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Design and Estimation
for the National Health
Interview Survey,
1985-94

Preface

This report presents a detailed description of the re-
search and selection of a sample design for the National
Health Interview Survey (NHIS) for the period 1985
through 1994. The NHIS is one of the magjor surveys of the
National Center for Health Statistics (NCHS), Centers for
Disease Control. Through the NHIS, information concern-
ing the health of the U.S. civilian noningtitutionalized pop-
ulation is collected in household interviews throughout the
United States. The NHIS has been in continuous operation
since 1957, and its sample design has been reevaluated and
modified following each of the last three decennia censuses
of the U.S. population.

The overall responsibility for the development of the
redesign following the 1980 decennia census was carried
out by the Survey Design Staff in the Office of Research
and Methodology (ORM) a NCHS. The Statistical Meth-
ods Division of the U.S. Bureau of the Census had the
major responsibility for implementing the design and se-
lecting the sample for the NHIS once the general design
specifications were defined. The Statisticadl Methods Staff in
ORM had the responsibility for developing the estimation
procedures for the NHIS. The data requirements for the
NHIS for the period 1985-94 were jointly developed by the
Divison of Hedth Interview Statistics, the Office of Anal-
ysis and Epidemiology, and the Office of Research and
Methodology at NCHS. The total redesign effort was con-
ducted from 1979 through 1984.

Redesigning a survey as complex as the National
Health Interview Survey was a major undertaking and
many persons contributed to this effort. Some of the per-
sons who contributed to the redesign are cited in the
reports and memoranda referenced at the end of the
report. A number of persons deserve a speciad thanks for
their contribution. At the National Center for Hedth Sta
tistics the authors of this report would like to acknowledge
the contributions of Monroe Sirken, Owen Thornberry,
Jack Feldman, Earl Bryant, Robert Fuchsberg, Clinton
Burnbaum, Robert Casady, and Andrew White. At the U.S.
Bureau of the Census, persons deserving special recogni-
tion include Charles D. Jones, Gary Shapiro, Rameswar P.
Chakrabarty, Chester Ponikowski, Paul Hsen, and Richard
Hartgen.

This report is organized into four chapters so that
researchers and users of the NHIS data can refer to
different parts of the report for different levels of detail
about the NHIS design. Chapter | presents a general
overview of the NHIS and its sample design. Chapter 1l
describes the redesign process and the new directions to be
taken by the NHIS during 198.5-94. Mgor research find-
ings are also included in chapter Il. Chapter Il provides a
more detailed description of the sample design and how the
sample was selected. Chapter 1V presents a description of
the estimators used in the NHIS for analyzing and summa
rizing the results from the survey.
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Chapter 1.

Overview of the
National Health
Interview Survey and
its sample design

by James T. Massey, Ph.D., Office of
Research and Methodology, National Center
for Health Statistics

Description of the National Health
Interview Survey

One of the oldest national health surveys, the National
Health Interview Survey (NHIS) has been in continuous
operation since July 1957. As one of the major data collec-
tion programs of the National Center for Health Statistics
(NCHS), the NHIS is a principa source of information on
the health of the civilian noninstitutionalized population of
the United States.

The survey covers the civilian noningtitutionalized pop-
ulation of the United States living at the time of the
interview. Because of technical and logistica problems,
several segments of the population are not included in the
sample or in the estimates from the survey. Persons ex-
cluded are patients in long-term care facilities, persons on
active duty with the U.S. Armed Forces (athough their
dependents are included), and U.S. nationals living in
foreign countries.

The NHIS data are obtained through personal inter-
views with household members. Interviews are conducted
each week throughout the year in a probability sample of
households. The interviewing is performed by a permanent
staff of interviewers employed by the U.S. Bureau of the
Census. Data collected over the period of a year form the
basis for the development of annual estimates of the health
characteristics of the population and for the analysis of
trends in those characteristics.

All adult members of the household 17 years of age
and over who are at home at the time of the interview are
invited to participate and to respond for themselves. For
children and for adults not at home during the interview,
information is provided by a responsible adult (19 years of
age and over) residing in the household. Between 65 and 70
percent of the adults 17 years of age and over are self-
respondents. Generally, a random subsample of adult
household members is selected to respond for themselves
to additional questions on current health topics that vary
from year to year.

Depending on the household size and the nature and
extent of health conditions of household members, the
length of interview ranges between 20 and 90 minutes. On
average, the interviews require about 50 minutes in the
household.

The questionnaire consists of two basic parts: (1) a set
of basic health and demographic items, and (2) one or
more sets of questions on current health topics. The basic
items congtitute approximately 50 percent of the question-
naire and are repeated each year. These items provide
continuous information on basic heath variables. Ques-
tions on current health topics facilitate a response to chang-
ing needs for data and coverage of awide variety of issues.
This combination yields a unique national health data base.

The questionnaire includes the following types of basic
health and demographic questions:

e Demographic characteristics of household members,
including age, sex, race, education, and family income.

e Disahility days, including restricted-activity and bed-
disahility days, and work- and school-loss days occur-
ring during the 2-week period prior to the week of
interview, as well as bed days during the last 12
months.

e Physician visits occurring during the same 2-week pe-
riod, the interval since the last physician visit, and the
number of visits during the last 12 months.

e Acute and chronic conditions responsible for these
days and visits.

e Long-term limitation of activity resulting from chronic
disease or impairment and the chronic conditions asso-
ciated with the disability.

e Short-stay hospitalization data, including the number
of hospital episodes during the past year and the
number of days for each stay.

In addition, each of six representative subsamples of
households is asked to respond to questions about one of
six lists of selected chronic conditions. These six listsare a
part of the basic NHIS.

Questions on specia health topics change from year to
year in response to current interest and need for data. The
1983 questionnaire contained questions on alcohol, dental
care, physician services, and health insurance. The health
topic questionnaire in 1984 was devoted entirely to issues of
aging; in 1985 it covered health promotion and disease
prevention; and in 1986 it included questions on health
insurance, dental health, vitamin and mineral intake, long-
est job worked, and functional limitations. The 1987 NHIS



included an extensive questionnaire on cancer risk factors
and questions on child adoption.

There are five different reference periods used for the
basic NHIS items--a 2-week period, a 12-month period, a
13-month period, “now,” and “ever.” Other reference peri-
ods are sometimes used for the specia health topics. The
reference period used for a particular item depends on the
difficulty of reporting the item and the frequency of occur-
rence of the item.

The households selected for interview each week are a
probability sample representative of the target population.
Data are collected from approximately 49,000 households
including about 132,000 persons in a calendar year. Partic-
ipation is voluntary; confidentiality of responsesis guaran-
teed. The annual response rate of NHIS is over 95 percent
of the dligible households in the sample. The nonresponse
is divided equally between refusals and households where
no digible respondent could be found at home after re-
peated calls.

Statistics from the NHIS are published in NCHS re-
ports and in professional journals. A major strength of the
NHIS is its ahility to display the basic health characteristics
by many demographic and socioeconomic characteristics.
Most of the descriptive statistics published yearly appear in
NCHS Vital and Health Satistics Series 10 reports. The
survey procedures and a description of the statistics col-
lected are described in two NCHS reports (NCHS, 1975,
1985).

NHIS sample design

From the beginning of the NHIS the U.S. Bureau of
the Census has had a primary responsibility for the sample
design and data collection for the NHIS. Historicaly, the
NHIS sample design has been linked with the sample
design of the Current Population Survey (CPS), a labor
force survey also conducted by the U.S. Bureau of the
Census. Prior to 1985, the sampling frame for the CPS was
used to select a smaller sample for the NHIS. Although the
primary locations for the NHIS were a subset of the
primary locations for the CPS sample, the surveys were
always conducted in different households within the pri-
mary locations. Descriptions of the sample designs have
been published for the NHIS (NCHS, 1958, 1974, 1985)
and the CPS (U.S. Bureau of the Census, 1963, 1978).

The sample design for the NHIS has been revised
following each decennial census of the population. The
revisions following the 1960 and 1970 censuses of the
population were made primarily to update the sampling
frame and to improve the efficiency of the design by using
more current information. The redesign following the 1980
decennial census of the population was a more comprehen-
sive redesign than the previous redesigns. For this redesign,
implemented in 1985, a thorough evaluation was made of
all of the basic design features of the NHIS and a number
of new features were also investigated.

Conceptually, the sampling plan for the NHIS has
remained the same since 1957 and follows a dratified
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multistage probability design which permits a continuous
sampling of the civilian noninstitutionalized population of
the United States. The sample is designed in such a way
that the sample of households interviewed each week is
representative of the target population, and that weekly
samples are additive over time. The yearly samples repre-
sent a cross-sectional sample of the population and the
weekly subsamples are selected from a yearly sample with-
out replacement. For the NHIS a single interview is con-
ducted in each household. The additive feature of the
design permits both continuous measurement of character-
istics of samples and more detailed analysis of less common
characteristics and smaller categories of health related
items.

The overal sampleis designed so that statistics can be
provided for each of the four major geographic regions of
the United States and for selected places of residences
within the United States.

The basic characteristics that define a sample design,
referred to as design parameters, are shown inlfigure 1 for
the current (1985-94) and the preceding (1973-84) NHIS
designs. The parameters for the 1973-84 design are similar
to the parameters for all of the previous NHIS designs. A
number of factors are considered in the selection of param-
eters for a sample design. Some of the most important
factors include the analytic objectives and data require-
ments for the survey; the rdiability of the estimates pro-
duced by adesign for agiven set of parameters; the cost of
the survey, including administrative and travel costs; and
the size of interviewer assignments. For a survey such as the
NHIS, which has a number of analytical objectives, it is not
an easy task to determine the best set of design parameters.
The best sat of parameters for one survey objective may not
be the best set of parameters for another survey objective.
The final set of parameters selected defines a design that
comes closest to satisfying the total set of survey objectives
and operationa requirements.

The firgt stage of the NHIS sample design consists of
sdlecting a sample of primary sampling units (PSU’s) from
approximately 1,900 geographically defined PSU’s. A PSU
consists of a county, asmall group of contiguous counties,
or a metropolitan dtatistical area (MSA). The PSU’s collec-
tively cover the 50 States and the District of Columbia. The
1,900 PSU’s are stratified (grouped) using socioeconomic
and demographic variables and then selected with a proba-
bility proportional to their population size (pps) within a
stratum. Prior to 1985 the number of PSU’s selected for the
NHIS sample ranged from 356 to 376. In 1985 the number
of PSU’'s was reduced to 198. Because the PSU’s are
selected pps, the largest PSU’s in the United States are
sdected into the sample with certainty (probability of 1)
and are referred to as self-representing (SR) PSU's. The
PSU’ s that are not selected with certainty are referred to as
non-self-representing (NSR) PSU’s. The stratification and
sdlection of the PSU's is described in chapter I1l. The
dramatic reduction in the number of PSU’s for the NHIS
design is primarily a reflection of the increase in interviewer
and travel costs since 1973. In order to maintain the same



Design parameter

1985-94 design

1973-84 design

Sampling frame . . . . . . ... ... ...

Self-representing (SR) . . . .. ...........

Non-self-representing (NSR). . . . . . . . ..
Cluster size (housing units)

List of addresses . . ... ... ... ... ...

Geographical areas.. . . .. ..............

Building permits.. . . . . . . . . . . ..
Sample size (yearly). . . ... ... .. ... ...

Expected interviewed households (yearly). . .
Expected number of persons in survey . .
PSU’s per NSR stratum . . . . ... .......
National subsamples of PSU’s (panels) . .

Geographical areas
Building permits

1983 MSA's!, single counties, contiguous
counties
198

52
146

NA

8 noncompact

4 noncompact

61,400 occupied and unoccupied housing
units

49,000

132,000

2

4

List of addresses

Geographical areas

Building permits

1970 SMSA's’, single counties, contiguous
counties

376

156
220

4 compact

4 noncompact

4 noncompact

51,000 occupied and unoccupied housing
units

40,000

108,000

1

Not defined

Subdomain and minority estimation.. . . . .

Number of inter-viewers.. . . ... ........... 140

Poststratification by age-sex-race; PSU
stratification for Hispanics; oversample for
black population within PSU’s

Poststratification by age-sex-race

‘Metropolitan statistical area as defined by U.S. Office of Management and Budget.
*Standard metropolitan statistical area as defined by U.S. Office of Management and Budget.

Figure 1.

overdl level of precision for NHIS datigtics, the increase in
interviewer costs required a sample of fewer PSU’s with
more households per PSU.

The distribution of the NHIS PSU’ s across the United
States (based on the 1980 decennia census) is shown in

Only 79 of the 198 PSU’s were not included in the
1970-based sample used for the NHIS from 1973 through
1984. The remaining PSU’'s were either completely or
partially contained in the 1970-based sample design. Ap-
proximately 76 percent of the 1980-based sample was
selected from geographical areas selected for the 1970-
based sample.

Within PSU’s, an iterative program is used to select a
sample of geographically defined area segments. The sam-
ple segments are systematically sdected so they are distrib-
uted throughout each of the PSU’s. The segments are
subdivided into clusters which contain a small number of
housing units. The housing units may be grouped closely
together (compact) or spread over a small geographical
area (noncompact). Historically the cluster size for the
NHIS has ranged from four to nine households. For the
1985-94 design the expected cluster size is eight housing
units for the geographically defined area clusters and four
housing units for building permit clusters of housing units
constructed after the 1980 census (seq chapter 111 |for a more
detailed description). Basic demographic and health infor-
mation is collected on al eligible persons in the occupied
housing units within the sample clusters. The average
number of households interviewed each year within a PSU
is approximately 500 for self-representing PSU’s and 156
for non-self-representing PSU’s.

The tota yearly number of interviewed households for
the 1985-94 design is expected to be approximately 49,000.
This represents approximately a 20-percent increase in the
sample size from the 1973-84 design. By traveling to fewer

Sample design parameters for 1973-84 and 1986-94 National Health Interview Survey designs

PSU’s the interviewers can collect information in more
households for approximately the same cost. The design
research conducted by the U.S. Bureau of the Census
indicated that both the data collection costs and the sam-
pling precision for the NHIS should be similar for the
1973-84 and 1985-94 designs.

Severa of the design parameters for the NHIS were
modified beginning in 1985. The use of a list sampling
frame constructed from address information collected in
the decennia census was dropped for the new design in
order for NCHS to be able to obtain identifiable household
information for followback surveys. Information from the
1980 census is confidential and could not be provided to
NCHS. An area sampling frame was used to replace the list
sampling frame. The number of non-self-representing
(NSR) PSU’s selected per stratum was changed from one
to two. This change was made to more accurately estimate
the precision of the NHIS statistics. The third change that
was made for the new design was the formation of national
subsamples of PSU’s. Four subsamples of PSU’s, referred
to as pandls, were created to provide greater design flexibil-
ity to reduce the NHIS sample size from year to year if
necessary, to link other NCHS surveys to some or al of the
NHIS PSU’s, and to be able to easily subsample the NHIS
households for possible subsequent surveys. Each of the
four panelsis arepresentative sample of the United States.
The final and most significant change made in the new
design involved the oversampling of the black population.
In asample that is selected strictly proportionally to popu-
lation size, the number of black persons is often not
adequate for producing detailed demographic subdomain
statistics for the black population or for making compari-
sons with the white population. In the new design, the black
population was oversampled to improve NHIS's ability to
produce more precise statistics. The oversampling was

3



accomplished by sampling the more predominantly black
geographic areas within PSU’s at a higher rate than other
areas. The number of black persons surveyed each year is
expected to increase by approximately 40 percent over that
in the old design. A similar procedure was evaluated for the
Hispanic population, but only a very small improvement in
precision could be made without significantly increasing the
cost of the NHIS.

The panels of PSU’s described above were used to
reduce the NHIS sample in 1985 and 1986. The 1985 NHIS
sample included three of the four panels and the 1986
NHIS sample included only two of the four panels due to
budget reductions. In 1987 the full four-panel design was
used.
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Chapter II.
Redesigning the
National Health
Interview Survey

by James T. Massey, Ph.D., Office of
Research and Methodology, National Center
for Health Statistics

Objectives

The first step in designing any survey is to define the
analytical objectives for the survey. In redesigning a survey
that has been in continuous operation for more than 25
years, the task of defining objectives involves the reassess-
ment of old objectives, both implicit and explicit, defining
new objectives, and merging and establishing priorities for a
single set of objectives. Plewes (1980) states that “possibly
the only task more challenging to the survey statistician
than initidly designing a large-scale socioeconomic survey
is that of redesigning one” Because the redesign involves
an ongoing program, many resources have already been
invested in the existing design, and a shift in objectives often
puts the old objectives in conflict with the new objectives.

To develop a set of objectives for the Nationa Hedth
Interview Survey (NHIS), the Divison of Hedth Interview
Statistics (DHIS) was asked to specify its goals and data
requirements for the 1985-94 decade. An analytical com-
mittee within the National Center for Health Statistics
(NCHS) was dso established to provide input from other
offices and divisons within NCHS. Many of the final rec-
ommendations from these two groups incorporated recom-
mendations from an earlier Technical Consultant Panel of
the National Committee on Vital and Health Statistics
(NCHS, 1980). A summary of the objectives for the rede-
sign of the NHIS is given below.

e To continue to produce descriptive statistics about the
health and health-related parameters of the civilian
noninstitutionalized population of the United States,
and to monitor change in these variables over time.
The basic variables of interest are extent and nature of
illness, both acute (disability days, work loss, and so
forth) and chronic (limitation of activity); extent and
nature of disability (acute and chronic); incidence and
prevalence of acute and chronic morbidity; utilization
of hedth-care services, heslth-care expenditures; utili-
zation of health facilities and health resources, and
other health-related variables.

e To put more emphasis on measures of change in the
NHIS. Research should be conducted to identify alter-
native sample designs that would provide more precise
measures of change and not seriously reduce the pre-
cision of the descriptive statistics that are currently
published by DHIS. The investigation should include

an evauation of the integration of a longitudina com-
ponent with the traditional cross-sectional design.

e To improve the precision of the NHIS statistics for

specia small domains, such as black and Hispanic, of

the population.

To improve the efficiency and analytical utility of

NCHS's combined population survey program. Re-

search should be conducted to investigate the coordi-

nation and linkage of the NHIS with NCHS's other
population and establishment surveys.

e To investigate methods that would provide the NHIS
greater flexibility to oversample subgroups of the pop-
ulation, oversample geographic areas of the United
States, conduct follow-back surveys, and respond more
rapidly in the collection and production of statistics on
specia health topics.

e To make the NHIS sample design more cost efficient
while maintaining the same overal level of precision.

e To incorporate health and health-related variables in
the implementation of the redesign of the NHIS. Two
specific areas that should be considered are the strati-
fication of the primary sampling units and the differen-
tia sampling of the population.

These broad objectives were used as the primary crite-
ria for redesigning the NHIS.

Model used for redesign

Although the NHIS has always been a multipurpose
survey which collected information on a variety of hedlth
topics, the expanded objectives for 1985-94 presented
NCHS with the overwhelming task of selecting a single
sample design that would satisfy all or most of these
objectives. In order to translate these objectives into an
operational design strategy, a model approach was used to
help evaluate different design alternatives.

The model used for the redesign was first developed by
Sirken and Royston (1976) to study the design effects in
retrospective mortality surveys. The model was further
refined and applied to the redesign of NCHS's population-
based surveys.

Conceptually, the use of a model to define the design
process is straightforward. The first step is to identify the
major design features related to the survey design. A design
feature is defined as a distinctive part of the survey design



that is manipulable. Examples of design features are the
guestionnaire, the sample design parameters (such as the
stratification variables and number of primary sampling
units), the sampling frame, and the mode of data collection.

Once the design features have been enumerated, the
possible design options associated with each feature are
identified. One of the possible options is the null option,
which implies the elimination of the design feature. Exam-
ples of the design options for the design feature “mode of
data collection” are face-to-face interviews, telephone in-
terviews, and self-administered questionnaires. In some
instances a design option can be eliminated for consider-
ation in a survey because of its known properties. In the
NHIS a mail questionnaire would never be used (except
possibly for a small supplemental topic) because of the
complexity of the NHIS questionnaire and therefore repre-
sents an infeasible design option.

After the design options have been defined for each of
the design features, design-option sets are formed. A
design-option set is composed of a single design option
from each of the design features. A design-option set
represents a possible alternative survey design. All possible
design-option sets are then enumerated. The number of
design-option sets is the product of the number of design
options for each feature.

Following enumeration, the design-option sets are sys
tematically evaluated in two phases. During the first phase
the design options within a design-option set are examined
for compatibility with each other. If any two design options
are incompatible, the design-option set is deleted. The
second phase of the evaluation involves the application of a
set of criteria to identify the optimum design-option set.
The optimum design-option set represents the survey de-
sign to be implemented. A single criterion might be the
minimum sampling variance or mean squared error for a
fixed cost associated with each of the design-option sets.
The variance or mean squared error might represent an
average value over a number of variables of interest in the
survey. Another criterion might be an evaluation of how
well each of the design-option sets satisfies the major

objectives of the survey with respect to cost, timeliness of
results, and burden on the respondent.

In applying this model to the NHIS redesign, a number
of simplifying assumptions were made, and the step-wise
progression of evaluating design options and design-option
sets was modified. For the NHIS five major design features
were identified as best for meeting one or more of the
objectives of the NHIS. The five mgor design features are
shown in| fiéure 1 jdong with two design options that were
considered for each feature. This represents a simplifica-
tion of the model as well as of the number of options
actually considered. The first option shown for each of the
design features represents one or more of the new options
that were evaluated, and the second option shown for each
feature represents the option used under the old design.
The number of design-option sets that can be formed from
these design options is 2°or 32 design-option sets. A brief
description of the five design features and their options is
given below, and research on the design features is pre-
sented in the next section.

From the inception of the NHIS in 1957 the U.S.
Bureau of the Census has been the data collection agent for
NCHS. Since the early 1970's a combined list-and-area
frame has been used for selecting the NHIS sample. The
list frame obtained from the decennia census was supple-
mented by an area frame in areas with incomplete or
insufficient address information and by a building-permit
list frame for housing units constructed since the decennial
census. Under the confidentiality provisions in the authoriz-
ing legidation of the U.S. Bureau of the Census, it is not
alowed to release any information collected in the decen-
nial census to other Federal statistical agencies. It cannot,
therefore, release any of the identifiable person or house
hold information to NCHS in areas where the census list
frame is used. Without the identifiable information NCHS
would not be able to analyze its results in geographical
detail, conduct independent follow-back surveys, use the
NHIS sample as a frame for other NCHS surveys, or
analytically link its information to other data sets through
the classification of geographica areas. It is obvious that

Design feature

Design options

Sampling frame.. . . . . . ... L

[y

survey.

. Area frame based entirely on geographical areas.
2. List-and-area frame based on 1980 decennial census information (1973-84
design].
Multiple-survey linkage.. . . . . . . ... ... ... ... .. .. 1. Single integrated survey design for the National Health Interview Survey, the
National Medical Care Utilization and Expenditure Survey. the National Survey of
Family Growth, and possibly for the National Health and Nutrition Examination

2. Independent designs for each of the Center's population surveys (1973-84
design strategy).

Mode of data collection.. . . . . . . . . ... ... ... 1. Dual mode of data collection using both face-to-face and telephone interviews.
2. Face-to-face mode of data collection (1973-84 design).
Oversampling small subdomains of the population. 1. Greater probabilities of selecting persons from small domains of special interest

(differential sampling).
2. Same probability of selecting each person in the target population (1973-84
design).
Rotation of NHIS sample.. . ........................ 1. Multiple interviews, 1 year apart, at each dwelling unit for a subsample of
dwelling units.
2. Single interview at each dwelling unit (1973-84 cross-sectional design).

Figure 1. Major design features and design options considered for the redesign of the National Health Interview Survey



these capabilities are directly related to the future objec-
tives of the NHIS.

One way to avoid the problems of confidentidity is to
replace the list frame with an area sampling frame that is
not dependent on the 1980 decennial census. The disadvan-
tage of using an area frame is the additional cost required
to construct the frame and the somewhat larger costs
associated with maintaining the sampling frame over its
lo-year period. The sampling frame for the NHIS repre-
sents the first design feature evaluated for the NHIS
redesign.

The second design festure investigated was the use of
the NHIS sample as a sampling frame for the other NCHS
population surveys to provide a link between the NCHS
surveys. By using the National Health Interview Survey
(NHIS) sample as a sampling frame for the National
Survey of Family Growth (NSFG), the National Medical
Care Utilization and Expenditure Survey (NMCUES), or
the National Health and Nutrition Examination Survey
(NHANES), NCHS could

e link the surveys analytically and possibly avoid some
duplication of data collection,

® use the NHIS information to oversample sociodemo-
graphic subdomains of the population for the linked
surveys more efficiently, or

& use the NHIS information to oversample persons with
major expenditures in the previous year for the
NMCUES.

A posshle disadvantage of using the same design for
al of its population surveys is the inability to have an
optimum design for each survey.

Since 1978, NCHS has invested considerable resources
in the study of conducting health interviews by telephone.
In the redesign the use of both faceto-face and telephone
interviews was considered for the NHIS as a third new
design feature. The main advantages of the telephone
interview are its lower cost and the closer supervision of
interviewers. Before a duad mode of data collection could
be used in the NHIS, however, a number of methodological
questions had to be addressed. The telephone interview
issues are discussed in a paper by Massey, Marquis, and
Tortora (1982). The key issues related to a dua telephone
and face-to-face design for the NHIS include telephone
coverage, telephone response rate, costs of a dual-frame
survey, and adaptability of the NHIS interview to a tele-
phone interview.

The 1973-84 NHIS design gave every person in the
target population an approximately equal chance of being
selected into the NHIS. The oversampling of persons from
small subdomains of the population was considered as a
way to improve the precision of the estimates for the small
subdomains. The most important small domains of specia
interest in the NHIS are the black, the Hispanic, the aged,
and the low income populations. The NHIS smal sample
sizes for these subdomains have often prohibited detailed
demographic analysis. The key methodological issue re-
lated to this fourth design feature was the increase in the
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precision for small subdomain statistics versus the decrease
in the precison for the tota population and other subdo-
main statistics.

In order to improve its ability to measure health trends,
NCHS asked the U.S. Bureau of the Census to evauate the
partial rotation of the NHIS sample from one year to the
next as a fifth design feature. Under the 1973-84 cross-
sectional design, a new sample of housing units is inter-
viewed each week. The weekly samples are accumulated
over time to produce quarterly, yearly, and multiyear esti-
mates. Under the rotation feature, a proportion of the
NHIS yearly sample of housing units would be revisited the
following year. By using a proportion of the same housing
units in consecutive years, estimates from one year to the
next year would be more highly correlated and smaller
changes could be detected from one year to the next.
Households interviewed in the first year would also be
available for followup topics the next year. The disadvan-
tage of using the same housing units from one year to the
next year is the loss in the precision of estimates that
combine the weekly samples over a multiple-year period.
For questions that are repeated in the NHIS from one year
to the next, the weekly samples can be combined over long
periods of time to produce detailed descriptive statistics for
small subdomains of the population.

The approach used to research and select a survey
design with the five design features described above devi-
ated somewhat from the conceptual model. Evaluation of
all possible design-option sets was not attempted; instead,
the new proposed options for the five features were studied
independently and compared with the features of the
1973-84 design. Whenever the independent research inves-
tigations yielded conclusive results, a single option was
selected for a design feature. Following this step, the
compatibility between the remaining design options for
different features was evaluated. The final design for the
NHIS for 1985-94 was the set of design options that were
most compatible and that best satisfied the multiple objec-
tives for the NHIS.

Research results for major design
features

The research investigations conducted for the five ma
jor design features are described in this section. The re-
search was conducted by NCHS staff, U.S. Bureau of the
Census staff, and private contractors to NCHS.

Sampling frame

The capability to link the NCHS population surveys
and to conduct longitudina followup surveys of the NHIS
respondents was believed critical to meeting NHIS long-
range goals. Establishing these capabilities required the
cregtion of a sampling frame that was independent of the
decennia census. To address this issue the U.S. Bureau of
the Census was asked to examine the costs of creating and
maintaining an independent area sampling frame versus the
costs associated with its combined list-and-area frame
linked to the decennial census. At the same time NCHS



conducted some investigations of the cost savings that could
be achieved by using the NHIS sample as a sampling frame
for other NCHS population surveys.

The sampling frame used for the 1973-84 NHIS was
created by combining three different sampling frames. Ap-
proximately two-thirds of the sampling frame was con-
structed using address listings from the 1970 decennial
census of the population (list frame), about 30 percent of
the sampling frame was a geographical area frame for
nonlisted areas, and the remainder of the sampling frame
was constructed from building permits issued since the
decennial census (new-construction frame). Returning to
an area sampling frame such as the one used for the NHIS
during the 1950's and 1960's would require several major
additional costs.

The cost study conducted by the U.S. Bureau of the
Census indicated that the extra redesign research, the office
preparation of segment maps, the listing of households
within area segments, and the selection of sample house-
holds would cost approximately $700,000 to $1.1 million
(1980 dollars) more than comparable operations for the list
frame (Jones, 1981; NCHS, 1981). This range of costs is a
function of the cluster size adopted for the survey. Because
NCHS anticipated that a larger cluster size (requiring fewer
segments to list) would be used for an area design, the
lower estimate of an additional $712,000 was assumed for
the trandition to an area design. A more complete discus
sion of cluster size is presented in chapter Ill. One factor
contributing to the large additional cost for an area sam-
pling frame was the reduction in cost-sharing with other
agencies. Most of the major surveys conducted by the U.S.
Bureau of the Census for other agencies use the same
sampling frame, and many of the costs associated with the
construction of the sampling frame are shared.

The second major cost increase for an area design
involves the updating and maintenance of the sampling
frame for the decade 1985-94. The initial cost estimates
from the U.S. Bureau of the Census for the maintenance of
the sampling frame were very large because of the field
work required to update an area frame on a continuing
basis. Also, as the area segments began to vary in size over
the decade because of growth and reduction in size, the
precision of NCHS datistics would be adversely affected.
After further investigation both problems were solved by
using a new-construction frame of building permits to
update the sampling frame. The new-construction frame
was originally used by the U.S. Bureau of the Census with
the transition to a list frame. The older area sampling

frames had been updated using new segments listings. As a
new-construction frame was already in operation, it could
easly be adapted to update an area sampling frame as well
as a list frame. The use of the new-construction frame
reduced the maintenance cost for the area sampling frame
and eliminated the change in area segment sizes over time.
The revised estimate for frame maintenance from 1985
through 1994 was approximately $666,000. Thus, the total
additional cost of having an area frame for the NHIS would
be approximately $1.4 million (1980 dollars).

To determine the potential for offsetting the additional
cost of the area frame design, NCHS conducted a small-
scale feasibility study of linking the NSFG and the
NMCUES to the NHIS. In addition to the anaytica desir-
ability of linking the NCHS population-based surveys, it
was hypothesized that a considerable amount of money
could be saved under a common design for NHIS, NSFG,
and NMCUES instead of independent designs for the three
surveys. The feasibility study also included the ability of the
NHIS sample to meet the sample size requirements for the
other two surveys.

In evaluating the adequacy of the NHIS sample as a
sampling frame for the NSFG and the NMCUES, the
comparability of the designs had to be taken into account.
The NHIS yearly sample for 1973-84 consisted of approx-
imately 40,000 interviewed households selected in 376 dif-
ferent locations (primary sampling units or PSU’s). The
NMCUES sample size requirement is 10,000 households in
approximately 100 PSU's. For the NSFG approximately
14,000 sample persons are selected in 100 PSU’s. The
target population for the NSFG, however, is restricted to
women of childbearing ages (15-44 years) with a heavy
oversampling of the black female population within this age
group. The 1980 NSFG had to screen 55,000 households to
produce the required sample of 14,000 sample persons.

Even with a requirement to oversample households
with large hedlth expenditures, it was determined that the
NHIS yearly sample could produce a more than adequate
sample for the NMCUES. Before the NSFG sample size
requirements were investigated, two other NHIS design
options were assumed. Both were considered likely options
for the new NHIS design. The first option assumed that the
number of PSU’s in the NHIS was 200 instead of 376, and
the second option assumed that the black population would
be oversampled in the NHIS. The number of persons
screened for the NSFG subdomains using each of the three
NHIS design options (Moore, 1981; NCHS, 1981) is shown
in| table A. [The 1973-84 NHIS would screen only one-half

Table A. Number of persons screened for the National Survey of Family Growth (NSFG) subdomains for 3 National Health Interview

Survey (NHIS) design options

Black women, ever married,

Survey design 15-44 years of age

Women other than
black, ever maried,
15-44 years of age

Women other than
black, single,

15-44 years of age

Black women, single,
15-44 years of age

Cycle lll, NSFG. ............. 3,600
100 of 376 PSU's'from NHIS .......... 1,286
100 of 200 PSU's'from NHIS ......... 1,968
100 of 200 PSU’s from NHIS plus

oversampling of black population . ...... 2,600

2,601 5.401 2,401

948 5,854 2,490
1,450 8,757 3,726
1,960 7,421 3,168

‘PSU's = primary sampling units.



of the required number of black women of childbearing age
over a l-year period. By oversampling black persons and
assuming a 200-PSU design for the NHIS, the NHIS could
screen approximately two-thirds of the desired number of
black women 15-44 years of age. Because the NHIS is a
continuous weekly survey of the United States, it is not
necessary to restrict the screening for the NSFG to a |-year
period. Although it was hoped it would not be necessary to
screen for more than 1 year, the NSFG sample size require-
ments could be satisfied by accumulating the NHIS sample
for 1% years. Another alternative, which would shorten the
screening period for the NHIS, would be to use an NHIS
sample jointly with an independent sample. From this
analysis it was concluded that the NHIS sample was large
enough to serve as a sampling frame for the NMCUES and
the NSFG.

After the determination that the surveys could be
linked with respect to their designs, a cost analysis was
undertaken. By using the NHIS as a sampling frame for the
NMCUES and oversampling persons with chronic activity
limitations, the current level of precision for NMCUES
could be achieved with a sample that was smaller by 8 to 13
percent. This trandates into a cost savings between 4 and 7
percent. For a single NMCUES costing approximately $15
million, a savings between $600,000 and $1.5 million could
be achieved. If the NMCUES were repeated twice during
the lo-year design period a savings between $1.2 and $2.1
million could be achieved. For the NSFG the major benefit
of using the NHIS as a sampling frame is the ability to
screen for women of childbearing age by race. Using the
design assumptions in it appears that the screening
for the NSFG could be reduced by 60 to 90 percent. A
conservative estimate of the screening costs in the NSFG is
one-fourth of the total cost of the survey, or $850,000. Thus
the total estimated savings that would result from using the
NHIS as a screener for the NSFG is between $500,000 and
$750,000. If the NSFG were conducted twice in a decade,
the savings would be between $1 million and $1.5 million.

If the NMCUES and NSFG are each conducted twice
during the lo-year NHIS design period, a savings between
$2.2 million and $3.7 million could be realized by using the
NHIS as a sampling frame. These savings would more than
offset the additional cost of $1.4 million reguired for an
area sampling frame. These savings do not include the
savings that would result from not having to design the
NMCUES and the NSFG separately. Much of the initial
field work for these surveys could be significantly reduced.

After reviewing the results of these analyses, NCHS
made a decision to switch to an area frame design and
made a commitment to the concept of linking its population
surveys. Even without the potential cost savings of integrat-
ing its population surveys, the need for an area frame
independent of the decennial census was crucia for meet-
ing many of the NHIS long-range objectives.

One fina note with regard to the U.S. Bureau of the
Census confidentiality requirements: Even though the use
of an area frame would release NCHS from the U.S.
Bureau of the Census confidentiality provisions, NCHS
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confidentiality provisions under the Public Health Service
Act dill apply to all data collected. The information col-
lected by NCHS is voluntary, strictly confidential, and used
for research purposes only.

Multiple survey linkage

From the preceding discussions, it is clear that the
linkage of the NCHS surveys is dependent on the use of the
area frame design for the NHIS. Following the decision to
use an area frame for NHIS and the commitment to the
concept of linked surveys, NCHS initiated an integrated
survey design (ISD) research program (Sirken and Green-
berg, 1983). The intent of this program was to evaluate the
feasibility of integrating the NCHS survey designs and to
test, develop, and implement the design linkages that would
best help NCHS carry out its mission. The ISD research
would investigate linkages between both the population
surveys and the establishment surveys. NCHS population
surveys include the National Health Interview Survey
(NHIS), the National Health and Nutrition Examination
Survey (NHANES), the National Survey of Family Growth
(NSFG), and the National Medical Care Utilization and
Expenditure Survey (NMCUES). NCHS establishment sur-
veys include the National Hospital Discharge Survey
(NHDS), the National Nursing Home Survey (NNHS), and
the Nationa Ambulatory Medical Care Survey (NAMCS).
The 1SD research would also investigate follow-back link-
ages for these surveys such as the potentia for telephone
follow-back surveys. The goa was to increase the analytica
potential of the total NCHS survey program as well as to
reduce its cost.

The first priority of the ISD research was to investigate
the linkages between the population surveys, especially
those surveys on which the redesign of the NHIS would
have the most impact. To date, research on the survey
linkages between the NHIS and the NSFG and between the
NHIS and the NMCUES has been completed. Research is
currently underway to evaluate the potential of linking the
NHIS and the NHANES and on the use of the NHIS PSU’s
for the NHDS. Planning has begun for a National Hedlth
Care Survey (NHCS) that would link al of the establish-
ment surveys together into a single survey. The use of the
NHIS PSU’s for the NHCS will aso be studied. And finaly,
a research study has been conducted to evaluate the feas-
bility of conducting telephone follow-back surveys from the
NHIS.

All of these surveys will not be linked in the same way.
The linkages that can be considered between any two
surveys depend on the sampling unit definitions at each
stage of sampling for the two surveys. For linkages between
the population surveys and the establishment surveys, the
use of a common set of geographical PSU’s is currently
being considered. For linkages between population surveys,
the use of the same or a subset of the same PSU’s, housing
units, households (related family members), and individu-
als is being evauated. The discussions in this report will be
limited to the research conducted on the linkages between
the NHIS, the NSFG, and the NMCUES.



Although the preliminary investigation of the linkages
between the NHIS, the NSFG, and the NMCUES indicated
a large potential savings from linking these surveys, more
detailed research studies were needed to confirm the cost
savings and to address a number of other methodological
issues. Included among the other issues were the effect on
response rates for the linked surveys, the impact on the
precision of published statistics, the appropriate sampling
unit for linkage, the method of making the initia follow-
back contact, the length of time between the NHIS inter-
view and follow-back interviews, necessary NHIS
information to be collected and processed for the linkage,
and the interface between the U.S. Bureau of the Census
and the data collection agents for the NSFG and the
NMCUES.

The research on these issues was conducted in two
phases. During the first phase, private contractors con-
ducted investigations of these issues using available infor-
mation to evaluate a number of alternative options and
designs. Based on the recommendations from this first
phase of research studies, pilot studies were conducted
during a second phase to develop and validate the linkage
and data collection procedures in the field. Reports from
these studies have been or soon will be published in NCHS
Series 2 methodological reports (NCHS, 1985, 19873,
1987b, 1987c). Brief summaries of the major findings from
these studies are given below.

The first research study (NCHS, 1985)—the effects of
integrating the NHIS and the NSFG—was conducted for
NCHS by the Westat Corporation. Seven different linked
designs along with the design for the third cycle of the
NSFG were compared using the following criteria to eval-
uate the aternatives:

e Sample size necessary to achieve fixed and identical
levels of precision for al aternatives.

Alternative field and interviewing methods available
for the sampling procedures.

Cost of implementing the designs.

Anticipated response rates.

Time schedules.

Potential administrative or operating problems.

The linked sample designs varied by the number of
PSU’s, sampling unit definition, method of interview assign-
ments, and degree of subsampling NHIS households with-
out eligible women. The major findings from the study were
as follows:

e All of the alternative linked designs required signifi-
cantly smaller sample sizes than the Cycle |1l NSFG
model to achieve the sample precision. The range was
from 10,400 to 11,500 persons compared with 14,000
persons (no alowance for extra nonresponse). This
translates into direct cost savings of more than
30 percent for some of the linked designs.

e The NHIS could provide an adequate sample for the
NSFG.

o Response rates should remain approximately the same
for the linked design versus an independent design.

Small losses in response will occur because of nonre-
sponse in the NHIS and the use of an individual
sampling unit definition (faillure to locate or interview
persons who had moved). This result must be con-
firmed in a field test.

e The administrative and field procedures vary consider-
ably for the aternative designs. The advantages and
disadvantages were presented for each design. NCHS
must weight the various factors in selecting a final
design.

e There were no insurmountable operational problems
associated with any of the alternative linked designs.

Following the research study, a field trial was con-
ducted by Westat to address some of the operationa issues
(NCHS, 1987a). Three factors that were investigated in-
clude (1) sampling unit definition-housing unit versus
sample women, (2) mode of initial contact-telephone
versus persona visits, and (3) length of time between the
NHIS interview and the NSFG interview-various lengths
from 1 to 15 months. The dependent variables for the study
were response rate, level of effort, and cost. The field trial
was conducted in 10 of the NHIS PSU’s with a sample size
of 1,315 NHIS households. The major findings from the
field trial were as follows:

e Although the difference between the overall response
rate for the housing unit sample and the selected
person sample (83.5 percent versus 82.1 percent) was
not statistically significant, it appears that somewhat
higher response rates would be achieved with a housing
unit  definition.

e There is no single best linkage dtrategy. The tradeoff
between increased response rates and reductions in
costs makes the best sampling unit definition a subjec-
tive decision.

e The mode of initial contact did not appear to affect
response rates for either type of sample unit. The mode
of initial contact did, however, have an important effect
on the overal level of effort and associated costs. The
ratio of personal visits per completed interview was
significantly lower for cases assigned to a telephone
mode of initial contact than for cases initialy contacted
in person.

e There were no clear findings with respect to the effects
of elapsed time on response rates. It appears that the
major impact of elapsed time would be seen in the level
of tracking necessary for the selected person sample.

These findings do not lead to the determination of the
optimum design for the linked NSFG. They do, however,
provide vauable information for selecting a final design.

The second research study (NCHS, 1987b)—the
effects of integrating the NHIS and the NMCUES—was
conducted for NCHS by the Research Triangle Institute
(RTI). The following four designs were compared:

e An unlinked NMCUES design.
e A NMCUES design linked to the NHIS dwelling units.
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¢ A NMCUES design linked to the household members
within the NHIS dwelling units.

e A linked household design that oversampled heavy
users of hedth care services.

For the linked designs, the number of PSU’s and tota
sample size were each assigned two levels. The criteria used
to compare the design were sample size required for fixed
precision, costs, and time needed to aggregate the NHIS
sample. The results of the study indicated that very little
cost savings could be achieved with the first two linked
designs. If, however, the NHIS could be used to identify
and oversample important subdomains, such as persons
with large expenditures or high utilizers of hedth care, the
direct costs for the NMCUES could be reduced by as much
as 20 percent for the same level of precision. Because of the
relative sample sizes of the NHIS and the NMCUES, only a
few months would normally be required to accumulate a
NHIS sample large enough for the NMCUES.

The field trial for the linkage between the NHIS and
the National Medical Expenditure Survey (NMES) was
conducted by the Westat Corporation (NCHS, 1987c).
NMES represents the next cycle of the national health
expenditure surveys following NMCUES. The field trial
evaluated alternative strategies for defining the sampling
unit-household and housing units-and the mode of ini-
tial household contact-telephone and in-person. The cri-
teria used in the evaluation were response rates, level of
effort, and costs. The sample size for the field trial was 600
households in eight NHIS PSU’s. The findings of the field
trials were as follows:

e The overall response rates for the household sample
and the housing unit samples were not significantly
different (86.0 percent versus 88.4 percent). The direc-
tion of the difference, however, was in the expected
direction and was similar to results from the NSFG
field trial.

e The response rate associated with the in-person mode
of initia contact for the NMES did appear to be higher
than the response rate for initial telephone contacts
(90.1 percent versus 84.4 percent). This result was not
statistically significant. The telephone mode of initial
contact for the NMES did significantly reduce the
overall level of effort and costs associated with a com-
pleted interview.

e None of the experimental treatments in the field tria
appeared to interact with any of the demographic
subdomains of interest for the NMES.

e The response rates for telephone and in-person inter-
views in the second round of interviews of the field tria
were similar. The quality of the data collected on the
telephone, however, as measured by the rates of item
nonresponse for selected questionnaire items, was
somewhat poorer than that for the in-person views.

These results, like the NSFG linkage field results, do
not lend themselves to a single best design strategy. They
do provide information for selecting a design.
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The sum results of the ISD research confirm the
preliminary linkage study evauations with respect to feas-
bility and costs. It is clear that an integrated design ap-
proach for NCHS surveys is both feasible and cost effective.

Mode of data collection

Since its inception in 1957 the NHIS has been con-
ducted using face-to-face household interviews. The U.S.
Bureau of the Census interviewers have utilized the tele-
phone in the NHIS on occasions to collect information in
followup interviews from household members who were
not at home at the time of the initia face-to-face NHIS
interview. The followup interviews were usualy required to
collect information on yearly supplemental topics requiring
self-response. For the redesign of the NHIS, use of a
dual-frame design was evaluated to determine whether
both telephone and face-to-face interviews could be used
for the initial NHIS household interview.

Since 1978 NCHS has been actively involved in tele-
phone survey research in an effort to improve the efficien-
cies of its surveys. Much of the research has involved the
NHIS and has included the comparability of telephone and
face-to-face interviews and some of the implications of
using a dual-frame, telephone and face-to-face, design for
the NHIS (Casady, Snowden, and Sirken, 1981; NCHS,
1987d; Sirken and Casady, 1982). The research results from
the various studies all indicated potential advantages of
conducting some of the NHIS interviews by telephone.

In 1982 a joint NCHS and U.S. Bureau of the Census
Telephone Survey Task Force was established to propose
recommendations for the research and development of a
dua-frame NHIS. The task force was charged with identi-
fying the key methodological issues that should be re-
searched for a dua-frame design and for preparing a plan
for addressing these issues and implementing a dua-frame
design by 1986. In March 1983 the task force made the
following recommendations for the development of the
dual-frame NHIS (Joint NCHS-Bureau of the Census
Telephone Survey Task Force, 1983).

e Explore improvements in total dual-frame survey de-
sign and estimation methods through theory develop-
ment, modeling, and simulation.

e Develop a random digit diding (RDD) sample design
for the NHIS using existing methods.

e Adapt the NHIS questionnaire and field procedures
for a telephone interview and conduct an RDD feasi-
bility study of the telephone questionnaire.

e Develop a computer-assisted telephone interview
(CATI) for the NHIS.

e Estimate the primary sources of nonsampling errors
for telephone and face-to-face interviewing procedures.

e Develop new, rapid coding and data-processing proce-
dures for the NHIS data-collection activities.

e Conduct a dual-frame feasibility study.

In order to accomplish these objectives, it was recom-
mended that both an operational telephone system and a



long-range research program be established. The opera-
tional system would be used to conduct the feasibility
studies required for the implementation of a dual-frame
design. The RDD feasbility study would address method-
ologica issues related to an NHIS telephone interview. The
principal issues to be tested included the estimation of the
telephone survey response rate, telephone data-collection
costs, the comparability of data across modes, respondent
rule comparability, and operational differences between
modes. If these issues were satisfactorily resolved, a second
feasibility study would then be conducted to address the
methodological issues related to a dual-frame NHIS design.
The task force recommendations were presented to a joint
agency steering committee which accepted the recommen-
dations but gave a higher priority to the immediate devel-
opment of an operational telephone system.

In the fall of 1983 the U.S. Bureau of the Census
established a telephone interviewing system for conducting
the NHIS-RDD feasibility study. The data collection for
this study was from January through May of 1984. The
following nine specific objectives were defined for the
feasibility study.

e Test the feadhility of conducting the entire core com-
ponent of the NHIS questionnaire by telephone.
Estimate the response rate for the telephone compo-
nent of a dua-frame NHIS.

Estimate the costs for conducting the telephone com-
ponent as part of a dua-frame design.

e Evaluate alternative questionnaire structures in terms
of length and effect on estimates.

Identify operational problems associated with adminis-
tering the NHIS by telephone.

o Develop and evaluate procedures for identifying and
handling special places, such as group quarters and
hotels, over the telephone.

Conduct preliminary development and testing of esti-
mation procedures, including nonresponse and post-
stratification adjustments.

o Test procedures for the assignment, management, and
completion of samples for producing valid estimates.
Evaluate the operational feasibility and effect on re-
sponse rates of using a most knowledgeable respondent
rule.

The major findings from the study were as follows:

e For the NHIS, RDD response rates of 85 percent (for
an average interview length of about 50 minutes) are
feasible. However, interviewer and field staff experi-
ence are critica factors in achieving such rates. Over
the duration of the study, response rates increased by
12 percentage points, and item nonresponse levels were
substantially reduced.

e The length of the NHIS interview and nature of the
guestions did not appear to cause any operational
problems.

e The person-by-person questionnaire version resulted in
higher reporting of health events than did the family

version. Response rates for the two questionnaires
were essentially the same.

e The tota time (including all interviewer activities such
as dialings and callbacks) per interviewed household
for this study ranged by replicate from an average of 70
minutes (earlier replicates) to 49 minutes (later repli-
cates) for an overall replicate average of 61 minutes.

e In more than 90 percent of the completed cases, the
most knowledgeable respondent (as identified by the
phone answerer) was reached on the first household
contact. For cases requiring callbacks to reach the most
knowledgeable respondent, the refusal rate was three
times greater than the average.

e The automated call scheduler performed efficiently in
the later replicates where the number of unresolved
cases dropped considerably. A longer interview period
(say 4 weeks) could have increased the average re-
sponse rate from 2 to 4 percentage points by reducing
the number of unresolved cases.

® There was a problem with identifying special places
(using the NHIS definitions) in the RDD survey.
Roughly 30 percent were classified as nonresidential
units, and 20 percent were classified as residential units
other than special places.

® Cost egimates from the RDD feashility study cannot
be used to estimate the telephone costs for a continu-
ally operating dual-frame telephone and face-to-face
survey. Many of the costs associated with the feasibility
study were development costs for a telephone survey
system and costs associated with a one-time survey.

A detailed description of the feasibility study and an
analysis of the results are presented in a joint report by the
U.S. Bureau of the Census and NCHS (1985) and in
several papers presented at American Statistical Associa-
tion meetings (Chapman and Roman, 1985; Hogue and
Chapman, 1984; Tompkins and Massey, 1986).

On the whole the results of the NHIS-RDD feasibility
study were postive, athough there were some indications
that a dual-mode NHIS would not be as cost effective as
originally thought. The administrative costs of operating
two modes of data collection simultaneously significantly
reduce the cost savings produced by telephone interviews.
Following the completion of the feasibility study, a decision
was made by NCHS not to change the NHIS to a dual-
mode survey. This decision was based primarily on the
incompatibility of the RDD telephone component with
other design features being considered for the NHIS (see
later discussions in this chapter).

Oversampling small subdomains

One of the objectives that the NHIS has always empha-
sized has been publication of detailed descriptive health
statistics for the U.S. population. This is the rationale for
having a cross-sectional sample design that can be accumu-
lated from week to week and from year to year. There are,
however, a number of important small subdomains of the
U.S. population for which detailed statistics cannot be
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routinely published. These subdomains are extremely im-
portant in understanding health differences within the pop-
ulation; they include the following groups: Black, Hispanic,
the aged, and low income. Each of these subdomains
represents between 5 and 12 percent of the U.S. popula
tion, although there is some overlap between the subdo-
mains. For the redesign of the NHIS, NCHS asked the U.S.
Bureau of the Census to investigate ways in which the
precision of the estimates for these four subdomains could
be improved without too adversely affecting the precision of
other NHIS estimates or without adding significantly to the
cost of the NHIS.

The description and results of the research conducted
by the U.S. Bureau of the Census are presented in a series
of internal census memoranda (Mazur, 1983; Olsen, 1981,
1982; Ponikowski, 1982; Ponikowski and Mazur, 1983;
Tadros, 1982a, 1982b) and in Chakrabarty (1985). The
Statistical Methods Division (SMD) within the U.S. Bureau
of the Census considered four different approaches for
oversampling the four special subdomains to improve the
precision of the related statistics. The four methods were
snowball sampling, screening of additional households,
oversampling at the first stage of sampling (PSU’s), and
oversampling at the second stage of sampling (clusters of
housing units). The first two methods were discarded very
early because of the complexities and costs associated with
the procedures. Except for the investigation of Hispanic
statistics, oversampling at the second stage of sampling was
the primary method considered for improving the precision
of estimates for the special subdomains. This method is
described in a paper by Waksberg (1973) and involves the
stratification of the secondary sampling units (SSU’s)
within the PSU’'s. For a given subdomain two strata of
SSU’s are formed within each PSU. One stratum contains a
very high proportion of the subdomain of interest; the
second stratum does not.

Different sampling rates are used within the two strata
to oversample and improve the precision of the subdomain
of interest. Information obtained in the decennial census
would be used for the stratification. The effectiveness of
this approach depends on how clustered the subdomain of
interest is within the PSU’s, that is, on how well the
stratification can separate the subdomain of interest from
other persons within the PSU. Using this method of strati-
fication the following results were obtained by SMD.

e Oversampling a the second stage of sample selection
within PSU’s was not an effective way to improve the
precision of the datistics for the aged or for persons
with low income. These subdomains, especially the
aged, are not highly clustered within PSU’s, and only
very small gains in precision could be achieved. Signif-
icantly improving the precision of statistics for these
subdomains would require other methods that would
be costly.

o The reliability of estimates for black persons could be
improved considerably (8-25 percent) by optimally
oversampling black persons in PSU’s with large black
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populations while constraining the variance increases
for the total population to no more than 2 to 3 percent.
e The reliability of the estimates for Hispanic persons
could be improved only 3 to 5 percent by optimally
oversampling Hispanic persons in PSU’s with large
Hispanic populations while constraining the variances
increases for the total population to less than 5 percent.

The last two results reflect the fact that the black
population tends to be more clustered within PSU’s than
does the Hispanic population. For the stratification method
to be effective in improving the precision of estimates for a
subdomain in the NHIS redesign, however, the subdomain
population must stay highly clustered over the decade
1985-94. Based on a U.S. Bureau of the Census analysis, it
was found that black households in the 1970 census con-
tained 89 percent black households 6 years later. This
percentage was approximately 65 percent for Hispanics.
Thus, it appears that the dratification method of oversam-
pling subdomains would be most effective for black persons
for the duration of the NHIS redesign.

The latter result led SMD to investigate the possibility
of adding additional PSU’'s in the five southwestern States
containing the largest Hispanic populations. The total num-
ber of PSU’s was constrained to be constant. The results of
this analysis indicated that significant improvements for the
precision of Hispanic estimates could be made in the
Southwest, but that only modest improvements (about
5 percent) could be made at a national level. These im-
provements were partialy offset by a decline in the preci-
sion for other subdomains in the Southwest and in the total
U.S. population.

Rotation of the NHIS sample

One of the important new objectives for the redesign of
the NHIS was to improve the survey's ability to evaluate the
dynamics of change. The dynamics of change refer to the
distribution of changes that occur among individuals. For
example, how often do individuals go back and forth from a
well state of hedth to a sick state of hedth over a given
period of time? In order to obtain better measures of
change a new design feature was proposed. The new pro-
posed feature was the incorporation of a rotationa sample
into the design. This would involve selecting a subsample of
the NHIS housing units interviewed during one calendar
year and reinterviewing them in subsequent years as part of
the subsequent year's sample.

The previous NHIS sample designs retained the same
PSU’s from year to year but selected new households in
adjacent clusters to be interviewed each year. The rota-
tional designs would take advantage of the correlations
between PSU’s and clusters from one year to the next to
improve NHIS's ability to measure change, whereas the
previous designs only take advantage of the PSU year-to-
year correlations.

SMD investigated a number of alternative rotational
patterns that involved reinterviewing sample persons 1 or 2



years after their initiad interview. The patterns most thor-
oughly investigated were those that reinterviewed subsets of
the sample persons in consecutive years. The criteria used
to compare the rotational design’s ability to measure
change with the old design’'s ability to measure change were
the variance of change from one year to the next, the
variance of a 2-year combined mean, and the variance of a
single-year mean. After a model was developed for estimat-
ing these variances, a sendtivity analysis was performed by
varying the correlation between PSU means from year to
year, the correlation between clusters within PSU’s from
year to year, and the yearly between-PSU component of
variance.

The results of these analyses for two rotational patterns
are shown in More complete description of meth-
ods and results are documented in internal SMD memo-
randa (Hsen, 1981, 1982a, 1982b) and an NCHS report
(19822). The two rotational designs shown in[table B Jwould
resdect one-fourth and one-haf of the NHIS sample hous
ing units from one year to the next. It can be seen that
under the right set of circumstances improvements of as
much as 30 percent can be made in estimating year-to-year
change using the rotational designs. This is accompanied by
a loss in precision for the 2-year means. For most health
statistics an increase in the cluster year-to-year correlations
of as much as or more than 0.25 for the rotational designs is
unlikely.

Two other issues related to the rotational designs were
raised by NCHS and SMD. The first issue involved the
sampling unit to use for the rotational designs. In the SMD
analysis it was assumed that housing units would be se-
lected and surveyed from one year to the next. This would
not be a satisfactory sampling unit definition for anayzing
the individua dynamics of change. In order to evauate the
dynamics of change the same sample of persons must be
interviewed from one year to the next. Although this would
be feasible, a considerable amount of tracking and cost
would be required to follow sample persons from one year
to the next. No further analysis was conducted, but NCHS
has analyzed this issue for the NMCUES.

The second issue raised was the possibility of conduct-
ing the NHIS reinterviews in subsequent years by telephone
for households with telephones. This would significantly
reduce the data-collection costs for the NHIS over the
decade. This issue was to be reevaluated after the

Table B. Percent change in variances for 2 rotational designs
relative to 1973-84 National Health Interview Survey (NHIS)
design assuming a 25- and a 50-percent increase in the cluster
year-to-year correlation (p)

Percent of sample rotated from year-to-year

One-fourth One-half
Estimate 0 =025 =05 0 =0.25 p=05
Year-to-year change . . . .. -7 -19 -13 -31
2-year mean. ...... +4 +6 +8 +14
l-year mean. ...... -1 -4 -1 -5

NOTE: The year-lo-year correlation between clusters for the 1973-84 design is assumed to be
negligible.

telephone mode of data collection was tested for the NHIS
and determined to be feasible.

Interaction between design features

After researching and comparing the new options inde-
pendently for each of the five design features with the
1973-84 design options, the redesign model called for the
formation of design-option sets using combinations of the
design options. This procedure was dightly modified by first
taking a look at al of the two-way interactions between the
new options for the design features. For this anaysis the
area frame option was combined with the linked survey
option, as they are so dependent upon each other. This left
the six two-way interactions shown inMThe fina
design of the NHIS was dependent on the compatibility
between the various design options. A subjective rating and

a brief synopsis of the compatibility between each of the
new options are aso given in figure 2. |

The design options that are compatible are the
linked population survey option with the RDD telephone
option and the linked survey option with the sample rota
tion option. For the first interaction, the NSFG and the
initial interview in the NMCUES both require that the
interview be done in-person. Following up RDD telephone
interviews with a face-to-face interview for the linked sur-
veys would be extremely costly and inefficient due to the
lack of geographical clustering of housing units in RDD
surveys. The optimum designs for the NSFG and the
NMCUES are highly clustered designs at both the first and
second stages of sample selection. An RDD sample is not
feasible for either of these surveys. The rotation design
feature is dightly more compatible with the linked survey
feature, although the compatibility is still rated as poor.
This is because an overlapping sample for the NHIS from
year to year will reduce the tota number of eligible house-
holds for the NSFG and the NMCUES. Research results
show that the NHIS sample is aready strained to meet the
sample design requirements for the NSFG.

The compatibility between al of the other new options
is acceptable, and, in fact, the oversampling of black persons
will greatly enhance the linkage between the NHIS, the
NSFG, and the NMCUES. The compatibility of the three-
and four-way interactions between the new design options
requires that al of the two-way interactions be compatible.

Conclusions

Based on the research results presented in the last
section and the long-range goals of NCHS, the decision was
to make the NHIS sample the cornerstone of the NCHS
Integrated Survey Design (ISD) program. This meant
switching to an area frame for the NHIS and beginning to
establish the survey linkages between the NHIS, the NSFG,
and the NMCUES. This aso opened up the possibility of
conducting follow-back or longitudinal panel surveys for
the NHIS supplementa topics.

After the area frame and linkage options had been
selected, it was recommended that black persons be over-
sampled in the NHIS for the 1985-94 design period
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Interacting options

Design compatibility

Linkage X telephone (NHIS) .....................
Linkage X rotation . ............................
Linkage X oversampling.........................
Telephone X rotation. ..........................
Telephone X oversampling . .....................
Rotation X oversampling ........................

Poor: NSFG and NMCUES currently require face-to-face interview.

Poor: NHIS reinterviews reduce yearly sample for NSFG and NMCUES.

Good: Oversampling of black persons increases yearly sample for NSFG and NMCUES.
Good: NHIS reinterviews can be conducted by telephone at lower cost.

Fair: Screening for special domains using RDD procedures is relatively inexpensive.
Good: No apparent adverse effects from interaction.

Survey; RDD = Random digit dialing.

NOTE: NHIS = National Health Interview Survey; NSFG = National Survey of Family Growth; NMCUES = National Medical Care Utilization and Expenditure

Figure 2. Two-way interactions for design options considered for the National Health interview Survey redesign

(NCHS, 1982b). It was further recommended that al other
special subdomains not be oversampled. The research
showed that any significant improvements in precision of
25 percent or more were not easy to achieve and would be
offset by decreases in the precision of estimates for other
subdomains. This recommendation was adopted for the
NHIS.

The rotation of the NHIS sample was not adopted for
the NHIS because of its incompatibility with the linking of
the NCHS population surveys. It was also reasoned that
follow-back interviews could be conducted for the NHIS on
an ad hoc basis and that a continuous rotating sample was
not required. The suggestion of conducting follow-back
interviews by telephone had considerable appeal and will be
used by the NHIS in the future.

The use of a dual-frame telephone and face-to-face
survey was not adopted for the 1985 redesign because of its
incompatibility with an 1SD. It was recommended that the
Division of Health Interview Statistics investigate other
uses of RDD telephone surveys. The recommendation was
accepted.

Although the conceptua model used to investigate the
design features and design options was considerably modi-
fied in practice, the model proved extremely vauable in the
planning and organizing of the research for the redesign of
the NHIS. Because of the many complexities involved in
designing or redesigning a major national survey, the task
of coordinating al of the research activities for the NHIS
redesign was enormous. Using a model for the redesign
effort made the task more manageable.

Once al of the major design features had been selected
for the NHIS, the specific parameters for the NHIS design
had to be determined. This process is described in
chapter I11.
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Chapter llI.
The 1985-94 NHIS
sample design

by Thomas F. Moore and William Tadros,
Statistical Methods Division, U.S. Bureau of
the Census

The U.S. Bureau of the Census, in particular the
Statistical Methods Division (SMD), conducted research on
the parameter options for the magjor design features of the
1985-94 National Headlth Interview Survey (NHIS) as de-
scribed in chapter I1. SMD conducted its research over a
period from early 1979 to mid-1983 when the final choice
of the new design was made. This research resulted in the
changes to the design parameters displayed in f
chapter 1.

The research program included work in both the oper-
ational aspects of the NHIS and its sample design. This
section centers on the sample design research; a description
of the research activities used to determine design param-
eters and the procedure used to select the NHIS sample
follows.

Research for redesign of NHIS
sample

In the past, the NHIS surveys conducted by the U.S.
Bureau of the Census (hereafter referred to as Census
Bureau) were closdly linked to the Current Population
Survey (CPS) in order to minimize costs. Consequently, the
NHIS had design features similar to the CPS (U.S. Bureau
of the Census, 1978). Traditionally, the Census Bureau
redesigns its major demographic surveys following the de-
cennial Census of Population, and early in 1979 a large-
scale research project was begun for the NHIS. The NHIS
did not use CPS interviewers and, accordingly, did not need
to be restricted to CPS primary sampling units (PSU’s).
Also, the redesigned survey would use an area sampling
frame within PSU’s rather than the multiframe design of
the CPS. For these reasons, the NHIS was designed inde-
pendently of the CPS.

The primary objective for the NHIS redesign was to
select a design that maintained the precision of the NHIS at
the level of the 1973-84 design at the lowest possible cost
and was compatible with the analytical objectives of the
survey. The NHIS redesign research included the following:

o Reevauating the PSU definitions.

o Deermining the optimum number of PSU’s for the
sample.

o Determining the optimum size of the secondary sam-
pling unit (SSU).

o Deermining the total number of sample households.
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e Evaluating variables for stratifying PSU’s and the num-
ber of sample PSU’s to be selected per stratum.

e Sdlecting a method for forming representative subsam-
ples of PSU's.

Primary sampling units

Several options existed regarding how PSU’s should be
defined, including whether to continue to use multicounty
PSU’s, or to use single county or subcounty level PSU’s.
The obvious benefit of smaller PSU’s would be a decrease
in travel within sasmple PSU’s. It was also possible that the
between-PSU variance would be reduced. The use of single
county or subcounty PSU’s was investigated by the Census
Bureau, using labor force data from the 1980 census. The
findings from the research indicated that cost savings would
probably be small and that variances might actually in-
crease (Kostanich, 1982). Multicounty PSU’s were judged
to be more efficient and were retained for the redesign.

In the 1973-84 NHIS design, the sample was spread
over 376 sample PSU’'s and over 52 weeks of the year.
Interviewer assignment areas, consisting of several PSU'’s,
were formed, and one interviewer interviewed al the PSU’'s
in the area. As a result, travel to and from PSU’s was
extensive and consumed about 35 percent of the direct field
codts for travel and interviewing. Travel to and from PSU’'s
could be reduced by decreasing the number of PSU’s or by
hiring more interviewers. However, more interviewers
would mean less work annually for each interviewer. Be-
cause adequate work loads must be preserved for NHIS
interviewers, who work on no other Census Bureau surveys,
the preferred way to reduce the number of PSU’s with no
resident interviewer was to reduce the total number of
sample PSU’s (Tadros, Maoore, and Chakrabarty, 1982).

To determine the optimum number of PSU'’s for the
NHIS it is necessary to estimate the components of vari-
ance (precision of NHIS statistics) and the components of
cost. To estimate the precision of NHIS satistics under
alternative numbers of PSU’s, the following formula (see
Moore, 1988, for derivation) was used to estimate the
variance of potential designs for 1985-94 relative to that of
the 1973-84 design:
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where m = number of nonself-representing (NSR) PSU’s
in the sample,
= number of housing units in the sample,
= intraclass correlation between housing units
within clusters,
g = average number of housing unitsin the sample
per cluster in the sample, and
B = between-PSU variance as a proportion of total
variance.

The factor f reflects the effect of the changes in the NSR
population relative to the 1973-84 design. It was expected
to be greater than 1.0 for designs with larger NSR popula-
tions and was determined empirically to be about 1.03 for
most design alternatives. The additional subscripts 0 and 1
refer to the 1973-84 and potential 1985-94 designs,
respectively.

The values to be substituted into formula (1) were
obtained from a variety of sources. Data presented in

[ table A Jare from the National Center for Health Statistics
(NCHS). These data showed that in the 1973-84 design the
between-PSU variance proportion, B, for the magjor sub-
groups in the population was in the 0 to 20 percent range
for many important health characteristics (NCHS, 1982). A
value of B= 0.10 was used in the research to represent
most important health items.

The intraclass correlation is a measure of homogeneity
within clusters. Results of a study (NCHS, 1973) on
8 showed that for compact clusters of six housing units,
é1ranged from 0.01 to 0.17 for the majority of hedth
characteristics, with the important items (for example,
number of chronic conditions, number of bed days, number
of restricted activity days) ranging from 0.02 to 0.06. A
value of 0.04 was used for the intraclass correlation. Pre-
liminary work showed that the optimal number of sample
PSU’ s was not very sensitive to the value of 4.

The average number of sample housing units per clus-
ter (secondary sampling units within PSU’s) in the 1973-84
design was four. Most of the potential new designs were
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based on an average of six or eight, although other values
were studied (see next section).

To alocate the sample optimally, it was a so necessary
to estimate variable and fixed costs for the survey. The
variable costs include costs for data collection, recruiting
staff, training, reinterview, observation, office work, pre-
tests, sample maintenance, and associated overheads. Fixed
costs primarily cover the Census Bureau's Washington,
D.C., staff.

Data-collection costs are the direct payments to inter-
viewers for interviewing and travel to PSU’s. They depend
on the sample size, the number of PSU’s, and the cluster
size.

In the 1973-84 design, an average of dightly more than
four clusters of size four generally was assigned to one
interviewer to be interviewed in 1 week. In 1 year approxi-
mately 3,175 weekly assignments were given to 120 inter-
viewers, each working about 26 weeks a year.

If clusters of six housing units were used, the Census
Bureau's field staff planned to form interviewer assign-
ments of three clusters to yield expected assignment sizes of
18 housing units. For clusters of eight housing units, assign-
ments would include two or three clusters, averaging 2.15
clusters per assignment. Thus, assignments would include
16 or 24 housing units. For a given sample size, the number
of interviewers and weekly assignments can be estimated
with thisinformation.

An assumption was made that interviewers would be
hired in PSU’s based on the sample size of the PSU'’s.
PSU’s with about 26 weeks or more of work would all have
a least one interviewer, and the remaining interviewers
needed for that sample size would be hired from some of
the smaller PSU’s. This approach permitted estimation of
the number of PSU’s with no resident interviewer and the
number of weekly assignments that would require travel.
Data-collection costs were estimated as a function of the
total number of weekly assignments and the number of
assignments requiring travel to the PSU.

Table A. Estimated percent of between-PSU variance for the 1973-94 National Health Interview Survey design by selected health

variables and demographic domains

Sex Race Age
Other than Under 15 15-44 45-64 65 years
Health variable Total Male Female Black black years years years or over Average
Total restricted activity days . . . ... 29 26 23 12 35 8 17 15 21 21
Total bed days . . . ......... 18 5 18 7 18 7 7 3 2 9
Total physician visits . . . ... ... 27 13 30 9 25 15 5 ) 5 14
Mean number of physician visits. . . . . .. 31 10 28 16 19 13 6 6 " 14
Proportion seeing physician . ... ... 3 1 () 8 3 4 5 6 M 3
Total dental visits . . .. ....... M 2 " 1 Q) Q) M 4 " <1
Mean number of dental visits. . . . . . .. 4 1 4 1 4 M M 2 M 2
Proportion seeing dentist . .. ... ... M 1 M 1 Q) V) " 3 M <1
Mean number of chronic conditions . . . . 21 17 15 6 20 3 8 18 7 13
Proportion with chronic condition . . . . . 14 16 9 7 16 " 8 1 4 9
AVEIagE. .o 15 9 13 7 14 5 6 7 4 9

‘Estimated between-PSU variance is negative.

NOTE: National estimates are projected from Balanced Repeated Replication method calculations for the South Region. Program was developed by Bean and estimates were developed by Casady,

of the National Center for Health Statistics.
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Other variable costs were dependent on the sample size
or the number of interviewers and could be estimated from
recent historical data.

The cost-variance data showed that costs could be
reduced by decreasing the number of sample PSU’s and
that the savings were more than sufficient to pay for the
increase in the number of housing units needed to maintain
the precision of most estimates at the level of the 1973-84
design. Designs that entirely eliminated travel between
PSU’s proved to be the least expensive of al the designs that
maintained the reliability of the 1973-84 design.

Secondary sampling units

Secondary sampling units are clusters of housing units
sdlected within sample PSU'’s. Since the beginning of the
survey, clusters have been four, six, or nine housing units.
They have been compact, that is, adjacent units for the most
part, and noncompact, that is, spread over a larger geo-
graphical area such as a block. In the 1973-84 design,
clusters in the address frame were compact with an ex-
pected size of four, and clusters in the area and new-
congtruction frames were a noncompact four. Increasing
the cluster size reduces travel costs but increases variances
if theintraclass correlation is positive.

The change to clusters of size four came early in the
1970's after studies of unit costs and intraclass correlations
for NHIS showed that, for constant costs, this would result
in lower variances for health statistics than the larger
cluster sizes considered. Actually, this was optimal only
when taking into account the savings that would result from
using the same cluster size in both CPS and NHIS. Consid-
ering only NHIS, the optimum cluster size would have been
larger (Shapiro, 1971).

For the post-1980 census redesign, the Census Bureau
updated the earlier cost study (Rogers, 1981). Costs were
updated in three different ways. Regression techniques
were used to estimate, firdt, total interviewer travel mileage
for various cluster sizes, and second, unit costs for different
cluster sizes. In the third method, a cost function was
defined in terms of interviewing costs, costs of travel be-
tween clusters, and costs of travel between home and
cluster.

The fina step was to compare costs and within-PSU
variances of items within a range of intraclass correlations
and for different cluster sizes. All comparisons led to the
conclusion that a larger cluster size would be more efficient
for the NHIS.[Table B Jsummarizes the results (Huang,
1982).

Because data for some of the components of method
3's cost function were available only for clusters of size
four, data for the other cluster sizes had to be estimated
from existing data and reasonable assumptions. Because
method 3's estimates were of lower quality than the other
methods, the choice was eventually limited to the results of
methods 1 and 2. Using clusters of size seven would have
made coordination of the within-PSU sampling procedure
with other Census Bureau surveys more complex, so it was
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Table B. Optimum cluster sizes using 3 methods of estimating
interviewing costs for different levels of intraclass correlation

Method of estimating Interviewing costs
Intraclass

correlation 1 2 3a 3b
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‘Methods are as follows:

1 = Mileage per household for various segment sizes estimated by regression, and travel
costs added to interviewing costs. 2 = Total field costs estimated by regression. 3 = Field
costs estimated from cost function with parameters estimated from available data In 3a,
interviewing costs included only the time for interviewing. In 3b, other costs proportional to
sample size (for example, processing) are added to interviewing costs.

dropped from further consideration, Several potential de-
signs based on both six and eight households per cluster
were evaluated through a sensitivity analysis presented in
the next section.

As in the 1973-84 design, clusters of size four were
recommended for new-construction units sampled from
building permits. There were two reasons for this. As a
rule, new-construction units are not close together. A
new-construction cluster may be scattered over a relatively
large area, so there is little to gain from using a larger
cluster size. Interviewer work loads were a second consid-
eration. NHIS interviewers would be better able to handle
incremental work-load increases of four housing units as
opposed to some larger number.

Sensitivity analysis of design parameters

Upon completion of the research on the number of
PSU’'s and cluster size, the Census Bureau prepared 21
design aternatives to study the sensitivity and impact of
changes in the design parameters on cost and variance, and
to verify that the results from the models used in the
research agreed with cost and variance estimates obtained

from fully specified designs. The 21 designs are shown in
CiseC.]

The firgt six columns give the design humber and the
parameters of that design. Both the multiframe and area
frame designs assumed that there would be a separate
new-construction frame. The variance ratios shown in the
next two columns were computed with values for the
number of NSR PSU’s and households and the cluster size
substituted into formula (1). For the upper bound an
intraclass correlation of 0.04 was used for al designs. This
gave a conservative estimate of the change in variance. The
lower bound accounted for changes in variances resulting
from improvements in sampling methods. This was a more
speculative estimate based on research for the NHIS and
other Census Bureau surveys. The between-PSU portion
was reduced by 20 percent to account for improvementsin
the dratification procedure. The intraclass correlation for
the area designs was reduced to 0.035 because of the
noncompact segments, and the within-PSU portion was
reduced by an additional 1 percent to account for improved
within-PSU sampling methods.



Table C. Estimated costs and variances for the 1985-94 National Health Interview Survey redesign alternatives

Variance relative to

Design parameter 1973-84 design Cost in thousands of dollars

Additional travel

Yearly operating costs
L costs due to use

Primary Total Amortized Amortized of non-

Design sampling Cluster House- Inter- Upper Lower yearly  Variable Fixed phase-in Implementa- compact

alternative ~ Number of PSU'S  frame size holds viewers bound bound  costs cost cost cost tion cost clusters
150 376 list 4 50,800 120 1.00 1.00  $4,449 $3,486 $609 $ — $354 $. ..
2 376 area 4 50,800 120 1.00 0.98 4,647 3,563 609 - 475 42
3. 376 area 6 54,400 121 1.00 0.97 4,510 3,415 609 - 486 35
4. L 376 area 8 58,100 130 1.00 0.97 4,635 3,531 609 10 485 32
5. . . . ... 118 area 6 64,300 136 1.00 0.93 4,485 3,248 609 54 574 41
6.. . . . . .. 129 area 8 67,000 152 1.00 0.93 4,509 3,271 609 69 560 37
T 200 area 6 57,600 131 1.00 0.94 4,570 3,398 609 49 514 37
8 .. . . . .. 200 area 6 57,600 131 1.00 0.97 4,552 3,398 609 31 514 37
9. . ... 200 area 6 52,600 126 1.08 1.02 4,272 3,149 609 44 470 34
10. . . ... 200 area 6 51,500 125 1.10 1.04 4,210 3,098 609 43 460 33
11 .. .. 200 area 6 50,000 124 1.13 1.07 4,150 3,053 609 42 446 32
120 ... ... 200 area 6 49,000 123 1.15 1.09 4,063 2,975 609 42 437 31
13, ... ... 200 area 8 61,400 137 1.00 0.94 4,653 3,476 609 55 513 34
14, ... ... 200 area 8 61,400 137 1.00 0.96 4,635 3,476 609 37 513 34
15. . . . . ... 200 area 8 53,100 131 1.13 1.07 4,180 3.078 609 49 444 29
6. . .. ... 200 area 8 52,500 130 1.14 1.08 4,137 3,041 609 48 439 29
17. ... L. 200 area 8 51,500 129 1.16 1.10 4,100 3,014 609 47 430 28
18. . . . ... 200 area 8 50,000 128 1.19 1.13 4,021 2,948 609 46 418 27
19. . . ... 222 area 6 56,700 112 1.00 0.95 4,585 3,439 609 31 506 36
20 ... 160 area 6 59,800 120 1.00 0.94 4,559 3,377 609 39 534 38
21 ... 242 area 6 50,000 109 1.10 1.05 4,167 3.084 609 28 446 32

‘Design used by the National Health Interview Survey from 1973 through 1984.

The remaining columns in[table C khow the costs for
each design. The phase-in costs are the costs of recruiting,
training, and initial observation of the additional interview-
ers who must be hired before the implementation of the
new design. The implementation costs include research, the
selection of up to 10 years of sample, which is a small
portion of the costs, and al the preparatory work by field
staff above that normally required to select the first year's
sample, as well as the costs associated with the new-
construction sample. The tota phase-in and implementa-
tion costs have been spread over the lo-year life of the
sample to facilitate comparisons between designs.

The last column in[table Clwas included to give an
estimate of the increase in travel due to using noncompact
clusters of housing units. It was separated from yearly
operating costs because of the very rough approximations
used.

Designs 1 through 4, dl using the PSU’s of the 1973-84
NHIS, show the effect of moving to an area sample and
then to clusters of six and eight housing units. Phase-in
costs are low because only a few more new interviewers
would be required. Implementation costs are also relatively
low because use of the existing PSU’s results in some
savings.

Designs 5 and 6 are optimum designs under the con-
straint that the variance ratio upper bound equal 1.0. They
are no-travel designs for cluster sizes six and eight. Every
PSU would have a resident interviewer and there would be
no need for travel to PSU’s.

NCHS felt that to produce and analyze data for rural
areas, a minimum of 200 PSU’s was needed. Designs 7
through 12 are all 200-PSU designs with clusters of size six.

Design 8 is the same as 7 except that the PSU’s are a subset
of the 376 PSU’s of the 1973-84 NHIS. Thereis a savings
in phase-in costs because fewer interviewers would be
replaced, but the potential variance reductions (lower
bound) are less. Designs 9 through 12 would save roughly
$400,000 to $600,000; they do not maintain the reliability of
the 1973-84 design. Designs 13 through 18 are analogous
to 7 through 12 but have clusters of eight housing units and
larger samples.

The last three designs were attempts to increase effi-
ciency by considering how the annual interviewing work
load is assigned. For example, in designs 7 through 12,
interviewers in NSR PSU’s would work in their home
PSU’s and one or two additional ones. Interviewers working
in only one other PSU have less work than those working in
two others and, therefore, may not be efficiently employed.
If the sample size in design 7 could be reduced and the
number of interviewers reduced by a proportionately
greater amount so that each interviewer in NSR PSU’s
worked in exactly two PSU’s requiring travel, and the
number of PSU’s were increased so that the variance ratio
remained 1.0, then perhaps the total costs would aso
decrease. This strategy failed to work in design 19. In-
creased travel costs more than offset the savings in phase-in
costs. The opposite approach, increasing the sample size
and reducing the number of PSU’s, worked better. Inter-
viewers in NSR PSU’s would work in their home PSU’s and
one other. The total costs for design 20 were less than those
of design 7. Design 21 used the approach of design 19 but
alowed a lo-percent variance increase. It compared
favorably with design 10.
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Selection of design parameters

Design 13 was ultimately selected by NCHS to be used
during the 1985-94 decade. This design maintained the
reliability of the 1973-84 design (upper bound); it had
potentialy greater improvements in reliability than designs
8 and 14, which used a subset of the 376 PSU’s in the
1973-84 design; and it included a sufficient number of
PSU'’s for rural estimates. Furthermore, design 13, with
clusters of size eight, supported a larger sample size than
design 7, which used clusters of size six. Larger sample
cluster sizes would enhance the utility of the NHIS sample
for other NCHS surveys of the same households to be
conducted later in the decade.

Stratification variables

The purpose of stratification is to group PSU'’s into
strata that are homogeneous with respect to characteristics
of interest. This is expected to improve the precision of
those and related characteristics. The 1973-84 NHIS
shared the design of the CPS, including the PSU dtratifica-
tion, which was based primarily on demographic and labor
force variables.

For the 1985-94 design, NHIS PSU’s were stratified
independently of other surveys. The best dtratifiers would
have been health variables, but health statistics were avail-
able only for sample PSU’s and could not be used as
stratifiers. Instead, variables that were highly correlated
with health variables were sought for stratifiers. Relation-
ships between health variables and the 1970 Census of
Population and 1972 Economic Census variables that were
available for al PSU’'s were examined. A set of 80 key
health variables from the 1978 NHIS was identified by
NCHS; 29 variables were sdlected from the 1970 Census of
Population and 3 variables from the 1972 Economic Cen-
sus. Data from the 1980 census were not available in time
to be used during the research phase but were used in the
actual stratification process.

Potential stratifiers had to satisfy four conditions:

1. Stratifying variables must be available for all PSU’s.

2. They should be relatively highly correlated with health
variables.

3. The correlations should be stable over a period of
many years.

4. The stratifiers should be sufficiently variable between
PSU’S.

The correlation analysis (Hsen, 1983b; Ponikowski,
1982, 1983c) produced a set of census variables that were
most correlated with the NCHS key health variables. Be-
cause of the 6- to 8-year difference between the two data
sets, any high correlations that were observed were consid-
ered to be sufficiently stable over time. Variables had to
show sufficient fluctuation over the population PSU’'s to be
considered useful. When potential stratifiers were highly
correlated with each other, only one of them was kept.
Percent Hispanic was added as a dratifier because of
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Table D. Correlations between 1978 health variables and
stratification variables

Stratification variable *

Health variable 1 2 3 4 5 6
Bed days................ -0.07 015 021 -005 0.2 -0.01
Persons with doctor visits . ... -0.32 -0.39 -0.21 0.20 -0.23 -0.01
Dental visits. . . . ... .. -0.04 -0.25 -0.11 0.21 -0.10 -0.03
Persons with dental visits .. -0.21 -053 -0.42 0.32 -0.34 -0.15
Persons with limitations of
activity . .. ... -0.30 0.41 0.48 -0.34 041 0.27
Persons repotting poor or
fairhealth . .......... 026 070 0.52 -0.64 051 0.47
Work-loss days . . . ... -0.05 -0.03 -0.04 0.02 0.04 0.13
Currently employed
persons. . . .. -0.06 -0.61 -0.48 0.38 -0.37 -0.06
Acute conditions. . . . . 0.04 -0.12 -0.14 0.07 -6.07 -0.18
Restricted activity days... -0.09 018 0.06 -0.17 0.18 -0.02
Bed days due to acute
conditions . . . . .. .. -0.07 012 0.00 -0.03 0.09 -0.08
Hospital discharges. . . . . -0.12 031 0.40 -0.23 030 0.27
Doctor visits . . . . . -0.09 007 o011 0.00 020 0.00
Persons with Medicaid. . .  -0.07 0.49 0.24 -0.29 020 014

Persons under 65 years of
age with no private
insurance . .. ...... 0.23 045

0.25 -0.14 0.14 -6.24

‘Stratification variables are the following: 1 — Hispanic; 2 — persons below poverty level; 3 —
households with income less than $15,000 ($7,000 used for research); 4 — persons in urban
areas; 5 — unemployed persons; 6 — persons employed in manufacturing.

special interest in
subpopulation.

| !%}e g shows results of the correlation analysis for
select h variables and the final stratification vari-

ables.

improving estimates for this

Number of sample PSU’s per stratum

In the 1973-84 design, one PSU was selected with
probability proportionate to size from each NSR stratum.
The between-PSU variance was estimated by collapsing
“smilar” strata so there would be two observations per
superstratum. This biased the variance estimates by adding
a between-stratum component. A two-PSU-per-stratum
design would alow unbiased estimates of between-PSU
variance.

The drawback to a two-PSU-per-stratum design was
that only half as many strata would be formed as under a
one-PSU-per-stratum design. There might be an increase
in between-PSU variance because of a poorer stratification.
For the 1985-94 design two PSU’s were selected per NSR
stratum based on research that indicated that any increase
in the true between-PSU variance from a two-PSU-per-
stratum design would probably be small (Moore, 1984;
Ponikowski, 1983h).

PSU panels

One of the major requests from NCHS was that the
Census Bureau study the feasibility of forming panels of
PSU’'s for the 1985-94 NHIS (Sirken, Bryant, and
Feldman, 1982). Panels of PSU’'s are subsets of sample
PSU’ s that can be used alone or in combination to provide
anational sample. Forming panels would facilitate linking



other NCHS surveys to some or all of the NCHS sample
design. Also, the panels could be used for sample reduc-
tions, as the remaining panels would form a national design.
NCHS wanted to be able to select a subset of the full set of
sample PSU’s with the following properties:

e Each subset, or pand, is arepresentative sample of the
U.S. population.

¢ Each NSR PSU isin only one pandl.

e The larger sdf-representing (SR) PSU’'s are in al
panels.

e The panels are equally distributed within census
regions.

Because the 1985-94 design contained two PSU’s per
NSR stratum, a two-panel design would have been a natu-
ral division of the sample. However, a 50-percent sample
reduction or subsample would be required to derive any
benefits from the panel construction. Four panels would
provide added flexibility. They could be constructed by
combining pairs of NSR strata and assigning each PSU to
a different panel. Then subsamples or reductions of approx-
imately 25, 50, or 75 percent could be accommodated.
Therefore, a decision was made to construct four panelsin
the 1985-94 design.

Overlap with other designs

Two possibilities for maximizing the overlap of NHIS
PSU’ s with those of another design were investigated. One
possibility was to maximize the overlap with the 1973-84
NHIS. This would give the greatest chance of retaining
experienced interviewers. However, examination of this
possibility showed that the number of interviewers retained
would not have been much greater for maximum overlap
than for independent selection.

The second possibility was to maximize the overlap
with other Census Bureau surveys in order to share some of
the sampling costs. However, because NHIS and the other
surveys used different sampling techniques (area frame
versus census address lists), NHIS would not be able to
share very much of these costs. Furthermore, NHIS inter-
viewers work exclusively on NHIS, so interviewing staffs
could not be shared.

The advantages of maximizing overlap were small at
best. One mgjor disadvantage was that conditional proba-
bilities for PSU selection would have to be computed in
order to make unbiased between-PSU variance estimates.
These probabilities would have been quite difficult, if not
impossible, to compute. A decision to maximize overlap
would have been inconsistent with the decision to choose
two PSU’'s per stratum. Therefore, NHIS PSU’s were
chosen independently of other survey designs.

Selection of NHIS sample

PSU definitions

Primary sampling units in NHIS are generaly single
counties or, more frequently, groups of contiguous

counties. In some States in New England, minor civil
divisions (towns or townships) are used instead of counties.
In some other States, county equivalents, such as parishes
in Louisiana and independent cities in Virginia, are used.

The starting point for NHIS was the set of PSU’s
defined for the CPS redesign. Each metropolitan statistical
area (MSA) or consolidated metropolitan statistical area
(CMSA) in existence in 1983 was defined as a separate
PSU. Metropolitan areas that crossed State borders had
been split for the CPS because it was designed for State
estimates. They were reunited for NHIS because of the
greater interest in national estimates than in State estimates
and to keep large MSA’s intact for data analysis. Some
other PSU’ s were redefined along natural boundaries when
this allowed more efficient travel by the interviewer (Hsen,
1981b, 1982a; Kostanich, 1982).

PSU’s are defined within a census region, with the
exception of afew MSA’s that cross regional boundaries.
Approximately 1,900 PSU’s were defined from the more
than 3,000 counties and equivalents; after stratification, the
sample PSU’ s were selected from these.

Stratification and selection of PSU's

Stratification was done within the four geographical
regions by MSA or non-M SA status, using 1980 Census of
Population data (Hsen, 1981a, 19833, 1983b; Huang, 1982;
Ponikowski, 1982, 19833, 1983c). The computer program
used for stratification was based on a clustering agorithm
developed by Friedman and Rubin (1967). The procedure
began with a random stratification within a specified num-
ber of strata. Pairwise exchanges were made between
PSU’s in different strata, and the resulting between-PSU
variance was calculated. The criterion for comparing possi-
ble stratifications was the sum of between-PSU variances
for the dtratification variables-the smaller the sum, the
better the stratification. For additional information on the
stratification program, see Kostanich et al. (1981).

The sample design adopted for the NHIS requires that
PSU’s with the largest populations be designated as self-
representing; each of the SR PSU’s is treated as a separate
stratum and isincluded in the sample with certainty. It also
requires combination of the remaining PSU’s into strata,
referred to as NSR strata, with the selection of two PSU’s
from each stratum. The 52 largest MSA’ s were designated
as self-representing; the rest of the Nation was divided into
73 strata. A summary of SR and NSR strata by region is
given ir{tzble E |

Two PSU’s per NSR stratum were selected. The selec-
tion methodology allowed sampling without replacement
with probability proportionate to the projected 1985 popu-
lation within the stratum (Ponikowski, 1983b).

Formation of PSU panels

Four national subdesigns, or panels, were constructed
from the 1985-94 design. The panels were made approxi-
mately equal in terms of the number of sample housing
units. NSR strata were paired within regions by combining
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Table E. Number and population of strata for the 1985-94 National Health Interview Survey by census region

Type of PSU, stratum, and population All regions Northeast Midwest South West

SR PSU'S

Strata

All strata. . .. ................ 52 10 11 20 11
MSAstrata . . ................ 52 10 11 20 11
Strata outside MSA . . . ... ... ....

Population
Total . ..o 124,949,213 34,229,347 27,869,858 32,364,581 30,485,427
Minimum ... ... 628,959 723,886 930,179 691,722 628,959
MSA population . .. ............ 124,949,213 34,229,347 27,869,858 32,364,581 30,485,427
Population outside MSA . . ... ... ..

NSR PSU's

Strata

Al strata, . . .« v o v 73 10 20 32 11
MSAstrata . .. ............... 33 5 8 15 5
Strata outside MSA . . . ... ... ... 40 5 12 17 6

Population
Total . ... 108,631,714 14,595,388 30,751,544 47,380,179 15,904,603
Average . ... ... 1,466,106 1,459,539 1,537,577 1,480,630 1,455,873
MSA population . .. ............ 52,779,849 8,716,181 13,958,993 22,206,138 7,898,537
Population outside MSA . . ... ... .. 55,351,865 5,879,207 16,792,551 25,174,041 8,006,066

NOTE: PSU is primary sampling unit; SR is self-representing; NSR is nonself-representing; MSA is Metropolitan Statistical Area as defined by U.S. Office of Management and Budget.

strata that were similar with respect to the original stratifi-
cation variables. Then the four PSU’s in each combined
stratum were randomly assigned to panels one through
four.

To divide the SR area into panels, the PSU’s were
classified as small, medium, or large. Generally, small SR
PSU’'s had a total population of less than 1.4 million
persons; medium, between 1.4 and 2.4 million; and large,
more than 2.4 million. Some exceptions were made so that
the number of SR PSU’sto be stratified within aregion for
pandl assignment would be divisible by four.

In the 14 medium-size SR PSU’s the weekly inter-
viewer assignments were randomly divided into halves. The
halves were treated as separate PSU’s for panel assignment.

Small SR PSU’s and the medium SR PSU halves were
stratified within regions into groups of four using the same
stratification variables used for NSR PSU’s and a total
population variable. The small SR PSU’ s were assigned to
panels within the new strata, and each half-sample in a
medium-size PSU was assigned to a different panel (Hsen,
1982b; Parsons, 19844).

The weekly interviewer assignments in the 12 largest
PSU’s were randomly divided into four equal parts, each
part being assigned to a different panelshows
there were 12 large SR PSU’s contained in al 4 panels; 14
medium SR PSU’s, each in 2 panels; and 26 small SR and
146 NSR PSU’s in 1 panel each.

Selection of SSU’s

In the 1973-84 design, housing units in the Census
Bureau's population surveys were selected in two steps.
First, census enumeration districts (ED’s), geographic
areas defined for use in the 1970 Census of Population
containing on average 350 housing units, were sorted
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according to geographical variables. ED’s were sorted
within CBUR categories (C, the central city of an MSA; B,
the urbanized area not in category C; U, urban place, not
an urbanized area and not in category C; and R, al other
ED’s) by identification number, a geographical code that
tended to place contiguous ED’ s together in the sort. ED’s
were then sampled systematically with a random start and
probability proportionate to size. The within-PSU sampling
interval identified sample clusters within the ED.

The redesign provided an opportunity to evaluate new
methods that would take into account specific needs of
individual surveys and still avoid duplication of sample
housing units in different Census Bureau surveys.

Census tracts, blocks, block groups, block faces, and
housing units were considered as alternatives to ED’s for
the sort unit. Blocks are usually well-defined rectangular
pieces of land bounded by streets, roads, streams, railroad
tracks, or other features. Data limitations at the block level
prevented evaluation of blocks as a sort unit. This aso
applied to block faces, the housing units on one side of a
block, and to individual housing units. Use of block faces or
housing units would also have increased the cost and
complexity of sampling operations.

Table F. Distribution of self-representing (SR) and nonself-
representing (NSR) primary sampling units (PSU’s) by region
and type

Total SR PSU'S
number NSR
Region of PSU’'s Large Medium Small PSU’S
All regions. . .. ......... 198 12 14 26 146
Northeast . .. .......... 30 3 1 6 20
Midwest . . ... ... ... 51 3 4 4 40
South . ............... 84 4 4 12 64
West. . .. ... .. 33 2 5 4 22




Tracts were eliminated because research showed that
most of the within-PSU variance was due to variability
within ED’s. Census tracts, geographical subdivisions of
counties, are generally larger than ED’s. They would be less
effective in reducing within-PSU variance. Block groups,
groups of blocks defined within tracts for the census,
appeared to be similar in nature to ED’s; however, ED’s
were more convenient because they provided coverage of
the entire Nation, whereas blocks did not. Thus, ED’ s were
retained as the within-PSU sort unit.

The computer program that was used to stratify PSU’s
was modified to cluster ED’s using the variables given
below. In order to increase stability of the procedure over
time, the clustering was done within CBUR categories. This
had the effect of imposing a CBUR sort on the ED’s. The
clusters were sorted first by CBUR categories, then by
median value of owner-occupied housing if the population
of the PSU was greater than 125,000 persons, or by propor-
tion of owner-occupied housing if the PSU was smaller.
Within a cluster, ED’s were sorted by ED number, which is
based on geography.

The variables used to cluster ED’swere as follows:

. CBUR.

Median value of owner-occupied housing.

. Number of children under 6 years of age.

. Total population aged 65 years and over.

Number of owner-occupied housing units.

. Number of mabile homes or trailers.

. Number of units lacking some or all plumbing.

. Number of owner-occupied units of value less than
$40,000.

. Number of renter-occupied units with rent less than
$200 per month.

10. Number of one-room housing units.

11. Total black population.

12. Total Hispanic population.
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The last two variables were used only if the population was
greater than 5 percent of the PSU population.

Research had shown this procedure to be superior to
the sorting procedure used in the 1973-84 design. As most
of the within-PSU variance was due to the variance within
ED’s, and because the dtratification of ED’s reduced only
the variance between ED’s (Kobilarcik, Statt, and Moore,
1982; Moore, 1982), the reductions in total within-PSU
variances due to the new sort are small, but nontrivial.

Selection of housing units

Within a sample PSU, sample ED’s are subdivided into
blocks or other small land areas with well-defined bound-
aries. One such block or “chunk” is designated for the
sample with probability proportionate to its estimated num-
ber of housing units. A Census Bureau interviewer visits
the area well in advance of the scheduled interview date
and creates a list of al the housing units in the sample
block. Several subsamples are systematically drawn so as to
form noncompact clusters of four housing units each. Clus-
ters of four are formed in order to be compatible with other

Census Bureau surveys. Then, for NHIS, clusters are
paired to form the sample clusters of size eight. Samples for
additional years can easily be identified at the same time.

In areas where a separate new-construction frame is
used, an interviewer visits the permit-issuing office and lists
all the building permits for residential housing issued dur-
ing a specified time period. New-construction units are
clustered in groups of four and systematically sasmpled. To
avoid duplication between the area and new-construction
frames, the interviewer finds out when the units in the area
frame were built. Units built after a specified date are not
interviewed unless selected from the new-construction
frame. See U.S. Bureau of the Census (1978) for more
information on the sampling of new construction.

The total number of housing units in the SR PSU’s
ranged from about 165 to about 4,500. In the NSR PSU's,
the average sample size was nearly 200 housing units.

Oversampling the black population

The sample size of a subdomain can be increased by
differential sampling within PSU’s. This means that part of
a PSU would be sampled at a higher rate (oversampled)
than the rest of the PSU. For NHIS, PSU’s with at |east 5-
but with less than 50-percent black population were divided
into two unequal strata in such a way that the smaller
stratum contained the higher concentration of the black
population of the PSU. The sampling rate was increased in
the smaller stratum and decreased in the larger stratum so
that the total sample was the same as it would have been
without differential sampling.

This was accomplished iteratively. In the first tria
stratification, the smaller stratum included only one ED,
the one with the largest percent black population. In suc-
cessive iterations, the ED with the next largest percent was
added to the smaller stratum. The process continued until
either the smaller stratum would become the larger stratum
if another ED were added, or until it contained al of the
black population in the PSU.

For each pair of srata the following quantities were
calculated. The indexi = 1 represents the stratum with the
high density black population; = 2 represents the
complement.

N,= the population of stratum i (i = 1, 2)
t, = the proportion of stratum i that is the black
population
o(y)= the population variance for the total number
of black personsin stratum i
0?(z)= the population variance for a characteristic
total of interest in stratum i (total heads of
families was used in the research)

Without differential sampling, the sample size would
be n = r(N, + N,),where r is the sampling rate within the
PSU. To keep the same sample size with differential sam-
pling, the following must hold:

r(NytN;) = N, + 1A, @)
wherer,is the rate for stratumi.
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The following terms were also defined:
v= NE/NV u= t1/t2’ k = r1/rz

w=02W)/o ), c=0}(z) / 0.5)
Note that v, u, and k are all greater than or equal to 1.

Assuming simple random sampling within strata and
ignoring the finite population correction factor, it can be
shown that the ratio of the variance from the stratified
sample to that of the unstratified sample (the design effect
for differential sampling) for the estimate of the black
populationis

o (v) (wu+kv) (k+v)

DEG)= o2(y) kw (u+v) (1+v)

®)

and that the design effect for the total population charac-
teristic is

=af(z) (ctkv) (k+v) @)
DE &= ey ke vy

where ¢*(y) and ¢%(z) are population variances without
regard to strata.

For a given stratification, all variables are determined
except k. For a predetermined value of DE(z), k, and then
DE(y), can be calculated.

Research showed that most of the potential reduction
in DE(y) could be obtained with a value of 1.05 for DE(2).
Allowing increases to 1.10, 1.15, or more achieved only
small additional reductions in DE(y). For each tria stratifi-
cation, DE(2) was set equa to 1.05. Then, the stratification
giving the lowest value for DE(y) was used for sample
selection.

In dl, oversampling was used in 102 PSU’s. According
to preliminary estimates, the proportion of black persons in
the redesigned sampleis 16 percent, whereas without over-
sampling it would have been 11 percent (Chen, 1981,
Mazur, 1983, 1984; Olsen, 1982; Tadros, 1982a, 1982b;
Waksberg, 1973).

Randomization of assignments

In general, efficient work loads in a calendar quarter
take the following into account. First, they give about 7 to 8
weeks of work for an interviewer. Second, they should not
exceed 24 housing units per week. In the 1973-84 design,
where clusters were an expected four housing units, the
typical interviewer assignment comprised four clustersin a
week. For the 1985-94 design, the clusters in a PSU
scheduled for interview in a calendar quarter were com-
bined into weekly assignments of two or sometimes three
clusters each. Old-construction clusters were combined
clericaly so that, ordinarily, a week’s interviews in a PSU
would be in the same county or in two adjacent counties.

The scheduling of interviewer assignments for specific
weeks is done so that each regiona office will have approx-
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imately constant work loads from week to week, so that
interviewers will work regularly without too many weeks
between assignments, and so that weekly samples will be
approximately equal with respect to the following charac-
teristics (Parsons, 1984b; Tadros, 1984):

e The sample in each census region (Northeast, Midwest,
South, and West) and in the Nation.

e Thesamplein SR and NSR areasin each region and in
the Nation.

e The samplein CBUR categories in each region and in
the Nation.

In addition to the operational benefits, this weekly
balancing produced nationally representative weekly sam-
ples that could be accumulated over weeks, months, quar-
ters, or years for estimation purposes.

Clusters of new-construction units are added to the
weekly assignments as they occur. Sample balance is main-
tained to the extent possible, but restrictions on how these
clusters are scheduled may lead to aslightly poorer balance
than what existed at the beginning of the design. The main
difficulty isthat a single new-construction cluster in a PSU
must be added to a week that already contains an assign-
ment. If two new-construction clusters are to be added,
they may be placed in aweek in which the interviewer has
no work in that or any other PSU.
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Chapter IV.
Estimation procedures
for the 1985-94 NHIS

by Van L. Parsons, Ph.D., Office of Research
and Methodology, National Center for Health
Statistics

Introduction

The National Health Interview Survey (NHIS) is de-
signed for the making of inferences about the civilian
noninstitutionalized population of the United States. The
NHIS program a the Nationa Center for Hedth Statistics
(NCHS) focuses its attention upon making inferences
about the health of persons and households in the target
population. This is accomplished by inflating the responses
of each surveyed person or household in the NHIS, re-
ferred to as sample elementary units, to a nationa level. In
either case, for each unit in the sample, a weight is assigned
that permits estimation of population totals. An estimator,
Xfor any given population characteristic total X,can be
expressed as a weighted sum over all sample elementary
units, more precisely,

X =§&x(u) Wu) 1)

where u represents a sample elementary unit of the NHIS,
x (u)is the characteristic or response for unit u, and
W, (1) is the NHIS national weight for unit «. This estima
tor is used to generate the NHIS estimates of totals,
percents, and rates. In the sections that follow, the technical
aspects of the procedures used in creating national weights,
and the procedures used in estimating the variances of
NHIS estimators, are discussed.

Conceptual design model for the
NHIS

Complex estimation techniques are required for the
NHIS because the survey is based upon a highly stratified
multistage probability sample. The development of these
techniques is facilitated by presenting the NHIS design,
discussed in detail in the previous chapter, in a somewhat
idealized framework. The conceptual NHIS design, pre-
sented below, will provide a structural model for the impor-
tant design features.

The NHIS is a complex multistage probability sample
with the following design structure: The primary sampling
units (PSU’s) of the universe are partitioned into 125
strata: 52 self-representing (SR) strata and 73 non-self-
representing (NSR) strata. From this PSU universe, a
sample of 198 PSU’s is taken. All 52 PSU’s from the SR
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strata are included in the sample with certainty; in each
NSR stratum, two PSU’s are chosen without replacement.
The NSR sampling is done with probability proportiona to
relative size within the stratum using Durbin’s (1967)
procedure. In the sequel, for a given NSR stratums, PSU
selection probabilities will be denoted by r,, the probability
that sample PSU i, i = 1,2, is chosen, and,, ,, the joint
probability that sample PSU’s 1 and 2 are chosen.

For an SR stratum (or SR PSU) s, the certainty of
selection will be expressedw,,= 1.

Within each PSU, a sampling universe for second-stage
sampling is created. As discussed in the section “Selection
of NHIS sample” of chapter IIl, the eligible housing units
of each sampled PSU are partitioned into as many as three
substrata:

Substratum 1: All housing units from the building per-
mit frame. For some PSU’s this substratum is empty.

Substratum 2: All housing units in the area frame to be
oversampled. It is anticipated that a large proportion of the
population in this substratum will be black persons. For
some PSU’s this substratum will be empty.

Substratum 3: All housing units in the area frame not in
substratum 2. As substrata 1 and 2 may both be empty,
some PSU’s have al their housing units in this stratum.

The housing units of each substratum are grouped into
clusters to serve as secondary sampling units (SSU’s). The
expected cluster size is four housing units in substratum 1
and eight housing units in substrata 2 and 3.

A mean sampling interval (SI) for the U.S. target
population of SSU’s is determined. For a given sample PSU
i within stratum s, the mean sampling interval isSI-,,,
but different sampling rates are used within each of the
three substrata. The sampling interval for substratumj can
be expressed as SI‘m, -¢c, wherec,=1, ¢, <1 (over-
sample), and ¢, > I (undersample). Thevaluesof ¢, andc,
are chosen, in part, to satisfy the equation:

(M, +M,)/(SIm, )= M, [(SIw,, c,)+M, /(Sw,c,)

where M, and M, are the number of SSU’s in substrata 2
and 3, respectively.

Using the appropriate sampling interval, the sample
SSU’s are selected by a systematic sample using a random
start. Furthermore, the sampling of SSU’s within each
substratum is independent of the sampling of SSU’s within
any other substratum of any PSU.



For the NHIS al eligible households within a sampled
cluster are targeted for sampling. If, however, a sampled
SSU contains more households than the NHIS interviewer
can survey within a week, then a probability sample of
households will be taken. Although the NHIS can be
considered as having three stages of sample selection, a
fourth level of sample selection may be introduced by the
administration of an NHIS supplemental survey. In generd,
these supplements select a probability sample of the house-
hold members previously chosen at the third stage of
sampling.

National inflation weights

The NHIS estimator of a characteristic total as pre-
sented in equation (1) uses methodology based on the
features of the complex multistage probability sample to
define the national NHIS weightW,, for each sample
elementary unit. This national weight is the product of up
to four weighting factors:

Inverse of the probability of selection

Household nonresponse adjustment

First-stage ratio adjustment

Second-stage ratio adjustment (poststratification)

PN PR

When the elementary unit is an individual, al four
weighting factors define the person’s fina weight. Because
the NHIS ratio adjustments are based on person character-
istics, only the first two weighting factors are used to define
the national household weight.

The first weight to be defined is the inverse of the
probability of selection. The probability that a given person
or household elementary unit is selected in the sample is
determined by the product of the conditional probabilities
of selection at each stage of sample selection: PSU within
stratum, SSU within substratum of sampled PSU, house-
hold within SSU, and person within household (for supple-
mental surveys). The reciprocal of this product, say;, is
the first component weight of W,. Infrequently, this weight

will be modified. In the rare case in which less than 25
percent of the households of an SSU are subsampled, the

conditional probability of selection will be taken as 0.25.
This truncation of a weighting factor usualy occurs in fewer
than 10 SSU’s a year, and thus the biases introduced by
such a modification should be small.

In an ideal hypothetical sampling situation having no
nonsampling error components-for example, frame prob-
lems, nonresponse, or interviewer effects-equation (1),
with W] substituted for W,

X =2x(u) Wu) 2

will provide an unbiased estimator for the population total,
X. Such an estimator is referred to as a Horvitz-Thompson
estimator.

Historically, usually less than 5 percent of al eligible
NHIS sampled households do not respond. This household
nonresponse will most likely bias the estimator of equation

(2); consequently, the need for a weighting adjustment for
household nonresponse is judtified.

This need results in the second weight factor, the
household nonresponse adjustment. Assuming that nonre-
sponding households within an SSU have characteristics
similar to those of the responding households in that same
SSU, a natural way to define the household nonresponse
adjustment weight is the ratio

HE/HR
where
HE = the number of eligible households within an
SSU
HR = the number of responding households within an
SSU

In the rare instances in which less than haf of the eligible
households in an SSU respond, this nonresponse adjust-
ment is truncated to 2.0. Hence, the household nonre-
sponse adjustment factpW, is defined
W,, = minimum (HE/HR , 2.0).
An illustration of this adjustment is given in|table A

The estimator produced by substituting the product of
W, and W, for W in equation (1),

X =§x(u) W) W, ,(v) ©)

should produce approximately unbiased estimators for the
population total, X. The weightW-W, is used to define the
final national weight, W,, for households and is used to
produce all NHIS estimates based upon household charac-
teristics. For example, an estimate of the number of house-
holds below the poverty threshold that have a member with
limited activity status due to a health problem would be
computed using this weight. When person characteristics
are to be estimated, further weighting adjustments lead to
improved national estimates.

The third and fourth weighting factors to be defined
are ratio adjustments. Statistical sampling theory (Cochran,
1977) has demonstrated that in many situations the estima-
tors obtained by a ratio estimation procedure are often
more reliable than the basic inflation weight estimators
expressed by equation (2). More precisely, if X' and Y" are
basic inflation weight estimators of two population charac-
teristic totals, X and Y, respectively, and the “true” total Y is
known, then the ratio estimator X” = (X' /Y" ) Ywill often

Table A. Adjustment for nonresponse

Households Eligible
SSuU eligible households SSuU
number* for infer-view not responding adjustment factor*
... 6 1.0000
2. 6 1 1.2000
3. 8 1.0000
4. ... 4 3 2.0000

'SSU stands for secondary sampling unit.
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Table B. First-stage factors for use with the full National Health
Interview Survey sample, by region, residence, and whether
other than black or black

Table C. 60 age-sex-race cells In the National Health Interview
Survey

Black Other than black
Residence and .
whether other Region Age Male Female Male Female
than black Under 1 year X X X X
or black Northeast Midwest South West 14 years ... ... x « " "
A 59years ....... X X X X
MSA 10-14 years ~. .. .. .. X X X X
Other than black. . . 1.044548 1.038811 1.028855 1.018131 1517 years. . . . . .. X X X X
Black .. ....... 0.820819 1.032812 1.031638 0.849872 18-19 years. . . .. .. X X X X
1 20-24 years . .. ... . X X X X
Not-MSA
Other than black. 0.952168 0.968367 °0.983512 0.987550 25-29years. ... ... X X X X
Black .. ....... 1045485 1300000 30942102  1.025181 30-34 years. . . .. .. X X X X
35-44 years. . . .. .. X X X X
—49 years. . ... .. X X
'MSA = metropolitan statistical area as defined by U.S. Office of Management and Budget. ‘518—‘51)?1 ysgrrss i X X i
’0.983957 beginning January 1990 to account for replacement PSU's. 4 years. ... ...
°0.940309 beginning January 1990 to account for replacement PSU’s 55-64 years. ... ... X X X X
65-74 years. . . . ... X X X X
75 years and over . . . X X X X

be a more reliable estimator of X than is X" whenever there
is a high postive correlation between X and Y , and the
sample size is large.

The ratio adjustment is aso used to help correct survey
bias due to undercoverage. Historically, there has been
survey undercoverage of persons in the NHIS, and the
estimator of equation (3) will, in general, provide underes-
timates for many target population characteristic totals.
This bias due to undercoverage is often reduced by the use
of the ratio adjustments.

The first-stage ratio adjustment is used in an attempt to
reduce the between-PSU variance component of sampling
variation among the NSR PSU’'s. For each of four race-
residence classes within the NSR strata of each of the four
geographical regions, the first-stage ratio adjustments are
defined using the following methodology| (table B).

The 16 race-residency-region classes defined within the
NSR PSU’s will be indexed by the letter ¢, c = 1,2,. . . ,16.
Let

Z = the projected 1985 census total for class ¢ over all
NSR PSU’s in the population.

Considering only the first stage of sample selection as
presented in the conceptual design, the sample of NHIS
NSR PSU's leads to an unbiased estimate of Z, sayZ,

2

Z= 2 2 Z

© (5 NSR stralum =t

/=

sic

where Z,,. is the projected 1985 census total for class ¢ in
sample NSR PSU i of stratum s.

The first-stage ratio adjustment factor associated with
class c is defined as

F=2]Z,

with the value being truncated if it falls outside the interval
[0.7,1.3]. Now, the only sampled individuals who receive the
first-stage adjustment as a weighting factor are those
individuals who reside in housing units of substrata 2 or 3 in
the NSR PSU’s. Those individuals who reside in housing
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units of substratum 1, the building permit frame, of the
NSR PSU’s are not adjusted, as those housing units are not
included in the projected 1985 census NSR class totals. A
universal first-stage ratio adjustment, W ,, can be defined
for each sample person by defining a new class index, c =

0, to denote al persons not receiving the F, ratio adjust-
ment;

W . =W, (c)=F, ifc=12,...,16
=1 ifc=20

A first-stage ratio-adjusted national estimatcd¥,”, of ia
population total, X, is defined by equation (1) when the
weight W, is replaced with the product of the first three
component weights: W W, ‘W,

ry?

X" =3xu) Wiu) W, @)W, @) (4)

About 55 percent of the NHIS sample is collected from
residences that do not receive the first-stage ratio adjust-
ment. Preliminary research has shown that the inclusion of
the first-stage ratio adjustment factor will have very little
impact upon NHIS estimates (Parsons and Casady, 1987).

The main advantages of the ratio-estimation process
are exploited by the introduction of the second ratio factor,
the poststratification adjustment weight. This weight as-
sures that the NHIS estimates for 60 age-sex-race classes of
the civilian noninstitutionalized population of the United
States (shown inagree with independently deter-
mined controls prepared by the U.S. Bureau of the Census.
Furthermore, the independent controls are the same ones
used for the Current Population Survey (CPS). Thus, the
national population estimates for any combination of the
age-sex-race groups from the two surveys are the same,
which greatly enhances comparability of the two surveys.

Each month the U.S. Bureau of the Census produces
national estimates for the age-sex-race classes. Although
the NHIS is conducted weekly, the poststratification adjust-
ment is computed only for NHIS quarterly estimates. The



NHIS quarters and the dates of the estimates are as
follows:

NHIS quarter Population estimates

January-March. . . . . . . . February 1
Aprilkdune ... ... May 1
July-September . . . . . . August 1

October—December. November 1

Each quarter, 60 age-sex-race adjustment weights are
computed. If a represents 1 of the 60 age-sex-race classes,
Y(a) represents the U.S. Bureau of the Census estimate for
class a, and Y'(a) represents the NHIS first-stage ratio-
adjusted nationa total for class a,

Y (@) =2 1,(u) W) W, ()W, 1)

where

I(u) = 1if person u is in class a
= 0 otherwise

then the second-stage ratio adjustment weight for class a,
W.,, is defined as

W= Y(a)/ Y"(a)

The two-stage ratio-adjusted national estimator, X, of a
population total, X, is defined by eguation (1) with the
weight Wefined by the product of the four component
weights: W, - W, - W, - W,

X =§u4x(u) W) W, ()W, @)W, (1) (5)

Variance estimation

Most of the estimates produced from the NHIS are
totals and ratios of totals, such as means, percents, and
rates. All such totals are produced using the final nationa
inflation weight as described in the preceding sections.
These estimates are subject to both sampling and nonsamp-
ling errors. The nonsampling errors, such as response
errors, defective sample frames, nonresponse, and under-
coverage, are difficult quantities to measure, but every
effort is made to minimize such errors a each step of the
NHIS operation. The sampling error, however, can be
measured by the variance of the estimator.

Equation (5), which generates the NHIS estimates,
permits very simple computation of the estimates;, however,
the variances of such estimators are more difficult to
compute. The functional form of a variance estimator
depends upon the nature of the survey design and the first-
and second-order estimation procedures. For the NHIS
both the multistage, unequal probability design and the
ratio adjustments complicate variance estimation method-
ology. Wolter (1985) and Rust (1985) present excellent
reviews of variance estimation for complex surveys. Of the
available methods, NCHS has  chosen the
Taylor-linearization methods for use with the current de-
sign. Prior to the 1985 NHIS, the Balanced Repeated

Replication (BRR) method was used for variance
estimation.

There are three primary reasons for this decision. First,
the new design caled for two PSU’'s to be selected without
replacement from each NSR stratum. The NCHS BRR
computer procedure (NCHS, 1977) assumes that the PSU’s
are chosen independently. This lack of independence would
complicate the BRR procedure. Second, the linearization
methodology is computationally simple when applied to
NHIS estimators. Finaly, the linearization method gives
analysts greater flexibility in studying the operationa and
dtatistical aspects of the survey design and the estimation
methodol ogy.

Variance estimation for totals

The conceptual design for the NHIS permits the devel-
opment of variance formulas for the NHIS estimators. The
first step is to define a variance estimator for an NHIS
estimator of a tota where the sample weight is the inverse
of the probability of selection. Such a total is that expressed
by X,in equation (2). This defines a linear estimator, and
its theoretical variance and an estimator of this variance can
both be expressed in a mathematically tractable form. The
theory for linear estimators will then lead to variance
approximations for ratio-adjusted totals.

. Consider the general form of the four estimators, X
X', X", X, given by equations (2) through (5):

9

Xy =2x @) W, @) (6)

where X , : is a generic total based upon the generic weight

W,.

In order to present variance formulas, some notation
and definitions are needed.

The following indexes will be used to dencte the nest-
ing within the NHIS design:

§ = stratum
i=PSU

j = substratum
k= SSU

For substratum j within sampled PSU i within stratum
s let

nyy

Y, = the aggregate of a characteristic over all sam-
ple elementary units within SSU &,
k=12,...,n,, where each unit’s response, x,
is inflated by W this total is computed by
equation (6) when restricting units to one SSU

= the number of SSU’s sampled

>
-

1

Y T YAMK / n, ,a substratum sample mean
"3 sl - w 2
S = 2, =Y ) /(ntij—l)’a
substratum variance estimator
- S Qi .
. 1_21 ,21 Y i, a PSU estimator of total.
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An estimator for the variance of )f, discussed by
Parsons and Casady (1987), is

VARX)= 3  (m w,~w ), —¥,)

(#: NSR sratumy - 91

Ty12
2 3 .
(6 Vo strotum) =1 81 12.1”-11 S
. r2
+ - S%ttratum) 12-:1'1'11 S 2] (7)

Based upon theoretical and empirical evidence (Par-
sons and Casady, 1987) and (Casady et al., 1987), the
following conclusions can be drawn about using eguation
(7) as an estimator for the variance of a total. All conclu-
sions are based upon the conceptual NHIS design discussed
earlier. N

For the estimator X ,, equation (6) with W, = W, the
variance equation (7) will provide a dight overestimate (in
terms of mathematical expectation) of the theoretical vari-
ance of X,whenever there is a 100-percent response rate.

For the estimator ' X ",equation (6) with W, -W, W,
the variance equation (7) will provide a dlight overestimate
(in terms of mathematical expectation) of the theoretical
variance X' if the household nonresponse adjustment can
be treated as the inverse of a probability of selection. This
artificial stage can be considered as the selection of re-
sponding households by means of a probability sample
within the SSU. Furthermore, it must be assumed that
person response within responding households is 100
percent. .

The estimator X", equaion (6) with W, =
W -W,, - W,,, provides NHIS estimates almost identical to
those produced by X'. The introduction of the first-stage
ratio adjustment appears to have little impact, and the
variance equation (7) should be adequate.

The estimator X, equation (6) with W,=
W, W, -W., W,,  provides NHIS person estimates. The
use of the variance equation (7) will usualy overinflate the
sampling variance. For example, because estimates of post-
stratification age-race-sex classes are ratio-adjusted, the
variances of such estimators are zero. The use of equation
(7) may lead to nonnegligible variances.

The NHIS edgtimator X of equation (5) is not a linear
estimator; therefore, a mathematically tractable expression
for its variance does not exist. Woodruff (1971), however,
has suggested a procedure in which a nonlinear estimator
of total is “linearized” by a Taylor series approximation;
and then equation (7) is applied to this linear form to
produce a variance estimator for the original nonlinear
total.

Variances for ratio-adjusted NHIS totals

Of the two ratio adjustments, only the second stage has
any significant impact on the NHIS variance estimates
(NCHS, 1977; Parsons and Casady, 1987). Consequently,
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for variance estimation purposes, the NHIS can be treated
as having only one rétio adjustment, the second stage. With
this in mind, the following methodology can be used to
compute variances for NHIS person totas.

Let X be the NHIS ratio-adjusted estimator of a
person population total as presented in equation (5). An
estimator of the variance of X can be computed by the
following procedure:

1. For each person unit define the W, weight as

WG=HII : an 'I'Vn
2. For each poddtratification cell, a compute

T, @)= Zxw)W,@andT(@)= 2 1W, )

These are firdt-stage ratio estimators for the character-
istic count and the population count, respectively, in each
poststratification cell.

3. Each person unit, u, has a second-stage ratio ad-
justment factor, W, (a), «corresponding to its class,
a. For this unit define the transformation:

xX(@:LYy=W,(a) [ x@) =T (@)/T,(a)]

4. The estimator of variance for X is defined by
equation (7), but now the Y and™ S? terms are
computed using the W,weight specified in step 1
and replacing the elementary unit's response, x(u),
with the transformed value x(u:L) as specified in
step 3.

Further discussion of this transformation has been
documented (Casady et al., 1987; Parsons and Casady,
1987).

Variances for ratios of totals

The linearization procedures easily extend to the ratios
of two NHIS totals. Suppose that X, and X, are two NHIS
ratio-adjusted-totals, and the ratio of the totas is expressed
as R=X,/X, The variance estimator can be defined by
an extension of the algorithm above.

1. Steps 1, 2, and 3, above, are followed to produce
linear transformations for the numerator and de-
nominator totals, x,(u:L) and x,(u:L), respectively.

2. The transformation for the ratio R is then defined:

x(u:L)= [x,(u:L) — Iéxd L) ] /A;d

3. Step 4, above, is followed but uses x(u:L) as just
computed.

Equation (7) and the linearization transformations are
easily programmed.
Presentation of variances in NHIS publications

Many of the NHIS publications contain a very large
number of tabular estimates. Individual estimates of



variance are usually not computed for al tabular estimates,
but instead, specia variance tables and charts, which alow
the reader to approximate variances, are often included in
the NHIS publications.

As mentioned earlier, most NHIS estimates are totals
or ratios of totals. Hansen et al. (1953) present a procedure
that permits the approximation of variances for a large
number of estimated totals. This methodology uses two
assumptions.

Firgt, if X'is an estimator of a population tota, , X, and
0% (X)is an edimator of the theoretical variance of X, then

52(X)/X = a+b/X+e
where a and b are unknown parameters, and

E (¢) = 0 and variance(¢) = [a + b/x)?

Second, estimates of total can be grouped by classes,
each class having the same a and b parameters.

If a large number of estimates of totals can be grouped
into classes satisfying the second assumption, then regres-
sion techniques can be used to estimate the parameters a
and b for the class.

NCHS uses this procedure in its Current Estimates
reports. Firgt, the published totals are grouped by the main
variable of interest, for example, doctor visits, bed days, and
acute conditions. All subdomain totals are listed with the
main variable. Next, a representative sample of totals is
selected from the group. The methodology discussed in the
previous sections is then used to compute variances for
these sample totals. Finally, iterative regression techniques
are used to fit the model of the first assumption to these
computed values. The ultimate result is the estimation of
the a and b parameters for the group from which the
representative sample was taken.

As an illugtration, in the 1985 Current Estimates report
(NCHS, 1986) it is reported that for the health variable
“total number of doctor visits’ the a parameter is 0.000082
and the b parameter is 172,892.1. These parameters were
estimated by using a representative sample of 64 doctor

vigt totals based on different subdomains. A partia listing

of these doctor visit their estimated coefficients
of variation appear in[ table D.

These parameters are presented in the NHIS publica
tions, and rules explaining their usage are given. The rules
also explain how to estimate the variances of ratios of totals
using the computed a and b parameters.
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Table D. Coefficient of variation (CV) for doctor visit totals by selected subdomains

Estimate Estimated Smoothed

Subdomain of total ov! ov?
Al @geS . . . v oo e e 1,230.868 1.32 1.49
Currently employed . . ... .. ... .. . o 481,816 2.03 2.10
While, family income $9,000-$19,000. . ... ................ 209,880 3.77 3.01
Living in MSA,’55-64 years of age .................. 118.396 4.16 3.93
Male, 65-74 years of age . .......................... 53,246 4.80 5.77
West Region, 18-24 yearsofage . ....................... 27,892 8.80 7.93
Family income $9,000-$13.000, 25-34 yearsofage . . .. ......... 16,256 11.04 10.35
Unemployed, 18-24 years of age ... .................... 7,175 13.34 15.55
Black, family income under $9,000, under 5 years of age . ... ... .. 4,740 14.60 19.12

*Computed using linearization.
*Computed using formulaa + b/ X.
*MSA is metropolitan statistical area as defined by U.S. Office of Management and Budget.
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