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Preface

This report is the third in the NCHS Vital and Health
Statistics Series that evaluates the error and cost effects of
linking the sample design of the National Survey of Family
Growth (NSFG) to the design of the National Health
Interview Survey (NHIS), NSFG Cycles I–III had been
designed as stand-alone area household sample surveys.
The sampling paradigm of the linked NSFG survey design
is that the file of names and addresses of the NHIS sample
households, including the information collected about
them in NHIS, serves as the NSFG sampling frame.

The first report, Integration of Sample Design for the
National Survey of Family Growth, Cycle IV, With the
National Health Interview Survey (Series 2, No. 96),
estimated the NSFG design effects resulting from linking
the NSFG to the NHIS design instead of designing the
NSFG independently. The design effects based on statis-
tical modeling investigations were quite encouraging and
indicated that linkage was likely to produce substantial
goins in the NSFG sample design efficiency.

The second report, Linking the National Survey of
Family Growth With the National Interview Survey (Se-
ries 2, No. 103), presented results that were based on
survey experiments in which alternative design options for
linking the NSFG to the NHIS were tested, The experi-
ments demonstrated conclusively the feasibility as well as
the efficiency of linking the NHIS and NSFG sample
designs. Although the findings did not lead to a definitive
determination of the optimal design for integrating the
NHIS and NSFG designs, the findings did provide the
basis for making informed choices for integrating the
NSFG Cycle IV design with the NHIS.

This, the third report, evaluates the linked design that
was executed in conducting NSFG Cycle IV. For fixed
precision, it compares the actual NSFG Cycle IV costs
with those expected for an unlinked design and for two
somewhat more efficient linked designs that might have
been executed under more ideal conditions.

After reading an initial draft of this report, I asked
Westat, Inc, to add a section that compared the linkage

cost reductions actually realized in NSFG Cycle IV with
those conjectured on the basis of the earlier experimenta-
tion and to reconcile any differences. The reader is re-
ferred to the section “Reconciliation with earlier
projections” for these comparisons. Suffice it to say that
the agreement is really quite close – the linked design was
expected to and actually did reduce NSFG Cycle IV costs
by about 25 percent. Plans are under way to link the
NSFG Cycle V to the 1993 NHIS in much the same way
that NSFG Cycle IV was linked to the NHIS.

It is not often that researchers have the opportunity to
develop and test innovative survey designs to proceed
systematically in the manner that was done here – from
modeling, to field experiments, and finally to the main
survey. Hence, it is noteworthy that this in-depth research
effort has been more than justified by the improvements
that were achieved in design efficiency and by the analytic
enhancement possibilities provided by the merged NSFG
and NHIS microdata sets.

Congratulations are owed to the Westat staff who
prepared these three reports and the NCHS staff who
worked with them. The NCHS staff included Andrew
White, who provided technical oversight in the prepara-
tion of the first report; Deborah Trunzo (nee Bercini),
who provided oversight during the entire second phase of
the research project; and Steve Botman, who provided
oversight during the final phase of the project including
the preparation of this report, As noted in the preface to
an earlier report, this project would not have been possi-
ble without the support and cooperation of Robert
Fuchsberg and Owen Thornberry, the former and current
directors, respectively, of the Division of Health Interview
Statistics, and William Pratt, former chief of the Family
Growth Survey Branch, Division of Vital Statistics.

Monroe G. Sirken, Ph.D.
Associate Director Research and Methodology
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The National Survey of
Family Growth, Cycle IV,
Evaluation of Linked Design

by Joseph Waksberg, Sandy Sperry, David Judkins,

M,A,, and Valerija Smith, M.A., Westat, Inc.

Introduction
The National Survey of Family Growth (NSFG), Cycle

IV, conducted in 19S8, provides information on childbear-
ing, contraception, and related aspects of maternal and
child health for women who were of childbearing age at
that time, The NSFG sampled women were selected from
women who had previously been sampled for the National
Health Interview Survey (NHIS). Complete NHIS inter-
views included women who responded directly to the
interviewer (self-respondents) and those who responded
indirectly through proxies. In this report, both groups are
referred to simply as “respondents” or as “the interviewed
sample.” The NHIS sample women had been interviewed
between the fourth quarter of 1985 and the first quarter of
19S7, The purpose of the linkage was to reduce NSFG
costs while keeping sampling error constant. A report by
Waksberg and Northrup (1) had projected that the linked
design would be more efficient than the approach of
drawing fresh area-based samples, which was the ap-
proach used for the first three cycles of the NSFG.

Indeed, the achievement of cost or variance effi-
ciencies in surveys such as the NSFG was a major goal in
the redesign of the NHIS for 1985–94. The 1985 design
did not use the decennial Census lists in sample selection
that all the other current surveys of the Bureau of the
Census use (e.g., the Current Population Survey, the
National Crime Survey, the Survey of Income and Pro-
gram Participation, and the American Housing Survey).

When these lists are used, the sample addresses cannot be
released for 70 years to anyone who is not a sworn
employee of the Bureau of the Census. By avoiding
decennial list-based sampling, the NHIS sample addresses
may be made available to non-Census employees under
strict privacy safeguards. A drawback for NHIS of using
mixed area- and permit-based samples is that the area-
based component is much more expensive than a compa-
rable list-based component. Another drawback of the
mixed area- and permit-based samples is that it is more
difficult to avoid double coverage of some housing units
with this dual approach than it is to avoid double coverage
between decennial list-based and permit-based samples.
The obvious question is whether the efficiencies for
follow-on surveys to the NHIS pay for the higher cost of
the NHIS itself.

The purpose of this study was to answer part of this
question and to quanti~ the cost savings of linkage for the
NSFG. Although considerable research on this same topic
(1,2) preceded the decision to use NHIS as the sampling
frame for Cycle IV, such prior research can never quite
operate under the actual conditions that prevailed during
the data-collection operations. Studies similar to this study
will need to be carried out on other follow-on surveys to
the NHIS to answer the overall question of whether the
area sample of old construction for NHIS better suits the
overall program of the National Center for Health Statis-
tics (NCHS) than would a list sample of old construction.



Strategy

The basic strategy was to project the cost for an
unlinked NSFG design that would provide the same sam-
pling precision and compare it with the cost for the linked
design, The first conceptual problem encountered was
determining which linked design would be considered.
These considerations were brought on by the very special
circumstances that surrounded the Cycle IV linked design.
The survey was originally intended to be conducted in
mid-1987 with women interviewed for NHIS in 1986.
However, there were major revisions in the questionnaire
late in the survey planning process, so the interviewing was
conducted around March 1988 instead of July 1987. These
delays raised costs and hurt response rates by requiring
more extensive tracing. The other special circumstance
was that, as a result of budgetary difficulties, the sample
size for the 1986 NHIS was only one-half the intended
size. NSFG requirements for black sample sizes could not
be met from this reduced NHIS sample. As a result, black

women who had been interviewed for NHIS in late 1985
and in early 1987 were added to the sampling frame.

This dilemma was resolved by estimating the cost of
three linked designs:

●

●

●

Design B, which assumes that NSFG IV data collectionwas
conducted around July 1987and not March 19W,
Design C, which was the actual 1988 design, was
conducted around March 1988; and
Design D, which assumes that the 1986 NHIS was at
full strength and that NSFG IV data collection was
conducted around July 1987 and not March 1988.

These statements do not specify unique designs. Ad-
ditional assumptions and estimates of components of
variance are required, The same is true for Design A, the
unlinked design. Before explaining how the components of
variance were estimated, it is helpful to review the designs
for NHIS and Cycle IV of NSFG.



Chapter 1
Design of Cycle IV

Summary

The sample for Cycle IV of the NSFG is a subsample
of women whose households had participated in the NHIS,
a continuous 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 metropolitan
areas and clusters of nonmetropolitan counties. Data are
collected on each household member about disabilities,
health conditions, doctor visits, hospitalizations, and other
health-related topics. A new set of households is inter-
viewed each year.

NCHS provided computer files to Westat of house-
holds 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 NHIS any time between the fourth
quarter of 1985 and the first quarter of 1987, inclusively.
From these, Westat selected the NSFG sample, House-
holds were drawn from 156 of the 198 primary sampling
units (PSU’S) in the NHIS design. In comparison, Cycle
HI 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 for the NSFG
sample per household. Interviewers attempted to locate
these women, following them to new addresses if neces-
sary, After locating a sampled woman, the interviewer
conducted a brief screener to confirm that she was indeed
eligible (between the ages of 15 and 44, inclusively).

Design of the National Health Interview
Survey

The form of the NHIS sample redesign of 1985 (3)

made it possible for NCHS to transmit data on NHIS
sample households to private contractors for use in con-
ducting follow-on surveys, which are then said to be linked
to the NHIS. The confidentiality of the transmitted data is
protected under section 308(d) of the Public Health Ser-
vice Act,

The NHIS sample for the years 1985 through 1994 is
restricted to 198 PSU’S. These sample PSU’S were se-
lected from a much larger set of PSU’S that covers the
United States. The sample selection method was based on
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 of the total U.S.
population in terms of several demographic and economic
characteristics, 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. These PSU’S would
thus represent 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 NHIS 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 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 small
groups of blocks) was selected. In PSU’S in which black
persons constituted 5–50 percent of the population, blocks
in enumeration districts with a higher percent of black
persons were selected with a higher probability than other
blocks. Within each block, a cluster of 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 the 52 weeks of the year, with each week’s sample a
random subsample of the total sample. Each year, a totally
new sample of households is selected. However, they tend
to be neighbors of the households interviewed the previ-
ous year.

Subsampling of NHIS completed interviews

The procedure for selecting the NSFG sample from
the NHIS sample was complex. In this section, the factors
motivating the design are described in tandem with the

3



design features themselves, For readers more interested in
any effects of the design than in motivating factors, suffice
it to note (a) that in some PSU’S,only black women were
selected, (b) that neighborhood clusters of black women
tended to be larger than clusters of women of other races,
and (c) that households containing more than one eligible
woman of a race other than black were selected at a
higher rate than households containing just one such
woman. This last point considerably reduces the variability
in the sampling weights of women of races other than
black, The weights of black women tend to vary much
more strongly 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 a lack of adequate funding,
the 1985NHIS sample was restricted to three panels (156
PSU’S),and the 1986NHIS sample to just two panels (112
PSU’S). Funding was augmented for 1987; thus the 1987
NHIS sample is found in all 198 PSU’S of the full NHIS
design. Unfortunately, even combining all six of the avail-
able quarters together did not provide as many black
women as were selected for Cycle 111of the NSFG. The
decision was thus made to select as many of these women
as possible, subject to operational constraints and 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’Sthat were used by NCHS only in
1987. It was judged that the travel costs per completed
interview would have been too high for the women in
these PSU’S.

Combining all six of the available quarters together
provided many more women of races other than black
than were required for the NSFG. In deciding how to
subsample, the general preference was to take the most
recently interviewed because they would be the least likely
to have moved since the NHIS interview. (Such a proce-
dure does not introduce bias because each week’s sample
is a random subsample of the total sample.) It appeared,
however, that the household information from the first
quarter of 1987 might not be available for sampling in
time; therefore, an initial decision was made to restrict the
sample to 1986.Subsequently, timing ceased to be as tight
and more funding was made available, so the sample of
women other than black was expanded to include some
from the first quarter of 1987.

The first step was to select households. The second
step was the selection of persons from households. Rules
for selection of households are summarized in table A and
listed below:

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

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

. All NHIS sample households from the first quarter of
1987 containing one or more eligible black women
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were selected if they lived in one of the same 156
PSU’Sused in the fourth quarter of 1985,
All NHIS sample households from 1986 containing
more than one eligible woman of a race other than
black were selected,
The NHIS sample is split into 52 subsamples corre-
sponding to weeks of the year. Households from 30 of
these 52 subsamples from 1986 containing exactly one
eligible woman who was not black were selected.
Drawing fewer of these households than of households
containing more than one eligible woman who was not
black makes up for the fact that only one of the women
in each multieligible household could be interviewed.
If the sample had not been selected in this manner,
women who are not black from the following sorts of
households would have been underrepresented: mother
and daughter both between 15 and 44 years of age,
sisters both between 15 and 44 years of age, and
unrelated women both between 15 and 44 years of age.
Note that black women in multieligible households are
underrepresented because there were not enough eli-
gible black women in the total NHIS sample to allow
the subsampling of black women in single-eligible
households. For this and other reasons, it is thus
crucial for microdata users to use the provided sam-
pling weights.
A few NHIS sample households (1 week out of 13)
were selected in two of the available panels from the
first quarter of 1987 if they met a specific criterion.
The criterion was that the household contain exactly
one eligible woman who was not black and 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 were selected if they met a different
specific criterion, That criterion was that the house-
hold contain exactly two eligible women who were not
black and no eligible black women,
All NHIS sample households in two of the available
panels from th~ first quarter of 1987 containing three
or more eligible women other than black women 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 one divided by the number of eligible women, Eligi-
bility 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 this rule, Within multiracial
households selected from 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 in which the sampled
woman was under age 15, over age 44, or not a woman at
all. (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 among other eligible women then
residing in the household. If there were no eligible women,
the case was dropped.

Subsampling for nonresponse foilowup

After all efforts to complete an interview were ex-
hausted by local interviewers, a 50-percent subsample of
nonresponse cases was selected for intensive followup.
This subsampling, designed to reduce interview costs, was
accomplished in two ways. In PSUS for the six largest
metropolitan areas, where there were large numbers of
nonresponse cases, the nonresponse cases were sequenced
by an identification number, and a systematic sample of

one-half of them was drawn. The remaining PSU’S were
sequenced in descending order by the number of nonre-
sponse 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 interviewers and assistant supervi-
sors who had previously demonstrated superior ability in
refusal conversion,

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 (8,450/10,562) to an
effective response rate of 82.1 percent ((8,450+220)/
10,562).

Table A. Rules for selecting households from the National Health interview Survey sample for Cycle IV of the National Survey of Family
Growth, by year and quarter interviewed in the National Health Interview Survey and race and number of eligible women living In the
household

Year and quarter interviewed
Race and number of eligible

women living In the household 1985 fourth quarter 1986 all quarters 1987 first quarter

Households selected for the NSFG
Black

Atleast l . . . . . . . . . . . . . . . . . All in 156 PSU’S All in 112 PSU’S All in 156 PSU’S

All others

Exactly . . . . . . . . . . . . . . . . . None 30 weeks of every 52 in 112 PSU’S1 1 week of 13 in 112 PSU’S2
Exactly . . . . . . . . . . . . . . . . . None All in 112 PSU’S 12 weeks of every 13 in 112 PSIJ’s3

Atleast 3 . . . . . . . . . . . . . . . . . None All in 112 PSU’S All in 112 PSU’S

lThs last 30 weeks of 198e.
2The last weak of the first quarter of 1987.
3The last 12 weeks of the first qusflsr Of1987.

NOTES NSFG Is Natlonsl Survey of Family Growth. PSU is prima~ sampling unit



Chapter 2
Components of variance

To estimate the components of variance, the tech-
nique of balanced repeated replications (BRR) was used.
General information on this technique may be found in
Wolter (4). The actual NSFG sampling strata were not set
up in the way required for BRR. To fit the sample into the
BRR model, the sample women were regrouped into
variance strata and variance units, corresponding to the
sampling strata and half-samples of classical statistical
theory. Different sets of variance strata and variance units
were formed to estimate the various components of
variance.

Total variance

Two types of variance strata were established to
estimate total variance. The first set consists of groups of
NHIS second-stage units (segments) within SR PSU’S
(self-representing primary sampling units). A total of 58
variance strata of this type were formed. Each such
variance stratum is a systematic subsample of groups of
four consecutive NHIS segments from SR PSU’S. The
subsamples are exhaustive and mutually exclusive, Prior to
the grouping and systematic subsampling, the segments
were sorted by region, PSU, and order of selection (by the
Bureau of the Census) for NHIS. The second set of
variance strata consists of groups of NSR PSU’S. There
were 42 of these strata, Each variance stratum of the
second type consisted of between two and five NSR PSU’S
from similar sampling strata.

The two variance units for each of the first type of
variance stratum consisted of a systematic subsample of
the NHIS segments in the variance stratum and the
complement of that subsample. The sort was the same as
for the identification of the variance strata. The pattern of
variance-stratum and variance-unit assignment in SR PSU’S
can thus be illustrated as: 1A, lB, 1A, lB, 2A, 2B, 2A, 2B,
.... 58A, 58B, 58A, 58B, 1A, lB, 1A, lB, ... . (Consecutive
sets of four segments were grouped together into the same
variance stratum rather than the more traditional consec-
utive sets of two segments because, at the time, it was
believed that this might improve the stability of the vari-
ance estimator, Subsequent discussions have thrown this
thinking into doubt. For future work, consecutive pairs are
recommended.)

The two variance units for each of the second type of
variance stratum were formed by dividing the PSU’S in the
variance stratum into two groups, Care was taken to

ensure that the exclusively black PSU’S were always in
opposite variance units,

The perturbation factors were the standard Oand 2 of
BRR for the variance units in the first type of variance
stratum. The perturbation factors were Oand roughly 2 for
the variance units in the second type of variance stratum.
The deviations from the standard 2 were made to allow for
odd numbers of PSU’S and variation in the sizes of the
sampling strata represented by the PSU’S in a variance
stratum. More detail on the variance stratum-unit forma-
tion and perturbation may be found in Judkins, Mosher,
and Botman (5).

Within-unit variance

The variance strata for within-PSU variance were
much simpler than those for total variance, All NHIS
segments with any women designated for the NSFG IV
sample were sorted by region, PSU, and order of selec-
tion, grouped into consecutive preliminary variance strata
of four segments each, and then systematically subsam-
pled into 100 samples. Each sample of preliminary vari-
ance strata constituted a final within-PSU variance stratum.
Each variance stratum was systematically split into two
variance units. The pattern of variance-stratum and
variance-unit assignment within PSU’S can thus be illus-
trated as: 1A, lB, 1A, lB, 2A, 2B, 2A, 2B, ..,, lOOA, 100B,
lOOA, 100B, 1A, lB, 1A, lB, ... .

Within-segment variance

The variance strata for within-segment variance were
formed in a manner similar to the within-PSU variance
strata. All designated women were sorted by region, PSU,
segment order of selection, and household identification
number within segment, grouped into consecutive prelim-
inary variance strata of four women each, and then sys-
tematically subsampled into 100 samples. Each sample of
preliminary variance strata constituted a final within-PSU
variance stratum. Each variance stratum was systemati-
cally split into two variance units. (As at the segment level,
it is now believed that consecutive pairs might have
yielded better results than consecutive sets of four women.
Also, special modifications for segments with one or three
sample women would have improved the within-segment
variance estimates,)
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Replication

All stages of adjustment were repeated on each of the
100 sets of replicated weights for each component of
variance. This means that nonresponse adjustment and
the iterative raking to Current Population Survey esti-
mates and demographic control totals was repeated 300
times, i.e., 100 times for total variances, 100 times for
within-PSU variances, and 100 times for within-segment
variances,

Smoothing

Direct estimates of between-PSU variance and within-
PSU-between-segment variance could have been com-
puted for each characteristic of interest. Past experience
has demonstrated, however, that these individual esti-
mates of the “between” components are highly unstable.
In fact, negative estimates of variance can occur. To
counteract this, separate generalized variance functions
(GVF’S) were fit for total, within-PSU and within-segment
variances, and components of variance were estimated by
subtracting b parameters rather than individual estimates.
This smoothing of the variances prior to subtraction im-
proves stability and usually results in better overall esti-
mates of all components (6). As input to the fitting of
GVF’S, variances were estimated directly for a large num-
ber of characteristics.

The characteristics included cross-tabulations of age
by marital status; education by type of current contracep-
tive; usual source of family planning services by metropol-
itan status; religious affiliation by ever had intercourse, by
expectations for additional children; parity by fecundity;
age by relative order of marriage and first birth; Hispanic
origin by age at first marriage; age by education by age at
first intercourse for never-married women; Hispanic origin
by living arrangement at age 14 by current contraceptive
use for never-married women; religion by metropolitan
status by ever-usage of family planning services for never-
married women; and education of mother by ever had
intercourse for never-married women. There were other
tables as well. All the tables were repeated for black
women by themselves.

The curves were fit to the formula

V2 = b(l/x -l/T) (1)

where V2 is the directly estimated relative variance for a
statistic, X is that statistic, and T is the upper bound on
the possible value for X. The results are shown in table B.

Table B. b parameters for women, by race and components of
variance

Components of variance Black All races

Total . . . . . . . . . . . . . . . . . . . 4,906 10,192

Within-PSU1 . . . . . . . . . . . . . . . 4,350 9,500

Within-segment. . . . . . . 4,258 9,453

1PSU is pr[mary sampfing unit.

NOTES These b parameters are slightly different from those in Judklns, Mosher, and

Sotman (5), A dMerent model was used here with a different set of items to improve

comparabihfy between total, within-PSU, and within-segment variances.

Caveats

These estimates imply a 7-percent between-PSU vari-
ance for all races combined and an 1l-percent between-
PSU variance for black women, They also imply that
between-segment variance was a trivial component of
variance for most estimates. Although we believe that the
general direction of these estimates is correct, several
caveats are in order.

A number of approximations were made in the vari-
ance computations, almost all of which tended to exagger-
ate the between-PSU component. The estimates of
between-PSU variances are thus upper bounds. First,
there are some very large sampling fractions at the first
stage (some as large as 0.75). These have a strong dimin-
ishing effect on between-PSU variance that was not re-
flected in the variance estimates. Second, even though
some small adjustment was made to compensate for the
bias in the collapsed-stratum variance estimator, such an
estimator is normally positively biased. This tends to
exaggerate between-PSU variance. Third, the PSU’S of
only black women lead to even worse positive biases
because there is only one such PSU in every other stratum.
Fourth, the variance strata for within-PSU variance prob-
ably should have been assigned on the basis of all NHIS
segments, not just those with a woman designated for an
attempted NSFG interview. This has the effect of exagger-
ating between-PSU variance and understating between-
segment variance. (However, because poststratification by
race and age essentially makes all inference conditional on
the achieved national sample sizes, this is probably a very
minor caveat.) Fifth, the within-PSU variance strata pair
segments in different PSU’S when there are PSU’S with
odd numbers of segments. This fifth caveat has the oppo-
site effect of the fourth caveat but is probably smaller.
Sixth, the within-segment variance strata pair women in
different segments or even PSU’S when there are segments
with odd numbers of designated women. This has the
effect of exaggerating within-segment variance, thereby
understating between-segment variance.



Chapter 3
Model for components of
variance

Theoretical form

A fairly good model for the relative variance of a
ratio-adjusted estimator from a three-stage design such as
NSFG is

V*= l’ql +Pp~A~+ p2(A2-l)g2 + J$&l+az +b2 + c*] (2)

where V& is the relative variance that would be obtained
from a simple random sample of women of the same size,
P is the percent of women in non-self-representing PSU’S,
PI is the intraclass correlation at the PSU level, Al is the
average number of sample women per PSU, Ppl& is the
relative increase in variance due to sampling at the first
stage, pz is the intraclass correlation at the segment level,
A2is the average number of sample women per segment,
& is a complex term due to variation in the number of
eligible women per segment that is usually greater than
one and that persists even with poststratification but is
difficult to estimate, pz(kz-l)~z + ~z-l is the relative in-
crease in the variance due to sampling at the second stage,
a2 is the relative variance in within-household inverse
probabilities of selection, bz is the relative variance of
inverse probabilities of selection across second-stage strata,
and C2 is the increase in relative variance of the final
weights due to subsampling of nonrespondents, adjust-
ment for nonresponse, and other adjustments.

Following common practice, the term tj2 was not
directly estimated for this study. This type of factor is
discussed at greater length in Hansen, Hurwitz, and Ma-
dow (8) volume 1, chapter 6, section 8; volume 1, chapter
8, sections 1 and 11; and volume 2, chapter 8, section 4.
There it is written as ~2/V2. There is also more discussion
in an appendix to this report.

The formula used by Waksberg and Northrup was
slightly different. They used

V*= V:m [1 +PplA1 + p2(A2-1) + V;*+ a~+b~] (3)

where V~2 is the relative variance in the number of
eligible women per segment, also not directly estimated, It
might be argued that the omission of C*was an oversight,
but other studies have indicated that poststratification can
have variance-reducing properties that directly counteract
some of this effect. Empirical studies in the last decade
have indicated that V~2 is usually on the order of 0.1 or
0.2 for area samples of persons through their housing

units. Such values are too large to be reasonable, A
substitution was made for the ~2–1 term, which is expected
to be considerably smaller than V~2, Note that Hansen,
Hurwitz, and Madow also has a formula using V~2, but
that the form is slightly different. Adapting from that
source to the problem at hand, the approximation from
Hansen, Hurwitz, and Madow would appear to be

V*= V:m[l +Pp~A~& + p2(A2-1)~2+ &’1 +a2 +b2+ C*]
+ Vf2/m2 (4)

where WZzis the number of segments. It is also important
to note that the right bracket has moved, leaving the term
involving variation in segment size as an absolute rather
than relative term and that the term declines in impor-
tance as the number of segments increases, Based on the
discussion in Hansen, Hurwitz, and Madow, this formula
is more appropriate for modeling the relative variance of
an estimated total that was obtained with simple inverse-
probability sampling weights than for modeling the rela-
tive variance of an estimated total that was obtained by
poststratified sampling weights. Poststratification largely
eliminates the additive VA22effect, leaving only the multi-
plicative factor ~2.

To maintain consistency with Waksberg and Northrup,
a value was picked for g2 that had the same effect on the
design effect as the V~2 that was assumed. A value of

&=0.042 is comparable to the V;*= 0.05 that they as-
sumed, A strategy for estimating ~2 in future studies is
given in Appendix II,

Fitting the model for components of
variance

The intraclass correlations implied by these variance
components are not very consistent with those found by
Waksberg and Northrup when examining Cycle H. This
was true even though there was considerable overlap in
the table structures that served as the basis for inference
about componentsofvariance.(For example,both studies
estimated components of variance for the estimated num-
ber of black women who used contraception.) Of course,
in addition to all the caveats mentioned previously, there
are problems in translating the b parameters into compo-
nents of variance.
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First-stage components

In this section, values for P, Al, and PI are obtained.
There were a total of 156 PSU’S with one or more
designated sample women for Cycle IV. Of these, 130
were NSR PSU% However, no attempt was made to
interview in several of these PSU’S because the sample
sizes simply did not warrant the tremendous travel ex-
penses associated with the PSU’S. The number of NSR
PSU’S with at least one completed interview of a black
woman is 88. The number of NSR PSU’S for all-race
estimates is 112, and the number for other-than-black
estimates is 88. Table C shows, by racial grouping, the
numbers of NSR PSU’S, the complete sample sizes in NSR
PSU’S, the proportions of the eligible populations in NSR
PSU’S, and the resulting values of il. Substitution of these
parameters into the formula

bT-bLvp
pl =

bwp PA1 (5)

where bT is the b parameter for total variance and bwp for
within-PSU variance, gives the estimates of intraclass
correlation, PI, at the PSU level shown in table C.

These do not line up very well with the Waksberg and
Northrup estimates also shown in table C. Intraclass cor-
relation should be about the same for all races as for all
races other than black by themselves. It is thus particularly
troubling that the estimated correlation for black women
in Cycle II was much lower than that for persons other
than black but that this relationship is reversed in Cycle
IV with the estimated correlation for black women being
considerably larger than that for all races. The difference
in smoothing techniques is part of the reason for the
disparity, The Cycle IV smoothing technique was applied
to the Cycle II variances rather than averaging direct-
difference estimators of between-PSU variance. This re-
duced the discrepancy somewhat in favor of the Cycle IV
estimates, particularly for black women; hence the lean
toward the Cycle IV estimate for black women. Finally,
the Cycle IV estimates of between-PSU variance were
positively biased for the reasons given earlier in this
section (whereas the Cycle II estimates were not) and that
the Cycle IV estimates were prepared with more PSU’S
than the Cycle II estimates and should thus have better
stability, However, there was concern that there was still a

Table C. First-stage intraclass correlation for Design C

large variance in our variance-component estimate, and
thus it was assumed that the single intraclass correlation
of 0.005 shown in the “composite” column of table C for
all races combined, races other than black by themselves,
and black women by themselves.

Second-stage components

Similar problems and inconsistencies beset the deter-
mination of the intraclass correlation at the second stage
(within segments). Table D gives, by racial grouping, the
numbers of NHIS segments with one or more completed
interviews, repeats the completed sample sizes, and gives
the average segment sizes (Az). The standard formula for
intraclass correlation at the second stage is

P2 = (bwp/ bWS ‘1-~2)/ [(k2-l)E21 (6)

Substitution gives the estimates shown in table D, The
estimates obtained by Waksberg and Northrup are also
shown. It is apparent that the estimate of ~2is too large for
this study or that bwp/bw~ has not been well estimated; it
is simply not reasonable to assume a negative intraclass
correlation. The very small number of completed inter-
views per segment probably led to substantial contamina-
tion of bw~ by between-segment differences. Partially
counteracting this was the fact that women other than
black selected from the 1985 and 1987 NHIS samples were
in segments adjacent to those selected from the 1986
NHIS sample. This was reflected in the direct estimates of
variance components and smoothing but was not reflected
in the computation of the number of nonzero segments. If
allowance had been made for the neighboring segments,
this would have reduced the effective number of segments,
thereby boosting the average cluster size and bringing the
estimated intraclass correlation closer to zero. In trying to
reconcile these two sets of estimates, it must be kept in
mind that the average number of completed interviews per
segment for Cycle II was much larger than for Cycle IV,
even though the typical land area was similar. The larger
number of completed interviews means that segments
consisting of just a single woman were rare. That rareness
allows for more accurate estimation of the intraclass
correlation. Thus, the Cycle II estimates were weighted
more heavily in coming up with a composite intraclass
correlation.

Non-self-representing primary sampling unit
Average

Number non-seif-

with Number of Proportion representing
nonzero interviewed of workload Cyc/e W Cycle II Composite

Race sample women popu/ationl (Al) (P,) (PI) (PJ

All races . . . . . . . . . . . . 112 4,693 0.69 41.9 .0025 ——— .0050

Black, . . . . . . . . . . . . . 88 1,362 0.58 15.5 .0142 .0007 .0050

Other than black. . . . . . . 88 3,331 0.71 37.9 _—— .0066 .0050

1NotactuallYe~~~at~d from the National survey of Family &owlh. Estimated from 1991 Westat Maatersample.
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Table D. Second-stage intraclass correlation for Design C

Number Segment size

Effect of
,Effecfive Interviewed var/ation Cycle IV Cycle II Composite

Race segments women Average (AJ (62) (d (P2) (P2)

Al[ races . . . . . . . . . . . . 3,143 8,450 2.69 1.042 -0.02 --- 0!03
Black . . . . . . . . . . . . . . 1,056 2,811 2.66 1.042 -0.01 0.042 0.03
Other than black. . . . . . . 2,382 5,639 2.37 1.042 --- 0.046 0.03

Table E. Components of within-segment design effects for Cycle IV, by race

Other
All

Component
than

races Black black

Within-segment b . . . . ., . . . . .
Sampling interval. . . . . . . . . . . .
Within-segment design effeti . . . .
$+ P. . . . . . . . . . . . . . . . . .
@ . . . . . . . . . . . . . . . . . . . . .

Relative variance in weights

Before nonresponse sampling . .
After nonresponse sampling . . .
Finalweights . . . . . . . . . . . . .

9,453
6,852

1.38
0,27
0.12

0.27
0.39

---

4,258
2,732

1.56
0.55
0.00

0.55
0.64
0.51

-.—
---
---
0.07
0.09

0.07
0.17
0.16

Effects of variation in weights

The b parameters for within-segment variance in
table B are still larger than what would be expected from a
simple random sample. Using the sampling intervals shown
in table E gives the estimated within-segment design ef-
fects also shown in table E (deff = b/SI). (The design effect
[deffl is the ratio of the actual variance of a sample to the
variance of a simple random sample of the same number
of elements.) These within-segment design effects are
explained by the variation in weights as is theoretically to
be expected. As explained above, the effect of the varia-
tion in weights can be decomposed into three terms: a2 is
for the subsampling of women within households contain-
ing multipIe eligible women; bz is for the oversampling in
the NHIS of neighborhoods with a high percent of black
persons; and C2 is the subsampling of nonrespondents at
the close of regular interviewing for the special followup
effort and the adjustments for nonresponse and poststrat-
ification. The terms a2 and b2 were not separately esti-
mated for Cycle IV. The term C2is equal to zero for black
women because the relative variance in the weights of
black women was actually smaller after subsampling for
nonresponse, adjusting for nonresponse, trimming, and
poststratification than it was prior to these steps. This is
shown in more detail in the final rows of the table.

Comparison of fitted model with empirical design
effects

The fitted model was used to recompute the achieved
precision for Cycle IV. The purpose of this was not to
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provide an improved estimate of the precision because the
direct empirical measures of precision are probably better.
Instead, the purpose was to provide a more even playing
field for the comparison of linked and unlinked designs,
Table F shows, by racial grouping, all the parameters of
the fitted model for design effects along with the direct
design effects. It also shows the effective sample sizes
(nominal sample sizes divided by their respective design
effects).

Table F. Comparison of modeled and observed design effects for
Cycle IV, by parameter and race

Other
All than

Parameter races Black black

P. . . . . . . . . . . . . . . . . . . . . . 0.69 0.58 0.71

Number of NSR PSU’S . . . . . . . . 100 85 88
A, . . . . . . . . . . . . . . . . . . . . . 56.3 19,2 45.5

PI. . . . . . . . . . . . . . . . . . . . . 0.005 0.005 0.005
Alp, . . . . . . . . . . . . . . . . . . . 0.20 0.06 0.16

Number of nonempty segments . . 3,143 1,056 2,362
)q. . . . . . . . . . . . . . . . . . . . . . 2.69 2,66 2.37

Pa . . . . . . . . . . . . . . . . . . . . . 0.03 0.03 0,03

to . . . . . . . . . . . . . . . . . . . . . 1.042 1.042 1.042

P2(~2-1)E2+52-1 . . . . . . . . . . . . 0.09 0.09 0.08
a2+b2 . . . . . . . . . . . . . . . . . . 0.27 0.55 0.07
C2. . . . . . . . . . . . . . . . . . . . . 0.12 0.00 0.09

Modeled design effect . . . . . . . . 1.68 1.70 1.40
Observed design effect. . . . . . . . 1.49 1.80 ---
Number of interviewed women . . . 8,450 2,611 5,639
Modeled effeotive sample size . . . 5,029 1,654 4,027

NOTE NSR PSIYSarenon.self-representingprimatysamplingunits.



Chapter 4
Design specification

Various aspects of required sample sizes are worked
out for each design in this section. The goal was to keep
precision at the level of the modeled effective sample sizes
shown in table F and then to determine the cost penalties
or savings associated with the alternate designs. To deter-
mine the cost of an alternate design, it was necessary to
know the number of PSU’S, the number of segments, the
number of designated households, the number of desig-
nated women from those households, and the number of
interviewed women, These critical statistics are shown in
table O for each of the designs.

Design C–Most of the parameters for Design C (the
actual Cycle IV design) were already set in table F. The
response rate (among those who responded to the NHIS)
was 82 percent, Even though original design specifications
called for a sample mix nearer to parity between black
women and women other than black, this will serve as the
baseline reliability for the evaluation. (Specifications for
future designs may repeat this, establish requirements for
women of Hispanic origin, expand the eligible universe to
women 54 years of age, or utilize other criteria.) The other
designs have been specified in a manner to provide approx-
imately the same reliability.

Design B –This design is a slight variation on design
C. Going to the field within 7 months of the close of NHIS
interviewing for 1986 would have improved response rates
a little and would have lowered costs. Projections of these
improvements are given in the final section. From the
point of view of statistical design, the only difference
between Designs B and C is that B requires a slightly
smaller designated sample size than C. There is no reason
to think that design effects would have been affected at all.

Design D-This design is similar to Design B, but
some reduction in design effects could be expected. First,
the sample could be spread out across 146 NSR PSU’S
instead of just 100 or so and across 5,000 segments (of the
total 8,200 in the full NHIS), instead of just 3,200. Second,
a greater proportion of the population would be covered
by SR PSU’S. Third, because there is a larger sample
frame available, it would be possible to oversimple multi-
eligible households even more sharply than in Cycle IV. It
should be easy to reduce the total design effect for
statistics for women other than black women from the
modeled 1.37 to 1.3. A design effect of 1.15 is probably a
lower limit, given subsampling of nonrespondents, but 1.3
is conservative. Similarly, the increase in the numbers of

sample PSU’S and segments and the reduction in the need
to take all households containing just one eligible woman
will serve to reduce the design effect for statistics for black
women from the modeled 1.67 to 1.6. A further consider-
ation making these reductions in design effects plausible is
that there is variation in NHIS baseweights resulting from
differential sampling by minority density stratum. Much of
this variation for single-eligible households could be re-
moved during the subsampling of NSFG from a full NHIS,
These design-effect reductions imply that the sample sizes
in terms of completed interviews could be reduced from
5,639 and 2,811 to 5,351 and 2,693 for women other than
black and black women, respectively. A reasonable rounded
total is thus 8,000 completed interviews instead of 8,450.

DesignA –The greatest uncertainties of design speci-
fication pertain to the unlinked design. It is not appropri-
ate to simply compare effective sample sizes from Cycle II
or Cycle III with those from Cycle IV because the require-
ments for sample allocation were sharply different. Nor
can the estimates of design effects for the unlinked design
in Waksberg and Northrup be used because there have
been changes in reliability requirements. Rather, it is
necessary to start with the components of variance derived
above to build a new design. The same models are used as
described in the section “Theoretical form,” but new
parameters are obtained. The parameter derivation fol-
lows the same structure as described under “Fitting the
model for components of variance.”

First-stage components

The Cycle III model had 80 PSU’S, 60 of which were
non-self-representing. Some of those contained no or very
few interviewed black women. A rough projection of the
effective number of PSU’S for black women is 30. The
number of interviewed women was obtained as the result
of a directed-iteration approach that gave the desired level
of precision taking into account all contributions to design
effects. Derivation of the effect is shown in table G.

“Between-stratum” is an approximation of the size of
a component that would exist in an unlinked design but
did not exist in the Cycle IV linked design. In Westat’s
typical unlinked design for NSFG, there are 60 NSR
PSU’S selected from 40 NSR strata. This 1.5 PSU’S per
stratum design arises from Westat’s desire to have a
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Table G. First-stage contribution to design effect for Design A

Average Contribution
Effective Number of Propofllon NSR to cfe.dgn Between-

number of /nterv/ewed In NSR workload Composite effect stratum
Race NSR PSU!s women PSU!SJ (A) (P) P(A, -I)p, component

All races . . . . . . . . . . . . . . 60 11,763 0.73 143.1 0.005 .52 ,02
Black, .,, ,,, ,., ,. ..,, 30 3,180 0.61 64.7 0.005 ,20 .02
Other then black. . . . . . . . , 60 8,582 0.75 107.3 0.005 .40 .02

1FromWaksbergand Northrup, table 13 (1).

NOTE NSR Is non-self.representing.PSU Is primay samplingunit.

flexible design that can be fielded with either 40, 60, or 80
NSR PSU’S in addition to a constant 20 SR PSU’S.
However, this feature introduces an additional component
of variance known as between-stratum variance. It has
never been measured for NSFG characteristics but is
assumed to be small, For purposes of this evaluation,
Westat’s estimate is that it adds 0.02 to the typical design
effect.

Second-stage components

Black women were oversampled in Cycle HI by over-
sampling block groups that had a fairly high percent of
black persons in the prior decennial census and then by
screening the listed households to identify those with
black female occupants. To determine the within-PSU
design effects, it is first necessary to work out the distribu-
tion of the sampIe across the second-stage strata, The
within-PSU design starts with the assumption that four
strata would have been used, defined by density of the
black population within the block. These strata are re-
ferred to as “old construction strata” because the area
sample would have been used mainly for residents of
buildings constructed prior to the previous census. Addi-
tionally, because the survey took place near the end of the
decade, a separate stratum would have been established
for new construction built in localities that issue building
permits. The housing units in this stratum would have
been sampled by sampling the permits. Also, because the
interviewing took place mainly in the spring, it would have
been more efficient to interview college women in their
dormitories rather than at home. (NHIS also has a dormi-
tory sample,) The proportions of black, other than black,

and all race women in each stratum shown in table H are
based on 1980 decennial census counts with some ad hoc
adjustments. The distribution of the population across
these strata is subject to seasonal, decennial, and long-
term fluctuation. The oversampling rates are relative to
the base sampling rate. They were determined following
rules that have been demonstrated in the past to yield
near-optimal allocation.

It was assumed that screening would be used in the
other strata to create a uniform probability of selection for
all households containing only eligible women who were
not black. Thus, for example, two-thirds of the households
with only white and Asian women in old construction
stratum three would be dropped from the sample after
screening. Although it would be possible to use screening
to sample black and other women at different rates in all
the strata, it was assumed that all households containing
eligible women in strata with oversampling rates of one
would be retained in the sample, Screening for black
women in these strata is a very expensive proposition.

Having fixed the allocation across the strata, it is then
necessary to fix the overall number of sample segments.
The choice of 1,718 segments was made using the follow-
ing considerations. About 1,550 area segments and 150
permit segments were selected in Cycle 11 (8). About 18
dormitory segments were selected in Cycle III, (There
were no dormitory segments in Cycle II because unmar-
ried nulliparous women were not eligible. There were no
permit segments in Cycle III because it was so soon after a
decennial census, There were only one-half as many area
segments in Cycle III as in Cycle II because of greater
attention to small domains for which intraclass correlation
is not as troubling.) Table J shows some projections of

Table H. Percent distribution and oversampling rate of eligible women by stratum, according to race

Percent

Total Black Other
Stratum

Percent Ovarsamplkrg
population population population other rate

Total . . . . . . . . . . . . . . . . . . . 100,0 100,0 100.0

Old construction:
. . . .,.

Less than 10 percent black . . . . 66.0 14.7 74.0 97.3 1
10–30 percent black . . . . , . . 5.0 11.0 4.5 7a.! 1.4
30-60 percent black . . . . . . . . 4.0 16.0 2.4 52.0 3
60 percent or more black . . . . . 7.0 44.0 0.7 8.7 4

New construction. . . . . . . . ., , . 15.7 12.0 16.1 68.9 1
College dormitories . . . . . . . . . . 2.3 2.3 2.3 S6.7 1

Total population in millions. . . . ., 57.9 7.7 50,2 . . . .,,
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Table J, Second.stage contribution to design effect for Design A

Effect of
Effective Number of Average v@at/on /n Contr/but/on to

number of /nterv/ewed
Race

segment segment Composite design effect
segments women size (AJ size ([J (P2) (AZ-1)A262+[,-1

Allraces .,.,,,..,,,. 1,714 11,763 6.9 1.26 0.03 0.23
Black, ,,, , .,..,,,.. 809 3,180 3.9 1.28 0.03 0.11
Other than black, , . . . , , 1,329 8,582 6.5 1.28 0.03 0.21

how many of each of these types of segments would have
at least one interviewed woman by race. The table also
shows the contribution to the design effect that is implied
by the resulting average segment sizes.

Effects of variation in weights

The design effect resulting from the oversampling of
strata with high percentages of black persons was calcu-
lated by the standard formula:

bz=(~piki) (XPi/ki)-l (7)

where pi is the proportion of domain population in a
stratum and ki is the oversampling rate for the stratum.
This formula yielded values for b2 of 0.43 for black
households and 0.15 for total households. The value of b2
for households is 0,0 because subsampling of households
other than black discovered in screening would return the
other-than-black household sample to a self-weighting
sample,

Table K gives the population distributions across house-
hold sizes where size is defined as the number of age-
eligible women living in the house, These distributions
come from Cycle III estimates (derived from table 2-7 in
the National Survey of Family Growth Cycle III, final
report (9). The retention rate is the proportion of eligible
women who would be designated for extended interviews.
Given the NSFG rule of one respondent per household,
the rates are obvious, The parameter a2 reflects the
increase in design effect due to subsampling within house-
holds as before,

The total design effects are obtained by summing the
components derived in this section. Table L gathers all the
numbers together in the same format as table F for ease of

comparison, Note that the projected effective sample sizes

do not quite line up between tables F and L. It is
considerably more difficult to achieve the desired preci-
sion for black women in an unlinked design than for

women other than black or total women. The compromise
sample size for the unlinked design yields lower precision
than the linked design for black women and higher preci-
sion for women other than black and total women. The
only way to have matched precision by race would have
been to use screening even in the stratum with the lowest
concentration of black population.

Comparing these projected design effects to other
NSFG design effects in table M, it is interesting to note
that the unlinked design effect for all-race estimates is
projected to be larger than that for black estimates, which
is the reverse of what was observed with the actual Cycle
IV design. This reversal is mainly the result of the fact that
with the linked design, it was possible to oversimple
multi-eligible households and thus reduce the a2 to near
zero for persons other than black. The design effects
projected in Waksberg and Northrup for an unlinked
Cycle IV are not strictly comparable because they as-
sumed different within-household sampling rules, total
sample sizes, and analysis domains. Nonetheless, they are
not too far off. (The smaller design effects projected for
never-married women other than black are the result of
the smaller cluster sizes that are naturally obtained for
smaller domains.) Also interesting to compare, the Cycle
III design effects are much larger, particularly for all
races. The main reason for this is the extensive and
inefficient oversampling of white teenagers that was con-
ducted in Cycle III. Also a factor was the differential
sampling of ever-married and never-married women,

Projected response rates

Having calculated projected design effects, it is possi-
ble to calculate the number of women that would have to
be interviewed in an unlinked design to attain precision
comparable to the linked Cycle IV design. The next step is
to work backward to determine the numbers of housing
units that would have to be selected from area-listing
worksheets.

Table K, Percent distribution of population and retention rate by number of eligible women within household, according to race

Retention
Number of eliglbla women within household Total Black Other rate

Total, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0

1

,..

,, . .. ...!. . . .. . . . . . .. . . . .. .. . . . . . 66.8 56.9 70.5 1
2,,, ,, ...,, . . . . . . . . . . . . . . . . . . . . . . . 23.5 26.6 21.5 0.5
3.! ..0.!.. . . . . . . . . . . . . . . . . . . . . . . . . 6.0 11.0 6.9 0.33
4ormore .,, ,,. ., a . . . . . . . . . . . . . . . . . . 1.7 3.3 1.1 0.2
@ .,, ,., ... . . . . . . . . . . . . . . . . . . . . . . . 0.19 0.24 0.17 ...
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Table L. Components of design effects for Design A, by parameter and race

Parameter All racea Black All othars

P. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.73 0.61
Number of NSRPSU’s . . . . . . . . . . . . . . . . . . .

0.75

60 30 60

Al . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143.1 64.7 107,1

Pi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.005 0.005

PA,pl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

0.005
0.52 0.20

Between tirst-stagestratum . . . . . . . . . . . . . . . .
0,40

0.02 0.02 0.02

Numberofnonempty segments . . . . . . . . . . . . . 1,714 809

A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1,329

6.9 3.9 6.5

Pa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.03 0.03 0.03

42 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.28 1.28

P2(A2-1)g2+c2-1 . . . . . . . . . . . . . . . . . . . . . . .

1,26

0.23 0.11 0.21

22 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.19 0.24

L? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

0.17

0.15 0.43 0.00

#+@. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.34 0.67

@, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

0.17

0.12 0.00 0.09

Modeled design effect . . . . . . . . . . . . . . . . . . . 2.23 2.00

Numberofinterviewed women . . . . . . . . . . . . .

1.89

11,763 3,180

Modeled effective sample size . . . . . . . . . . . . . .

8,582
5,276 1,590 4,541

NOTE NSR PSU is non-self-representing primary sampfing unit.

Table M. Comparison of National Survey of Family Growth design effects, by race andvarlous designs

Unlinked

Waksberg-Northrup
Linked Cycle IV projections

Ever- Never-
Race Original 1

New Actual
Revised2 Mode/ed3 married married projections Cycle Ill

All races . . . . . . . . . . . . . . . . . 1.56 1.49 1.68

Black . . . . . . . . . . . . . . . . . . .

. . . . . . 2.23

1.90

3.00

1,60 1.70 2.00 1.96 2.02 2,63

Otherthanblack . . . . . . . . . . . . . . . . . . 1.40 1.79 1.43 1.89 . . .

1* reponed in Judkfns, Mosher, and Botmsn (5).

‘As Impfied by tsble A of this report.

3As constructed in table F of this report.

ExperiencefromCycle II hasshownthatabout 16per-
cent of listed units will turn outto be vacant, built since
thelast decennial census, ornot currently intended, ready,
andfitforhuman habitation (7).0f the housing units that
are occupied, a certain percent will resist being inter-
viewed (either passivelythrough not answering the dooror
actively by refusing). In Cycle III, Spercent resisted the
screening interview that was used to determine race and
sex ofoccupants, and16 percent ofthe remainder resisted
answering the detailed questions (8).

Having fixed design effects and response rates, the
entries in table N illustrate the designated number of
addresses that would have to be visited, the numbers of
these that could be expected to be ineligible for screening,
the number of occupied eligible households, the number
of screener nonrespondents, the number of successfully
screened households, the number ofwomen tobe desig-
nated from these households for the extended interview,
the number of actually interviewed women, and the effec-
tive sample sizes.

Table N. Sample sizes for Design A, byrace and type ofhousehold orresr)ondent

Household or respondent All races Black All othera

Designated addresses.....,,,. . . . . . . . . 40,800 --—

Less vacant oruninhabitable addresses. . . . .

---

-6,500 ---

Households . . . . . . . . . . . . . . . . . . . . . . . .

---

34,300
Less screener nonrespondente . . . . . . . . . .

--— ---

-1,700
Screened households . . . . . . . . . . . . . . . . . .

--- ---

32,600
Number ofdesignated women , . . . . . . . . . . .

--- ---

14,000 3,800

Less nonrespondents . . . . . . . . . . . . . . . .

10,200

-2,200 -600
Number ofintewiewed women . . . . . . . . . . . .

-1,600
11,800 3,200

Effective sample sizel . . . . . . . . . . . . . . . . . .
8,800

5,300 1,600 4,500

lTakmg design etfecta into account,
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Chapter 5
Cost estimates and
reconciliation with earlier
projections

Table O summarizes the design specifications that
were developed in the previous section. These features
served as the basis for the cost estimates.

Table 0, Summary design specifications for Cycle IV of the
National Family Growth Survey

Design D
Design B /inked to

linked Design C fu// N/+/Si
Design A without Cycle IV without

Specification unlinked delays linked delays

Primary sampling units . . . . . . 80 156 156 198

Segments . . . . . . . . . . . . . . 1,700 3,100 3,100 5,000
Designated households. . . . . . 34,300 . . . . . . . .

Dcslgnated women . . . . . . . . 14,000 10,000 10,300 9,500
Interviewed women . . . . . . . . 11,800 8,450 8,450 8,000

1National Health Interview SUNeY.

Table P shows cost estimates for four possible designs
for the NSFG that would approximate the same precision.
Because the purpose of this cost analysis is to show a
comparison of costs for the different designs, it did not
seem necessary to show indirect cost markups. Therefore,
all cost estimates shown consist of direct costs only, All
cost estimates assume that the main study data collection
would be conducted in 1992.

Pretest costs have not been included for any of the
designs because it is assumed that the cost of a pretest
would be the same regardless of the design chosen. Costs

Table P. Direct costs for design options in 1992 dollars

for data handling for all designs were calculated assuming
that the NCHS computer would be used.

For Designs A and C, the response rates are those
actually experienced for Cycles III and IV, respectively.
The response rates shown for Designs B and D were
calculated by estimating the number of women who had
moved in Cycle IV but would not have moved prior to the
interview had it not been for the delay; it is also assumed
that these women would have cooperated at the same rate
as the rest of the sample, In Cycle IV, 35 percent of
women had moved between the NHIS interview and the
first attempt at the NSFG interview. According to infor-
mation gathered about those who moved during Cycle IV,
only 30 percent would have moved by the time of interview
had it not been for the 8-month delay.

Waksberg and Northrup predicted a cost savings of
28–35 percent (relative to the Cycle III model) for a linked
design with one-time interviewing of designated persons
(with tracking), depending upon whether 200 or 100 NHIS
PSU’S were used. The new report indicates a cost savings
of 22 percent (table P, Design C versus Design A).

The reasons for the difference are complex, involving
changes in the objectives for Cycle IV, the procedure for
oversampling black women in the 1985 redesign of the
NHIS, cuts in the sample size for the 1985 and 1986 panels
of the NHIS, the lag between NHIS and NSFG IV
interviews, and improvements in the estimation of vari-
ance components. Unavoidably, variance on the variance
and cost estimates also plays some role.

Design B Design D linked
linked Design C to full

Design A without Cycle IV AU-K%ithout
Cost item unlinked deleys linked delays

Total . . . . . . . . . . . . . . . . . . . . 4,082,000 2,972,400 3,192,200 2,945,400

Professional labor . . . . . . . . . . . . 565,200 483,000 510,700 483,000

Clerical labor . . . . . . . . . . . . . . . 470,800 350,600 373,300 315,400

Field labor . . . . . . . . . . . . . . . . . 1,125,200 S08,300 874,400 787,300

Travel . . . . . . . . . . . . . . . . . . . . 638,800 497,100 537,600 527,900

Other direct costs . . . . . . . . . . . . 1,082,000 833,400 896,200 831,800

Number of screeners . . . . . . . . . . 32,600 0 0 0

Number of Interviews , . . . . . . . . . 11,600 8,450 8,450 8,000

Estimated response rate (percent)

Screener, . . . . . . . . . . . . . . . 95 (2) (1 (2)

Intewlew . . . . . . . . . . . . . . . . . 84 84 82 84

1Na,[o”al Health lnterI,@AI S“rVey.

%croonor response rate comes from NHIS.
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The impact of every factor was not quantified. Some
were quantified and others were simply listed with an
indication of the rough order of importance.

Major questionnaire revisions late in the survey plan-
ning process, resulting in postponement of the start of
data collection, were the main cause of the downward
revisions in the cost savings of a linked design, If a
comparison is made between Designs B and A instead of
C and A, there is a cost savings for the linked design of
27.2 percent instead of 21.8 percent. NHIS sample cuts
also contributed. If the 1986 NHIS had been 100 percent
and if the questionnaire had been approved in a timely
fashion, the savings would have been an even better
27.8 percent (comparing Designs D and A).

Another major factor was a suboptimal procedure for
oversampling black women in the redesigned NHIS
(1985-94), At the time that Waksberg and Northrup
prepared projections of design effects for the linked de-
sign, this factor was not anticipated, Waksberg and
Northrup projected a design effect for black women of
around 1.5 for a 2-year NHIS sample with 100 to 200
PSU’S. The actual design effect for black women (table M)
was 1.8. At least some of the difference is the result of the
artificial limitations placed on the NHIS oversampling
procedure (10), although improvements in variance esti-
mation methodology in the current report or variance on
both sets of variance estimates may also play a role.

Finally, when Waksberg and Northrup were writing
their report, the then-current objectives for Cycle IV were
much more stringent than final objectives, Specific reliabil-
ity targets were set for ever-married and never-married
women by race (black and other). The final objectives had
specific reliability targets only by race, and these targets
were considerably more relaxed. Having a single reliability
target by race reduces the amount of screening necessary
in an unlinked design and thereby reduces the savings of a
linked design. Waksberg and Northrup called for a total
sample size of roughly 10,500 interviewed women to achieve
the then-current reliability targets. When the linked sam-
ple was finally selected, the goal was to obtain 8,500

interviews. Waksberg and Northrup thought that their
results were fairly robust with respect to overall sample
size, but in retrospect, it seems likely that the smaller
sample size caused some inefficiencies of scale in the 156
NHIS PSU’S that would not have affected an unlinked
design as severely.

Working in the opposite direction, the relaxation of
the goals allowed much more efficient sampling of women
other than black, Originally, there had been a plan to
oversimple never-married women at twice the rate of
ever-married women. When this plan was dropped, Waks-
berg had the idea to oversimple households with multiple
eligible women other than black (5). This allowed a
considerable reduction in the variation in the probabilities
of selection for women other than black, thereby reducing
the value of az considerably below that projected origi-
nally. (In reviewing this report, an error in Waksberg and
Northrup was detected. In their table 13, the terms a2 and
bz are not defined but are of magnitudes that make it clear
that the first is the amount to be added to the design effect
due to differential sampling within households, and the
second is the amount to be added due to differential
sampling across block groups with different black popula-
tion densities. Yet in chapter 5 of Waksberg and Northrup,
a2 and b2 are discussed as if they had the reversed
meanings. It is suggested that a2 be substituted for b2 and
vice versa within chapter 5. The discussion will then be
consistent with the numbers in their table 16 and with
usage in this report.) The reduction in a2 was possible only
with the linked design because oversampling of multi-
eligible households would have necessitated doubling the
screening sample —a very expensive proposition in an
unlinked design. The fact that this effect is important and
in the wrong direction to explain the overprotection of
savings with a linked design probably puts added emphasis
on the projected effective sample size for black women in
a linked design as the cause for the overestimation of the
cost savings with a linked design, It remains to be empha-
sized, however, that the cost savings were still quite
substantial.
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Appendix I
Notes on cost estimation

Professional labor is:

. Highest in Design A because there is additional field
staff to be supervised during data collection, there is a
listing to be organized and supervised, and there are
more completed questionnaires to be processed,

. Next highest in Design C because the sample must be
redrawn because of delay and additional tracking must
be organized and supervised.

Clerical labor is:

Ordered proportional to the number of questionnaires
to be processed, except that
Design C has higher clerical labor costs than Design B
because of tracking.

Field labor is:

. Ordered proportional to the number of questionnaires
to be completed, except that

● Design C has higher field labor costs than Design B
because of tracking.

I

Travel costs are:

. Highest for Design A because there are more inter-
viewers to travel to training and more field work that
must be supported by out-of-town travel to build
response rates,

. Next highest for Design C because there are more
people who have moved to be tracked and interviewed
at their new locations.

. Next highest for Design D because it is less clustered
than Design B (i.e., has more PSU’S as well as more
segments).

Other direct costs are:

. Proportional to the amount of field labor because this
category includes costs for local travel, postage, tele-
phone, and supplies.
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Appendix II
Improvements to
measurement of components
of variance

The measurement of the components of variance
could be improved for future studies. The first area for
improvement concerns measurement of within-segment
variance when the number of women in the segment was
odd, The second concerns the measurement of the effect
of variation in segment size.

Segments with just one interviewed woman each should
be dropped from the file when calculating within-segment
variance. Of course, the balance of the sample would have
to be reweighted to get the correct totals. The resulting
within-segment variances would then have to be adjusted
to compensate for the fact that the sample was larger than
it appeared and that the weights were less variable. Also,
special treatment should be given to the segments with
three women each. For example, when half of a segment
to be dropped consists of one woman, the remaining two
should have their weights perturbed upward by 50 percent
instead of 100 percent; similarly, when the half consists of
two women, the remaining one should have her weight
perturbed upward by 200 percent instead of 100 percent.

Measurement of the effect of variation in segment size
on between-segment variance for substantive characteris-
tics is more difficult, It would require the calculation of an
additional set of replicate weights. This set would repre-

sent the between-segment variance if all the segments
were equal in size (number of interviewed women), Vari-
ances could be calculated with this set of replicate weights
and generalized, Label the new b parameter bwPE for
within-PSU equal-sized segments. Formula (5) would re-
main unchanged. However, formula (6) would be replaced
by

P2 = @WPE/~WS-l)/ (~2-1) (8)

and a new formula would be available to estimate @

Deriving the replicate weights for bwpE would be fairly
complicated. For simplicity of explanation, assume that
two segments have been paired and that one contains two
interviewed women and the other, three interviewed
women. When the segment containing two women is
dropped, the weights for the three women in the other
segment would have their weights perturbed upward by
67 percent instead of 100 percent. When the segment
containing three women is dropped, the weights for the
two women in the other segment would have their weights
perturbed upward by 150 percent instead of 100 percent,

20 ‘LE. Government Printing Office: 1983— 242.327/60WI
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