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OVERVIEW

In an attempt to help facilitate the continuing national conversation on the supplemental use of
sampling methods as a part of Census 2000, this report is offered and contains two main parts:

PART I. SELECTED MOMENTS IN THE DEVELOPMENT OF
PROBABILITY SAMPLING: Theory & Practice

This part focuses briefly on probability sampling methodol -
ogy while pointing to selected momentsin its devel opment
asaserioustool for scientific inquiry.

PART II. AN INDEX & THE LISTING OF AN ANNOTATED
BIBLIOGRAPHY

This part provides brief summaries of selected papers which
might be of interest to anyone with an interest in beginning a
technical background study of the methodology which
helps form the foundation of the Census Bureau’s planned
use of sampling and estimation to improve the count from
Census 2000.

Thisreport isamajor revision of the earlier issued report (Third Edition: May 1, 2000) under the
sametitle. Wearegrateful to our colleagues. Hazel Beaton for her expert typing of thisreport aswell
as the three earlier drafts, Juanita Rasmann for editing the final draft, Don Malec for calling the
1786 Laplace paper to our attention, and Y ves Thibaudeau who read the 1786 Laplace paper (in
French) and verified for usthat Laplace' s estimator can be viewed as similar to capture-recapture
or dual system estimation.

“ Thispaper reportstheresultsof research and analysis under taken by Census Bureau staff. It has undergone a Census
Bureau review more limited in scope than that given to official Census Bureau publications. This report is released
to inform interested parties of ongoing research and to encourage discussion of work in progress.”






PART |
SELECTED MOMENTS
IN THE DEVELOPMENT OF
PROBABILITY SAMPLING:
Theory & Practice

Practically everyday we pick up the newspaper or tunein
to anews broadcast and are bombarded with datain the form
of numbers, graphs, and tables. We see the results of astudy
doneby the Gallup Poll. Forest personnel cantell the number
of deer inhabiting a certain land area. Reliable estimates of
world grain production can be made before harvest by use of
satellite data.  Nielson’s Ratings can tell the approximate
number of peoplewho watched televisioninagiven week and
the proportion who watched a particular program. Much of
this information and more is made possible by an area of
statistics referred to as probability sampling or simply
sampling.

Uses of Sampling

Sampling methods are used throughout the world by avariety
of individuals, groups, and organizations, aswell as by local,
state, and national governments. They are used successfully
in many fields including agriculture, business, defense,
economics, education, energy, environment, finance, health,
industry, labor, natural resource management, demographics,
and transportation. Some specific applicationsincludetaking
opinionpolls, electionpolls, and pollsfor rating TV programs;
surveying animal populations(particularly fish, deer, etc.) and
farms; taking a sample of buildings; taking air samples to
monitor air quality; sampling to monitor traffic activity;
sampling to estimate energy consumption; samplingto monitor
a nation’s economy; taking samples before marketing a new
product; taking a sample for auditing or inventory purposes;
taking soil samplesto measure radioactivity levels;, sampling
to monitor employment; sampling to monitor education
progress; and taking samples of products produced at a
manufacturing plant to monitor output quality.

"All scientific observation, whether statistical or not, is
based on sampling,” says Stephan (1948). "The earliest
examples of sampling procedures are to be found in certain
very ordinary human activities. The common practice of
taking a small part or portion for tasting or testing to deter-
mine the characteristics of the whole precedes recorded
history and isone of therootsfromwhich sampling methodol-
ogy stems..."

Population and Sample

The current approach to sampling assumes a given finite
collection of units, called a population. It is often the case
that certain characteristics of the population are needed but
unknown. When examination of each and every unit in the
population is undesirable to know a particular population

characteristic, a sample, i.e., a subset or portion of the
popul ation, may besel ectedtoyield satisfactory information
regarding the particular population characteristic. The
population characteristicisoften aquantitativeone. Insuch
cases, a statistic is computed using information collected
from the small and more manageable sample, and its value
is used to estimate the unknown value of the population
characteristic. Although we desire a sample that will
provide a "good" estimate of the unknown vaue of the
population characterigtic, it iscertainly conceivablethat the
sample information obtained could lead to a very incorrect
estimate.

Sampling and Nonsampling Errors

Error is the difference between the known value of the
estimator from the sampl e and the (true but unknown) value
of the population characteristic. Error can occur due to
sampling reasons and/or nonsampling reasons. Sampling
error is the error that is caused by measuring only the
sampling units instead of al of the population units.
Nonsampling error is the error that is caused by reasons
other than sampling. Examples of nonsampling errors
includefailureto get responsesfromall of the sample units,
failure of the measuring device to operate properly, and
failure to correctly process the sample data.

It is well known that the magnitude of nonsampling
errors can far exceed the magnitude of sampling error in a
given sample. Unfortunately while much has been written
about measuring and controlling sampling error, relatively
littleisknown about the quantification and estimation of the
magnitude of nonsampling errors. Current practice seeksto
minimize both sampling and nonsampling errors. Small
sampleswhereresources are used toimplement high quality
data collection methods which control and minimize
nonsampling errors along with efficient statistical tech-
niques (sampling and estimation) that seek to minimize
sampling error is an attractive combination for success.

Probability Sampling

Probability sampling makes use of the laws of probability
in the selection of the sample and in the construction of
efficient estimators. With probability sampling, every
population unit has a known positive chance of being
selected for the sample. Probability sampling provides a
means for saying how good one believes an estimate is
relativeto all the possible estimatesfrom all of the possible
samples. That is, probability alows us to extend results
from the sample to the entire population.

A Censusor a Sample

When limited resources such astime and costs dictated that
a complete census was not possible, sampling has been an
aternative.  Historically, however, the application of



sampling techniques has had itsupsand downs, largely owing
to common misconceptions about sampling.

The heart of these misconceptions seems to be a belief
that if onewantsto know something about a given popul ation,
it is better to contact the entire population (a census) rather
than only a sample of the population. AsKish (1979) @ has
pointed out, censuses, if done correctly, have the potential
advantage of providing precise, detailed, and credible
information on all population units. On the other hand,
samples have the advantage of providing richer, more com-
plex, accurate, inexpensive, and timely information for a
sample which can be extended to the entire population.

Indeed the joint judicious use of both sampling and
census taking offers the best opportunity for greatest benefit.

Sampling: Its Development
Following are selected major moments in the theoretical and
practical development of probability sampling methodol ogy.

1802: P.S. Laplaceusessamplingto estimatethe popula-
tion of Franceasof September 22, 1802. Laplace persuaded
the French government to take a sampl e of the small adminis-
trative districts known as communes and to count the total
populationy in the sample communes on September 22, 1802.
From the known total number of registered births (birth
registration was required) during the preceding year in these
communes x and in the whole country

X, theratio estimate XY of the population of France could

becalculated. Laplace alé(o derived several theoretical proper-
tiesof theestimator. Laplace (1786) demonstrated thismethod
earlier in estimating the 1782 popul ation of France.® Assum-
ing aclosed population (i.e., no births, deaths, nor movement
across population boundaries during the preceding year), this
ratio estimator is similar to the Petersen estimator. A similar
method had been used for estimating the population of
England as early as 1662 by John Graunt.®

19" Century: Thereisvery limited use of sampling. For
government statistical agencies, thegenerally accepted method
of coverage was a complete enumeration. Very limited
sampling was done.®

1895: A.N.Kiaer callsfor sampling based on the" repre-
sentativemethod." AttheBernemeeting of thelnternational
Statistical Institute (1S1), Kiaer (first Director of the Norwe-
gian Central Bureau of Statistics) puts forward theideathat a
partial investigation (i.e.,, a sample) could provide useful
information based on what he caled the "representative
method." His representative method aimed to produce a
sample which was a miniature of the population and can be
described asfollows: (1) in socia and economic surveys, one
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could begin by choosing districts, towns, parts of cities,
streets, etc., to be followed by systematic, rather than
probabilistic, choiceof units(houses, families, individuals);
(2) there should be substantial sample sizes at all levels of
such a selection process; (3) the sample should be spread
out in a variety of ways, primarily geographically, but in
other ways as well. For example, if a sample had a defi-
ciency of cattle farmers, he would add more of them. ©

1896: Petersen presents a sampling methodology for
estimating the size of a finite population. The Petersen
estimator provides the heuristic basis of most estimators of
wildlife population size; and from humble beginnings, a
very large capture-recapture scientific literature has
developed. ©

1897: At aconferenceof Scandinavian statisticiansheld
in Stockholm, a conference resolution gives guarded
support for therepresentative method being promoted
by A.N. Kiaer. ®

1903: Randomization is proposed for use in sample
selection. Lucien March, aFrench statistician, who, in the
discussion to Kiaer's paper at the 1903 Berlin International
Statistical Institute meeting, was thefirst to introduce (with
caution) concepts related to the use of probability (i.e.,
randomization) in the selection of the sample.®

1906: Bowley presents a central limit theorem for
random sampling. Arthur Lyon Bowley presents a paper
which seeks to give an empirical verification to a type of
central limit theorem for simple random sampling by
observing that the distribution of 40 sample means was
approximately bell-shaped (i.e., normal).®

1912: Bowley uses a systematically chosen sample of
houses to study poverty in Reading, England. Bowley
often checked the representativeness of his samples by
comparing hissampleresultsto known popul ation counts of
variables on which these counts were available. For two
cases in which he found a discrepancy between his sample
andtheofficial statistics, on further checking hediscovered
that the official statistics werein error.®

1925: Based on the work of a commission to study the
application of the representative method, the Interna-
tional Statistical Institute’'s meeting in Rome adopts a
resolution which gives acceptance to certain sampling
methods both by random and purposive (non-random)
selection.®

1926: Bowley provides a theoretical monograph on
random and purposive selection. Asamajor discussant
of the resolution adopted on the representative method at



the 1925 International Statistical Institute meeting, Bowley
provided a theoretical monograph summarizing the known
results in random and purposive selection. In addition to
several other ideas, the monograph contains adevel opment of
stratified sampling with proportional allocation and atheoreti-
cal development of purposive sdlection through correlation
between control variables and the variable of interest. This
|atter development included formulae for the measurement of
the precision of the estimate under a purposive sampling
design.®

1928-1929: Purposiveselection doesnot alwayswork. For
example, Corrado Gini and Luigi Galvani describe the
selection of asample from the 1921 Italian Census where the
samplewas"balanced" on sevenimportant variablesand made
apurposive selection of 29 out of 214 administrative unitsin
Italy. The resulting sample showed wide discrepancies with
the census counts on other variables.®

1934: Jersey Neyman's " landmark" paper is published
which played a paramount role in promoting theor etical
resear ch, methodological developments, and applications
of what is now known as probability sampling. In this
paper, Neyman was able to provide cogent reasons, both
theoretically and with practical examples, why randomization
gave a much more reasonabl e solution than purposive selec-
tion to the problems that then confronted sampling statisti-
cians. A second major achievement of Neyman's paper isthat
it provides atheory of point and (confidence) interval estima-
tion under randomization that breaks out of an old train of
thought and opens up new areas of research.®")

1937: W. Edwards Deming invites Neyman to come to
Washington, D.C. to give a series of lectures on probabil-
ity sampling.®

1938: U.S. Census Bureau uses national sample to esti-
mate unemployment. In the mid-1930's, the United States
was in the grip of the Great Depression, and there was urgent
need for current information on the unemployed. But esti-
mates of the number of employed varied by many millions of
persons and the next decennial census would not occur until
1940. A Census of Unemployment was undertaken as a
nationwide voluntary registration of the unemployed and
partially unemployed. Lack of confidence in the ability to
control the accuracy of the unemployment registration
(through the post office) led to the idea of an enumerative
check (sample). The Enumerative Check (Sample) involved
an enumeration of a sample of the total population, including
al households in a 2 percent sample of postal delivery
routes... The national registration and the check survey were
donein November 1937, preliminary reportsbegan by January
1938, and thefinal published reportswere completed in 1938.
The Enumerative Check (Sample) achieved therecognition, in

the Census Bureau and elsewhere, that large-scale sample
surveys could make substantial contributions, and under
appropriate design and control, could produce timely
information that was more accurate than complete censuses
or national registrations. Many point to this survey as an
immediate consequence of Neyman’s Washington lectures
earlier in 1937 and asthe step that gave the Census Bureau
the confidence to use sampling in the 1940 Census. The
Enumerative Check (Sample) led to the Sample Survey of
Unemployment which was started in March 1940 as a
monthly activity of the Work Projects Administration
(WPA) to measure unemployment. In August 1942,
responsibility for the Sample Survey of Unemployment was
transferred to the Bureau of the Census, and the sample
survey isknown worldwidetoday asthe Current Population
Survey. A model source of labor market information as
well as a wealth of other social and economic data, the
Current Population Survey provides what many would
consider the leading indicator of our society’s well-being --
in the monthly unemployment rate.®: ©

1940: Morris Hansen leads the move for implementa-
tion of samplingin the 1940 Censusof theUnited States.
In an effort to control and limit the extent of efforts to
obtain needed information on every person captured in the
1940 Census, sampling was introduced. These changes
partly reflected the demand from government and the public
for additional information for use in research and policy-
making regarding unemployment, occupational shifts,
migration, population growth, and so forth. In order to
provide this datawithout requiring it of everyone, asample
of 1 out of 20 people nationwide was selected to answer
supplementary questions. Although statistical estimates
relating to the supplementary questions were made for the
entire population, the population count was the result of
summing the individuals captured on all of the collection
forms nationwide (without the use of sampling). ©-%

1943: Hansen and Hurwitz providetheory for unequal
probability selection of sample units. Up to the 1940s,
just about all theory and practice was about equal probabil-
ity of each unit in the population being included in the
sample. Intheir 1943 paper, Hansen and Hurwitz took an
important step forward by extending the idea of sampling
with unequal inclusion probabilities for units in different
strata as put forward by Neyman to differing inclusion
probabilitiesfor al unitswithin astratum. Thisallowedthe
development of very complex multi-stage sampling designs
that are the backbone of just about all large-scale sample
surveys, especially those by governments, donetoday. With
these surveys, large samples with acceptable (not necessar-
ily minimal) levels of variance could be conducted at a
reasonable cost.®()



1949: United Nations Subcommission on Statistical
Sampling strongly recommends use of "replicated or
inter penetrating samples.” Citing Mahalanobis' technique
of replicated or interpenetrating samples applied to jute and
rice surveysin India, the United Nations Subcommission on
Statistical Sampling strongly recommendsuse of thetechnique
whose main purpose was (and is) to control and reduce
nonsampling errors. One important consequence of the
technique is its simplicity in the estimation of sampling
variance regardless of the complexity of the form of the
estimator.*?

1952: Horvitzand Thompson present ageneral theory of
sampling with unequal probabilities. This general theory
was centered around what has come to be known as the
Horvitz-Thompson estimator of apopulationtotal. Inaddition
to being unbiased, there is no other estimator in a particular
class of estimators, which has smaller sampling error than the
Horvitz-Thompson estimator.™

1953: Two highly cited books (to thisday) on probability
sampling theory are published. The bookswhich continue
to have tremendous influence on the field of probability
sampling are:

Cochran, W.G. (1953). Sampling Techniques, New
York: Wiley and Sons, Inc.

Hansen, M.H., Hurwitz, W.N., and Madow, W.G. (1953).
Sampling Survey Methods and Theory, Vols | and |1,
New York: Wiley and Sons, Inc.

1955: Godambe proves that there does not exist a uni-
formly "best" estimator of the population mean under
randomization. In his 1955 paper, V.P. Godambe proved
that there is no estimator of the finite population mean which
hasuniformly minimumvariance, withinacertain (reasonabl €)
classof estimators. Thisresult caused areexamination of the
foundations of probability sampling theory and has led to a
serious consideration of the use of modelsin providing more
theoretical justifications for many probability sampling
techniques. One important focus has been around work
initiated by Royall in his 1970 paper.*¥

1968: Small Area Synthetic Estimation isfirst used based
on a national survey. Typicaly, estimates for a geographic
area use only data gathered from the particular area. Asthe
demand for statistics on smaller geographic areas grows, a
large enough sample to support precise estimates can become
prohibitively expensive. Synthetic estimates, based on the
assumption that differences among a population can be
characterized mainly by age, race and sex, and not geographic
areas, are employed to provide estimates of disability at the
statelevel. Thisestimation techniqueisstill employed today,
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however many of the limitations have been determined and
documented, in the ensuing decades. This continuous
research has resulted in many improved small area estima-
tion techniques, notably the "borrowed strength"
estimators.19

1970: Under a model, Royall shows that the ratio
estimator® isthe" best" estimator of a population total
for any sample (random or nonrandom), selected only
according to the values of known correlated auxiliary
data. With his model, Richard Royall found that by
purposively selecting the units associated with the largest
valuesof known auxiliary data, the model sampling error of
the ratio estimator was minimized. Though others (e.g.,
Cochran, Brewer) had earlier used models for benefits,
Royall's work generated considerable research around
model -based inferencein sampling aswell asthetraditional
design-based inference in sampling. Probability isused to
access the goodness of statistical methods. With models,
the probability comeswith the chosen model ; with sampling
designs, the probability comes with the randomization used
for the sample selection. When models hold, model-based
inferenceishard to beat. However, randomization through
design-based inference offers protection against model
failure. Today, many researchers and practitioners make
use of both.®"

1970: The 1970 Census of the United States adds 1.5
million people based on sampling. The 1970 Censuswas
the first census to be conducted in most areas by mail; it
was also onethat used two sampling effortsto contribute to
the official census totals. The problems were (1) that the
Census Bureau had found in pretests that occupied units
incorrectly reported as vacant were a significant factor in
the population undercounts and (2) that, from the 1960
Census, housing unit coverage in the South was consider-
ably worse than in the rest of the United States. The first
sampling effort, called the National Vacancy Check,
selected for visits and interviews a sample of 13,546
housing unitsfromalist of unitsthat had been classified as
vacant. Based on the sample results, approximately 8.5
percent of al the units initialy classified as vacant were
reclassified asoccupied and an estimated 1,068,882 people-
0.5 percent of thetotal 1970 Census count - were added to
the count. The second effort, the Postenumeration Post
Office Check, was used in 16 southern states. Inthischeck,
the U.S. Post Officematched itslist of addressesfor certain
areas (those counted by visits rather than mail) with the
addresses from the census. From all addresses on the Post
Office list but not on the census list, the Census Bureau
selected a sample for visits. On the basis of the sample
results, about 484,000 people were added, or 0.8 percent of
the entire South and 0.2 percent of the tota U.S.
population.®®



1983: The National Health and Nutrition Examination
Survey (NHANES) findshigh levelsof lead in Americans
blood. This national survey provided the first clear-cut
evidencethat Americanshad too muchleadintheir blood. As
aresult, Congress, the Environmental Protection Agency, and
others phased out the use of lead as a gasoline additive. This
survey has been used to continuously monitor the dramatic
decline in the blood-lead levels resulting from this action.®®
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PART Il: ANINDEX & THE LISTING OF AN ANNOTATED BIBLIOGRAPHY

Building on several listsof papersand documents assembled first by Howard Hogan and abibliography by Steve
Fienberg (19924), published papers on the use of statistical methods (especially sampling) in censustaking were
obtained, many by members of the Census Bureau’ s research staff. With few exceptions as noted, almost all
entries occur in refereed journals and/or proceedings of professional meetings. Thelist demonstrates awealth
of scientific research (and discussion) which hel psform the foundation for much of the Census Bureau’ s Census
2000 Plan of providing the most accurate census. The CENSUS 2000 Plan isindeed the result of many decades
of effort and development.

Thereistremendous overlap of subjects among the listed papers. The following subject index is an attempt to
direct the reader to papersthat focus mainly on theindicated subject. Each referenceisgivenintermsof theyear
of publication and the number of the paper within the year. The references for each subject are not exhaustive.
In most cases, the description of agiven paper’ s contentscomesfromthe paper’ sabstract. Any misinterpretation
of a paper’s contents is unintended. We have attempted to provide summaries which point to each paper's
relation to the Census 2000 Plan. As with any listing of papers, no claim is made that this one is free of

undercoverage or overcoverage.
SUBJECT INDEX

A

Accuracy and Coverage Evaluation 1999: [13],[15], [24]

adjustment: 1981- [1], [13]; 1984-[6]; 1986- [5]; 1987-[9];
1988- [5], [18]; 1989- [5]; 1990- [3], [5]. [6], [7];
1991- [5], [6], [7]; 1992- [3], [4]; 1994- [1], 3],

[9]; 1996- [2]; 1997-[9], [14]; 1998-[2].

adjustment:

Australian Census: 1988-[4]

cross-tabulations: 1940-[1]

decision: 1980- [12], [13]; 1981- [12]; 1988-[17]

feasibility: 1987- [3]

impact: 1982- [3]; 1985- [7]; 1989- [10]

law: 1980- [15]

regression models: 1986- [6]

settlement: 1989- [6]

standards: 1986- [11]; 1987- [5]

statistically defensible: 1982- [7]
adjustment factors: 1998- [16]
administrative records: 1997- [18]; 1998- [13],[15], [17]
administrative registers: 1979- [1]; 1984- [5]
alocation formulas: 1980- [4]
American Community Survey: 1997- [1]; 1998- [1], [5]
apportionment: 1985 - [6]; 1990 - [3]; 1996 - [11]
apportionment methods: 1994 - [7]

B
bibliography, capture-recapture/dual system
estimation: 1992- [2]
Black population: 1973- [1]
blocks, influential: 1994- [6]

C
capture-recapture: 1972- [5]; 1974- [8]; 1977- [1]; 1978
- [6]; 1981- [3], [4], [9]; 1982- [5], [6]; 1983- [7];
1985- [4]; 1986- [3], [12]; 1987- [1]; 1988- [2];
1989-[1];1990-[2], [11],[12]; 1991 - [8]; 1993 -
[7]; 1996 - [23]; 1998 - [9]; 2000 - [1], [2]
capture-recapture:
early application: 1896- [1]; 1924 - [1]; 1930- [1]
generalization: 1968- [5]
heterogeneity: 1961- [1]; 1973- [2]; 1978- [1]; 1986 -
[14]; 1987 - [2]; 1989 - [3], [8]; 1990 - [1], [4]
hypergeometric: 1959- [2]
multinomial multiple: 1974- [7]
multiple recapture: 1938- [1]; 1958 - [2]; 1959 - [1];
1965 - [4]; 1969 - [2]; 1972 - [1]; 1975 - [1]; 1978
- [1],[8]; 1981 - [2]; 1988 - [16]; 1990 - [8]; 1991
- [20]; 1993 - [1h]
theory: 1938 - [1]; 1965 - [1]
variance estimation; 1959- [2]
Census 2000 Revised Plan: 1999- [23]
census, traditional: 1999- [14]
censuses: 1979- [1]
census evaluation: 1964- [3]; 1980- [3], [5], [6], [10];
1983- [3]; 1988- [7], [9], [13]; 1993- [6]
census planning : 1978- [7]; 1982- [8]; 1994- [14]; 1995-
[1], [9]; 1998- [23]; 1999- [11], [14], [16]
CensusPlus: 1994- [13]; 1995- [2], [3], [4], [7]; 1995
[112]; 1996- [13], [15], [23]; 1997- [11]
composite sampling: 1988- [2]
confidentiality: 1998- [21]
coverage: 1965- [2]; 1970- [2]; 1986- [7]



coverage evaluation: 1966- [1], [2]; 1968- [3]; 1974- [3],
[6]; 1976- [5]; 1978- [4]; 1984- [2], [3], [8]; 1992-
(1]

D
Danish Biological Station, History: 1944- [1]
data quality: 1993- [§]
data swapping: 1998 - [21]
demographic analysis: 1970- [2]; 1974- [6]; 1976- [5];
1980- [9]; 1981- [10]; 1984- [8]; 1988- [4]; 1993-
[1b],[1€], [6]; 1997- [12]; 2000- [1]
dua record system: 1974- [4], [5]; 1976- [1], [3], [4];
1977- [3]; 1983- [6]
dual systemestimation: 1968- [4]; 1969- [3]; 1974-[3], [4],
[5]; 1975- [3]; 1976- [1], [3]; 1977- [1], [3]; 1978-
[5], [9]; 1980- [7]; 1983- [6]; 1988- [1], [6]; 1989-
[4],[5]; 1991-[9], [14]; 1992- [6]; 1993- [14], [1d],
[1i]; 1994- [13]; 1995- [2], [3], [4]. [5], [7]; 1996-
[23], [15], [23]; 1997- [11]; 1998- [7], [8], [14],
[19]; 1999- [7], [9], [17], [19]
dual system estimation:
correlation bias: 1968- [2]; 1976- [3], [4]; 1977-
[1], [2]; 1978- [10]; 1986- [9], [10]; 1987- [7];
1988- [9]; 1990- [4], [13]; 1993- [1€], [1d]
development: 1949- [1]
early application: 1941- [1];1949- [1], [2]; 1954-[1]
extensions: 1964- [2]
generalization: 1963- [1]
heterogeneity: 1947- [1]; 1951- [2]; 1986- [14]; 1990-
[4]; 1993- [1f], [1g], [1h]; 1997- [10], [11], [13]
homogeneity assumption: 1993- [2]
population change: 1968- [2]
duplication: 1999- [9]

emigration: 1980 - [14]
error models: 1986- [14]
total: 1988- [12]; 1991- [1], [9]; 1993- [1c]
error profile: 1999- [2]
errors.
enumeration: 1992- [5]
measurement: 1961- [2]; 1970- [1]
software: 1972- [3]

H
hard-to-count scores; 1997- [11]
homeless: 1993- [7]
hypergeometric distribution; 1981- [4]
properties applied to sample census: 1951- [1]

I
imputation: 1980- [7]; 1988- [14], [15]; 1993- [1i]; 1995-
[6], [12]; 1996- [6], [7]; 1997- [4], [15], [18]; 1998

-[10]; 1999 - [8], [10]

imputation
model-based: 1998 - [22], [25]
nearest neighbor hot deck: 1998- [22]; 1999- [6]
Integrated Coverage Measurement: 1996- [6], [10],
[13], [22]; 1997- [4], [6]; 1998- [7], [18], [19];
1999- [2]
L
latent class models: 1996- [4]
logisticregression: 1993- [1q], [1i]; 1995- [5]; 1997 - [10];
1998- 8], [20]; 1999- [1], [5]
log linear models. 1972- [1]; 1997- [18]
loss functions: 1986- [13]; 1988- [5]

M

matching: 1959- [3]; 1962- [1]; 1965- [2], [3]; 1968- [4];
1970- [2]; 1983- [3]; 1984- [3]; 1987- [7]; 1988-
[1]; 1989- [9], [11]; 1990- [4]

matrix sampling: 1993- [4]

missing data: 1995- [5], [6]; 1996- [10]; 1997- [18]

mobile population: 1967- [1]

multiple frames: 1998- [9]

multiplicity estimator: 1978- [9]; 1999- [12], [18]

@]
one-number census: 1994- [1], [12]; 1995- [5], [7]; 1996~
[11]; 1997- [16]; 1998- [12]; 1999- [22]

P

population estimation:

changesin local areas: 1974- [1]

uncertainty: 1974- [2]
Post-Enumeration Survey:

1950 Census: 1955- [1]

1990 Census: 1992- [6]
poststratification: 1997- [11], [13]; 1999- [5], [17], [19]
predicting response: 1998- [20]
prevalence, estimation of: 1982- [2]

R
raking: 1997- [13]; 1998- [8]; 1999- [5], [17]
record linkage: 1958- [1]; 1968- [1]; 1989- [9], [11]
theory: 1969- [1]
regression modeling: 1988- [10]
reinterview: 1996- [4]
Reverse Record Check: 1980- [5], [6]; 1988- [3], [13]

S
samples: 1979- [1]
sampling for nonresponse follow-up: 1994- [15]; 1995-
(2], [3], [4], [7], [8], [12]; 1996- [7], [13], [18],
[24]; 1997- [18]; 1998- [3], [7]
sampling for undeliverables-as-addressed: 1998- [3], [7]
sampling theory: 1963- [3]



T
tracing: 1983- [3]; 1984- [3]; 1996- [3]; 1999- [15]
transparent file: 1998 - [12]

U

undercount: 1980- [1a], [1b], [1c], [1d], [1€], [1q], [1i],
(1j1, (1], [1o], [1p], [1dq], [1r], [12]; 1981- [6],
[10]; 1982- [4]; 1983- [2]; 1986- [2]; 1989- [2],

[7]; 1994- [3], [4]
undercount:
adjustments: 1980- [1h],[1p]
causes; 1988- [8]

differential: 1981- [11]; 1993 [5]; 1996- [2], [13];

1997- [3], [6], [16]; 1998- [14]
equity: 1980 - [1u]
impact: 1980- [1f], [1m], [1n], [1p], [1t]
net: 1991- [12]
undercounted immigrants. 1984- [7]
underenumeration: 1979- [5]
empirical evidence: 1947- [1]; 1971 - [1]

\%

variance estimation: 1995- [10]; 1996- [12]; 1997- [4];

1998- [4], [6]; 1999- [18], [20]
vital statistics:
measurement: 1974- [4]
evaluation; 1974- [4]

W
(down) weighting - 1999- [3]
weighting: 1994- [6]; 1996- [16]; 1998- 6]
weight trimming: 1998- [18]

Xi



Xii



1896

[1] PETERSEN,C.G.J.(1896). “TheY early Immigrationof Y oungPlaiceintotheLimfjord fromthe German
Sea,” Report of The Danish Biological Sation to The Ministry of Fisheries, 6, 1-48.

This paper deals with experiments involved in the counting of plaice (atype of fish) in the
Limfjordin 1895 andtheir migration. Theultimate objective of these experimentswasto help
control thefish supply inorder to get aconsiderably increasedincomefromthisplaicefishery.

Oneof theexperimentsinasection of Limfjord known as Thisted-Bredning invol ved atrangplantation
of about 82,580 plaice of which 10,900 were marked with ahole in the dorsal fin. Petersen
notedthat it wasreasonabl eto assumethat therewereno other plai ceinthissection of Limfjord.
Onthreedifferent occasions, samplesof plaicewere caught, and the number marked wasnoted
ineach case. Petersenreports, “In October 1895, | saw 28 plaicein Thisted harbor, 6 of which
weremarked. In December 1895, when many large plai cewerecaught at Thisted, athoroughly
reliable man estimated 560 of them; 112 of themweremarked with oneholeinthedorsal fin...
Later on in December 1895, another man examined 440 at Thisted, and he informs me that
81 weremarred with aholeinthedorsal fin...” In each samplecase, “... about every 5" (6/28;
112/560; and 81/440) of thosewhich were caught thisyear had such ahole, which provesthat
no other plaice live in that expansion of the Fjord.”

Becauseabout every 7" (10,900/82,580) in thetranspl anted popul ation had been marked, Petersen
expected the same proportion for each of the samples; he thought the result wasvery strange
and offered explanations for it. That is, Petersen expected

Number Markedin Population — Number Marked in Sample
Number in Population - Number in Sample

or equivalently

(Number Marked in Population)
(Number Marked in Sample)

Number in Population = (Number in Sample)

(The importance of thislast expression isthat it gives an early reference to the concept for
the statistical estimation methodology of Census 2000 based on conventional counting and
samplingwhichthe CensusBureaurefersto asdual -systemestimation, whileitismorecommonly
referred to as capture-recapture methodology with the Peter sen estimator.)

1924

[1] GEIGER,H.and WERNER, A. (1924). “ DieZahl der von Radiumausgesandten o -Teilchen,” Zeitschrift
fiir, Physik, 21, 187-203.

This paper applies a capture-recapture method to radium ion particle detection estimation.



1930

[1] LINCOLN,F.C.(1930). “Calculating Waterfowl Abundance onthe Basisof Banding Returns,” Circular
No. 18 (May 1930), U.S. Department of Agriculture, Washington, D.C. , 1-4.

It istheintent of thisarticleto suggest what seemsto be areliable method of calculating the
annual fluctuationsin the abundance of waterfowl. Briefly stated, the solution of the problem
(estimation of total number of ducks) ashereadvancedisto befoundinthefollowing postulate:
“Given afairly accurate statement showing the number of wild duckskilledinNorth America
inany one season, thenthetotal number of ducks present on the continent for that season may
be estimated by a percentage computation, based upon the relation that the total number of
banded duckskilled duringtheir first season asband carriersbearsto thetotal number banded.
...Toassume acase: If in one season 5,000 ducks were banded and yielded 600 first-seasons
returns, or 12 per cent, and if during that same season the total number of duckskilled and
reported by sportsmenwasabout 5,000,000, then thisnumber woul d be equival ent to approximately
12 per cent of the waterfowl population for that year, which would be about 42,000,000.”

1938

[1] SCHNABEL,Z.E.(1938). “TheEstimation of the Totd Fish Populationof aLake,” American Mathematical
Monthly, 45, 348-352.

Thepurposeof thisnoteisto discussand compareasto fundamental assumptionsfour different
methods which have been devel oped for the estimation of the fish population of agiven lake
fromasample census. The paper provides some mathematical theory for capture-recapture
estimation and provides extensions to multiple recaptures.

1940

[1]] DEMING, W.E.and STEPHAN, F. F. (1940). “Onal east Squares Adjustment of aSampled Frequency
Table When the Expected Marginal Totals Are Known,” Annals of Mathematical Statistics, Vol. 11,
427-444.

There are situations in sampling wherein the data furnished by the sample must be adjusted
for consistency with data obtained from other sources or with deductions from established
theory. For example, in the 1940 Census of population, aproblem of adjustment arisesfrom
thefact that althoughtherewill beacompl ete count of certain characteristicsfor theindividual s
inthe popul ation, cons derationsof efficiency will limit toasamplemany of thecross-tabul ations
of these characteristics. The tabulations of the sample will be used to estimate the result that
would have been obtained from cross-tabulations of the entire population.

Inestimating any cell frequency of theuniverseinatwo-way layout, three possibilitiespresent
themselves. In this paper, the authors present a rapid method of adjustment, which in effect
combinesall threepossibilities. Themethodisextendedto varying degreesof cross-tabulations
in three dimensions.



1941

[1] TRACEY,W.R.(1941).“Fertility of the Population of Canada,” Reprinted from Seventh Censusof Canada,
1931, (Vol. 2), Census Monograph No. 3. Ottawa: Cloutier.

This paper provides an early application of the dual systems approach to census data.

1944

[1] BLEGVAD, H. (1944). “The Danish Biological Station through 50 Y ears 1889-1939,” Report of The
DanishBiological Sationto TheMinistry of Agricultureand Fisheries, 45, Copenhagen: C.A. Reitzdls,
1-69.

In 1939 the Danish Biological Station had existed for 50 years. The history and the work of
the Station during these years may be said to be the mirror of the history of the Danish fishery
throughout thesameperiod. Thepaper providessummariesof theimportant work of the Station,
including that by C.G.J. Petersen, the Station’ s first director.

1947

[1] PRICE,D.O.(1947). “A Check on Underenumerationinthe 1940 Census,” American Sociol ogical Review,
Vol. Xll, 44-49.

This paper presents a study of the variations between Selective Service and census figures
on a state basis which gave no clue to the factors associated with underenumeration except
migration betweenthetimeof the censusand the Sel ective Service Regidration. Dataare presented
that 452,866 (2.81 percent of the censuscount) moremen nationwideregistered for the Selective
Service than were counted in the 1940 Census. Also, 228,714 (14.88 percent of the census
count) more African-American mal esnationwide regi stered for the Sel ective Servicethan were
counted in the 1940 Census.

1949

[1]] CHANDRA SEKAR, C.C. and DEMING, W.E. (1949). “On aMethod of Estimating Birth and Death
Ratesand the Extent of Registration,” Journal of the American Statistical Association, Vol. 44, 101-115.

A mathematical theory is presented which, when applied to a comparison of the registrar’s
list of births and deaths with alist obtained in a house-to-house canvas, gives an estimate of
the total number of events over an areain a specified period; also the extent of registration.
In the development of the theory, allowance is made for the fact that the chance of an event
beingmissed ononelist (registrar’ slist or the house-to-house canvas) may not beindependent
of itschance of being missed ontheother list. Wherethereislikely to belack of independence,
atest is suggested and a method introduced to reduce the effect of dependence. Thisisdone
by subdividing the data into small homogeneous groups, such as might be formed by small
areas, sex and age classes, domiciliary andinstitutional births; then by estimating the number
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of eventsin these groups separately and summing themfor atotal. The standard errors of the
estimates are given.

[2] SHAPIRO, S. (1949). “Estimating Birth Registration Completeness,” Journal of the American Statistical
Association, 45, 261-264.

A nationwidetest onthe completenessof birthregistrationwascarried outin 1940in connection
with the 1940 Census.

The present paper discusses the comparison, based on thisdata, of two methods of obtaining
percent completeness of birth registration by states: 1) by relating a matched set of records
for the state as awhole to the total group of matched and unmatched records combined; and
2) by acumulative technique suggested by Chandra Sekar and Deming (1949). Differences
in the results by the two methods were minor except in those areas having a comparatively
high degree of under-registration.

1951

[1] CHAPMAN, D.G. (1951). “Some Properties of the Hypergeometric Distribution with Applications to
Zoologica SampleCensuses,” intheUniversity of CaliforniaPublications in Satigtics, Val. |, 1949-1953,
(Eds. G.M.Kuznets, E.L.Lehmann, M.M. Loéve, J. Neyman, O. Struve, and J. Y erushalmy). London:
Cambridge, 131-159.

In this paper, certain aspects of the problem of sampling without replacement from afinite
population aretreated; such samplinginvol vesthe use of the hypergeometricdistribution. The
resultsare applied to aproblem that arisesin many zool ogical studies, viz., the determination
of thetotal sizeof thepopulation under consideration. Insuch studies, itisnecessary to estimate
andto comparepopul ation sizesinorder toformulateplans, or to eval uatetheresults, for either
extermination or conservation programs.

Since atotal censusis usually impractical, some sampling approach to the problem must be
undertaken. Thepractical considerationswhich usually exist insuch asamplecensusarekept
in mind throughout this paper.

[2] MANTEL, N. (1951). “Evaluation of aClass of Diagnostic Tests,” Biometrics, 7, 240-246.

Medicd diagnogtictestscongtituteaclassof diagnostictestswhich, under certain control conditions,
yieldnofa sepositives. How good any onesuch diagnostictestis, ismeasured by theprobability
that aninfected person will befound positive by asingle application of thetest. If we assume
that this probability isthe samefor all infected individuals, we may term this probability the
efficiency of the diagnostic test. Also, in addition to estimating the efficiency of the test, we
may be required to estimate the prevalence of the infection in the population for which our
group is considered to be a representative sample. These problems, estimation of efficiency
and preva ence, are considered and sol utions provided. The sol utionsassumethat examination
efficiency isthesamefor all infectedindividual s. Whenthereisunequal examination efficiency
among the infected individuals, i.e., heterogeneity, reference to a partial solution is noted.



1953

[1] HANSEN, M.H., HURWITZ, W.N., and MADOW, W.G. (1953). Sample Survey Methods and Theory,
Vols. | and Il. New York: John Wiley and Sons, Inc.

Volumel, inasense, isareport on the applied sampling work in the United States Bureau
of the Census. Volume Il contains the fundamental theory on which sampling methods are
based, together with derivations of the formulas and proofs of statements made in Volume
l.

1954

[1] SHAPIRO, S.(1954). “Recent Testing of Birth Registration Completenessinthe United States,” Population
Sudies, 8, 3-21.

Thisarticleisasequel to* Devel opment of Birth Registration and Birth StatisticsintheUnited
States,” which appeared in the June 1950 issue of the Journal. The earlier article contained
adescription of thefirst nationwidetest of birth registration completenessinthe United States,
which was conducted in conjunction with the 1940 Census. Plansfor carrying out asimilar
testin 1950 were mentioned. The present articlediscusseshriefly thefactorsaffecting themethodol ogy
of thistest, presents some of theresults, and considersthe comparability of the 1940 and 1950
test figures. The final section of the paper consists of observations on the subject of testing
birth registration completeness based on the experience gained.

1955

[1] COALE,A.J.(1955). “The Population of the United Statesin 1950 Classified by Age, Sex, and Color-A
Revision of Census Figures,” Journal of the American Statistical Association, Vol. 50, 16-54.

Thisarticleisaddressed to errors of omission and mistakeninclusioninthe 1950 Census, and
to the erroneous classification of persons according to their age, sex, and color.

1958

[1] CHRISTENSEN, H.T. (1958). “TheMethod of Record Linkage Applied to Family Data,” Marriageand
Family Living, 20, 38-43.

Thisreportistodea with“recordlinkage,” arelatively new approachinresearch, accompanied
by illustrationsof itsapplicationsto afew specific problemsintheareaof family phenomena.
Briefly stated, record linkage consi stsof using documentary sources—-in contrast to dataobtained
by questionnaires, interviews, or direct observati on--and of cross-checkingand matchingthese
records against each other.



[2] DARROCH,JN. (1958). “TheMultiple-recapture Census|: Estimation of aClosed Population,” Biometrika,
45, 343-359.

Thepresent paper treatsthe multi ple-recapture censusfor which the popul ationisclosed both
to augmentation from outside and departure frominside and the number of samplessisfixed.

1959

[1] DARROCH, J.N. (1959). “The Multiple-recapture Census|l. Estimation When ThereisImmigration or
Death,” Biometrika, No. 46, 336-351.

This paper treats the multiple-recapture census for which the population is not closed. The
aims of this paper areto provide exact, fully stochastic model s for the observed frequencies
of individuals, to show how simply thesefrequenciesnaturally group themsel ves, andto obtain
estimatesof theunknown parameters. Whenthereisimmigrationonly or death only, theestimates
are shown to be asymptotically efficient and their variancesarefound. In addition, amethod
of performingtestsonthevaluesof the parametersisgiven. Whenbothimmigration and death
are operating, on the other hand, the complexity of the probability density prevents us from
going further than obtaining the estimates and merely indicating how their variances can be
found.

[2] SEN, P.K. (1959). “Onthe Estimation of the Population Size by Capture-Recapture Methods,” Calcutta
Satistical Association, Bulletin 9, 93-110.

Inthispaper, theauthor investigatesthe asymptotic convergenceof thevariancesof theestimates
(relating to the capture-recapture method) to the ‘information limit’ in both the cases of the
second sample being drawn with and without replacement.

[3] DEMING, W.E. and GLASSER, G.J. (1959). “On the Problem of Matching Lists by Samples,” Journal
of the American Satistical Association, Vol. 54, 403-415.

This paper presentstheory for estimation of the proportionsof namescommonto two or more
listsof names, through use of samplesdrawnfromthelists. Thetheory coversthe probability
distributions, expected values, variances, and the third and fourth moments of the estimates
of the proportionsdupli cated, testing ahypothesi swith respect to aproportion, optimumal location
of the samples, the effect of duplicates within alist, and possible gains from stratification.
Examplesillustrate some of the theory.

1961

[1] DARROCH, J.N. (1961). “The Two-Sample Capture-Recapture Census When Tagging and Sampling
Are Stratified,” Biometrika, 48, 241-260.

The author starts by recalling the capture-recapture argument used for the simplest type of
experiment with only two samples and negligible death and emigration rates. Let aanimals
betakenfromapopulation, marked and put back intoit. After alowingtimefor theseaindividuas
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to'mix’ withtheothers, let asecond samplebetaken and supposethat it comprises b unmarked
individualsand cmarked ones. Then, if itisassumedthat everyindividual hasthe same probability
p of being a member of the second sample, p is estimated by p=c/a and, if nisthe number
of unmarked individualsin the population at the time of the second sample, nisestimated by
b/f=abl/c. Weshdl denotethisestimateby ﬁp and refer toit asthe Petersen estimate, although
thisnameisusually givento ﬁp+a:a(b +C)/c, theestimateof total populationsize. Inpractice,
theassumptioninitalicscan beviolated in many wayswhich may be summarized asfollows.
(i) Animalscandiffer intheir inherent catchability. (i) Thecatchability of ananimal may change
after being captured and marked. (iii) The probability p can vary geographically over the
region occupied by the population, partly because the animals are more catchable in one
locality than another and also because the effort expended in catching them is not uniform
over theregion. Stratification at the selection of thefirst sample and again at the selection of
thesecond sampleis used to hel p provide estimation methodol ogy when theassumptionfails.

[2] HANSEN, M.H., HURWITZ, W.N., and BERSHAD, M.A. (1961). “Measurement Errorsin Censuses
and Surveys,” Bulletin of International Statistical Institute 38, Part 2, 359-374.

In acensus or asample survey, we may obtain observations through personal inquiry, direct
questionnaire, or other methods, of theage, income, buying performance, attitudeon aparticular
question, acreage, or other characteristic of aperson, household, farm, business, area, or other
unit. Theset of measurementsor observationsrecorded in thecollection operation ordinarily
are examined for internal consistency and acceptability, certain ‘ corrections' may be made,
and some of the entries may be coded to identify themin aclassification system. Theresults
are then summarized into totals, averages, correlations, or other statistical measures. Taken
together the coll ection and processing operati ons constitute the measurement processand are
thesourceof any measurement errors. Theauthorspresent an expression of total varianceincluding
responsevariance, sampling variance, and acovarianceterm. Ananalysi sof responsevariance
isgiven aswell as methods for the estimation of response variance.

1962

[1] DAVIDSON,L.(1962). “Retrieva of Misspelled Namesinan Airline Passenger Record System,” Conmmrunications
of the Association of Computer Machinery, 5, 169-171.

This paper discusses the limited problem of recognition and retrieval of a given misspelled
name from among a roster of severa hundred names, such as the reservation inventory for
agivenflight of alargejetairliner. A program hasbeen devel oped and operated onthe Telefile
(astored-program coreand drummemory solid-state computer) whichwill retrieve passengers

recordssuccessfully, despitesignificant misspellingseither at original entry timeor at retrieval

time. The procedure involves an automatic scoring technique which matches the namesin a
condensed form. Only those few names most closely resembling the requested name, with
their phonenumbers annexed, arepresented for theagent’ sfinal manual selection. Theprogram
has successfully isolated and retrieved names which were subjected to a number of unusual

(aswell as usual) misspellings.



1963

[1]] CHAKRABORTY,P.N.(1963). “OnaMethod of Estimating Birth and Death Ratesfrom Several Agencies,”
Calcutta Satistical Association Bulletin, 12, 106-112.

The paper aims at presenting a method of estimation of population size in the general case
of k different listings of units over alarge areafrom k different sources. Itisshown that this
estimate, which isageneralization of that of Chandrasekar and Deming (1949), isconsistent.
Anexpressionfor thelargesamplestandard error of thisestimateisgivenfor k=3. Itisfurther
shown that thisestimateisasymptotically equival ent to the maximum likelihood estimatefor
k=2. Finally, theresultsof asampling experiment are presented to show the practical usefulness
of the estimate.

[2] COALE, A.J. and ZELNIK, M. (1963). New Estimates of Fertility and Population in the United Sates,
Princeton, N.J.: Princeton University Press.

Theinaccuracy of censusenumerations has meant that conclusions are based on census data,
including per capita rates such as death rates, that have been erroneous, and to an unknown
degree. Insomeinstances, thesizeof theerror involvedissmall and of only minor significance;
inother instances, theerror may bemuchlarger and may haveledto serioudy defectiveconclusions.
Thisbook isanattempt tofill these gapsin United Statesdemographic databy providing estimates
of annual birthsand birth ratesfor thewhite population of the United Statesback tothe 1850's,
and by providing estimates of census enumeration errors, by age and sex, for the native white
and total white populations enumerated in the decennial censuses from 1880 to 1950.

[3] COCHRAN, W.G. (1963). Sampling Techniques (Second Edition), New Y ork: Wiley and Sons. [Third
Edition (1977)].

Thisbook presents acomprehensive account of sampling theory asit has been devel oped for
use in sample surveys, with illustrations to show how the theory is applied in practice.

1964

[1] BOGUE, D.J.,MISRA,B.D.,and DANDEKAR, D.P. (1964). “A New Estimate of the Negro Population
and Negro Vital Ratesin the United States, 1930-60,” Demography, Vol. I, 339-358.

Itissuspected that the African-Ameri can popul ation of the United Stateshasbeen underenumerated
by asizablepercentageat all the censuses since 1790, and theregistration of birthsand deaths
isthought to havebeenvery incomplete, especialy before 1950. Asaresult, Americandemographers
have tended to regard population statistics for African-Americans as so inadequate as to be
untrustworthy for refined analysis.

The present research takes advantage of certain facts (riseinlevel of educational attainment
and improved coverage of the African-American population in the 1960 Census) to attempt
to construct aset of estimates of what the count of African-Americans, by age and sex, would
have been at each census since 1930 had there been only an insignificant error in reporting.



In the estimation presented in this paper, the authors have avoided making use of previous
assumptionsabout underregi stration of birthsand correctnessof age statement at the childhood
ages. Theauthorsassumed that themost reliabledataavail ablefor the African-American population
are (a) thetotal census count without reference to age and (b) the registration datafor deaths
by age. Theauthorshave madetheir estimatesintwo major stages. First, they have madethem
with respect tothe 1960 Censusafter adjusting the 1960 Censusfor obviouserrorsat particular
ages. Then, by estimatingthe absolutelevd of error inthe 1960 Censusthat might apply uniformly
to al ages, they have adjusted the estimates for earlier censuses to an absolute basis.

[2] DASGUPTA, P. (1964). “On the Estimation of the Total Number of Events and of the Prababilities of
Detectingan Event from Information Supplied by Several Agencies,” Cal cutta Statistical Association
Bulletin, 13, 89-100.

Thispaper aimsat generalizing and filling the gaps of Chandrasekar and Deming (1949), and
Chakraborty (1963) by (i) finding out optimum estimates for the total number of population
units N and for the probabilities (p,) of the k listings detecting an event, (ii) working out the
variancesof theseoptimumestimates, (iii) workingout thevariancesof Chakraborty’ sestimates,
and finally, (iv) showing that the efficiency of the Chakraborty’ s estimates compared to the
estimatespresented hereisalwayslessthan unity. Inthelast section, amodel sampling experiment
has been presented to illustrate some of these findings.

[3] TAEUBER,C.and HANSEN, M.H. (1964). “ A Preliminary Evaluation of the 1960 Censusesof Population
and Housing,” Demography, Val. 1, No. 1, 1-14.

The purpose of this paper isto summarize the findings to date of the work on the evaluation
of the quality of the 1960 Census of Population and Housing.

1965

[1] JOLLY,G.M.(1965). “Explicit Estimatesfrom Capture-recapture Datawith Both Death and Immigration
— Stochastic Models,” Biometrika, 52, 225-247.

Thefirst purpose of the paper isto derive ageneral probability distribution designed to fit
themgjority of capture-recaptureproblemsinvolvinga‘single’ population. Thesecond purpose
of the paper isto show that extremely simple estimates of the population parameters exist
for a homogeneous population subject to both death and immigration.

[2] PERKINS, W.M. and JONES, C.D. (1965). “Matching for Census Coverage Checks,” Proceedings of
the Social Satistics Section, American Statistical Association, 122-139.

Inthe paper, the authors discussthe requirements of coverage evaluation that are particularly
critical to the matching. Of the requirements, undoubtedly the most important isthe fact that
coverage evaluation matching focuses on unmatched rather than matched cases.



[3] POLLACK,E.S.(1965). “Useof CensusMatching for Study of Psychiatric Admission Rates,” Proceedings
of the Social Satistics Section, American Statistical Association, 107-115.

Studiesor analysesdesigned to measuretherate of occurrence of aparticular eventinspecific
population groupsareextremely common. In most of those concernedwithillnessor mortality,
the numeratorsare obtained frominterviews, vital records, or hospital or agency caserecords
and are related to published population data. The assumptionsimplicit in such a procedure
are: (1) that each individual counted in the numerator has been enumerated in the popul ation
and (2) that eachindividual isclassifiedidentically in both numerator and popul ation denominator
with respect to the characteristics under study.

An aternative procedure involves identifying the individual s to whom the event of interest
has occurred and locating for each of these personsthe Census document used for tabul ating
populationdata. If thisprocedureissuccessful inlocatingthe censusrecordsfor al of thepersons
in the study, both of the above assumptions will be fulfilled. It is the purpose of this paper
(1) todescribe astudy using this procedure, (2) to present dataindicating therel ative success
of the census matching procedure for various groups and (3) to discuss the implications of
failure to find matching census schedules for the analysis of rates.

[4] SEBER, G.A.F. (1965). “A Note on the Multiple-recapture Census,” Biometrika, 52, 249-259.

V ariouscapture-tag-recapturemodel shave been devel oped to estimate these popul ation parameters
(e.g., Size, death rate, birth rate) with a minimum number of assumptions on the underlying
population. One such method, the multiple-recapture census, hasbeen thetopic of many papers
and is described briefly as follows. The experimenter takes a sequence of random samples
&, & .., 8, say. The members of each sample a are tagged and returned to the population
before taking the next sample. Thus the members of &, &, ..., & can be classified according
towhen, if at all, they have been captured before. Although several models havebeen devel oped
fromdifferent basi c assumptions, threepapersin particul ar by Darroch (1958, 1959) and Jolly
(1965) give the most general treatment of this method in the form of exact, fully stochastic
model swhichlend themsel vesreadily to themethod of maximum-likelihood estimation. This
paper considersthisgeneral population with both immigration and death and setsup amodel
which differsslightly fromthat of Darroch and Jolly in that certain parameters are treated as
unknown constants rather than random variables.

1966

[1] MARKS, E.S. and WAKSBERG, J. (1966). “Evaluation of Coverage in the 1960 Census of Population
Through Case-by-Case Checking,” Proceedings of the Social Stati stics Section, American Statistical
Association, 62-70. ( “Discussion,” Mauldin Parker, 89-90.)

Thereareessentially two methods of evaluating census data. Oneishby case-by-caseanalysis
of asampleof censusreturns, usingwhatever meansareavailableto uncover errorsinthecensus.
Theother isby analysisof thestati sticsthemseal ves, comparing themwith other rel ated informeation
(onbirths, desths, previouscensuscounts, etc.) and examining problemsof internal consistency.
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Thisreport describesthe use of these methodsin eval uating the coverage of the 1960 Census
and provides aternative estimates of undercounts. This paper is restricted to the results of
the case-by-case studies of the 1960 coverage. Thisincludes reinterviews and matchingthe
census against sample selected from various independent lists.

[2] SIEGEL, J.S. and ZELNIK, M. (1966). “An Evauation of Coverage in the 1960 Census of Population
by Techniquesof Demographic Analysisand by CompositeMethods,” Proceedingsof theSocial Satistics
Section: American Statistical Association, 71-85. “Discussion,” Joseph Steinberg, 86-88.

Thispaper presents (1) theresultsof studiesusing methodsof Demographic Analysistoevaluate
the 1960 Census counts, and (2) several sets of composite estimates which combine (@) the
resultsderived by variousanal ytic techniquesor (b) theresultsderived by anal ytic techniques
and the case-by-case checking techniquesinvol ving reinterviewsand matching against independent
lists discussed in the compani on paper by Marksand Waksberg. Because of the closerelation
between coverage of the total population and the accuracy of the date by age, sex, and color,
theauthors are concerned here both with overall underenumeration and with net undercounts
(or overcounts) by age, sex, and color.

1967

[1] DEMING,W.E.andKEYFITZ,N. (1967). “Theory of Surveysto Estimate Tota Population,” In Proceedings
of the World Popul ation Conference, Belgrade, 1965 (Vol. 3). New Y ork: United Nations, 141-144.

Thepurposeof thispaper i sto discusssomeof the statistical problemsencounteredin estimating
by samplingthetotal number of apopulation, without benefit of apreviouscensus, and to present
adevicefor this purpose which may have other uses aswell. The authors consider two kinds
of dtuations: (a) thepopulationisfixed, each personbeingnominaly attached in somerecognizable
manner to afixed location, such asadwelling unit; (b) the population is mobile—heretoday,
somewhere el se tomorrow. Some theory for the moving population is introduced.

1968

[1] CROXFORD, A.A. (1968). “Record Linkage in Education,” in Record Linkage in Medicine (Ed. E.D.
Acheson). London: E. and S. Livingstone, 351-358.

Thispaper isconcerned withtheofficial statisticsof studentsinthevariousfieldsof education
which are available after finishing compulsory schooling, as produced by the Department
of Education and Science (formerly the Ministry of Education). Until now, record linkage has
played little part in the production of these statistics and as a consegquence certain areas of
investigati on which are becoming of increasi ngimportanceto educational plannershave been
amost entirely unexpl ored. The second part of thispaper explainshow recordlinkageisexpected
to make good these deficiencies while the first part explainswhat these deficiencies are and
how they have been inevitable under their traditional method of collection.
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[2] JABINE, T.B.andBERSHAD, M.A. (1968). “ Some Commentson the Chandrasekar and Deming Technique
for the M easurement of Population Change,” Paper presented at CENTO Symposiumon Demographic
Satistics, Karachi, Pakistan.

Chandrasekar and Deming (1949) provided an estimation of the popul ation size when aunit
being observed by thefirst method isindependent of it being observed by the second method.
(A lessstringent assumptionisthat thereis zero correlationinthe usual 2x 2 tablefor thedual
systemestimation model.) Chandrasekar and Deming observed that it may be possibletoreduce
thebiasresulting fromlack of independenceby classifying the unitsinto homogeneousgroups
onthe basis of age, sex, and other appropriate characteristics and making the usual estimate
of size separately for each group. Thiswill be effectiveif the correlation for the contingency
table for each grouping or stratum is near zero but the correlation for the contingency table
for all stratacombinedisnot zero. The present paper considers correl ation and the bias of the
usud estimate, aswell asother sourcesof biasof theusuad estimate. It providesrecommendations
concerning the use of the method introduced by Chandrasekar and Deming.

[3] SIEGEL, J.S. (1968). “Completeness of Coverage of the Nonwhite Population in the 1960 Census and
Current Estimates, and Some Implications,” pp.13-54 in D.M. Heer (Ed.), Social Satistics and the
City: Report of a Conference Held in Washington, D.C., June 22-23, 1967. Cambridge, Mass.: Joint
Center for Urban Studies of the Massachusetts Institute of Technology and Harvard University.

It iswidely believed that the census counts for African-Americans are quite defective, and
the evidence supportsthisbelief. Themagnitude of theerrorsinthe censuscountsislesswell
known, anditisa principal subject of concerninthispaper. Thispaper largely concernsitsel f
with (1) the extent of the undercoverage of the nonwhite population in total and by age and
sex inthe 1960 Census, (2) thebasisof thesefindings, (3) somedemographicfactorsaffecting
the change in coverage between 1950 and 1960 and between 1960 and 1970, (4) the extent
of understatement of the Census Bureau' s current estimates, including those in the Current
Population Survey, and (5) theimplicationsof thefindingsfor someof thedemographic characteritics
of the nonwhite population. Thispaper showsthat in many respectsthe counts and estimates
of national population by age, sex, and color do hot serioudly distort the picture of thedemographic
situationinthe United Statesasawhole. The authors conjecture that the same can not be said
for smaller geographic areas within the country.

[4] SRINIVASAN,K.andMUTHIAH, A. (1968). “ Problemsof Matching of BirthsIdentified from Two Independent
Sources,” The Journal of Family Welfare, 14, 13-22.

Theaimof this articleistohighlight theimportanceof theproblemof selection of characteritics
and criteria to beused inmatching and their influence ontheestimatesfromdual -system estimation.

[5] WITTES, J.T.and SIDEL, V.W. (1968). “A Generalization of the Simple Capture-recapture Model with
Applications to Epidemiological Research,” Journal of Chronic Diseases, 21, 287-301.

A method has been described to estimate the efficiency of each notification source and the
total population when two or moreindependent sources are used for reporting the occurrence
of events. The method depends on the independence of the sources and, for the special case
of two sources, reduces to the simple capture-recapture model.
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1969

[1] FELLIGI,1.P.andSUNTER, A.B.(1969). “A Theory for Record Linkage,” Journal of the American Satigtical
Association, 64, 1183-1210.

A mathematical model isdevel oped to provideatheoreti cal framework for acomputer-oriented
solution to the problem of recognizing those records in two files which represent identical
persons, objects, or events(said to bematched). A comparisonistobemadebetweentherecorded
characteristicsand va uesintwo records(onefromeach file) and adecision made asto whether
or not the members of the comparison-pair represent the same person or event, or whether
thereisinsufficient evidenceto justify either of these decisions at stipulated levels of error.
Criteriafor anoptimal linkagerulearegiven. A theorem describing the construction and properties
of theoptimal linkage ruleand two coroll ariestothetheoremwhich makeit apractical working
tool are given.

[2] LEWIS, C.E. and HASSANEIN, K.M. (1969). “The Relative Effectiveness of Different Approachesto
the Surveillance of Infection among Hospitalized Patients,” Medical Care, 7, 379-384.

A method for estimating the effectiveness of systems designed to monitor the occurrence of
eventswithin apopulationisdescribed. Specific application of thismodel to the analysis of
acontrol programfor thesurveillanceof infectiousdiseasein auniversity hospital ispresented.
A reporting systemwith three sources- physicians, nurses, and bacteriol ogy laboratory - was
instituted. The effectiveness of the system ranged from 61 to 85 percent over aperiod of 12
months. There was considerabl e variation among the three sourcesin terms of their relative
effectivenessinidentification of patientswithinfections. Under the circumstancesdescribed,
the most effective two-source reporting system would have been the physicians' discharge
reports and bacteriology laboratory records.

[3] MEHTA, D.C. (1969). “Sample Registration in Gujarat, India,” Demography, Vol. 6, No. 4, 403-411.

SinceOctober, 1965, birthsand deathsinrural Gujarat State, India, have been recorded under
two independent systems in arandom sample of units. First, a part-time local “registrar” is
appointedineach sampleunit (village or segment thereof) who: preparesahouselist; conducts
abaseline survey showing the individual sin each household; and maintainsalist of the vital
events reported by informants whom he contacts fortnightly. Second, a staff member at the
rural health center isassigned part-timesupervisory and survey duties: to check theinitial listings
of theregistrar; thereafter, to inspect the registrar’ srecords at |east quarterly; and to conduct
ahousehold survey each six months, updating the househol d regi ster and recording birthsand
deathsindependently. Theregistrar’ slist issent to the district officeimmediately before the
survey, whereit is matched with the survey list forwarded by the local supervisor. A list of
unmatched eventsis returned to the supervisor who with the registrar revisits households to
resolvethediscrepancies. Under registrationisestimated to be 13to 20 percent by theregistrar
method, 8to 17 percent by the survey method. The birth rateis estimated to be about 14 and
the death rate about 19.
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1970

[1] HANSEN, M.H.and WAKSBERG, J. (1970). “ Research on Non-Sampling Errorsin Censusesand Surveys,”
Review of the International Satistical Institute 38, No. 3, 317-332.

Considerable progress has been made in the art and science of taking censuses and sample
surveys, but many problemsstill remainthat deserveextensivefurther research attention. With
afocusonmeasurement methodsand errors, theauthorsarguefor support of a strong research
and consultation program in census and sample survey methods.

[2] SIEGEL, J.S. (1970). “Coverage of Population in the 1970 Census. Preliminary Findings and Research
Plans,” Proceedings of the Social Statistics Section, American Satistical Association, 64-69.

Inview of thelimitationsof thereenumerativeand record-checking procedures(i.e., case-by-case
matching studies) in establishing the level of underenumeration in the censuses of 1960 and
1950, it hasbeen decided to empl oy demographic analysisasthe principal basisfor estimating
thelevel of under-enumerationinthe 1970 Census. Some case-by-case matching studieswill
a so be conducted and thesewill be employed in conjunctionwith the studiesusing demographic
analysisin making the final evaluation. This paper describes both methodol ogies.

1971
[1] NATIONAL ACADEMY OF SCIENCES (1971). America’s Uncounted People, Washington, D.C.

Thisreport is primarily concerned with one major segment of the vast social data-gathering
activities of the federal government—the population census—and with one specific census
problem—thefailureto enumerate an estimated 3 percent of the nation’ spopulationin recent
decennid censuses. A programof continuing researchfor better understanding of under-enumeration
isrecommendedincluding: ethnographic research, longitudinal studies, casual interview studies,
record-matching experiments, registration systems, and demographic accounting.

1972

[1] FIENBERG, S.E. (1972). “The Multiple Recapture Census for Closed Populations and Incomplete 2
Contingency Tables,” Biometrika, Vol. 59, No. 3, 591-603.

Themultiplerecapture censusfor closed popul ationsisreconsidered, assuming an underlying
multinomia samplemodd . Theresulting datacan beput intheformof anincomplete 2 contingency
table, with one missing cell, that displaysthefull multiplerecapture history of all individuals
in the population. Log linear models arefitted to thisincomplete contingency table, and the
simplest plausiblemodel that fitsthe observed cell sisprojectedto cover themissing cell, thus
yiddinganestimateof the popul ation size. Asymptotic variancesfor theestimateof thepopulation
sizeare considered, and the techniques areillustrated on apopulation of children possessing
acommon congenital anomaly.
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[2] GOODMAN,L.A.(1972). “A Genera Mode forthe Analysisof Surveys,” American Journal of Sociol ogy,
77, 1035-86.

This article shows how the combined use of direct estimation methods and indirect testing
procedures, whichwasadvocated by Goodman (1970, 1971a) canbeappliedin survey analysis.
Themethodspresentedinthepresent articlecan a so helpthesurvey analyst to determinewhether
hissurvey datasupport or negate agiven hypothesized causal system; and in some casesthese
methods can be used to determine alternative causal systemsthat provide better descriptions
of the phenomena under investigation. Included in the article are some new results on how
the relationship between two given dichotomous variablesis affected by theintroduction of
additional variables.

[3] JELINSKI, Z. and MORANDA, P.B. (1972). “Software Reliability Research,” in Statistical Computer
Performance Evaluation, (Ed. W. Freiberger). New Y ork: Academic Press, 465-484.

A software reliability study was initiated to conduct research into the nature of the software
reliability problemincludingdefinitions, contributing factorsand meansfor control . Discrepancy
reports which originated during the devel opment of two large-scal e real-time systems form
two separate primary datasourcesfor therdiability study. A mathematical model wasdevel oped
to describe the time pattern of the occurrence of discrepancies (errors).

Thismodel has been employed to estimatetheinitial (or residual) error content in a software
packageaswell asto estimatethetime between discrepanciesat any phaseof itsdevel opment.
Meansof predicting mission successonthebas sof errorswhich occur during testing aredescribed.

[4] SANATHANAN,L.(1972a). " Estimatingthe Sizeof aMultinominal Population,” Annalsof Mathematical
Satistics, 43, 142-152.

Thispaper dea swiththe problem of estimating the number of trial sof amultinomial distribution,
from an incompl ete observation of cell totals, under constraints on the cell probabilities.

[5] SANATHANAN,L.(1972b). “Moddsand Esimation Methodsin Visud Scanning Experiments,” Technometrics,
14, 813-829.

This paper deals with a problem that often arisesin visual scanning experimentsin particle
physics, viz. that of estimating the number of undetected particles from the scanning record.
Thisproblemisformulated hereasonein estimatingthesizeof amultinomial popul ationfrom
anincomplete observation of the cell totalsunder constraints on the cell probabilities. These
constraintsdiffer according to the assumptions made about the scannersand the particles, thus
giving rise to different probability models. Several models are considered here — existing
onesaswell asanew generalized model. Estimation procedurescorrespondingtothesemodels
arediscussed. A discussion of theapplicability of thetechniques presented hereto other areas
isalso included.
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1973

[1] COALE,A.J. andRIVES, Jr., N.W. (1973). “A Statistical Reconstruction of the Black Population of the
United States 1880-1970: Estimatesof TrueNumbersby Ageand Sex, Birth Rates, and Total Fertility,”
Population Index, Vol. 39, No.1, 3-36.

Theblack population of the Untied Statesexperienced negligibl einternational migrationafter
the first years of the nineteenth century. By 1880, apparently such an approach to stability
had occurred, asisevident in the similarity in general form of the age distributions of 1850,
1860, and 1880 (Farley, 1965). The absence of international migration makesthe mechanics
of the growth and age structure of closed populations applicable. This paper describes new
procedures, based on this characteristic, that the authors have used to reconstruct the black
population, distributed by age and sex, from 1880 to 1970.

[2] HOLST,L.(1973). “SomeLimit Theorems with Applicationsin Sampling Theory,” Annalsof Satistics,
1, 644-658.

As Fienberg (1992) notes, Section 7 of this paper applies results on successive sampling to
derive asymptotic distributions of the usual Petersen estimator when there are heterogeneous
capture probabilities or the effects of matching.

[3] SANATHANAN,L.(1973). “A Comparison of Some Moddsin Visud Scanning Experiments,” Technometrics,
15, 67-78.

Ina previous paper by the author (1971) several models were presented in the context of a
problemthat often arisesinvisual scanning experimentsin particlephysics, that of estimating
the number of undetected particlesfromthe scanning record. A comparison of those models
is given here, with respect to their adequacy in specific situations.

1974

[1] ERICKSEN,E. (1974). “ A Regression Method for Estimating Popul ation Changesof Local Areas,” Journal
of the American Satistical Association, Vol. 68, No. 348, 867-875.

A regression method is presented in which current sampl e dataand symptomatic information
are combined to estimate postcensal populationsfor local areas. This procedure was tested
for counties and states using 1970 Census data, and the resulting estimates were found to be
moreaccuratethan estimates computed by standard demographi ¢ proceduresfor thesameperiod.
The ratio-correlation estimates were the most accurate series of standard estimates. When
this series was added to the set of symptomatic information used in the regression method,
further increases in accuracy were obtained.

[2] FAY,R.E.(1974). “Statistical Considerationsin Estimating the Current Population of the United States,”
Ph.D. Dissertation, Department of Statistics, University of Chicago, Chicago, lllinois.

On April 26, 1973, the New York Times (Kovack, 1973) reported an estimate by the United
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StatesBureau of the Censusof thenumber of Americansmissed by the 1970 Censusof Population.
The estimate wasthat 5.3 million personswere overlooked, approximately 2.6 percent of the
total count of 203,235,000 persons. The Times further noted that “the 5.3 million estimate
of the number of persons missed in the count is not a fixed figure but what the bureau calls
‘the best estimate’ within arange of error that extendsfrom 4.8 to 5.8 million people.” The
purpose of thisstudy isto use statistical methodsto assess the uncertainty in this estimate of
5.3 million.

[3] MARKS, E.S. (1974). “Methods of Evaluating Population and Housing Census Results,” Handbook of
Population and Housing Census Methods, Part V, United Nations, New Y ork.

In any census, errors can occur at the time of enumeration and during the processing of the
raw data. If samplingisemployed, therewill also be sampling errors. The possibility of error
at either stage can be greatly reduced by the application of sound principles of censustaking
and of sampling. Some obvious enumeration errors can be detected and partially corrected
during processing as can most processing errors. Many enumeration errors, however, cannot
be detected at this stage; and complete correction for errors that are detected (e.g., omitted
ages) may not befeasible. It isgenerally assumed, therefore, that the bulk of the non-sampling
errorsin the results originates during enumeration. Accordingly, this part of the Handbook
is devoted to the types and causes of enumeration errors and the evaluation of the accuracy
of censusresults, with particular emphasi son thead hoc post-enumeration samplefield survey
as amethod of evaluation.

[4] MARKS, E.S,, SELTZER, W., and KROTKI, K.J. (1974). Population Growth Estimation: A Handbook
of Vital Satistics Measurement, New Y ork: Population Council.

Essentially, the population growth estimation (PGE) approach as used in the measurement
or evaluation of vital statisticshasthreedistinct features: the coll ection of reportsof vital events
by two quasi -independent datagathering procedures; the case-by-case matching of thereports
inthetwo systemsto determinewhich eventsarereported by both systems, and the preparation
of an estimate of the number of events adjusted for omissions, or an estimate of the relative
completeness of either system, onthe basisof thematch rates obtained. All threefactorsmust
be present for the study to be classified as one using the PGE approach.

Thepurposeof thishandbook isto provide: an explanation of what the PGE techniqueis, some
information on experiencesaround theworldinitsuse, guidance onthegeneral planningand
the detailed design of a PGE study, including questions of cost, examples of procedures that
may serve as models (even though imperfect ones) for the preparation of actual procedures,
and amethodology for dealing with the inevitable weaknessesin the procedures used and in
the estimates prepared.

[5] SCOTT, C. (1974). “The Dua Record (PGE) System for Vital Rate Measurement: Some Suggestions

for Further Development,” VVal. 2, International Population Conference, Liege, Belgium, 1973. International
Union for the Scientific Study of Population, 407-416.
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Thedud record, or dua source, system of vita ratemeasurement hasdeve oped into awel |-recogni zed
technique. Thissystem, oftentermedthe” PGE” after theoriginal applicationinthe Population
Growth Estimation project in Pakistan, is achieving a measure of standardization. Thereis
someresistance to use of the PGE system, and this paper is an attempt to sketch an approach
to the further devel opment of the system by taking acritical look at the system’ sweak points
including its complexity and sources of bias.

[6] SIEGEL, J.(1974). “Estimatesof Coverageof the Population by Sex, Race, and Ageinthe 1970 Census,”
Demography, Vol. 11, 1-23.

Thispaper represents another installment inthe Census Bureau’ scontinuing effort to publish
information regarding the quality of census data, and particularly about the compl eteness of
coverage of the population in the decennial censuses.

[7] WITTES,J.T.(1974). “Applicationsof aMultinomial Capture-recapture Model to Epidemiologica Data,”
Journal of the American Satistical Association, 69, 93-97.

A multinomial multiplerecapturemodel isusedto estimatethe size of apopul ation ascertained
by merging incompletelists, or samples, of population members. Methodsfor estimatingthe
efficienciesof eachlist, and for establishingthebasic criteriafor selecting listsare presented.
Themodd assumesthelistsareindependent samplings; atechniquefor dealing with dependent
listsisdiscussed. An example illustrates the methods.

[8] WITTES, J.T.,COLTON, T.,and SIDEL, V.W. (1974). “Capture-recapture Methods for Assessing the
Completenessof Case A scertainment When Using Multipl e Information Sources,” Journal of Chronic
Diseases, 27, 25-36.

Inthispaper, theauthorsconsider theproblem of estimatingthetotal sizeof atarget population
fromwhich astudy sample hasbeen obtained by merging namesfrom several routinely collected
ligts. Correctionsto previouswork arepresented, and di scussionsabout resul tswhen assumptions
fail are provided.

1975

[1] BISHOPR,Y.M.M.,FIENBERG, S.E.,andHOLLAND, P.W. (1975). DiscreteMultivariate Analysis: Theory
and Practice, Chapter 6, “ Estimating the Size of a Closed Population,” 229-254. Cambridge, MA.:
MIT Press.

Thischapter dealswithaspecial application: If, assometimeshappens, wehave severa samplings
or censuses, we may wish to estimate atotal count. For example, we may have several lists
of voluntary organizations from the tel ephone book, newspaper articles, and other sources.
Although eachlist may beincomplete, fromtheseveral listswewant to estimatethetotal number
of voluntary organizations (including those on none of thelists). This chapter offerswaysto
solve such multiple-census problemsby treating the datasets asincompl ete multidimensional
tables. The method is one generalization of the capture-recapture method of estimation used
in wildlife and other sampling operations.
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[2] BLUMENTHAL, S.and MARCUS, R. (1975). “Estimating Population Size with Exponential Failure,”
Journal of the American Satistical Association, 70, 913-922.

Assume J observations obtai ned by truncated sampling of apopulation of N itemswhich fall
independently according to the exponential are unknown. Estimates of N are developed and
compared. Theseare conditional and unconditional maximumlikelihood estimates, and aclass
of Bayesmodel estimates. Onthebasisof second-order asymptotic properties, one of the Bayes
estimates is singled out as most desirable.

[3] GREENFIELD, C.C. (1975). “OntheEstimation of aMissing Cell ina2x2 Contingency Table,” Journal
of the Royal Satistical Society, Series A, 138, 51-61.

Anadditiond assumptiontothat of independencein estimatingamissing cell froma2x 2 contingency
tableisproposed. Thisisapplicablewheredua systemsof datacollection have been employed.
Itissuggestedthat, particularly where human popul ationsarethe source of data, theassumption
of independence might reasonably be regarded as providing alower limit and the additional
assumption an upper limit to the value of the missing cell. A practical exampleis given.

1976

[1] CARVER,J.S.(Ed.) (1976). “ Systemsof Demographic Measurement, The Dual Record System Systens.”
Bibliography onthe Dual Record System, International Program of L aboratoriesfor Population Statistics,
The Department of Biostatistics, The University of North Carolinaat Chapel Hill, Chapel Hill, North
Carolina.

Thedual record systemisone of several measurement technigques used to produce up-to-date
information on popul ation change to supplement dataobtained fromvital registration andthe
traditional population census. The systeminvolvesthe collection of two independent records
oneachvita event occurringinthesamepopul ation. Thesetwo recordsarematched on acase-by-case
basis, and, with the use of the Chandrasekaran-Demingtechnigue, thematch ratesare utilized
to estimate the number of events missed by both methodsand to obtain an estimate of thetotal
number of births and deaths. The dual record system had two relatively independent origins:
(1) civil registration compl eteness studies made in Canada, the United States, and the Soviet
Union, and (2) experiments in demographic estimation in the developing countries, first in
Asiaand more recently in Africaand Latin America. The most comprehensive coverage of
dual record research isfound in Marks, Seltzer, and Krotki (1974). A considerable volume
of other literature and documentation on this subject iswidely scattered through avariety of
sources. This bibliography is an attempt to make these diverse materials better known and
more readily available. Thisbibliography isrestricted in coverage to research in devel oping
countries.

[2] EFRON, B.and THISTED, R.A. (1976). “Estimating the Number of Unseen Species: How Many Words
Did Shakespeare Know?,” Biometrika, 63, 435-447.

Shakespeare wrote 31534 different words, of which 14376 appeared only once, 4343 twice,

etc. Thequestion considered ishow many wordshe knew but did not use. A parametric empirical
Bayesmodel dueto Fisher and anonparametric model dueto Good and Toulmin areexamined.
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Thelatter theory isaugmented using linear programming methods. We concludethat themodels
are equivalent to supposing that Shakespeare knew at least 35000 more words.

[3] GREENFIELD, C.C.(1976). “A Revised Procedurefor Dual Record Systemsin Estimating Vital Events,”
Journal of the Royal Satistical Society, Series A, 139, 389-401.

Dual record systemsfor estimating vital eventshavetypically beendesigned withtheintention
of correctingther resultsfor biasusing an assumption of independence. Theaoperationa significance
of this assumption and that of other correcting techniques is examined.

[4] GREENFIELD, C.C.and TAM, S.M. (1976). “A Simple Approximationfor the Upper LimittotheValue
of aMissing Cell ina2x2 Contingency Table,” Journal of the Royal Statistical Society, SeriesA, 139,
96-103.

A simpleapproximation for theupper limittothevalue of amissing cell ina2x 2 contingency
tableispresented. Thisisapplicablewheredual -systemsof datacoll ection have been employed,
under specified assumptions. A table of correction factorsfor the approximationisgiven and
some empirical results for the case where one of the assumptions does not apply.

[5] PASSEL,J.S.(1976). “Provisional Evaluation of the 1970 CensusCount of American Indians,” Demography,
Vol. 13, No. 3, 397-4009.

Estimates of the American Indian population under 20 years of age on April 1, 1970, based
onbirthand death statisticsfor a20-year period, show apossi blenet undercount of 6.9 percent
for thisagegroupinthe 1970 Census. However, for someparticul ar agestheestimatesindicate
net overcountsinthecensus. Likewise, thenetincreaseof theentire American Indian popul ation
as measured by the difference between the 1960 and 1970 Censusesis 67,000 greater than
thenatural increasefor thedecade. Detail ed anal ysisof cohort datawithrespect tothepossible
causes of the differences between the estimates and the census figuresindicate that aportion
of theestimated net overcounts can beattributed to classification, aswell ascoverage, problems.
Theestimated net overcountsoffer support for the hypothesisthat many individualswhowere
registered aswhite at birth and who were counted as white in the 1960 Census shifted their
racia self-identification from white to American Indian during the 1960s.

1977

[1] EL-KHORAZATY,M.N.and SEN, P.K. (1977). “The Capture-mark-recapture Strategy asaM ethod for
Estimating the Number of EventsinaHuman Popul ationwith Datafrom Dependent Sources,” Department
of Biostatistics, University of North Carolina at Chapel Hill. Chapel Hill, North Carolina.

This paper discussesthe application of the capture-mark-recapture technique to estimate the
total number of eventsinahuman populationwhen dataareavail ablefromtwo or three sources
of information. The capture-mark-recapture stochastic models, devel oped by Seber and Jolly
aregeneralized to human popul ati ons, assuming dependenceamong the sources (source correl ation),
areal fact in most cases. Numerical examples from different fields show that the estimated
numbers of events, based on the dependent model-likelihood functions, are sensitive to such
dependence.
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[2] EL-KHORAZATY,M.N.,IMREY,P.B.,KOCH, G.G.,and WELLS, H.B. (1977). “ EstimatingtheTotal
Number of Eventswith Datafrom Multiple-record Systems: aReview of M ethodol ogical Strategies,”
International Statistical Review, 45, 129-157.

Two techniquesfor estimating atotal number of eventsare reviewed in this paper. Through
multiplerecording of thesameevent (individual or animal), themultiple- record system (MRS)
technique (used mainly for human popul ations) and the capture- mark - recapture (CMR) technique
(used mainly for animal populations) attempt to adjust for theincompl ete coverage of single
systems. The dual-record system (DRS) technique, as a special case of the MRS, has been
used rather widely to adjust for omissionsintherecording of vital events. Estimation procedures
developedfor theMRSand CM R have certain limitationsbecause of their inherent assumptions
and these may serioudly affect the estimates obtained. Theuse of alog-linear model analysis
forincompl ete contingency tables, arisingfromMRS-CM R data, asamethodol ogical strategy
for estimating thetotal number of events, allowschoosing an estimation procedurerealistically
adapted to the propertiesof actual recording sourcesof information. Moreover, theincorporation
of sourcecorrelationand/or event correationinto the estimation procedure can provideinsight
into the effectsof such factorsand the strengths and weaknesses of the statistical information
systemswhich have been implemented. On the other hand, application of the theory already
devel opedfor the CM R techniqueto human popul ations, inthe presence of sourcecorrelation,
yields more refined estimates of the population size. Comparisons of the MRS and CMR in
termsof their assumptionsand modesof application aregiveninorder toclarify their smilarities
and differences.

[3] RAJ, D. (1977). “On Estimating the Number of Vital Eventsin Demographic Surveys,” Journal of the
American Statistical Association, 72, 377-381.

Anexaminationismade of theeffectivenessof the Chandrasekar-Deming techniquefor estimating
the number of vital events using both the registration (continuous recording) of events and
aperiodic retrospective survey. It is shown that, under a general mode for response errors,
thetechnigue may produce estimatesthat are considerably biased downwards. A comparison
ismadewithanumber of other estimators. Thepossibility of improving resultsthrough double
sampling is explored.

[4] YUSKAVAGE, R.,HIRSCHBERG, D., and SCHEUREN, F. (1977). “Thelmpact on Personal and Family
Income of Adjusting the Current Population Survey for Undercoverage,” Proceedings of the Social
Satistics Section, American Statistical Association, 70-80.

Thispaper presentstheresultsof adjusting the Current Population Survey (CPS) for undercoverage,
with attention focused on theimpact of alternative adjustment procedureson thedistribution
of personal andfamily income. Inaddition, theimpact on selected popul ation characteristics
and labor force estimates are reviewed.
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1978

[1] BURNHAM, K.P. and OVERTON, W.S. (1978). “Estimation of the Size of a Closed Population When
Capture Probabilities Vary among Animals,” Biometrika, 65, 3, 625-633. (Correction (1981) 68, 1,
345.)

A model which allows capture probabilitiesto vary by individualsisintroduced for multiple
recapturestudieson closed popul ations. Theset of individual capture probabilitiesismodel ed
asarandomsamplefroman arbitrary probability distribution over theunitinterval. Theauthors
show that the capturefrequenciesareasufficient statistic. A nonparametric estimator of population
sizeisdevel oped based onthegenerdizedjackknife; thisestimator isfound to bealinear combination
of the capture frequencies. Finaly, tests of underlying assumptions are presented.

[2] GOLDBERG, J.D.andWITTES, J.T.(1978)."“ TheEstimation of False Negativesin Medical Screening,”
Biometrics, 34, 77-86.

Inamedical screening program for early detection of disease, one or more screening modes
are administered to an apparently healthy population. Knowledge of the true disease status
for all screened individuals would allow estimation of the false negative and false positive
rates for each mode of detection and for the program as awhole.

This paper devel ops capture-recapture methods applicable to programs when follow-up of
individual s negative on screening is not performed or isincomplete. The methods require
at least two independent modes of detection. Datafrom abreast cancer screening program
illustratetheprocedures. Theresultsof four screening examinationsat approximately one-year
intervals and the long-term follow-up of all screened individuals support the usefulness of
these methods in the evaluation of a screening program.

[3] GONZALEZ, M.E. and HOZA, C. (1978). “Small-Area Estimation with Application to Unemployment
and Housing Estimates,” Journal of the American Statistical Association, Vol. 73, Number 361, 7-15.

Thepurposeof thisstudy istoinvestigate methodol ogiesfor constructingintercensal estimates
of variouscharacterigticsof thepopulationfor small areas. Theproposed methodology isillustrated
mainly inthecontext of unemployment estimates, with onesection utilizing dilapidated housing
edimates. Alternativesynthetic estimatesof unemployment based onthe 1970 Census20-percent
sample are investigated and their relative error is analyzed. The reliability of the synthetic
estimatesisdiscussedinthecontext of dilapidated housing estimates. Twotypesof regression
model sare studied, and theimprovementsobtained by excluding outliersfromtheregression
are discussed.

[4] GOSSELIN, J.F.and BRACKSTONE, G.J. (1978). “The Measurement of Population Undercoveragein
the 1976 Canadian CensusUsingthe Reverse Record Check Method,” Proceedingsof the Social Satistics
Section, American Satistical Association, 230-235.

The purpose of this paper isto present adescription of the methodol ogy of the 1976 Reverse
Record Check aswell assomeof theresultsof thestudy. The ReverseRecord Check wasdesigned
to measure the incidence of undercoverage in the 1976 Canadian Census of Population and
Housing. Section 2 givessome backgroundinformation onthe Canadian Censusof Population
and Housing. Section 3 dealswith the construction of the frame and sample selection, while
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Section 4 describes the main Reverse Record Check operations. Finally, Section 5 givesan
outline of the results.

[5] KROTKI, K.J. (Ed.) (1978). Developmentsin Dual-system Estimation of Population Sze and Growth.
Edmonton: University of Alberta Press. (pp. 260)

This book explores the collection of vital statistics and the estimation of population size by
twoindependent systems, and comparing theresultson aname-by-namebasis. Thisbook discusses
anumber of theoretical issuesrelated to dual-systems of data collection, practical problems
that arise in carrying out such systems, reportsin detail on selected surveys (particularly in
Africawherevital statisticssystemsare notably weak), and summarizesactual surveysaswell
asthe state of the art.

[6] LANCASTER, C.and SCHEUREN, F. (1978). “Countingthe Uncountablelllegals. Somelnitial Statistical
Specul ations Employing Capture-recapture Techniques,” Proceedingsof the Social Satistics Section,
1977: Part |., American Satistical Association, 530-535.

Thispaper providessomeinitial statistical speculationsonthenumber of illegal aliensresiding
intheUnited States. Theresultscomefromthe 1973 CPS-IRS-SSA Exact Match Study which
was conducted by the Census Bureau and the Social Security Administration, assisted by the
Internal Revenue Service. Direct estimatesare presented only for theage group 18to 44 years
old as of April 1973; however, there are some discussions of ways, using other sources, that
one can extend these figuresto all age groups and project them forward in time.

[7] NATIONAL RESEARCH COUNCIL (1978). CountingthePeoplein 1980: An Appraisal of CensusPlans,
Washington, D.C.: National Academy Press.

Thisreport documents the work, findings, and recommendations of the 14-member Panel on
Decennial Census Planswhichwas established in December 1977. The Panel wasgiven four
charges: (1) toexaminedecennial censusimprovement plans, (2) to review proposed procedures
for handling contested counts, (3) toinvestigatethefeasibility of adjusting censuscounts, and
subsequent population estimates, for underenumeration, and assess the implications of such
procedures, and (4) to consider plans to evaluate the 1980 Census and recommend steps to
improve planning for subsequent censuses. In order that Panel recommendationsmight influence
the 1980 Census, the evaluation was to be completed in six months.

[8] OTIS,D.L.,BURNHAM,K.P.,,WHITE, G.C.,and ANDERSON, D.R. (1978). “ Statistical Inferencefrom
Capture Dataon Closed Animal Populations,” Wildlife Monographs, 62, Washington, D.C.: Wildlife
Society.

This publication treatsinference procedures for certain types of capture dataon closed (i.e.,

thepopul ation sizeiscongtant over the period of investigation) animal populations. Theaobjectives
of this publication are twofold:

() togiveathoroughtreatment of the estimation of population size given multiple capture
occasions assuming there may exist 3 major types of variationin capture probabilities;

(2) toextend and make available a procedure for estimating density (number of animals
per unit area) from grid trapping studies.
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[9] SIRKEN,M.G.(1978). Dual-system EstimatorsBased on Multiplicity Surveys(With Discussion). Chapter
4in Devel opmentsin Dual-SystemEstimati on of Popul ation Szeand Growth, (Ed. K. Krotki). Edmonton:
University of Alberta Press, 81-91.

Thispaper isconcerned withthe problem of improving thereliability of dual-systemestimators
of vital statistics derived from single retrospective sample surveys. The paper’s objectives
istoinvestigate the effect of alternative counting rulesin single retrospective surveys on the
sampling errorsof dual system estimatorsof vital statistics, especially mortality statistics. The
aternative counting rules considered are conventional and multiplicity. Thereisadifference
between conventional and multiplicity rulesin singleretrospectivesurveys. Theconventional
counting ruledistributesthevital eventsthat occurred during the reference period among the
housing units such that every event isuniquely linked to and hence eligible to be enumerated
at only onehousing unit. In household surveys, conventional countingrulesareoftenreferred
to asresidencerules. Onthe other hand, amultiplicity rule distributesvital eventsamong the
housing units such that every event islinked to one or more housing unitswhereitiséeligible
tobeenumerated. Multiplicity ruleshavebeen proposed that woul d link personswho experienced
vital eventsto the residences of their relatives.

Thetechniqueisof major potential pay-off: by significantly reducing the sampling variance
of estimates of births and deaths, it may permit amajor reduction of sample sizes and hence
COsts.

[10] SIRKEN, M., GRAUBARD, B.,andLAVALLEY,R.(1978). “Evaluation of CensusPopulation Coverage
by Network Surveys,” Proceedingsof the Section on Survey Resear ch Methods, American Satistical
Association, 239-244.

The Census Bureau iscurrently testing and devel oping the post-enumeration survey methods
(dual system estimation) that it will useto eval uate the compl eteness of population coverage
inthe 1980 Census. But thereisconcern about thelevel of correlation biasunder dual-system
estimation duetofailureof independency. Thenetwork (multiplicity) survey representsanew
approach for designing post-enumeration surveysthat is currently being investigated by the
Census Bureau. For testing, the post-enumeration survey (PES) and the post-enumeration
multiplicity survey (PEMS) are both envisioned as household sample surveys of which one
would be conducted after the census. Except for the countingrule, the design features of both
surveysarevirtually the same. The PES adoptsadejureresidencerule, and the PEM Sadopts
amultiplicity counting rule. The de jure residence rule specifiesthat people are eligible to
beenumerated only at their usual placesof residence. Ontheother hand, themultiplicity counting
rule adopted by PEM S specifiesthat people are eligible to be enumerated at the households
of specified closerelativesaswell asat their owndejureresidences. Dual system estimators
are investigated under both approaches with a focus on when PEM S would have a smaller
correlation bias than PES.
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1979

[1] FAY,R.E., lll and HERRIOT, R.A. (1979). “Estimates of Income for Small Places: An Application of
James-Stein Procedures to Census Data,” Journal of the American Statistical Association, Vol. 74,
No. 366, Part |, 269-277.

An adaptation of the James-Stein estimator i sapplied to sampl e estimates of incomefor small
places(i.e., populationlessthan 1,000) fromthe 1970 Censusof Population and Housing. The
adaptationincorporateslinear regressioninthecontext of unequal variances. Evidenceispresented
that the resulting estimates have smaller average error than either the sample estimates or an
aternate procedure of using country averages. The new estimatesfor these small places now
formthebasisfor the CensusBureau’ supdated estimates of per capitaincomefor the General
Revenue Sharing Program.

[2] HEER, D.M. (1979). “Whatisthe Annual Net Flow of Undocumented Mexican Immigrantsto the United
States?,” Demography, Vol. 16, No. 3, 417-423.

Senior government officialshave claimed that in recent yearsan average of 1.4 millionillegal
aienshave entered the United States annually without apprehension. This conjectural figure
doesnot takeinto account thefact that the net flow of immigrantsisalwayslessthanthegross
flow. Inthispaper, seven estimatesare made concerning the net flow of undocumented Mexican
immigrants to the United States in the period 1970-1975. These estimates are based on the
growth of the population of Mexican origin accordingtothe Current Popul ation Survey. According
to these estimates the annual net flow ranged from 82,300 to 232,400 persons.

[3] KEYFITZ,N.(1979). “Informationand Allocation: Two Usesof the1980 Census,” The American Statistician,
Vol. 33, No. 2 (withdiscussion):45-55. Discussion of three approachesto adj usting, with recommendations
for synthetic estimation. (Commentsby Harold Nisselsonand Harry V.. Roberts, 50-54, with “Rejoinder”
by Keyfitz, 55-56.)

This paper argues for ssimplicity and for a convention agreed on in advance. Any adjustment
of thecensusshould besimpleand understandable. A convention should beagreed oninadvance
of the announcement of the censusfigures. The convention may be the count as made by the
methods used inthe past, or it may bethe count adjusted for racein somesimpleway. A third
possibility is asking a trusted agency (say the Census Bureau itself) to improve the figures
that come out of the census process by using its discretion. If this possibility were followed,
the convention would consist in agreement to accept whatever the agency produced.

[4] KISH, L. (1979). “Samplesand Censuses,” International Statistical Review, 47, 99-109.

Tworelated topicsreceive brief but comprehensivereviews, for guiding decisionsabout three
sourcesfor collectingdata. First, therelative advantages of samples, censuses, and registers
arecompared along eight criteria: cost, detail, timeliness, relevance, etc. Second, 15 methods
areindicated for using samples in connection with censuses; they are sorted into five kinds
of purposes: as substitutesfor, or asaidsto, censuses; sampling from census tapes; censuses
asauxiliary datafor sampling. Finally, current and future paths are indicated for combining
the strengths of the three sources, in order to obtain accurate estimates which are both timely
and detailed for local areas and small domains.
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[5] ROBINSON,J.G.andSIEGEL, J.(1979). “lllustrative Assessment of thelmpact of CensusUnder-enumeration
and Income Underreporting on Revenue Sharing Allocations at the Local Level,” Proceedings of the
Social Satistics Section, American Statistical Association, 646-656.

The specific purpose of this study isto assessillustratively the effect of under-enumeration
of the population, and the underreporting of income, on the distribution of Revenue Sharing
funds among the counties and local areas in two States, New Jersey and Maryland.

1980

[1] Conferenceon CensusUndercount, July 1980. Proceedingsof the 1980 Conference, Washington, D.C.:
Government Printing Office.

a) “Maor Conference Findings,” Conrad Taeuber, 3-4.

Although it was not expected that the conference participants would reach unanimity on the
issuesexamined at the conference, Conrad Taeuber (Conference Chairman, Georgetown University)
did note the following general directions identified in the discussion:

« Obtain as nearly as possible a complete count.

» Thereappearedtobegenerd consensusthat someform of adjustment for theundercount
is needed.

» Therewaslack of agreement onthedesirability of making adjustmentstothetraditional
census reporting for apportionment.

» Therewasonestrong statement arguing that no adj ustment should bemade. It wasfelt
that the presumed greater accuracy of adjusted countswould not becritical to business
users. In addition, the improvement in accuracy would not offset the delaysinvolved
and the confusion of “two sets of books.”

» Thereappearedto begeneral support for theview that if an adjustment wereto bemade,
it should be as simple as possible.

» There was some uncertainty concerning the timetable under which any adjustments
might bemade. If full reliancewereto be placed on demographic methodsof estimating
theundercount, theresultswould beavail ableearlier thanif theresultsof the postenumeration
survey are to be brought into the computations.

» Userswould probably be willing to sacrifice some fine tuning of the estimates of the
undercount if that wouldleadto amoretimely rel ease of theestimatesand of any adjustments
that might be made.

» Therewasgeneral agreement that the decision to adjust or not should be made before
the census results are available.

» Therewaslittlediscussion of the forminwhich adjusted numbers should berel eased.

» Therearespecial problemsinvolved in securing adjustment factorsfor Hispanicsand
other minority groups.

» Thesubject of illegal aliensor undocumented workerswasdiscussed asaquestion that
needs to be recognized, though there was no clear proposal by which they might be
included in estimates of the undercount.

» Itwaspresumed that adjustments, if any, would contributeto equity inthedistribution
of funds and any other benefits.
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b)

d)

f)

» Areview of thedatistica nesdsof Federd agendesled tothe conclusionthat theunderreporting
of incomein the census was potentially amore difficult issue than the undercount of
population.

»  Somereferencewasmadetothevariety of provisionsinthelawsgoverningthedistribution
of fundsfromthe Federal Government. Somelawsspecify themost recent census, others
speak of estimates by the Department of Commerce, and thereareanumber of variants
of these.

» Therewererepeated referencestothedifferencebetween“imputations’ and“ adjustments.”
It was pointed out that the proposed adjustments would not be significantly different
fromthe proceduresused for 1970 when additionswere madeto theenumerated popul ation.
The post-enumeration post office check and the vacancy check in connection with the
1970 Census were viewed as on the thin edge.

» Therewasacal for moreandintensiveresearchintothemeansof reducing theundercount
aswell asinto appropriate methods for making adjustments.

» Therewasapleathat the datafrom any post-enumeration analysis be made available
promptly toresearch workersoutsidethe Bureau of the Censusfor independent analyses.

» Attention was called to the likelihood that the undercount would lead to adilution of
the strength of liberal and big city representatives in the House.

“The Bureau' s Agenda on the Undercount Decision,” Vincent Barabba, 5.

TheDirector of the Census Bureau outlineshow the Census Bureau plansto usethe comments
from this conference in its decision process for deciding whether or not to adjust the 1980
Census.

“Census Undercount: Time to Adjust,” Robert Garcia, 12-14.

Congressman Garciaargued for the need to adjust censusresults, urged aconsensus, and supported
Keyfitz's (1980) call for a convention in advance.

“The Census Bureau Experience and Plans,” J.S. Siegel and Charles Jones, 15-24.
Thisdocument includesasummary of previouseva uation programsandtheir results, adescription
of thevarioustechniquescurrently planned for usein measuring the coverage of the 1980 Census,
the plansfor combining the various estimates, aswell as adiscussion of the effects of census
errors on fund allocations.

“Facing the Fact of Census Incompleteness,” Nathan Keyfitz, 27-36.

Thispaper expressesno preferenceamong the optionsfor handling the undercount, but attempts
to set forth the advantages and drawbacks of each. The reader who is concerned only with
actionontheundercount can proceed directly to the concluding section and seewherehispreferences
fall.

“Adjusting for Decennial Census Undercount: An Environmental Impact Statement,”
Peter Francese, 37-43.

In an effort to determine the impact of adjusting for census undercount, this paper follows
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9)

h)

)

K)

thisformat: any unavoidable adverse effects, any irreversible commitment of resources, the
possibleimpact onlong-termuseor productivity, any mitigating measuresthat might betaken,
and any alternatives to the proposed action.

“The Congressional Perspective,” Daniel P. Moynihan, 49-51.
Senator Moynihan challenged the conference to address three questions:
(1) What does the Constitution require?

(2) Assumingthatitwill never bepossibleto obtainacompleteenumerationthroughtraditional census
procedures, what istheavail ability and reliability of methodsby which completenessand accuracy
can be enhanced?

(3) What usesshould be made of the estimated popul ation dataas opposed to theenumerated popul ation
data?

He further challenged the conference, the Secretary of Commerce, and the Census Bureau
“...tomake every effort that can be made within the bounds of sound statistical methodol ogy
to estimate the undercount and to publish the results of these estimates.”

“Can Regression Be Used to Estimate Local Undercount Adjustments?’, Eugene Ericksen, 55-61.

Theabjectiveof thispaper i sto discussthe problemsand challengesof derivingfinal estimates
of local undercount.

“Modifying Census Counts,” |. Richard Savage, 62-75.
Thispaper discussed the needsfor modification of population countsand the associated problems.
“Diverse Adjustments for Missing Data,” Leslie Kish, 83-87.

Thispaper discusses (1) typesof missingdata, (2) diverseeffectsondifferent statisticsof missing
data, (3) methods of adjustments for the census undercounts, and (4) policy decision about
adjustments for census undercounts.

“TheAnadysisof CensusUndercount From aPost-Enumeration Survey,” A.P. Dempster and T.J. Tomberlin,
88-94.

Morespecificdly, anintensiveanalysisof apost-enumeration survey (PES) isseenaspotentially
very informative. Empirical Bayes analysis of logistic modelswith random effects opens up
awiderange of modelswhich apriori seemtoreflect theinherent structurein acomplex PES
and, inaddition, could lead toimproved estimates of census undercount for small subgroups.
A Bayesian analogueto the simpl e rati o-expansi on technique for extrapol ating fromthe PES
estimates to the population using census data is presented, and the extent of uncertainty in
the estimates obtained i s seen asbeing availablethrough their approximate posterior variances.
Finally, some comments are made with regard to the implications of these proposals on the
design of aPES.
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) “SomeEmpirical BayesA pproachesto Estimatingthe 1980 CensusUndercount for Counties,” Robert
E. Fay, 11, 95-99.

Thefocusof thispaper ison the technical issues associated with the estimation of net census
error, asopposed to the policy issues arising from adj ustment of the census counts. Also the
paper proceedson apresumptionthat therewill betol erance of potentially complex estimation
procedures, provided that such an approach can be shownto haveattractive statistical properties.
The author seeks: (1) to outline for the purposes of other researchers the basic scope of the
evaluation data; (2) to emphasi ze aspects of the datathat may impact on the question of small
area estimation; and (3) to sketch a possible program of estimation that might be devel oped
to produce estimates for counties and other sub-State areas.

m) “The Impact of Census Undercoverage on Federal Programs,” Courtenay M. Slater, 107-111.

Thispaper attemptsto identify someof the Federal program consi derati onswhich should enter
into decisions on whether corrections for census underenumeration should be made and, if
so, how they should be made statistically.

n) “Thelmpact of the Undercount on Stateand L ocal Government Transfers,” Herrington J. Bryce, 112-124.

Billions of dollars from the Federal Government are distributed annually among State and
local governments on the basis of their population size. In addition to Federal funds, State
governmentsalso distributerevenuestotheir localitiesonthebasi sof populationsize. Although
thereare no currently precise estimates, it isaccurateto concludethat literally tensof billions
of Federal and State dollars are distributed on the basis of populations. This paper considers
theimpact of acensusundercount on thisdistribution process. Itlooksat somespecific programs,
identifies potential losers and gainers, and analyzes the equity of readjustment of the census
for the undercount.

0) “TheSynthetic Method: ItsFeasibility for Derivingthe CensusUndercount for Statesand Local Areas,”
Robert B. Hill, 129-141.

Thereiswidespread agreement that some adjustment of the population figuresfor Statesand
local areasto correct for thecensusundercount isdesirabl e. But thereislittleconsensusregarding
such related issues as.

(d) What methods can be used to correct for the census undercount for Statesand local areas
— the synthetic, demographic, or matching method?

(b) Whichmethodismost feasibleandreliablefor adjustingfor theundercount for localities?

(c) Shouldadjusted populationfiguresbeused for purposesof political apportionment aswell
asfor financia alocations to states and localities?

Thispaper attemptsto addressthesequestionsby ngthecomparativestrengthsand weeknesses
of the synthetic method for adjusting the census undercount for states and local areas.
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p)

Q)

)

Thesecond section of thispaper briefly describesthe synthetic method anditsbasi c assumptions,
whilethethird section provides an overview of research studiesthat have used the synthetic
method. In the fourth section, the comparative advantages and di sadvantages of the synthetic
method areassessed accordingtovariouscriteria: internal consistency, simplicity, timeliness,
flexibility, equity, and reliability. The concluding section proposes specific recommendations
for using the synthetic method to adjust for the census undercount for states and local areas.

“Thelmpact of An Adjustment tothe 1980 Censuson Congressional and L egid ative Reapportionment,”
Carl P. Carlucci, 145-152.

The most common discussions of reapportionment and redistricting focusing on questions
of legd rulingsand court intent areaddressed. Thispaper discussesregpportionment and redistricting
as impacted by adjustment of the 1980 Census.

“Adjustment for Census Underenumeration: The Australian Situation,” Brian Doyle, 157-163.

Following some background on Australia and its political system, this paper examines what
has been done in Australia with regard to underenumeration in the census.

“Census Undercount: The International Experience,” Meyer Zitter and Edith K. McArthur, 164-180.

Thispaper reviewstheexperience of other countriesonthegeneral issueof censusundercount.
It isdesigned to providetone and flavor asto the general level of concern of other devel oped
and devel oping countries on the undercount issue.

“Lega and Condtitutiona Constraintson CensusUndercount Adjustment,” Donald P. McCullum, 185-188.

Thispaper presentsthedevel opinglaw on the utili zati on and adj ustment of the decennia census
of population. The permissibility of adjustmentsto the census undercount for apportionment
of Representativesin Congress, and dlowed deviationsfor federaly funded programsarereviewed.
Feasiblelegal considerations by the Bureau of the Censusto adjust the census undercount for
the 1980 decennial census and the mid-decade census of 1985 are suggested.

“Should the Census Count Be Adjusted for Allocation Purposes. Equity Considerations,” IvanP. Fellegi,
193-203.

This paper examines avery special kind of census datause: itslegisated utilization asinput
toformulasonthebasisof whichfundsareallocated fromonelevel of government to another.
Totheextent that the census counts are subj ect to underenumeration, their usefor thispurpose
representsadeviation fromthelegisliated intent that (implicitly) assumesthe countsto befree
of error.

“Implicationsof Equity and Accuracy for Undercount Adjustment: A Decision-Theoretic Approach,”
Bruce Spencer, 204-216.

Thispaper addresses considerationsof accuracy and equity separately. Theauthor next considers

how to make adjustments that maximize equity, subject to the accuracy of the estimates of
undercount and given criteria of equity. lllustrative calculations are presented.
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[2] DARROCH, J.N. and RATCLIFF, D. (1980). “A Note on Capture-Recapture Estimation,” Biometrics,
36, 149-153.

A new estimate of the si ze of aclosed popul ation whenthe samplesare of sizeoneisconsidered.
It is adapted from Robbin’ s estimate of the total probability of the unobserved outcomes of
an experiment and isinteresting because of its high efficiency. The bias and variance of the
new estimate, and those of the maximum likelihood estimate, are examined numerically.

[3] DOYLE, B. and CHAMBERS, R. (1980). “Census Evaluationin Australia,” Proceedings of the Section
on Survey Research Methods, American Statistical Association, 275-280.

Most discussions on census eval uation concentrate on studiesthat have been conducted after
censusday. This paper commencesin asimilar vein, with adiscussion of the use made of
theeva uation studiesconducted after the 1976 Census. Theemphasisthen shiftstoadiscussion
of thepre-censuseva uationfor the 1981 Censusand coverstwo main aspects: (1) the procedures
that were involved in evaluating whether atopic should be included in the 1981 Census, and
(2) the processes of ensuring that accurate information would be collected.

[4] GONZALEZ, M. (1980). “Characteristicsof Formulasand DataUsed inthe Allocation of Federal Funds,”
The American Satistician, Vol. 34, No. 4, 200-211.

Theformulasand dataused for 13 federal programsthat all ocatefundsto stateand local areas
are described. Suggestionsfor types of formulas and data appropriate for allocation of funds
aremade. Somerecommendationsinthe Report for Satisticsfor Allocation of Fundspublished
by the Office of Federal Statistical Policy and Standards are discussed The possible effects
of the formulas and data used in the allocation of funds for federal programs are examined
in the light of the recommendations given in the report.

[5] GOSSELIN, J.F.(1980). “ReverseRecord Check: Tracing Peoplein Canada,” Survey Methodology, Vol.
6, No. 1, 84-103.

The Reverse Record Check is the main vehicle used to assess the level of undercoveragein
the Canadian Censusof Population. A sampl eof personsissel ected from sourcesindependent
of the current census and extensive tracing operations are undertaken to determine the usual
addressof each sel ected person asof Censusday. Censusrecordsarethen checkedto determine
whether or not each selected person was enumerated. Thetracingisby far the most complex,
costly and time-consuming operation associated with thisstudy. It involves extensive use of
administrativerecordsaswell astracinginthefield. Thispaper describesthevarioustracing
methods used as well as the success obtained from each of them.

[6] GOSSELIN, J.F.and BRACKSTONE, G.J. (1980). “Reverse Record Check: Tracing Peoplein Canada,”
Stti stics Canada, Proceedingsof the Section on Survey Resear ch Methods, American Satistical Association,
269-274.

This paper describes the various tracing methods used as well as the success obtained from
each of them. A brief description of the methodol ogy of the study will first be presented. The
ReverseRecord Check methodisgenerally recognized asoneof thebest proceduresto evaluate
the level of undercoverage in the census. The main advantage of this method lies in the
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fact that it doesnotinvolveany formof re-enumerationwhich generally leadsto underestimates
of coverage errors because of the strong tendency for persons missed in the census also
to be missed in the reenumeration process.

[7] HOGAN, H. and COWAN, C.D. (1980). “Imputations, Response Errors, and Matching in Dual System
Estimation,” Proceedingsof the Section on Survey Resear ch Methods, American Statistical Association,
263-268.

The authors propose a simple solution when imputations create problems for matching that
isneededindual systemestimation. Their proposed solution - “ one shoul d determinethe number
of nonmatchabl e casesand subtract them fromthe countsof both systems.” The paper discusses
this proposed solution.

[8] NATIONAL RESEARCH COUNCIL (1980). Estimating Populationand Incomeof Small Areas, National
Academy Press, Washington, D.C.

Thisreport presentsthework, findings, and recommendationsof aPanel on Small-AreaEstimates
of Population and Incomewhichwasformed at the request of the Census Bureau and charged
with the general task of evaluating the Census Bureau’ s procedures for making postcensal
estimates of population and per capitaincome for local areas. More specificaly, the Panel
wasasked toreview methodscurrently used and possible alternate methods, review datasources
currently used and possiblealternate sources, and assess|evel sof accuracy of current estimates
in light of the uses made of them and of the effects of potential errors on these uses.

[9] PASSEL, J.S. and ROBINSON, J.G. (1980). “Estimating Coverage of the 1980 United States Census:
Demographic Analysis,” Proceedingsof the Section on Survey Resear ch Methods, American Satistical
Association, 259-262.

The Census Bureau' s plan for evaluating the completeness of coverage of the 1980 Census
will include Demographic Analysis. Demographic analysis as atool for census evaluation
involves devel oping expected values for the population in various categories (such as age,
sex, race categories) at the census date by the combination and manipul ation of varioustypes
of demographic dataand then comparing these val ueswith the corresponding census counts.
Theaccuracy of themethod dependson thequality of the demographi c dataand the corrections.
Thispaper presentsan overview of thedemographicanays sbeing plannedto eval uate coverage
of the 1980 Census.

[10] SPITLER,JF.and ARRIAGA, E.E. (1980). “Missingand Misplaced Persons: The Caseof CensusEvduation
in Developing Countries,” U.S. Bureau of the Census. Proceedingsof the Section on Survey Research
Methods, American Statistical Association, 281-286.

Thepurposeof thispaper istodiscusstheutility individua record checksand aggregate comparisons
offer in population census coverage evaluation.
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[11] THOMPSON,J.andBRITTON, M. (1980). “ Some Socio-Economic Differentialsin Fertility in England
andWales,” in Demographic Patternsin Devel oped Societies, Vol. XIX, (Ed. R.W. Hiorns). London:
Taylor & Francis, 1-13.

This paper looks at some of the more recent information on family size differentialsyielded
by the 1971 Censusand the General Household Survey and registration dataintheperiod 1971
t01976. Theaspectspicked out for particular examination arethe social group of thehusband
and wifein combination (where sheisworking), the terminal age of full-time education, and
country of birth of the women.

[12] U.S.BUREAU OF THE CENSUS(1980). “ CensusUndercount Adjustment: Basisfor Decision,” Proceedings
of the Second Census Under count Workshop, September 2-5, 1980, Washington, D.C.: Government
Printing Office.

Thisreport examinesthemost critical underlying assumptionsthat webelieveestablish aproper
framework for decidingwhether, when, and how to adjust 1980 Censusresultsfor undercoverage.
Its purposesareto distill into meaningful information two years of deliberation on theissues,
and to provide adirect and practical response mechanism for afinal round of comment and
discussion beforedecisionsaremadelater thisyear. Thisvolumecontainstheworkshop papers
and the discussion of the papers at the conference.

[13] U.S.BUREAU OF THE CENSUS, (December 16, 1980). “Position on Adjustment of the 1980 Census
Counts for Underenumeration,” Federal Register, Vol. 45, No. 243, 82872-82885.

Thisnoticetransmitsthe CensusBureau’ sdecision onwhether and how astatistical adjustment
of censusdatashould beimplemented. Thisdecisionispresentedindependent of thepending
judicial actionsthat may impaose other procedures, timing, or applications. In afew words,
itstates, “...At present, the Bureau hasno sound statistical basisfor estimating thetrue undercount
or introducing adjustments.”

[14] WARREN, R. and PECK, J.M. (1980). “ Foreign-Born Emigrationfromthe United States: 1960t0 1970,”
Demography, Vol. 17, No. 1, 71-84.

Thispaper presentsestimatesof emigration of foreign-born personsby ageand sex from 1960
to 1970, based on 1960 and 1970 Census counts of the foreign-born population, adjusted life
table survival rates, and annual statistics on alien immigration published by the Immigration
and Naturalization Service. The effects of nativity bias are discussed.

1981

[1] BOGUE, D.S. (1981). “Against Adjustment.” Commentaries. Census Politics, Society, Vol. 18, No. 2,
January/February, 18.

Opposition to adjust the 1980 Census count for underenumeration is expressed.
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[2] CASTELDINE,B.J.(1981). “A Bayesian Analysisof Multiple-recapture Sampling for aClosed Population,”
Biometrika, 67, 197-210.

Thispaper considersfrom aBayesian viewpoint inferencesabout the size of aclosed animal
popul ation from dataobtai ned by amulti ple-recapture sampling scheme. The method devel oped
enables prior information about the population size and the catch probabilitiesto be utilized
to produce considerableimprovementsin certain caseson ordinary maximumlikelihood methods.
Severa ways of expressing such prior information are explored and a practical example of
the uses of thesewaysisgiven. Themainresult of the paper isan approximationto the posterior
distribution of samplesizethat exhibitsthe contributionsmade by thelikelihood and the prior
ideas.

[3] CORMACK,R.M.(1981). “Loglinear Model sfor Capture-Recapture Experimentson Open Populations,”
in TheMathematical Theory of the Dynami csof Biological Populationsl||, Proceedingsof aconference
organized by Institute of Mathematicsandits A pplications, Oxford, 1-3 July, 1980. (Eds. R.W. Hiorns
and D. Cooke). London: Academic Press, 197-215.

The paper devel ops a sequence of modelsrepresenting aclosed population, birth, death, trap
dependence, with variables or constant sampling effort, and shows how the GLIM computer
package can readily be used to select the model from among combinations of these factors
most appropriate for the data set.

[4] DURAN, JW. and WIORKOWSKI, J.J. (1981). “Capture-recapture Sampling for Estimating Software
Error Content,” IEEE Transactions on Software Engineering, SE-7, 147-148.

Mills' capture-recapture sampling method allows the estimation of the number of errorsin
aprogram by randomly inserting known errors and then testing the program for both inserted
andindigenouserrors. Thiscorrespondenceshowshow correct confidencelimitsand maximum
likelihood estimates can be obtained fromthetest results. Both fixed sample sizetesting and
sequential testing are considered.

[5] GREENE,M.A.andSTOLLMACK, S.(1981). “EdimatingtheNumber of Criminas,” inModé sIn Quantitative
Criminology, (Ed. J.A. Fox). New York: Academic Press, 1-24.

Thischapter devel opsand appliesamethodol ogy for estimating thes ze of thecriminal population
fromarrest history records. Thefirst section outlinesthe conceptual framework and thearray
of methodsthat can be applied to thisproblem and then presentsamathematical devel opment
of the specific method chosen. Section |1 appliesthe methodology to aset of arrest histories
for adults from Washington, D.C. The data are then described, followed by a discussion of
results. Sectionlll concludesby discussing other areasof criminology that contain applications
for this methodology. We focus on the application of parametric models, specifically those
based on the Poisson distribution.

[6] HAUSER, P.M. (1981). “The U.S. Census Undercount,” Asian and Pacific Census Forum. November
1981, Vol. 8, No. 2, 1-10.

Thewaorst problem encountered in the 1980 U.S. Censuswasthelitigation over the accuracy
of the count —more than 50 lawsuits were filed against the Bureau of the Census, forcing the
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bureau to answer for itspoliciesand procedures. Thisarticlediscussesthe problemand offers
some solutions.

[7] KEYFITZ,N. (1981). “ Statistics, Law, and Census Reporting,” Commentaries: Census Politics, Society,
Vol. 18, No. 2, January/February, 5-12.

Thepurposeof thecensusisnot to establish thetotal population of theU.S.—that can beobtained
from births, immigration, and other sources— but to find the populations and characteristics
of some39,000 states, cities, and smaller jurisdictions, anevenlarger number of censustracts,
and other geographical detail. We arein the midst of a major redistribution of population,
and another purposeof taking censusesisto show suchredistributions. A combination of €lements
out of the past presentsthe Bureau with some of the most puzzling dilemmasthat statisticians
have had to face. This paper discusses these dilemmas.

[8] KIRK,D.(1981). “Politicsof Demography,” Commentaries CensusPalitics Society, Val. 18, No. 2, January/February,
22-25.

This paper discusses why the decennial census is the center of intensive and bitter political
controversy.

[9] MAXIM,L.D.,HARRINGTON,L.,andKENNEDY, M. (1981). “A Capture-recapture Approachfor Estimation
of Detection Probabilitiesin Aerial Surveys,” Photogrammetric Engineering and Remote Sensing,
47, 779-788.

A simpleapproach for estimating detection probabilitiesfromimagery when ground truth data
are non-existent is presented. Based upon what are termed capture-recapture statistics, the
method requires only an independent examination of the imagery by two or more observers.
In its simplest form the approach requires the assumptions that detections are independent
andthat nofalsepositivesoccur. Whendatafromthreeor moreobserversareavail able, checks
upon model assumptions can be performed and | essrestrictivemodel scan bedevel oped. The
approach isillustrated with several numerical examples.

[10] RYDER, N.B. (1981). “Demographic Uncertainty,” Commentaries. Census Palitics, Society, Vol. 18,
No. 2, January/February, 14.

Demographers successin employing analytic methods to estimate undercount is the topic of
discussion. Thenotefocusesonthelimitationsof demographic anaysisin estimating undercount
in acensus.

[11] TRUSSELL, J.(1981). “Should State and L ocal AreaCensus Counts Be Adjusted?,” Population Index,
47 (1), 4-12.

The Bureau of the Census has conducted extensive research to eval uate the compl eteness of
enumeration of theU.S. Populationinthe Censusesof 1950, 1960, and 1970. Whilethefindings
of these studiesdiffer in detail, acommon finding isthat of differential completeness by sex,
age, and particularly race. Therecognitionthat blacks, and particularly black mal es, arethought
to have been selectively underenumerated hasled to much public concernthat rel atively large
proportions of other minority groups, especially Hispanics, were also not counted. Hence,
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there has arisen an acute demand for the Census Bureau to adjust the population counts for
local and state areas to eliminate the distortion caused by selective underenumeration.

Two methods of estimating the undercount have been proposed, and the results of each can
beused to obtainadjustedfigures. Bothleve sand geographicd patternsof estimated underenumeration
differ according to the methodology and assumptions employed. Does one method appear
to besuperior totheother and, therefore, doesoneparticul ar set of estimatesappear tobemore
soundly based? Morever, evenif onemethodol ogy isjudged superior, canit bejudged accurate
enoughtowarrant tamperingwith thereported popul ation counts. Thesequestionsarediscussed
in detail in this paper.

[12] U.S.BUREAU OF THE CENSUS(February 1981). “ Critical Assumptionsfor the Undercount Adjustment
Decision,” Data User News, Vol. 16, No. 2.

Thisarticlesummarizesthebasisfor the CensusBureau’ sdecision against attempting to adjust
1980 Census figures for undercount.

[13] WEINSTEIN, J. (1981). “Social Goalsand Census Protests,” Commentaries: Census Palitics, Society,
Vol. 18, No. 2, January/February, 19-21.

This article examines the ethical and legal issues relating to the question of whether or not
to adjust and, if so, how, when, and by whom.

1982

[1] BALINSKI, M. L.and YOUNG, H.P. (1982). Fair Representation: Meeting the Ideal of One Man, One
Vote. New Haven: Yae University Press.

Theaimof thisbook isto establishasolid logical foundationfor choosingamongtheavailable
methods of apportioning power in representative systems. It is an example of mathematical
reasoning appliedto aproblemof public policy. Thestyleof analysisissimilar totheaxiomatic
approach usedin mathematics, when theobject isto discover thelogical consequencesof certain
principles. Thevalidity of theapproach dependsonidentifyingtheright principlesasreveal ed
through history, political debate, and common sense.

[2] HOOK, E. and REGAL, R. (1982). “Validity of Bernoulli Census, Loglinear, and Truncated Binomial
Modelsfor Correctingfor Underestimatesin Prevalence Studies,” American Journal of Epidemiology,
116, 168-176.

Most prevalence studies using health records are likely to miss some affected cases and thus
be biased to underestimates. An adjustment for under ascertainment is often necessary, but
to the authors knowledge, no validity studies of proposed methods have been done. Using
adata set on Down Syndromewhich givesdistributionsby five different sources, the number
listed in, say source X, i.e., theknown “prevalence” (KP) of thosein X, was compared with
estimates of this prevalence derived (using only information on the intersections of X with
other sources) by using several different models: (1) truncated B-binomial or Skellam (TS);
(2 truncated binomid (TB); (3) Bernoulli census-independent sources(1S); (4) Bernoulli census-merged
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sources(MS); and (5) log-linear (LL). Theestimates derived fromthelog-linear model s had
in general the best agreement with the values of the known prevalences.

[3] MAURICE, A.J.andNATHAN, R.P.(1982). “ The CensusUndercount —Effectson Federal AidtoCities,”
Urban Affairs Quarterly, Vol. 17, No. 3, 251-284.

Anadjustment of censuspopul ation figuresfor theundercount inthedecennia census, contrary
towhat some have suggested, would not dramatically affect federal grant all ocationsto cities.
Local officialshave estimated | osses of federal grant funds of asmuch as$200 per uncounted
personinthe 1980 Census. An undercount adj ustment (thetermsare explained) could beexpected
to add little more than $20 per uncounted person in afew large cities—with most large cities
experiencing much smaller gainsor evenfederal aidlossesafter an adjustment. Several reasons
are given for thisfinding. They relate to the significant limitations of available techniques
for estimating the census undercount; thefact that population dataare not usedin all formula
alocation systems; the varied ways in which population data can affect formula allocation
systems when they are used; and our assumption that federal aid funds would not increase
in proportiontothe popul ation added aspart of an undercount adjustment procedurefor federal
grants.

[4] SAVAGE,I.R.(1982). “Who Counts,” TheAmerican Statistician, Vol. 36, No. 3, Part | (with discussion),
195-207. (“Comment” —Bailer, BarbaraA., Preston, Samud H., Stoto, Michael A., and Trussell, James,
200-207.)

Thisessay outlineswhat isknown about the popul ation undercount inthe census. Theexposition
isnon-technical, but the author indicates how this knowledge was acquired. For those who
want to learn more or who might consider doingresearchinthisarea, thereferenceswill bring
them quickly to the basic work and current activity.

[5] SEBER, G.A.F. (1982). “Capture—recapture Methods,” in Encyclopedia of Statistical Sciences, Vol. 1,
(Eds. S. Kotz and N.L. Johnson). New Y ork: Wiley, 367-374.

Theideaof obtaininginformation about apopul ation by marking or 1abeling someof itsmembers
can betraced back several centuries. Sincethe1940s, the capture—recapturemethod hasbeen
widely used for estimating popul ation numbers and related parameters such as survival and
immigrationrates. Extensivereviewsof the methodsare given by Cormack (1968, 1979) and
Seber (1973, 1980), and the technigue has been recently considered in rel ation to estimating
the size of a human population from several incomplete lists of the population. A historical
overview of the subject is given by Otiset. al. [24].

[6] SEBER, G.A.F.(1982). The Estimation of Animal Abundance and Related Parameter s (Second Edition),
New York: Hafner. (First published (1973). New Y ork: Macmillian.)

This book is an attempt to systematize the growing body of literature according to types of
stati stical model sused and, where possibl e, to discussin somedetail theassumptionsunderlying
the models for estimation of animal abundance.
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[7] SPENCER, B.D. (1982). “A Note on Statistical Defensibility,” The American Satistician, VVol. 36, No.
3, Part | (with discussion), 208-209. ( “Comments’ —Wolter, Kirk M., Fairley, William B., Fellegi,
Ivan P., and Simon, Richard, 209-216.)

The issue of adjusting the 1980 Census for undercoverage has led to questions of statistical
defengbility. Thisterminology isinterpreted and criticized. Somenecessary kindsof politicization
of statistics are briefly discussed.

[8] U.S.BUREAU OF THE CENSUS (1982). “1990 Planning Conference Series. No. 1, The Meaning of
Enumeration,” Washington, D.C.: U.S. Government Printing Office.

Thisisasummary of a 1990 Census Planning conference held in July 1982. It was attended
by 17 Bureau Staff and 18 parti ci pantsfromthe community of censusadvisorsand datausers.
Prior to the meeting, it wasevident that therewere many conflictingideasexisting about what
enumeration is, or should be, in the minds of the litigants, the judiciary, the Congress, and
other decision makers. The July conference wasintended to examine thisimportant question
in depth, not with the purpose of obtaining a definitive answer but rather to devel op a better
understanding of the wide--ranging implications of any definition. There were four starting
positionsonwhat enumerationisthat were onacontinuumrangingfromthestrict interpretation
“1 will not count people unless | can actually see them” to the broader interpretation “1 will
count peopleif | canestimatethat they arethere.” In betweentheseextremeswerealternatives
alowing proxy responses, the use of administrative lists, sampling for follow-up, etc. This
report is an attempt to provide a conference proceedings.

1983

[1] BARABBA,V.P., MASON, R.O.,andMITROFF, I.I.(1983). “ Federa StatisticsinaComplex Environment:
The Case of the 1980 Census,” The American Satistician, Vol. 37, No. 3, 203-212.

Thetakingandtheinterpretation of something ashigand ascomplicated asthenational census
ismorethan an exercisein statistical thinking. It involves other diverse fields such as ethics,
epistemology, law, and palitics. Thisarticleshowsthat anational censusismoreakinto so-called
ill-structured problems. Unlikewell-structured problems, theformulation of anill-structured
problem varies from field-to-field and from person-to-person, and the various aspects of an
ill-structured problem (i.e., ethics, epistemology, etc.) cannot be clearly separated from one
another. The 1980 Censusisdiscussed asanill-structured problem, and amethod for treating
such prablems is presented, within which statistical information is only one component.

[2] BEAN,F.D.,KING,A.G.,and PASSEL, J.S. (1983). “ The Number of Illegal Migrantsof Mexican Origin
in the United States: Sex Ratio-Based Estimates for 1980,” Demography, Val. 20, No. 1, 99-109.

This article reports the results of applying a sex ratio-based method to estimate the number
of undocumented Mexicansresiding in the United Statesin 1980. The approach centerson
a comparison between the hypothetical sex ratio one would expect to find in Mexico in the
absenceof emigrationtothe United Statesand the sex ratio that isinfact reportedin preliminary
resultsfromthe 1980 Mexican Census. The procedureinvolves, inter alia, assuming arange
of values for the sex ratio at birth and for census coverage differentials by sex in Mexico.
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Even the combinations of these values most likely to result in large estimates suggest that no
morethan 4 million illegal migrants of Mexican origin were residing in the United Statesin
1980.

[3] CHILDERS, D.R. and HOGAN, H. (1983). “Census Experimental Match Studies,” Proceedings of the
Section on Survey Research Methods. American Satistical Association, 173-176.

This paper discusses various matching studies and methods for eval uating census coverage.

[4] DIFFENDAL,G.J,ISAKI,C.T.,andMALEC,D. (1983). “ Some Small AreaAdjustment M ethodol ogies
Appliedtothe 1980 Census,” Proceedingsof the Section on Survey Research Methods, American Satistical
Association, 164-167.

TheCensusBureau hasingtituted several programsfor measuringthequality of the 1980 Census,
especialy the undercount of the population.

Demoaographic Analysis(DA) and the Post-Enumeration Program (PEP) arethetwo magor programs
to estimate the 1980 undercount. DA provided population estimates of the legal population
at thenational |evel while PEP, asamplesurvey, wasdesi gned to provide popul ation estimates
a statesand somemajor SMSA's. Using datafrom DA andthe PEP, several methodsfor adjusting
1980 Census county total population areillustrated.

[5] FAY,R.E.andCOWAN, C.(1983). “Missing DataProblemsin Coverage Evaluation Studies,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 158-167.

Thepurposeof thispaper isto establish atheoretical framework inwhichtodiscusstheproblem
of missing datain the studies of censuscoverage. The approachwill beto suggest asynthesis
of two more general areas of research. One of these isthe growing methodol ogical research
into nonresponse in sample surveys. An important reference in this area, a paper by Little
(1982), will be cited amost exclusively in the presentation here, because it summarizes or
devel ops the applicable theory from this area of research that will be related in this paper to
the general problems of nonresponsein studies of census coverage. The second theoretical
development to be cited here is the methodology of causal analysis for categorical data by
Goodman (1972, 1973a, 1973b, 1978). This second body of literature devel ops the correct
applicationsof log-linear model sto situationsinwhichrelationshipsamong variablesare structured
by causal mechanisms.

[6] GREENFIELD, C.C. (1983). “On Estimatorsfor Dual Record Systems,” Journal of the Royal Satistical
Society, Series A, 273-280.

Three estimators of the number of events missed in adual record system of data collection
are briefly reviewed. An empirical study by Chandrasekaran and Deming which compares
the performanceof their estimator with that of Greenfieldisthen considered and somefurther
calculations on their data are presented.
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[7] NICHOLS, J.D.and POLLOCK, K.H.(1983). “Estimating Taxonomic Diversity, Extinction Rates, and
Speciation Rates from Fossil Data Using Capture-recapture Models,” Paleobiology, 9, 150-163.

Methodscurrently used to estimatetaxonomic extinction probabilitiesfromfossil datagenerally
assumethat the probability of encountering aspecimen in aparticular stratum, given that the
taxon was extant in thetime period and | ocation represented by the stratum, either equals 1.0
or elseisaconstant for al strata. Methods used to estimate taxonomic diversity (number of
taxa) and speciation rate generally assumethat encounter probabilitiesequal 1.0. We suspect
that theseassumptionsare oftenfalse. Capture-recapture model swere historically devel oped
for estimationin theface of variable and unknown sampling probabilities. Thesemodelscan
thusbeusedto estimate parametersof interest from pa eobiol ogicd datawhenencounter probabilities
areunknown andvariableover time. Thesemode salso permit estimation of samplingvariances,
and goodness-of -fit tests are available for assessing thefit of datato most models. Here we
describe capture-recapture models which should be useful in paleobiological analyses and
discussthe assumptionswhich underliethem. Weillustrate these modelswith examplesand
discussagpectsof study design. Weconcludethat thesemode sshould proveuseful inpa echiologica
analyses.

1984

[1] ASA TECHNICAL PANEL ON THE CENSUSUNDERCOUNT (1984). “Report of the ASA Technical
Panel on the Census Undercount (with comments),” The American Statistician, Vol. 38, 252-260.

This report contains recommendations reflecting the views of the ASA Technical Panel on
the Census Undercount concerning Census Bureau procedures and plansin the fall of 1982.
Therecommendationsarethose of the Panel alone. With oneexception, therecommendations
wereagreedto by all pand members, although individual sstressed theimportance of different
measures. The papersincluderecommendationsunder severd broad topicsincluding: demographic
analysismethods, statistical methods (PEP and synthetic estimates), strategiesfor estimation,
1990 Census Plans, and resources.

[2] BOONE,M.S.andWHITFORD, D.C.(1984). “Anaysisof Inner City CensusCoverageUsing Loca Hospital
Adminigtrative Records,” Proceedingsof the Section on Survey Resear ch Methods, American Statistical
Association, 319-322.

This report summarizes findings from a study during the past year of 1980 Census coverage
insamplesof inner city Black residents. Samplesweredrawn fromthe administrativerecords
of alargenortheastern city’ sonly public hospital. Theuseof medical recordsto devel oprosters
of individual sfor censuscoverageimprovement research hasnot been previoudly tried, although
similar sourcessuch asdrivers’ licensesor Internal Revenue Servicerecords have been used.
The goal of thisresearch project was to understand better the types of individuals who may
bemorelikely to be missed by 1980 Census mailback andfield procedures. Thestudy focused
oninner city Black samplesbecauseeva uation of censuscoverageof the popul ation and demographic
analysis suggest that the undercount rate in this population segment (or in sub-groups of it)
ishigher thaninthegeneral population. The purpose of thisand many other research proj ects
sponsored by the CensusBureauistolearn more about how to providethebest coveragepossible
in all future decennial censuses of the American population.
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[3] CHILDERS, D.R. and HOGAN, H. (1984). “Matching IRS Recordsto Census Records. Some Problems
and Results,” Proceedingsof the Section on Survey Resear ch Methods, American Satistical Association,
301-306.

Theproject discussed inthispaper hastwo principal aims: toinvestigatethefeasibility of using
thelnternal Revenue Servicelndividua Master File(IMF) asaframefor matchingtothecensus
in order to estimate gross undercoveragein the census, and to study the difficultiesin tracing
individual stothecensususingtheIMF address. Thestudy wasaresearch effort to better understand
tracing and matching techniques and to investigate the use of the IMF address as a starting
point for matching to the census and tracing the initial not matched personsto their present
address to obtain their 1980 Census day residence.

[4] COWAN, C.D.and FAY, R.E. (1984). “Estimates of Undercount in the 1980 Census,” Proceedings of
the Section on Survey Research Methods, American Statistical Association, 566-571.

The Post-Enumeration Program (PEP) provided estimates of undercount inthe 1980 Census.
ThePost-Enumeration Programwasconducted intwo parts. Thefirst, designated asthe P-Sample,
wasdesi ghed to measure grossundercoverageinthe 1980 Census. Because of methodol ogical
problems, the P-Sampl e actual ly overestimated grossundercoverage, and an adjustment must
bemadeintheestimation process. Thesecond part, designated asthe E-Sample, wasdesigned
to estimategrossovercoverageinthecensus; thiswouldincudeduplicateand erroneousenumeretion.
Thesepartsarediscussed aswell astheeffectson estimatesof undercount dueto missing data.

[5] HIDIROGLOU,M.A.,MORRY,M.,DAGUM,E.B.,RAO,JN.K.,and SANDAL,C.E.(1984). “Evaluation
of Alternative Small Area Estimators Using Administrative Records,” Proceedings of the Section on
urvey Research Methods, American Satistical Association, 307-313.

Duetoincreasing emphasis on planning and administering economic programsat local level,
there has been a demand for more and better quality data at these levels on awide range of
economic data. Such dataavailablefrom surveysmay not have adequate precision and hence
thereisanincreasing demand ontheuseof adminigrativerecordsto producethisdata. Administrative
sources, however, may not contain all thereguiredinformation onaone-hundred percent basis.
It may therefore be necessary to pool this information with the survey data.

Inthispaper, someestimatorsfor small areasare evaluatedinthe context of producing Census
Divisionlevel by Mgjor Industrial Division estimates, usingthe unincorporated datacompiled
at Statistics Canadaand Revenue Canada. Some of the collected variables are candidatesfor
small area estimation, but we will focus on Wages and Salaries.

[6] HOGAN, H. (1984). “Research Plan on Adjustment for the 1990 Decennia Census,” Proceedings of the
Social Satistics Section, American Statistical Association, 452-457.

Should the Bureau use statistical estimating techniquesto adjust any of the data obtained in
the 1990 Censusby themoretraditional countingand self-enumerationtechniques? If so, what
characteristicsof population and housi ng should be adj usted, and what geographicleve should
beadjusted? Inorder toresolvetheseglobd issues, onemust break theminto separate sub-issues
which can beresearched. For the purpose of this paper seven groupingswill be used. These
are: How would adjustment affect critical uses of census data; What isthe legal and policy
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context for adjustment; How can census coverage best bemeasured; How canlocal areaestimates
of coveragebest be made; How should adj ustment beimplemented aspart of the census process,
How should the adjusted figures be published and used; What are the other implications of
census adjustment?

[7] PASSEL, J.S.and WOODROW, K.A. (1984). “Geographic Distribution of Undocumented Immigrants:
Estimates of Undocumented Aliens Counted in the 1980 Census by State,” International Migration
Review, Vol. 18, No. 3, 642-671.

Thisarticlepresentsestimatesof thenumber of undocumented alienscountedinthe 1980 Census
for each State and the District of Columbia. The estimates, which indicate that 2.06 million
undocumented aliens were counted in the 1980 Census, are not based on individual records,
but are aggregated estimatesderived by aresidual technique. Thecensuscount of aiens(modified
somewhat to account for deficienciesin the data) is compared with estimates of the legally
resident alien popul ation based on datacollected by the Immigration and Naturalization Service
inJanuary 1980. Thefinal estimatesrepresent extensionstothestatelevel of national estimates
developed by Warren and Passel (1984). Estimates are devel oped for each of the states for
selected countries of birth and for age, sex, and period of entry categories.

The article describes the origins of the undocumented alien population, as well as some of
their demographic characteristics. Some of the implications of the numbers and distribution
of undocumented aliens are also discussed.

[8] PASSEL, J.S. and ROBINSON, J.G. (1984). “Revised Estimates of the Coverage of the Population in
the 1980 Census Based on Demographic Analysis,” Proceedings of the Section on Social Satistics,
American Satistical Association, 160-165.

Demographic analysisis one of two principal methodsfor evaluating coverage. The other is
the Post-Enumerati on Program (PEP). Preliminary demographic estimatesof coveragefor 1980
were published in February of 1982. Thispaper reportsonthemajor revisionsto the estimates
of coverage for 1980 based on the method of demographic analysis. Revisionsinclude: (1)
new estimates of birthsfor estimating corrected population 45 to 64 in 1980, (2) adjustment
of data on net immigration, (3) use of 1980 aggregate Medicare data for the population 65
and over, (4) substitution of final datacovering1978-1980for provisiona dataonbirths, deaths,
andimmigrants. Estimatesof coverageof theresident popul ationin 1980, including and excluding
undocumented aliens, are discussed.

[9] SANDLAND, R.L. and CORMACK, R.M. (1984). “Statistical Inference for Poisson and Multinomial
for Capture-recapture Experiments,” Biometrika, 71, 27-33.

Theclassical multinomial model usedfor estimatingthesizeof aclosed populationiscompared
tothehighly flexibl e Poisson model sintroduced by Cormack (1981). Themultinomia model,
and generalizationsof it which allow for dependence between sampl es, may be obtained from
that of Cormack by conditioning on the population size. The maximum likelihood estimators
for N, the population size, and 6, the vector of parameters describing the capture process, are
the same in both models. Completely general formulae for the asymptotic variances of the
maximum likelihood estimates of N for both models are given. The substantial differences
between the variances under the two model s are discussed. Hypotheses concerning & may be
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tested usingtheloglikelihood rati o: the procedureswhich result fromboth model sareasymptotically
equivalent under the null hypothesis but differ in power under the alternative.

1985

[1] BROWNIE, C.,ANDERSON, D.R.,BURNHAM, K.P.,and ROBSON, D.S. (1985). “ Satistical Inference
from Band Recovery Data — A Handbook, ” U.S. Fish and Wildlife Service Resource Publication
131, Washington, D.C.

The handbook was prepared as an aid to those engaged in the analysis of several kindsof bird
banding and other animal tagging studies. A common objective in most of these studiesis
the estimation of parameters which will reflect population survival. Here the authors focus
considerableattention ontheestimation of survivd ratesand specifically concentrateoninference
procedures (estimation and hypothesistests) regarding time- and age-specific survival rates.

This handbook covers the analysis of banding studies for one, two, or three identifiable age
classes; it al so presentsmethodsfor usewhen banding isdonetwiceayear onthesamepopul ation.
Inall, wediscuss 14 models, each allowing different and testableassumptions. For each model
they present optimal estimatorsof certain parameters, themost important of which areannual
survival andrecovery rates(other parametersinclude meanlife span and averageannual survival
and recovery rates). Estimates of sampling variation (precision) are given for all parameters
estimators. Confidence intervals on parameters are presented and, for models currently of
practical value, goodness-of-fit testsare presented. Also, testsbetween model sare presented
which are useful for selection of the appropriate model and for pooling data sets. The last
chapter is devoted to the subject of planning a banding study.

[2] ERICKSEN, E.P. and KADANE, J.B. (1985). “Estimating the Population in a Census Y ear: 1980 and
Beyond (with discussion),” Journal of the American Satistical Association, Vol. 80, 98-131.

Decennial census results should not be viewed as counts to be reported directly, but as data
to beused in estimating the population and its characteristics. We propose methods by which
theresultsof the 1980 Censuscould be so andyzed using both other nationaly collectedinformation
currently available at the Census Bureau and locally collected information especialy likely
tobeneededinareaswhereundercount ratesare high. Finally, the paper addressesthe questions
of how the 1990 Census might be designed with estimation in mind.

[3] FAY,R.E.(1985). “Implicationsof the 1980 PEP for Future Census Coverage Evaluation,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 413-418.

The undercount of the population censuses, a concern of the U.S. Bureau of the Census for
many years, has become an issue of moreintense public and professional interest and debate
during thelast decade. M uch of the attention hasfocused on whether geographic differentials
in the census undercount can be adequately estimated or measured, and whether the census
counts or other characteristics should be adjusted to compensate for such differentials. The
decision of the Census Bureau isthat none of the evaluations of the undercount of the 1980
Census are suitable for adjustment. At the same time, the Bureau has undertaken a program
of research toinvestigate the feasibility and implications of incorporating an adjustment into
the counts of the 1990 Census.
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Thecomplex issuesof censusadjustment have been addressed by anumber of authors, including
Bailar (1983) and Keyfitz (1979). A paper of Ericksen and Kadane (1985) states their own
positiononthefeasihility of adjustment andincludesaccompanying discussionfromanumber
of other points of view. Part of the debate has centered on the importance of measurement
of undercount for geographic unitsthrough direct samplesurvey methods, and onthemethodol ogica
difficultiesandlimitationsof such anapproach. Inparticular, the specific meritsand deficiencies
of theundercount study conducted for the 1980 Census, the Post-Enumeration Program (PEP),
hasbeen part of thispublic discussion. Theintent of thispaper isto examineissuesinthemeasurement
of net census error by survey methods, astheseissuesareillustrated by specific problems of
the PEP.

[4] JEWELL,W.S. (1985). “Bayes an Estimation of Undetected Errors,” in Bayesian Statistics 2, (Eds. J.M.
Bernardo, et al.). New York: Elsevier, 663-671.

An unknown number, N, of errors or defects exist in a certain product, and | inspectors with
unknown competencies are put to work to find the errors. Given the lists of errors found by
eachinspector, how canweestimatethe number of undetected errors? A similar problemarises
incapture-recapturesamplingin population biol ogy, wherethe ML E of N, attributed to Petersen,
Chapman, and Darroch, hasbeen known for many years. Theauthor’ sBayesian model assumes
that N is Gamma-mixed-Poisson, that errorsare equally difficult to detect, and that inspector
error detection probabilitiesareindependent and Beta-distributed, apriori. Thepredictivedensity
for undetected errorsisobtained asasimpl e, recursiverdationshipthat givesNegative Binomial
tails. Thepredictivemodefor undetected errorsisgivenby agenerdized Petersen-Chapman-Darroch
forminvolving credibility formulae; asthe prior parameter variancesincrease without limit,
this predictive mode approaches the classical estimator.

[5] PANEL ON DECENNIAL CENSUSMETHODOLOGY (1985). TheBicentennial Census: NewDirections
for Methodology in 1990, C.F. Citro and M.L. Cohen, editors, Washington, D.C.: National Academy
Press.

Thisreportisan attempt to assessthe merits of proposed changesin the next decennial census
that represent important departuresfrom past practiceand, specifically, torecommend concepts
and proceduresthat should beassigned high priority inthe CensusBureau’ sresearch andtesting
program for the nation’ shicentennial census. Thereport offersgeneral and specific planning
recommendationsinfiveareas: (1) overall strategy for planning the 1990 Census, (2) procedures
for coverageimprovement aspart of the Census, (3) usesof sampling and administrativerecords
in taking the census, (4) adjustment of census counts and characteristics, and (5) measuring
the compl eteness of the 1990 Census.

[6] SPENCER,B.D.(1985). “ Statisticd Aspectsof Equitable Apportionment,” Journal of the American Satigtical
Association, 80, 815-822.

Two problemsthat arisein apportioning the U.S. House of Representativesare: (a) fractional
numbersof representativescannot beall ocated, so statesreceivedifferent per capitarepresentation,
and (b) the state population sizes are known only with error. Both problems are addressed
inaunifiedway withdecisiontheory. Althoughthemethod currently inuse, equal proportions,
haspoor propertieswhenthe popul ationsare assumed perfectly known, it performssurprisingly
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well in the presence of modest errorsinthedata. The converseistrue for the quota method.
Previously developed qualitative notions of bias in apportionment methods are extended to
provideaquantitativedefinitionof bias. Thenew definition accountsboth for biasinthegpportionment
method and for bias arising from imperfect population measurements. |llustrative estimates
of the bias against states with large black populations are devel oped.

[7] STEINBERG, B. and HOGAN, H. (1985). “The Effectsof Population Adjustment on the Allocations of
Three Government Programs,” Proceedingsof the Social Sati stics Section, American Satigtical Association,
256-260.

Thispaper deal swith population undercount in the Decennial Censusand the effectson fund
alocation which would result from an attempt to adjust the census.

1986

[1] ALONSO, W. and STARR, P. (Eds.) (1986). The Politics of Numbers, for the National Committee for
Research on the 1980 Census, New Y ork: Russell Sage Foundation.

Thechaptersinthisvolumewereinitially prepared for aconferenceon“ ThePolitical Economy
of National Statistics,” heldin Washington on October 13-15, 1983. The conferencewassponsored
by the Social Science Research Council’s Committee for Research on the 1980 Census.

In designing thiscollaborative project, Alonso and Starr have brought together authorsfrom
different fields- economics, history, politics, sociology, and planning - to write on topicsthat
they thought would beinteresting in their own right and of broad intellectual reach. Theiraim
was hot to contribute to statistical policy or methodology but to open up afield that scarcely
exists - the political economy and sociology of statistics. They hoped the collection would
besuggestive, without pretending that it might bedefinitive. Thebook also representsan effort
to sort out the analytical issuesin the sociology of statistics and to put them in intellectual
content and perspective. A central tenet of thisbook isthat statistics cannot be constructed
on purely technical grounds alone but require choices that ultimately turn on considerations
of purposeand policy. The 14 papersinthebook aredistributed among five parts: The Politics
of Economic M easurement, The Politicsof Popul ation M easurement, Stati sticsand Democratic
Politics, Statistics and American Federalism, and The New Political Economy of Statistics.

[2] CLOGG, C.,MASSAGLI, M., and ELIASON, S. (1986). “Population Undercount as an Issuein Social
Research,” in the Proceedings of the Second Annual Research Conference of the U.S. Bureau of the
Census, Washington, D.C., 335-343.

Much social research relies on censusdata. Thisincludes direct analysis of census dataand
the use of census datato make comparisons or calculate rates. It also includesthe use of the
censusto construct sampling framesor to adjust surveysfor nonresponse. Usually theeffects
of censusundercount are bothignorableandignored. Insomeproblems, however, theeffects
of the undercount are so important that they must not be ignored. This paper surveys some
of these problemsand suggestswhat both researchersand the Census Bureau might doto handle
them.
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[3] COWAN,C.D.andMALEC, D.J.(1986). “Capture-recapture M odel sWhen Both SourcesHave Clustered
Observations,” Journal of the American Statistical Association, 81, 347-353.

Capture-recapturemodel sassumethat individual sinthe popul ation are captured oneat atime
and independently of each other. There are often situations, however, whereindividualsare
captured in small clusters or groups. This article provides a model that allows individuals
to be captured in groups; the EM algorithm is used to estimate parametersin the model that
include capture probabilities and the size of the population under study.

[4] DAHIYA,R.C.andBLUMENTHAL, S.(1986). “Population Or Sample SizeEstimation,” in Encyclopedia
of Satistical Sciences, (Vol. 7), (Eds. S. Kotz and N.L. Johnson). New Y ork: Wiley, 100-110.

Supposethat X;. . ., X areindependent random variabl es with acommon probability density
function (PDF) f(x|6) where 6 isascalar or vector parameter. Let X; be observable only if
itliesoutsideagivenregion R. Thusthe number M of observed X' sisabinomial (N, p) variate,
p = 1- P(Xe R). This contribution considers a survey of the recent work where N itself is of
considerableinterest and is estimated, along with 6, from observed values of M and X's. We
give several examples below where estimation of the sample size, N, is of primary interest.
In some of these situations, N represents the population size, but the problem of estimation
issimilar in both the situations.

[5] FIENBERG, S. (1986). “Adjusting the Census. Statistical Methodology for Going Beyond the Count,”
Proceedingsof the Second Annual Resear ch Conferenceof theU.S. Bureau of the Census, Washington,
D.C., 570-577.

Withthegrowing consensusfor theneed to adjust decennial censusresults, attention hasbeen
focused primarily ontheestimation of popul ation countsat thenationd or statelevel and secondarily
onmethodsto carry these adjusted estimatesdown to lower level sof geographic aggregation.
But the census collects extensive qualitative and quantitative information and issues remain
regarding how to extend a systematic program of estimation from the population counts to
theseother quantities. Thispaper will review someof the proceduresin current useand suggest
how exi sting stati stical methodol ogy might be brought to bear on estimati on beyond the count.

[6] FREEDMAN,D.A.andNAVIDI, W.C.(1986). “Regression Modelsfor Adjustingthe 1980 Census(with
discussion),” Satistical Science, Val. 1, 3-39.

After the 1980 Census, New Y ork State sued to compel the Bureau of the Census to adjust
thepopulation counts, usingaregressionmodel . Theappropriatenessof suchmodelsisconsidered
in this paper.

[7] GARRETT,J,HOGAN,H.,andPAUTLER, Jr.,C. (1986). “ Coverage Conceptsand Issuesin DataCollection
and Data Presentation,” Proceedings of the Second Annual Research Conference of theU.S Bureau
of the Census, Washington, D.C., 329-334.

Coverageerror isthe error in an estimate that resultsfrom (1) failure to include in the frame
al unitsbelonging to the target population or failureto include specified unitsin the conduct
of thesurvey (undercoverage), and (2) inclusion of someunitserroneously becauseof adefective
frame, inclusion of unsgpecified unitsor inclusion of specified unitsmorethan once (overcoverage).
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Coverage errors are distinguished from content errors and other nonsampling errors. This
paper studiescoverage asanissuein dataquality for the business, agriculture, and popul ation
and housing census and surveys. Variousillustrations of coverage error and its sources are
given. This paper also raises some questions which provide areas of future research.

[8] ISAKI,C.T.,DIFFENDAL,G.,andSCHULTZ,L.(1986). “ Statistical Synthetic Estimatesof Undercount
for Small Areas,” Proceedings of the Second Annual Research Conference of the U.S. Bureau of the
Census, Washington, D.C., 557-567.

Themagnitudeof errorsresulting fromthe use of three statistical synthetic estimati on procedures
for small areaadjustment are presented. Becausetheactual undercount isunknown, artificial
popul ationsare constructed and used asstandardsto eval uate the adjustment methods. Adjusted
population countsat both the state and county level areexaminedinthissimulation using 1980
Census data.

[9] ISAKI,C.T.(1986). “Biasof the Dua -system Estimator and SomeAlternatives,” Communicationsin Satigtics,
Theory and Methods, 15, 1435-1450.

A dual system estimator was used to estimatethe coverage of the 1980 Census. The estimator
assumesthat the response of arandomly selected individual to one systemisindependent of
itsresponseto the other systems. When thisis not the case, the resulting correlation induces
abiasintheestimator. Several aternative estimatorsare proposed to handlethissituation under
asimplemodel and their average absolute rel ative errors are compared under two frequency
distributions.

[10] ISAKI,C.T.andSCHULTZ, L.K. (1986). “ Dual-system Estimation Using Demographic AnalysisData,”
Journal of Official Statistics, 2, 169-179.

Thispaper will addresstheissue of statistical dependence. Morespecifically, theauthorspropose
several total population estimatorsthat can be used when one suspectsthat dependence exists
between the two data collection procedures.

[11] MULRY-LIGGAN, M. and HOGAN, H. (1986). “Research Plan on Census Adjustment Standards,”
Proceedingsof the Second Annual Resear ch Conferenceof theU.S. Bureau of the Census, Washington,
D.C., 381-392.

The Bureau of the Census has decided to establish in advance of the 1990 Decennial Census
standardsor criteriathat will be used to judgethequality and characteristicsof potential census
adjustmentsrelativeto unadjusted data.  The paper describestheresearch necessary to develop
explicit and obj ective standardsand the stepsto establi shthe standards. The major components
of the research are the devel opment of a conceptual framework to measure improvement in
census counts and the development of operational measures of the accuracy of the estimates
of census error. The paper summarizes previous research, including the standards proposed
during the litigation concerning the 1980 Decennial Census. The results to date of current
research projects also are discussed.
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[12] NICHOLS, J.D.,MORRIS, R.W.,BROWNIE, C.,and POLLOCK, K.H. (1986). “ Sourcesof Variation
in Extinction Rates, Turnover, and Diversity of Marine Invertebrate Families During the Paleozoic,”
Paleobiology, 12, 421-432.

They authors have recently shown how capture-recapture model s can be used in conjunction
with stratigraphic range datato estimate taxonomic extinction rates and taxonomic diversity.
Herethey present anew method that can be used to estimatetaxonomic turnover (defined here
as the proportion of taxa extant at timei, that originated in theinterval i —1toi).

[13] SPENCER, B. (1986). “Conceptual IssuesinMeasuring Improvement in Popul ation Estimates,” Proceedings
of the Second Annual Resear ch Conferenceof the U.S. Bureau of the Census, Washington, D.C., 393-407.

Conceptual issuesin defining accuracy are addressed. The expected value of alossfunction
is considered as a measure of accuracy and alternative grounds for choosing aloss function
are analyzed. Recommendations are presented concerning choice of loss functions for use
in deciding whether to adjust the census and how to allocate resourcesfor datacollection and
analysis.

[14] WOLTER, K.M. (1986). “ SomeCoverageError Modd sfor CensusData,” Journal of the American Satistical
Association, Vol. 81, 338-346.

Alternative models are presented for representing coverage error in surveys and censuses of
human popul ations. The models are rel ated to the capture-recapture models used in wildlife
applicationsandto thedual -system modelsemployedinthevital eventsliterature. Estimation
methodol ogiesarediscussed for oneof thecoverage error models. Thetheoretical foundations
of the methodology are devel oped and distinctions are made between two kinds of error: (a)
sampling errors and (b) error associated with the model. An example involving data from
the 1980 U.S. Censusispresented. The problem of adjusting censusand survey datafor coverage
error is also discussed.

1987

[1] BURNHAM,K.P.,ANDERSON, D.R.,WHITE, G.C.,BROWNIE, C.,and POLLOCK, K.H. (Eds.)(1987).
Design and Analysis Methodsfor Fish Survival Experiments Based on Rel ease-Recapture, American
Fisheries Society Monograph 5.

Thismonograph presentsdesign and analysismethodsfor alargeclassof survival experiments
based on rel ease-recapture of marked popul ations. The authorsdevel oped theunderlying theory
primarily to addressfishery issuesinvol ving spillways, hydroel ectric turbines, bypasssystems,
and related structures on the Columbia River in the northwestern United States. Many other
applications exist, however. Treatment might include dosing of lead or various pesticidesto
determinethechronic effect of acontaminant onsurvival. Thegeneral theory isfor theanalysis
of multipleinterrel ated rel ease-recapture data sets; the methods presented herein apply to any
experiments involving treatment and control groups of marked animals.
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[2] CHAOQ,A.(1987). “EstimatingthePopulation Sizefor Capture-recapture Datawith Unequal Catchability,”
Biometrics, 43, 783-791.

A point estimator and its associated confidence interval for the size of a closed population
are proposed under models that incorporate heterogeneity of capture probability. Real data
setsareusedtoillustratethismethod and to compareit with other estimates. The performance
of the proposed proceduresis also investigated by means of Monte Carlo experiments. The
method is especially useful when most of the captured individuals are caught once or twice
in the sample, for which case the jackknife estimator usually does not work well. Numerical

resultsal so show that the proposed confidenceinterval performssatisfactorily in maintaining
the nominal levels.

[3] CHILDERS,D.,DIFFENDAL, G.,HOGAN, H., SCHENKER, N.,andWOLTER, K. (1987). “TheTechnica
Feasibility of Correcting the 1990 Census,” Proceedings of the Social Satistics Section, American
Satistical Association, 36-45.

Inthispaper, theauthorsdiscusstheissueof whether thereexistsarigorousand professionally
sound body of statigtica theory, methods, and operationsfor correctingthe 1990 Censusenumeration
so as to produce census figures with reduced differential undercount. They show that such
methods exist and that corrections to the census are technically feasible.

[4] ERICKSEN, E.P. and KADANE, J.B. (1987). “Sensitivity Analysis of Local Estimates of Undercount
inthe1980U.S. Census,” in Small Area Satistics: Anlnternational Symposium, (Eds. R. Platek, JN.K.
Rao, C.E. Séndal, and M.P. Singh). New Y ork: Wiley, 23-45.

Theauthorshave used ahierarchical Bayesian model to computelocal estimatesof theundercount
inthe1980U.S. Census. Thischapter analyzesthe sensitivity of these estimatesto variations
intheassumptionsonwhichthey arebased. Theseassumptionsconcernthenumbersandracia
composition of undocumented diens, strategiesfor imputing valuesto missing datainthesurvey
on which the estimates are based, and methods of computing standard errors. This chapter
aso investigates the problem of extrapolating to areas other than those on which the model
is estimated.

[5] HOGAN, H. and MULRY, M. (1987). “Operation Standards for Determining the Accuracy of Census
Results,” Proceedings of the Social Statistics Section, American Satistical Association, 46-55.

Thisdocument establishesin advance of the 1990 Decennia Censustechnical standardsthat
shdl beusedto decidewhether it isstatistically sound to adjust thecensusfigures. These standards
reflect accepted statistical practicefor judging dataquality. By devel oping standardsthat are
agreed upon in advance, the Bureau of the Census removes the need to trust the judgement
of any one specific person or any one concern. Thedecisionisbased upon definite knowledge
about theresultsof the census coverage eval uation program and the quality of boththe census
andtheevaluation. Themethodsfor measuring the error arethe post -enumeration survey and
demographic analysis.
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[6] ISAKI,C.T.,SCHULTZ,L.K.,SMITH,P.J.,and DIFFENDAL, G.J.(1987). “ Small AreaEstimation Research
for CensusUndercount—ProgressReport,” in Small Area Statistics: AnInternational Symposium, (Eds.
R. Platek, J.N.K. Rao, C.E. Séndal, and M.P. Singh). New Y ork: John Wiley and Sons, 219-238.

The Bureau of the Censusiscurrently investigating the potential use of several strategiesfor
adj usting the censuscount for small areas. Thestrategiesinvestigated consi st of combinations
of regression and synthetic estimation methods.

Thischapter summari zesbackgroundinformation onthenature of theundercount and itsimpact
onmajor usesof censusdata, and describestheavail abl einformati on pertai ning to undercount.
Adjustment strategies under study are presented together with results obtained to date and
plans for future work.

[7] ISAKI,C.T.andSCHULTZ,L.K.(1987). “ TheEffectsof Correlationand Matching Errorin Dual-system
Estimation,” Communications in Satistics, Theory and Methods, 16, 2405-2427.

Inapreviouspaper, |saki (1986), it wasshown that therel ative biasof thedual system estimator
canbesubgtantially reducedinthe presenceof correlation of responses. Two alternative estimators
werecompared with theusua dual system estimator assumingnomatchingerror. Inthefollowing,
asimplematching error model isused to comparethethreedual system estimatorswith respect
to bias and mean square error in the presence of correlation. For the parameter values used,
theauthorsfoundthat theusual dual system estimator iscompetitivewiththat of thealternative
estimators.

[8] KISH, Ledie (1987). Satistical Design for Research, New York: John Wiley and Sons.

Inthisbook, somebasi c aspectsof research designthat arecentral and common to many rel ated
fieldsare addressed. Theaimsand contents of thisbook concern the methods and philosophy
of statistics, but they are mostly nonmathematical.

[9] SCHIRM,A.L.andPRESTON, SH.(1987). “CensusUndercount Adjustment and the Quality of Geographic
Population Distributions (with discussion),” Journal of the American Statistical Association, 82, 965-990.

The authors develop a simulation procedure to measure the effects of synthetic adjustment
for censusundercountsonthequality of estimated proportionate geographi ¢ popul ation distributions.
Analyzing the influences of both interstate variations in census coverage and measurement
errorsin national undercount estimates, they find that, over a wide range of environments,
nearly two out of every three simul ated applicationsof synthetic adjustmentsimprovethestate
proportionsfor amajority of the national population. Thereisaways, however, asubstantial
probability that adjustment will produceamuch poorer geographic distributioninany particular
application. They deriveanal ytical expressionsshowingasprecisely aspossibletheconditions
on which improvements from census adjustment depend.
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1988

[1] BIEMER, P.P.(1988). “ModelingMatching Error and Its Effect on Estimates of Census CoverageError,”
Survey Methodology, 14, 117-134.

Dual system estimators of census undercount rely heavily on the assumption that personsin
the evaluation survey can be accurately linked to the same personsin the census. Mismatches
and erroneous nonmatches, which areunavoidabl e, reduce theaccuracy of theestimators. Studies
have shown that the extent of the error can be so large rel ative to the size of census coverage
error asto render the estimate unusable.

In this paper, the author proposes a model for investigating the effect of matching error on
theestimatorsof censusundercount andillustrateitsusefor the 1990 Censusundercount eval uation
program. The mean sguare error of the dual system estimator is derived under the proposed
model and the components of M SE arising from matching error are defined and explained.
Under the assumed model, the effect of matching error onthe M SE of the estimator of census
undercount isinvestigated. Finally, amethodology for employing the model for the optimal
design of matching error evaluation studieswill beillustrated and the form of the estimators
will be given.

[2] BOSWELL, M.T.,BURNHAM, K.P., and PATIL, G.P. (1988). “Role and Use of Composite Sampling
and Capture—recapture Sampling in Ecological Studies,” in Handbook of Satistics Vol. 6: Sampling,
(Eds. P.R. Krishnaiah and C.R. Ran). Amsterdam: North Holland, 469-488.

The physical mixing of samples with other samples or with the population has turned out to
beabasisof someimportant sampling procedures. Samplingwith replacement may beinterpreted
asreturning asampletotheorigina popul ation and thoroughly mixingit beforethenext sample
isselected. Thistype of sampling has been quite common in practice. A relatively recent
sampling procedure, called composite sampling, invol ves physically mixing of samplesbefore
measuring, counting, or otherwiseanalyzing thecomposite sample. Pertinent statisticd analysis
is able to extract most of the information from the composite sample that can otherwise be
extracted fromthemeasurementsontheindividual original samplesbeforethey arephysically
mixed. Thesavingsinthecost of measurementa analysescanbesubstantial. Another sampling
procedure, called capture—ecapture sampling, involves physical mixing of a sample back
into the original population. While composite sampling and sampling with replacement are
used to estimatethe popul ati on density/abundance, capture—recapture samplingisusedto estimate
sizeand survival of individuals. Both composite sampling and capture—recapture sampling
technigqueshave beenrefined and adapted in responseto thevarying needsinvolving different
kinds of parameters of the populations of interest. The purpose of this paper isto provide a
perspective of these sampling procedures.

[3] BURGESS, R.D.(1988). “Evaluation of Reverse Record Check Estimatesof Undercoverageinthe Canadian
Census of Population,” Survey Methodology, 137-156.

Estimates of undercoverage in the Canadian Census of Population have been produced for
each censussince 1961, using aReverse Record Check method. Therdiability of theestimates
isimportant to how they areused to assessthequality of the censusdataand toidentify significant
causes of coverage error. It isalso critical to the development of methods and proceduresto
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improvecoveragefor futurecensuses. Thepurposeof thispaperistoidentify potential sources
of errorinthe Reverse Record Check, which should beunderstood and addressed, wherepossibl e,
in using this method to estimate coverage error.

[4] CHOI, C.Y., STEEL, D.G., and SKINNER, T.J. (1988). “Adjusting the 1986 Australian Census Count
for Under Enumeration,” Survey Methodol ogy, 14, 173-189.

In Australia, population estimates have been obtained from census counts, incorporating an
adjustment for underenumerationin 1976, 1981, and 1986. Theadjustmentsare based onthe
results of a Post-Enumeration Survey and demographic analysis. This paper describes the
methods used and the results obtained in adjusting the 1986 Census. The formal use of sex
ratiosassuggested by Wolter (1986) isexamined asapossibleimprovement of thelessformal
use made of these ratios in adjusting census counts.

[5] CRESSIE, N. (1988). “When Are Census Counts Improved by Adjustment?,” Survey Methodology, 14,
191-208.

Thereare persuasiveargumentsfor and against adjustment of theU.S. decennial censuscounts,
athough many of themarebased on political rather thantechnical considerations. Thedecision
whether or not to adjust depends crucially on the method of adjustment. Moreover, should
adj ustment take pl ace using say asynthetic-based or aregression-based method, at whichlevel
shouldthisoccur and how shoul d aggregati on and di saggregation proceed? Inorder to answer
these questions sensibly, amodel of undercount errorsis needed which is*“level-consistent”
inthesensethat itispreserved for areasat the national, state, county, etc. level. Suchamodel
is proposed in this article; like subareas are identified with strata such that within a stratum
the subareas’ adjustment factors have acommon stratum mean and have variancesinversely
proportional totheir censuscounts. By taking into account sampling of theareas(e.g., by dual
system estimation), empirical Bayes estimators that combine information from the stratum
average and the sample mean value, can be constructed. These estimators are evaluated at the
state level (51 states, including Washington, D.C.) and stratified on race/ethnicity (3 strata)
using datafromthe 1980 postenumeration survey (PEP 3-8, for the noninstitutional population).

[6] DIFFENDAL,G.(1988). “The1986 Test of Adjustment Related Operationsin Central LosAngelesCounty,”
Survey Methodology, 14, 71-86.

As part of the planning for the 1990 Decennial Census, the Census Bureau investigated the
feasibility of adjusting the censusfor the estimated undercount. A test censuswas conducted
inCentra LosAngdesCounty, inamostly Hispanic area, inorder totest thetimingand operational
aspects of adjusting the census using a post-enumeration survey (PES). This paper presents
themethodol ogy and theresultsin producing acensusthat i sadjusted for the popul ation missed
by the enumeration. The results from the test census demonstrate that undercount estimates
can be produced in atimely manner. The test census measured an undercount of 9 percent
for the Centrd LosAngdesCounty. Separatedud systemestimatesare presented for 70 race-tenure
by age by sex categories.
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[7] FAY, R.E., PASSEL, J.S., ROBINSON, J.G., and COWAN, C.D. (1988). The Coverage of Population
in the 1980 Census. Bureau of the Census, Washington, D.C.: U.S. Department of Commerce.

Thisreport discusses both the conclusions and limitations of two different eval uations of the
accuracy of the1980 Census. Thefirst of theseisbased onthemethod of demographicanalysis.
Thismethod constructsestimatesof thetotal U.S. population anditscomponentsby race, age,
and sex from aggregate statistics on births, deaths, immigration, emigration, past censuses,
M edicare enrollment, and other sources. The second evaluation, the 1980 Post-Enumeration
Program (PEP), empl oys sampl e survey methodsto measure directly the distinct components
of census error for asample of persons, thereby to estimate the net error of the census. Both
demographic analysisand the 1980 PEP are subject to substantial limitationsontheir accuracy.
Section 1.C states some of these limitations, which are amajor subject of the balance of this
report. Indeed, aswill be shown, the estimates from demographic analysis and the 1980 PEP
arein conflict inimportant respects. In spite of the limitations of the methods, the available
evidence appears to support a number of general conclusions concerning the compl eteness
of coverage of the 1980 Census. One major conclusion isthat coverage in 1980 was better
than in 1970.

[8] FEIN, D.J. and WEST, K.K. (1988). “The Source of Census Undercount: Findings from the 1986 Los
Angeles Test Census,” Survey Methodol ogy, 14, 223-240.

Thispaper presentsresultsfromastudy of the causesof censusundercount for ahard-to-enumerate,
largely Hispanic urban area. A framework for organi zing the causes of undercount isoffered,
and varioushypothesesabout these causesaretested. Theapproachisdistinctiveforitsattempt
toquantify thesourcesof undercount and i sol ate problemsof uniqueimportanceby controlling
for other problems statistically.

[9] HOGAN, H.andWOLTER, K.M. (1988). “Measuring Accuracy in A Post-enumeration Survey,” Survey
Methodology, 14, 99-116.

The U.S. Bureau of the Censuswill use a post-enumeration survey to measure the coverage
of the 1990 Decennial Census. The Census Bureau has devel oped and tested new procedures
aimedat increasingtheaccuracy of thesurvey. Thispaper describesthenew methods. It discusses
thecategoriesof error that occur in apost-enumeration survey and meansof evauationtodetermine
that theresultsareaccurate. Thenew methodsand theeval uation of themethodsare discussed
in the context of arecent test post-enumeration survey.

[10] ISAKI, C.T.,SCHULTZ,L.K., DIFFENDAL, G.J.,and HUANG, E.T. (1988). “On Estimating Census
Undercount in Small Areas,” Journal of Official Statistics, 4, 95-112.

Net undercount ratesin the U.S. decennial census have been steadily declining over the last
several censuses. Differential undercountsamong racegroupsand geographic areas, however,
appear to persist. In this paper, the authors examine and compare several methodologies for
providing smd | areaestimatesof censuscoverageby constructing artificial populations. Measures
of performanceareal sointroduced to assessthevarioussmall areaestimates. Synthetic estimation
incombination with regression modeling providesthe best results over themethodsconsidered.
Sampling error effectsareal so simulated. Theresultsformthebasi sfor determining coverage
evaluation survey small area estimates of the 1990 Decennial Census.
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[11] LASKA, E.M., MEISNER, M., and SIEGEL, C. (1988). “Estimating the Size of a Population froma
Single Sample,” Biometrics, 44, 461-472. (Correction, (1989), 45, 1347.)

M ethodsfor estimating thesize of apopul ation of individual susually require multiplesamples
from the group. The authors consider a population composed of an unknown number, N*, of
individualsononeor moreof K > 1 orderedlists. A singlesampleof individual sfromthepopulation,
those on list K, together with the identification of the list on which they last appeared prior
to list K isobtained. Under relatively weak assumptionson the probability model, an unbiased
maximum likelihood estimator of N* isobtained. An expressionisderived for the bias of the
estimator and its conseguence on the true probability of coverage of the confidence internal
when the model’ s assumptions do not hold. Applications of this method are discussed and
an illustrative exampleis presented.

[12] MULRY,M.H.and SPENCER, B.D. (1988).“Total Error inthe Dual-system Estimator: The 1986 Census
of Central Los Angeles County,” Survey Methodology, 14, 241-263.

TheU.S. Bureau of the Censususesdual system estimates(DSES) for measuring censuscoverage
error. Thedual systemestimateusesdatafromtheoriginal enumerationand aPost-Enumeration
Survey. In measuring theaccuracy of the DSE, itisimportant to know that the DSE issubject
toseveral componentsof nonsampling error, aswell assamplingerror. Thispaper givesmodels
of thetotal error and the componentsof error inthe dual system estimates. Themodelsrelate
observed indicators of data quality, such as amatching error rate, to the first two moments
of the components of error. The propagation of error in the DSE is studied and its bias and
varianceareassessed. Themethodol ogy isappliedto the 1986 Censusof Central LosAngeles
County intheCensusBureau’ sTest of Adjustment Related Operations. Themethodol ogy also
will be useful to assess error in the DSE for the 1990 Census as well as other applications.

[13] ROMANIUC, A. (1988). “ A Demographic Approach to the Eval uati on of the 1986 Censusand the Estimates
of Canada' s Population,” Survey Methodology, 14, 157-171.

A significant increase in coverage error in the 1986 Censusis revealed by both the Reverse
Record Check and the demographic method presented in this paper. Considerable attention
ispaidtoan eva uation of thevariouscomponentsof popul ation growth, especialy interprovincial
migration. The paper concludeswith an overview of two aternative methodsfor generating
postcensal estimates: the currently-in-use, census-based model, and a flexible model using
all relevant datain combination with the census.

[14] RUBIN, D.B., SCHAFER, J.L.,and SCHENKER, N. (1988). “Imputation Strategiesfor Missing Values
in Post-enumeration Surveys,” Survey Methodology, 14, 209-221.

This paper reviews the imputation methods used to handle missing datain the 1986 Test of
Adjustment Related Operations (Schenker1988) and proposes two alternative model -based
methods: (1) amaximum-likelihood contingency-tabl e estimation procedure that ignoresthe
mi ssing-datamechani sm; and (2) anew Bayesian contingency tabl e estimati on procedurethat
does not ignore the missing-data mechanism. The first method is computationally simpler,
but the second is preferred on conceptual and scientific grounds.



[15] SCHENKER, N. (1988). “Handling Missing Datain Coverage Estimation, with Applicationto the 1986
Test of Adjustment Related Operations,” Survey Methodology, 14, 87-97.

This paper discusses methods used to handle missing data in post-enumeration surveys for
edtimating censuscoverageerror, asillustrated for the 1986 Test of Adjustment Related Operations
(Diffendal 1988). The methods include imputation schemes based on hot-deck and logistic
regression modelsaswell asweighting adjustments. The sensitivity of undercount estimates
from the 1986 Test to variations in the imputation models is also explored.

[16] SMITH, P.J.(1988). “Bayesan Methodsfor Multiple Capture-recapture Surveys,” Biometrics, 44, 1177-1189.

To estimate the total size of aclosed population, a multiple capture-recapture sampling can
beused. Thissamplingdesignhasbeen usedtraditionally to estimatethesizeof wildlifepopulations
and is becoming more widely used to estimate the size of hard-to-count human populations.
This paper presents Bayesian methods for obtaining point and interval estimates from data
gathered from capture-recapture surveys. A numerical example involving the estimation of
the size of afish population is given to illustrate the methods.

[17] SUN, M. (1988). “Plan to Assess Census Undercounting Dropped,” Science, Vol. 239, 456-457.

Discussesthe Commerce Department deci sion to cancel plansto cal culatethe number of blacks
and other minorities inadvertently missed by the 1990 Census.

[18] ZASLAVSKY,A.M. (1988). “Representing Local AreaAdjustments by Reweighting of House-holds,”
Survey Methodology, 14, 265-288.

Supposethat undercount ratesin acensus have been estimated and that block-level estimates
of theundercount have been computed. It may thenbedesirableto createanew rogter of households
incorporating the estimated omissions. It is proposed here that such aroster be created by
wei ghting theenumerated househol ds. The household weightsare constrained by linear equations
representing the desired total counts of personsin each estimation class and the desired total
count of households. Weights are then calculated that satisfy the constraints while making
thefitted tableascloseaspossibletotheraw data. The procedure may beregarded asanextension
of the standard “raking” methodology to situations where the constraints do not refer to the
margins of acontingency table. Continuous aswell as discrete covariates may be used inthe
adjustment, anditispossibleto check directly whether the constraintscan be satisfied. M ethods
are proposed for the use of weighted datafor various census purposes, and for adjustment of
covariate information on characteristics of omitted households, such asincome, that are not
directly considered in undercount estimation.

1989

[1] CHAO,A.(1989). “ Egtimating Population Sizefor Sparse Datain Capture-recapture Experiments,” Biometrics,
45, 427-438.

Estimators of population size under two commonly used models (the time-variation model
andtheheterogeneity model) for sparse capture-recaptureare proposed. A real dataset of 11linois
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mudturtleisusedtoillustratethemethodsand to comparethemwith other estimators. A simulation
study was carried out to show the performance and robustness of the proposed estimators.

[2] CLOGG,C.C.,MASSAGLI,M.P.,andELIASON, S.R.(1989). “Population Undercount and Socia Science
Research,” Social Indicators Research, 21, 559-598.

Theundercount probleminthedecennial censushasimportant implicationsfor social science
research based directly or indirectly on census data. Because undercount rates (or coverage
rates) vary by age, race, residence, and other factorstypically studied in socia research, important
conceptud difficultiesariseinusing censusresultsto corroborate sampling framesor tovalidate
survey results. Differential undercount, particularly for analyses based on small areas, could
produce substantial variability in prevalenceratesin cases where the denominatorsfor those
rates are derived from the census. Several exampleswhere the undercount problem arisesin
social science research, including survey research, are considered. The adjustment problem
—whether to adjust, how to adjust, and how much to adjust —isalso considered from the point
of view of social science research.

[3] CORMACK, R.M. (1989). “Log-linear Models for Capture-recapture,” Biometrics, 45, 395-413.

L og-linear model sare devel oped for capture-recapture experiments, and their advantagesand
disadvantages discussed. Ways in which they can be extended, sometimes with only partial
success, to open popul ations, subpopulations, trap dependence, and long chains of recapture
periodsarepresented. Theuseof residua patterns, and analysis of subsetsof data, to identify
behavioral patterns and acceptable modelsis emphasized and illustrated with two examples.

[4] CRESSIE, N. (1989). “Empirical Bayes Estimation of Undercount inthe Decennial Census,” Journal of
the American Satistical Association, 84, 1033-1044.

Census undercount is defined simply asthe difference between the true count and the census
count, expressed as a percentage of the true count. Small-area estimation of this undercount
isconsidered here, using empirical Bayesmethodsbased onanew and, itisargued, moreredistic
model than hasbeen used before. Grouping of likesubareasfromareassuch asstates, counties,
and so on into stratais a useful way of reducing the variance of undercount estimators. By
modeling the subareaswithinastratumto haveacommon mean and variancesinversely proportional
to their census counts, and by taking into account sampling of the areas (e.g. by dual system
edtimation), empirical Bayesestimatorsthat compromisebetweenthe (weighted) stratum average
and the sampl e value can be constructed. The amount of compromiseis shown to depend on
therelativeimportance of stratumvarianceto samplingvariance. Theseestimatorsareeval uated
a thestatelevel and stratified on race/ethnicity (3 strata) using datafromthe 1980 postenumeration
survey.

[5] ERICKSEN.E.P.,,KADANE,J.B.,and TUKEY, JW. (1989). “Adjusting the 1980 Census of Population
and Housing,” Journal of the American Statistical Association, 84, 927-944.

We present adjustment results obtained by two simple methods — synthetic estimation, and
sample estimation for afew large subclasses. In 1980, several cities and states sued the U.S.
Bureau of the Census to correct censusresults. Thiscorrectionwoul d adjust for thedifferentia
undercounting of Blacksand Hispanics, especialy incities. Inthisarticle, theauthorsdescribe
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thelikely pattern of theundercount and present amethod to adjust for it. They offer anexplanation
of why theundercount isconcentrated among minority populationslivinginlargecities. They
describethe demographic and survey dataavailablefor adjustment fromthe CensusBureau’ s
Post-Enumeration Program. They present adj ustment results obtai ned by two simplemethods
—synthetic estimation, and sampl e estimation for afew large subclasses. (The Census Bureau
used thelatter method, known astheNational V acancy Check, to adjust theresultsof the 1970
Census.) They also describetheir regression-based, composite method for adjustment. This
method takes sampl e estimates of the undercount ratefor aset of mutually exclusivegeographic
areas, and regressesthese estimates upon avail abl e predi ctor variables. Thecomposite estimates
of theundercount rateare matrix-weighted averagesof theoriginal sampleand regression estimates.
They compute estimates for 66 areas (16 large cities, the remainder of the 12 statesin which
thosecitiesarelocated and 38 whol e states). Asexpected, they find that the highest undercount
ratesareinlargecities, andthelowest arein statesand stateremainderswith small percentages
of Blacks and Hispanics. Next, they analyze how sensitive their estimates are to changesin
dataand modeling assumptions. They find that these changes do not affect the estimatesvery
much. Their conclusion is that regardless of whether they use one of the simple methods or
thecompositemethod and regardlessof how they vary the assumptionsof the compositemethod,
an adjustment reliably reduces popul ation sharesin states with few minorities, and increases
the shares of large cities.

[6] FIENBERG, S.E. (1989). “An Adjusted Censusin 1990?,” Chance, Vol. 2, No. 3, 23-25.

Plansfor adjusting the 1990 Census resultsfor expected differential undercount are set back
ontrack asaresult of alast-minute settlementinacensuslawsuit. Thisarticle providesdetails
and background for the settlement which was announced on July 17, 1989.

[7] FIENBERG, SE. (1989). “UndercountintheU.S. Decennia Census,” in Encyclopediaof Satistical Sciences,
(Supplemental Volume), (Eds. S. Kotz and N.L. Johnson). New Y ork: Wiley, 181-185.

Thisentry discussesthe census undercount in the United States context. A historical account
of undercount measurement in the United Statesis given.

[8] HUGGINS, R.M. (1989). “Onthe Statistical Analysisof Capture Experiment,” Biometrika, 76, 133-140.

A procedureisgivenfor estimating thes ze of aclosed popul ationinthe presenceof heterogeneous
capture probabilitiesusing capture-recapturedatawhenit ispossibleto modd thecaptureprobabilities
of individudsinthepopul ation using covariates. Theresultsincludethe estimation of the parameters
associated with the model of the capture probabilities and the use of these estimated capture
probabilitiesto estimatethe popul ation size. Confidenceinterval sfor the popul ation sizeusing
both the asymptotic normality of the estimator and a bootstrap procedure for small samples
are given.

[9] JARO, M. (1989). “Advances in Record-linkage Methodology As Applied to Matching the 1985 Test
Census of Tampa, Florida,” Journal of the American Satistical Association, 84, 414-420.

A test censusof Tampa, Floridaand anindependent postenumeration survey (PES) were conducted

by the U.S. Census Bureau in 1985. Matching theindividualsin the censusto theindividuals
inthe PESisanimportant aspect of censuscoverage eval uation and consequently avery important
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process for any census adjustment operations that might be planned. For such an adjustment
to befeasible, record-linkage software had to be devel oped that could perform matcheswith
ahighdegree of accuracy and that washbased on an underlying mathematical theory. A principal
purposeof the PESwasto providean opportunity to eval uatethenewly implemented record-linkage
systemand associated methodol ogy. Thisarticlediscussesthetheoretical and practical issues
encountered in conducting the matching operationsand presentsthe results of that operation.
A review of thetheoretical background of the record-linkage problem provides aframework
for discussions of the decision procedure, file blocking, and the independence assumption.
The matching algorithm (discussed in detail) usesthe linear sum assignment model to “ pair”
the records. The Tampa, Florida, matching methodol ogy is described in the final sections of
the article. Included in the discussion are the results of the matching itself, an independent
clerical review of the matches and nonmatches, conclusions, problem areas, and future work
required.

[10] O'HARE, W.P. (1989). “Effects of Census Adjustment,” Population Today, 6-8.

Many are beginning to think about theimpact the next censuswill have on the apportionment
of Congress. Withlargepopulation shiftsfromtheNortheast and Midwest to the Sunbelt states,
many seatsin Congresswill change. But another, separateissueiswhether thedecennial census
count should be adjusted, with the theoretical goal of making it moreaccurate. The potential
impact of variousadj ustment scenari oson the apportionment of Congressional seatsfollowing
the 1990 Decennia Censusis discussed.

[11] WINKLER, W.E. (1989). “Methodsfor Adjusting for Lack of Independencein An Application of the
Fellegi-Sunter Model of Record Linkage,” Survey Methodology, 15, 101-117.

In applying arecord linkage model (Fellegi and Sunter, 1969), an independence assumption
is often made that allows estimation of the probabilities. If the assumption is not met, then
arecordlinkage procedure using estimates computed under the assumption may not beoptimal.
Thispaper containsan examination of methodsfor adjusting linkageruleswhen theindependence
assumption isnot valid. The presentation takes the form of an empirical analysis of lists of
businesses for which the truth of matchesis known. The number of possible links obtained
using standard and adj usted computati onal procedures may bedependent on different samples.
Bootstrap methods (Efron 1987) are used to examine the variation due to different samples.

1990
[1] ALHO, JM. (1990). “Logistic Regression in Capture-recapture Models,” Biometrics, 46, 623-635.

The effect of population heterogeneity in capture-recapture, or dual registration, modelsis
discussed. An estimator of the unknown population size based on alogistic regression model
isintroduced. Themodel allowsdifferent capture probabilities acrossindividuals and across
capturetimes. Theprobabilitiesareestimated fromthe observed datausi ng conditional maximum
likelihood. The resulting population estimator is shown to be consistent and asymptotically
normal. A variance estimator under population heterogeneity is derived. The finite-sample
propertiesof the estimatorsare studied viasimulation. An applicationto Finnish occupational
disease registration datais presented.
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[2] BAKER, S.G. (1990). “A Simple EM Algorithmfor Capture-recapture Datawith Categorical Covariates
(with discussion),” Biometrics, 46, 1193-1200.

A ssimple EM algorithmisproposed for obtaining maximum likelihood estimateswhenfitting
alog-linear model to datafrom k capture-recapture sampleswith categorical covariates. The
method is used to analyze data on screening for the early detection of breast cancer.

[3] COHEN, M.L. (1990). “Adjustment and Reapportionment — Analyzing the 1980 Decision,” Journal of
Official Satistics, 6, 241-250.

Gilford (1983) has demonstrated that, if the adjusted counts from the U.S. Census Bureau's
1980 coverage eva uation program had been used to apportion the U.S. House of Representatives,
thevariability of theadjusted countswould havehad asubgtantia effect on theresulting goportionmerntt.
Hefurther arguesthat thisis sufficient evidence to conclude that the adjusted numberswere
unsuitable in 1980 for the purpose of reapportionment. We extend his analysis to take into
account thelikely bias present both in the unadj usted census counts and the adjusted counts.
Thisextended analysisalso indicatesthat the decision in 1980 not to use adjusted countsfor
reapportionment wasjustifiable. Weal so discusscircumstancesunder which adjusted counts
might be preferredto censuscountsfor purposesof apportionmentinthe 1990 decennial census.

[4] DING,Y.(1990). “Capture-Recapture Censuswith Uncertain Matching,” Ph.D. dissertation, Department
of Statistics, Carnegie Mellon University, Pittsburgh, PA.

Thecapture-recapture censustechniquehasbeen used widely to estimatethe size of apopul ation.
Inthisresearch, wereconsider thismethod by rel axing one of the assumptionsmade, the perfect
matching assumption. The capture-recapture or dual system estimation (DSE) rely heavily
ontheassumptionthat individual sin both the censusand the sampl e can be perfectly matched.
The unavoidable mismatches and erroneous nonmatches reduce the accuracy of the DSE.

Thetypesof matchingerrorscan beclassifiedinto two categories: thefal sematchesof nonmatching
casesand fal se nonmatches of matching cases. For thetwo-samplecensus, weproposemodel s
to characterizetheerror pronematching mechanism. Under the proposed model sand theassumptions
of sampleindependence, equal catchability and closurerequiredintheusual capture-recapture
census, the problemisto estimatethe unknown size of amultinomial samplewith onemissing
cdl. Theauthor adoptsthe conditional likelihood approachfor thisproblem devel oped by Sanathanan
(1972) that showsthe unconditional maximumlikelihood estimates (ML Es) and theconditional
MLEsfor the parametersin the multinominal distribution have the same asymptotic normal
distribution. Theauthor studiestheasymptotic propertiesof theresulting estimatesasextensions
to the DSE and use an illustrative example to show that the impact of matching error on the
censusundercount estimate can betremendousfor highmatching error rates. Theauthor derives
estimatesof matching error ratesusingthedatafromthematching error study (rematch study),
oneof theoperationsconducted by the CensusBureau to eval uatethe Post-Enumeration Program.
Theauthor analyzesthedatafromthe 1986 L osAngeles Test Censususing themethod devel oped
toillustrate its use for correcting the census undercount. In addition, the author studies the
issue of correlation (heterogeneity) bias due to the failure of equal catchability assumption.
Duringthe 1980's, the Census Bureau hasexperimented with various post-stratification schemes
inanatempt toreducethecorreation bias. Theauthor provesan asymptotic result that theoreticaly
justifiesthe empirical finding that post-stratification doeslittleto reduce the correl ation bias.
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Other issues investigated include: (1) formulation of the two-sample census with uncertain
matching problem in a Bayesian framework, (2) investigation of the probabilistic matching
problem, and (3) investigation of the matching problem in the multiple-sample census.

[5] FIENBERG, S.E. (Winter 1990). “An Adjusted Censusin 19907 An Interim Report,” Chance, Vol. 3,
No. 1, 19-21.

Planson adj ustment-rel ated activitiesinthe 1990 U.S. decennial censusmoveforward--al beit
slowly. This article provides an update on the events that have transpired since a previous
report ontheJuly 17, 1989, settlement of theNew Y ork City adjustment lawsuit. (See Chance,
Summer 1989).

[6] FIENBERG, S.E. (Spring 1990). “An Adjusted Censusin 19907 Back to Court Again,” Chance, Vol. 3,
No. 2, 32-35.

Plaintiffsreturnto court, questioning thecommitment of the Department of Commerceto proceed
with plansto correct the decennial census counts. Thisarticleispart of an ongoing serieson
censusadjustment and rel ated i ssuesand providesan update onthe eventsthat havetranspired
sinceour most recent report (seethetwo previousarticlesin Chance, Summer 1989, and Winter
1990).

[7] FIENBERG, S.E. (Summer 1990). “AnAdjusted Censusin 1990? The Judge Rulesandthe PESBegins,”
Chance, Val. 3, No. 3, 33-36.

Asthetaking of the 1990 decennia censusprogresses, abeit fitfully, the controversy over theadjustment
of thecensusto correct for the differential undercount of minoritiescontinuestorage. Thisarticle
ispart of an ongoing serieson the possible adjustment of the 1990 U.S. decennial censusto correct
for thedifferential undercount of black and other minorities and providesan update on the events
that have transpired.

[8] GARTHWAITE, P.H.andBUCKLAND, S.T.(1990). “Anaysisof Multiple-recapture Censusby Computing
Conditional Probabilities,” Biometrics, 46, 231-238.

Inamultiple-recapture censusof aclosed popul ation using fixed samplesi zes, thetotal number
of different animalscaptured during the censusisasufficient statistic for the popul ation size.
Conditional onthepopulation size, theexact probability distribution of thissufficient statistic
may be calculated and an algorithm for doing thisisgiven. Standard technigques are applied
todescribemethodsfor using the conditional probabilitiestoformmedian andinterva estimates
of the population size. The methods are illustrated with examples.

[9] GLEICK, J. (1990). “Why We Can’t Count,” The New York Times Magazine, 26-54.
This article discusses the problems that even the smoothest running part of the census-the
millionsof formsproperly mailed back and well-enough filled out that nofollow-upinterviews

are conducted— has. The author argues that the population is too large, too mobile, and too
diverse to count in conventional ways.
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[10] GOUDIE, 1.B.J. (1990). “A Likelihood-based Stopping Rulefor Recapture Debugging, Biometrika, 77,
203-206.

Considerationisgiventodeterminingwhenadll thefaultinareliability systemhavebeen detected,
assuming the use of the recapturedebugging procedureintroduced by Nayak (1988). A stopping
rule based on the likelihood ratio is proposed. Compared to the stopping rule suggested by
Nayak, thislikelihood-based rulemakesbetter use of theavailableinformation, and, for agiven
arorlevd, yiddsasmdl reductionintheaveragetimetakentoresearchadecision. A generdizaion
is suggested for the situation where the faults in the software can be categorized into two or
more classes, between which detection rates are permitted to differ.

[11] ROSSMO, D.K. and ROUTLEDGE, R. (1990). “Estimating the Size of Criminal Populations,” Journal
of Quantitative Criminology, Vol. 6, No. 3, 293-314

Theestimation of total population size for various phenomenaof crimeisanimportant factor
critical for criminal justicepolicy formulation and criminol ogical theory development. Inthis
paper, methodsarediscussed for estimating the s ze of acriminal popul ationfrom policerecords.
Capture-recapture anal ysi stechniques, borrowed fromthebiol ogical sciences, areusedtopredict
thesizeof populationfor migrating (or fleeing) fugitivesand for street prostitutes. Heterogeneity
and behavioral responsesto previous police encounters are identified as major complicating
factors. Thebasic problemisthat the policerecords arevirtually unaffected by apotentially
large pool of cryptic criminals. Itisshown how independently collected auxiliary data can
address this problem.

[12] WOLTER, K.M. (1990). “ Capture-recapture Estimationinthe Presence of A Known Sex Ratio,” Biometrics,
46, 157-162.

New methods of estimating population size are presented based on capture-recapture data.
The methods exploit knowledge of the sex ratio, males per female, and permit estimability
evenwhen bothtimeof sampling and marking affect the catchability of ananimal. Anexample
is presented involving a Microtus pennsylvanicus. (meadow voles) population.

[13] ZASLAVSKY,AM.andWOLFGANG, G.S.(1990). “Triple System Modding of Census, Post-enumeration
Survey, and AdministrativeList Data,” Proceedingsof the Section on Qurvey Resear ch Methods, American
Satistical Association, 668-673.

Dual system measurement of census coverage using a post-enumeration survey (PES) has
been criticized for correlation bias, resulting when responsesto the census and survey are not
independent. Use of athird system (information source) can provide additional information
to assess that independence. The datafor this study come from a popul ation subgroup of the
1988 Dress Rehearsal Census and its PES and from rosters from other government sources.
Thisstudy focuseson Black maleadults. Preliminary resultsusing avariety of modelsconfirm
that, asprevioudy suspected, their populationisunderestimated by dua systemmethods. Potential
problemsinvolving classification and matching errorsare also discussed. Theresultssuggest
that triplesystem modeling hasgreat potential for more preci se estimation of the hard-to-count
population and its census coverage.
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1991

[1] BATEMAN,D.,CLARK,J.,MULRY,M.,and THOMPSON, J. (1991). “1990 Post-Enumeration Survey
Evauation Results,” Proceedingsof the Section on Social Statistics, American Statistical Association,
21-30.

The purpose of this paper isto present highlight results from studies that were implemented
to evaluate the 1990 Post-Enumeration Survey.

[2] CAUSEY,B.D.andWOLTER, K.M. (1991). “Extension of Wolter and Causey’ sEval uation of Procedures,”
Journal of the American Satistical Association, 86, 1153.

Wolter and Causey (1991) (WC) provided evaluationsof two techniquesfor improvingdecennial
censuspopulation estimatesfor small areas. Herewewishto extend theeval uation of thesecond
technique—synthetic estimatior—whichisof particular interest becauseit correctsfor inequities
in population estimates.

[3] CORMACK,RM.andJUPP,P.E.(1991). “Inferencefor Poissonand Multinomia Mode sfor Capture-recapture
Experiments,” Biometrika 78, 911-916.

Capture-recapture model shave been formul ated both as Poi sson and asmultinomial distributions.
Maximumlikelihood estimatesof parametersunder thetwo modd sarecompared. For parameters
whichdo notinvolvethe population sizethe asymptotic covariancesare shownto bethe same.

[4] CRESSIE,N.andDAJANI,A.(1991). “Empirical BayesEstimation of U.S. Undercount Based on Artificial
Populations,” Journal of Official Satistics, 7, 57-67.

Estimatorsof undercount are difficult to assess and compare because true popul ation counts
arenotavailable. Isaki, et al. (1988) madethe comparison by constructing an artificial population
where“true” population countswere known. We show that the synthetic estimator they used
isaspecia caseof anempirica Bayesestimator of undercount, derived fromacompound-distribution
model for the undercount mechanism. Thevalidity of thismodel, for theartificial population,
can then be examined.

[5] FIENBERG, S.E. (Summer 1991). “An Adjusted Censusin 1990? Commerce Says‘No’,” Chance, Vol.
4, No. 3, 44-51.

TheU.S. decennial censusresultsfor 1990 are official and the Department of Commerce has
announced that they will not be adjusted. Thecontroversy continues. Described infour previous
Chancearticlesare theadjustment dispute, thetemporary settlement, and aspectsof thetaking
of the1990 Census. Thisarticle bringstheseissues up to date providing information on the
accuracy of the 1990 Censusand the July 15 decision of the Department of Commerceregarding
the correction of the census results.

[6] FIENBERG, S.E. (Fall 1991). “An Adjusted Censusin 1990? A Full-scale Judicial Review Approach,”
Chance, Vol.4, No. 4, 22-24, 29.

A pending lawsuit will challenge the accuracy of the year-old “official” results of the 1990
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Census. The controversy over census adjustment moves back to aNew Y ork City courtroom.
Thisarticleisthesixthinaseries, reporting onthe possible adjustment of the 1990 U.S. Census
to correct for the differential undercount of Blacks and other minorities.

[7] FREEDMAN, D.A. (1991). “Adjusting the 1990 Census,” <cience, 252, 1233-1236.

Inthisarticle, theauthor outlinesthe processand reviewsthetwo current techniquesfor eval uating
or adjusting the census. In demographic analysis, administrative records are used to make
independent popul ati on estimates, whi ch can be compared to censuscounts. With capture-recapture
methods, data from an independent sample survey are used to estimate population coverage
inthecensus. If thereisalarge undercount, thesetechni quesmay beaccurate enough for adjustment.
With a small undercount, it is unlikely that current adjustment methodol ogies can improve
on the census; instead, adjustment could easily degrade the accuracy of the data.

[8] HUGGINS, R.M. (1991). “Some Practical Aspects of A Conditional Likelihood Approach to Capture
Experiments,” Biometrics, 47, 725-732.

Theuse of conditional likelihood proceduresto construct modelsfor capture probabilitiesis
discussed and illustrated by an example.

[9] MULRY,M.H.andSPENCER, B.D. (1991). “Total Errorin PESEstimatesof Population (with discussion),”
Journal of the American Satistical Association, 86, 839-863.

This article devel ops and applies a methodol ogy for estimating the error in the dual system
estimate (DSE) of popul ation based onthe 1988 dressrehearsal censusconductedin St. Louis
and east-central Missouri prior to the 1990 U.S. Census (Childers and Hogan 1989).

[10] SMITH, P.J. (1991). “Bayesian Analyses for a Multiple Capture-recapture Model,” Biometrika,
78, 399-407.

Inthis paper, we discuss the multiple capture-recapture model for estimating N when capture
probabilities vary between sampling occasions.

[11] TREMBLAY, A., STOKES, S.L., and GREENBERG, B.S. (1991). “Estimation of PES Fabrications
fromQuality Control Data,” Proceedingsof the Section on Survey Resear ch Methods, American Satistical
Association, 242-247.

This paper focuses on P-Sampl e interviewer fabrication, which isapotential source of error
in the estimates of census undercount from the PES. The Quality Control (QC) operation of
the PESinterviewing phase was designed to detect fabricated dataand correct it. Thispaper
describesthe use of Quality Control recordsto produce estimates of the number of fabricated
persons which remain after the Quality Control operation concludes.

[12] WOLTER, K.M. (1991). “Accountingfor America sUncounted and Miscounted,” Science, 253, 12-15.

The difference between the true but unknown population count and an original census count
iscalled the net undercount. Inthisarticle, the author presents evidence about the size of the
net undercount, explainshow itismeasured, explainswhy itisanimportant problem, and demondrates
new statistical methodology that can ameliorate the problem.
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[13] WOLTER,K.M.andCAUSEY, B.D. (1991). “Evduation of Proceduresfor Improving Popul ation Estimates
for Small Areas,” Journal of the American Satistical Association, 86, 278-284.

The authors provide and illustrate methods for eval uating across-the-board ratio estimation
and syntheti c estimation, two techni questhat might be used for improving popul ation estimates
for small areas. The methodsemphasi ze determination of abreak-even accuracy of knowledge
concerning externally obtai ned popul ation total s, which marksthe point at whichimprovement
OCCurs.

[14] ZASLAVSKY,A.M.(1991). “Combining Censusand Dual -system Estimatesof Population,” Proceedings
of the Section on Survey Resear ch Methods, American Statistical Association, 670-675. (Discussion:
Benjamin King, 676-677).

Inthispaper, theauthor considersa number of issuesrelated to the question of how to obtain
optimal estimates using the census counts and DSE.

1992

[1] CLARK,C.Z.F.(1992). “Coveragelmprovement and Measurement,” Proceedingsof the Section on Survey
Research Methods, American Statistical Association, (Discussion: 524-525).

This session contains an i nteresting combination of papersinvestigating aspects of coverage
indifferent typesof censuses—popul ation, housing, economic, and agri culture-with representation
from both Stati stics Canadaand the Census Bureau. Thethree CensusBureau studiesreported
on use of the capture-recapture dual-system estimator to estimate coverage errors.

[2] FIENBERG, S.E. (1992a), “Bibliography on Capture-Recapture Modeling With Application to Census
Undercount Adjustment,” Survey Methodology, Vol. 18, No. 1, 143-154.

Thisarticle presents a sel ected annotated bibliography of the literature on capture-recapture
(dual system) estimation of population size, on extensionsto the basic methodology, and the
application of these techniques in the context of census undercount estimation.

[3] FIENBERG, S.E. (1992b). “An Adjusted Censusin 19907 The Trial,” Chance, Vol. 5, No. 3-4, 28-38.

The New Y ork City lawsuit challenging the accuracy of the year-old “ official” results of the
1990 Census goestotrial. At issueisthe decision of the Secretary of Commerce overturning
the CensusBureau recommendationto use* adjusted” censusdata. Thisarticleispart of Chance' s
continuing coverage of devel opments surrounding the possi ble adj ustment of the 1990 Census.
Stephen Fienbergwritesabout therecent trial from hisperspectiveasawitnessfor theplaintiffs.

[4] FREEDMAN, D.A.and NAVIDI, W.C. (1992). “Should We Have Adjusted the U.S. Census of 1980?,”
Survey Methodology, Vol. 18, No. 3-24. (Discussion: 25)

Thispaper reviews some of the argumentsfor and against adjusting the U.S. Censusof 1980,
and the decision of the court.



[5] GRIFFIN, D.H.and MORIARITY, C.L. (1992). “Characteristics of Census Errors,” Proceedings of the

Section on Survey Research Methods, American Satistical Association, 512-517 (Disc: 524-525).

Thispaper analyzescharacteristicsof enumerationerrors. Enumeration errorsinclude persons
whowereduplicated, personswhowere counted inthewrong censusgeography or at thewrong
address, fictitious persons, and other personswho should not have beenincludedinthe census.
In particular, thisreport examinesthe enumeration errorsidentified by the Post-Enumeration
Survey to determineif ratesvaried by: (a) how the datawere collected, (b) who provided the
data, (¢) when the data were collected, or (d) the type of household or address. The results
presented inthispaper arebased on PESresultsand thereforefocuson thosefactorsthat might
causepersonsto beenumeratedin error inthe census. Theanalysisislimited to personsliving
in housing units.

[6] HOGAN, H. (1992). “The 1990 Post-Enumeration Survey: An Overview,” The American Satistician,

46, 261-69.

The 1990 Post-Enumeration Survey (PES) congtituted themaj or vehiclefor measuring coverage
by areaof the 1990 Decennial Census. It wasdesigned to be used to adj ust the censusenumeration.
This article discusses the background of the survey, the sampling plan, the methods used to
measure census omi ssionsand censuserroneous enumerations, thetreatment of nonresponse,
the use of dual system estimation to estimate the total population by post-strata, and the use
of these estimates to calcul ate adjusted census data.

[7] MISKURA, S. (1992). “Forward from 1990: Designing the 2000 Census,” Proceedings of the Section

on Survey Research Methods, American Statistical Association, 38-46.

TheResearch, Eval uation, and Experimental (REX) Programsfor each censusaremajor contributors
tochangesfor the subsequent ones. Thegeneric objectivesfor any REX Programareto provide:
information to datausersabout thequality of censusdata, and datafor improvingand changing
methods and operations. Asinthe past, the 1990 REX Programwill providethisinformation
asweexplore new designsfor the 2000 Census. In order to explain specifically how the 1990
REX Programwill contributeto thedesign of the Census 2000, this paper describestheprocess
for researching changes to that design. The paper also describes some major ways that the
REX results support evaluating those design changes.

1993

[1] JOURNAL OF THE AMERICAN STATISTICAL ASSOCIATION, Vol. 88. Special Section:

a)

“UNDERCOUNT IN THE 1990 CENSUS.”
“The 1990 Post-Enumeration Survey: Operations and Results,” H. Hogan, 1047-1060.

TheCensusBureau has struggl ed for decadeswith the problem of undercountinthepopul ation
census. Although the net national undercount has been greatly reduced in recent censuses,
it still tendsto display important differences by race, ethnic origin, and geographic location.
The1990 Post-Enumeration Survey (PES) wasdesigned to produce census tabulation of states
andlocal areascorrected for theundercount or overcount of population. The PESwasthesubject
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of litigation between thefederal government and acoalition of statesand local governments.
Becauseof thelitigation, the PESwas conducted under specific guidelinesconcerningtiming,
prespecification, and quality. The PES measured censusomissionsby independently interviewing
adtratified sampleof the population. It measured censuserroneousenumerationsby adependent
reinterview of asample of censusrecordsand by searching therecordsfor duplicates. A dua
systemestimator (DSE) wasused to prepare estimates of the popul ation by post-strata. Adjustment
factorswere computed astheratio of these estimatesto the census count. Thesefactorswere
smoothed using ageneralized linear model and then applied to the census countsby block and
post-stratato produce adj usted censusestimates. Although thegovernment decided not torelease
thesenumbersastheofficial censusresults, the Census Bureau hasconducted further research
to improve these estimates to incorporate them into the postcensal estimates program. The
revisionshaveincluded new post-strataand correctionsof errorsfoundintheorigina estimates.
Theresultsof the PESshow adifferential undercount by raceand ethnic group and by owner/nonowner
status. They also demonstrate differences in undercount by geography.

“ Egtimation of Popul ation Coverageinthe 1990 United States CensusBased on Demographic Analysis,”
J.G. ROBINSON, B. AHMED, P.D. GUPTA, and K.A. WOODROW, 1061-1071. (Comments by
C.C.CLOGGandC.L.HIMES; J.S. PASSEL, 1072-1077. Regjoinder by J.G. ROBINSON, B. AHMED,
P.D. GUPTA, and K.A. WOODROW, 1077-1079.)

Thisarticle presents estimates of net coverage of the national populationinthe 1990 Census,
based onthe method of demographicanaysis. Thegeneral techniquesof demographicanalysis
asananalytictool for coverage measurement arediscussed, including use of thedemographic
accounting equation, datacomponents, and strengths and limitations of the method. Patterns
of coveragedisplayed by the 1990 estimatesaredescribed, alongwith similaritiesor differences
from comparable demographic estimates for previous censuses. The estimated undercount
inthe1990 Censuswas4.7 million, or 1.85 percent. The undercount of mal es(2.8%) washigher
thanfor femal es(.9%), and theundercount of Blacks (5.7%0) exceeded theundercount of Non-Blacks
(1.3%). Black adult mal eswere estimated to havethe highest rate of undercounting of al groups.
Race-sex-age patterns of net coverage in the 1990 Census were broadly similar to patterns
inthe 1980 and 1970 Censuses. A final section presentstheresultsof thefirst satistical assessment
of the uncertainty in the demographic coverage estimates for 1990.

“Accuracy of the 1990 Census and Undercount Adjustments,” M.H. MULRY and B.D. SPENCER,
1080-1091.

InJuly 1991 the Census Bureau recommendedtoitsparent agency, the Department of Commerce,
that the 1990 Census be adjusted for undercount. The Secretary of Commerce decided not
to adjust, however. Those decisionsrelied at least partly on the Census Bureau' s analyses of
theaccuracy of thecensusand of the proposed undercount adj ustmentsbased on the Post-Enumeration
Survey (PES). Error digtributionsfor thenation, states, and smaller geographic unitswereestimated
with extens onsof methodsapplied totest censuses. To summari zeand assessthered ativeimportance
of errorsindifferent units, the Census Bureau used aggregatel ossfunctions. Thisarticledescribes
the total error analysis and loss function analysis of the Census Bureau. In its decision not
to adjust the census, the Department of Commerce cited different criteriathan aggregateloss
functions. Those criteria are identified and discussed.
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d) “Combining Census, Dual System, and Evaluation Study Datato Estimate Population Shares,” A.M.
ZASLAVSKY, 1092-1105.

The 1990 Census and Post-Enumeration Survey produced census and dual system estimates
(DSE) of population by domain, together with an estimated sampling covariance matrix of
the DSE. Estimatesof the biasof the DSE werederived fromvarious PESeval uation programs.
Of thethree sources, the unadjusted censusistheleast variable but is believed to be the most
biased, the DSE isless biased but more variable, and the bias estimates may be regarded as
unbiased but arethe most variable. Thisarticle addresses methods for combining the census,
the DSE, and biasestimates obtai ned fromtheeval uation programsto produce accurate estimates
of population shares, asmeasured by wei ghted squared - or absol ute- error lossfunctionsapplied
toestimated popul ation sharesof domains. Severa proceduresarereviewed that choosebetween
the census and the DSE using the bias evaluation data or that average the two with weights
that are constant acrossdomains. A multivariate hierarchical Bayesmodel isproposed for the
joint distribution of the undercount rates and the biases of the DSE in the various domains.
Thespecification of themodel issufficiently flexibletoincorporateprior information onfactors
likely to be associated with undercount and bias. When combined with data on undercount
and bias estimates, the model yields posterior distributions for the true popul ation shares of
each domain. The performance of the estimators was compared through an extensive series
of smulations. Thehierarchica Bayesproceduresareshownto outperformtheother estimators
over awide range of conditions and to be robust against misspecification of the models. The
variouscompositeestimators, appliedto preliminary datafromthe 1990 Censusand eval uation
programs, yield similar resultsthat are closer tothe DSE thanto the census. Analysisof arevised
datastyieldsqualitatively smilar estimatesbut showsthat the revised post-drtificationimproves
on the original one.

€) “Usinglnformationfrom Demographic Analysisin Post-Enumeration Survey Estimation,” W.R. BELL,
1106-1118.

Population estimatesfromthe 1990 Post-Enumeration Survey (PES), usedto measuredecennial
censusundercount, wereobtained fromdua systemestimates (D SES) that assumed independence
within stratadefined by age-race-sex-geography and other variables. Wemakethisindependence
assumptionfor femal es, but devel op methodsto avoid theindependence assumptionfor males
within strataby using national level sex ratiosfrom demographic analysis(DA). Thisisdone
by using DSE results for females and the DA sex ratios to determine national level control
totalsfor male population by age-race groups. These control total sare then used to determine
somefunction of theindividual strata2x2 table probabilitiesfor malesthat isassumed constant
across stratawithin age-race groups. One such candidate function isthe cross-product ratio,
but other functionscan beusedthat |ead to different DSES. Weconsider several such alternative
DSEs, and use DA resultsfor 1990 to apply themto datafromthe 1990 U.S. Censusand PES.

f) “Assessing Between-Block Heterogeneity Within the Post-Strataof the 1990 Post-Enumeration Survey,”
N.HENGARTNERand T.P. SPEED, 1119-1125. (Commentsby J.L. SCHAFFER; D.YLVISAKER,
1125-1128. Rejoinder by N. HENGARTNER and T.P. SPEED, 1128-1129.)

The 1990 Post-Enumeration Survey (PES) stratified the populationinto 1,392 subpopul ations
called post-stratabased onlocation, race, tenure, sex and age, inthe hopethat these subpopulations
werehomogeneousinre ationtofactorsaffecting the censuscoverage. Homogeneity i snecessary
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to justify the use of the same adjustment factor for many, sometimes quite small, subgroups
of the post-strata. With block-level datafrom the PESfor sites around Detroit and Texas, we
areableto examineempirically theextent towhich thishopewasredized. Using various measures,
we find that between-block variation in erroneous enumeration and gross omission ratesis
about thesamemagnitudeas, andlargely in additionto, the corresponding between-post-stratum
variation.

“ Estimating Heterogeneity inthe Probabilitiesof Enumeration for Dual-System Egtimation,” JM. ALHO,
M.H. MULRY, K. WURDEMAN, and J. KIM, 1130-1136.

Theauthors show how conditional | ogistic regression can be used to estimate the probability
of being enumerated in a census and apply the model to the 1990 Post-Enumeration Survey
(PES) inthe United States. The estimates can be used in the estimation of population sizeand
the estimation of correlation bias, for example. Unlike the classical stratification approach,
the logistic approach permitsthe use of continuous explanatory variables. Model choice can
bebased onthestandard techniquesof thegeneralized linear models. They discusssomespecial
problemscaused by thefact that the PES sample areaisopento migration between the captures.
They a so consider theeffect of dataerrorsin estimation. They characterize hard-to-enumerate
populations and give some tentative estimates of correlation bias.

“ A Three-Sample M ultiple-Recapture A pproach to Census Popul ati on Estimati on with Heterogeneous
Catchability,” J.N. DARROCH, S.E. FIENBERG, G.F.V.GLONEK, andB.W. JUNKER, 1137-1148.

A central assumptioninthe standard capture-recapture approach to the estimation of the size
of aclosed populationisthehomogeneity of the* capture” probabilities. Inthisarticlewedevelop
an approach that allows for varying susceptibility to capture through individual parameters
using avariant of the Rasch model from psychol ogical measurement situations. Our approach
requiresan additional recapture. Inthecontext of censusundercount estimation, thisrequirement
amounts to the use of a second independent sample or alterative data source to be matched
with censusand Post-Enumeration Survey (PES) data. Themode swedeve op provideamechanism
for separating out the dependence between censusand PESinduced by individual heterogeneity.
Theresulting datatake the form of an incomplete 2° contingency table, and we describe how
to estimatetheexpected va uesof theobservablecdlsof thistableusinglog-linear quasi-symmetry
models. The projection of these estimates onto the unobserved cell corresponding to those
individualsmissed by all three sourcesinvolvesthelog-linear modd of no second-order interaction,
whichisquite plausible under the Rasch model. Weillustrate the model sand their estimation
usingdatafroma1988 dress-rehearsal study for the 1990 Censusconducted by theU.S. Bureau
of the Census, which explored the use of administrative data as a supplement to the PES. The
article includes a discussion of extensions and related models.

“Hierarchical Logistic RegressionMode sfor Imputation of Unresolved Enumeration Statusin Undercount
Estimation,” T.R. BELIN, G.J. DIFFENDAL, S. MACK, D.B. RUBIN, J.L. SCHAFER, and A.M.
ZASLAVSKY, 1149-1159. (Commentsby RJA.LITTLE; K.W.WACHTER, 1159-1163. Rejoinder
by T.R.BELIN, G.J. DIFFENDAL,S.MACK,D.B.RUBIN, JL.SCHAFER,andA.M.ZASLAV K,
1163-1166.)

Intheprocessof collecting Post-Enumeration Survey (PES) datato eval uate censuscoverage,
itisinevitablethat therewill be someindividuals whose enumeration status (outcomein the
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census-PESmatch) remainsunresol ved even after extensivefield follow-up operations. Earlier
work developed alogistic regression framework for imputing the probability that unresolved
individual swere enumerated in the census, so that the probability of having been enumerated
isallowed to depend on covariates. The covariates may include demographic characteristics,
geographic information, and census codes that summarize information on the characteristics
of the match (e.g., the before-follow-up match code assigned by clerks to describe the type
of match between PES and censusrecords). Inthe production of 1990 undercount estimates,
the basic logistic regression model was expanded into a mixed hierarchical model to allow
for the presence of group-specific effects, wheregroupsare characterized by common before-follow-up
match-code. Parameter estimates for individual match-code groups thus “borrow strength”
acrossgroupsby making useof observed rel ationshi psbetween group-specific parameter estimates
inthevariousgroupsand the characteristics of the groups. Thisallows predictionsto be made
for groupsfor which there are few or no resolved casesto which to fit the model. The model
wasfitted by an approximate expectati on-conditional -maximization (ECM) algorithm, using
alarge-sampl e approximation to the posterior distributions of group parameters. Uncertainty
in estimation of model parameters was eval uated using a resampling procedure and became
part of the evaluation of total error in PES estimates of population. Results from fitting the
model in the 1990 Census and PES are described.

[2] FAY,RE.andTHOMPSON, J.(1993). “ The1990 Post Enumeration Survey: Statistical Lessons, InHindsight,”
Proceedingsof the 1993 Annual Resear ch Confer ence of the Bur eau of the Census, Washington, D.C.,
71-91. (Discussion: B.D. Spencer,, 92-95.)

The 1990 Post Enumeration Survey (PES), to measure the undercount of the 1990 Decennial
Census, followed yearsof planning. In spiteof numerousimprovementsover previouseva uation
efforts, the PES presented anumber of challenges. Thepurposeof thispaperistoreview critically
many of the statistical problems that arose and to show that some were interconnected. The
hope isto achieve aview of the forest, or at least several of the trees, at once.

Thepaper will revisit topics: 1) thehomogeneity assumption, that undercount rateswerefixed
within pogtstrata; 2) themeasurement andimplication of biasinthe PESestimates; 3) theproperties
of theempirical Bayesestimator originally designed for the adjustment; 4) assessment of the
benefits and harm of adjustment, through loss function analysis and hypothesis testing; and
5) the Census Bureau’ s 1992 estimates produced for potential adjustmentsto the base of the
postcensal estimates and alternatives. Our emphasisison the current state of knowledge and
recent work in each of these areas. Finally, the authors remark on how these lessons might
inform planning for Census 2000.

[3] ISAKI,C.T., TSAY,JH., andTHIBAUDEAU, Y. (1993). “Samplingfor the CountinaCensus,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 492-497.

As part of aprogram of continuing research regarding Census 2000, the authors conducted
an empirical study concerning the possibility of sampling for the count. The main purpose
of thisresearchwasto construct several sampledesignsand provideempirical resultsconcerning
estimates of Voting Rights Act data at the block, address register area (ARA), and district
office(DO) level. Thispaper describesour assumptions, methodol ogy, design, and someresults.
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[4] NAVARRO, A.andGRIFFIN, R. (1993). “Matrix Sampling Designfor the'Y ear 2000 Census,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 480-485.

A very important goal of the Census 2000 isto improve coverage and reduce the differential
undercount. If content (questions) isessentially kept the same asin 1990, then spreading this
content over several sampleformswill likely reducerespondent burdenwhileproviding sample
formsthat are shorter thanthe 1990 sampleforms. Thiscouldincreasemail returnrates. Results
fromthe 1990 Censusevaluation studiesindicatethat thequality of data, particularly interms
of coverage, issomewhat better for mail return questionnairesthan for those not returned by
mail and subsequently completed by enumerators during follow-up operations (Griffin and
Moriarity, 1992). Therefore, the use of shorter multiple sample forms could help to improve
coveragefor Census2000. Thispaper describesand discussesreliability and respondent burden
issuesrelated tofiveaternative matrix sampling plans, thefirst four could be used for sample
data collection for Census 2000.

[5] PROCEEDINGS OF THE 1993 RESEARCH CONFERENCE ON UNDERCOUNTED ETHNICPOPULATIONS
May 5-7, 1993, U.S. Bureau of the Census, Washington, D.C.

Thepurposeof the Research Conference on Undercounted Ethnic Popul ationswasto understand
themagnitude of the undercounting probleminthe 1990 Censusand identify areasfor devel oping
ways to reduce undercount in the Census 2000. These proceedings contain the full record
of the conference.

[6] ROBINSON, J.G.,AHMED, B.,and FERNANDEZ, E.W. (1993). “Demographic Analysisasan Expanded
Programfor Early Coverage Eval uation of the2000 Census,” Proceedingsof the 1993 Annual Research
Conference of the U.S. Bureau of the Census, Washington, D.C., 166-200.

Thispaper discussesnew plansfor thedemographicanalysisprogram, withthegoa of increasing
theutility of thedemographic estimatesfor eval uation of coverageinthe Census2000. It describes
how the demographic estimates of population for the nation, states, and substate areas could
beavailableearly in2000 and thus provide useful (andinexpensive) coverageindicatorswhenever
the preliminary 2000 Census population counts become available.

[7] SCHINDLER,E., GRIFFIN,R.,andNAVARRO, A. (1993). “ Sampling and Estimation for theHomeless
Population,” Proceedingsof the Section on Qurvey Resear ch Methods, American Satistical Association,
468-473.

The Census Bureau is conducting research into methodologies for estimating the size of the
homel esspopul ation. Thesealternative statistical methodsconcentrateon shelters, soup kitchens,
and other selected locations. Two classes of estimates are being considered. One estimate,
based on capture-recapture methods, matches results from samples for two or more days to
produce dual-system estimates. The second type of estimate avoids matching, but relies on
respondents’ answers to “site use history” questions. Both methods are consistent with the
Census2000research goal of studying sampling and statistical methodsto* count” the population.
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[8] THOMAS, K.F.andDINGBAUM, T.L.(1993). “ DataQuality inthe 1990 Census—TheContent Reinterview
Survey,” Proceedings of the Section on Survey Resear ch Methods, American Satistical Association,
250-255.

TheContent Reinterview Survey (CRS), thelargest content (questions) eval uation conducted
by the Census Bureau, is a part of the 1990 Research, Evaluation and Experimental (REX)
program. A similar survey has been conducted after each decennial census since 1950. The
CRSisdesigned to measure response error associated with selected popul ation and housing
items. The CRS sample was restricted to long form census households. Census households
responding by mail and enumerator return householdswerereinterviewed. Highlightsof results
are presented in this paper.

[9] TORTORA, R.D., MISKURA, SM., and DILLMAN, D.A. (1993). “Onwards Towards a 2000 Census
Design: Research Results,” Proceedingsof the Section on Survey Resear ch Methods, Vol. 1., American
Satistical Association, 120-128. (Disc: Ivan P. Fellegi, 141-143).

This paper reports the general results of research undertaken by Census Bureau staff. The
viewsexpressed areattributabl eto theauthorsand do not necessarily reflect those of the Census
Bureau.

1994

[1] BELIN, T.R. and ROLPH, J.E. (1994). “Can We Reach Consensus on Census Adjustment?,” Satistical
Science, Vol. 9, 486-508.

Attempting acomplete headcount isanimperfect method for carrying out acensus, asismodifying
an attempted headcount with sample-based adjustments. Itisamistaketo assumethat oneapproach
enjoysascientific presumption over theother. Thereareimportant detail savailablefromevauaion
studiesof the 1990 Decennia Censusthat reflect uponthe accuracy of adjusted and unadj usted
censusfigures. Decisionsabout adjustment might therefore be based on comparing theaccuracy
of alternative census-taking strategies at some level of aggregation of the population. In any
such comparison, the choices of an appropriate level of aggregation, the factors defining the
aggregation, and appropriatel osscriteriaareimportant i ssuesto decidein advance. After providing
context for decisionsabout census-taking strategy, theauthorscomment ontherecent literature
on censusadjustment, i ncluding the papers by Freedman and Wachter and by Breiman contained
in thisissue; they also discuss the Census Bureau' s plans for Census 2000. They conclude
that the 1990 approach to summarizing the accuracy of an adjusted census can be improved
upon, but that many of thecriticismsof censusadjustment do not reflect aba anced decision-making
perspective. They aso conclude that the Census Bureau is pursuing constructive researchin
evaluating a“ one-number census,” and they suggest that statisticians have aroleto play in
avoiding the costly legal battlesthat have plagued recent censuses by assisting in the process
of deciding on adesign for Census 2000.

[2] BELL,R.M. (1994). “Sampling and Statistical Estimation inthe Decennial Census,” Proceedings of the
Survey Research Methods Section, Vol. 1., American Statistical Association,71-79.

Thispaper discussestwo major innovationsthat the CensusBureauisconsidering for producing
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countsinthe2000 Census. Sampling for nonresponsefollow-up and integrated coverage measurement.
Theseinnovationsrespond to the two main criticisms of the 1990 Census: that costsgrew out
of control andthat therewasdifferential coverage among demographi c groupsand geographic
areas.

[3] BREIMAN, L. (1994). “The 1991 Census Adjustment: Undercount or Bad Data?,” Satistical Science,
Vol. 9, 458-475.

The question of whether to adjust the 1990 Census using a capture-recapture model hasbeen
hotly argued in statistical journals and courtrooms. Most of the arguments to date concern
methodol ogi cal issuesrather than dataquality. Foll owing the Post-Enumerati on Survey, which
was designed to provide the basic datafor adjustment, the Census Bureau carried out various
evaluation studiesto try to determine the accuracy of the adjusted counts as compared to the
census counts. This resulted in the P-project reports, which totaled over athousand pages
of evaluation descriptionsand tables. Careful scrutiny of these studiestogether with auxiliary
sourcesof information provided by the Census Bureau isused to examinetheissue of whether
the data gathered in the Post-Enumeration Survey can providereliable undercount estimates.

[4] CHOLDIN, H. (1994). Looking for the Last Percent: The Controversy Over Census Undercounts, New
Brunswick, N.J.: Rutgers University Press.

Thegoal of thisbook istotell the story of aconflict that pitted census administrators against
mayors, governors, and otherswith primarily political concerns. They clashed over thequestion
of what to do about undercountsin the 1980 and 1990 Censuses. Thisbook tellshow thecensus
administrators, many of whomweretechnical-scientific specialists, dealt with“ outsiders’ who
got powerfully involved in the census process.

[5] COMMENTSON THREE PAPERSIN STATISTICAL SCIENCE (1994), Vol. 9, by DIAMOND, 1., and
SKINNER, C., ERICKSEN, E.P, FIENBERG, SE.,and KADANE, JB.,LYBERG, L.,andLUNDSTROM,
S., and STEEL, D., 508-519. (Rejoinders on 520-537.)

Comments are provided for three papersin Satistical Science, Vol. 4 (1994). The authors
of thethree papersbeing discussed are (Paper 1) Breiman; (Paper 2) Freedman and Wachter;
and (Paper 3) Belin and Rolph.

[6] DIFFENDAL,G.J.,,ZASLAVSKY,A.M.,BELIN, T.,and SCHENKER, N. (1994). “Influential Observations
in the 1990 Post-Enumeration Survey,” Proceedings of the 1994 Annual Research Conference, U.S.
Bureau of the Census, 523-548.

Theresults of the 1990 Post-Enumeration Survey (PES) included over three dozen blocksin
which there was a particularly poor match between census and PES rosters. The high levels
of nonmatch were dueto specific large-scale errorsthat affected whole blocks or substantial
portions of them, such as errorsin geocoding (assigning addresses to census blocks), errors
inprocessingandfield operations, or clustered errorsintheorigina censusenumeration. Although
some of theeffectsof block-level geocoding and processing errorsbalanceout in expectation,
they can till contribute substantially to thevariance of undercount estimates. Extremesampling
weightswere applied to certain bl ocks, which made some of them unusually influential. This
paper suggests methods for handling influential blocks in a PES; such methods potentially
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havebroader relevanceto surveysingenera. Drawing onideasfromjackknifevarianceestimation
and robust estimation, theauthorssuggest asystemati c and principled basi sfor downweighting
of extremely influential blocks, yielding estimateswith potentially largereductionsinvariance.
Inthecontext of the PES, theauthorssuggest that large-scal egeocoding and processing problems
arise sufficiently often that there should be standard procedures for dealing with these cases
inboththeprocessing and estimation phases. They illustratetheir ideaswith datafromanewly
available block-level file from the 1990 PES.

[7] ERNST,L.(1994). “ Apportionment M ethodsfor the House of Representativesand the Court Challenges,”
Management Science, 40, 1207-1227.

Four different methods have been used to apportion the seatsin the United States House of
Representatives among the states following the decennial census. The current method, the
method of equal proportions, has been used for each censussince 1940. 1n 1991, for thefirst
timeinU.S. history, theconstitutionality of an apportionment method waschallengedincourt,
by Montanaand M assachusettsin separate cases. Montanaproposed two methodsasalternatives
toequal proportions, the methods of harmonic meansand smallest divisors, while M assachusetts
proposed the method of major fractions. On March 31, 1992, in a unanimous decision, the
U.S. Supreme Court upheld the constitutionality of equal proportions. The author wrote the
declarations on the mathematical and statistical issues used by the defense in these cases.
Thedeclarationsinthe M assachusettscase contain several new theoretical and empirical results.
This paper discusses the technical issues of these cases together with a brief history of the
apportionment problem.

[8] FAY,R.E. (1994). Comment on*“Alternative Methodsfor the 2000 Census,” Proceedingsof the Section
on Survey Methods, American Statistical Association, 90-92.

In discussing papers by Robert Bell (1994) and K eith Rust (1994), the author challengesthe
statistical profession to bring more*science” into statistical science, especially theliterature
that deals with census undercount.

[9] FIENBERG, S.E. (Fall 1994). “An Adjusted Censusin 19907 Trial Judgement Set Aside,” Chance, Vol.
7, No. 4, 31-32.

Aswe approach mid-decade, the controversy over the 1990 decennial censuscontinuestorage.
A mgjor court ruling favorsadjustment. Thisistheeighthinaseriesof articleson censusadjustment
in Chance.

[10] FREEDMAN, D.andWACHTER, K. (1994). “Heterogeneity and CensusAdjustment for the Intercensal
Base,” Satistical Science, Vol. 9, 476-485.

Current techniguesfor censusadjustment invol vethe* synthetic assumption” that undercount
ratesare constant within“ poststrata” acrossgeographical areas. A poststratumisasubgroup
of peoplewith given demographic characterigtics; poststrataare chosen to minimize heterogeneity
inundercount rates. Thispaper will use 1990 Census datato assessthe synthetic assumption.
Theauthorsfindthat heterogeneity within poststrataisquitelarge, with acorrespondingimpact
onlocal undercount rates estimated by the synthetic method. Thus, any comparison of error
rates between the census and adjusted counts should take heterogeneity into account.
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[11] ISAKI,C.T.,TSAY, JH., and FULLER, W.A. (1994). “Design and Estimation for Samples of Census
Nonresponse,” Proceedingsof the 1994 Annual Resear ch Conference of theU.S. Bureau of the Census,
Washington, D.C., 289-305.

Themain purposeof thisresearchwasto congtruct several sampledesignsand provideempirical
resultsconcerning estimatesof V oting RightsAct dataat theblock, addressregister area(ARA),
and district office (DO) level.

[12] MULRY, M.H. and SINGH, R.P. (1994). “New Applications of Sampling and Estimation in the 1995
CensusTest,” Proceedingsof the Section on the Survey Research Methods, American Satistical Association,
742-747.

The CensusBureauistesting acombination of countingwith sampling and estimation for producing
census numbers for the size of the population in the 1995 Census Test. The new approachis
under considerationfor Census2000. Theplansfor the 1995 Census Test call for applications
of sampling and estimation at two points in the census process. The first one is conducting
follow-up interviewsfor only asampl e of the nonrespondentsto the mail questionnaires. The
CensusBureauwill not try to contact all thenonrespondentsasin previouscensuses. Thesampling
and estimation based on nonresponse follow-up is expected to lower the cost of the census.
The second application of sampling and estimation is a coverage measurement survey at the
end of nonresponsefollow-up. Theresultsof theestimation based onthissurvey will beincorporated
intothecensusnumbers. Theend productisknown asthe one-number census. Themethodol ogy
of integrated coverage measurement (ICM) isexpected to reducethedifferential undercount.
This paper describes the methodology under development and the plans for its evaluation.

[13] SCHINDLER, E.andNAVARRO, A.(1994). “CENSUSPLUS: AnAlternative Coverage Methodol ogy,”
Proceedings of the Section on Survey Resear ch Methods, American Satistical Association, 248-253.

The 1990 Post-Enumeration Survey (PES) used capture-recapture or dual system methods
to estimate coveragein the 1990 Census. CensusPlusisan alternative coverage measurement
methodinwhich, after completion of thenormal censusoperations, asampleof blocksisrevisited.
Thissecond collection effort appliesintensiveindependent and dependent methods, including
matching to the original censusforms, to obtain the best possible count of usual residentsin
thesampleblockson CensusDay. Final estimatesarebased onthetotal number of usual residents
foundinthesampleblocksin either theoriginal censusor there-enumeration. Unlikethedual
system estimatewherethe so-called “fourth cell” estimatesusual residentsnot foundin either
enumeration, thereisno attempt to estimate persons missedin both enumerations. Itistherefore
very important for CensusPlus to locate all usual residents in the sampled blocks on Census
Day. See Wright (1993) for a complete theoretical discussion of CensusPlus.

Thispaper describesan empirical study inwhich CensusPlusestimation proceduresareapplied
tothe 1990 PESdata. Tworesultswerenoted: (1) Estimatesof standard errorsfrom CensusPlus
and dual system estimation arecloseto oneanother with no clear advantagefor either method,
(2) Asexpected, thesimulated CensusPl us estimatesin thisstudy measureasmaller undercount
than the dual system estimates, especially for the hardest to collect demographic groups.
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[14] STEFFEY,D.L.andBRADBURN, N.M. (Eds.) (1994). Counting Peopleinthelnformation Age. Panel
to Evaluate Alternative Census M ethods, Committee on National Statistics, National Research Council.
Washington, D.C.: National Academy Press.

Thisreport providesdetail s of thework of the Panel to Evaluate Alternative Census M ethods.
Thepand’ swork emphasi zesthose aspectsof censusmethodol ogy that havethegreatest potential
effect ontwo primary objectivesof censusredesign: reducing differential undercount and contralling
costs. In particular, the panel focused on processes for the collection of data, the quality of
coverage and responsethat these processesengender, and the use of sampling (and subsequent
estimation) in the collection process. The panel looked beyond Census 2000. A significant
number of the panel’ s findings and recommendations look beyond 2000 to future censuses,
relateto other CensusBureau demographi c programs (current popul ation estimatesand sample
surveys), and discuss the collection of small-area data from administrative files.

[15] ZANUTTO, E. and ZASLAVSKY, A.M. (1994). “Model for Imputing Nonsample Households with
SampleNonresponse Follow-up,” Proceedingsof the Section on Survey Resear ch Methods, American
Satistical Association, 236-241.

This paper looks at the problem of estimating/imputing the characteristics of households at
addressesin nonsampleblocksfromwhich no responsewas obtained at themail back of questionnaires
stage.

1995

[1]] EDMONSTON, B. and SCHULTZ, C. (Eds.) (1995). Modernizing the U.S. Census. Panel on Census
RequirementsintheY ear 2000 and Beyond, Committeeon National Statistics, National Research Council,
Washington, D.C.: National Academy Press.

Thereport providesdetailsof thework of the Panel on Census RequirementsintheY ear 2000
and Beyond. Thepanel’ sfirst task wastoinvestigate whether and to what extent varioustypes
of essential data can best be collected by the decennial censusor by other means. The second
task wasto consider and recommend the most cost-eff ectivemethods of conductingthe census
and otherwise collecting census-type data. The panel evaluated awide range of methods for
meeting therequirementsof thedecennial census, including radical proposal sthat would sharply
ater theway thedataarecollected, substantial changesinthe context of thetraditional census,
and incremental changesin the census. The basic conclusions are:

(D  “Itisfruitlesstocontinuetryingto count every last personwithtraditiona censusmethods
of physical enumeration.”

(2) “Itispossibletoimprovetheaccuracy of the censuscount with respect toitsmost important
attributesby supplementing areducedintensity of traditional enumerationwith statistical
estimates of the number and characteristics of those not directly enumerated.”

(3) “Onceadecisionismadeto usedtatistical estimationfor completing the count, athorough

review and reengineering of censusproceduresand operationscoul d achieve substantial
cost savings in the next census, even as accuracy is being improved.”
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(4 “Withregardto proposalstodropthelongforminthenext decennial censusand substitute
a continuous monthly survey to obtain relevant data, substantial further research and
preparatory work arerequiredto thoroughly evaluatethelikely effect and costsof these
proposals. . .Therefore, the 2000 Census should include the long form.”

[2] MULRY,M.H.andNAVARRO, A. (1995). “Methodology for the Eval uation of Sampling and Estimation
intheCensus,” Proceedingsof the Section on Survey Resear ch Methods, American Satistical Association,
742-747.

This paper discusses the major evaluations of sampling and estimation in the 1995 Census
Test. A description of the data collection and processing methodology for the enumeration,
nonresponse follow-up and ICM can be found in Mulry and Singh (1994). The evaluation of
samplingfor nonresponsefollow-up will assessitseffectivenessby investigatingthecoverage
propertiesand other aspectsof two basic sampling designs, ablock sampleand ahousing unit
sample. Theevaluation of theintegrated coverage measurement (ICM) will focuson measuring
data collection and processing errors plus determine whether the procedure adds personsin
thetraditionally undercounted groupsto the censusnumbers. Two methodol ogiesfor integrated
coveragemeasurement are considered: dual system estimation and anew methodol ogy known
as CensusPlus which uses ratio estimation.

[3] NAVARRO, A. and WOLTMAN, H.F. (1995). “1995 Census Test: Integrated Coverage Measurement
SampleDesign,” Proceedingsof the Section on Survey Research Methods, American Satistical Association,
718-723.

Thispaper providesan overview of thedesign, sizeof the sampleand expected standard errors
of population size dueto sampling the nonrespondentsand for coverage measurement. Design
issues that are discussed include stratification, sample allocation, and expected measures of
reliability of CensusPlus estimates for various demographic subgroups of the population.

[4] PETRONI,R.J.,IKEDA,M.,and SINGH, P.S. (1995). “Impactsof Samplingfor Nonresponse Follow-up
and I ntegrated Coverage M easurement on Census M ethodol ogy for aOneNumber Census,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 730-735.

The1995 Census Testisresearchingtwo fundamental changestotraditiona U.S. Censusmethodology
—following up only asample of nonresponding households (NRFU sampling) andintegrating
coverage measurement into estimation (Thompson, 1994). Thispaper describesthe 1990 Census,
the 1995 Census Test, and theimpli cations of adopting thetwo fundamental changesfor other
census methodol ogies.

[5] PETRONI, RJ.,, KEARNEY, A.T., TOWN, M.K., and SINGH, R.P. (1995). “Should We Account for
Missing Datain Dual-system Estimation?” in I nter national Per spectiveon Nonresponse, Proceedings
of the Sixth International Workshop on Household Survey Nonresponse, Oct. 25-27, 1995, 166-176.

The U.S. Census Bureau conducted a Post-Enumeration Survey (PES) to eval uate coverage
after the 1990 Census. To accomplish this, the Bureau selected a sample of census blocks
and conducted anindependent canvas. Personsand householdslistedinthe censuswereidentified
asthe E—sample, whilethoselistedintheindependent canvaswereidentified asthe P-sample.
Anaystsmatched casesfromthetwo samplesand used resultsto obtain dual systemestimation
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(DSE) population estimates. For both samples, statisticiansimputed missing dataitemsand
used hierarchical logistic regression model stoimpute unresol ved enumeration or match status
for persons. For the P-sampl g, stati sticiansal so adj usted wei ghtsto account for noninterviewed
households. Fromthepoint-of-view of reducingdataprocessingtimeand effort, an attractive
aternativeisto treat persons in noninterviewed households, persons with any missing data
items, and personswith unresolved enumeration or match statusasnot captured. Thatis, ignoring
such persons by doing no noninterview adjustment, no imputation, and no modeling. This
paper analyzes whether this alternative is reasonable for DSE from a statistical viewpoint.

[6] SCHAFER,J.L.(1995). “Mode-Based Imputation of Census Short-Form Items,” Proceedingsof the 1995
Annual Research Conference, U.S. Bureau of the Census, 267-299.

Proposed changesin censusdesign for theyear 2000 will inevitably result in greater amounts
of missingdatathanin previouscensuses. Thesechangeshave prompted seriousre-examination
of the sequential hot deck and investigation of possible alternatives. This paper describesa
stochastic method for imputing census short-formitemsbased on explicit probability models.
The characteristics of housing units, and the persons within those units, are described by a
sequence of hierarchical regression models for discrete response. These models, devel oped
through analysi sof datafromthe 1990 Census, reflect the geographi ¢ heterogeneity and strong
serial dependencethat existsin the censusroster. Model fittingiscarried out by an algorithm
for iterativesimulation, avariation of themethod proposed by Karimand Zeger (1991). Potentia
usesof thiswork include(a) imputationfor itemnonresponse, and (b) massimputation of data
for nonresponding housing units not included in a nonresponse follow-up sample.

[7] SCHINDLER, E. and NAVARRO, A. (1995). “The Effect of Sampling for Nonresponse Follow-up in
the Census Environment on Popul ation Estimates,” Proceedingsof the 1995 Annual Research Conference,
U.S. Bureau of the Census, Washington, D.C., 69-86.

In a1992 report to Congress, the General Accounting Office specifically arguesin favor of
sampling for nonresponse and reports potential savings on the order of 400 million dollars
if theBureau of the Censuswereto moveinthat direction. Two panelsof the National Academy
of Sciences commissioned by the Bureau of the Census have reiterated this statement.

Approximately 35 percent of all housing units and 25 percent of occupied housing units did
not returnthe 1990 Censusformby mail. All of these housing unitswere contacted by personal
vidt, adding significantly totheoveral cost of taking the census. Enhancementsto mail collection
procedurestestedin 1991 and 1992 may reducethe nonresponse problemby asmuch asone-third.
Further savingscan be achieved by sel ecting asampl e of the remai ning nonresponding housing
unitsfor personal visit follow-up. However, the variance introduced by the sampling can be
amajor contributor to the total error of the estimates.

The 1990 Post-Enumeration Survey (PES) datawereused to obtainfactorsto adjust for undercoverage
by the 1990 Census for 357 population groups defined by geography, tenure, race, sex, and
age. The adjustment factors are used to obtain synthetic estimates of the population size by
multiplying them by the number of persons counted by the censusin an area.

This paper discusses an empirical study of the effect of sampling for nonresponse follow-up
onestimatesfor a“ one-number” censuswhichincorporatestheadjustment for undercoverage
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by the censusinto the official censustallies. Both dual system and CensusPlus adjustment
factors are calculated. The primary focusis on block estimates for a“one-number” Census.
Popul ation targets for the 5000 PES blocks are derived by calculating direct Dual System or
CensusPlus estimates from only the census and PES data from each individual block. At the
block level, theaveragerel ativeroot mean squareerror for the synthetic estimateswith complete
nonresponse follow-up compared to thetarget estimates of the actual Census Day popul ation
isalmost doubled by theintroduction of aone-in-three sampl e of the nonresponding housing
units.

[8] THIBAUDEAU, Y. and NAVARRO, A. (1995). “Optimizing Sample Allocation of the (Census) 2000
NonresponseFollow-up,” Proceedingsof the Survey Research Methods, American Satistical Association,
736-740.

Thepaper exploresavenuesopentothe Bureauin applyingaplanfor sampling for nonresponse
follow-up. Theresearch is guided by two principles: Thefirst isthe efficiency principle. It
ismotivated entirely by the goal of providing a census with maximum accuracy, for agiven
cost. The second principleisequity. It isdesired to allocate the sample for the follow-up of
nonrespondents so that the accuracy of estimates of comparable geographic areas would be
the same. Simulations are done using 1990 Census data.

[9] THOMPSON, JH.,KILLION,R.A.,MULRY,M.H.,andMISKURA, S.(1995). “Census2000: Statistical
Issuesin Reengineeringthe Decennial Census,” Proceedingsof the Social Statistics Section, American
Satistical Association, 1-10.

This paper provides adescription of the environment in which staff at the Census Bureau are
devel oping the plansfor the 2000 Census, describes how the Census Bureau has responded,
and provides an overview of research planned in the next few years.

[10] TOWN, M.K. and FAY, R.E. (1995). “Properties of Variance Estimators for the 1995 Census Test,”
Proceedings of the Section on Survey Resear ch Methods, American Satistical Association, 724-729.

The 1995 Census Test includestwo fundamental changesin censusdesign: samplingfor nonresponse
follow-up and integrated coverage measurement (ICM), both to be tested as precursors for
2000. After adetermination of occupancy statusby the Postal Service, housing unitsnot responding
to the mail census will be sampled and survey estimation approaches employed, in contrast
toanattempt tofollow up all nonresponsesasin previousmail censuses. For ICM, asubsample
will bedrawnto esimatetheresidua undercoverageof the census, and estimatesof theundercoverage
will beintegratedintothefinal count. Theestimationincorporatesaspectsof bothratioestimation
andimputation. Thispaper eva uates, using datafrom past censusesand Monte Carlosimul ation,
variances estimators devel oped for the 1995 Census Test and some potential alternatives.

[11] WRIGHT, T. (1995). “CensusPlus: A Sampling and Prediction Approach for the 2000 Census of the
United States,” Proceedings of the 1995 Annual Research Conference, U.S. Bureau of the Census,
Washington, D.C., 37-68.

For agenera audience, thispaper offersdetail sof asimpleproposa (Wright, 1993) for estimation

of the population (and housing) in the Y ear 2000 for the United States. The two important
toolswhich hel p to accomplish the estimati on are sampling and predi ction. Under CensusPlus,

78



two surveys (mass enumeration and plus sample enumeration) are made of a universe with
M blocks. Themassenumeration resultsinaninitial preliminary count for each and every block
inthecountry. The plussampleblocksundergo asecond extra high quality count whichwhen
comparedwiththeinitial count leadsto observed resolved countsfor the sampleblocks. Under
asimple model, resolved counts are predicted for the nonsampl e blocks. Hence an optimal
estimator of N, theuniversesize, isabtained by adding these observed (in sample) and predicted
(notinsample) resolved block counts. Infact, thissumturnsout tobetheclassical ratio estimator.
This one number census collection is additive and consistent for all levels of geography.

Inaddition, thispaper presentssamplesizesfor thenumber of blocksrequired by theplussample
enumeration to support reliable state level estimates of population produced by CensusPlus.
In particular and using data from the 1990 Census Files and the 1990 PES Block Data File,
it isshown that anationwide deeply stratified probability sample of 22,120 blocksis needed
to ensure that the housing unit population of a given state is estimated with a standard error
of 40,000 persons. The 1990 PESBIlock DataFilea so providessomeearly empirical evidence
that the model is very likely to hold.

[12] ZANUTTO, E. and ZASLAVSKY, A.M. (1995). “A Model for Imputing Nonsample Householdswith
Sampled NonresponseFollow-up,” Proceedingsof the 1995 Annual Research Conference, U.S. Bureau
of the Census, 608-613.

The potential cost savings for nonresponse follow-up (NRFU) sampling are large, but it is
necessary to show that we can attain an acceptable level of accuracy for small areas before
suchasampling scheme can beadopted. Theproblemisto estimate/imputethecharacteristics
of households at addressesin nonsample blocks from which no response was obtained at the
first stage. Oncethe censusroster is completed by imputation, all tabulations prepared from
the compl eted roster are guaranteed to be consi stent with each other. Inthis paper, the authors
consder, through simulations, thegainsin accuracy that arepossiblewithincreasingly sophisticated
models.

[13] ZASLAVSKY,A.M.(1995). “Discussion: Sampling Fromthe 1995 Census Test Buffett,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 748-750.

These comments discuss the Census Bureau' s plans for the 1995 Census Test with afocus
on the sampling and estimation methodology.
1996

[1] AMERICAN STATISTICAL ASSOCIATION BLUE RIBBON PANEL REPORT ON CENSUS2000
(1996), AMSTAT News, No. 235, 10-13.

Initsreport, this panel points out that samplingisan integral part of the scientific discipline
of gtatisticsand explainshow itsuse can bean appropriate part of themethodol ogy for conducting
censuses. Whilenot endorsing the Census Bureau’ sspecific planned usesof samplingin Census
2000, thepanel sstates, “ Theappropriate useof sampling canimprovethe count of the popul ation.”
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[2] ANDERSON,M.andFIENBERG, S.E. (1996). “AnAdjusted Censusin 1990: The Supreme Court Decides,”
Chance, Vol. 9, No. 3, 4-9.

Thisisthe ninth and final in aseries of articlesin Chance on the topic of census adjustment
for the 1990 results and the litigation and controversy that has surrounded it. The Supreme
Court rulesthat the Secretary of Commerce acted within hisconstitutional and legal mandate
in deciding not to adjust the 1990 decennial censusto correct for thedifferential undercount.

[3] ANOLIK,I.andGBUR, P.(1996). “Resultsof the 1995 Test of Integrated Coverage M easurement Mover
Operations,” Proceedingsof the Section on Survey Resear ch Methods, American Statistical Association,
854-858.

This paper discusses the methodol ogy used in implementing the out-mover operation in the
1995 Census Test of ICM and reports on the results of a study that eval uates the quality and
effectiveness of out-mover tracing and interviewing.

[4] BEIMER, P., TREAT, J,, WOLTMAN, H., and VACCA, E.A. (1996) “An Investigation of Latent Class
Modelsfor Evad uating CensusCoverageError,” Proceedingsof the Section on Survey Research Methods,
American Statistical Association, 275-280.

Thereinterview survey isanimportant method for estimating and reducing nonsampling errors
in surveys, particularly reinterview surveys that seek the truth, so-called true-value or gold
standard reinterviews. Inthesesurveys, asampleof survey e ementsarereinterviewedto measure
the same characteristics obtained in the first interview. Discrepancies between the first and
second responses are discussed with the respondent for the purpose of arriving at the “ best”
response. Thereconciled measurement isthen assumedto bethetruth for purposesof evaluating
the measurement bias in the original responses. The current paper focuses on a method for
evaluating the quality of datacollectedinthesetypesof reinterview surveysusing latent class
models.

[5] CHILDERS, D.R. (1996). “Integrated Coverage M easurement Processing Evaluations,” Proceedings of
the Section on Survey Research Methods, American Statistical Association, 842-847.

The 1995 Integrated Coverage Measurement (ICM) was designed to collect data from one
Computer Assisted Persond Interview (CAPI) ingrument to producetwo estimatesof thepopulation
using CensusPlusand dual system estimation (DSE) models. Therearetwo processesthat are
required for producing thetwo popul ationsestimators: (1) theresidencestatus coding operations
and (2) thematching andfollow-up operationsfor dual system estimation. Thispaper discusses
these processes and their evaluation during the 1995 Census Test.

[6] DORINSKI, S.M., PETRONI, R.J., IKEDA, M., and SINGH, P.R. (1996). “Comparison and Evaluation
of Alternative ICM Imputation Methods,” Proceedings of the Section on Survey Resear ch Methods,
American Statistical Association, 299-304.

To produce Dual System Estimatesfor the 1990 Census, the Census Bureau imputed missing
items based on conditional distributionsor from previousrecords using ahot-deck approach.
For the 1995 Census Test, the Bureau primarily used flexible matching imputation to impute
valuesfor the Integrated Coverage M easurement (ICM) samples. This paper compared and
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evaluated the two methods as afirst step in selecting an imputation method for Census 2000
ICM samples. Final resultsindicatethat ingeneral themethod usedinthe 1990 Censusproduces
results which are more consistent with the reported data.

[7] FARBER, J. (1996). “A Comparisonof Imputation Methodsfor Sampling for Nonresponse Follow-up,”
Proceedings of the Section on Survey Resear ch Methods, American Satistical Association, 383-388.

Inpreviousmail-out Decennia Censuses, enumeratorswere sent to conduct personal interviews
at all householdsthat did not return censusquestionnaires. Thismassiveundertaking hasbecome
prohibitively expensive, however, and hasled the CensusBureauto plantovisit only asample
of thesehousehol dsin Census2000. Thoughitwill savemoney, thissamplingfor nonresponse
follow-upwill also create an unprecedented amount of missing data. In particular, no datawill
be available for the households that do not mail back their census forms and are not chosen
in the follow-up sample.

Traditionally, the Census Bureau hasimputed missing datafor an entire household using the
responsesfromanearby household. However, with sampling for nonresponsefollow-up, the
nearest housi ng unit may bequitefar and thusquitedifferent fromthenonrespondent household.
A number of methods have been devel opedto copewiththisproblem. Thispaper givesareview
of thesemethods, and an assessment of their performanceinasimulationstudy. Thesimulations
yiddestimatesof biasand variance, whichalow for comparison of themethods. Thisinformation
will assist inthe sel ection of theimputation method that will best meet the goal s of improved
accuracy and efficiency in Census 2000.

[8] FERRARO,D.L.(1996). “Estimationinthe1995 Census Test Service-Based Enumeration,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 746-751.

The abjective of the follow-up enumeration isto test different statistical methodologies for
edimatingthenumber of peoplewithout aususal residencewho used servicesduringtheenumeration
period. The 1995 Census Test was the first attempt at afundamentally different approach to
counting personswithout ausual homethanwasusedinthe 1990 Census. Thenew methodol ogy
enumeratespeopleat facilitieswherethey received services. The 1995 service-based enumeration
(SBE) counted peapleat sheltersand soup kitchens. Thegoa of the SBE projectistotest operationa
methods and estimation methodologies to include, in the census, persons who use services
and may be missed in the standard enumeration of households and other group quarters. The
methodol ogy wasnot designed to provideacount of the homel esspopul ation or serviceusers.
Threeclassesof estimatorsare consideredinthispaper. Thefirst class, based on capture-recapture
methods, matchesresultsfrom samplesfor twotime periodsto produce dual system estimates.
Thesecond type of estimator isamultiplicity estimator which relieson respondents’ answers
to" service-usagehistory,” questions. A third estimator wei ghtsthedataaccordingtothecase' s
first enumeration. Using data from the 1995 Census Test, the three estimators are discussed
and evaluated.

[9] GREEN,L.S.(1996). “Evaluation of thePostal Identification of Vacant and Nonexistent Units,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 740-745.

Thisreport documentsresultsof the 1995 Census Test proj ect—Eva uaion of the Postal | dentification
of Vacant and Nonexistent Units.
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[10] IKEDA,M.and PETRONI, R. (1996). “Handling of Missing Datainthe 1995 Integrated Coverage M easurement
Sample,” Proceedingsof the Section on Survey Resear ch Methods, American Statistical Association,
563-568.

Thispaper givesan overview of themethods used to handlemissing datainthe 1995 Integrated
CoverageMeasurement (ICM) sample. Italso providesan eval uation of thelikely importance
of any effect of the ICM missing data methods on the final results.

[11] KADANE, J.B.(1996). “A Bayesian Approachto Designing U.S. Census Sampling for Reapportionment,”
Journal of Official Satistics, Vol. 12, No. 1, 85-93.

This article proposes adesign criterion for sampling in conjunction with the U.S. censuses
of 2000 andbeyond. Sincereapportionment of Congressistheconstitutional basisof thecensus,
the loss function used here minimizes apportionment errorsin a certain sense. Thisleadsto
astochastic modification of the Hill (equal proportions) method of apportionment now used.
If the samplinginthe censusisdesigned to achieve minimum constant coefficient of variation
of state shares of the national popul ation, the use of the proposed “ single-number” censuswill
resultinthe same apportionment aswoul d have been obtained using the proposed | ossfunction.

[12] KRENZKE, T.R.and NAVARRO, A. (1996). “Sampling Error Estimation in the 1995 Census Test for
Small Areas,” Proceedingsof the Section on Survey Resear ch Methods, American Stati stical Association,
752-757.

Direct variances were calculated for 39 redistricting dataitems for three 1995 Census Test
sites. Thesevariancesinclude componentsfromtwo sourcesof samplingerror, error inestimation
dueto Integrated Coverage M easurement sampling and error in estimati on dueto Nonresponse
Follow-up sampling. Thestatistical relationship between estimated total sand their associated
directly calcul ated variance estimates was model ed for each site. Threewaysto proceed with
themodeling were compared, three datasets contai ning different combinations of geographic
level swere used and theresulting model parameterswere compared, and sevenvariancemodels
wereeval uated. Theresult of themodeling proceduresisto useonegeneralized variancefunction
for each of thethree Census Test sitesto cal cul ate the standard errorsfor estimated totalsand
proportionsfor all 39 redistricting dataitems. This paper serves to document the beginning
of research into ways of measuring the sampling error in Census2000. The authorshopethat
this paper generates ideas on enhancing the methodol ogy that was implemented in the 1995
Census Test and to generate ideas on alternative ways of measuring sampling errors.

[13] MULRY, M.H. and GRIFFITHS, R. (1996), “Comparison of CensusPlus and Dual-system Estimation
inthe 1995 CensusTest,” Proceedingsof the Section on Survey Resear ch Methods, American Satistical
Association, 848-853.

The Census Bureau tested integrated coverage measurement (ICM) in the 1995 Census Test
becausethe methodol ogy hasbeen expected toreducethedifferential coverageerror observed
in previous censuses. ICM also isexpected to reduce overall coverage error. One goal of the
1995 Census Test wasto test two methodol ogies for integrated coverage measurement. The
primary issue has been whether a new methodol ogy known as CensusPlus, which usesratio
estimation, is effective. Another goal was to test dual system estimation (DSE) which was
used for the 1990 Post-Enumeration Survey (PES) as an aternative to CensusPluswith ratio
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estimation. Thispaper eval uatesthe eff ectiveness of two methodol ogiesby examiningwhether
they add persons in the traditionally undercounted groups to the census numbers.

[14] NAVARRO, A, TREAT, J,andMULRY, M.H. (1996). “Nonresponse Follow-up: UnitVs. Block Sampling,”
Proceedingsof the Section on Survey Resear ch Methods, American Statistical Association, 551-556.

A mgjor component of the 1995 Census Test design isto eval uate the operational feasibility
of Samplingfor Nonresponse Follow-up (NRFU). Themotivationfor sampling nonrespondents
isto reducethe cost of the census while maintaining high quality data. An equally important
objectiveof the 1995 Census Test isto eval uate the sampling element, the census bl ock versus
thehousing unit. A sampledes gn based on each of thetwo d ementshas advantages and disadvantages.
From simulations using 1990 Census data, we know aunit sampl e design produces estimates
with less bias and variance for small areas. The block sample may be easier to implement in
conjunctionwiththeintegrated coverage measurement (ICM) operations, sincethe ICM uses
ablock sample. This paper reportsthe results of an evaluation for deciding between block or
housing unit for samplingfor nonresponsefollow-up. Based ontheresults, theauthorsconclude
that thereislittleto no difference between the estimates from the NRFU block sampledesign
and the NRFU housing unit sample design. Based on this analysis, they recommend the use
of the NRFU unit sample design because there is no significant difference in coverage and
the unit design produces popul ation estimates with lessbiasand variancefor small areasthan
the block design.

[15] PETRONI, R.J.,KEARNEY, A.,and GBUR, P. (1996). “Handling Noninterviewsto Provide Equitable
Comparisonsof ICM Estimates,” Proceedings of the Section on Survey Resear ch Methods, American
Satistical Association, 569-574.

To develop methodol ogy to be used in Census 2000, the Census Bureau undertook a census
test programin 1995. A major goal of thetest programwasto devel op and test anew coverage
measurement methodology, Integrated Coverage Measurement (ICM). In 1995, the goal of
ICM wasto measuretheerror in coverage (overcount or undercount) of thecensustestinthree
sites: Oakland, CA; Paterson, NJ; and six parishesin Northwest Louisiana. A parallel goal
wasto test CensusPlus and Dual System Estimation (DSE) (Thompson, 1994). The Census
Bureau tested thesetwo methodsin Oakland and Paterson. Each method had adifferent method
forinterviewing, and the methodshad different noninterview rates. Thispaper focuseson comparing
thetwo research approachesin ng theimpact of noninterview differences Theauthors
concludethat the CensusPlusand DSE comparisonswerenot adversaly influenced by differences
in noninterview rates in the 1995 Census Test.

[16] ROSENTHAL, M., SCHINDLER, E.,and NAVARRO, A. (1996). “ Census 2000 Sample Weighting,”
Proceedingsof the Section for Survey Research Methods, American Statistical Association, 377-382.

TheUnited States Censusof Population and Housing collectsbasic demographicinformation
of every resident enumerated in the census. Additionally, a sample of households receives
adetailed questionnaire, which collectsinformation on awide range of social and economic
topics. To produce full population and housing estimates for the sample, weighting areasare
formedto cal cul atewei ghtsfor the personsand housing units. Sampl e estimatesfor thewhole
population are produced using the person and housing-unit weights. In 1990, theraking-ratio
estimation procedure ensured consistency between the sample estimates and census counts
of data collected on a 100-percent basis.
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A redesign alternative for Census 2000 isto conduct a sample-based nonresponse follow-up
(NRFU) operation. A desirableobjective of the Census2000 sampledesignisto produceestimates
withreliability comparableto1990with noincreaseintheoverall sampleof householdsreceiving
thedetailed questionnaire. Thispaper explorestheissueof weighting-areaformation, specificaly
thesizecriterionasit relatesto NRFU sampling and accuracy of sampleestimates. Theauthors
assessseveral wei ghting-area-formati on schemesusing expl oratory dataanalysismethodsand
other efficiency criteria, such as mean-squared errors and variances of the estimates.

[17] SCHINDLER, E.andNAVARRO, A. (1996). “Effect of Sampling for Nonresponse Foll ow-up on Estimates
from Sample Data,” Proceedings of the Section on Survey Research Methods, American Satistical
Association, 371-376.

For the 2000 Decennial Census of Population only a sample of housing units which fail to
return censusformshby mail will bevisited by enumerators. In past censuses, al such households
have been enumerated. In 1990 this follow-up operation required several hundred thousand
temporary workers and cost over four hundred million dollars. Multiple sample designs are
being considered. Theobjectivesare(1) toreducethe cost of thecensus, (2) to give each person
multiple opportunitiesto be counted, and (3) to improve quality by incorporating corrections
for undercoverage into the estimates.

IN2000, asin past censuses, asampl e of housing unitswill beasked to providedetailed housing
unit, demographic, education, labor force, and incomeinformation. Thispaper discussestwo
empirical studies which examine the increase in sampling error caused by the introduction
of samplingfor the nonrespondents. These studiessimulate arange of possiblesampledesigns
ondatasetsfromthe 1990 Census. For one of the studies, it ispossibleto develop estimates
of the between systematic sample component of the variance. Theinformation obtained from
thesestudieswill assistinthedetermination of an appropriate designfor thenonresponsefollow-up
sample which minimizes the effect on estimates from sample data.

[18] TSAY,JH., ISAKI,C.T.,and FULLER, W.A. (1996). “A Block Based Nonresponse Follow-up Survey
Design,” Proceedings of the Section on Survey Research Methods, American Statistical Association,
557-561.

Sampling for nonresponsefollow-up (NRFU) asapotential procedurefor usein Census 2000
was conducted in the 1995 Integrated Coverage Measurement (ICM) Test. Inthis paper, the
authors provide a detail ed description of the block based sample design and the housing unit
estimati on method used to provideatransparent censusdatafile (transparent to the application
of sampling and estimation) of nonrespondents. They al so di scussan extensi on of the procedure
to provide afinal censusfilethat utilizes the coverage measurement survey data.

[19] VACCA, EA., MULRY, M., and KILLION, R.A. (1996). “The 1995 Census Test: A Compilation of
Results and Decisions,” 1995 Census Test Results Memorandum No. 46, U.S. Bureau of the Census,
U.S. Department of Commerce, Washington, D.C.

Thisdocument is our attempt to bring some order and integration to the numerous resultsand
findingsfromthe 1995 Census Test. Theseresultsaredetail edin approximately fifty evaluation
reports.



[20] WEST, K.K.and GRIFFITHS, R.R. (1996). “Results Fromthe 1995 Integrated Coverage M easurement
EvauationInterview,” Proceedingsof the Section on Survey Resear ch Methods, American Satistical
Association, 830-835.

Theobjectiveof thisevaluationisto measureand eval uatethequality of the Integrated Coverage
Measurement (ICM) Person Interview data. Theevaluation focuseson errorsthat arerel evant
tothe study of census coverage estimator bias and the CensusPlus estimator. The datafor the
evaluation are from the 1995 ICM Evaluation Interview.

[21] WHITE, A.A. and RUST, K.F. (Eds.) (1996). Sampling in the 2000 Census: Interim Report |. Panel
to Evaluate Alternative Census M ethodol ogies, Committee on National Statistics, National Research
Council. Washington, D.C.: National Academy Press.

Thisfirstinterimreport of the Panel on Alternative Census M ethodol ogiesfocuseson the use
of statistical procedures, especially sampling, inthe conduct of the 2000 Census. Thereport’s
final comment begins with, “A combination of sampling for nonresponse follow-up and for
integrated coverage measurement is key to conducting a decennial census at an acceptable
cost, with increased accuracy and overall quality, and reduced differential undercoverage.”

[22] WHITFORD, D.C. (1996). “The 1996 Integrated Coverage M easurement Test,” Proceedingsof the Section
on Survey Research Methods, American Statistical Association, 389-393.

For thefirst timeinthe 1995 Census Tegt, the Census Bureauintegrated the coverage measurement
processaudit resultsinto the census-taking procedures. That is, the| CM survey measured how
well the census procedures counted peoplein thetest sites, and was completed intimefor the
resultsto beincorporated into the census numbers by the end of the calendar year 1995. One
of twomagjor successesinthe 1995 1CM wasthat we conducted the | CM interview using Computer
Assisted Personal Interviewing (CAPI) technology. Thisallowed“ on-the-doorstep” matching
of the peoplefound during theindependent |CM interview withthe peoplefoundinthecensus
results that were aready loaded into the computer. Despite these successes, the 1995 ICM
had some room for improvement. Foremost, we have redesigned the ICM Person Interview
and arepleased withtheresultssofar. Thispaper discussesthe planned testing of thisinstrument
inthe 1996 ICM Test.

[23] WRIGHT, T. and BATES, L. (1996). “A Monte Carlo Study Comparing CensusPES and CensusPlus
When TherelsthePossibility of Undercounting,” American Journal of Mathematical and Management
Sciences, Vol. 16, 395-462.

Thispaper presentstheresultsof aM onte Carl o Study comparing aversion of thecapture-recapture
estimation methodol ogy called CensusPESwith arati o estimation methodol ogy call CensusPlus.
CensusPES and CensusPlusaresimilar methodsfor integrating sampleeval uationresultswith
mass enumeration results in an effort to provide one improved set of census numbers. The
Monte Carlo Study makes use of 1990 official census block level counts by person type for
thestateof Alabama. Whenthereisthepossibility of missing personsinthemassenumeration
aswell asinthesampleevaluation, itisdemonstrated that statistical methods such as CensusPES
or CensusPluswith appropriate data can successfully yield ahigh quality census count at all
levels of geography.
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[24] ZANUTTO, E. and ZASLAVSKY, A.M. (1996). “Estimating a Population Roster from an Incomplete
CensusUsing Mailback Questionnaires, Administrative Records, and Sampled Nonresponse Follow-up,”
Proceedings of the Section on Survey Research Methods, American Satistical Association, 538-543.

Several methodshavebeen proposed for completing the censusroster when Nonresponse Follow-up
isconducted in only asample of blocks (Fuller, 1saki, and Tsay 1994, Schafer 1995, Zanutto
and Zaslavsky 1995a,b). Recently, Zanutto and Zaslavsky (1996) extended thislist of papers
by considering estimation when one of the data sources is afile of administrative records.
Thispaper appliesthese methodsto censusdataand administrativerecordsfromthe 1995 Census
Test, and extendsthismethodol ogy toincorporateahous ngunit sampledesign for Nonresponse
Follow-up sampling. Zanutto (1996) provides a more detailed description of this research.

1997

[1] ALEXANDER, C.H., DAHL, S., and WEIDMAN, L. (1997). “Making Estimates from the American
Community Survey,” Proceedingsof the Section on Gover nment Sati sticsand Section on Social Satistics,
American Statistical Association, 88-97.

Thispaper discussesthe estimation methods used for the 1996 American Community Survey
(ACS). In particular, the weighting strategy and weighting factors are described in detail.

[2] ANDERSON, M.andFIENBERG, SEE. (1997). “Who Counts? ThePoliticsof Censustaking,” Transaction/Social
Science and Modern SOCIETY, Vol. 34, No. 3, 19-26.

Theauthorsfocuson several issues. They beginwithabrief description of theroleand functions
of the census. They discusstwo very different worlds of decision making about “ counting,”
first withareview of therecent Supreme Court decisioninWisconsinvs. New Y ork, and second
with abrief analysis of the Bureau’ s current plansfor 2000. They conclude with aroadmap
of where the country is heading for 2000.

[3] CHOLDIN, H.M. (1997). “How Sampling Will Help Defeat the Undercount,” Transaction/Social Science
and Modern SOCIETY, Vol. 34, No. 3, 27-30.

Two planned gpplicationsof sampling promisesubstantia gainstoward overcomingthedifferentia
undercount in Census 2000. Thefirst use of sampling tofill in the numbersin every census
tract would give more complete counts of minority groupsin poor, urban neighborhoods. The
second useof samplingintheformof avery large, high-quality post-enumeration survey coupled
with dual system estimation will also contribute to overcoming the differential undercount.
This paper discusses these planned uses of sampling in Census 2000.

[4] DORINSKI, S.M.andGRIFFIN, R. (1997). “Accountingfor Variance Dueto I mputationinthe I ntegrated
CoverageMeasurement Survey,” Proceedings of the Section on Survey Resear ch Methods, American
Satistical Association, 748-753.

V ariance estimati on methods used i n post-enumerati on surveysof previouscensuseshavenot

accounted for variance duetoimputation. Theunresolved casesinthe P-samplehaveimputed
probabilitiesof matchingtotheinitial phase, whilethe unresolved casesin the E-sample have
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imputed probabilitiesof correct enumeration. Inthe Census2000 Integrated Coverage M easurement
(ICM) survey, the Census Bureau may impute probabilitiesfor the enumeration or match status
of unresolved cases and use a variance estimation method to account for the variance due to
thisimputation. Weimputethe probabilitiesby fitting hierarchical |ogistic regression models.
Thisproject comparesthreetypes of variance estimation: (1) amethod developed by Schafer
and Schenker (1991), (2) bootstrap, and (3) jackknifeusingthe 1995 Census Test datafor Oakland
to determine which method is the best.

[5] FARBER, J. and NAVARRO, A. (1997). “A Comparison of Alternative Sampling Methodologies for
Census2000,” Proceedingsof the Section on Survey Research Methods, American Satistical Association,
683-688.

Since 1970, when the decennial census was first conducted largely by mail, response rates
have been declining and undercoverageerrorshave beenincreasing. Toremedy theseproblems,
the Census Bureau plans to use two major sampling operationsin Census 2000. Sampling
for nonresponsefollow-upwill dlow the CensusBureauto completetheinitia phaseinacos-effective
manner, while sampling for Integrated Coverage Measurement will provideanincreaseinthe
quality of censusdataby correctingfor coverageerrors. Samplingwill enablethe CensusBureau
to achievethegoalsof afaster, lesscostly, and more accurate census. However, beforethese
sampling techniquescan beaccepted for usein Census 2000, their potential effect onproviding
an accurate accounting of the population must be assessed. One way to assess the potential
effectivenessof samplingisto comparetheerrorsintroduced by sasmplingtotheundercoverage
errors of the 1990 Census. Thispaper describesthe methodol ogy and results of research into
thelevel sand sourcesof error from simul ations of the sampling operationsplanned for Census
2000. Additionally, acomparison is made between the sampling errors obtained from these
simulations and the undercoverage errors of the 1990 Census. This comparison will alow
the Census Bureau to determine the optimal enumeration strategy for Census 2000.

[6] GRIFFIN, R.A.and KOHN, F. (1997). “SampleAllocation Research for the Census 2000 1CM Survey,”
Proceedings of the Section on Survey Resear ch Methods, American Satistical Association, 695-700.

The Census 2000 Integrated Coverage Measurement (ICS) Survey will be used to provide
estimated censustotal sthat correct for the undercount, especially thedifferential undercount
among racial, ethnic, and socioeconomic groups, that has been observed in every decennial
census from 1940 onward. The ICM survey will be designed to produce direct estimates of
total population for each of the 50 states, the District of Columbia((DC), and Puerto Ricoand
will haveasamplesizeof about 750,000 housing units (HUs) excluding DC and Puerto Rico.
This paper will present results of research on methods to allocate the ICM sample within a
state.

[7] KEYFITZ,N.(1997). “TheCasefor CensusTradition,” Transaction/Social Scienceand Modern SOCIETY,
Vol. 34, No. 3, 45-48.

Anyone can improve the census, for instance by adding one person to the counted popul ation
of New York. Adding 1000 persons would improve it more. Adding a million would make
it worse. So why not use a sample, to find the best ascertainable amount to add? Then treat
the additions as through they were persons enumerated with blanks in the census form, and
use amethod for optimally assigning these. If we are going to have afictional completeness
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in any case, why not choose the fiction that is as close as possible to reality? That as | seeit
is the argument for sampling to improve the census.

Theargument agai nst mostly concernslegitimacy, thecredibility that goeswithtradition. The
traditional census procedure could claim to count at |east some residents of every household
whose existence was known to the enumerators. To modify itisaninvitationto all thosewith
afinancial interest towork out numbersfor themselves, and then to defend themin court. Once
the matter got into the courtsit would degenerate into abattle of experts, in aprocedurevery
different from what scientists use for reaching consensus on technical issues. In this paper,
the author calls for atraditional census, one without sampling.

[8] KRENZKE, T.R.andGRIFFIN, D.H. (1997). “WhowasCounted L astinthe 1990 Census?,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 701-706.

In Census 2000 most households will receive a census questionnaire to complete and return
by mail. One of the many changes proposed for Census 2000 involves the use of sampling
to collect datafor those househol dsthat do not respond by mail (i.e., nonresponsefollow-up.)
In the past several years, aseries of research projects has been undertaken to determine how
best to design this sample. One approach that was considered was to truncate nonresponse
follow-up when 90 percent of the housing unitsin each tract had been enumerated. A sample
of the last 10 percent would be selected. Critics of this approach were concerned that such
aplanmightimply that only minority househol dswould end up being sampled. Thisresearch
proj ect was designed to address those concerns.

[9] MEYER,M.M.andKADANE, J.B. (1997). “Eva uation of aReconstruction of theAdjusted 1990 Census
for Florida,” Journal of Official Satistics, Vol. 13, No. 2, 103-112.

Meyer and Kadane (1992) report amethod for reconstructing the adj usted popul ation (by age,
race, and sex) for the half of the census blocks in Florida not made available to them. This
articlestudiesthefull adjusted dataset, whichisnow avail able, to examinehow well theoriginal
reconstructionwasdone. Thisisarareopportunity tolearntheexact valueof quantitiesestimated.
Theresultsshow that thelargest difference between the M eyer and K adane (1992) approximation
and the adjusted counts at the Congressional district level was 79 persons for one district.
Thus, the approximation could have been used instead of the unavailabl e adj usted census, had
the redistricting decision-makers so chosen.

[10] MULRY, M.H., DAVIS,M.C.,andHILL, JM. (1997).“A Study in Heterogeneity of Census Coverage
Errorfor Small Areas,” Proceedingsof the Section on Survey Resear ch Methods, American Satistical
Association, 742-747.

This paper investigates the feasibility of using estimates of the probability of aperson being
enumerated inthe censusin devel oping models of the heterogeneity in census coverage error
for small areas. Revisionsof logistic regression modelsfor these probabilities (Alho, Mulry,
Wurdeman, and Kim 1993) aredevel oped using datafromthe 1990 Censusand Post-Enumeration
Survey (PES). Theindependent variablesin these models are characteristics of the persons,
their household, and their block derived fromtheshort formdatawithout usingany of thecharacterigtics
of the census or PES. The probabilities may be used to develop estimates of coverage error
for small areas. Thepaper contai nsadescription of the methodol ogy for block level estimation
followed by its evaluation.
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[11] PETRONI, R.,KEARNEY, A.,and ROBINSON, G.J. (1997). "Useof Hard-to-Count Scoresand Inclusion
Probabilitiestolmprove Dual System and CensusPlusEstimates,” Proceedingsof the Section on Survey
Research Methods, American Satistical Association, 736-741.

Dual Systemand CensusPlusestimation arealternativetechniquesthe Census Bureau has used
toobtain censusestimates(Thompson, 1994) and eval uatethe completenessof censuscoverage
of population. Both techniques assume the probabilities of enumeration are the samefor all
persons of the population. Since enumeration probabilities vary by age, sex, race/ethnicity,
tenure, and geographic area, the Census Bureau post-stratifiesthe eval uation samplesand the
censusby these characteristicsto define subsetsof the populationwhich have morehomogeneous
enumeration probabilitiesto reduce heterogeneity bias. However, Alho, et.al. (1993) and Robinson
(1996) provideevidenceof resdud heterogeneity biasafter implementation of thispost-gtratification.
Becausethe CensusBureauwill use Dua System Estimation (DSE) for Census2000, theauthors
are conducting research to identify away to reduce heterogeneity bias for Census 2000.

Additionally, Bell (1991) noted that in the 1990 Census the Census Bureau obtained some
negative Dual System Estimates (DSE) of the number of persons missed by both the census
andtheevauationsample(i.e. thefourth cell estimates). TheBureau a so obtained somenegative
fourth cell estimatesinthe 1995 Test Census. Theoretically thiscan occur because of sampling
errors(Bell, 1991). It may a so occur if thedatareported by censusand the eval uationinterview
differ, henceresultingindiffering post-stratification classificationsfor censusand theeval uation
survey. If post-stratacan beformed to reducethe mean squareerror, wemay reducethe* negative
fourth cell problem”.

Usingthe 1995 Test Censusdatafor the Oakland, Californiasite, we researched the potential
of alternative post-stratification schemesto reduce heterogeneity biasin DSE and CensusPlus
estimates and, secondarily, the negative fourth cell phenomenon for DSE. The alternatives
build upontheHard-to-Count (HTC) scoreandinclusion probability conceptsdevel oped respectively
by Robinson and Alho et.al.

[12] ROBINSON, J.G. (1997). “What isthe Role of Demographic Analysisinthe 2000 United StatesCensus?,”
Proceedings of the Statistics Canada Symposium 96: Nonsampling Errors, 57-63.

Demographic Analysisis awell-developed coverage measurement and evaluation program
intheUnited States. It hasserved asthestandard for measuring coveragetrendsinrecent censuses
and differencesin coverageby age, sex, andraceat thenational level. Inthispaper, theauthor
explores the role that demographic analysis can play in the Census 2000.

[13] SCHINDLER, E. and GRIFFIN, R. (1997). “Census 2000 ICM: Stratification and Post-stratification,”
Proceedings of the Section on Survey Research Methods, American Satistical Association, 689-694.

In 1900, the synthetic estimation technique devel oped for census adjustment assumed that
within poststrata undercount rates are constant acrossall subpopulations. A poststratum, the
finest level for which direct coverage estimatesare produced, isusually defined asafunction
of demographic and/or geographic characteristics. Poststrata are defined so asto minimize
the impact of failure of the synthetic assumption; that is, to minimize heterogeneity within
poststrata. Thispaper will use 1990 Censusand Post-Enumeration Survey (PES) datato assess
the use of raking to create additional poststratification cellsfor the Census 2000 Integrated
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Coverage Measurement (ICM) in terms of variance and heterogeneity. Pearson correlations
are used to assess heterogeneity at the poststratum level.

[14] SUTTON, G.F. (1997). “Isthe Undercount aDemographic Problem?,” Transaction/Social Scienceand
Modern SOCIETY, Vol. 34, No. 3, 31-35.

The author states, “My preferred resolution to the disputed strategies and tactics of census
takingistoleave settling thehead count problemwith thedemographersand satiticians. Consequently,
| would propose partitioning the decennial censuswork into two parts. One component would
bethe preparation of censusresults, wherethedemographic and statistical estimation problems
associ ated with providing oneand only onenationa benchmark areaddressed. Theother component
would be that of preparing Census Special Usage Derivatives peculiar to each special need
for censusresults. Thispaper discussesthetechnical issuesto beresolved and separatesthem
from political issuesthat will require negotiation and bargain for resolution.

[15] THIBAUDEAU, Y., WILLIAMS, T., and KRENZKE, T. (1997). “Multivariate Item Imputation for
the 2000 Census Short Form,” Proceedings of the Section on Survey Research Methods, American
Satistical Association, 371-376.

Theintent behind the paper isto expose asimple methodol ogy for short formitemimputation
in the 2000 Census. The short form records seven demographic items for each occupant of
ahousingunit (HU) andisdeliveredtoall theHUsinthe United States. Theauthorsconstructed
the methodol ogy with two objectivesin mind: to design asystemthat isadaptableto thewide
spectrum of multivariate contingenciesgenerated by theshort form, and to build asystemfrom
commonly avail abl e off-the-shelf software componentsto keep the programming to aminimum.

[16] VACCA,E.A.and KILLION, RUTH ANN (1997). “Sampling and Estimation in Census 2000: A Road
Mapto Success,” Proceedingsof the Section on Gover nment Satisticsand Section on Social Satistics,
American Satistical Association, 411-416.

This paper providesthe plan for sampling and estimation in Census 2000. The Census 2000
planwill provideaonenumber censusdesignedto correct theundercount, especialy thedifferentia
undercount among racial, ethnic and socioeconomic groups that has been observed in every
census since 1940.

[17] WHITE, A.A. and RUST, K.F. (Eds.) (1997). Preparing for the 2000 Census: Interim Report |1, Panel
to Evaluate Alternative Census M ethodol ogies, Committee on National Statistics, National Research
Council, Washington, D.C.: National Academy Press.

This report evaluates information from the 1995 Census Test, analyzing a variety of issues
and test results that bear on the success of the 2000 Decennial Census. The panel reiterates
a statement made in its 1996 Interim Report I, “...that a census of acceptable accuracy and
cost is not possible without the use of sampling procedures.”
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[18] ZANUTTO, E.and ZASLAVSKY, A.M. (1997). “Modding CensusMailback Questionnaires, Administrative
Records, and Sampled Nonresponse Follow-up, to Impute Census Nonrespondents,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 754-759.

Theuseof samplingfor nonresponsefollow-up (NRFU) in Census2000will createan unprecedented
amount of missing data. Therefore, it isimportant to synthesize all available information to
estimate the complete roster with acceptable accuracy. In particular, administrative records
areardatively inexpensivesourceof detailedinformation. However, they differ systematically
incoverage, content, and reference period fromthe census, so simply repl acing non-responding
househol ds with administrative records may introduce biases into the completed roster. To
completetherogter, theauthorsproposefitting ahierarchica log-linear modd tomodd characteristics
of nonsampl e nonresponding househol ds using low-dimensional covariatesat theblock level
and moredetailed covariatesat moreaggregated levels. Model estimatesarethenusedtoimpute
the characteristics of householdsat nonsample nonresponding addresses. They incorporate
administrative records in this estimation and imputation method using data from sampling
for NRFU to correct for systemati ¢ diff erencesbetween theinformation sources. They evaluate
our methods through simulations using data from the1995 Census Test.

1998

[1] ALEXANDER, C.H. (1998). “Recent Development in the American Community Survey,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 92-100.

The American Community Survey (ACS) isbeing devel oped by the U.S. Bureau of the Census
to update, and eventually to replace, the decennial census long form survey. The ACSwill
cover thesametopicsasthelongform, providing detailed economic, social and housing profiles
of communities throughout the U.S. This paper gives updates about research on the ACS,
with particular focus on our evolving understanding of how multi-year ACS data are likely
to be used.

[2] ANDERSON, M.and FIENBERG, SE. (1998). “Who Counts? Census Controversies for theMillennium,”
Proceedings of the Section on Survey Resear ch Methods, American Satistical Association, 111-120.

Recent statementsof Congressiona leaders, public officias, political commentatorsand reporters
inthe print mediaabout the upcoming censusfall into the category of myths about the census
inthe past, rather than ashistorical statements about what the census has been or descriptions
of the census plansfor 2000. Census politics burst into the national news in the summer of
1997 when Republicans attached to the flood relief bill for the Dakotas arider banning the
useof samplinginthe 2000 Census. ThePresident vetoed thefloodrelief bill and after severa
moremonthsof negotiation and palitics, Congressand the Presi dent compromi sed onlanguage
intheappropriationsbill. That compromise created a Census Board to monitor plansfor and
administration of the 2000 Count and eff ectively put of f theresol ution of the sampling dispute
to 1998 and beyond. The Census Bureau and the Clinton administration promote the 2000
plan asthoughtful andinnovative methodswithinthetimehonoredtradition of counting. Some
Congressmen and a number of stateand local officialsconjureup apending disaster, political
mani pulation of the count and general incompetence within the Census Bureau officialdom.
The Speaker of theHouse and the Southeastern L egal Foundation havefiled separatelawsuits
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infederal court against the Clinton administrationinan effort to block key aspects of the 2000
Census Plan (United States House of Representativeset al., vs. United States Department of
Commerce, et al.; Glavin, Barr, et al., vs. Clinton et al.). The authors' goal isto identify the
mythsto provide an alternative history of the plans for 2000 in the hopes of generating some
dialog on the difficult technical issues of counting still to be resolved for 2000.

[3] FARBER, J. and GRIFFIN, R. (1998). “A Comparison of Alternative Methodol ogiesfor Census 2000,”
Proceedings of the Section on Survey Resear ch Methods, American Satistical Association, 629-634.

Recent decennial censuseshavefollowed trendsof decreasing mail return ratesand accuracy,
and increasing data collection expenses. In response, the Census Bureau plans a number of
sampling operationsfor Census 2000, including sampling for nonresponsefollow-up (NRFU)
and sampling of undeliverable-as-addressed (UAA) vacants. UAA vacant addressesarethose
that are identified by the United States Postal Service asvacant. NRFU addresses are those
that are not UAA vacant and that do not self-respond to the census. Although sampling of
these addresses will save time and control costs in the census, it aso means that a fraction
of thepopulationwill not be physically enumerated. Anestimationmethodisrequiredto account
for the popul ation residing at nonrespondent and UAA vacant addressesnot ineither theNRFU
or UAA vacant samples.

Several methodol ogieshave been proposed for NRFU and UAA vacant estimation. Thispaper
outlinestheunderlyingtheory of these methods, and the advantages and di sadvantages of each.
In addition, this paper describes the results of empirical research conducted to compare the
aternative estimation methods and to i dentify the method that can optimally beimplemented
in Census 2000.

[4] FAY,RE andTOWN, M K. (1998). “Variance Etimation for the 1998 CensusDressRehearsal,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 605-610.

Thispaper describesthevariance estimation approach to beimplemented inthe DressRehearsal,
as the basis for the methodol ogy in Census 2000.

[5] FERRARI, P.W. (1998). “1996 American Community Survey vs. 1990 Decennial Census Household
Sizeand Characteristicsby ResponseMode,” Proceedingsof the Section on Survey Resear ch Methods,
American Satistical Association, 190-195.

Inan effort toidentify any possible coverage problemsassociated with the American Community
Survey (ACS), aresearch project was initiated to compare coverage in the 1996 ACSto the
1990 Decennial Censushby looking at thedi stribution of household sizeby variousdemographic
characteristicsand modeof response. Fromthaoseresults, wehopetoidentify possiblecauses,
suchasformsdes gnsand fiel d and processing procedures, that might contributetotheunder-coverage
and suggest further research andtesting. Other research projectswill addresswithin household
coverage, look at residence rules, suggest alternative rostering and questionnaire design,
assesstheimpact of nonresponse on coverage, eval uate the compl eteness of datafor persons
fromlargehousehol ds, and experiment with methodol ogiesto improvewhol e househol d coverage
in frames for sampling.
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[6] GBUR, P.M., HEFTER, S.P., and FAIRCHILD, L.D. (1998). “Long Form Design for the U.S. Census
2000 Dress Rehearsal and Plans for Census 2000,” Proceedings of the Section on Survey Research
Methods, American Statistical Association, 686-691.

This paper presents a description of the sample design and the current plansfor weighting
and variance estimation of thelong form guestionnaire data for the Census 2000 Dress
Rehearsal. Wewill also describe the components which were changed from 1990 and those
whichwill be examined, and therefore may berevised, for Census2000. Ingeneral, thedress
rehearsal design and the plansfor Census 2000 are similar to 1990, but revisions have been
introduced toimprove sel ected aspectsof the 1990 processandtoalow flexibility in supporting
a census with or without sampling.

[7] GRIFFIN,R. andVACCA, E.A. (1998). “Estimationinthe Census 2000 DressRehearsal,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 635-640.

This paper provides an overview of the sampling methodol ogy and details of the estimation
methodol ogy for the Census 2000 DressRehearsal. Inthe DressRehearsal, the CensusBureau
isusing traditional enumeration methodsin Columbia, SC with a Post-Enumeration Survey
(PES) as a coverage measurement survey. The Census 2000 sampling and estimation plan
isbeing used in Sacramento, CA; that is, sampling for nonresponse follow-up (NRFU), for
undeliverableasaddressed (UAA) vacant fol low-up, and for integrated coverage measurement
(ICM). A modified Census 2000 sampling and estimation plan isbeing used in Menonimee,
WI; that is, sasmpling for ICM only.

[8] HAINES,D.E.andHILL,J.M. (1998). “A Methodfor Evaluating Alternative Raking Control VVariables,”
Proceedings of the Section on Survey Research Methods, American Satistical Association, 647-652.

Popul ation coverageerror estimatesfor the 1990 Decennia Censuswerebased ondual-system
estimation (DSE) where one system was the census enumeration and the second system was
an enumeration for asampl e of the population as part of the Post-Enumeration Survey (PES).
Population coverageerror estimateswerebased on 357 poststrata. Resultsfrom PESpoststrata
estimationindicated that differential undercountsexisted acrossraceand ethnic groups, renters,
andrural residents. Iterative proportional fitting, or raking, will be used for the Census 2000
DressRehearsal to produceacceptablesite-leve estimates. Theraking method correctsinitial
phaseestimatesby controllingtodual systemestimates. Earlier research showsthat increasing
the number of poststrataand allowing multiple dimensionsin the raking matrix yields more
accurate coverage probabilitiesthan DSE without raking. Our research focuseson constructing
thebest raking matrix for obtaining an accurate popul ation estimate. Weuselogisticregression
model sto determinetheoptimal marginal, or control variables. Wethen decidethedimensions
and the placement of thevariablesontheraking matrix. Finally, wecomparethe performance
of alternativeraking matricesusing coveragefactor coefficientsof variation and mean square
errors.

[9] HAINES, D.E. and POLLOCK, K. (1998). “Combining Multiple Framesto Estimate Population Size
and Totals,” Survey Methodology, Vol. 24, No. 1, 79-88.

Efficient estimatesof population sizeandtotal shased oninformationfrommultiplelist frames
and inindependent areaframeare considered. Thiswork isan extension of the methodol ogy
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proposed by Hartley (1962) which considerstwo general frames. A main disadvantage of list
framesisthat they aretypically incomplete. Inthispaper, wepropose several methodsto address
framedeficiencies. A jointlist-areasampling designincorporatesmultipleframesand achieves
fill coverageof thetarget population. For each combination of frames, we present theappropriate
notation, likelihood function, and parameter estimators. Resultsfrom asimulation study that
compares the various properties of the proposed estimators are al so presented.

[10] IKEDA, M.l1.,KEARNEY, A.,and PETRONI, R. (1998). “Missing DataProceduresinthe Census 2000
Dress Rehearsal Integrated Coverage Measurement Sample,” Proceedings of the Section on Survey
Research Methods, American Satistical Association, 617-622.

Thispaper outlinestheIntegrated Coverage M easurement (ICM) missing dataproceduresthat
will be used for the Census 2000 Dress Rehearsal. A noninterview adjustment procedureis
used to account for whole-household nonresponse. A characteristic imputation procedureis
usedto assign val uesfor specific missing demographic variables. Finally, personswith unresolved
match, residence, or enumeration status have probabilities assigned.

[11] IKEDA, M.l, KEARNEY, A.T.,and PETRONI, R.J. (1998). “Handling of Missing Datain the 1996
Integrated Coverage M easurement,” Proceedingsof the Section on Survey Research Methods, American
Satistical Association, 623-628.

Thispaper givesan overview of themethodsused to handlemissing datain the 1996 | ntegrated
Coverage Measurement (ICM). It also provides evaluation of the likely importance of any
effect of the ICM missing data methods on the final results.

[12] ISAKI,C.T.,IKEDA,JH.,and FULLER,W.A. (1998). “ A Transparent Filefor aOne-Number Census,”
Proceedings of the Section on Survey Resear ch Methods, American Satistical Association, 641-646.

Wefird present ascenario of sampling and estimation and thenintroducethe proposed methodol ogy
for transparent fileconstruction. Weal so present theresultsof the construction of atransparent
filefor two of the 1995 Test Censussites, Paterson, NJand Oakland, CA. Finally wediscuss
future work.

Given acensus operation that includes sampling and estimation, we define atransparent file
as a census datafile that is devoid of any evidence of sampling and estimation.

The2000 U.S. Censusplansinclude sampling and estimation proceduresthat can easily produce
non-integer estimates. A transparent decennial census data file would:

i) havetheappearanceof an enumerationwith unit weightsto avoid non-integer
estimates,

ii) beconstructed by duplicatingor eliminating housing unitson theenumeration
phase datafile at the block level,

iii) contain alisting of housing units and personswith their short form dataand
block identification, and

iv) not assign housing units a street address in the block.
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Inthecontext of a“ one-number census’ , atransparent filewoul d provide person and housing
unit countsthat areboth arithmetically and definitional ly consistent. Tabulationsfromsuch
afile would be simple and there would be no need to qualify person versus housing unit
counts.

[13] KIM,J., HUANG, E.T.,and MARQUIS K. (1998). “Evaluation of 1996 Community CensusAdministrative
RecordsFile,” Proceedingsof the Section on Survey Research Methods, American Statistical Association,
196-201

Population and housing censuses are part of the nation's information infrastructure. But
conventional censuscollection processesare expensive and burdensometo citizensand are
becomingincreasingly difficult toimplement. Technology advancesencourage examining
whether administrativerecords, already part of thefederal government information system,
could be used either to improve or substitute for the conventional processes.

Thisreport evaluatesaspecially-built administrativerecordsdatabasefor Chicago by comparing
information in the database to the 1996 Census Test in Chicago. We compare counts and
characteristics for households, people, addresses, blocks and entire test site. High match
rates or agreement rates are desirable (see Buser, et al's (1998) for other test sitesresults).
Results consist of tablesand short, accompanying discussions. Theresultsand discussion
illustratethat admini strativerecordsprocedurescan provideinformation needed for apopulation
census but many issues must be addressed and solved before theinformation isconsidered
accurate and complete.

[14] MCGRATH, D.and SANDS, R. (1998). “Integrated Coverage M easurement Sample Designfor Census
2000 DressRehearsal,” Proceedingsof the Section on Survey Research Methods, American Satistical
Association, 581-586.

The sample design for the 1998 Census Dress Rehearsal (DR) isastratified proportionate
sample of block clusters. For geographic convenience and to satisfy cost constraints, we
cluster ICM housing unitsinto block clusters. ICM interviewers enumerate all personsin
selected block clusters during the ICM survey.

Research has shown that not only doesthe Census undercount thetotal population, but that
differentia coverageby demographicgroupsa sooccurs. Theprobability of being enumerated
inthe censusvariesby race, ethnicity, tenure (owner/renter), and geographic area. For this
reason, wegtrdified the|CM universeby thesevariabl esto ensurethat each group wasadequately
represented inthe sample. Sampling strataare further substratified by the housing unit size
of the block cluster.

Wesdlectedthel CM sampleinseverd stages. Thefirst two stageswereasystematic selection
of block clusterswithin sampling strataand substrata. Next, small block clustersweresubsampled
toreducefiddworkloads. Findly, largeblock dusterswere subsampled to reducethe homogeneity
or the clustering of the sample.
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[15] OWENS,K.L. (1998). “ Administrative Records Researchinthe 1995 and 1996 Census Tests,” Proceedings
of the Section on Gover nment Sati sticsand Section on Social Satistics, American Satistical Association,
191-196.

The 1995 Census Test and the 1996 Community Census provided the opportunity to evaluate
adminigtrativerecordsintermsof their availability, quality, and potentia for improving current
censusoperations. The 1995 Census Test was conducted in Paterson, New Jersey; Oakland,
Cdlifornia; and six parishesin northwestern Louisiana. The 1996 Community Censuswasconducted
in Chicago, lllinois; Fort Hall Reservation, Idaho; and Pueblo of Acoma, New Mexico.

The Administrative Records Research Staff at the CensusBureau compiled an administrative
recordsdatabasefor the 1995 and 1996 Census Test sites. Thedatabaseincorporated administrative
record datafrom avariety of sources, including tribal, federal, state, and local governments.
Each databasewasused inresearchthat eval uated the quality and potential usesof administretive
records. These evaluationswill aid in devel oping the basis for future use of administrative
recordsfor gatigtica purposesat the CensusBureau. Thisdocument will summarizethemethodol ogies
and results of the administrative record eval uations during the 1995 and 1996 Census Tests.

[16] REITER, J.P.(1998). “Egtimationin Multiple Groupsinthe Presence of External Constraintsthat Prohibit
Explicit DataPooling,” Proceedingsof the Section on Survey Resear ch Methods, American Satistical
Association, 599-604.

If the Census Bureau uses sampling for integrated coverage measurement (ICM), it will need
to estimate popul ation sizeadj ustment factorsat state and sub-statelevels. Inmany demographic
groupsand geographiclocales, samplesizeswill not belargeenoughto providedirect estimates
with tolerable variances. In such small area problems, statisticians can improve estimation
accuracy by smoothingthedirect estimatesacrossareas. For exampl e, theadjustment factors
can be smoothed with a hierarchical regression model that pools data across states.

Experiencefrom Census 1990 suggeststhat the CensusBureau’ sclientsview model sthat pool
dataacrossstateswith suspicion. Thus, toavoid controversy in Census2000, the CensusBureau
hasexpressedthedesireto avoid explicitly pooling dataacrossstates[ 1, 2]. Nonetheless, there
may be across-state information that, if somehow tapped, could improve the accuracy of the
within-stateestimates. Thispaper presentssevera waysof teasing out thisacross-ateinformation
without estimating adjustment factors by explicit data pooling.

[17] SAILER, P. andWEBER, M. (1998). “ThelRSPopulation Count: An Update,” Proceedingsof the Section
on Gover nment Stati sticsand Section on Social Sati stics, American Statistical Association, 186-190.

In apaper presented at the 1993 Annual M eetings of the American Statistical Association,
theauthorspresented theresultsof their first attempt to use administrativerecordsavail able
a thelnternal Revenue Service (IRS) to count the population of the United States(see Sailer,
Weber, and Yau, 1993). In that paper, they noted that a major problem in this use of IRS
administrativerecordswasthepresenceintheir filesof information documentsfor deceased
individuals. Thiswasbecause several years could pass between the death of anindividual
andtheclosing out of all accountslistedinhisor her name. Inaddition, they had somereason
to be nervous about the accuracy of their gender coding, since it was based entirely on the
interpretation of eachindividual sfirst nameby some computer softwarethey had devel oped.
Poor reporting of social security numbers of dependents was a further obstacle to getting
acorrect count.
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Aswill be discussed in the paper, a number of these problems have been dealt with over
thelast fiveyears, and it appeared to bean opportunetimeto researchwhether their processing
changes had improved their ability to use IRS records for the purpose of counting the
population. This paper covers the results of that research.

[18] SANDS, R.andMCGRATH, D. (1998). “ Causesand Possible Remediesfor Sampling Weight Variation
inthe Census2000 Integrated Coverage M easurement Survey,” Proceedingsof the Sectionon Survey
Research Methods, American Satistical Association, 587-592.

The Census 2000 Integrated Coverage M easurement (ICM) Survey will be usedto provide
censustotal sdesignedto correct theundercount, especially adifferential undercount among
racial, ethnic, and socioeconomic groups, that hasbeen observed in every decennial census
since1940. ThelCM survey will bedesignedto producedirect estimatesof total population
for each of thefifty statesand will have asampl e size of 750,000 housing units. Thispaper
presents resultsof research on the causesand proposed remediesfor sampling weight variation
in the Census 2000 ICM.

[19] SCHINDLER, E. (1998). “Allocation of the ICM Sampleto the States for Census 2000,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 593-598.

The introduction of Integrated Coverage Measurement (ICM) for Census 2000 requires 51
state estimatesbased only on datafrom each state. Thegoal isto allocatetheavailable sample
of 750,000 housing unitsso asto achieve coefficientsof variationfor thedual systemestimates
of 0.5% in all states and standard errors of about 60,000 in the larger states. Datafrom the
1990 Post-Enumeration Survey arerestratified and dua system estimateswith Jackknifevariances
are calculated. The need for good data quality in both the initial phase and the ICM phase
and the effect on Congressional reapportionment are also discussed.

[20] SLUD, E.V. (1998). “Predictive Modelsfor Decennial Census Household Response,” Proceedings of
the Section on Survey Research Methods, American Statistical Association, 272-277.

Data-preparation and fitting for acomprehensive model of statewise household response to
the 1990 Censusisdescribed, usngamethodology of successivelogistic regressonsfor longitudinal ly
defined responsevariables, includingindicators of responseby mail, and enumerator check-in
within quantile interval sof enumerator operational timefor the ARA containingthehousehold.
Theexplanatory variablesconsi st of geographic and housing-type dataaggregated over census
block-groups. Resultsof thedataanalysisaregivenfor Delawareand North Carolina. Models
arevdidated by refitting mode sincluding random effects, and by applying model swithvariables
sdlectedfromDEto datafor NC. Indicatorsof responseby mail show amuch stronger relationship
thanthecheck-in-timeresponseswith theexplanatory variables, and theindicator of latecheck-in-times
(betweenthe 75™ and 90" percentil es) appear dightly more predictablethantheearlier check-in-time
indicators.

[21] STEEL, P. and ZAYATZ, L. (1998). “Disclosure Limitation for the 2000 Census of Population and
Housing,” Proceedingsof the Section on Gover nment Sati sticsand Section on Social Satistics, American
Satistical Association, 66-69.

TheBureau of the Censusisrequired by law (Title 13 of the U.S. Code) to protect the confidentidity
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of the respondentsto our surveys and censuses. At the same time, we want to maximize the
amount of useful statistical information that we provide to all types of data users. We have
to find abalance between these two objectives. The authors areinvestigating techniquesthat
will beusedfor disclosurelimitation (confidentiality protection) for all dataproductsstemming
from the 2000 Census of Population and Housing.

Thispaper describespreliminary proposal sfor disclosurelimitation techniques. They briefly
describetheproceduresthat wereused for the 1990 Census. They describewhy some changes
in those techniques may be called for. They give our initial proposalsfor proceduresfor the
2000 Census, including proceduresfor the 100% censustabul ar data, the sampl etabular data,
and the microdata. They also briefly describe methods of testing the resulting datain terms
of retaining the statistical qualities of the data and giving adequate protection.

[22] THIBAUDEAU, Y. (1998). “Mode Explicit Item Imputation for Census 2000,” Proceedings of the
Section on Survey Research Methods, American Satistical Association, 674-679.

Wehaveinvested agood ded of research effort to devel op amode -based imputati on methodol ogy
that providesapractical aternativeto the nearest neighbor hot-deck methodol ogy devel oped
for the 1990 Census. We have made good progress, and we have set abenchmark for our item
imputation procedure using the 1990 Census datafor the district office (DO) of Sacramento
for purpose of evaluation. We chose this particular DO since it is one of the siteswherewe
arecurrently conducting our censusdressrehearsa and wel ook forwardtovalidating our benchmark
with dress rehearsal data.

Throughout thisshort summary, theauthor reviewsthe specificimputation contingenciesfor
theitemimputationin 1990 for the Sacramento DO and recall sthe base principlesof the 1990
imputation methodology. Then he points out a systematic inconsistency in the imputation
of the Hispanic origin item, and he explains how and why the 1990 methodol ogy produced
thisinconsistency. Finally heintroduces amodel-based imputation procedure, and he shows
how it canfinessearoundthispitfal. Theseresultsmakeupthefirst benchmark for our methodol ogy.

[23] THOMPSON, JH. and FAY, R.E. (1998). “Census 2000: The Statistical Issues,” Proceedings of the
Section on Survey Research Methods, American Satistical Association, 101-110.

Recently, Acting Director Holmes (1998) summarized the Census Bureau’ soverall situation
and planstotheM onitoring Board, an eight-member board composed of four Presidential and
four Congressional appointees. In this paper, we plan to address the same question used by
Holmesto framemany of hisremarks, “ How didweget here? Wewill summarizeimportant
milestones and evidence shaping the Census Bureau’ splans. Wewill indicatetheremaining
questionsthat weexpect to addresswith our DressRehearsal databoth by Fall, 1998 and February,
1999.

[24] WAITE, P.J. and HOGAN, H. (1998). “Statistical Methodologiesfor Census 2000,” Proceedings of
the Section on Gover nment Stati sticsand Section on Social Statistics, American Stati stical Association,
40-55.
Theabjectiveof Census2000isto accurately measurethe populationin each stateand substate
area. Wewill beginwithan effort to contact and enumerateevery residentinthe United States.
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Theinitia census phase will include:

. multiple mail contacts

. atoll-free telephone number

. blank forms at many convenient locations

. astrong advertising and community-based publicity program.

Wewill accompany the multipl e response optionswith record linkage software and possible
follow-up to identify duplicates and detect incorrect responses.

Historically, we have used statistical sampling to collect detailed socioeconomic data. We
will continuethisandwill add sampling for nonresponsefollow-up andfor integrated coverage
measurement. Thispaper providessomedetail sof the planned use of stati stical methodol ogies.

[25] WILLIAMS, T.R. (1998). “Imputing Person Agefor the2000 Census Short Form: A Modd -Based Approach,”
Proceedings of the Section on Survey Resear ch Methods, American Statistical Association, 680-685.

The purpose of this paper isto show possibleimprovementsthat can be observed when using
amodel-based approach for imputing missing person age for the 2000 Census short form.
Thispaper will concentrate sol ely on themi ssing person age portion of thehousehold and person
itemimputation systemwe aretesting at the Census Bureau (Thibaudeau, et al., 1997). Using
1990 Census data, the author will compare the imputations derived by using our modeling
methodol ogy to those created using the 1990 Census methodol ogy. Inthecomparison, hewill
show that our method hel ps preserve some of the multi-variable characteristics found in the
data. Hewill also demonstrate the ability to estimate variances associated with the imputed
ages which is not currently available with the 1990 Census methodol ogy.

[26] WRIGHT, T. (1998). “Samplingand Census2000: The Concepts,” American Scientist, Vol. 86, 245-253.

Inthis article, the author attempts to explain the concepts embodied in the Census Bureau' s
proposal to use sampling methods, combined with careful counting, to improve the accuracy
of thedecennial census. It should be understood that the Census 2000 plan hasyet to be endorsed
by Congress and, indeed, is meeting considerable opposition there. Thisarticleisintended
tofacilitate conversations about key statistical ingredientsthat will appear as part of thefinal
plan, but it does not present the plan itself.

1999

[1] BEAGHEN, M, (1999). “Modeling Census and Integrated Coverage M easurement Phase Missesin the
Census 2000 Dress Rehearsal,” Proceedings of the Section on Survey Research Methods, American
Satistical Association, 715-718.

The purpose of this paper isto uselogistic regression model sto rel ate these P-Sampl e misses
and E-Sample misses to demographic characteristics and housing unit characteristics. The
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limitation of univariate descriptive tatisticsisthat they do not addressthe question of therd ationship
of onevariableinthecontext of other variables. A regressiontypemodel avoidsthislimitation.
Sincetheresponseishinary, that is, apersoniseither captured or missed, logistic regression
isanobviousmethod. Thisstudy isobservational rather than experimental. Thecharacteristics
used as regressors in the model are not controlled by the researcher but rather are random
variables. Consequently themodelingisnot predictivebut descriptiveand the hypothesi stests
used to determine which variablesto include in the model are not strictly correct. They are
to be understood as guidelines in model building.

[2] BEAN, S.L., BENCH, K.M., DAVIS, M.C., HILL, JM., KREJSA, E.A., and RAGLIN, D.A. (1999).
“Error Profilefor the Census 2000 DressRehearsal,” 1999 Proceedingsof the Section on Survey Research
Methods, American Statistical Association, 629-634.

Theerror profile examines specific sources of error corresponding to the Census 2000 Dress
Rehearsal Integrated Coverage Measurement/Post-Enumeration Survey (ICM/PES) that are
feasible to measure given the design of the ICM/PES. A sample of ICM/PES block clusters
in each site was selected (187 total block clusters across three sites) to assess the magnitude
of nonsampling error. Thisisknown asthe evaluation cluster sample. Theerrorswith regard
tothe' one-number census’ in Sacramento, CA, and Menominee, WI, may occur intheinitial
dress rehearsal enumeration operation (i.e., initial phase), the ICM enumeration (i.e., final
phase), or both. Similarly, the errors measured within the South Carolinasite may be found
in both the census enumeration and the PES activities. Inall three sites, the objectives of the
error profileisto measure error inthe ICM/PES process. Theindividual sources of error that
are isolated and examined separately in this report are data collection (in both the E-sample
and the P-sample) and instrument error, certain errorsinthe processing of data (thefocushere
iserrors from the ICM/PES clerical matching operation), and the effects of alternative data
collection modes. These survey measurement and processing errors are eval uated using the
following three tools: Matching Error Study, Evaluation Followup Interview, and the Data
Collection Mode Study. Although production and evaluation operational problems made it
impossibleto conduct any of these studiesasoriginally intended, the error profile eval uation
yielded some interesting results.

[3] BELIN, T.R., SCHENKER, N.,andZASLAVSKY, A.M. (1999). “Downweighting Influential Clusters
in Surveys, with Application to the 1990 Post-Enumeration Survey,” Proceedings of the Section on
urvey Research Methods, American Statistical Association, 73-82.

Certain clustersmay beextremely influential on survey estimatesfrom clustered samplesand
consequently contribute disproportionately to their variance. The authors propose ageneral
approachto downweighting clustersusing arobust estimation strategy based on M-estimation,
using t-based weight functions. The method is motivated by a problem in census coverage
estimation. Onthiscontext, both extremeweightsandlargeerrorscanlead toextremeinfluence,
and influence can be estimated by Taylor linearization. As predicted by theory, the robust
procedure greatly reduces the variance of estimated coverage rates, more so than truncation
of weights. On the other hand, the procedure may introduce bias into survey estimateswhen
the distributions of theinfluence statistics are asymmetric. They demonstrate techniquesfor
ngthebias-variancetradeoff and consider the properties of the estimatorsin the presence
of asymmetry. They aso suggest designimprovementsto reducetheimpact of influential clusters.
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[4] ELLIOTT,M.R.andLITTLE, R.JA. (1999). “On Combining Information from a Census, A Coverage
Measurement Survey, and Demographic Analysis,” Proceedingsof the Section on Gover nment Statistics
and Section on Social Satistics, American Satistical Association, 199-204.

Thereisconsiderableinterest in methodsthat combineinformation fromthe Census, coverage
measurement surveysand demographicinformationtoimprove Censusestimatesof the population.
A key difficulty isthat methodsfor combininginformation requiremodeling assumptionsthat
aredifficult to assessbased onfit to the data. We propose some general principlesfor aiding
thechoiceamongaternativemodels. Wethen pick aparticular model based ontheseprinciples,
and embed it within a more comprehensive Bayesian model for counts in poststrata of the
population. The model is applied to data for African-Americans aged 30-49 from the 1990
Census, and results compared with those from existing methods.

[5] FAROOQUE,G.M.andCHEN, 1.I.(1999). “ Sdecting Variablesfor Pogt-dretificationand Raking,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 513-518.

This article applies logistic regression models to the 1990 Post-Enumeration Survey (PES)
datafor Cdiforniaand determinestheimportant variablesto formalternative post-stratification
and raking matrices. The person level indicator variable for capture in the censusisused as
thedependent variable. Thispaper findsthat age/sex, race/Hispanicorigin, tenure, household
composition, and urbanicity variablesarethe mostimportant variablesfor forming alternative
post-stratificationsand raking matrices. Thefirg order interactiontermsof significant independent
variables are found insignificant when they are input to the logistic regression models with
their main effects.

[6] FAY,R.E. (1999). “Theory and Application of Nearest Neighbor Imputationin Census2000,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 112-121.

Thepaper focuseson thenearest nei ghbor imputati on asan estimation procedurefor Sampling
for Nonresponse Follow-up (NRFU) in the Census 2000 Dress Rehearsal in Sacramento and
on an associated variance estimator. Thus, the paper concerns methodol ogical aspects of an
application obviated by the Supreme Court’ sruling. Nonetheless, thispaper, and onein preparation
(Fay and Farber 1999), will focuson methodol ogical findingsfromthe DressRehearsal effort.

[7] FELDPAUSCH, R. and CHILDERS, D.R. (1999). “Erroneously Enumerated Peopleinthe Census 2000
DressRehearsal,” Proceedingsof the Section on Survey Research Methods, American Satistical Association,
731-736.

The number of erroneous enumerationsis one of the inputs into the dual system estimator,
which isafactor used to determine the final census count (Schindler, 1999). In this paper,
welook at variousfactorswhich may berelated to aperson’ s probability of being erroneously
enumerated.

[8] HEFTER, S.P., FAIRCHILD, L.D., and GBUR, P.M. (1999). “Missing Datain the U.S. Census 2000
DressRehearsal - AnOverview,” Proceedings of the Section on Survey Resear ch Methods, American
Satistical Association, 462-467.

TheU.S. CensusBureau conducted the Census 2000 DressRehearsdl (DR) in 1998in Sacramento,
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CA; Menominee, WI; and Columbia, SC and surrounding counties. Inthe Columbiasitewe
used componentsof atraditional censusmethodol ogy whichincluded apost-enumeration survey
(PES). The DR PESwas similar in design to the Integrated Coverage M easurement (ICM)
Survey used in the Sacramento and M enominee Sites where a sampling census methodol ogy
wasemployed. Aswithany censusoperationsor survey, missing datawasencountered throughout
theprocess. Thispaper givesabrief overview of censusoperationsincludingtheinitial phase,
the ICM/PES, and the estimation methodology and the levels of missing data encountered.

[9] JONES,J.and CHILDERS, D.R. (1999). “Person Duplicationinthe Census2000 DressRehearsd,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 719-724.

Census 2000 procedures were rehearsed in three sites during 1998: Sacramento, California;
the Menominee Indian Reservation in Wisconsin; and the Columbia, South Carolina area.
In each location, after the Census was taken, an independent enumeration of sampled block
clusters was performed for the purpose of census coverage measurement. During the Dress
Rehearsal, thisprocesswas called Integrated Coverage M easurement (ICM). Thepeopleand
housing units contained in this independent enumeration is known as the P-sample. People
and housing units from the census that are counted in the sampled block clusters are called
the E-sampl e. Both the P-sampl e and the E-sampl e contai n within sampl e person and housing
unit duplication. Thisduplicationisexaminedwith emphasison E-sampleperson duplication.

[10] KEARNEY, A. andIKEDA, M. (1999). “Handling of Missing Datainthe Census 2000 Dress Rehearsal
Integrated Coverage M easurement Sample,” Proceedingsof the Section on Qurvey Research Methods, American
Satistical Association, 468-473.

Thispaper outlinesprocedures used to handl e missing datain the Census 2000 DressRehearsal
Integrated Coverage Measurement (ICM) sample. It also provides asummary of the results
of missing data processing.

[11] KING, B. (1999). “ThePand onFuture CensusMethods,” Proceedingsof the Section on Survey Research
Methods, American Satistical Association, 11-15, (Discussion by B. Bailar and D. Y lvisaker, 16-18.)

Thenew Panel on Future Census Methodsthat | am going to discusstoday iscalled the 2010
Panel. Our 2010 Panel helditsinitial and only meeting thusfar on June 7-8 of thisyear, and
it isexpected to continueitsactivitiesuntil the spring of 2003. Phasel, picking up wherethe
Panel on Alter native CensusMethodol ogiesleft off, invol vesareview of the plansfor experiments
and other methodological studiesto be built into the 2000 Census and recommendations for
finetuning if called for. Inaddition, plansfor collecting and retaining data to be used in the
design of the 2010 Census must be reviewed. The second phase was envisioned as running
fromApril 1999 until March 2001 whenthefinal resultsfor reapportionment and redistricting
will beavailable. Our panel will be eager to observethe outcomesof thetracking system and
the experimentsinthe 2000 Censusand to digest thefindingsof our sister panel inthat regard.
Totheextent possible, we shall makerecommendati onsconcerning the best methodsof analyzing
thedataproduced by those systemsin order to maximizetheval ue of that researchfor theplanning
of the 2010 Census. Finaly, in Phase I1l, extending from March 2001 until the end of our
tenure in 2003, we shall shift into high gear and synthesi ze our observations and those of the
2000 Panel, producing aformal judgment concerning theoverall accuracy of the 2000 Census,
evaluating the results of the built-in research studies, and reporting on their implicationsfor
2010.
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[12] KOHN, F.and GRIFFIN, R. (1999). “ Service Based Enumeration Estimation,” Proceedingsof the Section
on Survey Research Methods, American Statistical Association, 519-522.

TheCensusBureau established the Service Based Enumeration (SBE) program asthe statistical
programdesigned toinclude personswithout usual residencethat useservicefacilities(sheter,
soup kitchen or mobile food vans). Those persons are hot covered by regular Census Bureau
procedures for households or personsin group quarters. The proposed methodology for the
SBE estimation for the 2000 Censusisthe Multiplicity estimator that is based on the number
of times the respondent uses the service facilities. In this paper, the authors present several
multiplicity estimators based on the usage question for service facilities.

[13] MULE, Jr.V,T. (1999). “Accountingfor Changesfromthe 1990 Post-Enumeration Survey M ethodol ogy
inthe2000 A ccuracy and Coverage Eval uation SampleDesign,” Proceedingsof the Section on Survey
Research Methods, American Satistical Association, 507-512.

The Accuracy and Coverage Evaluation (A.C.E.) Survey will have adifferent methodol ogy
than the 1990 Post-Enumeration Survey (PES). Thisresearch wasdone prior to the Supreme
Court ruling when the Integrated Coverage M easurement (ICM) survey was being designed.
SincetheA.C.E. samplewill beasubsampleof the|CM design, studying differencesbetween
thelCM and PESwill addressdifferencesbetweenthel CM andthe PESand provideinformation
for the A.C.E. survey design. Previous|CM sample design research used datafrom the PES
whilenot consideringthesedifferences. Thisresearchfocused onaccountingfor the changes
inmethodol ogy when simulating coefficientsof variation. Thesampledesignand operational
differencesbetweenthel CM andthe PESwerethe primary changesinvestigated. Whilesome
differences could be accounted, other 1990 conditions are identified that could not. While
thisdesignwill not beused in 2000, thisresearchinvestigated how different variance estimations
might haveaffected thesimulated reliability. Theeffect of thisdesignonminority and non-minority
estimates is also discussed.

[14] NASH,F.F.,, MOYER,L.H.,and STACKHOUSE, H.F. (1999). “Census2000: DevelopingaTraditional
CensusPlan,” Proceedingsof the Section on Survey Resear ch Methods, American Stati stical Association,
158-162.

Inthe spring of 1998, the United States Census Bureau embarked upon an intensive planning
processto devel op an aternative approach to conducting Census 2000 without theuse of gtetistical
sampling. Thisplanwaspublicly releasedin January 1999. L ater that month, the US Supreme
Court held that the Census Bureau could hot use statistical sampling for reapportionment purposes,
but | eft open theissue of using statistical sampling techniquesfor other purposes, such asstate
redistricting, allocation of federal funds and the Bureau’s intercensal population estimates
program. In response to that decision, the Census Bureau modified the plan for taking the
census by using amoretraditional approach, and it is now implementing that modified plan.
Thispaper first describesthe planning processand then discussesthecurrent plan for conducting
atraditional census.

[15] RAGLIN,D.A.andBEAN, S.L. (1999). “Outmover Tracingfor the Census2000 DressRehearsad,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 456-461.

This evaluation provided information to help us determine if outmover tracing needs to be
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done as part of the Accuracy and Coverage Evaluation (A.C.E.) in Census 2000. Based on
the results described here, the decision was made not to conduct outmover tracing in Census
2000. Toaidinthat determination, thiseval uation answered thefollowing questions: @) How
many cases did wetry to trace and what were the results? b) For householdswhere atraced
interview was obtained, how do the proxy and traced data compare? c¢) What is the person
match ratetothecensusfor theproxy datacomparedtothetraced data? d) How aretheestimates
affected by replacing the outmoversprovided by the proxieswith the peopl e provided by tracing
outmovers?

[16] RUST, K. (1999). “The Activities and Findings of the Panel on Alternative Census Methodol ogies,”
Proceedingsof the Section on Survey Resear ch Methods, American Satistical Association, 1-10. (Discussion
by B. Bailar and D. Ylvisaker, 16-18.)

In April 1995 the Bureau of the Census asked the National Research Council’s Committee
onNational Statistics(CNSTAT) toformastudy panel to review plansand research and make
recommendationsregarding the design of the 2000 Census. Thepanel’ schargewastoreview
the Census Bureau’ splansfor the 2000 Census, and to make recommendationsregarding the
censusdesign. Specifically, wewereasked to review theresults of the 1995 and 1996 Census
Tests, particularly with respect to the sample design for the nonresponse follow-up and the
planned integrated coverage measurement sampl edesign, to eval uate the statistical estimation
proceduresfor the 2000 Census, to recommend additional field testsand research to carry out
before finalizing plans for the 2000 census, and to review the potential use of administrative
recordsin the 2000 census. The panel last met in June 1998, and released itsfinal report in
February 1999, followingtwointerimreportsand aletter report. Thereportistitied Measuring
a Changing Nation: Modern Methods for the 2000 Census, and is available from National
Academy Press (www.nap.edu; 800-624-6242). Inthispaper, theauthor will discussthescope
of the panel’ swork, and itsfindings and recommendations, particul arly thoseincluded inthe
final report.

[17] SCHINDLER,E. (1999). “Iterative Proportional Fittinginthe Census2000 DressRehearsal,” Proceedings
of the Section on Survey Research Methods, American Statistical Association, 450-455.

Iterativeproportional fitting, or raking, wasemployedinadditionto thedual systemestimation
methodol ogy to measure the undercoverage for the Census 2000 Dress Rehearsal conducted
during 1998inthreesites. Theraking procedurewasused to adjust theinitial phase estimates
for poststratadefined by race/origin/age’sex/tenureto two setsof margina sdefined by race/origin/age/sex
andtenure estimated by taking the sumsof direct dual system estimatesfor the same poststrata.
Thisprocedurewasdes gned specifically toimprovereliability and preservetherace/origin/age/sex
cellsrequired for congressional and state redistricting and to induce approximately the same
coverage differences between owners and renters for each demographic group. This paper
discussestheresultsof theprocedureand several aternativeraking matriceswith aview towards
Census 2000.

[18] SHORES,R., CANTWELL, P.J.,andKOHN, F. (1999). “VarianceEstimationfor theMuultiplicity Estimator
in The Service Based Enumeration Program,” Proceedingsof the Section on Survey Research Methods,
American Satistical Association, 523-528.

Service Based Enumeration (SBE) isthe statistical program that the Census Bureau uses to
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estimatethe popul ation of personswithout usual residencewho useservices. The methodology
selected to measure this population isamultiplicity estimate of the number of timesthey use
servicefacilities. Thispaper first presentsthejustification of the estimator and aderivation
of itsvariance. The estimator of thisvariance then followsin astraightforward fashion. We
examine the behavior of the multiplicity estimator and its variance. An important specific
caseistheoneinwhich usageisassumedtofollow aBernoulli distribution. Resultsarepresented
that show what happenstothevariancewhenthe probability parameter for theBernoulli distribution
isvaried.

[19] SINGH,R.P.,, CANTWELL,P.J.,andKOSTANICH, D.L. (1999). “Census2000 DressRehearsd Methodology
and Initial Results,” Proceedings of the Section on Survey Research Methods, American Statistical
Association, 444-449.

In 1998the CensusBureau conducted adressrehearsal inthreesites. Accordingto an agreement
between the Congress and the Department of Commerce, we applied the planned sampling
techniquesin two of the sites—Sacramento, California, and Menominee County, Wisconsin.
Inthethird site, thecity of Columbia, South Carolinaand el even surrounding counties, sampling
procedureswerenot used. However, apost-enumeration survey wasconducted thereto measure
the net undercount. This paper discusses the methodology used in the Dress Rehearsal and
presents a brief summary of selected results in the three dress rehearsal sites.

[20] STARSINIC, M.D. and TOWN, M.K. (1999). “Analysis of Generalized Variance Estimation for the
Census 2000 Dress Rehearsal,” Proceedings of the Section on Survey Research Methods, American
Satistical Association, 474-479.

Itisthe policy of the U.S. Census Bureau to provide measures of how reliable its published
estimatesare. Dueto the very large number of published estimates for Census 2000, it isnot
feasibletoreport astandard error for each estimate. Instead, it wasdecided to computegeneralized
variance parametersfor aset of general characteristics for data product users to compute an
estimate of the variancefor any desired estimate at any desired geographic level. Computing
ageneralized variance model also easesthe problem of instability associated with estimating
standard errorsfor very small populations, such asthecensus sredistricting (Public Law 94-171)
data released at the block and tract level, crosstabulated by race, Hispanic origin, and age.
A method of computing the generalized variances using aweighted | east-squares regression
(Wolter 1985) wasimplementedinthe 1995 Census Test (Krenzkeand Navarro 1996). Basing
our efforts on that work, the model was used again to calculate the generalized variances for
the Census 2000 Dress Rehearsal, and it is planned to be the method used in production for
Census 2000. This paper analyzes the results of the modeling from the Census 2000 Dress
Rehearsal. Sectiontwo andthreegivebrief overviewsof thesampling, estimation, and direct
variance estimation processes, and results of the variance generalization are found in section
four.

[21] WOLFGANG, G.and CHILDERS, D. (1999). “Integrated Coverage M easurement PersonsNot Matched
inthe Census2000 DressRehearsal,” Proceedings of the Section on Survey Resear ch Methods, American
Satistical Association, 725-730.

Thefocusof thispaper ison P-samplenonmatches, personswhowerenot foundto beenumerated
inthe Census 2000 DressRehearsal. Theaimistoidentify characteristics that may berelated
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to their being missed in census enumeration. The statistic used in this study isthe nonmatch
rate, the proportion of nonmatches among P-sample persons, computed within age, race, and
other descriptive categories. The nonmatch rateiswell related to (but less refined and more
inflated than) the dual system adjustment factor used in census coverage evaluation. Errors
and incompl ete data estimated from the E-sample, as well as matches that may exist among
censusenumerationsbeyond areas searched, arerefinementstakeninto account by dual system
estimatesbut not nonmatch rates. Nonmatch ratesareworthy of study independent of theeffects
of falseor ambiguousenumerations, which areinvestigated by Feldpausch and Childers(1999)
and by Jonesand Childers(1999). Beaghen (1999) model ed both E-sampleand P-sampledata
to gain insight into misses.

[22] WRIGHT, T. (1999). “A One-Number Census. Some Related History, ” Science, Vol. 283, 491-492.

The U.S. Census Bureau plansto produce one best set of official counts of the population of
theUnited Statesintheyear 2000—aone-number census—by integrating theresultsof conventional
counting techniques with results from probability sampling techniques. The plan will help
leadtoaresult thatincludesmoreof theoverall population, especially for certain subpopulations,
and it will help control costs. Itisinstructiveto reflect briefly onthe need for and origins of
the one-number census concept in this article.

[23] WRIGHT, T. and HOGAN, H. (1999). “Census 2000: Evolution of the Revised Plan,” Chance, Vol.
12, No. 4, 11-19.

In planning for Census 2000, the Census Bureau sought to improve upon the 1990 Censusin
several ways. It sought to control the rising costs of census taking by using modern survey
methods and questionnaire design to increase the mailback of census questionnaires. It also
plannedtofollow up only asampleof thehousehol dsthat had not returned their questionnaires
by mail, and use probability samplingto account for theremainder. It sought toimproveaccuracy
for thesmallest areas (towns, neighborhoods, blocks) by workingwiththe post officeandlocal
officialstobuild acompleteaddresslist and to assign unitsto correct locations. It also planned
to overcome ahistoric pattern of undercount by using aquality-check sample. Inthisarticle,
wediscusshow the CensusBureau’ s plansevolved through a series of field tests, court cases,
and legislative agreements into the current design.

[24] ZUWALLACK,R.,SALGANIK,M.,andMULE, J.,V.J. (1999). “ Sample Design for the Census 2000
Accuracy and Coverage Evauation,” Proceedingsof the Section on Survey Research Methods, American
Satistical Association, 501-506.

Inthetradition of improving censuseval uations, the CensusBureau isconducting the Accuracy
and Coverage Evaluation (A.C.E.) followingthe Census 2000 enumeration. Thispaper discusses
al phases of the A.C.E. sample design, how the design was effected by the recent Supreme
Court decision on sampling for the census, and changesmadeto the design based onaeval uation
of the Census 2000 Dress Rehearsal design.
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[1] ELLIOTT, M.R. and LITTLE, R.JA. (2000). “A Bayesian Approach to Combining Information from
a Census, a Coverage Measurement Survey, and Demographic Analysis,” Journal of the American
Satistical Association, Vol. 95, No. 450, 351-362.

Demographic analysisof dataon births, deaths, and migration and coveragemeasurement surveys
that use capture-recapture methods have both been used to assess U.S. Census counts. These
approaches have established that unadjusted census counts are seriously flawed for groups
such asyoung and middle-aged African-Americanmen. Thereisconsderableinterestinmethods
that combineinformation from the census, coverage measurement surveys, and demographic
information to improve census estimates of the population. This article describes a number
of model sthat have been proposed to accomplishthissynthesi swhen thedemographicinformation
isintheformof sex ratiosstratified by ageandrace. A key difficulty isthat methodsfor combining
information require modeling assumptionsthat are difficult to assess based onfit to the data.
Wepropose somegeneral principlesfor aidingthechoiceamongalternativemodels. Wethen
pick aparticular model based on these principlesand imbed it within amore comprehensive
Bayesian model for countsin poststrata of the population. Our Bayesian approach provides
aprincipled solution to the existence of negative estimated counts in some subpopul ations;
providesfor smoothing of estimatesacrosspoststrata, reducingthe problemof i solated outlying
adjustments; allows atest of whether negative cell counts are due to sampling variability or
moreegregious problems such asbiasin Censusor coverage measurement survey counts; and
can be easily extended to provide estimates of precision that incorporate uncertainty in the
edimatesfromdemographicandysisand other sources Themodd isgppliedto datafor AfricanrAmericans
ages 30-49 fromthe 1990 Census, and resultsare compared with those from exi sting methods.

[2] POLLOCK, K.H. (2000). “ Capture-Recapture Models,” Journal of the American Satistical Association,
Vol. 95, No. 449, 293-296.

Here, | briefly review capture-recapture models as they apply to estimation of demographic
parameters(e.g., populationsize, survival, recruitment, emigration, andimmigration) for wild
animal populations. Thesemodelsarenow alsowidely usedinavariety of other applications,
suchasthecensusundercount, incidenceof disease, criminality, homel essness, and computer
bugs (see Pollock 1991 for many references). Althoughthey havetheir historical rootsinthe
sixteenth century, capture-recapture models are basically a twentieth century phenomenon.
Thesepapersby Petersenand Lincoln (Seber 1982) fromlatelast century and early thiscentury
represent early attempts by biologiststo use capture-recapture methods. Later, as statistical
inferencetook itsmodernformand provided powerful tool ssuch asmaximum likelihood methods,
biometricians became involved. There has been an explosion of research that still seemsto
be accelerating at the century’s end. Fortunately, most of the research is still rooted in the
need to solvebiological questions. Section 2 reviewsclosed models; Section 3, open models;
and Section 4, combined models. | concludethearticlewith my viewson fruitful current and
future research thrusts and how the pace of change is affecting them.

[3] WRIGHT, T. (2000). “Census2000: Who Says Counting is Easy as 1-2-3?,” Government Information
Quarterly, Vol. 17, No. 2, 121-136.

TheCensusBureau’ soriginally announced Census 2000 plan called for the use of probability
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sampling methodsto supplement the conventional counting methodsof attemptsat direct contact
with every household in producing the population count. Just how sampling might improve
resultsfrom counting alone seemsto remain unclear tomany. Thefirst part of thisarticleshares
the lessons learned in a 1997 experience with eleven youth concerning the benefits of using
sampling methodsto improve counting results. Thesecond part of the paper drawsonapublication
and gives details of the role of sampling in the Census Bureau' s current Census 2000 plan
for producing the population count for purposes other than apportionment of the U.S. House
of Representatives.
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