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I. _Introduction

The National Health Interview Survey
(NHIS), sponsored by the National Center
for Health Statistics and produced with
the cooperation of the Bureau of the
Census, has been redesigned for the data
collection years 1985 to 1995. The pur-
pose of this paper is to present design
and estimation methodology which should
facilitate the analysis of NHIS data. In
Section II the NHIS redesign is pres-
ented under an idealized framework, in
Section III estimation for the NHIS is
discussed, and in Section IV several
examples, based upon preliminary 1985
data, are given.
II. o th
1985-19 desi

The NHIS can be considered as a com-
plex multistage probability sample. The
basic structure is outlined below.

A. Stratification and Primary Stage
Units

The primary sampling units (PSUs) of
the universe were partitioned into 52
self-representing strata (SR) and 73
nonself-representing strata (NSR).

B. Second Stage Units

The PSUs were first partitioned into
geographically compact areas called enu-
meration districts (EDs) which were fur-
ther partitioned into geographical com-
pact areas called blocks. Within each
block, clusters of an expected eight
housing units were formed to serve as
secondary stage sampling units (referred
to as area segments). Housing units
constructed after the 1980 Decennial
Census were excluded from the clustering
process described above in those geo-
graphical areas where it was possible to
form lists of "new construction" housing
units. The "new construction" lists
were used to form clusters of an ex-
prected four housing units to serve as
secondary stage sampling units (referred
10 as permit segments).

C. Substratification of Segments
Within PSUs

The segments within each PSU were
partitioned into as many as three
substrata.

Substratum 1 - This substratum
contained all permit segments.

Subs u - PSUs with 5 to 50
percent Black population were targeted
for the oversampling of Blacks.
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Substratum 2 contains area segments
having a "large" proportion of Blacks.

Substratum 3 - In PSUs targeted for
oversampling, this substratum contains
all area segments not contained in
Stratum 2.

D. First Stage Sample Selection

For the full NHIS design all 52 PSUs
from the SR strata were included in the
sample with certainty. Within the NSR
strata two PSUs were selected without
replacement and with probability pro-
portional to relative size within the
stratum using Durbin’s (1967) procedure.

E. Second Stage Sample Selection

The following two assumptions appear
to reasonably describe the selection of
segments within the sample PSUs.

1. The process of second stage sam-
pling within a PSU was independent of
the second stage sampling within other
PSUs. Also, second stage sampling with-
in a substratum was independent of the
second stage sampling within other
substrata.

2. Within each substratum the sample
segments were selected by a random sys-
tematic sample. In substrata 2 and 3
this sample was based upon an implicit
stratification of the ED’s within the
substrata.

It should be noted that the second
stage sampling rates satisfied the
following conditions.

i. The overall sampling interval
for second stage units for the full NHIS
design was SI = 1638.4365.

ii. Within a sample PSU, say i, the
average second stage sampling rate, fi.
was determined by the equation

fi. - Prob{ PSU i chosen ) = 1/SI.

iii. Assuming the three substrata
within PSU i have sizes Mi1, Mi2 and Mis

segments (expressed in comparable units
over substrata), the respective sampling

rates fi11, fi2 and fi3 satified
3 3
fi, « % Mij = X fig » Mij
=1 j=1

with fi2 > fis (oversampling of "Black”
segments)

and fi1 = fi. (no oversampling of "“new

construction units").



It should be noted that if PSU i1 is not
oversampled for Blacks then the sampling
rate for both the permit segments and
the area segments is fi.

F. Third and higher stages of sampling

Within a segment the subsampling of
housing units, households, families may
be performed.

III. m
ari

of Total
ces

d their

A. Basic Inflation Estimators:
Methodology

General

Under the conceptual NHIS design, a
Horvitz-Thompson estimator for a pop-
ulation characteristic can be construc-
ted. For simplicity of discussion it
will be temporarily assumed that the
universe contains one stratum and each
PSU has three substrata. Each segment is
collection of elementary units of inter-
est, (e.g. persons, households, etec. ).
Associated with each elementary unit is
some characteristic, say x.

A.1 Notation:
N = the number of PSUs in the stratum
n = the number of PSUs selected for
sample
i = the probabitity of selecting PSU i
wig = the probability of selecting PSUs
i and g
Mi j = number of segments in substratum J
of PSU i
mij = number of sample segments in
substratum j of PSU 1
fi3 = mij / Mj , the sampling fraction
within substratum j of PSU i
Xi jk = the aggregate for
characteristic x over all
elementary units in segment k
of substratum j of PSU i
Mi 4
X¥ij. = ¥ Xijk, the total for
_ k=1 stratum j of PSU i
Xij. = Xij. / Mij, the mean total for
all segments in substratum j of PSU i
3
X¥i.. = & Xij. , the total for PSU i
J=1
N
X... = £ Xi.., the stratum total
i=1
Xi jk = the estimator for Xi jx whenever
PSU i, substratum j and segment
k are selected at the first and
second stages of sampling
Xij. = (1/fi3) % Xijk ,
k=1
an estimator for Xij.
Xij. = Xij. / mj , the mean total for

sample segments in substratum J
of PSU i
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~ 3 -
Xi = £ Xij. ,an estimator for Xi..
J=1
2 Mi j _
Bij = I ( Xijk - Xij. )2 / (Mijg - 1),
k=1
the substratum variance
2 mi § - ol
sij = % ( Xije - Xij. )2 / (mij - 1),
k=1
an estimator of variance.
A.2 A fundamental result from sampling
theory.

Assuming the conceptual design, esti-
mators of totals and thelr variances,
which are approximately unbiased, may be
constructed. The motivation for the pro-
posed estimators lies in the following
result. (See Chapters 8 and 11 of Coch-
ran (1977) for a general discussion.)

PSU i

i ,substratum j,
Xijk,

If E( Xijx
segment k ) =

~

Var( Xijx !PSU i,
® r2 (i,§,k),

substratum Jj, segment k)

rij is the intracluster correlation
coefficient for substratum j within PSU
i as defined in equation (8.7) of
Cochran (1977), ( it is assumed that
all systematic samples are of the
same size ) then

(1.0) An unbiased estimator of an NSR
stratum total, X..., is
- n -
X... =% (l/mi) Xi..
i=1

which has sampling variance

N N
L L fig » [ Xa../mi - Xg../mg 12
i=1 gri
N 3
+ 5 (1/wi) [ P O (Mij/mij) Gig S2iy
i=1 =1
3 Mij
+ & L (1/fi;) o2 (1i,5,k) ]
J=1 k=1
where flig = ( wi wg - wig ) and
Gijg = Mij-1 [ 1+ (mj-1)rij ]
Mij
An estimator of Var( X... ) is
n n - ~
b I Rig/mig [ Xi/mi - Xg/wg 1?
izl g>i
n 3
+ £ (1/wi) » E (Mij/mij) =24
i=1 j=1



The expection of this quantity is

N N
b L fig ~ [ Xi../mi - Xg../ng J?
i=1l g>i )

N 3
+ % (1/mi) [ I (Mij/mij) Gij Cig Sy
i=1 j=1

where

3 Mi j
+ 3 L (1/fi3) o2 (i,5,k) ]
J=1 k=1

Cij =1 - mijemijrerig/[1+(mij-1)rij]

A.3 Bias of the variance estimator

The bias of the proposed variance es-
timator depends upon the intracluster
correlation coefficient, rij, defined
by the systematic sampling procedure.

If cases of nonvariable systematic sam-
ple means are eliminated, then rij >
-1/(mi j-1). Defining a systematic
sample via an implicit stratification
within a substratum should result in rij
2 0. This latter bound implies that Cij;
2 1, and hence, the proposed estimators
will tend to overestimate variance. It
is felt, however, that the bias intro-
duced will be relatively small since the
implicit stratification variables used
to order the universe segments have
little correlation with most NHIS
variables. The value of rij should be
close to -1/(Mij-1), the correlation
coefficient for a simple random sample
without replacement procedure.

For an assumed simple random sample,
the value of Gij becomes ( 1 -~ fij ) and
the value of Cij becomes 1 + [ mifij /
{(1-fij) ]. For NHIS probabilities of
selection, this value of Cij would be
close to unity in the majority of cases.

B. Inflation estimators for the NHIS

The results of A. can best be adapted
to the NHIS by considering segment to-
tals, which have been inflated by the
product of all basic inflation weights,
as the fundamental unit. Let h =1,2,...
be an ordering of all sample segments.
For a characteristic x and segment h in
substratum j of PSU i of stratum s let
Xoh = (1/mei ) (1/f8ij) « I x+ (W3+)
with the sum over all elementary units
in segment h, inflating the response
characteristic x by the inverse of the
segment subsampling probabilities (W3+).
(The responding segment units are
treated as resulting from a higher order
subsampling scheme within the segment.
This adjustment is included in W3+.)

The basic inflation weights may also be
absorbed into the substratum sample
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variance formula. Let
2
sbij = (/mi)2 e (1/fi3)2 824

With this notation the basic estimator
of the universe total can be expressed:

~ ~

X» =% Xbn
h

(2.0)

and the variance estimator can be
expressed as a function of Xv, the

vector of all Xvn estimators,

~ ~ ~

Var( X» ) = V(Xv) (3.0)
3
= T I mij» stbigj
i: SR-PSU j=1
+ T fis12 =+ [ Xbs: - Xvs2 J*
s :NSR Ts12
stratum
2 3
+ wgi * L msij * Ssbiyj
i=1 j=1

( Formulae (2.0) and (3.0) are easily
adapted to NHIS data tapes.)

C. Non-Linear Estimation and Ratio
Adjustments

For the NHIS, each individual’s base
weight is multiplied by both a first
stage and poststratification ratio
adjustment. Unlike the basic weight
estimators of totals, these ratio
adjusted estimators are non-linear and
therefore approximate methods must be
used for variance estimation; see Rust
(1985). For the NHIS it was decided to
use Taylor linearization procedures to
approximate variances. Further
discussion of this decision is given in
Casady, Parsons and Snowden (1986).

Before the first and second order
ratio adjusted estimators are given, a
brief review of the variance approx-
imation methodology for non-linear
estimators, as proposed by Woodruff
(1971) is given.

c.1 o) ? in j i Proc

Consider a universe with N elements.
For a specified sample design, D, define

1 if element i is chosen for sample
0 otherwise

ai =

Assume that if X = X1,X2,...,XN are
known real numbers associated with the
universe elements then a variance



estimator for the linear estimator

- N

I ai Xi exists and can be expressed
i=1

L =

as V(D,X). If a non-linear estimator,

¢, can be expressed by Taylor’s series

as

~ N *

B & 5 ai Xi
i=1

,then a variance estimator

~ ~ %
of 8 is V(D,X)

C.2 First Stage Ratio Adjustment

The estimator for a characteristic
total using the first stage ratio
infiation factor is defined as follows:

Let ¢ = 1,2,...,16 be an index set
corresponding to the 16 region-race-
residency classes within the NSR PSUs,

zci = the Census total for the class ¢
within NSR PSU i inflated by (1/mi),

ze = the Census total for the class c,

~ 2
e = I I zsei ,
s:NSR i=1

an estimator for zc,

~

Xbhe = base weight

h and class

aggregate for segment
c (for NSR segment h)

ratio estimator for
is:

The first stage
the universe total

~ ~ - -~

1 = Xon + I £ Xbnhe+(2e / zc)

I
h:SR h:NSR ¢

~

The variance of X1 may be estimated
by substituting the linearized variables

Un for the variables Xoh in the
expression (3.0)

~

Xon h an SR segment
Un = ( ~

L Kie ( Xohe - K2e¢ [Zei/m] ),

c

h an NSR segment in PSU i

where mi = mi1 + mi2 + mi3, the number

of sample segments in PSU i,

ze / E(z¢)

Kie estimated with zc/zec,

~ ~

Ka2e E(L Xvhe) / E(zc) :estimated with
h

1

~

£ Xohe / zc.
h
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C.3. Poststratification ratio
adjustment
Let a = 1,2,...60 be an index set

corresponding to the 60
poststratification age-race-sex classes.
The poststratification total is

X2 = &
a

(X1a/Yra) Za

where X1a is the first stage estimator
of total for the characteristic x in
class a, and

Yia is the first stage estimator of
total for the population in class a.

Za = census total for the
poststratification cell a

The variance of X2 may be estimated
by substituting the linearized variables

Un for the variables Xvh in expression
(3.0)

Un =I Ria ( Uin
a

- Rza Uzn )

where Uin and Uzn are the first stage
ratio adjustment Un-terms for the
linearizations of

Xi1a

and Yia, respectively,

~ ~

Zo / E(Yia) : estimated by Za/Yia

n

Ria
Rz2a

H

E(X1a) / E(Y1a)

~

estimated by (Xia / Yia)

C.4 Ratios of two poststratification

totals

In the NHIS population, means rather
than population totals are of main in-
terest. The ratio of two poststrat-
ification totals will be expressed:

R = N2 / D2
The Un transformation is
Uh = O

( Utn - C2z U2n )

where Uin and Uzn are the
poststratification adjustment Un terms
for the linearizations of Nz and D2,
respectively,
1/E(Dz2)
E(N2)/E(Dz)

IV Design Modifications for 1985 and
Examples

C1 estimated by 1/Dz,

Cz2 estimated by (Nz/D2).

A. Sample Reduction in 1985



Budgetary considerations required the
NHIS design to be modified to achieve a
2b percent sample reduction in the 1985
data collection year. This reduction was
met by utilizing one of the NHIS design
features: the NHIS was originally
partitioned into four "equal"” subdesigns
or panels. Dropping a panel from the
active 1985 sample resulted in the
meeting of budgetary constraints. A brief
description of the methodology used is
now presented.

All universe strata were collapsed in-
to 62 superstrata. This was achieved by
first classifying the strata by popula-
tion size: Large-SR, Medium-SR, Small-SR
and NSR, and then collapsing by stratum
characteristics. Six types of collapsed
strata resulted; their contents are:

CS1: One Large-SR stratum

C52: Two Medium~-SR strata

C83: Two Small-SR strata and one Medium
stratum

CS4: Four Small-SR strata

C85: Two NSR strata

CS6: One NSR stratum and Two Small-SR

strata

After the first and second stage
sampling of the full NHIS design had
been completed, the sample in each
collapsed stratum was partitioned into
four ‘“"similiar" components.

CS1 The full sample of segments was
randomly divided into 4 subsamples.

CS52: The full sample of each Medium-SR
PSU was randomly divided into 2
subsamples.

C83: The full sample from each of 2
Small-SR PSUs was kept intact and the
full sample of the Medium-SR PSU was
divided into 2 subsamples.

CS4, Cs5, CS6 The full sample from
each of 4 PSU’s was kept intact,

The sample reduction was achieved by
randomly dropping one of the four com-
ponents from each stratum. The method-
ology discussed in Sections II and III
can be adapted to this resulting design.

Collapsed strata CS4,CS5 and CS56 may
be treated as NSR strata in which three
sample PSU’'s are chosen with the
following probabilities:

P( PSU i chosen ) = (3/4) wi

P{ PSU i and PSU g chosen) = (1/2) rmig
Collapsed stratum CS1 may be treated

as an SR stratum.

For this study, the Medium-8SR PSU’s
were treated as SR-PSU’s but with having
a full or half sample size with proba-
bility 1/2. For these collapsed strata,
conditional Horvitz-Thompson estimators
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were used to achieve variance reduction
within the collapsed strata types CS2 and
C53. Conditional variance estimators
were also developed. For computational
simplicity, one may approximate the de-
sign for collapsed stratum type CS8S2 as
two SR-stratum with fixed sample sizes,
and treat collapsed stratum type CS3 as a
type CS4 but treating the Medium SR~
stratum within as two distinct strata.
This latter computational approach was
not used in the examples which follow,
but since few actual cases of the survey
actually fall into CS2 and CS3, the
methodology chosen will have little
impact.

B. Impact of Weighting Adjustments upon
Estimation: Some Examples

The NHIS estimation methodology is
demonstrated in the Table using the
preliminary Quarter 1, 1985 NHIS data
tape. This data represents a national
sample of approximately 1300 segments
containing 23,000 interviewed persons.
First and second order estimation
examples for means are provided for
typically published health variables for
variables 1 to 6 and for demographic
variables for variables 7 and 8.

In order to study the impact of the
ratio adjustments upon estimation, the
mean square error of an estimator should
be analyzed under the different strat-
egies. At this time the bias component
has not been studied for the redesign
NHIS, and it will be treated as neg-
ligible for the three types of estim-
ators. Historically in the NHIS, some
poststratification cells suffered from
undercoverage, and the poststratifica-
tion may reduce the bias in some
situations.

For the health variables, the first
stage ratio adjustment has little impact
upon the standard error estimate. The
standard error for the first stage ratio
estimator appears to fluctuate -3% to +3%
about the base estimate standard error.
The estimators for characteristic totals
behaved similarly. The second stage ratio
adjustment appears to be more influen-
tial. There usually is a 0% to 6% reduc-
tion in standard error due to this ad-
justment over the base and first stage
estimator. Many of the health variables
measured by the NHIS are not highly
correlated with the poststratification
classes and consequently, the second
stage ratio adjustment does not have a
large scale impact

R renc
Cochran, W.G. (1877) Sampling Technigues,
3d ed., John Wiley and Sons, New York.

Durbin, J. (1967) Design of multi-stage
for the estimation of sampling errors,

App. Stat., 16,152-164.



L

1,
Adjustment

1st and 2nd
Stage Ratio

Jo
ate and_the
IS Sample

1 Statistics,
im
NH

st

’

Variance estimation

(1871) A simple method for
E
5

411-414.

(1985),
Ratio
Adjustment

R.S.
1st Stage

66,

K.

=y

rnal of Offici

for complex estimators in sample surveys,
381-397.

Rust,

Woodruff,

approximating the variance of a
complicated estimate.

SE(B)

Table
Adjustment upon the First Ord

er
Standard Error (SE? for the Estimator: Quarter 1 198
Base Weight

, Parsons, V.L., Snowden,
A Proceedin
DOMAIN EST

Impact of Weightin

R.J.
(1986) Simplfied National Health

Interview Survey Design and impact upon
VARIABLE

varliance estimation.

Casady,
C.B.

38303850383¢3¢3¢
OOMOMI=HN~
WO - ODWO
DHODORNNO

~i

OONTMOOWVO
QU FRNONOY
I IOIOIPB I

303238393¢5¢50¢
MNMONOON
COO—HMOOM
CODONOCO
rdrivtet e

HE- IO DD
WL DOIOW
NI O

ONBVO OO0
WRWWHFOMND

OO e trivivir

OW-H—ERNOWY0

WOAONINWOWN
M= HONIN

U.8
Age B85+
Female
Black
South
West
Poverty
Black-South

(1)
Percent of Pog-
ulation Report-

Excellent
1th Status

in
He

g
a

2
Percén% of Per-
sons Reportin

3032325€38503250
HNOMMI-OO
glelelial:ellelueleol
DAHNHBOHDNC

O~ OO B~
DOTRONO
Nr+d

323038303¢5¢5€5¢
ONHON~OD
ONODNODNO
OMOBHRDHDOM
v

LN OO

DNOHDRO®M-MN
Nt v

OO0 OME
[aVingleplTalopi¥elvel ol

[elelalolelelole]

OO v O D

RNO-RNOCIOS
DNt

U.%
Age 65+
Female
Black
South
West
Poverty

Black-South

One or ﬁore Hgs-
gital Egisodes
he Last Year

(3%
Percent of
Persons Re

in

30323¢523¢30985¢
DA HODOO
DODFROWHA
DHRHOINRNRRM

OHHNO—HON
<HOIDOII IO
L R

323032585050305¢
HeHOONOWO
COVON~-ONO
OCONNONO
-~ L B o}

OO~

HOICINIH IO
I

WL~
OO OO~

COOOOO

T OICNINO

HADNOHOIO
I S e

Soﬂth

U.s
Age 65+
Female

Black

South

West
Povert

U.8
Age 65+

Black-

port-
One_ or More

Dogtor Visits in

the Last Year

393€3030523¢5232
ONH-L-NOH

OO0 O HN
NOROMINO
- —

LINMMNNONG

[Feleelveitailallallals J

283050325020385¢
NUOMI-NIHFOIO

DBNOODHOW—
DHOOONONOD
i e

ANMNNOMNO

300 OO

OO HOOUD
HLONMONMONG

COOOO000

ONMMNNOMND

[ToleelieTalTe daiTor" J

Sogth

Female
Black
Povert

Black-

Number

e
tor Visits

a

(é)
of Doc
per Person

Aver

{5)
age
a

32303€5¢09502¢5¢
D OMNNIND
=M~ HIOW
RNONOCNONS

P |

DI~

FelatPeloptieiiel slVe
i

3032323903230
DB L~ COH <HQO

OO0~
AARNOONO
™ - -

DHOOMININMT

LONO- WO WO
4

CIDWNHOLOWOCN
THOMHNQ PO~

e lelelolelolole)

[oal oy o Tat (o [op e ]

OINOM~ WO
~

U.s
Age 65+
Female
Black
South
West
Poverty
Black-South

Number of
ys per

Aver
Bed D
Person

(6)
ag

2852393¢523¢305¢
NO~-OHO0

== O OO0
[e2]osTerTarTerlarToxlon]

LRONIOUNO

HOIH YO

323050303¢5¢3858
LHOWMIONLL

HAHDMODAON~
[o21e>Te2lerTerTanlerte)]
4

<HTDMHOOOUI0

HOYPOIHPUOM

B0 OO PP il
QOO 10N

[olelalalelelelo]

HOAMALOIO®

FHOFNIHIION
i

Sozth

South

Black
West

U.S
Age 65+
Female
Povert

Black-

e Number
of Conditions
per Person

Aver

7
Percén% of

303039385930

3230305%3%3¢3¢

COOM~D OOOPM-I~
COOMINM COOMNMO
[t ants o] [elietol N
i
OMHEMOT  OUOIDHON
NOND-OM O -2
o Q1 OO
395209525858 39a03%5€005¢ ¢
OMNHOMIY  OWN~O 4
WORN-OM DO~
NAHADHOM BOBOHON
i — o
COYUOL~D  IOHTHO~CI0
HOHOWN- IO HOIHIOM
ot O WOOOOLOWOW0
WOOHPO®D  ~OHORO~ON
OO0 O~ PO+
OOOHHOH OOOOOOw
SOOI

...... HPOIHOL~ O
.Y R
o N OO HOIHOM
OO
=
e
+ - + 3]
neg L Mo $0
WOHL P 0 VP M
- gSnNg - ®3NQI
DOECO> DUHOD>N
WOURE O QW 0 0
<y o] < s ¥R
—
m

4

(o}

—~p 0

5} ©0ao

A — Or—

(&) (O N ]

© NE

i ¢ o

m Oy

411



