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Introduction
Weighting appears to be the predominant tech-
nigue employed to compensate for survey errors
due to unit nonresponse in recurring sample sur-
veys. However, within this class of compensa-
tion procedures there is considerable variation
relative to (1) the determination of subpopula-
tions within which weighting occurs, and (2)
the selection or derivation of the attending
weights. Other techniques prescribed for unit
nonresponse include various forms of item imputa-
tion, employing estimators based on double samp-
ling schemes, and modelbased inference.

The principal considerations associated with
the selection of an appropriate unit nonresponse

T.
1.1

compensation procedure should include (1) con-
duciveness to error reduction (2) cost, cost,
(3) computing convenience, and (4) general

applicability. No additional explanation of
criteria (1) and (3) will be offered at this
point. However, criterion (4), general applic-
ability, is intended to convey the need of ad-
justment techniques which are not only appli-
cable to a variety of surveys and the production
of their principal estimates, but also adaptable
to potential changes in the general survey con-
ditions, including changes 1in ancillary data
upon which nonresponse adjustment may be contin-
gent.

This paper will provide preliminary observa-
tions relating to a continuing assessment of
the weighting procedure currently used to com-
pensate for unit nonresponse errors in the Cur-
rent Population Survey a recurring demographic
survey which 1is conducted by the U.,S. Bureau of
the Census. The investigation entails an assess-
ment of this procedure relative to the criteria
cited earlier. This presentation will also ex-
plore the potential efficacy of some of the al-
ternative nonresponse adjustment methods in en-
hancing the quality of estimates from recurring
surveys.

1.2 The Current Population Survey

The Current Population Survey (CPS) is design-
ed signed to provide monthly estimates of em-
ployment, unemployment, and other general labor
force characteristics for the population aggre-
gate as well as for various subpopulations.

It is a national sample comprised of about
60,000 households (eligible for interview)
which are randomly divided into eight rotation
groups. Within a period of about ten years each
sample household is expected to be interviewed
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for four consecutive months, excluded from the
sample for the next eight months, and interviewed
again for four consecutive months.

As a result of refusals and ‘"noncontacts",
little or no survey data are obtained from about
four to five percent of the CPS households each
month. Table 1 provides the CPS sample sizes
and distributions of the unit nonresponse (non-
interview) rates for 1982. A nonresponse weight-
ing technique 1is employed for the survey; it
can be briefly described as follows:

(1)

Noninterview adjustment clusters are formed

within each of the fifty states and the
District of Columbia by grouping sample
PSU's which are similar with regard to
certain characteristics thought to be at
least ‘"moderately corretated" with the
principal survey variables.

(2) PSU's within noninterview clusters are

classified as SMSA (belonging to or com-

prising a standard metropolitan statistical

area) or non-SMSA.
(3) After the eight rotation groups are paired
noninterview (nonresponse) weighting class-
es are defined by partitioning the housing
units within the subpopulations defined by
steps (1) and (2) into several race - resi-
dence categories (see Tables 2 and 3). The
weighting classes are essentially fixed for
about ten years.

For weighting cell j, weighted tallies of
respondent households (Vj) and nonrespon-
dent household (Zj) are made.

The weight (nonresponse adjustment factor)
usually applied to each of the responding
households in a weighting class is computed
in the following manner:

(1.2.1)

However, if this computation exceeds 2.00,
or if there are Tless than 30 unweighted
nonrespondent households for a given weight-
ing class, some of the classes are required
to be collapsed prior to a final determin-
ation of the nonresponse adjustment.



Current Population Survey Sample Sizes and Noninterview Rates - 1982

Table 1.
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Table 2.

CPS Noninterview Adjustment Cells for
SMSA's

Balance of SMSA

Jog, ] Central
e,

e City of urban Rural
Race & SMSA
White
Not
White
Table 3. CPS Noninterview Adjustment Cells for
Non-SMSA's
Rural
Race Urban Nonfarm Farm
White
Not
White

2.1

Preliminary Assessment of Compensation
Procedures

Basic Assumptions and Model for Sample
Weighting Adjustment

Let's assume that for a given recurring sur-
vey we have a sample of size n from a popu-
lation os size N, Associated with each of
the N units in the population there is a
selection probability mj, =1, 2,...N. Fur-
thermore we will assume that among the n
sample units m are nonrespondents and np
= n-m are respondents. Thus, the CPS esti-
mator for the population total after adjust-
ing for unit nonresponse takes the following
form.

« M 1 nrj YRj%
Yops = I — 1
J=1 zj #=1 LA

(2.1.1)

where

YRj% = value of the 4th sample respondent
in the jth weighting class.

nRj = number of sample respondents in the
jth weighting class.

nj = number of sample cases from the jth

weighting class.

Zjg = Zj = the estimated response rate
for the jth weighting class.

mjg = selection probability for the <&th
sample respondent in the Jjth nonre-
sponse weighting class.

M = total number of nonresponse weighting
classes to which the housing units
of the paired rotation group are
assigned.



The random variable z-l. is the inverse of the
estimated mean response “rate for those popula-
tion units which are or would have been assigned
to the jth weighting class had they been included
in the sample.

Implicit in the formation of the CPS nonresponse
weighting classes are the following assumptions:

1. There is "significant" correlation be-
tween the principal survey variables
and the variables used to define nonin-
terveiw clusters.

2. Within each weighting class E yrj
=E yrj, where ypj is the mean for
the sample nonrespondents in the jth

weighting class.

3. The weighting class means differ, that
is, Eypy FEYR} A7

2.2 Preliminary Assessment of CPS

Kalton (1981) refers to the adjustments re-
sulting from the unit nonresponse weighting pro-
cedure used for the CPS as sample weighting ad-
justments. They have the effect of distributing
the sample respondents among the weighting
classes in the same manner that the total sample
has been distributed.

Unfortunately, the selection of weighting
classes for this procedure is constrained by the
requirement that measurements for the weighting
class variables must be available for both the
respondents and the nonrespondents. This essen-
tially restricts the characteristics by which
they are defined to those associated with
geography, color, urbanicity, housing unit
characteristics, and design levels. Although an
examination of the extent to which the CPS non-
response weighting classes satisify the three
assumptions given in section 2.1 have been de-
ferred, the possibility of making the adjustment
for each primary sampling unit within a nonin-
terview cluster and specified color group has
been partially explored.

The issue of the appropriateness of the size
of the nonresponse weighting classes in limit-
ing excessive variance increases is one which
warrants some attention. In the CPS the cons-
equence of restricting the subdivision of the
noninterview clusters to that based on the two
color groups could be a significant reduction
in the nonresponse-related variance of a survey

estimate. Of course, this must be weighed
against the potential increases in nonresponse
bias. In practice, significant increases 1in

the bias are usually associated with consider-
able reductions in differences (relative to Ey;)
between the weighting classes, and 1in the
homogeneity within classes.

Very little is included in the literature on
the determination of sample sizes for nonresponse
weighting classes. However the following dis-
cussion can facilitate the evaluation of the
adequacy of the sample sizes for the CPS nonre-
sponse weighting classes and those associated
with similar adjustment procedures. Assuming
independence between weighting classes, we have
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and

(See Cochran p. 70)



If we denote (2.1.4) by Tj

Var (Yeps) = j (2.1.5)
For recurring surveys, estimates of the mean and
variance of yp” and of Z; are either avail-
able or can be obtained. Thus (2.1.4) and (2.1.5)
could be used to determine sample sizes for
weighting classes consistent with desired levels

of precision.

M
LT
i

From the above results, we have, for fixed njs

- - -

EGl oy = B Y g | o)
] 1-7;5 -
=— E (yg)

Z; n.z%.
J 3
This impiles that
. A A
Bias (Ycps) =B (Ycps)
- rﬁ {[] ] ] ‘
= -+ E(yg) - Y
e 7 J

where, under a general set of assumptions, Yj may
be represented as follows:

Y= Z; ER) + (1) EGR),

where y~” g is the relevant estimate associated
with the sample nonrespondents.

LM -z .
B(Yeps) = 1y~ * - Z-] E{yr)

- (1-25) (9R)‘.

(2.1.6)

Therefore

(2. 1.7)

Previous survey data, including that from a CPS
nonresponse follow-up study (see Jones and Pal-
mer, 1967) and the 1980 Census Telephone Follow-
up Experiment suggest that for some of the key
CPS variables (inclgging unemp]oymept) E(ijz).is
lapger than E (ijg). Under this assumption
B(Ycps) > o, and increases in the size of nj
would lead to a reduction in this bias. Thus,
for these variables, Tlarger weighting classes
such as those based on the subdivision suggested
earlier could lead to reductions 1in both the
variance and bias of the corresponding estimates.

As was noted, the CPS noninterview clusters
are fixed for a period of about ten years, and
the sample mean for the respondents in the jth
weighting class is assumed to be equal to the
sample mean for the nonrespondents in the class.
Thus, the sensitivity of the weighting classes
relative to this assumption, as a result of
change occasioned by time, should determine the
appropriateness of a fixed set of weighting
classes for a vrecurring survey. An informal
review of the 1975 status of PSU's, in what was
then the CPS noninterview clusters, indicated
what appeared to be a number of substantial
changes in their composition with regard to the
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extent to which they were homogeneous. This
certainly suggests the need to periodically re-
structure the noninterview clusters or to deve-
lop an adjustment procedure with built-in
adaptations to changes which violate the assump-
tions on which the clusters were formed.

As a result of the availability of relatively
efficient computing facilities, the sample
weighting adjustment procedure employed by the
CPS presents no major problems with regard to
cost and computing convenience.

However, extensive use of telephone inter-
viewing and response error modeling (which will
be discussed later) could reduce the data collec-
tion costs.

3. Applicable Alternatives to Sample Weighting

There are a number of alternatives to the
sample weighting procedures discussed in the
previous sections, which should be considered
for the CPS and similar recurring surveys. Two
of those alternatives will be reviewed, both of
which are also weighting procedures with diffe-
rent approaches to the derivation of adjustment
factors.

3.1 MWeighting - Double Sampling Among Respon-
dents

The weighting of a subsample of respondents
within a weighting class is another plausible
alternative to weighting by the inverse of the
response rate for the class. This procedure has
the effect of requiring a nonresponse weight of
2.0 to a random subgroup of responding units
equal to the number of nonrespondents in the
weighting class.

Platek and Gray
advantage of this
ensure integral

(1978) remind us that the
procedure is the ability to
weights relative to nonresponse

adjustment, which precludes various rounding
errors in subclassified data. However, the
increased variance (over that incurred by the

sample balancing weighting technique) could be a
matter of serious concern, depending on the size
of the nonresponse rate.

The effects of a weighting-double sampling
procedure on the the CPS, and other similar
large scale surveys are not apparent. However,

a research plan in this area is being developed,
the implementation of which should provide great-
er insight into applicability and long-term ef-
fects of the adjustment technique.
3.2 Weighting With Response Probabilities

A variety of weighting techniques, which make
use of the concept of response probabiltities
for specific subgroups of survey populations,
has been advanced. Most of these techniques are
based on a procedure introduced by Politz and
Simmons (1949) which require that sample respon-
dents be grouped according to estimates of their
probabilities of responding to the survey. The
weights with which the sample units in the resul-
tant weighting groups are inflated are the in-
verses of the estimated response probabilities.
The Politz - Simmons procedure obviously had
some serious limitations, such as its inapplica-
bility to refusals; however, there have been a
number of recent useful extensions and applica-

tions of the procedure, included among which
are those presented by Thomsen and Siring
(1979), Drew and Fuller (1980) and Anderson
(1978). Recurring surveys for which extensive



callbacks are made are quite conducive to the
modeling of response probabilities for vari-
ous classes of the population.

Research is 1in progress regarding the devel-
opment of regression models which may have util-
ity in estimating CPS response probabilities for
units with similar values of the “independent
variables" of the models. The research will
extend beyond the sometimes convenient linear
additive models, which are often too constraining
and not very robust.

The remainder of this section will be devoted
to establishing a basis upon which an estimator
which is is not only intended to compensate for
nonresponse, but to also deal with the biasing
effects of overcoverage, could evolve,

In a paper by Green (1979), a beta-negative
binomial model is proposed which provides an
estimate of the total number of eligibile units
contained in a designated sample. This model
assumes that the unit response probabilities re-
main constant over all calls or interview at-
tempts. Also implicit 1in this model is the
assumption that refusals would be followed-up,
perhaps by more experienced interviewers or
with a different data collection procedure.

We will relax the first assumption and offer
the following modification of Green's model:

Let

n* = the number of eligible units selected
among the n sample cases, and

ng = the number of sample units for which
responses are obtained on the k-th
contact

We will also let

P(K=k) = the probability that a given sample
unit, with varying response proba-
bilities over different calls, will
respond on the k=th call where

P(K=k) = & if k=1

(1-6)(1-a8)k-2as  if > 2,

where a < 1, and both a and § can be estimated
from sample data. Py will represent the propor-
tion of all sample units whose response came on
the k-th call, We have that

Pk =fP(K=k)f(6)d<S
f s assumed to have been generaged from a beta

probability density function, with unknown para-
meters r and s.

1
Therefore Py = f 6r§1~5)6'1d6 =r =N
B (r,s

0 r+s n’
1
P, = f as"(1-5)%ds
0 B (r,s) 3.3.1
_ .B(r+l,s+l
= a = aPp S
Blr,s 1(r+s+1)
n
=2 3.3.2
~
P 1 r1-s $(1-a5)ds
3 / as B (r,s)

0
= 2Py 3.3.3

- a2 {rtlrs "3
(r+s+2){r+s+1){r4s) = n-

b = /J Sr(1-8)° (1-2a5+a262)ads
Yos 8(r,s)
3.3.4

=p. .2 frtl)rs
3 (r+s42)(r+s+1)(res)

+ 3(re2) (r+1)rs
(R+s+2)(r+s+2)(r+s+1)(r+s

n
=4
n°
From the above set of equations an estimate of
n” is possible, which in turn replaces n in
the formulation of nonresponse adjustment fac-
tors. For example, for the subclass weighting
technique, using M weighting classes, we
would have the following estimation of the popu-
lation total.

?-Z%J_k(%),jk 3.3.5

where n~, njs and nj are all random vari-
ables.



Definitive statements regarding the relative im-
pact of the probability model suggested here, as
well as the atttending nonresponse adjustment are
not available. However, the author is rather op-
timistic about the potential advantages of the
procedure particularly those relating to its
bias-reduction capacity.
4. Remarks

‘An all-purpose nonresponse data adjustment
technique is highly inconceivable to this author.
As pointed out by Lindstrom et. al., the choice
of an adjustment procedure is limited by external
factors which can vary considerably among sur-
veys. However, the preliminary investigation
of the Current Population Survey and the National
Crime Survey suggest, that the following set of
general rules are applicable to the selection
of an appropriate nonresponse adjustment proce-
dure for large recurring surveys.
(1) Avoid the common misconceptions. Even the
quality of results from surveys with un-
usually low nonresponse rates can be dimin-
ished considerably by nonresponse, partic-
ularly estimates for subgroups- with non-
response rates which are much higher than
the overall rate.

Try to make an assessment of the relative
importance or the degree of concern for
the various costs and anticipated survey
errors, and develop nonresponse models,
strata, weighting classes, etc., which
would lend themselves to an analysis of
the behavior of those errors for which
there is the most concern.

Make extensive use of available ancillary
data in conjunction with modeling procedures
which identify the contribution of nonre-
sponse to the measurement error components.
Don't feel compelled or restricted to the
use of a single procedure. Although it
may necessitate additional complication,
the collective effects of a combined proce-
dure could possibly enhance the quality
of the desired estimates.

Additional empirical and theoretical studies are
still needed in order to provide more objective
guidelines by which the effects of survey nonre-
sponse are measured for a variety of survey con-
ditions and the corresponding adjustments proce-
dures are developed. More specifically, prob-
lems such as the impact of nonresponse weights
on complex variance estimators, the effects of
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class weights
and the ef-
in hand-

errors 1in assigning weighting
(including overcoverage problems),
fectiveness of model-based procedures

ling nonresponse should be pursued further.
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