tho Bureau of tho Cemus
have demonstrated their utility in controlling tho quality at tho various stages of census and
survey work,

Among the various applications of theso techniques to tho work of the Census Burcau,
special mention may bo mado of the uso of SQC in controlling tho quality of data eollection
and coding in the Current Population Survoy and of tho comprehensive quality control
programnie which covers different aspects of tho work relating to tho 1060 Ceneus of Popu-
lation and Housing, nanicly, (i) printing amd cutting of FOSDIC enuncration schedules:
(ii) collection, assembly and binding of schedules into enumerator boxes; (iii) preparation of
enumerator kits; (iv) enumeration; (v) coding; (vi) microfilming tho FOSDIC schedules
(vii) FOSDIC reading; and (vili) computer tabulation.

SQC is applird to census and survoy work with the main object of process control
through identifying pointa at which proceases go outailo of tolcrances that have been estab-
lished and taking correetivo action for § ing the outgoing quality with tivo action.
For this purpose, usunlly SQC plans which have a built-in dovice to initinto corrective action
are uswd. In the Census Burcau, moro attention is given to process control through SQC
than to uso of acceptanco plans on tho finished work. For a particular situation, the beat
Plon is defined as that which ensures tho highest out-going quality for & given cost or tho
lowest cost for a apecificd outgoing quality.

No attempt would bo mado hero to describo in detail all tho various SQC plans being
uscd by tho Census Bureau. A good illustrativn of tho applications of tho SQC to survoy
work is provided by tho uso of quality control teehniques in tho coding operation of tha Cur-
rent Population Survey. A fairly detailed deseription of this situation snd a brief description
of somo other selected SQG programmes aro being presented horo to givo an idea of the typo
of plans used.

13.2. Coding work in CPS. The coding operation in tho CPS consists in coding of
sbout 51,000 person-achedules in each month during a period of ono weck.  Onco In ovory
three months, both industry and occupation aro coded whercas in tho remaining months
only industry is coded. Tho coders receivo tho work in lots of about 250 achedules. Tho
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standard verification operstions conalst of vorifying tho codus given by tho coder by tho veri.
fier and of preparing s report for cach lut giving dutails of discrepancics notod and
corroctodd.

As stated carlicr tho sampling plan s uacd to control tho process rathior than to docido
whether to accept of rejoct the finished work.  Tho plan controly thoe work of individual codors
Instesad of just contrulling the ovor-all quality. In onler to scloct & suitablo plan it was noces.
sary to specify the lovel of acouracy neoded.  ARer studying tho past error rocords, it was
docided to have the acceptablo quality Jovel at 0.3 crrors per 100 schiedulos in norminl montha
when only Industry is coded and 1.50 errors per 100 schodules In quarterly months whon
both industry and occupation sro coded.

Each coder’s work is Initlally verificd completely for a period of 3 months. If his
averago quality for this period is better than the acecptable quality and if ho has not exceeded
the acecptablo error rate in moro than ono month during this period hio is labeliod a3 & @
{quality) coder. Furthor, the coder should havo codud moro than s apecifiol number of
schedules during the initial 3 month period for being considured for the qualification of @
coder,

In easo of a Q coder, & 10%, samplo of schedules from each of the lots comploted
by him Is verified every month. A cumulative record of the performance of each of theso
coders iv maintained. This lativo error rato is compared with a tablo providing alluw.
ablo crror rates and the Q-coder retains hia status e long as tho cumulative ervoe rato is
below tho allowablo error rato. If at any time ho oxceeds the allowable error rato, he
is disqualificd from being & Q-coder and his work is verified complotely. A disqualificd
coder should coda at Jeast 2,000 schodules with scceptablo quality beforo ho can be roquali.
fied Tho allowablo crror rates in caso of Q-coders aro worked out in such & way that the
chanco that a Q-coder whose truo orror mte is of acceptablo quality would bo disqualifisd
Isabout 1 in 20. Any coder who has not boon ablo to qualify initially of who has beon ro-
peatedly disqualified s d from tho oporati

Sinco it is not an accoptanco sampling plan in the unual scnso somo lots with & high
etror rato may bo allowed to pass through. Howover, sinco tho stardands for fnitial quali-
Beation and for remaining qualificd aro strict it ia felt that tho chanco of the cutguing quality
being unsatisfactory is negligibly small. An estimato of the outgoing quality with this plan
is approximately given by

Ny 0¢
N o'

whore N is tho total number of schedulos coded, Ny is the number of achedules codod by
Q-coders, ng i3 the number of verificd schedules coded by Q-coders and e, is tho number of
erors reported for Q-codors.
TABLE )6, ESTIMATES OF AVERAGE OUT.GOING
QUALITY IN THE CP8 CODING WORK, 1958

avol outgoing qualit;
ol monih nmol of -rmr;I poc y

a0 100 ashadulos
) () {2}

1 Juno 0.19

2 July 0.35

3 Auguat 0.17

Source:  Curroat PopulationBurvey (Draft) by Stolnborg.
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133, Re-interview in CPS. Tho reintorviow programnio in the CPS consists of
reinterviowing one-third of tho samplo houscholds canvaasod by one-fourth of the enumera.
tors overy month, In caso of discrepancics between tho original Interviow and rointorviow
an offort is mado to reconcilo tho Aigurce by probing questions and if tho figures could not
bo reconcilod tho figurce obtained at the relntorviow by tho Supervisor aro taken as roliable.
Tho reintorviow includes chocks for coverago of units, coverage of persons and content of
achedules.

Tho typos of possiblo errory are prespocifiod. Afer the relnterviow, tho numbor
of errors committed by cach of the enumerators whoea work is boing chocked is comparod with
a tablo giving tho acceptable number of errors, Thoso onumorstors whose error rato is moro
than tho acceptable error mato aro retrained for a day beforo the noxt month's onumeration.
If an coumerator’s work romains unsatisfactory over & period of time, steps aro takon
to replaco the cnumerator.

In this 0aso, it iu to bo notod that tho errors in enumeration occur partly dus to the
enumerator and partly duo to the respondent.  Studics have been mado in an effort to deter-
mine the contribution of the respondent to tho errors dotected at the rointorviow. The
roaults of such & study are given in Tablo 17. From tho tablo it appears that the contei-
bution of tho respondent to the crror rato is about 50%. Though it would bo desirablo to
measuro tho quality of an interviewer in terms of his contribution to the total error, this has
not been dono bocauso of the subjective nature of the causs for the difforenco between the
original interviow and reinterviow figures.

TABLE 17. DISTRIBUTION OF THE ERRORS IN TI[E ORIGINAL INTERVIEW
BY CAUSES, MAY 1854-FEBRUARY 1938 (BASED ON 25% ERRORS)

al. caue for error porcond
no.
(L] 1)) ]
1. rospondont misinterproted Lhe quostion 12.8
2. respoadoat undorsiood the quoetion bus roported

incorrectly N7
3. due 1o respondent 4.8
4. quostions not asked proporly ER]
5. caumorator misinterprotod tho answor 171
6. enumorator misrecorded Lho anawor 2.3
7. dus o enumeraior 22.8
8. d{ffcrent respondent 7.3
9. others 2.7
10. foal 100.0

Sourca ; Eamo s for Table 16,
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Tho technicinns of tho Burcau of the Census aro tho first to acknowledgo tho limi-
tations of tho stuiics and tho programmes undertaken by them in this field. They fecl that
the experienco to dato is too limite to givo any assuranco that tho system of quality control
would adequately signal troublo when it ariscs. It is also felt that moro inteonive work
is y in tho ovaluation of go snd in d ining tho Lypes of error contributed
by tho reapondents.

13.4. Quality control projects in the 1000 Cersua. Some preliminary operations.
Tho plan in easo of printing of schedul istod of inaticn of a pair of consccutive
sheots for overy 5,000 impressions for preapecificd dofocts, Six schodules wero printod
on one singlo sheet of papor and tha culting operation Involvod tho scparation of theso 8
schodules.  For thie operation the tap and tho bottom sheot in cach lot of 1000 sheots wero

inspected for defects.
In caso of binding and p ion of kits i pling plana

wero used consisting of inupocting 100% till a prespecificd m-th defoct-free unit s roachod and
of inspecting overy &-th unit thercaftor whoro k s 8 constant. Tho numbers m and & aro

80 chosen a8 Lo onsurs & given levol of outgoing quality.

TADLE 18. OUTGOING QUALITY FOR A NUMBER OF PREPARATORY OPERATIONS
IN TOE 1060 CENSUS

d.  opomtion unit “rk poreent. v:;::: ;:: outgoing

no. l.houlmull complolo todate  quality

(0) ] 2) 3) W) 3) 6

L printing achodulot 64,025 100 .06 ’
(.01}

2 culling schodulal 84,025 100 .007 L]

3 collotion achedulol 7,620 100 0004 -003

4. binding book 53 100 .00 0228

8. preparation of kit box of 86 “w e L0013

2 kite

3 Front snd back impresions.
* Tho figuro [n brackot includos somo rejocts by the Gavernmont Printing Offico.
1 Zero syslomalio error, unknown random orror.

4 Correctod rathor than rejocted.

% Approximate estimato.

Sourca : Hanaon, M. H. : Quality Coatrol (n tho 1000 Consusos of Population and Ifousing.
ta tho Panal of J dated Fobruary 2, 1000,

Pield review. Tho enumerators aro instructed to bring thoir work for tho first day
to tho Crow Leader or tho Ficld Raviowor for & roviow of their work. During this roviow,
tho roviower checks on specifiad items, such as, missing units, listing book defocts cto. Tho
number of errurs committed by tho enumerator for tho 6 specified items of roviow aro com-
parcd with a tablo showing tho accoptablo error-rato. On tho basis of tho numbor of times
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the Lor oxceeds tho aceeptabl to in this roviow, ho Is cither (i) informed that
no further roview would bo needed Lill ho finishes his work or (i) instructed to report for &
second roviuw o (iii) relioved of his work. Thoro would bo scope for as much as four reviows
in spocial casca, A speoisucen tablo is given hero to indicato tho type of action tho roviewer
is permitted to tako in diffc ituations (Tablo 19).

TABLE 10. ACTIONS TO BE TAKEYX BY TIIE CRE\Y LEADER UNDER DIFFERENT

CIRCUMSTANCES
number of chocks fallod
ficld roviow no further eonwmorator's
visit bumbor roviow till furthor roview appoinimeont.
final roviow required terminalod
() (%) ) 4)
1 [ 1ged 3 or moro
2 0 1 2 or more
3 0 ] 1 or more

Source : Bame as for Tablo 18.

Coding operation. Controlling of the quality of coding has rocsived moro attontion
than in the previous censuses.  This is mainly duo to tho surprising results of a study under-
taken to determino tho quality of verification in coding operation. The rates of failuro of
verifiera to detect planned ervors aro given in Tablo (20).

TABLE 20. RATES OF FAILURE OF VARIFIERS

TO DETECT PLANNED ERRORS
study no, Tato of failuro
) (2)
1 0.20
2 0.47
3 0.43
‘ 0.09

Source:  Saro sa Tablo 18,

The plan to bo used in the 1060 Censua consists of coding of tho ecnsus data for a samplo of
persons by 3 coders independently and of effecting a two by two comparison of the codod
data. Tt is folt that this plan would holp in getling o fairly good idca of tho quality of tho
coding work of tho codors.
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14, Ev DATA P
M.}, Imiroduction. During tho last decado considerablo progreas has taken placo
in using clectronio computers-to process tho consus and survey dats. The Burcau of tho
Census has been using electronic computers since 1031, At present about 75 porcent of tho
tabulation of the Census Burcau is done with clectronio computers and for the other 25
pereent of the work the punch-card tabulating machines aro used,

In 1051 an clectronio computer, known as tho UNIVAC I, Universal Automatio
Computer, was installed in tho Census Burcau to process somo of the data of tho 1930 Census
of Population. A sccond UNIVAC I, was purchased in 1055 to tabulate the data collected
in the 1054 Census of Business, Manufacturcs and Mincral Industrics.  In 1058 two eloctronia
computers, designated 1105 which aro much faster than UNIVAC 1 for arithmotical opera-
tions woro installed to process the 1958 Economic Census data and Lo copo up with the work
load of the 1060 Censuscs of Population and lHousing.

The clectronio computers aro also being used to do much of the eurrent work such as
tho processing of the Current Population Survey, tho National Health Survey, the Relail
and Wholesalo Trado Surveys, the Annual Survey of Manufactures and tho Forcign Trado
Statistics. About 50% of tho computer time is used for current work, and tho computera
aro being uscd to accomplish an increasing amount of work.

4.2, Compuler characleristics. Tho main featurs that distinguishes clectronio
data processing machines (EDPM) from scicntifio computers is that the former need devices
by which a large mass of data can bo fed into and realised from the computer at 8 reasonably
high speed conslstent with the speed of tho computor. An EDPM usually consists of four
scctions : (i) 8 memory in which infc ion including i ions can bo stored; (ii) a control
unit which keeps track of the seq of the I i (i) an srithmetic unit which
interprets and carries out the instructions given to it by tho control unit; and (iv) aa input-
output section by means of which information can bo introduced into tho memory and results
communicated to the user of the machine.

143. UNIVACIL Tho UNIVAC I system conaists of (i) & central computer which

vontaina the clectronio circuits for control, arithmetio p ing, memory and checki
and (li) ten uniscrvos which servo to feed in and read out results from tho computer, Tho
system operates on magnotio tape to which infc jon coukd bo ferred from punched

cards using a card to tapo converter.

Tho aystem can read the Information on tho magnetic tape at tho rate of 13000
characters per sccond.  An 8-inch reel of tapo about 1500 feet long has & ﬂpudly ol about
1,200,000 characters, Tho UNIVAC I can lish 1005 additions or per
sccond, 458 multiplications por sccond, 257 di\‘hlovu per second and 2760 comparisons per
sccond.

144. UNIVAC1105. This 1105 sysiem also consists of & central computer and 18
univeros and it also operates on magnetio tape, The storage in 1103 has two banks of cores,
which are amall rings of forromagnetio material capablo of represeating ““1" or “0™ with s
total capacity of 8102 words. Any word Is accessiblo in 8 micro-scconds (million-th of
& second).

Tho works ding to tho of i tions stored in its memory.
‘Tho sequenca of inll.rucuonl for & particular job is called o programmo. Tho control scction
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functions to extract cach instruction from Lho storago, placo it temporarily in a control register,
interpret it and diroct its exccution on tho specified operands.  Under tho autematio control,
the computer exccutes tho inatructions in tho specificd sequenco automatically.

14.5. Card-fo-tupe converter. Tho Card-to-Tapo converter transfers the data
punched on tho tnrd 80 column punch-cants to tho magnetic tapes. During this process
it Is pumiblo to sclect and rearrango data and to reject impossiblo punches.  Card reading and
tape recording ages aro all sclf-checking.  This assures a high degreo of accuracy throughout
the ion. Tho i ion rato is 240 cards per minuto and tho cffective over-
all rato is about 120 cards per minuto undoer normal production conditions.

14.6. FOSDI(,‘. Tho FOSDIC (Film Optical Scnsing Dovico for Input to Compu-
ters) ) fers to magnetio tapoe tho inf ion on micro-filmed copics of original
documents without the need to punch out tho information. This i a very bnportant devo.
lopment in the ficld of largo scalo dnla Pprocessing as it climinates entirely tho timo consuming

hing and verificati To effect this it ia nocessary to record the data on
lpceml uhcdnk-l by making mnrl\l on specified places using an ordinary pencil or pen.  Such
special schedules are being used in tho 1060 Census of Pupulation and Housing.

Fy 1

Thero is considerable flexibility in forring tho from
to magnetic tapo in that tho sconning mechaniam can bo mado to scan tho microfilm frame
in almost any manncr. The FOSDIC can scan tho microfilm at the rato, as high as, 300
frames & minute, deponding on tho amount of information on the frames.

14.7.  Computer operation. Thero is o great deal of flexibility in tho utilisation of
EDPM at the Consus Burean, This flexibility arises from Leing ablo, during periods of high
work lcad, (i) to operato the computers in 2 or 3 shifts; (ii) to commission the computers owned
by cortain universitics; and (iii) to adjust tho timo programming between census current and
spocial jobs

Tho computers are also cxtensively being used to edit the data. In caso of current
Foreign Trado work, tho rejects aro corrected and included in tho tabulation for the next

ond not tho current period. This proceduro helps in producing the results ding to
schedulo. In caso of special and census jobs, if tho rejects aro not considerod to bo serious,
thoy are 1 or adjusted in tho s ftsoll and only the major dofects aro

identifi by tho computer which aro handled by manual intervention,
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