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1

1

Introduction

The American Community Survey (ACS), to be run by the Census Bu-
reau, will be a large (250,000 housing units a month), predominantly
mailout/mailback survey that will collect information similar to that

on the decennial census long form.  The development of this new survey raises
interesting questions about methods used for combining information from
surveys and from administrative records, weighting to treat nonresponse and
undercoverage, estimation for small areas, sample design, and calibration of
the output from this survey with that from the long form.  To assist the
Census Bureau in developing a research agenda to address these and other
methodological issues, the Committee on National Statistics held a workshop
on September 13, 1998. This report summarizes that workshop.

When fully operational (currently planned for 2003), the ACS will pro-
vide continuous, small-area information on demographic characteristics, so-
cial welfare, education and health status, commuting patterns, crime patterns,
and other important attributes of the population of the United States, includ-
ing the interrelationships of these characteristics.  Unlike any other national
survey, the ACS will provide information on the American population at
substate levels, i.e., counties and cities.  Over a 5-year period, the survey’s
sample size will approximate that of the census long form, supporting the
production of estimates, possibly through use of statistical modeling, for small
and nonstandard geographical areas, such as school districts and traffic analy-
sis zones.  In addition, given the sample size, information will be available for
specific demographic groups, including racial and ethnic groups, children,
the elderly, people in specific occupations, people with specific health condi-
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2 THE AMERICAN COMMUNITY SURVEY

tions, and people with various levels of educational attainment.  The ACS
questionnaire may also be able to address current issues of national and re-
gional importance by including supplementary questions (though this raises
various complications).  Obviously, since the ACS data will be collected con-
tinuously throughout the decade, the information will generally be more
timely than that from the census long form.

The three primary types of information sources for individuals and house-
holds in the federal statistical system are the decennial census, various house-
hold surveys, and administrative records systems, e.g., tax and food stamp
records.  The planned ACS has various advantages in comparison to these
other sources.  With respect to household surveys, the ACS will have advan-
tages of size and scope: it will sample more households and will provide a
wider range of information than is typically found on individual household
surveys, which are by necessity targeted to a specific set of issues.  With respect
to administrative records systems, the ACS will have the advantages of repre-
sentativeness (e.g., tax records have information only on filers, and food stamp
records have information only on participants) and scope—since administra-
tive records do not contain information other than that required for the
associated program (e.g., they typically do not include demographic informa-
tion).  Also, the associated programs can change from year to year, making
interyear comparisons difficult, and the administration of a program may
differ by geographic region, especially by state, which complicates interre-
gional comparisons.

However, these other information sources also have advantages in com-
parison to the ACS.  It is expected that the information from household
surveys will generally be of higher quality than that from the ACS for the
outputs directly related to the purpose of the household survey.  This is due to
at least three factors: (1) many household surveys use personal interviews as a
primary source of data collection, which tends to result in higher-quality
responses than for mailout-mailback surveys; (2) many household surveys
visit the same households over time, which can help to improve response; and
(3) household surveys targeted on a specific characteristic typically ask a large
number of questions concerning that characteristic, which can aid in recall
and in the accuracy of response.  Therefore, ACS responses are likely to have
greater measurement error than household surveys requesting the same in-
formation.  Also, administrative records systems, which are collected as a by-
product of the associated programs, can provide more detailed information
and often provide information for larger numbers of individuals or families
than will be possible for ACS.

From the time of the initial planning of the ACS (initially referred to as
continuous measurement), the Census Bureau has been aware that its intro-
duction would raise a number of complicated methodological issues.  How-
ever, given the substantial work entailed in the fielding of such a new, large
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INTRODUCTION 3

survey, the focus of the ACS group to date has been on refining data collec-
tion, leaving the final answers to the difficult analysis questions for later.
Thus, procedures for nonresponse and undercoverage adjustment were mod-
eled, to the extent possible, after current procedures used for the census long
form.  Now that data collection has matured as the ACS demonstration phase
is well under way, the Census Bureau is developing a research plan and initi-
ating research to address all issues related to ACS methodology.  Fall 1998
therefore seemed an opportune moment for a workshop to assist the Census
Bureau in developing a research agenda to deal with many of these challeng-
ing issues.  The hope was that the workshop would facilitate a dialogue be-
tween Census Bureau staff, interested academics, and other researchers.

DATA COLLECTION AND SAMPLE DESIGN

The idea for the ACS follows a suggestion made nearly two decades ago
by Leslie Kish (1981), who used the term “rolling samples.”  The survey
instrument for the ACS is a questionnaire that will be mailed out to house-
holds, with 100 percent nonresponse follow-up using computer-assisted tele-
phone interviewing (CATI) in the month following questionnaire mailout,
followed by field follow-up (computer-assisted personal interviewing, or
CAPI) of a random one-third of the remaining nonrespondents in the month
following CATI follow-up.  The size of this survey will make direct small-area
estimates possible, though the estimates for smaller areas typically will be
produced by aggregating information over 2 to 5 years, depending on the size
of the area.  (At this time moving averages are planned.)  The current plan
also is that governmental jurisdictions of less than 2,500 population will be
oversampled.

Each month’s sample is intended to be a self-weighting sample of the
population of each area of the United States (except for possibly a few compli-
cations such as oversampling small areas).  Thus, cluster sampling will not be
used to facilitate field follow-up.  Also, both to reduce respondent burden and
to lower variances of direct estimates aggregated over months and years, a
household cannot be in the sample more than once every 5 years.  When the
ACS is fully fielded, it will use as a sampling frame the Census Bureau’s
Master Address File, an update of the address list used to conduct the 2000
census.  The annual sample will be divided into monthly mailout panels,
where each month’s panel is a systematic sample across the complete
address list.

As mentioned above, the CATI follow-up of mail nonresponse lags 1
month from the questionnaire mailout, and the field follow-up lags 1 month
from the CATI operation.  To accommodate this schedule and provide timely
estimates, a given month’s estimates will make use of the totality of  informa-
tion collected in that month, which will not be the information corresponding
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4 THE AMERICAN COMMUNITY SURVEY

to the systematic sample selected for that month.  The information collected
in a month will include mail responses received in that month, the CATI
interviews relative to the sample for the previous month, and the information
from the field follow-up relative to the sample for the month before that.  This
treatment of nonresponse, along with undercoverage and other complica-
tions, raises difficult weighting challenges.

PILOT TESTING

There was a 3-year demonstration pilot test for the ACS in 1996-1998.
The survey was administered in Brevard County, FL; Multnomah County,
OR; Rockland County, NY; Fulton County, PA; Franklin County, OH; Dou-
glas County, NE; Ft. Bend and Harris Counties, TX; and Otero County, NM.
The sampling rate for the first year was 15 percent in most areas with 30
percent in small governmental areas.  The rate was lowered to 3 percent
during the latter part of the demonstration period.  During 1998, the decen-
nial census dress rehearsal site in South Carolina also implemented the dem-
onstration ACS.  The goals of the demonstration period were to:  (1) illustrate
the usefulness of ACS data every year and over time; (2) to improve opera-
tions and reduce and understand costs; and (3) to provide a comparison with
the dress rehearsal data.

The demonstration period is now to be followed by two comparison
studies—in 1999-2001 and 2000-2002—comparing ACS and census long-
form information.  Full implementation of ACS will begin in 2003, with an
ongoing sample size of 3 million housing units a year (a sampling rate of
approximately 3%—15% over five years—compared with 17%, on average,
for the census long form).  The first comparison study was based on an
implementation of ACS in 31 comparison sites for 3 years, 1999-2001.  An
experimental design was used to select the 31 areas with characteristics for
which differences between the ACS and long-form responses were antici-
pated.  The sampling rate in the sites was planned to be roughly 5 percent
annually so that the sample sizes of the ACS (over the 3-year period) and the
long form would be comparable, though budget limitations have reduced this
sampling rate in some areas.

For the second comparison study, in 2000-2002, the ACS will have a
national sample of 700,000 addresses per year (0.7% sampling rate).  This
study is designed to make comparisons between the long form and ACS for all
states, large metropolitan areas, large substate areas, and population groups.

The objective of the 1999-2001 comparison is to understand the factors
associated with the differences between the 1999-2001 ACS and the 2000 long
form in the 31 areas, using the second comparison study to develop a calibra-
tion model to adjust the 2000 long-form estimates to roughly represent what
the full ACS would have yielded in 2000.  The adjustment based on this
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INTRODUCTION 5

calibration model will reflect differences in question wording, residence rules,
reference periods, interviewer training and other field operations, and differ-
ences in coverage and nonresponse.  Once adjusted, the “calibrated” long-
form data for 2000 can be compared with ACS data that are collected follow-
ing full field implementation in 2003, in order to understand the dynamics
over time of such characteristics as poverty and employment.

THE WORKSHOP:  PURPOSE AND STRUCTURE

To maximize the interchange of ideas during the limited time available in
a 1-day workshop, selected experts were asked to prepare thought pieces to
address one of six methodological issues: combination of information cross-
sectionally, combination of information across time, the impact of variance
on ACS outputs as inputs into fund allocation formulas, weighting to accom-
modate nonresponse, undercoverage, etc., issues related to sample and ques-
tionnaire design, and calibration of the ACS with the census long form.  For
some of the issues, discussants were also selected.  As background for both the
writers and discussants, committee staff prepared a document elaborating on
the specific problems posed by each of the methodological issues, including
research directions that might prove beneficial.  Following this, Charles
Alexander of the Census Bureau provided a “response” to the background
document, and both were provided in advance to the writers and discussants.
The staff document, the response from Charles Alexander, the thought pieces,
and the discussant papers when completed were made available to all of the
thought piece writers, discussants, and special invited guests in advance of the
workshop, so that the floor discussion could be more informed as to each
presenter’s ideas.  (These documents are available in the workshop agenda
book, “The American Community Survey Workshop:  Technical Papers.”)

The next six chapters describe, in turn, the methodological areas of focus
of the workshop.  Although the subjects chosen for focus at the workshop are
some of the more important methodological issues facing the Census Bureau,
it is important to note that these issues do not encompass all the issues of
concern and that there are many others worthy of study.  Even in these six
methodological areas of focus, the presenters were free to choose to address
various subtopics.  Some of the remaining issues not examined in the work-
shop are listed in Chapter 8.

To set the stage, and especially to illustrate concerns for the development
of small-area estimates and issues related to the combination of information
from different data sources, Graham Kalton started off the workshop by de-
scribing the work of the Panel on Estimates of Poverty for Small Geographic
Areas (which he chairs).  (For more information, see the Appendix and
National Research Council, 2000.)

The remainder of the report has the following structure:  Chapters 2
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6 THE AMERICAN COMMUNITY SURVEY

through 7 treat the individual methodological issues in turn, namely, combi-
nation of information across areas, combination of information across time,
concerns involved in the use of the ACS as input to funding formulas, weight-
ing issues in the ACS to treat nonresponse and undercoverage, sample and
questionnaire design issues, and calibration of the ACS to the census long
form.  In each chapter, the topics are first introduced, followed by summaries
of the presentations and the floor discussion; Chapter 8 provides some final
comments.
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2

Combination of Information Across Areas

Given its substantial sample size, for many purposes output from the
ACS collected directly from a group or an area at a point in time will
be adequate to provide useful estimates.  However, the utility of the

ACS will be greatly enhanced through its use in producing indirect estimates,
i.e., estimates derived by combining information from other data sources or
from the ACS for other time periods or for other geographic areas, through
the use of statistical models.  Using the census, administrative records, other
household surveys, and now the ACS, statistical models hold the promise of
providing timely estimates for smaller areas and groups than would otherwise
be possible.

Combining information is an area in which statistics has recently made
important advances (see, e.g., National Research Council, 1992).  This in-
cludes progress in empirical and hierarchical Bayes’ modeling (facilitated by
the advances in computation provided by Markov chain Monte Carlo meth-
ods), variance component modeling, small-area estimation, and time-series
analysis, along with advances in generalized linear models (GLM).  This is in
addition to a greater understanding of how to accommodate complex sample
designs using these techniques.    While these advances have demonstrated
wide utility, each individual application typically presents some novel com-
plications.   Especially given the variety and number of sources of information
and the variety and number of different responses of interest (information on
education, welfare, unemployment, income, health, etc.), understanding how
to make use of these techniques in this setting presents a difficult challenge to
the Census Bureau.
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8 THE AMERICAN COMMUNITY SURVEY

We separate this topic into two subtopics:  combining information across
areas for a single time period and combining information across multiple
time periods (and across areas).  This is mainly for convenience of discussion,
since clearly both topics need to be considered simultaneously.  This chapter
concerns the former issue, and the next chapter concerns the latter.

Models that combine information from these various sources must take
account of the following (and other) complications: the information sources
to be combined could provide information for different populations (e.g., tax
filers are not the same as residents of the United States), represent slightly
different reference periods, and make use of different survey or data collec-
tion methods.  Therefore, to combine estimates from these sources may re-
quire techniques that can combine estimates with measurement error and
bias that are not well modeled or estimated.  In addition, estimates are typi-
cally needed at different levels of geographic aggregation, such as national,
state, county, and possibly lower (e.g., census tract) levels.  Several questions
concern the development of such models:

• What types of models are likely to be effective?
• How can estimates be combined with measurement error and other

biases?
• At what level of aggregation should the modeling be done?  For ex-

ample, should estimates be modeled at the county level and then aggregated,
or should estimates be modeled at the state level and, using simple types of
models such as synthetic estimation or modeling county shares, passed down
to counties?

• How can Bayes’ (or related) methods be used to fold the direct esti-
mates in with the model-based estimates?

• What complications are posed by the sampling weights, nonresponse,
and undercoverage for each of the data sources?

• For some large areas, direct estimates from a relevant household sur-
vey are likely to be recognized as standard values given their lack of measure-
ment error (but possibly appreciable variance, depending on the area), so
agreement of indirect estimates incorporating ACS information with these
standards would have the advantage of consistency with an accepted estimate.
To address this, one possibility is to control the indirect ACS estimates to the
standard estimates.  Or one might try to use the ACS information to improve
on these standard values.  Both approaches, controlling and smoothing,1  are
complicated by the existence of several of these standard values.  Should one
consider modeling each ACS response separately, or is there some kind of

1The term “smoothing” is used to indicate a wide variety of techniques in which two or more
estimates are combined through use of weighted averages in order to reduce variance.
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COMBINATION OF INFORMATION ACROSS AREAS 9

very general missing data technique that would put each of the important
household surveys together with the ACS, possibly into a multipurpose data-
base that could simply be aggregated to provide estimates?

•  An important special problem relevant to this last point is that of
providing population estimates for demographic groups within counties.  The
ACS will provide information as to the size of these populations, and simply
controlling ACS estimates to the existing population estimates ignores this
important source of information.  Therefore, how should ACS and popula-
tion estimates be combined to produce better small-area population estimates?

RESEARCH DIRECTIONS

In his presentation on the topic, Tom Louis noted that direct estimation
for small areas will typically be inferior to reasonable methods in which infor-
mation is combined using statistical models, and in the ACS context, that will
usually mean “borrowing strength” over geography, or time, or both.  The
determination of how to combine information typically involves a tradeoff of
bias and variance.  In making this tradeoff, Bayesian formalism effectively
structures the integration of information and ensures that all uncertainties are
captured by the posterior distribution.

This approach can combine information for relevant data sources and
can properly account for missing data.  Further, Bayesian methods can ad-
dress nonstandard goals, which is relevant to a topic addressed in Chapter 3—
the use of ACS-based estimates for input into fund allocation formulas, which
often have nonstandard forms and therefore implicitly nonstandard loss func-
tions for the associated estimates, e.g., fund allocation formulas that have
eligibility thresholds.

Though the Bayesian approach has these and other attractive properties,
due to the national importance of the ACS in providing estimates for various
official purposes, its use in this context must have good frequentist properties
(good objective performance) as well.  A large body of literature validates the
judgment that Bayesian methods used with care do have excellent, objective
properties.  In addition, they are no more complex than the application dic-
tates, and they have the advantage of making all assumptions explicit.

Bayesian methods separate the two activities of summarizing information
and using it to make inferences.  Multiple goals, such as those governed
through the use of point estimates, estimation of ranks, and estimation of the
cumulative distribution function of the underlying parameters, can be ad-
dressed individually, or a single compromise inference or estimate can be
used that performs well (but not necessarily optimally) for all goals.  This
point initiated discussion concerning the distinction between production of
estimates for general use and production of estimates for specific purposes.
The approach advocated might be more relevant to an estimate needed for
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10 THE AMERICAN COMMUNITY SURVEY

input to specific fund allocation formulas.  However, if an agency is produc-
ing estimates for broad national purposes, it is not clear that this approach is
relevant.

In the particular application of small-area estimation involving the ACS,
based somewhat on the experience of the small-area poverty estimates panel
mentioned above, fixed-effects regression modeling combined with empirical
and hierarchical Bayesian and random-effects modeling should be very effec-
tive in a wide variety of specific problems.  Given that one is simply aggregat-
ing lower-level estimates to provide estimates at higher levels of aggregation,
a natural concern is that the aggregate estimates will not approximately equal
the direct estimates at higher levels of aggregation.  (Equality would not be
sensible given the variance associated with all sample-based estimates.)  Baye-
sian hierarchical linear models can be developed, in principle, that would
have the property that estimates at various lower levels of geographic aggrega-
tion would sum to the corresponding estimates at higher levels of aggrega-
tion; in addition, these sums would closely approximate the direct estimates
for these higher levels of aggregation.  To do this it would be appropriate to
develop a model at the finest level of geographic/demographic aggregation
and let the Bayesian prior to posterior mapping bring in data organized at
various levels of aggregation.  This can be challenging, since the number of
parameters can become large, but approaches to a solution exist.  Unfortu-
nately, the property that estimates sum over levels of aggregation and also that
higher-level estimates closely approximate direct estimates at that level of
aggregation, which is currently possible for Bayes’ hierarchical linear models,
may be difficult to achieve for generalized linear versions of these models.

In Rod Little’s discussion of Tom Louis’ presentation, he agreed that
Bayes’ hierarchical modeling, also known as full probability modeling, was
attractive for complex ACS estimation tasks.  Having available the full poste-
rior distribution for estimates was important to handle loss functions other
than that of mean square error.  Of course, most analyses will continue to
focus on common summaries, e.g., means and standard deviations, but there
are alternatives that should be considered.  One important application in
which the posterior distribution would play a role is for multiple imputation
of missing data, which the ACS will need to accommodate.

When engaged in survey inference, the goal is to create predictive distri-
butions for nonsampled and missing data values in a population.  A well-
constructed Bayes’ hierarchical model can yield these predictive distributions
in a manner that gives them many positive features.  These models can incor-
porate information from disparate data sources, they can be used to treat
missing data, and they can be used to appropriately reflect variables used in
the sample design.  Furthermore, these models allow borrowing strength
across geography (and time) for good small-area estimates, and they support
the display of the use of prior information, which can inform users as to the
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COMBINATION OF INFORMATION ACROSS AREAS 11

specific impact of the prior on the posterior distribution.  These models have
the further advantage of flexibility in that sensitivity to specification of the
prior distribution can be readily assessed.

While Bayes’ hierarchical modeling can be used to incorporate informa-
tion from administrative records, the use of such records requires that they be
comparable across regions.  This can be checked by keeping track of differ-
ences in programmatic rules and methods, but it can also be checked by
comparing administrative record tabulations with survey data pooled over
time, a technique similar to that used in the work by the panel on small-area
estimates of poverty.  One method for reducing regional biases if they exist is
to form strata that cut across regional boundaries.

The criticism that these models are too complex is easily refuted.  Markov
chain Monte Carlo techniques make the computational complexity of Baye-
sian models an increasingly minor issue.  Similarly, the criticism that the
techniques are too dependent on assumptions is refuted since the sensitivity
can be assessed.  Also, many simple, frequentist techniques rely (at times
implicitly) on strong assumptions that may not be supported by the data.
What really matters is not the complexity of the algorithm used to generate
the estimates, but the complexity of the model itself and the key assumptions
on which it relies.  It is necessary to identify the mean structure and the
variance structure and the hierarchy between the model components.  It is
then necessary to examine the sensitivity of the model to misspecification.

FINAL POINTS

Bayesian models are likely to provide a natural framework for combining
information from the ACS, the census, household surveys, and administrative
records. The various advantages of this framework, such as the incorporation
of nonresponse, were stated.  The identification of particular models for this
purpose could not be done, since the ACS has not yet been fully implemented
and therefore much about the data structure remains unknown.
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3

Combination of Information Across Time

While very large, the ACS sample size collected from the smallest
jurisdictions in a year will not be sufficient to support direct an-
nual estimates of acceptable precision.  Current plans are to not

publish direct estimates for areas with populations of less than 65,000 people.
For these areas, instead of the individual yearly estimates, the Census Bureau
proposes to report equally weighted moving averages of the ACS yearly esti-
mates for the most recent 2 to 5 years, depending on the size of the area.  (The
use of the cross-sectional models suggested above and the possible oversam-
pling of governmental units with less than 2,500 population could reduce, but
likely not eliminate, the need for some kind of borrowing of information for
the smallest areas.)

Assuming linear changes in the true response of interest over time, mov-
ing averages will be estimates of the situation in an area 6 months to 2 years in
the past, which would still be preferable to use of the decennial census infor-
mation, which is generally less current and can be as much as 10 or more years
out of date.  Rather than use a moving average, particularly the equally
weighted moving averages under consideration, other time-series approaches
are possible, especially when one considers that ACS information (unoffi-
cially) can be tabulated on a monthly basis, therefore providing 60 observa-
tions over a 5-year period.  Alternate forms of time-series modeling (e.g.,
ARIMA1) could reduce the variance of the resulting ACS estimates compared

1ARIMA, autoregressive integrated moving average, is a broad class of time-series models.
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with the use of moving averages.  An additional advantage of such alterna-
tives, in comparison with equally weighted moving averages, is that the result-
ing estimates could be used as predictions for the current year and therefore
would have less time bias.  Use of these methods would also reduce some
equity concerns when estimates from the ACS are used as inputs into fund
allocation formulas, since it would be helpful to provide estimates with as
little difference in variance as possible for areas (e.g., counties) regardless of
their size.

Borrowing ACS information across time also raises a broader combina-
tion-of-information challenge than represented in the discussion of the cross-
sectional models discussed above, since the ACS, most household surveys,
and most administrative records data are collected annually (and sometimes
monthly).  These inputs for other time periods could be used in several ways
to improve the above cross-sectional models.

RESEARCH DIRECTIONS

Bill Bell organized his presentation into three pieces:  (1) general borrow-
ing of information over time in repeated surveys, using time-series models,
(2) the specific use of moving averages or ad hoc smoothing models for the
purpose of borrowing information over time in repeated surveys, and
(3) methods used in the project on small-area estimates of poverty to combine
information across time and geography and the relevance of these methods
to ACS.

Borrowing Information Over Time in Repeated Surveys

The original work on borrowing information over time in repeated sur-
veys was by Scott and Smith (1974).  They assume that yt  = θt  + et , where yt
is the time series that is observed, θt is the true process of interest, and et is the
sampling error.   In this situation, data and models are needed for both the
time series of the sampling errors et —whose distribution is primarily deter-
mined by the sampling autocovariances—and that of the true response θt ,
which is assumed to have a stochastic (error) term (e.g., a common assump-
tion is that θt  = λθt–1  + εt ) and may depend on regression variables.  In this
context, the stochastic term for the true process is generally assumed to be
correlated over time and nonstationary.  Best linear unbiased prediction
(based on multivariate normal conditional expectations and variances) is used
to estimate the model’s parameters.  One difference between this and cross-
sectional models is that it is more difficult to recognize uncertainty in model
parameters.  Variance estimation of the estimates is complicated, but there
are simulation approaches to this problem.  Bell was aware of two implemen-
tations of this method:  by Dick Tiller at the Bureau of Labor Statistics on the
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state labor force time series and by the Australian Bureau of Statistics to
estimate regional time-series estimates.  This approach has been researched
for some years, but it has been difficult for researchers to demonstrate sub-
stantial gains for the following reasons:  when sampling error is low, substan-
tial gains are not possible; when sampling error is high, although there is the
potential for substantial gains, estimating the model’s parameters is more
difficult.

A key problem in this area concerns the need for a model of the sampling
errors, especially the autocovariances.  Current plans do not exclude the pos-
sibility that in the ACS design the sampling errors will be approximately
uncorrelated.  If that turns out to be the case, it would permit a great simpli-
fication.  Another issue is the consequences of uncertainty about the variances
and time-series parameters, in particular the signal-to-noise ratio (i.e., model
error variance relative to sampling error variance).  Furthermore, there has
been little study of the robustness of the resulting estimates to model
misspecification.

A related topic is that of benchmarking.  This is the adjustment of esti-
mates from, for example, a monthly survey so that the estimates for a given
year, when summed, agree with annual data produced from another survey or
a census.  This adjustment would be supported by the assumption that the
annual survey had less sampling error (which is reasonable) and possibly less
nonsampling error.  If so, benchmarking can reduce both sampling and
nonsampling error.  In the small-area poverty work (National Research Coun-
cil, 1998, 1999), the Census Bureau made the assumption that the CPS con-
tained less nonsampling error than the census, which is the reverse of the
more usual situation.  As a result, the Census Bureau did not constrain the
CPS results to agree with the census.  The interesting technical question was
therefore how to use the census data to reduce variances without substantially
increasing nonsampling error.  This was accomplished by using the census
data to define regression predictors in the CPS equation and using the fitted
CPS equation to carry out empirical Bayes’ smoothing, which effectively cali-
brates the estimates to a CPS basis.  This issue will need to be addressed with
the ACS with respect to surveys that are considered to be highly reliable for
various outputs.

USE OF MOVING AVERAGES FOR BORROWING INFORMATION
OVER TIME IN REPEATED SURVEYS

One suggested method for borrowing information that is under consid-
eration for the ACS is the use of moving averages, e.g., estimating the true
series at time t by averaging values for the observed series for the k closest time
periods (where k is some small integer).  Moving averages are a simple way to
achieve reduction in the size of sampling errors associated with an estimate,
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assuming that the sampling errors are relatively uncorrelated, with the down-
side that one is not then directly estimating the quantity of interest.  So the use
of moving averages results in a particular bias-variance tradeoff.  Also, mov-
ing averages have a time delay for contemporaneous estimates, though asym-
metric moving averages can provide estimates with less time delay.  An inter-
esting complication is that the application of moving averages to survey data
later to be used as inputs in a model (e.g., for use in regression models as a
dependent variable) may be problematic, as the moving averages will alter the
statistical properties (particularly the autocorrelations) of the data.

With model-based smoothing over time, one is typically producing mini-
mum mean square error estimates of a response at the current time, assuming
that the model is correct.  Moving averages, as ad hoc procedures but still
model-based, tend to disguise the underlying model that one is assuming.  In
various applications, the underlying model may or may not be sensible.

For the specific situation where the true series follows a random walk
(i.e., θt  = θt–1  + et ) and the sampling errors are uncorrelated over time, the
resulting optimal time-series smoothing weights depend only on the signal-
to-noise ratio.  If one has 5 years of data, with a small signal-to-noise ratio, the
optimal method approaches equal weighting.  As the signal-to-noise ratio
increases, one gets close to using only the direct estimate.  Similar results
could be obtained from other models, and further study is needed for other
situations.

COMBINING INFORMATION CROSS-SECTIONALLY
AND ACROSS TIME

The third part of Bell’s presentation concerned how the Census Bureau
might put together ACS, household survey, decennial census, and adminis-
trative records data over several years to produce small-area estimates, based
on the work of the small-area poverty estimates program at the Census Bureau
(described in the Appendix).  The estimation strategy for small-area poverty
estimates starts with a base model, representing the use of direct estimates for
small areas, which is simply true process plus sampling error, as in the model
by Scott and Smith (1974).  It also uses a regression model for the true process,
with an additive model error.  The regression variables come from adminis-
trative records data.  In the county model, the census data are also brought in
as an additional covariate.   In the state model, the Census Bureau incorpo-
rates information from the decennial census by adding the residuals from the
analogous regression fit using census data as the dependent variable. The
Census Bureau is examining a more recent approach for the county-level
model, referred to as the bivariate model, which uses two linked equations,
one for the census estimate and one for the CPS estimate.  They are both true
process plus sampling error models in which true process is modeled using
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multiple regression and the error terms for these models are assumed to be
correlated, which links the two models.  There are formulations of this ap-
proach in which the census residuals show up in the CPS regression, but with
a coefficient that varies according to the sampling variance in the census.
Since the sampling variances in the state model are small, this approach makes
little change to the state model, but it has an effect in the county model.  A
related approach would be to include the use of a measurement error model
to link aggregate CPS and census responses, which can be thought of as a
restricted form of the bivariate model.

The small-area poverty estimates have not yet incorporated multiple years
of CPS data into the model, though the Census Bureau has experimented with
state-level models that use up to 5 years of CPS estimates using a multivariate
generalization of the bivariate model.  The problem, similar to that discussed
above, was in developing a time-series model for the model errors.  Further,
given the high-level of sampling error for counties and most states, it was
unlikely that including previous years of CPS data would be that helpful.

When considering the ACS as an added source of information, most
likely as a replacement for the census in the above models, especially the
bivariate model or multivariate generalizations, its large sample size could
result in at least two modifications to small-area poverty modeling.  First, the
census may be less useful as a covariate when the ACS is included.  Also, for
the same reason, using past years of ACS data may have greater value than
using past years of CPS data.

Clearly, this area is only beginning to be explored.  The most troublesome
possibility is when one cannot conclude that the regression model is stable
over time, because in that case one has many fewer data points with which to
work.  Another difficulty occurs when modeling discrete outcomes, since
there the theory is even less well developed.

Discussant Eric Slud stated that there are two distinct types of informa-
tion involved in this area:  statistical variation and the variation of the signal
over time.  Borrowing strength over time involves understanding the models
that generate both, otherwise the bias could be substantial.  Understanding
the autocovariance of the sampling errors is extremely important.  More
generally, this borrowing of information over time is a highly model-
dependent activity.  Therefore, it is important to emphasize model-checking
assessments and whether the validity of assumptions can even be assessed.

Another key question is how to model nonsampling error, which does
not appear to be treated in the literature, except in applications with longer
time series.   A key nonsampling error here is that the CPS, the census, and the
ACS present different approaches to measuring various quantities—for exam-
ple, in the primary example cited, for measuring poverty.  In order to make
full use of these measurements in combination, one would benefit greatly
from the use of a measurement error model.  To support development of such
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a model, more matching studies are needed between the CPS and the census,
and, when possible, three-way match studies involving all three data sources.
These studies might also help in measuring the degree of cross-correlation
among the measurements, which would be useful in a Kalman filter2  ap-
proach to this problem, and they might help support simple weighted combi-
nations of direct estimates and model-based estimates.

Generally speaking, every small area will follow its own time-series model.
The only hope is that one can model these collectively in a simple form, in
which case it will be possible to share information across small areas through
a regression model that includes a shared random-effects component.  This is
a multiple time-series problem, and it has not been well researched.

The development of time-series methods that use auto- and cross-corre-
lations that do not exist or are poorly estimated is an important point.  It
supports the need for some kind of study of whether there are substantial
divergences from these estimated or assumed auto- and cross-correlations
and, if so, what the implications are.  A first step would be checking the
sensitivity of the results to the use of alternate auto- or cross-covariance forms.
This could be a component of a larger study of model form that is related to
nonsampling error.  This step will be needed in the effort to calibrate the long
form with the ACS (discussed in Chapter 7) and in calibrating the ACS with
various household surveys.  Such studies will also help in the interpretation of
standard errors that would be produced from time-series analysis.

The floor discussion raised additional modeling ideas.  One possibility
would be to use direct estimates at a higher level of aggregation and moving
averages of shares over time to allocate these estimates to smaller areas.  The
question was raised whether the ACS would release monthly estimates, which
would facilitate time-series modeling.  Other issues raised included the ben-
efits from incorporation of spatial autocorrelation structure in these models
and ways of addressing the effects of census undercoverage in these modeling
problems.

FINAL POINTS

The various requirements for the development of time-series models for
combining information in this context, including estimating the sampling
autocorrelation structure, were put forward.  The difficulties of parameter

2Kalman filters involve a “state space” representation of a time series, which assumes that a
linear model (with an additive error term) represents the relationship between the observed
series and a set of state space variables (representing aspects of the time series such as trend or
seasonality), and a second linear model represents the relationship between the state space
variables at time t and at time t - 1.
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18 THE AMERICAN COMMUNITY SURVEY

fitting and model validation were emphasized.  As a result, the borrowing of
information across time could be difficult, and even if accomplished might
not yield substantial gains.  In particular, it may not be easy to find an estima-
tion procedure that provides a substantial improvement over the current
decision by the Census Bureau to use moving averages.  However, the poten-
tial remains for improvement, and methods were discussed that might be
used to move forward.

Copyright © National Academy of Sciences. All rights reserved.

The American Community Survey:  Summary of a  Workshop
http://www.nap.edu/catalog/10051.html

http://www.nap.edu/catalog/10051.html


19

4

Funding Formulas

Many funding formulas currently use as input census long-form data.
However, this information is often several years out of date when
utilized, which is a problem since the funding formulas are used for

programs that are intended to address current problems.  The ACS data there-
fore will have an advantage over long-form data for this application in that
they will be produced on a more timely basis.  As mentioned above, the ACS
initially plans to use moving averages to provide estimates for very small
areas.  As input into funding formulas for these small areas, one could use the
ACS equally weighted moving average estimate, an asymmetric moving aver-
age that gives more weight to the current time period (such weighted averages
may not greatly increase the variance and will provide information that has
less time bias), or one could use the (direct) estimate based only on the cur-
rent year’s information.1   This is a tradeoff between variance and bias and
their effect on the funds that areas would and should receive.  How should
this choice be evaluated?

It is easy to see that the use of moving averages could have an important
effect on allocations.  Consider a fund allocation formula that has an eligibil-
ity threshold, for example, an area receives benefits only when estimated per
capita income falls below $17,000 per year.  Also consider an area that typically

1Use of a more elaborate time-series model approach, as discussed in Chapter 2, could reduce
the problem discussed here.  However, that would be relatively complicated to apply for all ACS
responses.  Furthermore, the general issues discussed in this chapter would still be relevant.
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has an (estimated) per capita income above the threshold (and hence is often
not eligible) but has wide variation in this estimate (due to either real change
or the variance in the estimate) from year to year.  The use of moving averages
in producing this area’s estimated per capita income would reduce the num-
ber of highs and lows, which will, in turn, reduce the years in which estimated
per capita income will fall below the threshold.  Alternately, smoothing could
also result in more money going to an area.  For example, smoothed estimates
for an area with an average value below the threshold having substantial
variability from year to year will serve to keep that area eligible for this hy-
pothesized program for more years.

Fund allocation formulas often have hold-harmless provisions, which is
another common feature that can cause an area to have substantially different
allocations as a result of that area’s estimate having a larger or smaller vari-
ance.  Hold-harmless provisions guarantee an area a high percentage (often
80% or 90%) of the funds they received in the previous time period regardless
of their inputs for the current time period.  These provisions have the goal of
protecting areas against large decreases in funding from one year to the next,
so they can undertake multiyear fiscal obligations.  Assume now that an esti-
mate for an area, to be input into a formula with a hold-harmless provision,
has a large variance.  Assume also that larger estimates are associated with
larger allotments.  Because the estimate for the area has a large variance, at
some point the estimate will be relatively high due to random variation, and
the area will receive a much larger allocation than it would have without the
random variation.  Then, as a result of the hold-harmless provision, that area
could continue to receive “undeserved” higher benefits for several years.

The overall question to address is how to evaluate the performance of
direct versus moving average estimates as inputs into fund allocation formu-
las.  A first step would be to understand how variance affects allocations.

RESEARCH DIRECTIONS

Charles Alexander described the Census Bureau’s current plans.  For
areas of more than 65,000 population, the input into fund allocation formulas
from the ACS will be the direct estimate. For areas with population between
30,000 and 65,000, the input will be the average of the most recent and previ-
ous years’ data.  There are further thresholds for the use of moving averages of
3 and 4 years.  For the smallest areas of less than 15,000 population, the input
will be the average of the direct estimates for the most recent 5 years.  These
cutoffs are designed for typical uses of census data  (point-in-time observa-
tions) and are based on a roughly equal coefficient of variation criterion for
sampling error.  However, it is important to distinguish between uses of esti-
mates that require an assessment of the situation at a given time and uses of
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the estimates for forecasting, since forecasting would favor shorter moving
averages.

Alan Zaslavsky’s presentation, based on joint work with Allen Schirm,
focused on the relationship among data, estimation methods, and funding
formulas. His goal was to show that funding formulas with such features as
hold-harmless provisions, eligibility thresholds, using estimates (especially
nonlinear estimates) with substantial bias and variance, along with dynamics
in the quantity of interest, often have unintended consequences.

Funding formulas often need three inputs:  the number of people that are
categorically eligible, the rate of incidence, and the total population of inter-
est.  These quantities are estimated in a variety of ways, sometimes directly
and sometimes indirectly.  The indirect estimates can include averaging over
time, but more involved methods include small-area estimation models, us-
ing regression and empirical or hierarchical Bayes’ methods to combine data
over time and space.  Much of the following is exemplified by two main
examples:  the allocations to states under the Special Supplemental Nutrition
Program for Women, Infants, and Children (WIC) and Title I allocations to
counties and school districts (discussed in the Appendix).

Typical data sources as inputs into fund allocation formulas are the most
recent decennial census—generally the long form, which has nonnegligible
sampling error for small areas; household surveys, which have smaller sample
sizes but good measurement properties; and administrative records, for which
the content is often not what one desires, the definitions are often inconsis-
tent, and access and use can be complicated.  The ACS as a data source has
many advantages (and some disadvantages) over these existing data sources.
It is more current than, say, the last census (use of the census for input to an
allocation formula implies a great deal of stability in what is being measured).
The ACS has a larger sample size than all current household surveys, and its
content is better tailored to meet current data needs than administrative
records.  Of course, it is expected that the output from household surveys will
have considerably less measurement error than the ACS.

The use of data from the ACS will likely have the following implications:
more frequent recalculation of formula inputs due to the timely availability of
current data, the availability of useful direct estimates for more variables and
smaller areas, and improvement of the quality of indirect estimates due to
currency and uniformity.2   The direct estimates from the ACS will have re-
duced variance relative to current surveys, but an increase in variance relative
to the census long form.  Most important, there will be a reduction in bias due
to the increased timeliness of the information.  Also, changing from a census-

2It is possible that the production of ACS estimates could generate interest in reviewing the
allocation formulas themselves.
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22 THE AMERICAN COMMUNITY SURVEY

based or CPS-based measurement process to an ACS-based process will very
likely introduce considerable measurement error.

It is important to understand that the estimation procedures and the
formula are not separable.  For example, if one computes this year’s inputs
through averaging the data for the previous 3 years, that is equivalent to
simply requiring as the input the average of the previous 3 years.  In one case,
it is a choice for an estimate, and in the other it is what the formula requests.3

(Of course, the best estimate of the moving average of the previous 3 years’
true means, which a fund allocation program might ask for as an input, might
not be equal to the simple 3-year moving average of the individual annual
estimates.)

The presentation focused on the impact of the variance of estimates used
as input for fund allocation formulas, with the understanding that bias also
has an extremely important and possibly more widely appreciated  impact.  If
an estimation procedure is linear and if the allocation formula is linear, vari-
ance in the inputs will not affect the long-range allocations in expectation and
therefore are unlikely to matter very much.  However, in the nonlinear case,
the variance of an estimate for an area can have a large effect on how much
money an area receives.  This poses a problem, since an area has no effect on
how much variance its estimates have.

A simulation study was described in which four factors were varied:
(1) the sampling standard error; (2) the estimation method (single year, 3-year
moving average with equal weights ending with the current year, or 3-year
exponentially weighted moving average also ending with the current year);
(3) the formula (use of hold-harmless or threshold provision, or both); and
(4) population trends (constant, trending upward, trending downward).  The
assumption was also made that the general allocation formula, possibly aside
from these two provisions, is proportional.  The simulations were over a
4-year period and were repeated (except for a few exceptions) 10,000 times.

The simulations showed that with an eligibility threshold and no trend,
sampling variability serves to smooth out the effects of the threshold, which
may not be a bad thing from a public policy point of view.  However, the
degree of smoothing depends on the sampling variance, which is related to
the size of the area for many household surveys, with the result that an area’s
allocation depends on the sampling variance of its inputs, which is not rea-

3There is a distinction between providing different estimates that measure conceptually dis-
tinct items and providing different estimates for the same conceptual item as a result of using
different loss functions.  The former is easily explained, while it is difficult to explain the latter.
It would be useful to better communicate the costs of using the wrong loss function to users.
More generally, point estimates are not the best way to communicate information about the
estimates of a quantity.  It might be more useful to have some idea of the distribution of
estimates for that quantity, which address more questions relevant to fund allocation.
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sonable.  Examining an 80 percent hold-harmless provision with no trend,
the larger the sampling variance, the larger the allocation bias,4  given the
asymmetrical nature of the effect of the hold-harmless provision.  If one uses
moving averages, the allocation bias is reduced.  Specifically in this study, a
bias of 20 percent is reduced to one of 3 percent using a 3-year moving
average.  If rapid responsiveness to fluctuations is not that important, this
smoothing helps to reduce the allocation bias that occurs from a having a
hold-harmless provision in the allocation formula.  Combining a hold-harmless
provision with a threshold is even more worrisome, since the threshold results
in larger jumps in allocation from year to year.  With a downward trend,
3-year accumulations cause a bias, since one is using data for years that do not
reflect the latest changes.  With a hold-harmless provision, coupled with a
downward trend, the effect of the provision is more extreme, since the
smoothing of the trend and the hold-harmless provision are both (occasion-
ally) keeping the allocations too high. With an upward trend, the effects from
the provision are less worrisome.

The remaining results from the simulation were relatively intuitive, once
the patterns were examined, with three main points:  (1) the data sources, the
estimation procedures, and the allocation formulas must be considered as an
integrated whole; (2) when a change is made to one piece, the others must be
kept in mind, going back to consider the original intentions of the program, if
necessary; and (3) linear procedures have more predictable consequences,
and methods that produce smoother estimates also have more predictable
consequences.  New data sources such as the ACS require reevaluation of
funding formulas in light of the original intentions of the program, not sim-
ply replicating previously used procedures.

The floor discussion raised a number of additional issues.  The impor-
tance of the level of geography at which estimates were needed in these pro-
grams was stressed.  In response to the comment that use of the ACS might
result in an increase in the variance of estimates in comparison with use of the
census long form, the value of using the ACS in combination with, say, the
CPS, to reduce sampling variance (and also measurement bias) was stressed.
This approach, which would provide high-quality, timely small-area estimates,
might provide an incentive to consider distributing funds using federally con-
trolled allocations to smaller areas.  Also, it was noted that once the hold-
harmless allocations are computed, the total amount allocated would be af-
fected, necessitating a recalculation of shares.

4With respect to these simulations, allocation bias is defined as the average difference, over
replications, between the allocation received using estimates with some assumed variance and
the allocation received using estimates with zero variance.

Copyright © National Academy of Sciences. All rights reserved.

The American Community Survey:  Summary of a  Workshop
http://www.nap.edu/catalog/10051.html

http://www.nap.edu/catalog/10051.html


24 THE AMERICAN COMMUNITY SURVEY

The problem of thresholds and hold-harmless clauses in fund allocation
formulas was also addressed 25 years ago by the Federal Committee on Statis-
tical Methodology (Office of Federal Statistical Policy and Standards, 1978) in
its first report, although the number of fund allocation programs was much
smaller  then.  Considering the expansion in programs with allocation formu-
las, it is a good time for reconsideration of these issues.  The formulas could
be reviewed, along with the estimation methods, the data sources, and what
statistical problems might be involved.  The three different elements in the
allocation process—the formula, the data source, and the estimation proce-
dure—are in the domains of many different individuals and groups, and they
rarely interact.

TerriAnn Lowenthal commented on fund allocation formulas and the
ACS from a congressional perspective.  The concern is whether the designers
of these formulas realize the implications from their use, especially the unex-
pected consequences of hold-harmless provisions and eligibility thresholds.
She described how formulas come about in the legislative process.   She sug-
gested that this discussion needs to be communicated to the people that are
developing these formulas.  There needs to be more interchange so that the
developers understand and avoid these unintended consequences.  She added
that the project on small-area estimates of poverty is an illustration of how to
bring together the interested parties on the intent of legislation.  One needs to
keep in mind that it is important to find the right language to communicate
with members of Congress.

FINAL POINTS

The effects of the variance of estimates used as inputs to fund allocation
formulas with features, such as hold harmless provisions and eligibility thresh-
olds, is complicated and can have unintended consequences.  This needs to be
more widely understood.   The impact of the bias of estimates used as inputs
to fund allocation formulas also needs to be examined, especially how one
might trade off of bias and variance in comparing competing estimators for
purposes of equitable fund allocation.
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5

Weighting and Imputation

Nonresponse and undercoverage in the ACS will require various
weighting and imputation schemes to produce annual and monthly
estimates that accommodate both of these sources of incomplete data.

The Census Bureau’s current plans for the ACS involve the use of as many as
11 factors in an overall weighting scheme (see Alexander et al., 1998, for a
more detailed description).  The factors are designed to account for:

• oversampling of small governmental units,
• computer-assisted personal interviewing (CAPI) subsampling,
• monthly variations of the percentage of the population using different

response modes,
• noninterviews (two separate factors called “noninterview factors”),
• mode bias,
• differences in nonresponse in individuals and households, so that

housing unit counts agree with the totals on the master address file (two
separate factors),

• differences between marginal population totals and totals based on
demographic analysis resulting from census undercoverage (referred to as a
person post-stratification factor), and

• household-level undercoverage.

As is obvious from these descriptions, some weights need to be applied to
individual records and some are applied to household records.

While the justification for many of these factors is relatively straightfor-
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ward, for others, such as noninterview adjustment or mode bias factor, there
are clearly a variety of ways to define the weights and how they are applied.
How should alternatives be judged?  What are the evaluation criteria?   Also,
the adequacy of some of the controls, such as population controls (person
poststratification factors), need to be considered;  perhaps methods could be
developed in which ACS data would be used to improve various control
factors.

Charles Alexander suggested that the weighting scheme currently used in
the ACS pilot testing might include some unnecessary factors, since it was
designed before data were available in order to have something in place for
the July 1997 deadline for 1996 data.  This timing resulted in a number of
weighting factors that in practice are very close to one, so their utility, at least
for the initial application, has been minimal.  The overall approach that the
Census Bureau adopted is somewhat old-fashioned, mimicking that used in
the decennial census, but it is known to work.  At least one of the weighting
factors results from the Census Bureau’s decision to have a given month’s
estimates make use of data collected during that month, rather than data
originating from the sample selected for that month.  This was done to pro-
vide data that would likely have less mean square error, based on the reason-
ing that it was easier for the respondent to provide reliable information for
the month of data collection (reducing recall bias), but it has complicated the
weighting factors needed to combat nonresponse.

The Census Bureau is not wedded to the current methodology, and there
is still an opportunity to make modifications to the weightings that are used
with the 1999 ACS.   In addition, after data have been collected for a few years
of full implementation, it is hoped that the weighting scheme can be changed
to reflect specific aspects of the data.  One area that is likely to change is the
controlling of ACS population counts to county-level population estimates.
The Census Bureau is uncomfortable assuming that the county-level popula-
tion estimates are so reliable that they cannot be improved through combina-
tion with the ACS estimates, especially at the county level disaggregated by
age, race, and sex.  (Differences in residence rules also may make these con-
trols questionable for this application.)  For the future, the Census Bureau is
even considering, through use of ACS data, development of population esti-
mates at the tract level.

RESEARCH DIRECTIONS

Robert Bell’s presentation on weighting intentionally raised questions
more than it provided answers.  There are at least three purposes of weighting:
(1) for nonresponse adjustment and related issues, (2) for poststratification to
accepted external values (such as dealing with undercoverage), and (3) to
treat differential sampling rates.  This discussion focuses mainly on weighting
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for treatment of nonresponse (and mode bias) or for differential sampling
rates, and the few general points made relate to the use of weighting for those
purposes.  However, some minor points are also made concerning a specific
use of poststratification in the ACS.

The typical purpose of weighting to adjust for nonresponse is to reduce
bias without greatly increasing variance.  Biases can occur when three condi-
tions hold:  (1) sampling probabilities vary (designed or otherwise, as through
nonresponse) with some background variable, x, such as geography, tenure,
or demographic characteristic; (2) an outcome of interest, y, also varies with
x; and (3) the sampling probability is correlated with y.  In this way, housing
units with a high (or low) probability of being sampled are likely to have a
response that is higher (or lower) on average, which will cause a bias.  If the
nonresponse is properly modeled as a missing-at-random process (i.e., the
value of the outcome, y, is not involved in the probability of response condi-
tional on x), weighting could theoretically eliminate the bias.  Although this
assumption is generally not true, weighting can generally serve to reduce bias.

At the same time, weighting tends to increase variance, which raises
weighting choices involving tradeoffs of bias and variance.1    The ideal solu-
tion would be to compute an estimate that is a weighted mean of predicted
values for strata—the predicted values making use of a model for nonresponse
within the strata—weighted by the population size of the strata.  Then the
variance could be controlled by “shrinking” the predicted values through the
type of models discussed in Chapter 2.  For example, an analysis of variance
model could relate stratum estimates based on the demographic or other
characteristics used to define the strata.

Practically, however, many users either cannot or would not perform this
type of modeling.  The Census Bureau therefore needs to use a method that
takes into consideration how the data will actually be analyzed, which is to
make use of an output file that is the result of the application of weights.

There are a lot of decisions involving weighting, such as whether to try to
address a specific set of problems or to try to apply a more general weighting
framework, what level of geography to use in forming weighting cells, what
factors to take into account, and whether to cross-classify these factors or to
do some sort of raking.2   Most of the decisions (both explicit and implicit)
made by the Census Bureau in its weighting scheme for the ACS seem very
reasonable.  However, there are a lot of things that could have been done in
other ways.   It is worth mentioning that bias correction is elusive, in the sense

1While this statement is true when there is no use of additional, external information, there
are applications of weights when variances are reduced through the use of external information.
See, e.g., Rosenbaum (1987), which provides a technique that might be applicable to the ACS
when using external information.

2Raking refers to a constant multiplicative adjustment within a row or a column so that the
rows or columns of the revised table add up to a given marginal row or column total.
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that correcting for bias at a given level of aggregation (e.g., geographic) is no
assurance that a bias does not exist at a lower level of aggregation.  So, for
example, correcting a bias at the county level does not necessarily correct for
bias at the tract level.

Because weighting involves a tradeoff between bias and variance, how
should this tradeoff be considered?  One criterion that makes sense is to
minimize mean square error (though there are alternatives).  This criterion
still leaves two important issues:  (1) For which outcomes is one minimizing
mean square error and (2) at what level of geography and for what period of
time should the focus of the weighting be?  With respect to outcomes, it is
important to decide which outcomes have the highest priority and therefore
require weighting treatment.  Should the focus be on demographic character-
istics or attributes captured on the census long form?  Reflecting the second
point above, what is the relative importance of accuracy at different levels of
geography or for shorter versus longer time periods?   If one tries to minimize
mean square error for each month of the survey, that is going to put too much
emphasis on reducing variance, and as a result there is going to be bias that
will tend to replicate month after month, which will dominate the variance
for longer moving averages, such as annual estimates.  Setting up this crite-
rion is not easy, but it is very useful to do, since it puts emphasis on the
outcomes, and it makes explicit which interactions one believes are important
to consider.

An ACS feature worthy of attention is that the monthly estimates are
based on responses collected in that month, which is quite different from the
questionnaires collected from the panel selected for that month.  Further-
more, respondents are asked to provide answers corresponding to the month
of data collection and not corresponding to the month of panel selection.
One major advantage of this is that the data are available sooner, since, for
example, data from households in the March sample that respond by mail in
March are immediately available for combination with data from the January
and February sample households that also responded in March by telephone
and in person, respectively.  In contrast, for sample-based cohorts, one would
have to wait until May for the complete data collection for March.  The
Census Bureau supports this with a second advantage, that of  reducing recall
bias.  While there are advantages, it does necessitate additional weighting,
referred to as “variable monthly sampling weights,”3  which are used to address
the biases that might be caused by the decision to base estimates on the data
collected during a month.

Consider a case in which the March mail response was 40 percent of the
sample, the CATI response was 30 percent of the February panel, and the

3The phrase “variable monthly sampling rates” will refer in the following specifically to
weights that are applied to address this potential source of bias.
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CAPI follow-up was 20 percent of the January panel (see Table 5-1).  Then the
20 percent and 30 percent need to be jointly reweighted to represent the 60
percent missing from the March sample, so the individuals in those cells
should get a weight of 1.2.  This is reasonable if there are no major month-to-
month differences.  However, suppose the reason there was only a 40 percent
response in March was because there was a flood in March, and the mail
responses were from people who responded early in the month, who had a
high propensity to respond.   In this case it is not clear that the January CAPI
and the February telephone responses are necessarily representative of the
same groups for March.  The question is whether variable monthly sampling
weights can fix systematic variations in response rates.4

A second set of weighting factors that might benefit from an alternative
approach is the noninterview weights.  These are two-stage weights in which
the first stage involves weighting all respondents to account for nonresponse
and the second stage accounts for the different modes of response.  (These
stages are clarified in the example that follows.)  For purposes of this set of
weighting factors, there are three categories of people in terms of response:
(1) mail or CATI respondents, (2) CAPI respondents, and (3) CAPI non-
respondents (see Table 5-2).  One approach to this problem would be to
assume that the CAPI respondents provide the best information about non-
respondents, which would argue for weighting the CAPI respondents to take
CAPI nonresponse into account within each tract (see Table 5-3).   The Census

TABLE 5-1  Illustrative ACS Data Collection Percentages by Mode

Mode and Month of Data Collection

Month of Mailout Mail CATI CAPI Total

Jan Feb Mar
January 55% 25% 20% 100%

Feb Mar April
February 45% 30% 25% 100%

Mar April May
March 40% 30% 30% 100%

NOTE: Boldface type indicates the data collected in March.

4A simulation study is currently under way by the Census Bureau to examine whether using
data collected in a given month (rather than from the sample selected for each month) is
causing too much of a bias to support continuation of that procedure.
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TABLE 5-2  Illustrative Responses for a Pair of
Census Tracts: Basic Data

Mode Tract I Tract II Total

Mail/CATI 60 80 140

CAPI 40 20 60

None 10 20 30

Total 110 120 230

TABLE 5-3  Illustrative Weights for Nonresponse
Addressed by Reweighting CAPI

Weights Weighted Counts

Mode (1) (2) (1) (2) Totals

Mail/CATI 1.00 1.00 60 80 140

CAPI 1.25 2.00 50 40 90

Total 110 120 230

Bureau is concerned that this could generate relatively high weights in some
tracts if the number of CAPI responses is small.  Instead, the Census Bureau
decided to make use of a two-stage procedure.  In the first stage, all respon-
dents are weighted up to account for the CAPI nonresponse (see Table 5-4).
In doing so, one essentially imputes complete records through weighting us-
ing the records corresponding to mail/CATI respondents more than the CAPI
respondents, so it is necessary to reweight to remedy this.

In the second stage, the mode bias factor downweights mail/CATI re-
spondents by the ratio of the original weights across tracts to the weights
taking nonresponse into account (see Table 5-5).  The difficulty with this
procedure is that the weights for each tract no longer match the number of
(weighted) housing units in the sample; this is treated using another weight in
a later stage of the weighting scheme, as demonstrated below (see Table 5-6).

In the example provided, the two-stage weights for this factor have the
advantage of considerably less variability (a range of 0.91 to 1.66) compared
with that for the procedure that reweighted only the CAPI respondents (a
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TABLE 5-4  Example of Noninterview Factor in a Pair of
Census Tracts

Weights Weighted Counts

Mode (1) (2) (1) (2) Total

Mail/CATI 1.10 1.20 66 96 162

CAPI 1.10 1.20 44 24 68

Total 110 120 230

NOTE: To reweight Mail/CATI and CAPI respondents to equal total,
apply ratio of total to number of respondents.  Therefore, apply the
weights of 1.10 = 110/100 and 1.20 = 120/100.

TABLE 5-5  Example of Mode Bias Factor for a Pair of
Census Tracts

Weights Weighted Counts

Mode (1) (2) (1) (2) Total

Mail/CATI 0.95 1.04 57.0 83.0 140

CAPI 1.46 1.59 58.2 31.8   90

Total 115.2  114.8 230

NOTE: To make the CAPI percentage equal the observed rate, apply
the four weights as follows: 0.95 = 1.10 (140/162), 1.04 = 1.20 (140/
162), 1.46 = 1.10 (90/68), and 1.59 = 1.20 (90/68).

range of 1.00 to 2.00).  In a sense, instead of a cell-based model, one is using a
type of raking.  The reduction in the variability of the weights is not a compel-
ling argument to use this procedure, especially if there are strong effects that
are particular to tract-mode combinations.  However, in the absence of strong
tract-mode combination effects, it is difficult to design alternatives to this
weighting procedure that have obvious advantages and that also keep the
variability of the weights from being too large.  Therefore, depending on the
data, this approach may have a considerable advantage over the procedure
described above.
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Another factor with some interesting alternatives is the person poststrati-
fication factor.  The idea of this weighting factor is to try to correct for
undercoverage by controlling the ACS population counts to independent
population estimates based on age, sex, race, and Hispanic origin at the county
level.  The key question is whether the population estimates provide better
information than the ACS data at the county level and for demographic sub-
groups.  The estimates from the ACS probably provide valuable additional
information on changes since the last census at low levels of aggregation, but
for higher-level totals the direct ACS estimates may be inferior.   In addition,
even controlling to better demographic data may not improve the estimates
of population characteristics.   For example, if ACS has inferior estimates
because there is differential undercoverage, weighting probably will help; how-
ever, if the estimates are inferior as a result of the different manner in which
people respond to the ACS questionnaire in contrast to the census question-
naire, then the ACS estimates may be harmed through use of this weighting.

A related point is that the ACS provides an estimate of the average popu-
lation over the year, while population controls represent a point-in-time esti-
mate of population, which could make a difference in areas with seasonal
populations.   In reaction to this possibility, the Census Bureau has developed
a different question on the 1999 ACS form about the seasonal population.
(This is one of potentially several areas in which ACS could be controlled to
estimates that are conceptually distinct.)

The following points require further consideration.  First, given that there
are both individual and household weights, any inconsistencies between person
and household weights may cause problems for users.  Second, any weighting

TABLE 5-6  Illustrative Example for a Pair of Census
Tracts: NIF and MBF Multiplied by Housing Unit
Poststratification Factor

Weights Weighted Counts

Mode (1) (2) (1) (2) Total

Mail/CATI 0.91 1.08 54.4 86.8 141.2

CAPI 1.39 1.66 55.6 33.2  88.8

Total 110.0 120.0 230.0

NOTE: To make the housing counts in each tract equal to the ob-
served number, 0.91 =  0.95 (110/115.2), 1.08 = 1.04 (120/114.8), 1.39
= 1.46 (110/115.2), and 1.66 = 1.59 (120/114.8).
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method needs to take the size of counties into consideration since they vary
tremendously in size, which has an effect on the size of weighting cells.

In addition, there are other issues to examine.  First, as the ACS accumu-
lates enough data over time, it might be possible, using some simple time-
series techniques, to model mail response (and other kinds of considerations)
and thereby identify unusual differential mail response patterns to determine
when certain weighting methods might have advantages.5

Second, the variable monthly sampling weights should be checked to see
if there is an interaction of response mode with various characteristics, e.g., a
vacancy rate.  There is some evidence of the following situation: if a housing
unit is vacant, it will obviously not respond by mail or telephone;  it will be
interviewed 2 months later with CAPI, at which point it may be occupied.
However, if it had been occupied initially, there might have been a response,
so there is a potential bias.  This is true for any characteristic that differs
between movers and nonmovers.  The variable-mode sampling weight factor
was an attempt to address this problem;  its success is not clear.

Third, there is the possibility of different responses to the ACS for race
and ethnicity questions.  The calibration that is discussed in Chapter 7 should
provide information as to the degree of this problem.

Fourth, weighting rules do focus on reducing bias without explicitly con-
sidering possible increases in variance.  If these estimates are going to be used
as inputs to nonlinear allocation formulas, the work in Chapter 4 indicates
that with a high variance even unbiased estimates can result in strongly biased
allocations.  Therefore, the appropriate emphasis may be less concern with
bias and more with getting good estimates.

Fifth, the county-level controls for race and Hispanic ethnicity are not
now very reliable.  Implicit in the methodology that produces these estimates
is the assumption that anything at lower levels of aggregation within a state
changes in the same way as the entire state.  Therefore, information since 1990
at substate levels is not used to produce the estimates.  Either the ACS should
be used to improve these estimates or administrative record information at
that level of aggregation should be incorporated into the estimates.

FINAL POINTS

Some alternative approaches to weighting and imputation methods were
examined in comparison to the current plans put forward by the Census
Bureau.  An examination of these alternatives on ACS pilot data will deter-
mine which techniques to apply when ACS is fully implemented.

5It was mentioned that the average ACS nonresponse rate was around 2 percent, probably
because response is currently required by law and therefore it is unlikely to matter how one
treats nonresponse if the mandatory status is retained.
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6

Sample and Questionnaire Design

The development of the ACS raises a number of issues concerning
sample and questionnaire design, both for the ACS and for current
household surveys.  The potential uses of the ACS that involve sample

or questionnaire design include:  (1) modifying the ACS questionnaire to
enable its use as a screener for oversampling selected populations (and for
asking them further questions) to support current household surveys; (2)
providing information for oversampling areas in other household surveys,
which in turn could be used to make the sample design for these surveys
more efficient (e.g., oversampling areas associated with higher variances for
the National Crime Victimization Survey, possibly through use of variables
associated with areas having more criminal activity); (3) using the ACS to
help determine when redesigns of household surveys are needed and to sup-
port those redesigns;1   and (4) using responses to the ACS questionnaire to
effectively increase the sample size of current household surveys through
regression-type modeling, with the possible redesign of those surveys as a
result of this modeling.  With this last possibility, assume an ACS question
that, when aggregated, has a given correlation (e.g., at the state level) with an
aggregate output of a household survey of interest.  Then, using a regression-
type model to combine information, how much could the variances of esti-
mates from the household survey be reduced?  How would one change the

1By survey redesign, we mean at least a new sample size, a new sample allocation, and
reselection of primary sampling units and households within primary sampling units.
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design of the household survey as a result of such modeling?  For example, if
such a model reduced the variances differentially by area, the sample design
could be modified to concentrate samples in those states for which the model
was less effective.

These proposed uses of ACS responses bring up several policy issues, of
which one is key: What will be the process for adding questions of interest to
other federal agencies to the ACS questionnaire?  Other important questions
include:  Who will decide the priorities and allocate the costs of these addi-
tional questions?  What is the effect of added questions on the quality of
response for the remainder of the ACS questionnaire?  The policy for deter-
mining ACS content after 2002 will require the interaction of the Office of
Management and Budget (OMB), Congress, and other interested and in-
volved agencies.

Denise Lewis of the Census Bureau described the National Crime Victim-
ization Survey (NCVS) within the context of the broad issues under discus-
sion, especially with respect to sample and questionnaire design.  The NCVS2

is a household survey that collects data on the amount and types of crime in
the United States and measures the incidence of personal crimes of violence
and theft and other household crimes, such as burglary and motor vehicle
theft.  The Bureau of Justice Statistics uses the NCVS to publish annual esti-
mates of the nation’s crime rate for various demographic groups.

The potential benefits of the ACS acting in concert with the NCVS lie in
four areas:  (1) improving the effectiveness of the data collection by increasing
the use of CATI;  (2)  improved weights and improved control totals for use at
the state level; (3) use of output from the ACS (assuming a limited number of
crime-specific questions were added) and the NCVS in statistical models for
developing improved state estimates, possibly even making many more state
estimates reliable enough for release (analogous to the modeling accomplished
for small-area estimates of poverty); and (4) as a screening device, possibly
including use of the ACS to screen for crime victims, to screen for non-
telephone households, and to screen for rare events.  Before proceeding in
these directions, several important questions need to be addressed.  First,
what is the likelihood of adding questions to the ACS?  Second, what priority
does the production of state-specific estimates have?  Third, what are the cost
implications of using the ACS as a screening mechanism?

2The sample design for the NCVS is a stratified, multistage cluster sample that collects infor-
mation on all persons 12 and over in about 60,000 housing units.  Each sample consists of six
rotations.  Sample units in a given sample rotation are interviewed once every 6 months for 3
years.  Each rotation is further divided into six panels, and each subsequent panel is interviewed
in successive months, so one-sixth of a rotation is interviewed each month during a 6-month
period.
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Alexander focused on the policy issues that need to be addressed to make
full use of the ACS as discussed.  First, with regard to adding a question to the
ACS questionnaire, the content currently consists only of questions that are
required by law.  For a separate section of questions that are voluntary, one
hopes that the addition of such a section would not adversely affect the quality
of the required responses.  Second, if an agency is planning on using its survey
as a follow-up to the ACS, a problem might arise if the ACS responses are
considered confidential under the privacy provisions of Title XIII.3   Third,
the charge for additional questions is yet to be worked out.  Many of the
agencies interested in making use of the ACS do not have a great deal of
discretionary funds for this purpose.  Finally, there are a number of prag-
matic, more focused questions, such as how quickly the ACS should pick up
new construction.  Some users may need this to be done more expeditiously
than others.  Answering these questions will require the interactions of several
parties, including OMB, Congress, statistical agencies, and user groups.

RESEARCH DIRECTIONS

The main purpose of Lynn Weidman’s presentation was to raise some
operational questions and discuss these in terms of what the Census Bureau
would like to do. The Census Bureau manages many household surveys, which
are redesigned after each decennial census to take advantage of the latest
available data.  A hope is to use the ACS for help in redesigning these surveys
more frequently.  Prominent examples of these surveys are the Survey of
Income and Program Participation (SIPP), which asks about income, employ-
ment, and participation in various governmental aid programs; the National
Crime Victimization Survey, discussed above; the Current  Population Survey,
which deals mainly with employment but has many supplements dealing with
a wide range of subjects (particularly each March’s demographic supplement);
the Consumer Expenditure Survey, which details how people spend their
money; and the National Health Interview Survey, which requests informa-
tion on a wide variety of health questions.

In the past, new construction would be added to the address list in each
primary sampling unit (PSU) at the time of the decennial census.  The hope
now is to more continuously update the master address file.  The ACS is also
considered for use as either a screener or to oversample areas that have a large
percentage of people with certain characteristics, and as a source of covariate

3Title XIII of the United States Code provides detailed regulations concerning the activities of
the U.S. Census Bureau.
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information for regression models to reduce the variance of household sur-
veys.  Weidman discussed each of these in turn.

Oversampling Groups

Household surveys often have different coefficient-of-variation stipula-
tions for specified demographic groups.  Two ways of achieving better perfor-
mance for subgroups is oversampling of areas and screening persons and
housing units to include more persons with those characteristics in the sample.
For various household surveys there is potential interest in oversampling
young children, the elderly, high- or low-income groups, and racial groups.
Until now, one could use the decennial census to identify areas that could be
oversampled to collect data targeted to these groups.  As the decade progresses,
those areas are less and less useful for this purpose.  The ACS will be collecting
information that could be used to retarget the sample.

This approach raises several problems.  One problem is the size of geo-
graphic aggregation at which this process would operate.  The larger the area,
the greater the travel for household survey interviewers if they are using CAPI.
It is not clear at what geographic levels ACS will be informative.  Certainly,
oversampling individual blocks will not be feasible with ACS.  For higher
levels of geographic aggregation, one might need to accumulate data over
several years to inform targeting, but then the information becomes some-
what dated.

A Screening Tool

With respect to screening, the current situation is analogous to targeting,
since one now uses the decennial census, even when it is less and less current.
The demands raised by screening might require more sampling (or over-
sampling) since one has to find a match to the characteristic(s) of interest.
However, screening is more efficient, since one gets the households or people
one wants to interview.   The greatest problem is that one is now asking people
to answer two completely different questionnaires, the ACS questionnaire
and the follow-on questionnaire, at the same time.  The ACS questionnaire
alone takes 30-60 minutes to complete.  As a result, the Census Bureau has to
worry about low response rates for the ACS and especially any follow-on
survey.  The issue of nonresponse, possibly involving the groups of interest,
also complicates this possibility.

Redesigning Household Surveys

The third area of interest is the periodic redesign of household surveys.
Based on ACS information, one might want to reselect PSUs or to resort
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housing units within a PSU (when using systematic sampling) to incorporate
more up-to-date information.  This could happen either more frequently
than every 10 years or when ACS data indicated that it would be useful.
However, there is a cost in making such changes.  There is also an unknown
amount of time that is required to implement a redesign.  For example, if the
counties (PSUs) are changed, then new interviewers would have to be trained
in those areas.  So a key question is whether more frequent redesign would be
cost-efficient.

Supplying Covariates for (Variance-Reducing) Regression Models

Finally, there are complications concerning the addition of questions to
the ACS questionnaire to support (combination of information) modeling.
First, the ACS will be broad-based with respect to subject matter; that is, it will
have relatively few questions for any specific area, e.g., income or health.  For
some models for some areas of interest, it may not be necessary to add many
questions to the ACS questionnaire.  However, it is likely that additional
questions could be useful for models of many subject-matter areas.  It is not
possible to add hundreds of questions to the ACS, so some process for select-
ing additional questions will be needed.  An important issue is whether these
additional questions will be a permanent part of the survey.  Other issues
include where on the questionnaire these additional questions are placed.
They could be incorporated in with other questions related to that subject
area, or they could be placed at the end of the ACS questionnaire.  The answer
will affect nonresponse and quality of response of the other questions.  An-
other key issue is the extent to which the information collected is increased
with a question that is administered on a self-response basis (except for the
CATI nonresponse cases).

Discussant Cathryn Dippo focused mainly on the practical issues raised if
one were to use the ACS for redesigning current household surveys between
decennial censuses.  The most important feature for this discussion was the
development of the master address file (MAF).  Before turning to this topic,
Dippo discussed some background issues.

The Bureau of Labor Statistics conducts some surveys where the units of
interest are persons and some where the units of interest are households.
Also, for the CPS, the real interest is in estimates of change over time, not
estimates of level.  In the second stage of the design of many household
surveys (selecting housing units within PSUs), there is some implicit stratifi-
cation based on the short form.  The Consumer Expenditure Survey (CEX) is
one example: before the 2000 census, it made use of information from the
short form on household rent (the contracted rent amount for rental housing
or the corresponding value of owner-occupied housing).  Some surveys use
area sampling at the second stage.  If this is performed using sampling
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proportional to size, these size estimates have to be useful at low levels of
geographic aggregation.  Other related issues are the treatment of new con-
struction and input into surveys that use random digit dialing.

A major issue concerns the operational aspects of changing PSUs between
censuses and the costs associated with this.  Every change to a PSU requires
firing some interviewers and hiring and training the new ones.  New inter-
viewers, on average, obtain a lower response rate than experienced interview-
ers.  With the consumer price index (CPI), for example, there are three inter-
acting surveys that all use the same PSUs to take advantage of the benefit of
experienced interviewers.

The real potential for ACS to provide assistance to household surveys is
with respect to the MAF.  Currently, the census address list, not comprehen-
sively updated between censuses, is used until it is as much as 16 years out of
date.  For example, the CEX will use (essentially) the 1990 census address list
until about 2006, when it begins implementing a new panel.  The introduc-
tion of a continuously updated MAF is therefore a real advance.  However,
several questions can be raised: How good is the MAF going to be between
censuses for seasonal housing units? How good is it going to be for new
construction?

For the CPS, another consideration is that the ingoing and outgoing rota-
tion groups are in neighboring segments, which helps in terms of panel corre-
lations in composite estimation.  If using the ACS means using different
address lists, it may be difficult to maintain these correlations.  One benefit
may be to use symptomatic information from the ACS at a slightly aggregate
level, such as blocks, for aiding in the efficiency of the sample design.  Of
course, the variance of and overall benefit from use of these symptomatic
variables would be important to assess for this purpose.

If the ACS is going to be used to screen for various subpopulations, for
example, to expand the CPS to increase the sample for specific race groups,
the currency of the information collected when used for this purpose is an
important consideration.4   Another consideration, mentioned above, is that
the 3-month window used in the ACS for data collection from a sample may
miss some recent renters, which is an important issue for the CPI Rent Sur-
vey.  In addition, any information on the ACS nonsampling error structure
would be useful to have.  Toward this goal, it would be useful to include the
ACS with the proposed CPS-Census match, especially to understand within-

4The use of ACS for this purpose raises the hard problem of the sampling weight those people
or households should get in subsequent analyses.  Also, one needs to consider in the sample
design that there will be both false positives and false negatives in the responses to the screening
question.
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household coverage and the characteristics of the population that are
undercovered relative to the decennial census.

Possibly the next most important step was to address the relevant policy
issues more seriously now that large-scale data collection is a reality, since
these issues are extremely difficult.  The two most difficult and important
policy issues are data sharing and the use of the ACS for screening.  An
example is the National Health Interview Survey, which uses screening to
support an area sample, which is used since the Census Bureau could not
provide access to its address list for a list survey.  This lack of access is a serious
problem.  Second, with respect to the process of adding a question or a set of
questions to the ACS questionnaire and the related costs, if the decennial
census is the guide, this approach will raise a substantial problem since adding
questions to the long form has proved to be a flawed process.   Furthermore,
the costs are a worry.  The decision on which questions to include is one that
requires years to plan.  One would need to start addressing this problem right
now for the 2003 date of full ACS implementation.

FINAL POINTS

A number of opportunities for ACS and current household surveys to
jointly benefit from each other were suggested.  The extent to which these
advantages can be obtained depends on various things, e.g., the  correlations
between ACS responses and responses on household surveys, and the impact
of the addition of new ACS questions on the quality of the response to existing
ACS questions.  Therefore, the benefits cannot be determined before more is
learned about the ACS.  Also, the benefits of an updated MAF for redesigning
household surveys is complicated by several factors; thus, the degree to which
ACS can be beneficial is an empirical question and needs further work.
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7

Calibration of the Long Form
to ACS Output

Although there could certainly be additional uses of the output from
the American Community Survey over time—some of which are de-
scribed earlier—in the short term the ACS output is primarily in-

tended as a (more timely) substitute for the decennial census long form.
Given this, it is important to determine the effects that would be expected
when switching from the long-form estimates to those from the ACS on
various applications of long-form data.   To analyze this, the Census Bureau is
developing a “calibration” model of the long form in 2000 to the hypoth-
esized full implementation of the ACS in 2000, based on ACS data collections
prior to full implementation (described later), and the long-form output in
2000.  The development of this calibration model will be challenging, since
not only will individual-level matching of the long form to the ACS not be
possible in 2000 due to the designs of the long form and the ACS data collec-
tions, but also the ACS sample sizes prior to full implementation will be
substantially smaller than for the full implementation.  This calibration model,
in addition to clarifying ACS/long-form differences, will be used to under-
stand the dynamics of change in various subject-matter areas (e.g., income,
employment, health, welfare, education) between 2000 and later years in the
decade by providing an analogue to a full implementation of the ACS in 2000.

Related to the issue of the effect on long-form applications of switching
from the long form to the ACS, users have a need to understand the quality of
output from the ACS (or any major data collection), since this understanding
assists in the utilization of the estimates.  Users need to have estimates of bias
(often relative to some gold standard), variance (and associated confidence
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intervals),1  and other summary error measurements of ACS at various levels
of geographic aggregation and over time to best understand its utility for
various applications.  This type of information is useful, for example, in the
development of models in which ACS information is combined with infor-
mation from other sources, as discussed in Chapter 2.  In addition to inform-
ing users about the quality of the ACS information, an evaluation of the
quality of ACS output would help direct Census Bureau efforts toward im-
proving the ACS over time.  To understand the quality of the ACS output, a
variety of evaluation methods will need to be identified.  This issue was not
directly addressed at the workshop, except that it was pointed out that, with
calibrated long-form data, examining mean square errors for the ACS relative
to the long form, possibly at some temporal or geographically aggregated level
within various categories, could provide substantial information about the
bias of the ACS.  This was an approach taken in the panel study of small-area
estimates of poverty.  The remainder of this chapter focuses on the ACS/long-
form calibration model.

The ACS data collections prior to full implementation in 2003 involve
several steps.   The Census Bureau is now in the field in 31 comparison sites,
chosen on the basis of expected differences between the two data collection
schemes, to examine ACS/long-form differences.  This data collection began
in 1999 and will continue through 2001.  The Census Bureau plans on using
these data to support site-specific analysis of the ACS/long-form differences.
In addition, an annual 700,000 household national ACS sample will be col-
lected; it started in 2000 and will end in 2002.  In 2000, by design, no housing
units will receive both the long form and the ACS questionnaire.  The 31
comparison site data collection is designed to understand the factors that are
associated with ACS/long-form differences.  Then the calibration model will
use these factors as covariates, along with the long-form responses, in models
fitted using the annual 700,000 ACS sample collected from 2000-2002.  One
problem with this basic approach is that due to the size of the 2000-2002 ACS
sample, it may be difficult to model the ACS/long-form differences in very
small areas.

Charles Alexander stated that the Census Bureau needs substantial assis-
tance in calibrating the long form to the ACS.   It needs help both in under-
standing whether and how to do the calibration and in understanding the
proper role of the calibrated numbers.  In selecting a model to calibrate the
2000 long form to the ACS, methods similar to those used for small-area
estimation using either the 1990 postenumeration survey or the 2000 inte-
grated coverage measurement plan are under consideration.  One important

1The variance estimates from the ACS will be complicated by the various weighting schemes
discussed in Chapter 5.
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difference is that the ACS problem has a large number of dependent variables
of interest, rather than just the single one of undercoverage.  He mentioned
that there was some recent interest in comparing the results of various
microsimulation models using long form and ACS information, and he sup-
ported more efforts in this direction to help understand the implications of
this shift from the long form to the ACS.

RESEARCH DIRECTIONS

In his presentation, Jay Breidt pointed out that as the long form is the
recognized standard for various economic and demographic analyses from
2000 and the plan is to use the ACS to replace the long form after 2000, it is
critical to understand ACS/long-form differences that are due to method-
ological changes.  He noted parallels between this calibration problem and
that of remote sensing.  In remote sensing, one is comparing the differences
between a map based on remote sensing and ground truth, both of which are
subject to measurement error, features on the map are also subject to substan-
tial sampling variance, and there are some covariates to assist in understand-
ing differences between ground truth and the map.  There is also stratifica-
tion, clustering, nonresponse, mode and instrument differences, a temporal
displacement problem, and spatial displacement, all of which make the anal-
ogy relatively useful.

The calibration problem has several complexities.  Who are the potential
users of calibrated data?  At the local level, the quality of the comparison is not
that crucial, since one is looking for major changes.  Certainly, those trying to
draw inferences at larger levels of aggregation, possibly as input to models,
could make use of a calibration of this sort.  The data items most likely to be
of interest are the long-form variables, both in a univariate and a multivariate
sense.  The interesting geographic domains are likely to include various mod-
erate levels of aggregation of interest that have correspondence with census
geography, since different users need data aggregated in different ways.

The idea of making use of a form of the model proposed for use in 1990
with the postenumeration survey is a leap, since that methodology is essen-
tially univariate.  This is a concern, because that methodology might not
extend in a natural way to a multivariate setting.  (A more natural analogy is
with missing data models suggested in Clogg et al. [1991] and in Schafer
[1997].)  Furthermore, any sort of regression-type methodology, in which
one uses point estimates, could lead to trouble, since point predictions are too
smooth.

A possible alternative is to view this as a missing data problem in which
one has the missing data structure illustrated in Table 7-1.

As this table indicates, the long form, with about 17 million housing
units, overlaps with (roughly) 117,000 ACS housing units in 2001 and 2002
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and with an additional 583,000 unmatched ACS housing units; in addition
there are 700,000 unmatched ACS housing units in 2000.  Development of
the calibration model could be considered as a long-form missing data prob-
lem in which the long-form data for the 700,000 housing units are all miss-
ing, or one could think of it as an ACS missing data problem, in which one
has 700,000 of the 3 million ACS questionnaires for 2000, and all of the
associated long-form responses are also missing.2   Considering this as a miss-
ing data problem leads one to consider some sort of imputation approach at
some level of geographic aggregation, attempting to mimic the joint distribu-
tional properties of the long-form and ACS responses.  It would be useful to
attempt this at the lowest possible level of geographic aggregation, so that
users could have flexibility in aggregating the estimates.  This approach can
get complicated very quickly, but one might consider constructing a semifor-
mal model through the formation of imputation classes, possibly guided by
the results of the study of the 31 comparison sites.  As is typical, one might
use hot-deck or some distance-function matching algorithm to form a com-
plete data set.  One might also use multiple imputation to provide an assess-
ment of the uncertainty.

TABLE 7-1 Missing Data Structure (numbers in thousands)

Housing Units

Sample Included in Long Form ACS 2000 ACS 2001 ACS 2002

Long form alone 16,433

ACS 2000 alone 700

Long form and ACS 2001 117 117

ACS 2001 alone 583

Long form and ACS 2002 117 117

ACS 2002 alone 583

Total housing units 16,667 700 700 700

2The inability to carry out individual-level matching is unfortunate, though individual match-
ing could be done with a 1- or 2-year lag given the current ACS design for 2000.  This type of
comparison forces one to model not just the differences between the data sources, but also the
temporal differences.  Ignoring the ability to link across years, which is problematic, one is
restricted to models that only use marginal information.  Carrying out such an imputation at
the level of the individual household would not capture changes in the long-form and ACS
sampling frames.
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For the development of a formal model, one might begin with the follow-
ing real or hypothesized data inputs (and accompanying notation):  the par-
tial ACS implementation, denoted by a, for 2000-2002,  the long-form data,
L2000, for 2000, the hypothesized ACS under a full implementation in 2000,
A2000, the hypothesized ACS responded to by the entire country, α, and the
hypothesized long form responded to by the entire country, λ2000.  The cali-
bration problem is to predict A2000 given L2000 and a.  This could be addressed,
at least in theory, using Bayes’ theorem, by computing the posterior distribu-
tion, (i.e., the probability distribution of the full ACS implementation in 2000
conditional on the long form and the partial ACS implementation).  That
conditional probability can be broken down into five factors:  (1) the prob-
ability density associated with the long-form sampling model,  p(L2000 /λ2000);
(2) the probability density associated with long-form responses given ACS
responses, p(λ2000/α), which is a crucial, problematic element of the calibra-
tion model; (3) and (4) the probability densities associated with the ACS
sampling models, p(A2000/a, α) and p(a/α); and (5) the ACS spatiotemporal
model, p(α2000, α2001, α2002), which describes how the ACS would measure
various quantities in various regions across time.  (This model is analogous to
that used by the Panel on Estimates of Poverty for Small Geographic Areas
described above.)

This is an extremely complicated modeling exercise, although parts of it
are relatively straightforward.  For example, the sampling probabilities for the
ACS and the long form are known.  The last factor, the ACS multivariate
response structure, would be very difficult to address, particularly since there
is no information about how responses at the level of individual housing units
change over time.  Therefore, one would have to accomplish the modeling of
this factor at some higher level of aggregation.  The fitting of such a model
would likely require computational methods, such as Markov chain Monte
Carlo sampling, to estimate posterior means, posterior variances, and poste-
rior quantiles and to replicate posterior predictions:  that is, make multiple
imputations.

There are at least two possibilities for the structure of the resulting im-
puted dataset.  The first is to impute an ACS record for each long-form
record, which would permit direct comparison of estimates at low levels of
aggregation.  There would also be the opportunity of making direct compari-
sons at the level of individual households.  A second possibility would be to
create a pseudo-ACS 2000 data set by augmenting the 700,000 ACS household
records to get to the full ACS implementation sample size.  This approach
might require some weights to reflect information on the long form, and one
might need replicates to capture variability, but it would support longitudinal
analysis.

It is clear that long-form/ACS comparisons are extremely important.  In
making these comparisons, one wants to avoid confounding methodological
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change with true change.  Response to the ACS and other factors might be
quite dynamic, and if the basic mechanism underlying differences between
the ACS and long form is not well understood, the calibration model might
not be measuring what one wants in assessing differences, for example, be-
tween 2008 and 2000.  Finally, whatever is done, uncertainty measures are
needed, and the entire process needs to be thoroughly documented.

FINAL POINTS

Some proposed calibration models demonstrated the complexities faced
by the Census Bureau in developing such a model to link the long form and
the ACS.  There is a need to understand small-area time dynamics in various
ACS responses and to understand the causes of ACS and long-form discrep-
ancies.  Both of these suffer from a lack of information at the level of the
individual household.  The modeling of ACS and long-form discrepancies
might need to be performed at a somewhat higher level of geographic aggre-
gation, and some simple synthetic-type assumptions would then be used to
“bring down” these estimates to lower geographic levels.
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8

Conclusion

The thought pieces, discussant papers, and floor discussions all contrib-
uted to a productive interchange of ideas, with creative suggestions,
not so much on how to resolve but rather on how to frame and pro-

vide perspectives to the many issues raised.  Many of the questions raised have
an empirical aspect, therefore answers will have to wait until more data are
collected.  The presenters provided key benefits in addressing the questions
raised about alternative approaches and the underlying assumptions, illustra-
tive methodologies used in comparable situations, and the advantages and
disadvantages of these different methods.

One area of particular interest involved fund allocation programs, for
which the ACS will provide increased opportunities for timely allocation of
public funds at low levels of geographic aggregation.  Participants argued for
the importance of educating legislators about the unintended negative aspects
of interactions of funding formulas and the distributional attributes of the
estimates used in these formulas.

Participants generally agreed on the importance of the ACS, which un-
der current plans (and assuming that the proposed budgets are realized) will
become the main vehicle for collection of long-form-type data on a continu-
ing basis.  This potential role underscored the important issue as to who sets
the policies for access to the ACS.  That is, who will decide on the content of
the ACS questionnaire, either as supplements, special subject modules, or as
a series of screener questions to target specific groups, and at what cost?  Will
the ACS be treated similarly to other census surveys, that is, subject to Census
Bureau constraints on data sharing, especially addresses of target groups of
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interest to other agencies, due to concerns about privacy and confidentiality?
In effect, will the ACS have all of the characteristics of “census confidential”
and the attendant problems of restricted access to microdata by outside agen-
cies?

The question of how often to redesign household surveys on the basis of
the updated ACS address list is also a policy matter, though it will have meth-
odological features as well.  Quality assurance and timing of the associated
master address file updates are also important elements and therefore will
require further attention.

In his concluding remarks as chair, John Rolph urged that this workshop
be the first step in a continuing process of addressing the many statistical
issues raised relative to undertaking the ACS.  He said that the Committee on
National Statistics would like to be as helpful as possible as the process of
designing and fielding the ACS unfolds.  Such activities might include com-
mittee-sponsored workshops focused on specific issues that need to be ad-
dressed at particular points in the design process.  He invited the workshop
participants to send in their ideas and suggestions for further activities.

Although the workshop was successful in generating valuable initial ideas
and discussion on how to address some interesting and difficult methodologi-
cal problems raised by the ACS, it is important to note that not all important
methodological problems were raised.  Several issues that were not raised or
mentioned only briefly were: (1) additional approaches to combining infor-
mation from the ACS, household surveys, and administrative records that
could also be examined, especially variance component models; (2) methods
to treat undercoverage in the ACS, particularly methods for using demo-
graphic analysis to address undercoverage in the ACS, and also to use the ACS
to improve demographic analysis; (3) further examination of the issues raised
through use of incompatible definitions in the ACS, the decennial census, and
household surveys; (4) the development of estimates that (a) sum to estimates
at higher levels of geographic aggregation and (b) more closely approximate
direct estimates at higher levels of aggregation, along with the release of direct
estimates at higher levels of aggregation—in the event that aggregate esti-
mates are not constrained to (approximately) equal direct estimates (and also
the release of direct estimates at lower levels of aggregation for analysis pur-
poses); (5) the evaluation of the quality of the estimates from the ACS, espe-
cially given that no long form is planned after the 2000 census and therefore
external evaluation opportunities will be very limited; (6) the need for specific
ideas for developing models for borrowing strength from household surveys
and administrative records to assist the ACS in the estimation of various
outputs; (7) weighting ACS output to produce estimates that are consistent
with the recognized estimates from existing household surveys; (8) using
information from the ACS to develop models to effectively reduce the sample
size requirements of existing household surveys and still produce estimates of
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the same quality; and (9) coordinating estimates between the ACS and the
decennial census short-form in 2010, 2020, and so on for statistics that can be
generated from the short-form items alone.  These issues were at most touched
on at the workshop.

In addition, as noted above, some of the issues that were discussed cannot
be fully addressed until the full ACS is collected, and they may require more
research.  Examples include (1) the development of time-series combination-
of-information models; (2) problems raised through the planned addition of
questions to the ACS questionnaire, especially the effect on the quality of the
information collected for the other questions; and (3) the formation of the
model needed to calibrate the long form to the ACS.

This workshop helped to identify a number of interesting and important
problems, many of which will have much broader application than the ACS.
The workshop succeeded in making the attendees aware of these problems,
and raising for discussion promising avenues for their solution.
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Appendix

An Example of Combining Information

1Since the CPS does not have samples in all counties, the regression model was fit using only
about 1,300 counties.

The Panel on Estimates of Poverty for Small Geographic Areas is pro-
viding assistance to the Census Bureau in its development of model-
based small-area estimates of the number of children living in poverty,

which is needed for input to formulas allocating substantial funds to counties
and school districts to address the needs of disadvantaged children under
Title I of the Elementary and Secondary Education Act.  Prior to this recent
work, Title I had used the most recent census long-form (sample-based)
counts to allocate funds, which produced estimates that were as much as 12
years out of date.  Model-based estimates at the county level (for 1993 and
every two years into the future) and at the school district level (for 1995 and
every two years into the future) are now being used in place of the census
long-form estimates.   (Contemporaneous direct estimates cannot be sup-
ported with current survey or administrative data.)

The county-level model (used for both 1993 and 1995 estimates) is an
excellent example of how current best practice permits one to combine data
from various sources.  These model-based estimates make use of a county-
level regression model, which used as the dependent variable a logarithmic
transformation of the current number of children in poverty, measured by a
3-year average (to reduce variance) from the Current Population Survey
(CPS).1   This regression model makes use of (logarithmic transformations of)
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the following covariates for a given county:  the number of child exemptions
reported by families in poverty on tax returns, the number of people receiving
food stamps, the estimated population under age 18, the number of child
exemptions on tax returns, and the number of poor school-age children in the
county from the previous census.  For counties with CPS sample households
and with poor children in the sample, a linear combination (formally, empiri-
cal Bayes’ shrinkage) of the direct estimate from the CPS and the model
prediction from the regression model is computed; otherwise, the model pre-
diction alone is used.   After being transformed back to the original scale
(assisted by an adjustment for transformation bias), the final county-level
estimates of the number of poor school-age children are then ratio adjusted
so that within each state the county-level estimates sum to a separately mod-
eled state-level estimate.

The state-level model was developed in a similar manner to the county-
level model.  The state-level regression model uses as the dependent variable
the estimated proportion of poor school-age children as measured by the CPS
(using only a single year, given the larger sample size at the state level).  The
covariates used in this regression model are the proportion of child exemp-
tions reported by families in poverty on tax returns, essentially the proportion
of people receiving food stamps; the proportion of persons under 65 years of
age who did not file a tax return; and the residual from the analogous census
regression of the proportion of poor school-age children from the most re-
cent census on the other three covariates contemporaneous with that time
period.  As in the county-level model, a linear combination (again based on
empirical Bayes’ methods) of the direct CPS estimate and the model predic-
tion is used (though in practice, the estimated model error variance has been
so low that the regression prediction has usually received the full weight).

For income year 1995, the requirement was to provide poverty estimates
at the level of school districts.  At this low level of geographic aggregation, the
above approach based on regression modeling cannot be used, since corre-
sponding data, especially for the covariates, does not now exist on a uniform
basis.  Therefore, the Census Bureau adopted a simple shares approach, dis-
tributing 1995 county-level estimates of the number of poor school-age chil-
dren to school districts according to the school district to county poverty
shares, measured using the 1990 census long form (ignoring some minor
complexities).

In the future, the ACS is expected to play an important role in the estima-
tion of the number of school-age children in poverty at the school district
level, either by direct estimation based on aggregation of data over several
years, or by combination in one of several ways, with other data series that are
and might become available at the school district level (e.g., data on food
stamp participation, data on school lunch participants, and poverty rates
estimated from tax filers.)  It is quite likely that even with the large sample size
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of the ACS, small-area estimation techniques will be required to combine
information over time and geography to develop high-quality estimates.  Is-
sues of comparability of the decennial census, the CPS, and the ACS will need
to be addressed, as will any changes in tax or welfare programs that affect data
comparability over either time or geography.
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