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ABSTRACT

JONES, SHELTON MAURICE. Improved Variance Estimators Using Weighting
Class Adjustments for Sample Survey Nonresponse. (Under the direction
of Robert G. D. Steel.)

In large-scale sample surveys, there will always be the problem
of nonresponse. There are several imputation procedures designed to
adjust for nonresponding sampling units. Among these are weighting
class adjustments. One of the methods under discussion deals with
weighting up responding information in class ¢ to the total sample
for the class by tlc/t2c where:

i) tlc is an estimator of the total number of eligibles

in weighting class ¢, and

ii) t2c is an estimator of the total number of responding

eligibles in weighting class c.
When this is done the estimator is no longer unbiased and common
variance formulas cannot be utilized efficiently. Emphasis is placed
on estimating domain totals with two estimators. The first-order Taylor
series approximation or linearization method is used to obtain variance
estimates under the following conditions:

Condition 1: When tlc and t2c are generated from sample informa-

tion but are treated as constants.

Condition 2: When tlc and t2c are generated from sample informa-

tion and both treated as estimators.

Condition 3: When t is assumed known from an external source

1c

and treated as a constant, whereas t2c is treated

as an estimator based on sample information.



Condition 4: When tlc is assumed known from an external source
and t,. an estimator based on sample information
but both are treated as constants.

Variance estimates from many surveys have in the past relied on
estimates that were based on Conditions 1 and 4. It has been shown,
utilizing a simulation study, that variance estimates based on
Conditions 1 and 4 are very erratic in accordance to variations among
data, type of weighting class used and response rates. Conversely,
when Conditions 2 and 3 are implemented the variance estimates are far

more stable and reliable.
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1. INTRODUCTION

Kish (1965) describes nonresponse as "failure to obtain observa-
tions on some elements selected and designated for the sample; it may
be due to refusals, not-at-homes, unreturned or lost questionnaires,
etc." In large-scale sample surveys there will always be the problem
of nonresponse.

Vaivanijkul (1961) investigated methods used in handling errors
due to nonresponse where special reference was made to a survey of
morbidity in Nashville, Tennessee. The findings revealed significant
differences at the .0l level between respondents and nonrespondents for
questions concerning:

i) condition of building in which they resided, and

ii) number of persoms in household.

Significant differences at the .10 level were also discovered
for questions concerning:

i) number of families in the household,

ii) number of deaths reported,
iii) amount of rent, and
iv) whether or not there was an inside toilet.

The remaining 28 questions did not prove to be significantly different.
Surveys which consist of similar type questions should be accompanied by
appropriate procedures to impute nonresponse.

There are several imputation procedures in survey sampling that are
designed to adjust for nonresponding sampling units. Nonresponse intro-
duces a source of bias upon the estimator and some questionable contri-

bution is made to the variance of the estimator. According to the U.S.



Bureau of the Census, Current Population Survey (CPS) (1963) there is
no known unbiased or even consistent method of making adjustments for
nonresponse.

Common imputation methods divide the sample by survey character-
istics or weighting classes. Chapman (1976) indicated that in some
cases, the weights of respondents in each cell are "weighted up" to
the "known" or estimated total for the cell. For a specified weighting
class, the process involves a constant, or in some sample surveys one
or two estimators. The estimators are as follows:

i) an estimator of the total number of eligibles in

weighting class c, tlc’
ii) an estimator of the total number of responding
eligibles in weighting class c, t2c’
In most sample surveys t2c will be an estimator. And thus, the weighting
class adjustment is tlc/t2c' Quite often, classical procedures treat both
estimators as constants. It is not clear what their real contributions
are to the sampling variance.

Ihe current paper deals with approximating the variance of two
estimators for totals when using weighting class adjustments for imputing
nonresponse. The first-order Taylor series approximation formula is used
to estimate this variability under the following conditions:

Condition 1: When tlc and th are generated from sample

information but are tre;ted as constants.

Condition 2: When tlc and tzc are generated from sample

information and both treated as estimators.



Condition 3: When tlc is assumed known from an external source

and treated as a constant, whereas t,_ is treated

2c
as an estimator based on sample information.
Condition 4: When t1C is assumed known from an extermal source
and t2c an estimator based on sample information
but both are treated as constants.
Each of the above conditions will yield an estimate of the true variance.
A simulation study is utilized to compare these estimates with the vari-
ance estimate of the statistics based on repeated samples.
Many sample surveys rely heavily upon variance estimates that are
based on conditions 1 and 4. There has been no mention of conditions 2
and 3 in the literature search. It shail be shown that conditions 2

and 3 yield estimates that have better properties and are far more

reliable than 1 and 4.



2. LITERATURE REVIEW

2.1 Weighting Class Adjustments
2.1.1 General Approach with Simple Random Sampling

A weighting class adjustment for nonresponse may be defined as a
weighting up of the respomses within class c to the total sample for
the class. It is assumed that respondents have provided information
which is representative of the nonrespondents. The objective for using
weighting class adjustments as well as other imputation methods, is to
reduce the nonresponse bias, assuming the nonrespondents respond in a
similar manner.

Now to examine the bias based on formulation by Chapman that is
associated with a simple random sample without replacement. The sample

weight for the cth weighting class is N/n and the nonresponse adjustment

is nc/ncr,
where N = the total number of sampling units in the population
n = the total number of sampling units in the sample
n, = the total number of sampling units from the cth
weighting class in the sample,
n.*= the total number of responding sampling units

from the cth weighting class in the sample.
According to Chapman, an estimate of the population total for the
variable x is:

C

Fr =NZ PX . (2.1)
c=1



where: C = the total number of weighting classes,
icr = the sample mean among respondents in the cth
weighting class, and
P, = the proportion of the sample in the cth weighting

class, i.e., nc/n.
The expected value of Fr is:

C —
NEZ P.X.

E(Fr) z

r

NIPX (2.2)
c Cr
c=1

where: Pc = E(pc)

_cr the population mean among respondents in the cth

weighting class.

The bias of equation 2.1 may be written as:

bias (Fr) = E(Fr) - Fr
c _ c _
=N(ZPX -2ZPX)
cr c’c
c=1 c=1
C — —
= chch(Xcr- Xc) (2.3)

where: ic = the population mean of all sampling units within the cth

weighting class.

Since ic is composed of respondents and nonrespondents,

c - Pchcr + anxcn (2.4)

where: icn = the population mean of nonrespondents in the cth

weighting class.
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Pcr and an are population proportions in class ¢ which are respondents

and nonrespondents, respectively, that is:
P =
ncr/nc

cr
/n

=n .
an cn’ C

(ncn equals the total number of nonresponding sampling units from the

cth weight class in the sample.)

Hence, the bias of the estimator is:

~ C
bias (Fr) =N 2 Pc(Xcr- Xc)
c=1
C — — —
=N2 Pc(xcr- Pchcr- anxcn)
c=1
C — —
=N2Z Pc{(1 - Pcr)xcr- anxcn}
c=1
C — —
= Ncichan(Xcr- ch) . (2.5)

Therefore, according to Chapman, by using weighting class adjustments the

nonresponse bias can be reduced if:

i) In general, (Xcr- ch) < (X.r- X.n)’ and

ii) the nonresponse proportions (Qc's) vary over classes,

C
where X = I P X , and
.r - S cr
— C —
X = 2PX
.n c’cn

c=1



2.1.2 Estimators Based on External Information (Sometimes Called
Post-Stratification)

The number of eligibles (Tlc) is often assumed known from the
population. Knowledge may be based on a previous survey, an existing
file or from some prior distribution. Whereas t2c may be generated from
sample results, the ratio (Tlc/tzc) is greater than or equal to ome and
is the post-stratification adjustment coefficient. An example would be
to look at a simple random sample (SRS) of individuals stratified by age
and sex. Referring to Hansen, Hurwitz and Madow (1953), fairly accurate
CPS estimates of the total population in the United States exist for an
age and sex distribution. -The CPS is implemented several times a year
and estimates are fairly reliable. Therefore, many ongoing surveys that
have post-stratified similarly, take the corresponding total for the
number of eligibles and use it in their adjustment coefficients. Quite
often when Tlc is obtained by these means it is considered a constant in
variance formulation.

An estimator for the number of respondents will be expressed as:

o N
toe T kil a Yock (2.6)

where: Y

2ck 1, if sample unit k is an element of weighting class c

and is a respondent,

0, otherwise.

In terms of variance estimation, it should be emphasized that Tlc and te
are generally treated as constants. In reality they are, respectively,

a constant and an estimator for the number of respondents in weighting

class c.
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Let F2 be an estimator of totals for the variable of interest

based on some previous survey or census. Then it follows that:

- 1c
F,= I —t 2.7
2 c=1 t2c 3c
1N
where: tye = E a Y3ck (2.8)
k=1
Y3ck = the value for the variable of interest given sample

unit k is a respondent in weighting class c,
= 0, otherwise.

2.1.3 Estimators Based on Sample Information of All Eligibles in a

Weighting Class

In many sample surveys, population totals for certain weighting
classes are not known and must be estimated from sample results. A
procedure similar to that of the U.S. Bureau of the Census consists
of calculating the ratio of the total number of eligible and respond-
ing households in each weighting class from sample information. This
ratio is used to "weight up" the responding household information and
may be expressed as tlc/t2c’

where: t1C = sum of weights for all eligibles in weighting class ¢

t sum of weights for all responding eligibles in weighting

2c
class ¢
The Current Population Survey (1978) consist of dividing the

units into 48 noninterview adjustment cells or classes. Cells are com-

posed of 2 race classifications, 3 residence categories, and 8 rotation

groups. In most instances, unweighted counts of households are used to
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adjust for noninterviewed households. The following ratio is computed

for each cell in each rotation group:

tlc - interviewed households + noninterviewed households
t2c interviewed households

The ratios are uniformly applied to each respondent in all cells as

long as it does not exceed 2.0. If the ratio exceeds 2.0 counts are

grouped for all races within the residence category in the cluster.
Classical procedures such as SESUDAAN! (1979) treat both te and

t, . as constants in the computation of variance estimates associated

2c

with equation 2.7 and,

(a4
—

~ c
_ C
F1 -Cz t3c . (2.9)

7|
[aed
(2]

1
2.2 Estimating Domain Totals

Domains are viewed as reporting subgroups from the population of
interest. In a national education study, a domain may be the subgroup
of students in public schools in grades 10 through 12. As is the case
here, in domains of study the numbers of sampled units are random
variables. Kendall and Stuart (1968) discussed an example of a sample
from a human population where interest was in calculating statistics for
two subgroups, men and women. They mention the fact that, had the sample
been stratified into men and women prior to sample selection, then sample

sizes for the two subgroups would have been fixed. But often it is not

"SESUDAAN is a software package that computes standard errors for
standardized rates from sample survey data.
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possible to stratify by domains before selecting the units. Kendall and
Stuart footnoted that "there is a complication here in the case of non-
response, since nonresponse may be correlated with the value of y (the
characteristic of interest), so that the responding group cannot provide
an unbiased estimator of y for the population as a whole."

According to Hartley (1959) sometimes no decision can be made as
to which sampling units belong to a certain domain until after the survey
has been implemented. This among others is a distinction between domains
and treatment groups of experiments.

Now to continue SRS procedure described in sectionms 2.1.1, 2.1.2,
and 2.1.3. Hence, the estimators of totals for domain j, complicated

by nonresponse, may be expressed as:

~ C tlc - C Tlc
F@ =3 e () , F@= I Z%¢, (@)
c=1 "2c c=1 2c
T N
where t3c(d) = k§1 p Y3ck(d) (2.10)

Y3ck(d) = the value of the variable of interest given sample
unit k is a member of domain d and a respondent in
weighting class c,
= 0, otherwise.
2.3 Taylor Series Variance Estimation
The linearization method or Taylor series variance approximation
is widely used among various research agencies. Common goals are to
estimate the variance associated with a nonlinear estimator by reducing
it to a linear form. The form is defined by means of partial deriva-

tives whereas second and higher terms are ignored. The National Center
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‘for Health Statistics (1975) reports that the Canadian Labor Force
Survey uses linearization to obtain variance estimates of ratio-
estimated characteristics. The approximation is also utilized by
the U.S. Bureau of the Census in the CPS. Pertaining to statistics
from the CPS, it is stated that '"the variance of the linear function
is a close approximation to the variance of the original expression.
However, for some complicated estimators, the use of the Taylor
approximation may give a poor estimate of the variance."
2.4 Sampling Units Selected PPS With Replacemeqt

Previous emphasis has been on simple random sampling without
replacement. It is more often the case that large-scale sample sur-
veys consist of designs which are not entirely simple random but strat-
ified having selection of first stage units with unequal probability.
Further discussion will be concerned with sampling first stage units
with probability proportional to size (PPS) with replacement. As
emphasized by Stuart (1962) such a sampling procedure produces a self-
weighting sample.

The design of interest consists of two sampling stages. It is
not necessary to place any restriction on the selection scheme of
secondary units as long as the procedure yields a probability sample.
An advantage of this design is that there is no limit to the number
of subsequent sampling stages as long as primary units are sampled
PPS with replacement and other stages are independent.

The assumption is that the size measure is highly correlated with
the characteristic variable of interest, hence this selection procedure
should improve the efficiency of the estimate of total. This fact is

mentioned in Singh (1978).
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Another advantage in sampling first stage units PPS is that the
form of the estimated variance is quite simple, as will be shown later.
A further advantage is the variance associated with replacement may
be used even when first stage units are selected without replacement.
This result was substantiated by Raj (1964). He determined that the
with-replacement variance was slightly greater than that of without
replacement. So, if the variance associated with PPS with replace-
ment is used when in fact first stage units were selected PPS without
replacement then the resulting variance will slightly overestimate
the "true" variance. Having a variance estimate which is moderately
inflated creates few problems but gives the researcher some protection
against making false inferences, as opposed to an underestimate.

Estimators that are to follow in this section were cited from
Cochran (1977). The unbiased estimator of the population total is

described as:

N . B -
z=n 2 K
PP k=1 2,
where Fz = the product of size measure k and the mean of sample unit k,
i.e., Mk?k
2, = size measure k divided by the sum of all size measures in the
population, i.e., Mk/Mo
The variance of F is:
PPz
~ N F 2 N 2 2
Var(F ) =2 3 2 BT+l 5 M (" g8y (2.11)
PP k=1 k k=1 m 2 )
where Fk = E(Fk)

the population total of interest
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8y = Iy sample subunits divided by Mk, i.e., mk/Mk

SZkZ = the variance among subunits in unit k.

Therefore, according to Cochran an unbiased sample estimator of the

variance of equation 2.11 is:

n ; ~ 2
~ - z Ck - Fppz)
Var(Fp z) - k=1 Zk (2.12)

P n(n - 1)
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3. Theoretical Formulation

Estimators for the variance of il and %2 in equations 2.9 and 2.7
have complicated mathematical structures whose complexity lies in the
number of estimators present and whether the covariances are zero.
Clearly, the variance estimators will be in their simplest form when
the number of eligibles and respondents are considered known.

An expansion of the Taylor Series will be used to reduce these
nonlinear forms to linear forms. A common assumption will be made
here, that is, the samples are large enough so that the remaining
terms after the first-order approximations can be omitted. If the
partial derivatives are evaluated at their expected values then the

~

large sample approximation for the variance of F is:

2

o R
Var F) = E I I S (1_-Et)

c=1 a=1 ac

C 3 8; 2 C 3 Cc 3 - -
z 2 (r) V(tac) + X 2 2 2 9F 9dF Cov(tacta .c,)
c=1 a=1 ac c=1 a=1 ¢=1a’=13dt 8t . .

(c, a) # (¢c’, a7) 3 2F°¢

(3.1

-~

where: F = Fl if tlc is generated based on sample information, or

A

= F2 if T1c is assumed known from an external source.

L5 I8 Y
|

In practice the partial derivatives are evaluated at the estimated
values. It should be noted that if tac and ta'c' are independent then

of course Cov(ta ta'c') = 0, which implies that Cov(tac ta'c) = 0, and

c
equation 3.1 reduces to:
c 3
zZ Z(
c=1 a=1

oF
ot
ac

Var (F) 2 e, ). (3.2)

c
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Efforts will now be made towards deriving an estimator for the

variance of §1 and ;2 based on the conditions which were described and
sample design. As revealed in section 1, the four conditions are as
follows:

Condition 1: When tlc and t2c are generated from sample infor-
mation but are treated as constants.

Condition 2: When tlc and t2c are generated from sample infor-
mation and both treated as estimators.

Condition 3: When tlc is assumed known from an external source
and treated as a constant, whereas t2c is treated
as an estimator based on sample information.

Condition 4: When tlc is assumed known from an external source
and t2c an estimator based on sample information

but both are treated as constants.

To recall F1 and F2 in equations 2.9 and 2.7,

3

(ad
[ee

b

c 2 ¢ c
t , F, =2
1 "2¢ 3¢ 2 c=1 2c¢

F1 =
c

t3c

ct

nmMo
t

where for equation 2.9,

R n

= h . .
te™ E E tachk, aef1,2,3}, in equation 2.7, ac{2,3}
h=1 k=1
m
“achk ~ iilkwhkiYachki
W . = the sampling weight corresponding to SSU i within PSU k

hki

within stratum h

mhk = the number of SSU's within PSU k within stratum h
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Yichki = 1, if SSU i within PSU k within stratum b is in weighting
class ¢
= 0, otherwise
Y2Chki = 1, if SSU i within PSU k within stratum h is in weighting
class ¢ and is a respondent
= 0, otherwise
Y3chki = the value for the variable of interest given SSU'i within PSU k

within stratum h is in weighting class ¢ and is a respondent
= 0, otherwise
The expansion in equation 3.1 is often tedious to work with in
practice. A better procedure was demonstrated by Woodruff (1971). Thus,
pertaining to Woodruff's procedure, an approximation of the variance of

A

F may be expressed as:

~ C 3 :
Var (F) = E % I3 gf (t,. - Et,) 2
c=1 a=1 ac
c 3 . R n R n T 2
= E { b D3 g%——[.z sh tochk -~ 2 sh _22%]} (3.3)
c=1 a=1 aclh=1 k=1 h=1 k=1 nh

According to Woodruff if the order of summation is reversed the variance

can be easily evaluated. Using this method equation 3.1 is equivalent to

SR oy C3 C 3 o Tan
= E 2 2lz =z 3t tachk - 2 2 5t o
h=1 k=1|c=1 a=1 ac c=1 a=1 ac h
_ Ry C 3 5 Romp C 3 o5 Ton)?
= E p3 2 b3 b3 5t tachk - 2 b3 2 2 3t
h=1 k=1 c=1 a=1 ac h=1 k=1 c=1 a=1 ac nh

R C 3 -
Var { 5?3 3 g%- ) hi (3.4)
h=1 k=1 c=1 a=1 ac
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~

oF
t
a

where the partial derivatives (a ) are evaluated at estimated values,

c

and T = E (¢t
ac

h achk)°

At this point another variable will be defined.

- c 3 .o
_ SF
Upk =% 2 2 55 tachk
c=1 a=1 ac

Then, equation 3.4 is equal to,

R n, - R - - 2
var 3 1 Py =z 3b Uy - Up) (3.5)
h=1 "h k=1 h=1 k=1 nh(nh-l)
where: ﬁh = the average of ﬁhk over the stratum, as indicated in Cochran.

Without regard to the sample design each tac will always be an
estimator for the characteristic of interest. As discussed previously
to some degree, the following conditions will be explored to examine
the variance of the estimators:

Condition I -t t assumed constants and t an estimator

1c’ "2c¢ 3c
Condition II - each t . is an estimator, where a €{1,2,3}
Condition III - T, assumed constant and t, , t. estimators

1c 2c 3¢
Condition IV -~ Tlc assumed constant and each tac is an estimator,

where a €{2, 3} .

-~

It is apparent that the variance of F as expressed in equation 3.5

- A

is a function of Uhk' Now to consider an expansion of Uhk for each

condition.

Condition I

~ C aFl

Uk 20 2. 3¢ P3chk C

— t
c=1 %3¢ =1 ¢ 3chk (3.6)



Condition II

- C

Upg o 2
c=1

C

=n 2
h c=1

Condition III

- c

Uk 8 2
c=1

C

= 2
nh c=1

Condition IV

-~ C

Uhk = n, 2z
®

C

=n 2

hc=1

3 8F1
E ot tachk
a=1 ac
t C t, t
3c 1c 3¢
—— t -n 2 /73t +n
t2c lchk h =1 (tzc) 2chk h
2
T, ot achk
a=2 ac
ElS t -n g 315532 t
t2c 3chk h =1 (t2C 2chk
8F2 .
ot 3chk
3¢
1lc
T %3chk
2c
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|

t
1 ta2c 3chk
(3.7)

(3.8)

(3.9)

Therefore, the above Uhk's in equations 3.6-3.9 will be utilized in

equation 3.5 for the variance comparisons.
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4. EMPIRICAL STUDY DESIGN

The present survey is a simulation study that is designed to
obtain national estimates from a 1975 data file with adjustments made
for nonresponding sampling units. A total of 100 samples are generated
for the purpose of variance comparison. The design consists of 4 strata
which are the 4 Census Regions. Sampling is done at 2 stages. First
stage units are the 50 states and Washington, DC. Four states are
selected PPS with replacement from within each stratum, with the size
measure being the 1970 state population. Five counties are also
selected PPS with replacement from within each state, with the size
measure being the 1970 county population. Therefore, each of the
100 samples is composed of 80 second stage units from which national
estimates will be obtained.

The purpose of the survey is to estimate totals for 9 variables,
each having 2 domains. These totals already exist as is described
in the County And City Data Book, U.S. Department of Commerce (1975).
The volume contains "a variety of statistical information for counties,
standard metropolitan statistical areas, cities, urbanized areas, and
unincorporated places," U.S. Department of Commerce.

Below are the 9 variables of interest for the United States in 1975.

1) Births

2) Divorces

3) Population

4) Food Stores

5) Gasoline Service Stations

6) Hospitals



20

7) Marriages

8) Public School Enrollment

9) Motor Vehicle Thefts
4.1 Weighting Class Adjustments Used

Discussion will be confined to two different types of weighting
class adjustments. The first adjustment is similar to that used by
the U.S. Bureau of the Census (1963). As previously stated, the

Census Bureau weights up household information within each group or

class;
f1c ,
t2c (4.1.1)
where: tie = interviewed households plus noninterviewed households
in class ¢
t2c = interviewed households in class c.

The weighting, of course, is done within groups or weighting classes
where the ratio does not exceed 2. Likewise, in the present survey
(4.1.1) is equal to:

an estimate of the total number of counties in class c
an estimate of the total number of responding counties in class ¢

sum of weights for all counties in class ¢
sum of weights for responding counties in class ¢ °

In the present study, this adjustment is rather general since it does
not fully take into consideration the particular selection scheme

used to select sampling units at both stages. States and counties
were selected PPS with the 1970 population being the size measure.
Thus, it is feasible that a better adjustment would be relative to the
population. Also, for this design, the variance of an estimate which

makes use of a population adjustment should prove to be smaller than
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the variance of a similar estimator which does not use the population

adjustment. The population adjustment is as follows:

tlc = an estimate of 1970 population of all counties in class ¢
t2c an estimate of 1970 population of responding counties in class ¢

In this study there will be two weighting classes. They will
be based upon the percent of the county's population that lies in
an urbanized area. Counties whose population is 50% urban or less
will be included in weighting class 1 and greater than 50% urban in
weighting class 2. The adjustments mentioned above will be applied

within these classes.
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5. SAMPLING FRAME DESCRIPTION

5.1 Response-Nonresponse Indicators

In this survey it is necessary to control the probability that
any given second stage unit is a respondent. Second stage units are
designated as a respondent or nonrespondent by utilizing the function
"uniform,” a mathematical function in Statistical Analysis Systems
(SAS)(1979). Given a five-digit seed, this function is used to
generate 10 random numbers for each county selected over the uniform
interval (0,1). Increasing the numbers generated by a factor of
ten will produce uniform random numbers (Xi) over the interval (0,10).

The following probabilities will apply for each Xi:

Xi <k, (i, k) =1,2,...9 Probability
1 .1
2 .2
3 .3
4 4
5 5
6 6
7 7
8 .8
9 .9
X <10 1.0

10
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Now, an indicator variable (Yi) shall be created as a function of

each X..
i
Yi =1; if Xi <k (k=1, 2, ...,9)
= 0; otherwise
Y10 =1; if X10 < 10

= 0; otherwise
Yi = 1 will imply that the county is a respondent for the ith response

rate,

where: i = 1 implies a 10% response rate

i = 2 implies a 20% response rate
and so on, to i = 10 (100% response rate). In addition i = 95 will
imply a 95% response rate which is obtained by Y95 =1 - (Y1 . YS)'
So, for the ith response rate the probability that a given county is
a respondent may be expressed as:

P(Yi=1) = P(Xi < k) for (i,k) =1,2,...,9,95 and

P(Y10=1) = P(X10 < 10)
More clearly, if interest lies in achieving a 70% response rate over
counties then,

P(Y7=1) = P(X7 <7)=.7
that is, Y7 = 1 approximately 70% of the time over all counties.

In a significant number of large-scale surveys response rates tend
to lie between 100% and 50%. So, response rates for weighting classes
will be assigned between this interval with the lower rate occurring in

weighting class 1. Analyses will be confined to the following response

rates:
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Analysis Number Weighting Class Response Rate

1 1 50%
2 70% Low Rate
2 1 70% .
2 90% Medium Rate
3 1 90% ..
2 959 High Rate
4 1 100% Perfect
2 100% Response Rate

5.2 Domains

Domain #1 consist of those counties whose 1970 population (Shki)’
as determined by the 1970 census, was less than 135,000. Domain #2
includes counties whose 1970 population was 135,000 or greater. Out
of 3143 counties in the sampling frame, 2877 are in domain #1 and the
remaining 266 in domain #2.

The following is a distribution of weighting class by domain.

Weighting Domains
Class 1 2 Total
1 2168 10 2178
2 709 256 965
TOTAL 2877 266 3143

5.3 Imputations for Missing Data

This study requires all county records to have a reasonable
response for each variable prior to the onset of the survey. However,
there are missing data values for some counties for different variables.
The only variable that does not have missing data is the population.

Data is available for both 1970 and 1975.
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For imputation purposes, the assumption is made that the magnitude
of each variable total corresponds with the 1975! population of a county.
For example, the total number of births for a county will increase or
decrease according to the county's population. These imputations were
uniformly applied within strata since the assumption is made that county
characteristics within strata are more homogeneous than in the United
States as a whole. Thus, a single adjustment over strata may be con-
sidered less efficient.

The totals Fv (v =1,2,3,...9) are known for each variable on the
stratum level (which count missing values as 0). Also, the stratum
population (Sh) is known for each variable. A factor in the imputation
procedure is then Fv/sh' This ratio is multiplied by the county

population to impute a value as follows:

For 1975, no data exists on the frame for the variables 'food
stores" and 'gasoline service statioms." But, there are 1972 data
available for all counties and for both variables. A similar imputa-
tion method is used to impute a value for each county record. The
method utilizes the 1972 data along with a '"1975 adjustment factor."
This factor is an adjustment that is also applied uniformly within
strata and is simply the ratio of the 1975 stratum population (Sh7s)

to the 1972 stratum population (S Here the assumption is still

h72)°

*In practice, it would be necessary to use the county's 1970 population
as a factor towards imputing missing values since the 1975 population
would be unknown and is one of the variables to be estimated.
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made that these variables will increase or decrease at a comparable
rate as the population. Therefore, a "frame county estimate" for

either of the two variables is:

S
(S—h-7—5)xt L t=1, 2
h72
where: X1 = number of food stores in county i
X2 = number of gasoline service stations in county i

An element of the sampling design requires four states to be
selected PPS with replacement from each strata. Secondly, five coun-
ties are to be selected PPS with replacement from each state. As of
1970, both Delaware and Hawaii had fewer than five counties. Delaware
has three counties and Hawaii has four. For purposes of this selection
scheme, these two states will be combined with a neighboring state with-
in the same stratum. Delaware is combined with Maryland increasing the
number of counties and independent cities in Maryland from 24 to 27 and
increasing the first stage selection probability from 3923892/62813102
to 4472001/62813102. Hawaii and Alaska fall in the same stratum so
they will be combined increasing the number of counties in Alaska from
29 to 33 counties with first stage probability of selection increasing
from 769913/34838243 to 1072496/34838243.

Washington, DC, has no counties so for similar reasons it will
be combined with Virginia. This yields 137 counties and independent
cities for Virginia and an increase in selection probability from

4651448/62813102 to 5408116/62813102.
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Further imputations are made for counties and cities in Virginia
and Maryland. There are several cases for these states where data is
consolidated for the county with missing values for each independent'
city in the county. At any rate, to obtain a value for such missing
data, a quantity is imputed which is proportional to the population of

the pertinent counties or county equivalent.



6. RESULTS FROM SAMPLE INFORMATION

6.1 Comparison of Estimates for Totals

For each response rate, a paired t-test is used to determine
if these estimates are really different from the "true" total. The
test is a modification of that indicated in Steel and Torrie (1980).
Objectives are to test:

Ho: Mg = 0

Ha: “d #0
where H4 is the mean of the population of the differences,

45k = Frje ~ Fijie

100 .

p3 Fl' T i.e., the average total over 100 samples.
j=1 *1J

F L

1ljk 100

The totals Fljk and Fljk are respectively for the jth variable and kth

domain estimate, and the jth variable and kth domain "true" total.
From Hollander and Wolfe (1973), Fisher's distribution-free

sign test will also be used to determine if the estimates of total

are statistically different from the "true" total. The objectives

are to test:

Ho: © =20
Ha: 8 #0
where: © = median of the Z.. 's
1jk
Z2,.. =F - F..

1jk -~ “1jk ~ “1jk °

28
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The mentioned procedures will be used on both types of weighting
class adjustments.
6.1.1 Estimates for Totals Using Sum of Weights Adjustment

It can be seen in Table 6.1 at the low response rate that §1
tends to overestimate the "true" total. The paired t-test indicated
in section 6.1 proved to be significant at the 5% level.

The Medium rate through the Perfect Response Rate (Tables 6.2,
6.3, and 6.4) yielded t values which are not statistically significant.
Apparently, higher response rates tend to generate estimates that
are closer to the "true" total. This conclusion is about what could
be expected. Fisher's distribution-free sign test described in
section 6.1 also agrees with the above conclusions.
6.1.2 Estimates for Total Using Population Weighting Class Adjustments

Using this particular type of adjustment it is obvipus that at
the low response rate as indicated in Table 6.5, good estimates are
achieved. In fact, even at such a low response rate the estimates are
extremely close to the "true" totals. The paired t-test and sign test
of differences previously mentioned in secﬁion 6.1, substantiate this
result and thus determines the estimates to be statistically no different
from the "true" total. Of course, this conclusion is supported by the

higher response rates as well, that are shown in Tables 6.6, 6.7 and 6.8.

6.2 Individual Sample Variance Comparison Using Sum of Weights
Adjustment

Efforts will now be made to compare variance estimates obtained from

Conditions I and II over the 100 samples of V1 to VZ' There is reason to

believe that the median of V2 minus V1 will be positive, partly because

-~

of additional terms in V2. Also, thoughts are that Taylor's approximation



TABLE 6.1. COMPARISON OF ESTIMATED TOTALS
OVER 100 SAMPLES TO THE "TRUE" TOTAL
GENERATED FROM SAMPLE INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT

(RESPONSE RATES: 50% & 70%)

=

Variable Domain "True" Total F1

Births 1 1,240,370 1,278,874
2 1,903,959 1,965,190

Aggregate 3,144,329 3,244,064

Divorces 1 373,636 389,043
2 662,022 686,697

Aggregate 1,035,658 1,075,739

U.S. Population 1 80,302,039 83,217,345
2 132,763,646 137,025,363

Aggregate 213,065,685 220,242,709
Food Stores 1 125,547 125,173
2 148,355 152,190
Aggregate 273,902 277,363

Gasoline Service 1 113,772 116,588
Stations 2 118,573 122,726
Aggregate 232,345 239,314

Hospitals 1 3998 4,184
2 3326 3,422

Aggregate 7324 7,606

Marriages 1 942,908 949,114
2 1,208,807 1,217,440

Aggregate 2,151,715 2,166,554

Public School 1 17,757,679 18,385,323
Enrollment 2 27,031,137 27,816,660
Aggregate 44,788,816 46,201,983

Vehicle 1 127,408 129,766
Thefts 2 887,005 902,252
Aggregate 1,014,413 1,032,018




TABLE 6.2. COMPARISON OF ESTIMATED TOTALS
OVER 100 SAMPLES TO THE "TRUE" TOTAL
GENERATED FROM SAMPLE INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT

(RESPONSE RATES: 70% & 90%)

£a3

Variable Domain "True" Total F1
Births 1 1,240,370 1,227,705
2 1,903,959 1,927,240
Aggregate 3,144,329 3,154,945
Divorces 1 373,636 370,109
2 662,022 670,507
Aggregate 1,035,658 1,040,616
U.S. Population 1 80,302,039 79,991,742
2 132,763,646 134,608,390
Aggregate 213,065,685 214,600,132
Food Stores 1 125,547 123,469
2 148,355 149,641
Aggregate 273,902 273,110
Gasoline Service 1 113,772 112,218
Stations 2 118,573 120,606
Aggregate 232,345 232,824
Hospitals 1 3998 3,987
2 3326 3,362
Aggregate 7324 7,349
Marriages 1 942,908 910,310
2 1,208,807 1,207,862
Aggregate 2,151,715 2,118,172
Public School 1 17,757,679 17,629,721
Enrollment 2 27,031,137 27,378,185
Aggregate 44,788,816 45,007,906
Vehicle 1 127,408 123,870
Thefts 2 887,005 887,041
Aggregate 1,014,413 1,010,911




TABLE 6.3. COMPARISON OF ESTIMATED TOTALS
OVER 100 SAMPLES TO THE "TRUE" TOTAL
GENERATED FROM SAMPLE INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT

(RESPONSE RATES: 90% & 95%)

R

Variable Domain "True" Total F1
Births 1 1,240,370 1,251,074
2 1,903,959 1,892,874
Aggregate 3,144,329 3,143,948
Divorces 1 373,636 375,930
2 662,022 660,672
Aggregate 1,035,658 1,036,602
U.S. Population 1 80,302,039 81,130,547
2 132,763,646 132,336,391
Aggregate 213,065,685 213,466,938
Food Stores 1 125,547 124,281
2 148,355 146,870
Aggregate 273,902 271,152
Gasoline Service 1 113,772 113,300
Stations 2 118,573 118,712
Aggregate 232,345 232,012
Hospitals 1 3998 4,058
2 3326 3,313
Aggregate 7324 7,372
Marriages 1 942,908 912,504
2 1,208,807 1,767,765
Aggregate 2,151,715 2,089,268
Public School 1 17,757,679 17,918,400
Enrollment 2 27,031,137 26,912,867
Aggregate 44,788,816 44,831,267
Vehicle 1 127,408 127,298
Thefts 2 887,005 868,672
Aggregate 995,970

1,014,413

32



TABLE 6.4.

(RESPONSE RATES:

100% & 100%)

COMPARISON OF ESTIMATED TOTALS
OVER 100 SAMPLES TO THE "TRUE" TOTAL
GENERATED FROM SAMPLE INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT

X

Variable Domain "True" Total Fl
Births 1 1,240,370 1,239,343
2 1,903,959 1,902,233
Aggregate 3,144,329 3,141,575
Divorces 1 373,636 372,992
2 662,022 663,842
Aggregate 1,035,658 1,036,834
U.S. Population 1 80,302,039 80,285,454
2 132,763,646 132,855,004
Aggregate 213,065,685 213,140,458
Food Stores 1 125,547 123,379
2 148,355 147,677
Aggregate 273,902 271,056
Gasoline Service 1 113,772 112,562
Stations 2 118,573 119,120
Aggregate 232,345 231,683
Hospitals 1 3998 4,044
2 3326 3,321
Aggregate 7324 7,366
Marriages 1 942,908 902,393
2 1,208,807 1,188,486
Aggregate 2,151,715 2,090,879
Public School 1 17,757,679 17,737,508
Enrollment 2 27,031,137 27,022,286
Aggregate 44,788,816 44,759,793
Vehicle Thefts 1 127,408 126,167
2 887,005 873,128
Aggregate 1,014,413 999,295

33
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TABLE 6.5. COMPARISON OF THE ESTIMATED TOTALS
OVER 100 SAMPLES TO THE "TRUE" TOTAL
GENERATED FROM SAMPLE INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT

(RESPONSE RATES: 50% & 70%)

Loy

Variable Domain "True" Total F1

Births 1 1,240,370 1,238,493
2 1,903,959 1,898,877
Aggregate 3,144,329 3,137,370
Divorces 1 373,636 376,088
2 662,022 663,093

Aggregate 1,035,658 1,039,181

U.S. Population 1 80,302,039 80,553,229
2 132,763,646 132,334,699

Aggregate 213,065,685 212,887,927
Food Stores 1 125,547 122,203
2 148,355 147,112

Aggregate 273,902 269,315
Gasoline Service 1 113,772 113,598
Stations 2 118,573 118,665
Aggregate 232,345 232,264

Hospitals 1 3998 4,105
2 3326 3,312

Aggregate 7324 7,417

Marriages 1 942,908 925,608
2 1,208,807 1,176,754

Aggregate 2,151,715 2,102,362

Public School 1 17,757,679 17,772,557
Enrollment 2 27,031,137 26,883,700
Aggregate 44,788,816 44,656,257

Vehicle Thefts 1 127,408 126,659
2 887,005 875,184

Aggregate 1,014,413 1,001,843




TABLE 6.6.

COMPARISON OF THE ESTIMATED TOTALS
OVER 100 SAMPLES TO THE "TRUE" TOTAL
GENERATED FROM SAMPLE INFORMATION

USING POPULATION WEIGHTING CLASS ADJUSTMENT

(RESPONSE RATES: 70% & 90%)

Variable Domain "True" Total F1
Births 1 1,240,370 1,227,559
2 1,903,959 1,908,001
Aggregate 3,144,329 3,135,560
Divorces 1 373,636 369,969
2 662,022 663,768
Aggregate 1,035,658 1,033,736
U.S. Population 1 80,302,039 79,939,942
2 132,763,646 133,262,809
Aggregate 213,065,685 213,202,751
Food Stores 1 125,547 123,204
2 148,355 148,198
Aggregate 273,902 271,402
Gasoline Service 1 113,772 112,360
Stations 2 118,573 119,400
Aggregate 232,345 231,760
Hospitals 1 3998 3,987
2 3326 3,333
Aggregate 7324 7,320
Marriages 1 942,908 905,987
2 1,208,807 1,195,178
Aggregate 2,151,715 2,101,165
Public School 1 17,757,679 17,623,612
Enrollment 2 27,031,137 27,099,556
Aggregate 44,788,816 44,723,167
Vehicle Thefts 1 127,408 124,485
2 887,005 877,510
Aggregate 1,014,413 1,001,996
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TABLE 6.7. COMPARISON OF THE ESTIMATED TOTALS
OVER 100 SAMPLES TO THE "TRUE" TOTAL
GENERATED FROM SAMPLE INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT

(RESPONSE RATES: 90% & 95%)

=

Variable Domain "True'" Total F1
Births 1 1,240,370 1,243,659
2 1,903,959 1,895,446
Aggregate 3,144,329 3,139,106
Divorces 1 373,636 374,269
2 662,022 661,011
Aggregate 1,035,658 1,035,279
U.S. Population 1 80,302,039 80,624,553
2 132,763,646 132,471,121
Aggregate 213,065,685 213,095,674
Food Stores 1 125,547 123,274
2 148,355 147,026
Aggregate 273,902 270,300
Gasoline Service 1 113,772 112,679
Stations 2 118,573 118,747
Aggregate 232,345 231,426
Hospitals 1 3998 4,046
2 3326 3,309
Aggregate 7324 7,356
Marriages 1 942,908 907,197
2 1,208,807 1,175,114
Aggregate 2,151,715 2,082,311
Public School 1 17,757,679 17,801,011
Enrollment 2 27,031,137 26,943,362
Aggregate 44,788,816 44,744,373
Vehicle Thefts 1 127,408 126,946
2 887,005 867,469
Aggregate 1,014,413 994,415
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TABLE 6.8. COMPARISON OF THE ESTIMATED TOTALS
OVER 100 SAMPLES TO THE "TRUE" TOTAL
GENERATED FROM SAMPLE INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT

(RESPONSE RATES: 100% & 100%)

x

Variable Domain "True" Total F1
Births 1 1,240,370 1,239,343
2 1,903,959 1,902,233
Aggregate 3,144,329 3,141,575
Divorces 1 373,636 372,992
2 662,022 663,842
Aggregate 1,035,658 1,036,834
U.S. Population 1 80,302,039 80,285,454
2 132,763,646 132,855,004
Aggregate 213,065,685 213,140,458
Food Stores 1 125,547 123,379
2 148,355 147,677
Aggregate 273,902 271,056
Gasoline Service 1 113,772 112,562
Stations 2 118,573 119,120
Aggregate 232,345 231,683
Hospitals 1 3998 4,044
2 3326 3,321
Aggregate 7324 7,366
Marriages 1 942,908 902,393
2 1,208,807 1,188,486
Aggregate 2,151,715 2,090,879
Public School 1 17,757,679 17,737,508
Enrollment 2 27,031,137 27,022,286
Aggregate 44,788,816 44,759,793
Vehicle Thefts 1 127,408 126,167
2 887,005 873,128
Aggregate 1,014,413 999,295
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‘yield underestimates with this adjustment. However, the hypothesis is,
although 62 produces an underestimate, it underestiﬁates less than &1.
The Sign Test as described in section 6.1 will be used to test the
following hypothesis:
Ho: @ =0
Ha: 6> 0

where 8 = the median of the differences (Zijk's),

2iik = Va2ijk T Viijke
The individual variances correspond to the ith sample, jth variable of
interest, and kth domain obtained from Conditions II and I, respectively.

A

Table 6.9 contains the results of the paired Sign Test of V1 vs 62.
Each of the 9 variables for domain #1 proves to be nonsignificant at the
low response rate. However, domain #2 yields significance at a level
< .01 consistently for all variables. The aggregate of domains is highly
significanf at the low rate for all variables except food stores, gasoline
service stations, hospitals, and marriages. This nonsignificance may be
explained by the fact that county data values for these 4 variables do
not vary greatly. On the other hand, county data values for the other
5 variables vary tremendously, especially the county population. 61
reflects this variability and underestimates the variance coﬁsistently
at the low response rate.

The medium response rate indicates fewer significant differences
than the lower rate. Domain #2 still shows significant differences at
a rate < .01 for all variables. Fewer differences are discovered for
the aggregate.

At the high response rate, the aggregate yields no significant

differences and domain #2 indicate 3 variables to be differeat < .01



TABLE 6.9.

DISTRIBUTION-FREE SIGN TEST

GENERATED FROM SAMPLE INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT

Variable

Domain

RESPONSE RATE

50% & 70%

70% & 90%

90% & 95%

Births

Divorces

U.S. Population

Food Stores

Gasoline Service

Stations

Hospitals

Marriages

Public School
Enrollment

Vehicle Thefts

1

2
Aggregate

1

2
Aggregate
1
2
Aggregate
1
2
Aggregate
1
2
Aggregate
1
2
Aggregate
1
2
Aggregate
1
2
Aggregate
1
2
Aggregate

Td %%

I

+

¥

where: 8

2k

*Significant at the .05 level
**Significant at < .01 level

-~

.t

Voijk = Viijee &
Under Ho: P(Z..
ij

median of the differences (Zijk's)

>0) = P(Zijk <0)=%

h sample, jth variable, kth domain
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level and 2 variables at the .05 level. Therefore, the Sign Test results

appear to be consistent with what is thought to happen as the response

- A

rate improves. The better the response, the more similar are V1 and V2.

A A

With a perfect response rate, in theory, V1 and V2 are equal.

For each response rate the following paired t-test was used to test

V2 vs V1:
Ho: Hq = 0
Ha: H4 >0

where Hq is the mean of the population of differences

~

45k = S2ijk = S1ijk-
The individual standard deviations (square root of the respective
variances) correspond to sample i, variable j, and domain k. 1In

general, the paired t-test conclusions were similar.

6.3 Individual Sample Variance Comparison Using Population Weighting
Class Adjustment

Due to the type of adjustment made by using the county population,
the belief is that the median of &1 will be larger than that of &2. The
null hypothesis is then:

Ho: =0

Ha: 6 >0
where: O = median of the differences (Zijk's)

-~ -~

Ziik = Viijk T Vaijk

This type of adjustment indicates differences which are highly
significant at low and high response rates for all variables for both
domains and the aggregate. The high response rate tends to yield fewer

significant differences. Results are in Table 6.10.

Again, the paired t-test in general substantiates these conclusions.



TABLE 6.10. DISTRIBUTION-FREE SIGN TEST
GENERATED FROM SAMPLE INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT

RESPONSE RATE

Variable Domain 50% & 70% 70% & 90% 90% & 95%

Births 1
2
Aggregate
Divorces 1
2
Aggregate
U.S. Population 1
2
Aggregate
Food Stores 1
2
Aggregate
Gasoline Service 1
Stations 2
Aggregate
Hospitals 1
2
Aggregate
Marriages 1
2
Aggregate
Public School 1
Enrollment 2
Aggregate
Vehicle Thefts 1
2
Aggregate

CEETEEEEETELT

+

TrEE

I x i

3
X

PEEEERRRREREIEREEEOEEEEEREL LY
SRS RS S SRS ES SN EEEEEE

X

3
3

where: © = median of the differences (Zijk's)

h sample, jth variable, kth domain

%

- - .t
2k = Vaijk T Viijre 1
: > = <
Under Ho: P(Zijk 0) P(Zijk 0)
*Significant at the .05 level
**Significant at < .01 level
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6.4 Average Variance Comparison Over 100 Samples

A

An unbiased replicated estimator of the variance of F1 will now be

compared to V1 and V

-~

as V where:

2" The replicated variance estimator will be denoted

- 100 . _
v= 3 F-F
i=1 (n - 1)

2

where F = Fl, F= Fl’ since tlc

As previously stated, V is known to be an unbiased estimator but it is

is generated from sample information.

also a consistent estimator. Of the two estimators, V1 and V2’ the one

~

that is more stable and comes closer to V will be considered the better

estimator.

-~

The process will involve comparing V to:

i) the mean of V1 denoted by Vl

ii) the mean of V2 denoted by VZ'

It follows, for any variable and domain, that:

100 - 100 -

_ I V.. — I V..

v, = izl 1 U, = i=l 2i
100 100

The above notation will be used for both types of weighting class
adjustments.
6.4.1 Using Sum of Weights Adjustment

From Table 6.11, the low response rate table, it is clear that v

A

1

appears to vastly underestimate the variance of F1 for domain #2 and also
for the aggregate. This underestimation is reflected for all 9 variables
at the low response rate. One reason that could be considered as having

contributed to these underestimates is due to the adjustment factor



43

COMPARISON OF VARIANCE ESTIMATES
OVER 100 SAMPLES
GENERATED FROM SAMPLE INFORMATION

TABLE 6.11.

USING SUM OF WEIGHTS ADJUSTMENT

(RESPONSE RATES: 50% & 70%)

Variable Domain v VI 92
Births 1 9.366 E+10 1.090 E+11 1.090 E+11
2 3.400 E+11 8.290 E+10 2.465 E+11
Aggregate 3.605 E+11 1.030 E+11 3.070 E+11
Divorces 1 1.155 E+10 1.243 E+10 1.191 E+10
2 4.611 E+10 1.371 E+10 3.184 E+10
Aggregate 5.203 E+10 1.687 E+10 3.935 E+10
U.S. Population 1 3.931 E+14 4.472 E+14 4.374 E+14
2 1.710 E+15 3.761 E+14 1.174 E+15
Aggregate 1.722 E+15 4.207 E+14 1.359 E+15
Food Stores 1 1,018,163,445 1,262,901,550 1,106,869,201
2 2,123,496,814 501,270,573  1,458,360,805
Aggregate 2,385,214,728 1,125,875,623 2,094,742,370
Gasoline Service 1 823,899,844 980,513,576 883,737,057
Stations 2 1,301,606,508 378,268,414 947,397,310
Aggregate 1,568,707,408 878,345,972 1,522,700,106
Hospitals 1 1,711,620 1,941,797 1,633,909
2 1,028,275 295,709 751,430
Aggregate 2,473,985 1,752,915 1,994,747
Marriages 1 1.119 E+11 1.306 E+11 1.068 E+11
2 1.511 E+11 5.059 E+10 1.088 E+11
Aggregate 2.399 E+11 1.548 E+11 2.028 E+11
Public School 1 1.978 E+13 2.191 E+13 2.187 E+13
Enrollment 2 6.850 E+13 1.654 E+13 4.950 E+13
Aggregate 7.209 E+13 2.066 E+13 6.080 E+13
Vehicle Thefts 1 1,728,812,251 1,659,530,926 1,679,335,495
2 1.145 E+11 4.177 E+10 7.839 E+10
Aggregate 1.120 E+11 3.935 E+10 7.831 E+10
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'tlc/t2c being greater than 2.0. The adjustment is greater than 2.0 on
occasions only for response rates of 50% and 70%. Chapman indicated
that at a low reponse rate one might have to settle for a larger adjust-
ment factor.

According to Table 6.11, both Vl and Vz overestimate the replicated
variance for most variables in domain #1. However, VZ is always closer
to G. The reason why both estimators generate over estimates is
Primarily due to the variation of county data values within domains.
There is a strong positive correlation between increase in population
and increase in data values for each variable. Domain #1 includes only
those counties whose 1970 population is less than 135,000, a range of
129,000. Domain #2 consists of those with populations ranging from
approximately 135,000 to 7,000,000, a range of 6,865,000. Population
ranges differ considerably between domains. It is then feasible to
assume that for each variable, the range of data values between domains
differ in a similar manner. This difference is reflected in the vari-
ance estimates.

The mean estimator VZ, underestimates the variance of %1 for
domain #2 and the aggregate. However, observing Table 6.11, VZ comes
closer to the replicated estimate than Vl does. Inclusion of the
additional terms has thus yielded better estimates.

Overall, the estimates obtained with the medium response rate
are better than those from the low response rate. They are closer to
the replicated estimate. This fact holds for both Vl and Vz which is

shown in Table 6.12. The average variance estimates are smaller for

the medium rate than for the low rate. The high response rate produced



COMPARISON OF VARIANCE ESTIMATES
OVER 100 SAMPLES
GENERATED FROM SAMPLE INFORMATION

TABLE 6.12.

USING SUM OF WEIGHTS ADJUSTMENT

45

(RESPONSE RATES: 70% & 90%)

Variable Domain \ vl‘ VZ
Births 1 8.024 E+10 7.113 E+10 8.202 E+10
2 1.054 E+11 5.625 E+10 1.012 E+11
Aggregate 8.056 E+10 4.054 E+10 9.881 E+10
Divorces 1 9,184,298,042 8,413,478,500 9,097,719,857
2 1.576 E+10 9,398,189,942 1.498 E+10
Aggregate 1.416 E+10 8,921,641,372 1.561 E+10
U.S. Population 1 3.213 E+14 2.863 E+14 3.336 E+14
2 4.926 E+14 2.504 E+14 4.526 E+14
Aggregate 3.484 E+14 1.425 E+14 4.041 E+14
Food Stores 1 1,116,173,793 898,499,904 1,017,835,735
2 645,811,446 342,404,725 592,743,765
Aggregate 1,026,661,612 556,724,419 940,366,628
Gasoline Service 1 713,158,805 661,196,721 725,979,802
Stations 2 427,011,185 251,999,967 424,104,203
Aggregate 636,118,219 445,324,024 701,329,612
Hospitals 1 1,769,367 1,430,207 1,475,690
2 353,331 201,902 324,050
Aggregate 1,572,040 1,138,749 1,326,537
Marriages 1 1.069 E+11 9.813 E+10 9.776 E+10
2 7.742 E+10 5.567 E+10 6.958 E+10
Aggregate 1.856 E+11 1.528 E+11 1.641 E+11
Public School 1 1.539 E+13 1.407 E+13 1.640 E+13
Enrollment 2 2.089 E+13 1.122 E+13 1.971 E+13
Aggregate 1.536 E+13 7.901 E+13 1.940 E+13
Vehicle Thefts 1 1,104,346,616 1,181,901,545 1,209,415,432
2 5.537 E+10 3.010 E+10 3.888 E+10
Aggregate 5.030 E+10 2.745 E+10 3.650 E+10
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even smaller variances which is evident in Table 6.13. But, the ratios

R1 = (VI/V) x 100 and R, = (VZ/V) X 100 from Table 6.14 are quite

2

similar to those at the medium rate. Observing the estimates obtained

-~ -~ -~

from V1 and V2 over different response rates, it is clear that V2 is

~

more stable than Vl.

At the Perfect Response Rate, from Table 6.15, Vl equals VZ and
both estimators generate ''good" estimates of the variance. The ratios
in Table 6.14, in general, are not far from 100%.
6.4.2 Using Population Weighting Class Adjustment

The researcher should expect a smaller estimate of variance if the
population weighting class adjustment is used. This particular procedure
tends to stabilize adjustments between weighting classes and, there-
fore, reduces the variance.

Since V1 is thought to be larger than V2, it will also follow that

Vl will be larger than V This can be seen from the tables of average

2°
estimates, Tables 6.16, 6.17, 6.18, 6.19, and more clearly from the

ratios in Table 6.20. VI reacts to the variability of data for the

aggregate moreso than V2 does. For six variables, Vl vastly overesti-

mates the aggregate. The variables are births, divorces, food stores,
gasoline service stations, public school enrollment, and U.S. population.
However, VZ yields reasonable estimates for these six variables which may

-~ -~

be some indication that V2 is a better estimator than Vl'



COMPARISON OF VARIANCE ESTIMATES
OVER 100 SAMPLES

GENERATED FROM SAMPLE INFORMATION

USING SUM OF WEIGHTS ADJUSTMENT

TABLE 6.13.
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(RESPONSE RATES: 90% & 95%)

Variable Domain v Vl 62
‘Births 1 5.988 E+10 6.129 E+10 6.185 E+10
2 7.387 E+10 4.863 E+10 6.689 E+10
Aggregate 5.412 E+10 2.130 E+10 4.627 E+10
Divorces 1 6,738,828,061 7,071,387,773 7,212,674,730
2 1.255 E+10 8,385,698,034 1.133 E+10
Aggregate 1.133 E+10 6,508,391,707 1.038 E+10
U.S. Population 1 2.354 E+14 2.322 E+14 2.382 E+14
2 3.615 E+14 2.187 E+14 3.102 E+14
Aggregate 2.325 E+14 5.458 E+14 1.802 E+14
Food Stores 1 739,235,927 739,415,393 753,561,828
2 491,102,676 297,895,903 409,657,210
Aggregate 614,519,420 332,628,363 511,910,953
Gasoline Service 1 521,992,265 540,267,401 560,174,300
Stations 2 362,608,980 224,164,637 300,344,141
Aggregate 459,725,518 278,120,062 423,919,381
Hospitals 1 1,088,737 1,158,371 1,177,452
2 353,933 181,946 256,251
Aggregate 1,026,146 850,200 1,018,461
Marriages 1 6.796 E+10 6.558 E+10 6.553 E+10
2 6.174 E+10 3.689 E+10 6.550 E+10
Aggregate  1.202 E+11 7.815 E+10 1.129 E+11
Public School 1 1.163 E+13 1.135 E+13 1.153 E+13
Enrollment 2 1.481 E+13 9.669 E+12 1.333 E+13
Aggregate 1.063 E+13 3.447 E+12 8.481 E+12
Vehicle Thefts 1 1,038,799,723 1,062,607,735 1,050,337,494
2 5.013 E+10 1.966 E+10 3.449 E+10
Aggregate  4.620 E+10 2.476 E+10 3.185 E+10
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TABLE 6.14. PERCENT OF VARIANCE ESTIMATES TO UNBIASED ESTIMATES
GENERATED FROM SAMPLE INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT

RESPONSE RATES
50% & 70% 70% & 90% 90% & 95% 100% & 100%

Variable Domain R1 R2 R1 R2 R1 R2 R1 = R2
Births 1 116.4 116.3 88.6 102.2 102.4 103.3 100.7
2 24,4 72.5 53.4 96.0 65.8 90.6 102.8

Aggregate 28.6 85.2 50.3 122.7 39.4 85.5 94.6

Divorces 1 107.6 103.1 91.6 99.1 104.9 107.0 102.3
2 29.7 69.1 59.6 95.1 66.8 90.3 101.3
Aggregate 32.4 75.6 63.0 110.2 57.4 91.6 98.3
U.s. 1 113.8 111.3 89.1 103.8 98.6 101.1 99.1
Population 2 22.0 68.7 50.8 91.9 60.5 85.8 102.4
Aggregate 24.4 78.9 40.9 116.0 23.5 77.5 101.5
Food 1 124.0 108.7 80.5 91.2 100.0 101.2 104.6
Stores 2 23.6 68.7 53.0 91.8 60.7 83.4 92.8
Aggregate 47.2 87.8 54.2 91.6 54.1 83.3 104.4
Gasoline Service 1 119.0 107.3 92.7 101.8 103.5 107.3 101.1
Stations 2 29.0 72.7 59.0 99.3 61.8 82.8 103.3
Aggregate 56.0 97.1 70.0 110.2 60.5 92.2 96.9
Hospitals 1 113.4 95.4 80.8 83.4 106.4 108.1 106.5
2 28.8 73.1 57.1 91.7 51.4 72.4 95.4
Aggregate 70.9 80.6 72.5 84.4 82.9 99.2 99.3
Marriages 1 116.7 95.4 91.8 91.4 96.5 96.4 92.6
2 33.5 72.0 71.9 89.9 59.8 106.1 95.1
Aggregate 64.5 84.5 82.3 88.4 65.0 93.9 88.2
Public School 1 110.8 110.6 91.4 106.6 97.6 99.1 95.9
Enrollment 2 24.1 72.3 53.7 94.3 65.3 90.0 106.3
Aggregate 28.7 84.3 51.4 126.3 32.4 79.8 97.3
Vehicle 1 96.0 97.1 107.0 109.5 102.3 101.1 99.8
Thefts 2 36.5 68.5 54.4 70.2 55.3 68.8 75.7
Aggregate 35.1 69.9 54.6 72.6 53.6 68.9 75.5

R, = = (for i=1 or 2)
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TABLE 6.15. COMPARISON OF VARIANCE ESTIMATES OVER 100 SAMPLES
GENERATED FROM SAMPLE INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT
(RESPONSE RATES: 100% & 100%)
Variable Domain v VI = 62

Births 1 5.467 E+10 5.507 E+10
2 4.443 E+10 4.567 E+10

Aggregate 1.048 E+10 9,912,354,218

Divorces 1 6,514,425,447 6,662,484,588
2 7,862,499,812 7,964,524,960

Aggregate 5,615,918,454 5,520,273,769

U.S. Population 1 2.099 E+14 2.080 E+14
2 1.987 E+14 2.034 E+14

Aggregate 6.726 E+12 6.827 E+12

Food Stores 1 639,289,700 668,595,587
2 298,819,933 277,414,586

Aggregate 223,900,018 233,758,373

Gasoline Service 1 492,235,308 497,540,789
Stations 2 203,291,963 210,091,568
Aggregate 226,107,965 219,188,375

Hospitals 1 1,058,956 1,127,543
2 176,419 168,244

Aggregate 799,301 794,042

Marriages 1 6.283 E+10 5.819 E+10
2 4.742 E+10 4.511 E+10

Aggregate 1.022 E+11 9.013 E+10

Public School 1 1.047 E+13 1.004 E+13
Enrollment 2 8.563 E+12 9.100 E+12
Aggregate 1.228 E+12 1.195 E+12

Vehicle Thefts 1 970,454,892 968,768,358
2 3.486 E+10 2.640 E+10

Aggregate 3.105 E+10 2.343 E+10




TABLE 6.16. COMPARISON OF VARIANCE ESTIMATES OVER 100 SAMPLES

GENERATED FROM SAMPLE INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT

(RESPONSE RATES: 50% & 70%)

50

>

Variable Domain \' Vl V2
Births 1 6.506 E+10 9.582 E+10 6.456 E+10
2 5.621 E+10 7.694 E+10 5.343 E+10
Aggregate 1.432 E+10 8.929 E+10 1.273 E+10
Divorces 1 8.368 E+9 1.056 E+10 7.803 E+10
2 8.720 E+9 1.240 E+10 9.310 E+10
Aggregate 6.270 E+9 1.457 E+10 6.371 E+10
U.S. Population 1 2.656 E+14  3.880 E+14  2.448 E+14
2 2.461 E+14  3.444 E+14  2.369 E+14
Aggregate 9.610 E+12  3.584 E+14 8.399 E+12
Food Stores 1 8.731 E+8 1.161 E+9 7.664 E+8
2 3.954 E+8 4.540 E+8 3.236 E+8
Aggregate 3.206 E+8 1.006 E+9 3.079 E+8
Gasoline Service 1 7.047 E+8 8.893 E+8 6.100 E+8
Stations 2 2.509 E+8 3.390 E+8 2.477 E+8
Aggregate 3.189 E+8 7.778 E+8 2.852 E+8
Hospitals 1 1.534 E+6 1.889 E+6 1.464 E+6
2 2.274 E+5 2.680 E+5 1.464 E+%
Aggregate 1.189 E+6 1.702 E+6 1.094 E+6
Marriages 1 1.052 E+11 1.283 E+11  9.845 E+10
2 4.491 E+10 5.145 E+10 4.164 E+10
Aggregate 1.144 E+11 1.597 E+11 1.096 E+11
Public School 1 1.289 E+13 1.899 E+13 1.185 E+13
Enrollment 2 1.025 E+13 1.514 E+13 1.074 E+13
Aggregate 1.934 E+12 1.761 E+13 1.651 E+12
Vehicle Thefts 1 1.564 E+9 1.515 E+9 1.278 E+9
2 4.251 E+10 3.742 E+10 3.263 E+10
Aggregate 3.805 E+10 3.509 E+10 2.915 E+10




TABLE 6.17.

GENERATED FROM SAMPLE INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT
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COMPARISON OF VARIANCE ESTIMATES OVER 100 SAMPLES

(RESPONSE RATES: 70% & 90%)
Variable Domain \' Vl 72

Births 1 6.191 E+10 6.886 E+10 5.673 E+10
2 4.937 E+10 5.497 E+10 4.817 E+10

Aggregate 1.154 E+10 3.760 E+10 1.130 E+10

Divorces 1 7.816 E+9 8.195 E+9 7.174 E+9
2 8.655 E+9 9.142 E+9 8.436 E+9

Aggregate 6.328 E+9 8.420 E+9 5.982 E+9
U.S. Population 1 2.315 E+14 2.758 E+14  2.184 E+14
2 2.164 E+14  2.448 E+14 2.135 E+14

Aggregate 7.931 E+12 1.281 E+14 7.880 E+12

Food Stores 1 7.590 E+8 8.530 E+8 7.001 E+8
2 3.307 E+8 3.323 E+8 2.920 E+8

Aggregate 2.722 E+8 5.041 E+8 2.596 E+8

Gasoline Service 1 5.498 E+8 6.486 E+8 5.185 E+8
Stations 2 2.197 E+8 2.452 E+8 2.214 E+8
Aggregate 2.353 E+8 4.291 E+8 2.303 E+8

Hospitals 1 1.492 E+6 1.355 E+6 1.192 E+6
2 2.022 E+5 1.979 E+5 1.790 E+5

Aggregate 1.140 E+6 1.070 E+6 8.608 E+5
Marriages 1 8.965 E+10 8.731 E+10 7.653 E+10
2 5.345 E+10 5.379 E+10 5.123 E+10

Aggregate 1.387 E+11 1.336 E+10 1.164 E+11
Public School 1 1.148 E+13  1.346 E+13 1.046 E+13
Enrollment 2 9.183 E+12 1.094 E+13 9.586 E+12
Aggregate 1.453 E+12  7.102 E+12  1.340 E+12

Vehicle Thefts 1 1.163 E+9 1.163 E+9 1.061 E+9
2 4.044 E+10 2.981 E+10 2.870 E+10

Aggregate 3.631 E+10 2.720 E+10 2.574 E+10




TABLE 6.18.
GENERATED FROM SAMPLE INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT
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COMPARISON OF VARIANCE ESTIMATES OVER 100 SAMPLES

(RESPONSE RATES: 90% & 95%)
Variable Domain \' Vl Vz
Births 1 5.567 E+10 5.965 E+10 5.545 E+10
2 4.403 E+10 4.815 E+10 4.578 E+10
Aggregate 1.127 E+10 1.994 E+10 1.014 E+10
Divorces 1 6.605 E+9 7.003 E+9 6.686 E+9
2 7.704 E+9 8.174 E+9 7.890 E+9
Aggregate 5.394 E+9 6.256 E+9 5.430 E+9
U.S. Population 1 2.141 E+14  2.267 E+14 2.086 E+14
2 2.013 E+14 2.160 E+14  2.045 E+14
Aggregate 7.137 E+12 5.010 E+13 6.934 E+12
Food Stores 1 6.530 E+8 7.105 E+8 6.676 E+8
2 2.976 E+8 2.934 E+8 2.780 E+8
Aggregate 2.381 E+8 3.132 E+8 2.390 E+8
Gasoline Service 1 5.118 E+8 5.314 E+8 4.994 E+8
Stations 2 2.090 E+8 2.202 E+8 2.112 E+8
Aggregate 2.320 E+8 2.723 E+8 2.226 E+8
Hospitals 1 1.161 E+6 1.152 E+6 1.117 E+6
2 1.776 E+5 1.772 E+5 1.698 E+5
Aggregate 8.838 E+5 8.466 E+5 7.979 E+5
Marriages 1 6.698 E+10 6.400 E+10 6.173 E+10
2 3.386 E+10 3.325 E+10 3.341 E+10
Aggregate 8.123 E+10 7.374 E+10 7.102 E+10
Public School 1 1.050 E+13 1.102 E+13 1.010 E+13
Enrollment 2 8.539 E+12 9.590 E+12 9.161 E+12
Aggregate 1.186 E+12  3.201 E+12 1.229 E+12
Vehicle Thefts 1 1.041 E+9 1.063 E+9 1.021 E+9
2 3.430 E+10 2.683 E+10 2.606 E+10
Aggregate 3.001 E+10 2.390 E+10 2.296 E+10




TABLE 6.19.

(RESPONSE RATES:

100% & 100%)

COMPARISON OF VARIANCE ESTIMATES OVER 100 SAMPLES
GENERATED FROM SAMPLE INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT

>

Variable Domain \ Vl = VZ
Births 1 5.466 E+10 5.507 E+10
2 4.442 E+10 4.567 E+10

Aggregate 1.047 E+10 9.912 E+9

Divorces 1 6.514 E+9 6.662 E+9
2 7.862 E+9 7.964 E+9

Aggregate 5.615 E+9 5.520 E+9
U.S. Population 1 2.099 E+14 2.079 E+14
2 1.986 E+14 2.034 E+14

Aggregate 6.725 E+12 6.826 E+12

Food Stores 1 6.329 E+8 6.685 E+8
2 2.988 E+8 2.774 E+8

Aggregate 2.239 E+8 2.337 E+8

Gasoline Service 1 4.922 E+8 4.975 E+8
Stations 2 2.032 E+8 2.100 E+8
Aggregate 2.261 E+8 2.191 E+8

Hospitals 1 1.058 E+6 1.127 E+6
2 1.764 E+5 1.682 E+5

Aggregate 7.993 E+5 7.940 E+5
Marriages 1 6.283 E+10 5.819 E+10
2 4.741 E+10 4.511 E+10
Aggregate 1.021 E+11 9.012 E+10

Public School 1 1.047 E+13 1.003 E+13
Enrollment 2 8.562 E+12 9.099 E+12
Aggregate 1.228 E+12 1.195 E+12

Vehicle Thefts 1 9.704 E+9 9.687 E+9
2 3.486 E+10 2.640 E+10
Aggregate 3.105 E+10 2.343 E+10
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TABLE 6.

20. PERCENT OF VARIANCE ESTIMATES TO UNBIASED ESTIMATES

GENERATED FROM SAMPLE INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT

54

RESPONSE RATES

50% & 70% 70% & 90% 90% & 95% 100% & 100%
Variable Domain R1 R2 R1 R2 R1 R2 R1 = R2
Births 1 147.3 99.2 111.2 91.6 107.2 99.6 100.7
2 136.9 95.1 111.4 97.6 109.4 104.0 102.8
Aggregate 623.6 88.9 325.7 97.9 176.9 90.0 94.6
Divorces 1 126.2 93.2 104.9 91.8 106.0 101.2 102.3
2 142.3 106.8 105.6 97.5 106.1 102.4 101.3
Aggregate 232.5 101.6 133.1 94.5 116.0 100.7 98.3
u.s. 1 146.1 92.2 119.2 94.3 105.9 97.4 99.1
Population 2 140.0 96.3 113.1 98.7 107.3 101.6 102.4
Aggregate 3730.3 87.4 1616.3 99.4 702.0 97.2 101.5
Food Stores 1 133.0 87.8 112.4 92.2 108.8 102.2 104.6
2 114.8 81.8 100.5 88.3 98.6 93.4 92.8
Aggregate 313.8 96.0 185.2 95.4 131.6 100.4 104.4
Gasoline 1 126.2 86.6 118.0 94.3 103.8 97.6 101.1
Service 2 135.1 98.7 111.6 100.8 105.3 101.0 103.3
Stations Aggregate 243.9 89.4 182.4 97.9 117.4 96.0 96.9
Hospitals 1 123.1  95.4 90.8 79.9 99.2 96.2 106.5
2 117.8 88.0 97.9 88.5 99.8 95.6 95.4
Aggregate 143.2 92.1 93.9 75.5 95.8 90.3 99.3
Marriages 1 122.0 93.6  97.4 85.4 95.6 92.2  92.6
2 114.6 92.7 100.6 95.8 98.2 98.7 95.1
Aggregate 139.6 95.8 96.3 83.9 90.8 87.4 88.2
Public School 1 147.3 91.9 117.3 91.2 105.0 96.2 95.8
Enrollment 2 147.7 104.8 119.2 104.4 112.3 107.3 106.3
Aggregate 910.5 85.4 488.5 92.2 269.9 103.7 97.3
Vehicle 1 96.8 81.7 100.0 91.2 102.1 98.1 99.8
Thefts 2 88.0 76.8 73.7 71.0 78.2 76.0 75.7
Aggregate 92.2 76.6 74.9 71.0 79.6 76.5 75.5
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7. RESULTS FROM EXTERNAL INFORMATION

As previously stated, the number of eligibles in weighting classes
of interest are often taken from a census or much larger survey. These
totals are considered known and the variance estimates are generally
accepted as more reliable and efficient than if they were generated
from the current sample information. However, the findings of this
survey prove differently. The variance of estimates that were gener-
ated from sample information have better properties. The reasons
are not fully understood. One justification may be attributed to
the relationship between the number of eligibles and the number of
respondents in each weighting class. There is a positive correlation
between the two estimators. Hence, the ratio, tlc/t2C will generally
be smaller than Tlc/tZC’ The variance estimators based on sample re-
sults are formulated to account for this relationship. But estimators
63 and 64, formulated from Conditions III and IV, respectively, contains
an adjustment that in many cases over adjusts for nonresponse and is
reflected in the estimated variance. It should be noted that 6 and 64

1

estimates are similar in magnitude. Whereas, V2 and V3 estimates are

similar. Therefore, very little could be gained in further displaying

~ A

tables regarding V3 and V4. Tables are presented for totals and sign

test results, namely Tables 7.1 - 7.8, Tables 7.9, 7.10, respectively.



TABLE 7.1. COMPARISON OF THE ESTIMATES TO THE "TRUE" TOTAL
OVER 100 SAMPLES
BASED ON EXTERNAL INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT

(RESPONSE RATES: 50% & 70%)

x

Variable Domain "True" Total F

2
Births 1 1,240,370 1,356,169
2 1,903,959 2,096,951
Aggregate 3,144,329 3,453,120
Divorces 1 373,636 406,590
2 662,022 729,761
Aggregate 1,035,658 1,136,352
U.S. Population 1 80,302,039 87,919,975
2 132,763,646 146,281,354
Aggregate 213,065,685 234,201,328
Food Stores 1 125,547 131,069
2 148,355 162,860
Aggregate 273,902 293,930
Gasoline Service 1 113,772 121,422
Stations 2 118,573 130,504
Aggregate 232,345 251,925
Hospitals 1 3998 4,372
2 3326 3,642
Aggregate 7324 8,014
Marriages 1 942,908 1,007,640
2 1,208,807 1,295,431
Aggregate 2,151,715 2,303,072
Public School 1 17,757,679 19,467,661
Enrollment 2 27,031,137 29,693,874
Aggregate 44,788,816 49,161,535
Vehicle 1 127,408 134,891
Thefts 2 887,005 970,896
Aggregate 1,014,413 1,105,787




TABLE 7.2. COMPARISON OF THE ESTIMATES TO THE "TRUE" TOTAL
OVER 100 SAMPLES
BASED ON EXTERNAL INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT
(RESPONSE RATES: 70% & 90%)
Variable Domain "True" Total F2
Births 1 1,240,370 1,288,576
2 1,903,959 2,094,254
Aggregate 3,144,329 3,382,829
Divorces 1 373,636 387,241
2 662,022 726,567
Aggregate 1,035,658 1,113,808
U.S. Population 1 80,302,039 83,995,736
2 132,763,646 146,400,246
Aggregate 213,065,685 230,395,982
Food Stores 1 125,547 128,591
2 148,355 163,106
Aggregate 273,902 291,697
Gasoline Service 1 113,772 116,397
Stations 2 118,573 130,600
Aggregate 232,345 246,996
Hospitals 1 3998 4,096
2 3326 3,654
Aggregate 7324 7,750
Marriages 1 942,908 957,830
2 1,208,807 1,306,969
Aggregate 2,151,715 2,264,799
Public School 1 17,757,679 18,535,525
Enrollment 2 27,031,137 29,777,365
Aggregate 44,788,816 48,312,890
Vehicle 1 127,408 128,757
Thefts 2 887,005 972,533
Aggregate 1,014,413 1,101,290
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TABLE 7.3. COMPARISON OF THE ESTIMATES TO THE "TRUE" TOTAL
OVER 100 SAMPLES
BASED ON EXTERNAL INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT

(RESPONSE RATES: 90% & 95%)

X

Variable Domain "True" Total F2
Births 1 1,240,370 1,321,812
2 1,903,959 2,049,072
Aggregate 3,144,329 3,370,884
Divorces 1 373,636 395,899
2 662,022 712,861
Aggregate 1,035,658 1,108,760
U.S. Population 1 80,302,039 85,696,949
2 132,763,646 143,419,063
Aggregate 213,065,685 229,116,012
Food Stores 1 125,547 130,452
2 148,355 159,424
Aggregate 273,902 289,876
Gasoline Service 1 113,772 117,981
Stations 2 118,573 128,114
Aggregate 232,345 246,095
Hospitals 1 3998 4,203
2 3326 3,583
Aggregate 7324 7,786
Marriages 1 942,908 964,436
2 1,208,807 1,269,063
Aggregate 2,151,715 2,223,499
Public School 1 17,757,679 18,954,829
Enrollment 2 27,031,137 29,174,162
Aggregate 44,788,816 48,128,991
Vehicle 1 127,408 133,112
Thefts 2 887,005 948,225
Aggregate 1,014,413 1,081,337




TABLE 7.4. COMPARISON OF THE ESTIMATES TO THE "TRUE" TOTAL
OVER 100 SAMPLES
BASED ON EXTERNAL INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT
(RESPONSE RATES: 100% & 100%)
Variable Domain "True" Total F2
Births 1 1,240,370 1,305,296
2 1,903,959 2,057,499
Aggregate 3,144,329 3,362,795
Divorces 1 373,636 391,520
2 662,022 715,624
Aggregate 1,035,658 1,107,144
U.S. Population 1 80,302,039 84,581,607
2 132,763,646 143,802,656
Aggregate 213,065,685 228,384,264
Food Stores 1 125,547 129,258
2 148,355 160,120
Aggregate 273,902 289,378
Gasoline Service 1 113,772 116,976
Stations 2 118,573 128,373
Aggregate 232,345 245,349
Hospitals 1 3998 4,190
2 3326 3,587
Aggregate 7324 7,776
Marriages 1 942,908 951,892
2 1,208,807 1,280,394
Aggregate 2,151,715 2,232,286
Public School 1 17,757,679 18,703,370
Enrollment 2 27,031,137 29,253,028
Aggregate 44,788,816 47,956,398
Vehicle 1 127,408 131,566
Thefts 2 887,005 951,430
Aggregate 1,014,413 1,082,996
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TABLE 7.5. COMPARISON OF THE ESTIMATED TOTALS TO THE "TRUE" TOTALS
BASED ON EXTERNAL INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT
(RESPONSE RATES: 50% & 70%)
Variable Domain "True" Total F2

Births 1 1,240,370 1,242,721
2 1,903,959 1,896,650

Aggregate 3,144,329 3,139,371

Divorces 1 373,636 375,951
2 662,022 661,383

Aggregate 1,035,658 1,037,334

U.S. Population 1 80,302,039 80,703,819
2 132,763,646 132,222,890

Aggregate 213,065,685 212,926,708

Food Stores 1 125,547 121,968
2 148,355 146,973

Aggregate 273,902 268,941

Gasoline Service 1 113,772 113,620
Stations 2 118,573 118,541
Aggregate 232,345 232,161

Hospitals 1 3998 4,117
2 3326 3,308

Aggregate 7324 7,426

Marriages 1 942,908 921,443
2 1,208,807 1,174,342

Aggregate 2,151,715 2,095,786

Public School 1 17,757,679 17,829,987
Enrollment 2 27,031,137 26,872,449
Aggregate 44,788,816 44,702,437

Vehicle Thefts 1 127,408 126,140
2 887,005 872,901

Aggregate 1,014,413 999,040
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TABLE 7.6. COMPARISON OF THE ESTIMATED TOTALS TO THE "TRUE'" TOTALS
BASED ON EXTERNAL INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT
'(RESPONSE RATES: 70% & 90%)
Variable Domain "True" Total F2
Births 1 1,240,370 1,229,259
2 1,903,959 1,905,628
Aggregate 3,144,329 3,134,887
Divorces 1 373,636 371,185
2 662,022 661,847
Aggregate 1,035,658 1,033,033
U.S. Population 1 80,302,039 80,111,780
2 132,763,646 133,151,385
Aggregate 213,065,685 213,263,165
Food Stores 1 125,547 122,723
2 148,355 148,081
Aggregate 273,902 270,804
Gasoline Service 1 113,772 112,602
Stations 2 118,573 119,237
Aggregate 232,345 231,840
Hospitals 1 3998 4,012
2 3326 3,331
Aggregate 7324 7,343
Marriages 1 942,908 904,138
2 1,208,807 1,192,378
Aggregate 2,151,715 2,095,516
Public School 1 17,757,679 17,673,031
Enrollment 2 27,031,137 27,086,337
Aggregate 44,788,816 44,759,368
Vehicle Thefts 1 127,408 124.647
2 887,005 876,273
Aggregate 1,014,413 1,000,920
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" TABLE 7.7. COMPARISON OF THE ESTIMATED TOTALS TO THE "TRUE" TOTALS
BASED ON EXTERNAL INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT
(RESPONSE RATES: 90% & 95%)
Variable Domain "True" Total F2

Births 1 1,240,370 1,247,386
2 1,903,959 1,892,387
Aggregate 3,144,329 3,139,773
Divorces 1 373,636 375,268
2 662,022 658,947
Aggregate 1,035,658 1,034,215
U.S. Population 1 80,302,039 80,855,390
2 132,763,646 132,298,024
Aggregate 213,065,685 213,153,414
Food Stores 1 125,547 123,061
2 148,355 146,848
Aggregate 273,902 269,909
Gasoline Service 1 113,772 113,027
Stations 2 118,573 118,525
Aggregate 232,345 231,551
Hospitals 1 3998 4,075
2 3326 3,305
Aggregate 7324 7,380
Marriages 1 942,908 907,284
2 1,208,807 1,171,806
Aggregate 2,151,715 2,079,090
Public School 1 17,757,679 17,870,659
Enrollment 2 27,031,137 26,917,984
Aggregate 44,788,816 44,788,643
Vehicle Thefts 1 127,408 127,096
2 887,005 865,821
Aggregate 1,014,413 992,917
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TABLE 7.8. COMPARISON OF THE ESTIMATED TOTALS TO THE "TRUE" TOTALS

BASED ON EXTERNAL INFORMATION

USING POPULATION WEIGHTING CLASS ADJUSTMENT

(RESPONSE RATES:

100% & 100%)

Variable

Domain

"True'" Total

x

F

2
Births 1 1,240,370 1,242,581
2 1,903,959 1,899,163
Aggregate 3,144,329 3,141,743
Divorces 1 373,636 374,101
2 662,022 651,757
Aggregate 1,035,658 1,035,858
U.S. Population 1 80,302,039 80,504,697
2 132,763,646 132,691,465
Aggregate 213,065,685 213,196,162
Food Stores 1 125,547 123,184
2 148,355 147,512
Aggregate 273,902 270,696
Gasoline Service 1 113,772 112,867
Stations 2 118,573 118,912
Aggregate 232,345 231,780
Hospitals 1 3998 4,073
2 3326 3,317
Aggregate 7324 7,390
Marriages 1 942,908 903,162
2 1,208,807 1,185,287
Aggregate 2,151,715 2,088,449
Public School 1 17,757,679 17,800,101
Enrollment 2 27,031,137 26,996,302
Aggregate 44,788,816 44,796,403
Vehicle Thefts 1 127,408 126,338
2 887,005 871,318
Aggregate 1,014,413 997,657




TABLE 7.9. DISTRIBUTION-FREE SIGN TEST
BASED ON EXTERNAL INFORMATION
USING SUM OF WEIGHTS ADJUSTMENT

RESPONSE RATE

Variable Domain 50% & 70% 70% & 90% 909 & 95%

Births 1
2
Aggregate
Divorces 1
2
Aggregate
U.S. Population 1
2
Aggregate
Food Stores 1
2
Aggregate
Gasoline Service 1
Stations 2
Aggregate
Hospitals 1
2
Aggregate
Marriages 1
2
Aggregate
Public School 1
Enrollment 2
Aggregate
Vehicle Thefts 1
2
Aggregate
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where: 8 = median of the differences (Zijk's)

- .th .th . th .
Zijk = V3ijk V4ijk’ i sample, j variable, k domain

*Significant at the .05 level
**Significant at < .01 level



TABLE 7.10.
BASED ON EXTERNAL INFORMATION
USING POPULATION WEIGHTING CLASS ADJUSTMENT

DISTRIBUTION-FREE SIGN TEST

Variable

Domain

Response Rate

50% & 70%

70% & 90%

90% & 95%
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Births

Divorces

U.S. Population

Food Stores

Gasoline Service
Stations

Hospitals

Marriages

Public School

Enrollment

Vehicle Thefts

1

2
Aggregate

1

2
Aggregate

1

2
Aggregate
1
2
Aggregate
1
2
Aggregate
1
2
Aggregate
1
2
Aggregate
1
2
Aggregate
1
2
Aggregate
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where:
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Under Ho:
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>
ijk
*Significant at the .05 level
**Significant at < .01 level

h sample, jth variable, k

0) = P(zij

6 = median of the differences (Zijk's)

k(O):lz

th domain



66
8.  SUMMARY

Classic;l estimators introduced under conditions 1 and 4 are for
the most part highly unreliable. These estimators are very sensitive to
variation among data. Depending on which of the two types of adjustments
is used, the researcher may expect an underestimate or an overestimate.
As shown, the response rate and data variation are the most important
contributors to the quality of the estimétes. Table 8.1 contains some
circumstances which have proven to greatly affect the estimate's accuracy;
also the resulting quality of the estimates are included. It has been
shown that data vary in domain #1 less than in domain #2. Therefore, the
degree of variation in data will be determined by the average, by domain,
of the percent of the variance estimates to the unbiased estimates.

~ ~

As can be seen from circumstances I - VIII, V1 and V4 are less effi-

cient estimators and are very unstable. V2 and V3 are far more favorable

under the above circumstances. This does not by any means imply that

these estimators are the best that do exist. However, from the current

-~ -~ -~

study it is evident that V2 and V3 have their merits over V1 and V4.
When weighting class adjustments are used to adjust for nonresponse and

the variance is estimated based on an approximation of Taylor's series,
~

it is recommended that V2 and V3 be used. Therefore, statistical soft-

ware should be modified to generate these estimates which are more

favorable.
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TABLE 8.1. CONDITIONAL SUMMARY OF ALL FOUR VARIANCE ESTIMATORS
Circumstance V1 V2 \ \Y
I.

i) sum of weights adjustment
ii) low response rate 1 0 -2 2

iii) "little" variation in data

II.
i) sum of weights adjustment
ii) low response rate -3 -2 -1 -3

iii) "considerable'" variation in data

III.
i) sum of weights adjustment
ii) high response rate 0 0 =2 1

iii)  "little" variation in data

IvV.
i)  sum of weights adjustment
ii) high response rate -2 -1 =2 -3

iii) "considerable" variation in data

V.
i) population weighting class adjustment
ii) low response rate 2 -1 -1 3

iii) "little" variation in data

VI.
i) population weighting class adjustment
ii) low response rate 2 -1 -1 3

iii) "considerable" variation in data

VII.
i) population weighting class adjustment
ii) high response rate 0 0 0 3
iii) "little" variation in data
VIII.
i) population weighting class adjustment
ii) high response rate 0 0 0 3
iii) "considerable" variation in data

-3 Vastly underestimate (<50%)
-2 Underestimate (50% to <85%)
-1 Slightly underestimate (85% to <95%)
0 Good estimate (95% to <105%)
1 Slightly overestimate (105% to <115%)
2 Overestimate (115% to <150%)
3 Vastly Overestimate (>150%)
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