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Preface

This report presents a detailed description of the
sample design, weighting procedures, variance estimation,
and imputation procedures used in Cycle IV of the Na-
tional Survey of Family Growth (NSFG). The survey was
designed and conducted by Westat, Inc., of Rockville,
Maryland, under a contractual arrangement with the Na-
tional Center for Health Statistics (NCHS). The sample
design was developed under the supervision of Joseph
Waksberg of Westat, in cooperation with Dr. Owen
Thornberry, Director of the Division of Health Interview
Statistics of NCHS, and Dr. William F. Pratt, Chief of
Family Growth Survey Branch and Project Officer for
Cycle IV of the NSFG.

Some of this report is based on survey specification
documents prepared by Westat, Inc., and on internal NCHS
memoranda.

Dr. Christine A. Bachrach of the National Institute of
Child Health and Human Development (NICHHD) and
Thomas F. Moore of the Statistical Methods Division, U.S.
Bureau of the Census, served as peer reviewers of this
report and made many useful comments and suggestions.

Cycle IV of the National Survey of Family Growth was
supported in part by NICHHD, National Institutes of
Health, and the Office of Population Affairs, Office of the
Assistant Secretary of Health. These agencies also partici-
pated in the design of the questionnaire.
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National Survey of
Family Growth: Design,
Estimation, and
Inference

by David R. Judkins, M.A., Westat, Inc.; William D.
Mosher, Ph.D., Division of Vital Statistics, National
Center for Health Statistics; and Steven Botman,
M.A., Office of Research and Methodology, National
Center for Health Statistics

Summary

The purpose of this report is to document the proce-
dures used in the 1988 National Survey of Family Growth
(NSFG) to select the sample, weight the data to produce
national estimates, impute missing data, and estimate
sampling errors. Therefore, this report necessarily con-
tains a great deal of technical detail. For readers who do
not need this level of detail, this summary briefly describes
the procedures used.

The National Survey of Family Growth is conducted
every few years by the National Center for Health Statis-
tics (NCHS), a part of the U.S. Department of Health and
Human Services. The purpose of the survey is to collect
and publish data from a national sample of women on
childbearing, factors affecting childbearing (such as con-
traception, sterilization, and infertility), and related as-
pects of maternal and infant health. Interviewing for Cycle
IV of the survey was done in 1988 by Westat, Inc., under a
contract with NCHS.

Personal interviews were conducted between January
and August of 1988 with a national sample of 8,450
women in the civilian noninstitutionalized population of
the United States. Interviews were conducted in person by
trained female interviewers and lasted an average of 70
minutes. The interview focused on the woman’s pregnan-
cies, if any; her use of contraception; her ability to bear
children (fecundity and infertility); her use of medical
services for family planning, infertility, and prenatal care;
her marriage and cohabitation history, if any; and a wide
range of demographic and economic characteristics.

This report describes some of the main methodologi-
cal aspects of the survey, including the sample design,
weighting, sampling errors, and imputation of missing
data. These topics will be described briefly and less
technically in this summary. Each topic is discussed in
more detail in the rest of the report.

Sample design

The 8,450 women interviewed for the NSFG were
drawn from households in which someone had been inter-
viewed for another NCHS survey, the National Health
Interview Survey (NHIS), between October 1985 and

March 1987. Women were sampled from 156 areas, called
primary sampling units or PSU’s. A PSU is a county or
group of adjacent counties. The sampled PSU’s were
located in nearly every State and included all of the largest
metropolitan areas in the United States. If the woman
selected for the NSFG had moved since the NHIS inter-
view, she was tracked to her new address and interviewed
there.

Different numbers of women were available for the
NHIS in 1985, 1986, and 1987, so the sampling procedure
differed somewhat in each of these years. The NSFG
sampling plan was designed to increase the reliability of
data for black women by oversampling them and to
increase the reliability of data for women who are not
black by reducing the variations in their sampling rates.
The NSFG sampled only one woman per household, even
if more than one eligibile woman lived there. The sampled
woman was selected in the following way: one black
woman was selected for the NSFG from each of the
households containing one or more black women inter-
viewed in the NHIS from the last quarter of 1985 through
the first quarter of 1987; of the women who were not
black, one was selected per household from a much
smaller proportion of households interviewed in the NHIS
from the first quarter of 1986 through the first quarter of
1987.

A simple random sample of women 15-44 years of age
in the United States would mean that every woman 15-44
years of age would have the same chance of being selected
for the sample, regardless of her characteristics or where
she lived. The NSFG sample is not a simple random
sample for two reasons: Only some areas were chosen (by
probability selection) to be in the sample and, within areas
included in the sample, women were sampled at different
rates. For example, black women were sampled for the
NSFG at a higher rate than other women, so that reliable
statistics could be produced for them. As a result, inter-
views were completed with 2,771 black women and 5,679
women of other races. Certain other women (described
later in the report) were also sampled at higher rates.
Therefore, the NSFG data must be weighted, and
estimates of sampling errors should be made using the
techniques discussed in this report.



The NHIS response rate was 96 percent. Of the
sampled women selected from responding NHIS house-
holds for the NSFG, the NSFG simple response rate was
80 percent. However, this rate does not take into account
the subsampling for nonresponse (described later in this
report), which was a part of the intensive followup (the
last stage of interviewing). NCHS prefers to take this
subsampling into account when calculating the response
rates, When this is taken into account, the NSFG response
rate is 82 percent of the women in the NHIS. Thus, the
total response rate is 96 percent times 82 percent, or
about 79 percent.

Weighting

The NSFG is intended to produce national estimates
of the number as well as the percent of women with
certain characteristics—such as the number using the Pill,
the number who are infertile, or the number who used
family planning services in the last year. In order to
produce these national estimates, each woman inter-
viewed was given a sampling weight, which is the number
of women in the population that she represents. The
weights were determined in four main stages: The first
stage was to determine the baseweight, which is the
reciprocal of the probability that the woman was selected
for the sample. For example, if the probability that a
certain woman was selected was 1 out of 6,000, her
baseweight would be 6,000. The second stage of weighting
was trimming where cases with very large weights were
reduced to a maximum value, The third stage of weighting
was an adjustment for nonresponse, because certain cate-
gories of women were less likely than others to be found at
home and interviewed. The fourth stage of weighting was
poststratification, where NSFG totals were adjusted to
independent estimates of women by age, race, marital
status, and parity (the number of live births the woman
has had) obtained from the U.S. Bureau of the Census.

Imputation

In any survey, not every question is answered by every
person interviewed. Sometimes a respondent cannot re-
member the fact asked for in a question; occasionally the
respondent may refuse to answer. Sometimes the inter-
viewer will skip a question by mistake or forget to write
down the answer. Such missing data create inconsistencies
in estimates, which may be confusing for some users of the
data. Filling in answers for these missing items is called
“imputation”; imputation makes the data complete, more

consistent, and easier to use. About 200 variables (only a
small fraction of the total number used in the survey) were
imputed. The percent of cases with imputed data is under
1 percent for most of the imputed variables, and it never
exceeds 11 percent. The techniques used for imputation
in the 1988 NSFG were “hot-deck imputation” (used
most), imputation using models, and imputation by judg-
ment (used least). On the public-use computer file of the
NSFG data, variables with imputed data are identified,
and the type of imputation used is also shown. Further-
more, the imputed variables are constructed variables
(recodes), and all of the raw data may be found in their
unimputed forms.

Variance estimation

Variance is a measure of how much a statistic (such as
a percent or an average) can vary in different samples. In
a simple random sample, the probability that a person will
be selected for the sample is the same for all persons in
the population. However, the NSFG was not based on a
simple random sample; the probabilities of selection var-
ied by area, by race, and by other variables. Therefore,
variance estimates in many standard computer packages
and many statistics textbooks will be too small when
applied to the NSFG. The authors recommend that re-
searchers use the weights, variance formulas, and variance
estimation techniques described in this report to estimate
sampling errors for the NSFG.

Variances for the NSFG were estimated using a
technique called “balanced repeated replication” (BRR).
This procedure estimates the standard error for survey
estimates (such as percents or numbers) using parts of the
whole sample. In the NSFG, tables were designed using a
number of dependent and independent variables. Sam-
pling errors were calculated for the weighted numbers in
these tables. The ratios of the variances to the squares of
the weighted numbers were plotted against the inverse of
the weighted numbers, and a weighted least-squares line
was fitted to those points. The intercept and slope for
these lines are given in this report; they can be used to
estimate the standard errors of percents and weighted
numbers from the NSFG. If researchers wish to estimate
variances for other statistics, such as averages or regres-
sion coefficients, they can use BRR, as described in this
report.

The rest of this report covers sample design, weight-
ing, imputation, and estimating sampling errors in more
detail.



Background

The National Survey of Family Growth was estab-
lished in 1971 by the National Center for Health Statistics,
Division of Vital Statistics. The purpose of the survey is to
provide current information on childbearing, factors af-
fecting childbearing (such as contraception, sterilization,
and infertility), and related aspects of maternal and child
health. It is a periodic survey, conducted every few years.
The first cycle was conducted in 1973, the second in 1976,
the third in 1982, and the fourth in 1988.

The target population of Cycles I and II was the
civilian household population of women 15-44 years of
age in the conterminous United States who were currently
or previously married. The only never-married women
interviewed in Cycles I and II were those never-married
mothers with offspring living with them at the time of
interview, These women constitute only a small proportion
of all never-married women.

The target population for the Cycle III survey was
expanded to include women of all marital statuses and
women living in group quarters. Thus, the Cycle III survey
represented the civilian noninstitutionalized population of
women 15-44 years of age in the conterminous United
States. This target population was expanded for the Cycle
IV survey to include Alaska and Hawaii.

Data for all four cycles were collected from probabil-
ity samples of women by means of personal interviews. For
the first three cycles, the interviews lasted an average of 1
hour. For Cycle IV, the average interview was 70 minutes.
The interviews provided information on fertility trends
and differentials, contraception, breast feeding, family
planning services, and other aspects of maternal and child
health closely related to childbearing. Questions regarding
knowledge of acquired immunodeficiency syndrome
(AIDS), chlamydia, and genital herpes are among the new
items in Cycle IV.

The sample design and data collection for Cycle I
were done contractually by the National Opinion Re-
search Corporation of the University of Chicago (1); and
those for Cycles II through IV were done under contract
by Westat, Inc., of Rockville, Maryland (2—4). Cycle IV is
based on interviews with 8,450 women. The interviews
were conducted between mid-January and mid-August of
1988. This report describes the sample design used to
select the women, the techniques used to estimate popu-
lation parameters (including weighting and imputation),
and the procedures used to estimate sampling variances.



Design specifications

Efficient sample design must take into account the
primary survey objectives, the available funds, logistical
problems, time limitations, the size and characteristics of
the population under study, and the costs of various
design features. NCHS chose to select a subsample of the
women that had been previously interviewed for another
survey, the National Health Interview Survey (NHIS). The
primary specifications for the National Survey of Family
Growth (NSFG) were

® The target population was defined to be noninstitu-
tionalized women 15-44 years of age who were living
in households or group quarters in the United States,
including Alaska and Hawaii. Women in the military
and those confined to institutions such as prisons and
mental hospitals were specifically excluded.

o Completed interviews were to be obtained from ap-
proximately 8,500 women, selected from households
previously interviewed for the NHIS. It was to include
about 2,800 black women, many more than could be
expected by chance in a sample of 8,500. No more

" than one randomly selected eligible woman per house-
hold was to be interviewed.

¢ Data were to be collected from the sample women by
means of personal interviews lasting an average of 70
minutes. No proxy interviews were to be accepted.

All interviewers were to be female.

The interviewer was to collect information on fertility,
sexual experience and contraceptive use, sources and
types of family planning services, knowledge of AIDS,
and related aspects of maternal and child health by
using a highly structured, printed questionnaire.

The target interview completion rate was to be
85.0 percent among those who had already completed
the NHIS. This meant achieving an overall completion
rate of 81.6 percent, taking into account the fact that
the NHIS had a completion rate of about 96 percent.
Furthermore, these response rates were to be
achieved both for black women and women of other
races.

The interviewing was to be completed in approxi-
mately 6 months.

The contractor, in cooperation with NCHS, was to
design and implement procedures to measure and
control the quality of data collection and data
preparation.



Sample design

Summary

The sample design for Cycle IV of the National
Survey of Family Growth (NSFG) was a subsample of
women whose households had participated in the National
Health Interview Survey (NHIS). The NHIS is a continu-
ous survey of the civilian noninstitutionalized population
of the United States. When the full NHIS sample can be
used, interviews are obtained at 47,600 housing units each
year in a fixed set of 198 areas; some of these are
metropolitan areas and others are clusters of nonmetro-
politan counties. Data are collected for each household
member on disabilities, health conditions, doctor visits,
hospitalizations, and other health related topics. A new
sample of households is interviewed each year.

NCHS provided computer files to Westat, Inc., of
households that participated in the NHIS, together with
address information, rosters, and some basic demographic
data on household members. Households were included
that had been interviewed for the NHIS any time between
the fourth quarter of 1985 and the first quarter of 1987,
inclusively. From these, Westat selected the NSFG sam-
ple. Households were drawn from 156 of the 198 primary
sampling units (PSU’s) in the NHIS design. In compari-
son, Cycle III was confined to 79 PSU’s. Spreading the
sample across more PSU’s resulted in smaller sampling
errors.

No more than one woman was selected per house-
hold. Interviewers attempted to locate the selected
women, following them to new addresses, if necessary.
After locating a sampled woman, the interviewer con-
ducted a brief “screener” interview to confirm that she
was the sampled woman and that she was eligible for the
NSFG.

Design of the National Health
Interview Survey

The NHIS sample design was redesigned in 1985 (5).
As a result, it became possible for NCHS to transmit data
on the NHIS sample households to private contractors for
use in conducting followup surveys. These followup sur-
veys are then said to be linked to the NHIS. The confiden-
tiality of the transmitted data is protected under section
308(d) of the Public Health Service Act.

The NHIS sample is restricted to 198 county or
multicounty PSU’s. These sample PSU’s were selected
from a much larger set of PSU’s (that covers the United
States), using a stratified probability design. This means
that the PSU’s were grouped prior to selection to ensure
that the selected PSU’s would be broadly representative in
terms of several demographic and economic characteris-
tics. Some of these PSU’s are so populous that they were
included in the sample with certainty. These are called
self-representing (SR) PSU’s. There are 52 SR PSU’s in
the full NHIS design. The remaining 146 PSU’s had a
chance of not being selected. The selected PSU’s repre-
sent both themselves and other PSU’s that were not
selected. Hence, they are called non-self-representing
(NSR) PSU’s.

To allow flexibility to conduct the survey with any of
several different sample sizes, the PSU’s are divided into
four panels, each of which can be used to represent the
Nation, if need be. The very largest SR PSU’s are in all
four panels. Medium-sized SR PSU’s are in two panels.
There are 62 PSU’s in a single panel sample, 112 PSU’s in
a two panel sample, 156 PSU’s in a three panel sample,
and 198 PSU’s in the full design.

Within each sample PSU, a sample of blocks (or smail
groups of blocks) was selected. In PSU’s with between a 5-
and 50-percent black population, blocks in enumeration
districts (ED’s) with high black populations were selected
with a higher probability than other blocks. Within each
block or blocks, a cluster of an expected eight housing
units was selected. These housing units were spread as
evenly throughout the block as possible.

To gain better control over the size of the sample,
housing units constructed since the 1980 census were
selected through a sample of building permits rather than
through area sampling. These units were selected in clus-
ters of four instead of eight.

To provide continuous coverage of the population
throughout the year, the sample of households was spread
over 52 weeks, with each week’s sample being representa-
tive of the U.S. population. Each year, a totally new
sample of households is selected. However, they tend to
be neighbors of the households interviewed the previous
year.



Selecting the National Survey of
Family Growth sample

Women interviewed in the National Survey of Family
Growth were from households in which someone had been
interviewed in the National Health Interview Survey. The
procedure for selecting the NSFG sample from the NHIS
sample was complex. In this section, factors motivating the
design and the design features themselves are described in
tandem. For those more interested in any effects of the
design than in motivating factors, note that in some PSU’s
only black women were selected, neighborhood clusters of
black women tend to be larger than clusters of other
women, and households containing more than one eligible
woman who was not black were selected at a higher rate
than households containing just one. This last point re-
duces considerably the variability in the weights of women
who are not black. The weights of black women vary more
than the weights of other women.

The NSFG sample was drawn from women whose
households had participated in the NHIS in the fourth
quarter of 1985, any time during 1986, or in the first
quarter of 1987. Because of variations in the level of
funding for the NHIS, the 1985 NHIS sample was re-
stricted to three panels (156 PSU’s), and the 1986 NHIS
sample to just two panels (112 PSU’s). Funding was
augmented for 1987; therefore, the 1987 NHIS sample is
used in all 198 PSU’s of the full NHIS design. Unfortu-
nately, even combining all six of the available quarters did
not provide as many black women as were selected for
Cycle III of the NSFG. (However, even though fewer
black women were selected in Cycle IV than in Cycle III,
estimates for black women in Cycle IV have smaller
sampling errors than those in Cycle II1.) The decision was
thus made to select as many black women as possible,
subject to the restraint of selecting just one woman per
household. The only black women who were not selected
were those who resided in the 42 PSU’s that were used by
NCHS only in 1987. It was judged that the travel costs per
completed interview would have been too high to inter-
view the women in these PSU’s.

Combining all six of the available quarters provided
many more women who were not black than were re-
quired. In deciding how to subsample, the general prefer-
ence was to take the most recently interviewed, because
they would be the least likely to have moved since they
were interviewed in the NHIS. It appeared, however, that
the household information from the first quarter of 1987
might not be available for sampling in enough time;
therefore, an initial decision was made to restrict the
sample of women who were not black to those sampled in
1986. Subsequently, timing ceased to be as tight and more
funding was made available; therefore, the sample of
women who were not black was expanded to include some
women from the first quarter of 1987.

The first step was to select households; the second
was to select women from those households. In house-
holds with one woman eligible for the NSFG, that woman

was selected with certainty. In households with two
women eligible for the NSFG, only one was selected, so
their within-household probability of selection was only
one-half; if there were three eligible women, only one was
selected, so their within-household probability of selection
was only one-third. For example, if the overall probability
of selecting a household in an area was about 1 in 5,000,
for a household with only one eligible woman, the proba-
bility of selecting that woman is 1 in 5,000; for a household
with two eligible women, the probability of selecting either
woman is 1 in 10,000. This increases the variation in the
probabilities of selection. To reduce this variability, house-
holds with two or more eligible women who were not black
were oversampled, and households with only one eligible
woman who was not black were undersampled. This dis-
proportionate sampling of households that were not black
was accomplished mainly by selecting households with

more than one eligible woman for all 52 weeks of the 1986

NHIS and by selecting households with exactly one eligi-

ble woman from only 30 of those 52 weeks. Rules for

selection of households are summarized in table A and
listed below:

e All NHIS sample households in the 156 PSU’s used in
the fourth quarter of 1985 containing one or more
eligible black women were selected.

e AJl NHIS sample households from 1986 containing
one or more eligible black women were selected.

e All NHIS sample households from the first quarter of
1987 containing one or more eligible black women
were selected if the women lived in one of the same
156 PSU’s used in the fourth quarter of 1985.

o All NHIS sample households from 1986 containing
more than one eligible woman who was not black were
selected,

e Households from the 1986 NHIS with only one eligi-
ble woman who was not black were selected from 30
of the 52 weeks of 1986.

Table A. Rules for selecting households from the National Health
Interview Survey (NHIS) sample for the National Survey of Family
Growth, by year and quarter interviewed in the NHIS and race
and number of eligible women living in the NHIS household:
1988 National Survey of Family Growth

Year and quarter interviewed
Race and number of

eligible women living in 1985 1986 1987
the NHIS household fourth quarter  all quarters first quarter

Households selected for the NSFG

Black
Allin Allin Allin
Atleastt. ... 156 PSU's 112PSU's 156 PSU's
Other than black
Exacty1 ........... None 30 weeks 1 week
of every of every
52in 13 1In 112 PSU's
112 PSU's
Exactly2 ........... None Allin 12 weeks of
112 PSU's  every 13
in 112 PSU’s
Atleast3........... None Allin All in
112 PSU's 112 PSU's

NOTE: PSU’s are primary sampling units.



e A few of the NHIS sample households (1 week out of
13) in two of the available panels from the first
quarter of 1987 containing exactly one eligible woman
who was not black but no eligible black women were
selected.

¢ Households assigned to 12 out of the 13 weekly NHIS
subsamples in two of the available panels from the
first quarter of 1987 containing exactly two eligible
women who were not black but no eligible black
women were selected.

e All NHIS sample households in two of the available
panels from the first quarter of 1987 containing three
or more eligible women who were not black but no
eligible black women were selected.

Within a given household, all eligible women had the
same probability of selection. (The probability of selection
was simply one over the number of eligible women.)
Eligibility was defined in terms of exact age on March 15,
1988. A woman had to be 15-44 years of age on that date.
(There was one minor exception to these rules. Within
multiracial households selected from the last quarter of
1985 and the first quarter of 1987, only black women had a
chance of selection. Each of the black women in such a
household had the same probability of selection.)

Field adjustments

There were rare instances where the “sampled
woman” was younger than 15 years of age, older than 44
years of age, or turned out to be male. (NHIS age and sex
information were imputed if missing, causing some errors.
Even where the data had not been imputed, other errors

were found.) In these cases, the interviewer selected from
among other eligible women then residing in the house-
hold. If there were no other eligible women, the case was
dropped.

Subsampling for nonresponse
followup

After all efforts to complete an interview were ex-
hausted by local interviewers, a 50-percent subsample of
all nonresponse cases was selected. The subsampling,
which was designed to reduce interview costs, was accom-
plished in two ways. In six large-city PSU’s, where there
were large numbers of nonresponse cases, all nonresponse
cases were sequenced-by an identification number and a
systematic sample of half of them was drawn. The remain-
ing PSU’s were sequenced in descending order by the
number of nonresponding cases they contained. A 50-
percent sample of these PSU’s was selected systematically.
Among the selected cases, those that appeared to be
convertible were assigned to a corps of traveling interview-
ers and assistant supervisors for intensive followup. (Note
that the subsampling was done before cases were screened
for convertibility.)

Prior to the followup, the response rate was 77.9 per-
cent. Of the 8,450 final respondents, 220 were obtained as
a result of the nonresponse followup. Counting each of
these 220 interviews twice (because each woman repre-
sents herself and one other woman) boosts the response
rate from an unadjusted 80.0 percent (8,450/10,561)
to an effective response rate of 82.1 percent
((8,450 + 220)/10,561).



Characteristics of the
sample

Designated sample sizes and
probabilities of selection

Table B shows the number of cases that were selected
from the NHIS, by race and number of eligible women in
the household; it also shows estimated numbers of such
women in the Nation as a whole, average probabilities of
selection, and average weights. Note that the probability
of selection for black women is much higher than for other
women. This is because of the deliberate oversampling of
black women. Also note that the probability of selection
for women in large households is lower than for women in
smaller households. This is because of the selection of
only one woman from each household, even where several
are eligible. Lastly, for sampling, note that race was taken
as reported for the NHIS and was thus subject to revision
as a result of the NSFG interview.

Table B. Designated sample sizes, population sizes, probability
of selection, and average weights, by race and number of eligible
women: 1988 National Survey of Family Growth

Race and number
of eligible women

Designated Probability Average
sample size Population of selection  weight

Number
All women 15-44
yearsofage ......... 10,694 57,900,000 0.00018470 5,414.25
Race
Black. . . ............ 3,566 7,679,000 0.00046438 2,153.39
Other than black. . . ... .. 7,128 50,221,000 0.00014193 7,045.59

T 7,685 38,461,537 0.00019721 5,070.74
2 i e 2,517 14,478,181 0.00017385 5,752.16
L 515 4,062,679 0.00012708 7,869.28
4 e i 68 704,910 0.00009647 10,366.33
Sormore ........... 9 202,693 0.00004440 22,521.39

Response rates

When calculating response rates, the nonresponse
subsampling procedure must be taken into account. If this
procedure is not taken into account, the numerator for the
response rate is just the number of responding women,
and the denominator is the number of eligible women.
Because nonresponding households that were not selected
to receive the special followup conversion procedures are
counted in the denominator but cannot be counted in the
numerator, this response rate is too small. A more appro-

priate response rate is calculated by using the same
denominator but changing the numerator. The more ap-
propriate numerator is computed by counting each re-
sponding household once if it was obtained through
normal procedures and twice if it was obtained through
the special followup procedure.

Calculating response rates this way, the weighted
response rate among those who had responded to the
NHIS was 82.5 percent. Taking into account an earlier
nonresponse rate of 4 percent to the NHIS, the final
overall response rate was 79 percent.

Table C shows response rates by race and age. As in
table B, note that race was taken as reported for the
NHIS. Age was taken as projected for March 15, 1988,
from the birthdate reported during the NHIS. (In a few
cases, the race or age reported during the NHIS was
found to be in error; in those cases, the corrected race or
age was used.)

Table C. Response rates for Cycle IV of the National Survey of
Family Growth among completed cases in the National Healith
Interview Survey, by race and age: 1988 Natlonal Survey of
Family Growth

Completed  Unweighted Welghted

Race and age interviews response rate response rate!

Number Percent
All women 15-44
yearsofage . ............ 8,450 80.0 82.5
Race
Black . ......... i 2,811 79.8 82.2
Otherthanblack .. ......... 5,639 80.1 82.6
Age
15-19years ............. 1,254 77.8 80.5
20-24years . ... 000 ... 1,307 77.9 79.7
25-29years . ......0000 0 1,593 79.7 84.9
30-34years.............. 1,713 823 84.5
35-39years .........0.... 1,426 82.0 83.8
40-44vyears . ... .0 1,157 79.6 81.1

tweighted for nonresponse only.

Sample sizes, clustering, and
variation in the probability of
selection

Table D shows numbers of completed interviews by
race and age as described above for table C. It also shows
other characteristics of the sample that can affect the
reliability of analysis.



Table D. Clustering and weight variation among completed cases
in the 1988 National Survey of Family Growth, by race and age

Average
Clusters  number of Relative
with 1 or  completed variance
Completed more  interviews per in unbiased
Race and age Interviews completes cluster weights
Number
All women 15-44
yearsofage ......... 8,450 3,143 2.69 0.39
Race
Black, . . ... oo 2,811 1,056 2.66 0.64
Other than black, . ... ... 5,639 2,382 2.37 0.17
Age
16-19vyears . ......... 1,254 1,014 1.24 0.36
20-24years .......... 1,307 997 1.31 0.44
25-29years ...\ ... 1,693 1,192 1.34 0.42
30-34vyears .......... 1,713 1,284 1.33 0.37
35-39years .......... 1,426 1,115 1.28 0.37
40-44years ... ... 1,157 982 1.18 0.36

The average cluster size is the number of interviews of
the indicated type that were obtained, on average, from
the same neighborhood. As the category becomes more
narrow, the average cluster size decreases. For example,
the average cluster size for all women is 2.69, whereas the
average cluster size for women 20-24 years of age is just
1.31. The average cluster size for currently pregnant
women 20-24 years of age will be even smaller. The fact
that multiple interviews were obtained from the same
neighborhood reduced survey costs, but it also increased
variances. In a sense, multiple interviews in a given neigh-
borhood are slightly redundant; that is, the women in the
neighborhood have similar characteristics. It is worth
noting that the average cluster size is far smaller in Cycle
IV than the comparable figure, 9.1, for Cycle III. Those
who use the detailed datafile to do their own analysis need

to remember that the data are clustered and discount
their reliability statistics accordingly (by increasing stand-
ard error estimates, the width of confidence intervals,
and the critical values of hypothesis tests). The variance
estimation procedures discussed in this report will assist
the user in this effort to calculate accurate measures of
reliability.

The variation in the probabilities of selection is an-
other important indicator of reliability. The variation
means that some groups are underrepresented in the
sample and that others are overrepresented. All reports
published by NCHS from the NSFG weight the data
appropriately; that is, cases from underrepresented groups
are weighted more heavily than cases from overrepre-
sented groups. Users of the detailed datafile are some-
times inclined to ignore the varying selection probabilities.
Ignoring the variation in probabilities (analyzing the data
without weights) can lead to increased biases and smaller
variances. The last column of table D is the relative
variance of the unbiased weights. This is computed by
dividing the standard deviation of the weights, squared, by
the mean weight squared. In a simple random sample, the
relative variance of unbiased weights is 0/1 or 0 because all
sample cases have the same probability of selection. The
larger the value of the relative variance of the unbiased
weights, the more the probabilities of selection vary. This
decreases the efficiency (increases the sampling errors) of
the estimates for all women 15-44 years of age or all
women 20-24 years of age but increases the reliability of
the data for the group being oversampled, primarily black
women. It also points to the fact that ignoring the weights
in analysis and significance testing may lead to erroneous
conclusions. These issues will be discussed further in the
section on variance estimation.



Estimation: Weighting
procedures

Summary

The NSFG is designed to provide national estimates
of the number of women with particular characteristics —
for example, the number using the Pill, the number who
are infertile, or the number who use family planning
services. In order to make such estimates, each case was
given a “sampling weight,” which is the number of women
in the population that she represents.

More precisely, the NSFG is designed to produce
consistent estimates for the entire population of eligible
women in the United States. In this context, “consistent”
means that if both the population and the sample size
were to be allowed to increase, with the same sort of
sampling and estimation techniques, then the probability
that the resulting sample estimates would vary from the
true population parameters by more than a very small
amount would approach zero. A weight has been assigned
to each woman such that the weighted sum of any survey
characteristic is a consistent estimate of the population
total.

The weights were constructed in several steps. As a
preliminary step, unbiased weights were calculated. Ex-
tremely large unbiased weights were trimmed to reduce
variance. The trimmed weights were adjusted for nonre-
sponse. Finally, there were further adjustments to force
important statistics to agree with independent control
totals.

Unbiased weights

Weighted tabulations with unbiased weights give un-
biased estimates. Statisticians have a number of different
meanings for unbiasedness. If the survey were repeated
under the same general conditions on every possible
sample using the same design, a particular estimate could
then be produced under the same procedures from each
of the possible samples. If the average of those hypothet-
ical estimates is equal to the estimate that a census with
comparable procedures (and comparable coverage and
response rates) would yield, then the estimates are said to
be “design-unbiased.” For this report, design-unbiased is
abbreviated to simply unbiased. Such estimates may or
may not be “model-unbiased” (6).

The unbiased weight for a woman is the reciprocal of
her probability of selection. The probability of selection is
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computed as the product of the probabilities of selection at
each stage. There were several stages of selection for the
NHIS, as described in the section on sample design. Westat
obtained a weight from NCHS that reflected the probability
of selection for the NHIS. (In fact, this weight also included
an adjustment for nonresponse to the NHIS. If one house-
hold within a block could not be interviewed, then the
remaining households in the block had their weights in-
creased to represent the missing household. This adjust-
ment is unbiased only if the nonresponding household can
be viewed as having been randomly selected from the
households within the block.)

As discussed in the section on sample design, Westat
subsampled the NHIS completed cases by first selecting
PSU’s, then selecting weeks within selected PSU’s, then
households within selected weeks, and, finally, persons
within selected households. It was assumed that the time of
the NHIS interview had no effect on the data. The proba-
bility of selection at the “week” stage was thus taken to be
the quotient of the number of weeks selected divided by the
total.number of weeks available. The probability of selec-
tion at the PSU stage was taken to be the quotient of the
number of panels selected divided by four (the number of
PSU panels available). The probability of selection within
the household was taken to be the reciprocal of the number
of eligible women in the household (according to NHIS
data).

Special adjustments to the weights were necessary in
the rare cases when either the originally selected woman
was not eligible and a substitute woman was selected, or
when the same woman was found in more than one NHIS
household. (This could happen when a woman moved
within the same neighborhood between NHIS interviews. It
could also happen when the household was selected in one
quarter through sampling of new construction permits and
mistakenly selected in another quarter by area sampling.) If
more than one eligible woman was available for substitu-
tion, the woman’s probability of selection at the household
stage was taken to be the reciprocal of the number eligible
at that time. For the women interviewed twice during the
NHIS, the preliminary unbiased weight was cut in half,

Women who were selected for the formal nonresponse
followup had their preliminary unbiased weights doubled
since they had only half the chance of being selected as
cases in the prior stages of fieldwork.



Weighti trimming

Extremely large weights can cause high variances even
if they are unbiased. To reduce this potential for high
variances, some of the weights were trimmed. To reduce
the risk of bias, the trimmed weight was redistributed to
other cases within the classes shown in table 1. These
classes were formed based on characteristics that affected
the probability of selection—race, number of eligible
women in the household, and whether or not the woman
was in the nonresponse followup.

Nonresponse adjustment

Summary

The linkage of the NSFG to the NHIS created the
opportunity for a far more sophisticated nonresponse
adjustment than had been possible in previous cycles of
the NSFG. Each of the women who could not be reached
for the NSFG or who declined to participate in the NSFG
came from a household that had previously participated in
the NHIS. (Most of the NSFG respondents were inter-
viewed in the NHIS, but sometimes another member of
the household provided data about her as part of the
NHIS interview.)

Using the NHIS data, women were classified into
groups with differing response rates. Some groups were
easy to reach and had high response rates, so adjustments
to their weights are small. Other groups were difficult to
reach and had low response rates. Cases in these latter
groups had their weights increased substantially. In gen-
eral, each unbiased weight was divided by the probability
of response. These weights are not design-unbiased, but
they do substantially reduce the risk of nonresponse bias.
(For additional details, see (7).)

Theory

The procedure adopted for Cycle IV is not the only
possible procedure, The basic procedure is to inflate
sampling weights by the inverse response rate within
homogenous groups of sample cases known as nonre-
sponse adjustment cells; however, there is wide latitude on
how to form the cells. A particular set of cells is good if it
eliminates or at least reduces nonresponse bias for the
most important substantive variables. A set of cells elimi-
nates nonresponse bias for a particular substantive vari-
able if, within each cell, participation in the survey is
independent of that one substantive variable. To eliminate
nonresponse bias for all substantive variables it is neces-
sary that, within cells, participation in the survey be
independent of all substantive variables.

For the concept of independence to apply in this
context, it is necessary to view participation in the survey
as a random event, It may not be a true random event, but
if it is a predetermined event, then it should be deter-
mined only by minor variables that are not measured by
the survey, such as mood, reaction to the interviewer’s

appearance or behavior, or general attitude to surveys.
Furthermore, within each cell, none of these minor vari-
ables should have an effect on substantive characteristics
such as contraceptive use.

Forming the cells is, in general, a subjective procedure
because it is impossible to directly measure the probability
of nonresponse for each sample person. Two fairly objec-
tive procedures that have been developed are the predic-
tive mean approach and the response propensity
approach. The latter approach was used for Cycle IV.

The predictive mean approach is based on the theo-
rem that if every sample person within a cell has the exact
same value of the substantive variable, then nonresponse
must be independent of the substantive variable. As ap-
plied to the NSFG, this strategy would have entailed
grouping women together who are similar in terms of
substantive variables. In this case, similarity would have
been defined in terms of variables from the NHIS that are
predictive of the critical variables of the NSFG, such as
fertility and contraceptive use. The relevant predictive
variables from the NHIS include race, ethnic origin, family
structure, education of self and of parents, family income,
marital status, number of own children in the household,
personal health status, population density, distance to a
major city, and region.

Models could have been developed to predict parity
or use of contraceptives from these variables. Women with
similar predicted parity or similar estimated probability of
having ever used contraceptives could have been grouped
together. Such a procedure would have worked well for
one variable or the other. However, the groupings could
be different for each substantive variable. This strategy
thus requires placing one substantive variable above all
the others. In this sense, the strategy is univariate.

The response propensity approach is based on the
theorem that if every sample person within a cell has the
exact same propensity to respond, then nonresponse must
be independent of the substantive variable. With this
strategy, women are grouped together according to their
propensity to respond. Women with high propensity get
grouped together and receive very small weighting adjust-
ments because most of them respond. Women with low
propensity also get grouped together but receive much
larger weighting adjustments because they tend not to
respond. The relevant variables from the NHIS include
some of the same variables that would be used with the
predictive mean strategy, such as education and size of
place of residence, but the greatest emphasis is placed on
variables that indicate resistance to participation in sur-
veys. Such variables include refusing to give the telephone
number of a contact person, refusing to give their social
security number, refusing to give their own telephone
number, and refusing to answer certain other questions.
Another important set of variables indicates not resistance
so much as unavailability (frequent travel, night shifts,
multiple jobs). Such variables also include the number of
calls that the U.S. Bureau of the Census interviewer had
to make to get the NHIS interview.
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To summarize the comparison of the two approaches,
the criterion for elimination of nonresponse bias is the
same: Nonresponse must be independent of all substan-
tive variables within cells. The predictive mean approach
tries to attain this goal by minimizing the variance of one
or two particular substantive variables within cells. The
response propensity approach tries to attain the same goal
by minimizing the variance of the probability of nonre-
sponse within cells. It does not seem plausible to believe
that either method will completely succeed. The response
propensity approach was favored because if it comes close
to eliminating the variance on response propensity within
cells, it reduces the nonresponse bias on all substantive
variables, not just one or two. This feature was the
deciding factor because the NSFG is very much a multi-
variate survey that measures a large number of important
dependent variables. At least one comparison suggests
that the procedure does indeed reduce nonresponse
bias (7). ‘

Methodology

Response rates were calculated for the 10,566 women
selected from the NHIS as eligible for the NSFG sample.
Completed interviews were obtained with 8,450 women.
The first stage of the analysis of nonresponse was a series
of cross-tabulations. These revealed 10 small cells (less
than 400 cases each, or less than 4 percent of eligible
women each) that had response rates of under 70 percent.
(Many of these characteristics were associated with each
other, however, so that when these 10 cells were specified
in a mutually exclusive way, some of the response rates
exceeded 70 percent.) These were the first 10 cells of the
nonresponse adjustment matrix shown in table 2. These
first 10 cells were defined hierarchically (with IF-THEN-
ELSE statements), beginning with the lowest response
rate (cell 1) to the highest (cell 10). Cases that fell into
more than one group were classified into the first groups
for which they were qualified. The tables were run first in
more detail than shown in table 2; some smaller groups
with similar response rates were combined.

With only one exception (cell 2), the first 10 groups
have between 39 and 359 cases. The lowest response rate
(33 percent) is in group 1—women whose education is
unknown or who did not complete any years of school.
Cell 2 taps a transient, marginal population that may not
be covered well by most surveys. Rates were also relatively
low for Asian and Cuban women (groups 8 and 9), and for
those who were unemployed or worked without pay
(group 10).

The results of the second and largest part of the
analysis of nonresponse are shown in the rest of table 2
(cells 11-51). For this part of the analysis, tables of
response rates were run by about 30 characteristics of
women as measured in the NHIS. Chi-square values were
computed for each table. Variables were included in the
model in order by their chi-square per degrees of freedom.
This approach was used at each stage of the analysis to
identify a classification of the NSFG sample by response
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rates that would be least likely to result from chance. The
process stopped when there were not enough cases or
when further tabulations found no more significant
variables.

Cells 11-16 show women whose household refused to
provide the NHIS contact person’s telephone number and
whose household refused to provide their own social
security number.

Cells 17-22 show women 18 years of age or over who
refused to give a telephone number for the NHIS contact
person, but gave their own social security number. Among
women who refused the contact person’s phone number,
but gave their own social security number (IIB in table 2),
and who completed the NHIS interview after only one or
two visits by the NHIS interviewer, response rates were
lower in the Northeast and West (77 percent, cell 17)
than in the Midwest or South (87 percent, cell 18).

Among women 18 years of age or over, the most
important variable was whether they had children in the
household. Thus, cells 25-34 of table 2 are for women
who gave a phone number for the NHIS contact person,
who were 18 years of age or over, and who had no children
in the household at the time of the NHIS interview. For
women without children in the household, education and
region were found to affect response rates. Among women
18 years of age and over who had no children, who had a
high school education or less, and who lived in the
Northeast, response rates to the NSFG were much higher
for those women who had completed the NHIS in one or
two interviewer visits (74 percent, cell 25) than for those
who required three visits or more (54 percent, cell 26).

Cells 35-43 of table 2 show response rates for women
who provided the NHIS contact person’s phone number,
who were 18 years of age or over when the NHIS was
conducted, and who had one or more children in the
household when the NHIS was conducted (IIIA2b in
table 2). Within this group, women living in central cities
of large metropolitan statistical areas (MSA’s) had a
response rate of 82 percent. For these central city resi-
dents, response rates varied by education, from 79 per-
cent in the lowest group (cell 35) to 88 percent among
college graduates (cell 37). Among suburban residents
who responded to the NHIS themselves, response rates
were 81 percent for Hispanics (cell 38) and 88 percent
for non-Hispanics.

Cells 44-51 are for women who provided the NHIS
contact person’s telephone number and who were under
18 years of age at the NHIS interview (I1IB). There were
1,041 of these women 15-17 years of age in the NHIS, and
their response rate to the NSFG was 81 percent. For
these teenagers, Hispanics had a higher response rate
(91 percent, cell 44) than non-Hispanics (80 percent).
This is the opposite of the pattern in cell 38, for women 18
years of age and over, and is a good illustration of the
need to account for interactions when designing these
nonresponse groups, or cells.

For a more detailed discussion of table 2, and of the
uses of the data in the weighting procedure, see (7).



Poststratification

If independent estimates of the sizes of specific sub-
populations are available that have smaller variances and
no larger biases than estimates from a survey, then the
data from the survey should be adjusted to match these
independent estimates. This adjustment is called post-
stratification. The U.S. Bureau of the Census maintains
data series on the age, race, and sex of the civilian
noninstitutionalized population. These figures are based
on the decennial censuses, immigration statistics, births,
and deaths. Although these figures are subject to predic-
tion error, they are not subject to sampling variability. Any
survey that controls weights so that estimates of sex, age,
and race agree exactly with these demographically mod-
eled estimates eliminates the sampling variance on these
statistics, Furthermore, any statistics that are strongly
determined by sex, age, and race also benefit from this
reduced variance.

The U.S. Bureau of the Census also adds a supple-
ment to the Current Population Survey (CPS) each year to
ask questions on parity and expected future births. The
CPS and the NSFG were compared on two dimensions:
variance and bias. Because the CPS has a much larger
sample size than the NSFG, the CPS estimates have a
smaller variance. Thus, the only potential reason not to
poststratify to the CPS would be evidence of strong biases.
Careful study did not reveal any evidence that the CPS
estimates of marital status (ever married or never mar-
ried) and parity (number of children ever born) are
subject to any known biases stronger than those to which
the NSFG is also subject. The decision was made, there-
fore, to poststratify according to marital status and parity
as well as to age and race. (See appendix I for a detailed
report on research of the poststratification question.)
Conveniently, the CPS poststratifies on age and race, so
poststratification to the CPS induced poststratification to
the Bureau’s demographically modeled estimates. The
NSFG estimates of race (black versus other) and age (as
of interview in 5-year cohorts) are thus not subject to
sampling variance.

Poststratification was implemented as an iterative
procedure where the NSFG weights were alternately ad-
justed to provide consistency with the CPS in terms of
marital status and then parity within each combination of
race and age. The result is double three-way, not four-way,
consistency with the CPS. In other words, the NSFG
estimates of parity groups agree with the CPS estimates by
race and age, and so do the NSFG estimates of marital
status groups. However, the NSFG cross-tabulations of
parity and marital status do not agree exactly with the
similar CPS cross-tabulations.

The NSFG data were first tabulated by race, age, and
marital status using the nonresponse-adjusted weight. The
CPS estimate for each combination of race, age, and
marital status was divided by the NSFG estimate for the
same combination. The NSFG weights were then multi-
plied by this quotient. At this point, the NSFG estimates

would agree with the CPS estimates by race, age, and
marital status but not by parity. The NSFG data were then
tabulated again, using the new weight, by race, age, and
parity. The CPS estimate for the same combination of
race, age, and parity was divided by the NSFG estimate.
The NSFG weights were then multiplied by this quotient.
At this point, the NSFG estimates would agree with the
CPS estimates by race, age, and parity, but not by marital
status. However, the discrepancies on marital status within
age and race were smaller than they had been at first. This
process, called raking, continued, alternating between
adjustment on parity within age and race and adjustment
on marital status within age and race. After several
rounds, consistency was obtained for both marital status
and parity within age and race. However, the NSFG
estimates of parity for a specific marital status will not
agree exactly with the CPS estimates. The classes that
were used for the poststratification are shown in table 3.

Estimating equation

The Cycle IV estimator of the number of women with
a given characteristic is
y = W,

Siti

where Wy, is the final weight for the ith sample woman and

i

_ 1 if the woman has the characteristic and
0 otherwise

The Cycle IV estimator of the total number of events
(such as births) associated with women with a given
characteristic is

y = W lx,

where x; is the number of events that the /th woman has
experienced. This formula also works for continuous vari-
ables such as birth weight and income.

The Cycle IV estimator of the mean number of events
(such as births) or the mean quantity of some continuous
variable (such as income) associated with women with a
given characteristic is

y = (EWsIx) (W,

Estimates of regression parameters and other complex
statistics can also be computed using the weights. (That
calculation is not shown here but can be seen in (8).) Note
that the standard statistical packages such as SAS, SPSS,
and BMDP offer options to compute numbers, percents,
and other statistics using weights. The estimated popula-
tion parameters that the packages supply will usually be
good, but the estimated standard errors and p-values for
the estimates will not be satisfactory. See the section on
variances for more discussion of how to estimate
variances.
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Detailed derivation of sampling
weights

The sampling weights were constructed in four basic
steps:

o Inflation — By the reciprocal of the probability of selec-
tion. This weight is called the baseweight, or ¥,. For
example, if the probability of selection is 1 in 5,000,
then W, is 5,000.

® Trimming— About 100 cases had extremely large base-
weights (W) in the 1988 NSFG. In previous cycles,
these large weights were left alone, but they could
have adverse effects on results, especially in small
categories. To reduce this problem, these large
weights were trimmed, or reduced, to a maximum
value of 8,000 for black women (about four times the
average W, weight for black women) and 19,000 for
women who were not black (about three times the
average W weight for women who were not black).
This trimmed weight is called W. The trimming re-
duced the total weighted numbers to less than the 57.9
million U.S. women who were known to be
15-44 years of age in 1988. Therefore, the reduction
in the weighted numbers was redistributed within
each of 16 cells (table 1) to form a new weight, called
W;. This weight was trimmed again when it exceeded
the maximum value. The resulting weight was called
.

® Nonresponse adjustment—For each of the 51 cells
defined in table 2, the ratio of the weighted sum of all
cases to the weighted sum of complete cases was
applied to W; by cell. The new weight was called the
“nonresponse adjusted weight,” or W,.

®  Possstratification — A 72-cell matrix of categories of age
by race (black versus other than black), by marital
status (ever married versus never married), and by
parity was defined. The control totals for these cells
were obtained from the June 1988 Current Population
Survey (CPS), conducted by the U.S. Bureau of the
Census. The nonresponse adjusted weight, W, was
forced to be equal (to the nearest thousand) to the
CPS control total by raking parity against marital
status within age-by-race categories. (Raking, de-
scribed on page 13, is a procedure for iteratively
adjusting sample data to independent marginal to-
tals.) The resulting weight is called the “final post-
stratified weight,” or V.

SAMPWGT is the NHIS noninterview-adjusted
weight.

SUBSADIJF is the factor that adjusts the weight for
the subsampling of NHIS households. The factor varied
depending on the quarter from which the household was
selected, the size of the PSU it came from, the presence of
eligible black women, and the number of eligible women
who were not black. The first step was to calculate the
probability of selection for a certain type of household
relative to a full sample NHIS probability regardless of the
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quarter from which it was selected. The second step was to
adjust that conditional probability for the quarter from
which it was selected.

The ratios of the probability of selection for the
NSFG to the probability of selection for a full-strength
panel of the NHIS were computed as follows:

® Households containing at least one eligible black woman
in a large or medium SR PSU— All such NHIS house-
holds from the fourth quarter of 1985 through the first
quarter of 1987 were selected. However, in the fourth
quarter of 1985, there were only three NHIS panels
fielded. Furthermore, in all quarters of 1986, there
were only two NHIS panels fielded. In the first
quarter of 1987, all four panels were fielded. Thus,
15/16’s of a full annual sample size was selected:

15/16 = [(3/4) + (1/2)4 + 1)/4

®  Households containing at least one eligible black woman
in a small SR PSU or an NSR PSU—The only differ-
ence in the probability of selection for these house-
holds from comparable households in the larger
PSU’s was that not all four panels of the first quarter
of 1987 sample were taken even though they were
available, From the first quarter of 1987, only three
panels were selected. The proportion of a full annual
sample size that was selected is thus:

7/8 = [(3/4) + (1/2)4 + (3/4)}/4

® Households containing exactly one eligible woman who
was not black and no eligible black women —No such
households from the fourth quarter of 1985 or 1986
were selected. Four weeks were selected from the
second quarter of 1986 and all weeks from the third
and fourth quarters of 1986. One week was selected
from the first quarter of 1987, but only in two panels
even though four were available. The proportion of a
full annual sample size that was selected is thus:

317104 = [0 + (1/2)(4/13 + 2) + (12)(1/13))/4

® Households containing exactly two eligible women who
were not black and no eligible black women —No such
households were selected from the fourth quarter of
1985. All weeks were selected from all quarters of
1986. Twelve weeks were selected from the first quar-
ter of 1987, but only in two panels even though four
were available. The proportion of a full annual sample
size that was selected is thus:

8/13 = [0 + (1/2)4 + (1/2)(12/13)]/4

®  Households containing more than two eligible women
who were not black and no eligible black women —No
such households were selected from the fourth quar-
ter of 1985. All weeks were selected from all quarters
of 1986. All weeks from the first quarter of 1987 were
selected, but only in two panels even though four were
available. The proportion of a full annual sample size
that was selected is thus:

5/8 = [0 + (1/2)4 + (12))/4



Inversion of those probabilities gives the weights for
the five categories relative to full panel NHIS weights:

16/15, 8/7, 104/31, 13/8, and 8/5

However, the NHIS weights were not full sample
weights; they were quarterly weights. Moreover, they were
quarterly weights that had already been adjusted by the
U.S. Bureau of the Census to compensate for the reduced
number of panels in the NHIS in 1985 and 1986. Adjust-
ment to full strength quarterly weights gives relative
weights smaller by a factor of four:

4/15, 2/7, 26/31, 13/32, and 2/5

The five relative weights were next adjusted to ac-
count for the number of panels actually fielded (rather
than on the full potential sample). It was necessary to
divide the weights for 1985 households by 4/3 to remove
the adjustment inserted by the U.S. Bureau of the Census
to account for a 3/4-strength sample and to divide the
factor for 1986 households by 2 to remove the U.S. Bureau
of the Census adjustment for a 1/2-strength sample.

The final household sampling adjustment factors can
be summarized as follows:

Fourth quarter 1985

Households containing:
At least one eligible black woman:

PSU is large or medium SR 1/5 = (4/15)/(4/3)
PSU is NSR or small SR 3/14 = (2/7)/(4/3)

No eligible black women NA

All quarters 1986

Households containing:
At least one eligible black woman:

SUBSADJF

SUBSADIJF

PSU is large or medium SR 2/15 = (4/15)/2
PSU is NSR or small SR 17 = (2N/2
No eligible black women NA

13/31 = (26/31)/2
13/64 = (13/32)/2
15 = QI5)12

One eligible woman
2 eligible women

3 eligible women or more

First quarter 1987

Households containing:
At least one eligible black woman:

PSU is large or medium SR 4/15 = (4/15)/1

PSU is NSR or small SR 217 = (2711
No eligible black women NA
One eligible woman 26/31 = (26/31)/1
2 eligible women 13/32 = (13/32)/1
3 eligible women or more 2/5 = (2/5)11

BASEWGT = (SAMPWGT)(SUBSADJF) (Number of
women in the household with a chance of selection)

The number of women in the household with a chance
of selection is usually the number of women deter-
mined from the NHIS sample data to be 15-44 years
of age as of March 15, 1988. The only exceptions are
for mixed-race households interviewed in the NHIS in
the fourth quarter of 1985 and in the first quarter of
1987. If a household contained one or more eligible

black women and one or more eligible women who
were not black, only the black women were given a
chance of selection for the NSFG.

The DCF (duplication control factor) corrects for
multiple selection by the NHIS. It is equal to two if the
woman was selected twice. Otherwise, it is equal to one.

ADBASEWT = (BASEWGT)(DCF)

1 if the woman was interviewed during
the initial fieldwork

2 if the woman was selected for the
special followup

0 if the woman was not selected for
the special followup

WEIGHT =

CORRFAC = correction for special NHIS weighting

1 for standard weighting
2/3 for panel 1 units with
= nonstandard weighting
4/3 for panel 2 and 3 units with
nonstandard weighting

NRSAMPWT = (WEIGHT)(ADBASEWT)
(CORRFAC) = W,

This completes derivation of the unbiased weights.

Further adjustments follow.

The first trimmed weight is

_ Jmin. {W, 8,000} for black women and

71 = qmin. {W,, 19,000} for women who were not black.

The trimmed weight after redistribution of trimmed
weight (difference between W) and W) is

W, = W,SW,/=W,;, where the summation is restricted to
the cell containing the case in table 1.

The second trimmed weight is

W = {min. {W2, 8,000} for black women
min. {#2, 19,000} for women who were not black.

1 if the ith case is a respondent
0 for nonrespondents.

Let =, denote summation over all cases (respondents
and nonrespondents) in the cell from table 2 that contains
the ith case.

Let IRi =

The nonresponse adjusted weight is

W, = Wy (W2l Ws;) for respondents
0 for nonrespondents.

The final weight is W5 = maximum likelihood weights
(raked weights) given marital status and parity marginals
defined in table 3 within age-race cells.
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Imputation

Introduction

In any survey, not every item is answered by every
respondent. Sometimes the respondent cannot remember
the answer and occasionally may refuse to answer. Also,
interviewers sometimes forget to ask a question, skip it by
mistake, or forget to write down the answer, so that some
items are left blank when they should have been an-
swered. Incomplete data create small inconsistencies in
estimates, and these may create confusion., Filling in
answers for these missing items (imputation) makes the
data complete and consistent and, therefore, easier to use.
In the NSFG, 201 important items have been forced to be
complete. For these items, missing answers were imputed.
These imputed answers may be thought of as educated
guesses.

Generally, women with missing information were
matched with similar women. The answer of a similar
woman was then transferred to the woman with the
missing answer.

In general, the frequency of missing values in Cycle IV
was quite low. Missing values were imputed for the 201
variables shown in appendix 2. Some of these variables
were not included on the public-use file because they were
redundant; others were not included because of subse-
quent consistency checks and reprogramming of selected
variables by NCHS; and others were left out for reasons of
confidentiality. For the 173 imputed variables with impu-
tation “flags” on the public-use file, the frequency of
missing data was quite low. For 116 of these 173 variables,
less than 1 percent of the cases had missing data (0-84
cases) and 39 other variables had 1 to 5 percent missing
(85-423 cases). Only 13 variables had 5 to 10 percent
missing, and 5 had 10 to 11 percent missing data. No
imputed variable had more than 11 percent of cases
imputed.

All but 1 of the 13 variables with 5 to 10 percent
missing data were measures of use of family planning
services, including age at first family planning visit, month
of first visit, three measures of specific services received at
the most recent visit, and five measures of ways that the
most recent visit was paid for.

The five variables with 10 to 11 percent missing data
were education of the respondent’s mother (EDUC-
MOM), month and year of first cohabitation or marriage
(UNION1), type and outcome of first union (UNTYPE),
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duration of first union (UNIONINT), and the ratio of
family income to the poverty level (POVERTY).

For those researchers who have questions about the
procedures used, there is always the option to use the
microdata. All imputed data have been clearly marked on
the microdata file so that researchers may do their own
imputations if they wish. An excellent source for those
interested in learning more about imputation is Little and
Rubin (9, section 4.5).

Imputation procedures

The variables requiring imputation were put into 32
groups (sometimes called “modules,” shown in appendix
II); each group was imputed with a procedure known as
“hot-deck imputation.” Within a group, the hot-deck
procedure sorted the file so that similar women were close
to each other. Each woman’s answers to the questions in
the group were then examined in turn. Whenever a
woman had missing values for one or more of the vari-
ables, she was given the values for the previous woman
with complete values—in other words, the previous wom-
an’s answers were copied to her record. Only the missing
variables were added; any complete (valid) values she had
reported were left alone. The groups were imputed seri-
ally in separate computer runs so that each group was not
imputed until the prior group was forced to be complete.
The file was sorted by different variables for each group.

Additionally, tests, screens, and edits were used. A
test was a logical examination of the case with a missing
value to see if the missing value could be completed by
logic. The tests usually included an examination of a
variable that had just been completed by imputation, For
example, if a woman was imputed to have never had
intercourse, then a whole range of variables were set to
blank (such as whether she had ever used a diaphragm),
indicating “not applicable.” A screen was a condition that
cases with complete data had to meet to be considered as
donors. For example, in imputing age at first intercourse,
the only eligible cases are those that have had intercourse.
Generally, tests and screens complemented each other so
that recipients met the screening condition automatically.
An edit was a check after imputation to make sure that
the imputed value was sensible. If the imputed value did
not make sense, it was replaced with a more plausible
value. For example, if a woman was initially imputed to



have been separated from her first spouse after the date of
her second marriage, then her age at dissolution was set
equal to her age at second marriage, and the imputation
flag for the age at dissolution was set to indicate model-
based imputation. This did not occur often and its fre-
quency may be seen in the tape documentation.

Imputing a group

The file was sorted so that women close to each other
in the sort were predicted to have similar values of the
variables being imputed. For example, in imputing the age
at which a contraceptive was first used, the file was sorted
by age at first intercourse. Sometimes, multiple variables
were used for the sort. These variables are known as “sort
keys.” The first sort key is the primary determinant of the
sort, Only where there are ties (equal values) on the first
sort key do the secondary sort keys come into play. The
second sort key is used to resolve ties on the first sort key.
If there are still ties, the third sort key is used to resolve
them. This continues until all ties have been resolved or
until there are no more sort keys.

The hot-deck consists of the following two steps:

e If the woman has legitimate values for all variables in
the group, then those values are stored in a vector.

e If the woman is missing one or more variables in the
group, then the current contents of the vector are
imputed to her.

Several points need to be noted. First, legitimately
reported values were never replaced with imputed values.
Thus, a woman who was missing two out of five variables
in a group received imputed values only for the two
missing variables. These values may be inconsistent with
the values for the three reported variables. Even if the
juxtaposition is not inconsistent, it may be rare. For
example, a woman may report never having been treated
for genital herpes but not know if her partner has ever
been treated (appendix II, group 31). Because these
variables are in the same module, there is a chance that
the partner will be imputed as having been treated for
herpes. Obviously, it is not inconsistent for only one
partner to have herpes, but it is more common for neither
or both to have had it. Imputing such rare combinations
tends to wash out the relationships between variables.
This phenomenon is known as “attenuation of
correlation.”

Thus, it is important that the items within a group be
nearly independent for women close to each other in the
sort. (For women close to each other in the sort, knowl-
edge of one item should not help predict the other item.)
The one exception to this rule is when missing data on one
variable necessarily implies missing data on the other
variable. Because the only cases that “donate” values
within a group are complete within the group, multiple
imputed values will always be consistent with each other.
Group 24 in appendix II is an example of where this
relationship was exploited.

Second, initial plausible values were developed for the
event where no donor women were found before the first
woman needing imputation was found. These initial plau-
sible values are known as “cold-deck values.” They were
obtained by passing the file in the sort for the group until
the first complete case was found. Third, a series of
consecutive women with missing values was occasionally
encountered. All of them received imputed values from
the same donor woman.

Fourth, there are several points in the sorts where the
women next to each other were not very similar. For
example, in group 22.1 of appendix II, the first sort key
was type of sterilization operation, the second was de-
scending age at most récent birth, dnd the third was age
on March 15, 1988. Among those women whose husbands
or partners had vasectomies, the file for the youngest
childless woman followed the file for the eldest woman
among those who had their last birth at 17 years of age
(the youngest observed age for last birth). That youngest
childless woman did not know how old she was when her
partner had undergone the vasectomy. As a result, she was
imputed to have been much older at the event than her
current age. This awkwardness was fixed by forcing her
age at the event to equal her current age. The problem
might have been more elegantly resolved by breaking the
file into more pieces with a cold-deck value for each piece,
but that would require more software development time
and would lead to more frequent instances of women with
complete data making multiple donations.

Group formation

The groups are defined in appendix II. In general,
each group consists of variables that can be imputed with
the same sort but are not too closely related. In deciding
the order to impute related variables, variables missing
less often were imputed earlier than variables missing
more often, and background variables that shape fertility
and contraceptive practices were imputed earlier than
variables that actually measure fertility and classify contra-
ceptive practices. Variables with very strong relationships
were placed in separate modules to better preserve their
relationships. Variables that were missing or complete as a
group were always placed in a single module. Further-
more, variables in the early modules tend to determine
variables in later modules.

Quite a few variables were complete or nearly so
before imputation. These are listed in group 1 of appendix
IL. Those variables with less than 10 missing values were
imputed manually using relevant information from the
questionnaire. Manually imputed cases have a value of
“3” in the corresponding imputation flags on the data file.

Group 2 consisted of Hispanic origin, region of birth,
religious affiliation, education of mother, and age of the
woman’s mother when her first child was born. For this
group of variables, the file was sorted by race, region,
metropolitan residence, and rural-urban residence. This
means that, if a case was missing information (the
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“recipient” case) on Hispanic origin or education of
mother, the case from which a reported value was bor-
rowed (the “donor” case) would usually be in the same
category of race, region, metropolitan residence, and
rural-urban residence as the recipient case. For example,
if the recipient is missing information on education of
mother, and is white, living in the Northeast, in a
metropolitan-urban area, then the donor case will usually
also be white and live in the Northeast in a metropolitan-
urban area.

Group 3 was age at first menstrual period. This
variable was imputed separately for those with and with-
out missing data on age at first intercourse. Cases with
missing information on age at first intercourse were im-
puted within whole single years of age at first birth and
current age. For example, if a recipient was missing
information on age at first menstrual period, and also
missing age at first intercourse, then the recipient’s age at
first menstrual period was taken from a donor with the
same age at first birth and current age. If the recipient
case did have data on age at first intercourse, then the
donor case had to have the same age at first intercourse
(to the nearest one-tenth of a year) and the same age in
whole single years.

Group 4 was whether the respondent had ever had
intercourse (SEXEVER). This varjable has values of yes
or no; only 13 women refused to answer this question. The
specification “SCREEN” means that SEXEVER is always
equal to “yes” unless the respondent has never been
pregnant (PREGNUM = 0) and never been married
(RMARITAL = 6), so SEXEVER only needs to be im-
puted if she has never been pregnant and never been
married. The variable is sorted by race and age, which
means that if a black woman 17 years of age refused to
answer whether she had ever had intercourse, the donor
case must also be black and 17 years of age as well as
never married and never pregnant. When SEXEVER was
missing, a large number of other variables related to
contraceptive use and use of family planning services were
taken from the same donor case, in order to ensure that
all these variables (listed in appendix II, group 4) would
be consistent for the recipient case.

Group 5 was age at first intercourse (SEX1AGE).
This was imputed in hundredths of a year, so that the
month and year of first intercourse could be calculated
from it. The “TEST” specification means that if the
recipient had never had intercourse, then age at first
intercourse had to be blank. The “SCREEN” specification
means that both donor and recipient cases had to have
had intercourse (SEXEVER = 1) in order to impute an
age at first intercourse.

If age at first conception was missing, but age at first
birth was not missing, donor cases had the same values on
3 variables as the recipients (“SORT”): age at first men-
strual period, age at first birth in tenths of a year, and age
on March 15, 1988. If age at first conception was not
missing, then donor and recipient cases had the same age
at first menstrual period, age at first conception, and age
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on March 15, 1988. The “SORT” on age at first menstrual
period was “descending;” this forces the donor to have
reached menarche at a later age than the recipient, which
forces the donated age at first intercourse to be higher
than the respondent’s age at menarche.

The “CONSTRUCT” specification in group 5 means
that the variable DATESEX1 (month and year of first
intercourse) can be constructed, or calculated, from the
age at first intercourse calculated to the nearest one-
hundreth of a year. For example, if a woman was born in
June 1970 and her age at first intercourse was 16.44 years,
then her date of first intercourse (DATESEX1) was (June
1970 + 197.28 months = November 1986). Group 5 also
contains an EDIT, which forces the age at first intercourse
to be no higher than the age at first formal marriage.

Group 6 is age at first formal (or legal) marriage. The
“SCREEN” specification means that both donors and
recipients must be ever married (currently married or
have been married at some time). Donor cases had the
same age at first intercourse (in tenths of a year) and age
on March 15, 1988, in hundredths of a year. The CON-
STRUCT specification means that, once FMAR1AGE is
known, four additional variables can be calculated (appen-
dix II, Group 6).

Group 7.1 was whether the respondent had ever
cohabited. The “SCREEN?” specification means that cases
who are currently cohabiting do not need to be imputed
on this variable, because they have ever cohabited. Donor
cases usually had the same values on legal marital status,
whether the respondent had ever had intercourse, His-
panic origin, 5-year age group, and rural-urban residence.

Group 7.2 consists of the outcome of the first cohab-
itation (COHOUT) and the age at beginning of first
cohabitation (COHAGEB). In this group, a new variable
(ENDAGEY) is defined, the age at second marriage for
those married two or more times (or age at interview if not
married 2 or more times). The case is tested to see if she
has never cohabited, in which case outcome of first cohab-
itation (COHOUT) is automatically blank. Cases are
screened so that the donor has ever cohabited and ever
had intercourse, and her date of first intercourse is earlier
than or equal to her date of first cohabitation. COHOUT
and COHAGESB are imputed in three groups: (A) Women
never formally married (FMARITAL = 6); (B) Ever-
married women who did not have premarital intercourse;
and (C) Ever-married women who did have premarital
intercourse. Three EDITS are done on the imputed val-
ues: to force the age at cohabitation to be less than or
equal to the current age; to force the age at cohabitation
to be greater than or equal to the age at first intercourse;
and, if the initiall