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1. INTRODUCTION

How good are the census data? Since 1950, the
Census Bureau has attempted to provide data users
with an answer to this question. Studies have
been conducted to evaluate census operations such
as interviewing, coding, editing, keying, micro-
filming, and tabulating. The methods most often
used for evaluation require either some form of
replication of the operation or interpenetration
of the operator assignments. For large scale
surveys, these methods are expensive to implement
and difficult to control due to their complexity.
Furthermore, since their purpose s usually
evaluation of operations, these studies usually
focus on only a few operations in the data col-
lection and processing chain. As a consequence,
estimation of total census error is not possible
unless it is assumed that the operations not
evaluated do not contribute significantly to
total error.

The direction of the present research is
toward methods for estimating total census
variance which do not require expensive experi-
mental designs or reinterview surveys. By taking
advantage of the complete geographic coverage
of the census, the estimation method developed
in the paper produces a narrow range of error
which, in expectation, contains the total non-
sampling variance of the census total under an
assumed model, These lower and upper bounds
could serve as indicators of census data quality;
or perhaps their utility could be extended, for
example, (1) to determine which census items are
most effected by processing error, (2) to com-
pare, say, a decentralized data collection pro-
cedure with a centralized one, and (3) to form
rough estimates of the total census variance.

The present paper describes the deneral
approach of the method which was tested for
feasibility in the 1980 Census. At the time of
this writing, the computer results are not yet
available; however, a subsequent paper will
give the results of that study.

2. DESCRIPTION OF THE 1980 CENSUS

It is useful, first, to describe the data
collection and processing operations of the
1980 Census. The 1980 Census data collection
operation in mailout/mail back areas was handled
by 375 District Offices (D0's). Eighty-seven
were centralized offices headed by permanent
Census Bureau employees. In these offices,
which were responsible for major urban centers,
the questionnaires were checked in, edited and
followed up hy clerical staff. Enumerators
responsible for the personal follow-up were each
assigned areas of about 350 housing units called
enumeration districts (EDs). They used the office
as their base of operations.

The remaining 288 offices in these areas used
a decentralized office procedure and were headed
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by locally recruited people. Procedures in these
offices involved turning over more responsibility
for checking and editing questionnaires to the
enumerators who worked out of their homes.
Furthermore, there was no editing of nonmail
returns and the follow-up of nonresponse was
done more informally by the enumerators. As
in centralized offices, the operations were
performed by census personnel on an ED basis.

In other areas, the collection operation was
handled by 24 offices using the conventional
procedure and 12 offices using a combination of

the decentralized and conventional procedures.
This conventional system was used in more
sparsely settled sections of the country.
Households were mailed census questionnaires

and were asked to hold them for pick up by cen-
sus enumerators. Systematically canvassing their
EDs, the enumerators picked up the questionnaires
and followed up nonresponse at the same time.

The processing of the census data was done in
three processing sites located in Jeffersonville,
Indiana, New Orleans, Louisiana and Laguna
Niguel, California. The principal operations
performed included (1) receiving, sorting and
storing the questionnaires, (2) clerical coding
of written responses, (3} microfilming all
questionnaires, (4) converting responses to
machine-readable form and (5) clerically review-
ing the collected information for each ED. Again,
the operations were completed on an ED by state
basis.

The remainder of the paper is concerned with

the assessment of combinations of effects. That
is, we attempt to estimate the Jjoint impact
on total variance of (1) all operations in a

district office which are performed on whole EDs
(such as enumeration) and (2) all other opera-
tions in a district office (check-in, editing,
second phase follow-up, etc.}. In the analysis
of the experimental data, the effects, (1) and
(2), will be estimated separately for centralized
and decentralized district offices by the pro-
cedure described below. By the nature of the
operations 1in each type of office, (1) is
expected to be Tlarger for centralized offices
while (2) should be 1larger for decentralized
offices. A test of these hypotheses will provide
some evidence as to the validity of the proposed
estimation procedure.

3., THE THEORETICAL BACKGROUND
3.1 The Basic Idea

The idea forming the basis of this methodology
is similar to the collapsed strata concept of
variance estimation ([2], p.138). Under additive
model assumptions, the effects of the respondent,
the enumerator, the joint effects of the district
office operations and the joint effects of the
processing center operations can be be roughly
estimated by functions of the following contrasts:



(i) between EDs within the same district, (ii) be-
tween EDs within different districts but proc-
essed in the same processing centers, and (iif)
between EDs within different districts and
different processing centers.

In the present paper, the technique is
developed for estimating (i) and (ii); (iii)
has also been considered in another paper (see
[1]). Furthermore, it will be shown that forming
these contrasts only between contiguous EDs
results in bounds having a smaller expected
range.

The success of this technique depends to a
great extent on the number of pairs of contiquous
EDs handled by different processing centers and
lying in different districts of the same type.
Because no planning was done for this study
prior to the census, there are very few contrasts
of the form in (iii) for some types of district
offices - in particular, for conventional dis-
trict offices. However, if this method proves
to be successful for centralized and decentral-
ized district offices, future censuses could
ensure the estimability of the nonsampling error
components by purposefully creating more ED pairs
of the form (ii) and (iii) in the census planning
stage.

3.2 Notation and Assumptions

To simplify the exposition of the theory,
consider a census operation in which all opera-
tions of data collection and processing are
centralized in the district offices.l/ As in the
1980 Census, assume that some operations, such
as enumeration, are performed on an ED basis
while other operations cut across EDs.

Our model assumes that the error that exists
in the census arises from three general sources:
(i) the respondent (or, generally, the elementary
unit), (if) the ED, and (iii) all operations in
the district office which are not ED-based.

We, consider the case where the elementary
unit is a person within a household whose
response error may be correlated with other
persons within the household. Let the subscript
(i, 3, k, &) denote the &-th person in the k-th
household within the j-th ED within district
office i. Denote by y1 5 the final tabulated

()

value for unit (i, j, and let Hijk £ de-
note the true value for the unit., It is assumed
that (i), (ii), and (iii) above contribute
the following additive nonsampling errors to
the true value of unit (i, j, k, 2):
*
District office error = &; + 8jjk,
*
ED error = ajj + 9jjke
Respondent error = rijke

319

where

error variable arising from the i-th
district office which 1is a combined
effect of office operations other than
those based upon EDs; may be interpreted
as the average systematic error of these
operations.

Qi =

ij error variable contributed by ED (i, j)

common to all units in this ED,

error variable associated with respond-
ent (i, i, k, %) and,

* *
Sijke and @ik =

Fijke =

uncorrelated errors con-
tributed by district office i
and ED (i, j) for unit (i, j,
k, ).

Then, the full model is

Yijk = Hijka t Si t o4y
+ €k (3.2.1)
* *
where =ijk2 = Sk + %ijki * Fijke-

The assumptions made for the model are:
(i) the errors 85 and 43 are random samples
from infinite populations of errors with
zero means and variances given by cg and
Oi, respectively.

(ii) the errors ejjkq are random variables
with mean 0, variance o (1, j) and co—
variance Cov(e1]k2 . ef ' k g) = 913 E
(19]) fOf' (13 Ja k)_(19 J’ k‘)ad 0
otherwise.

(iii) the errors &;, ©jj, and €4k are uncor-

related with each other and with the true
true values Hjjke.

Now consider the variance of a census total,
Y, under these assumptions. Let N denote the
size of the total population of units and define

my = number of units in district office 1,
mjj = number of units in ED (i, i), and
mjjk = number of units in household (i, j, k).

From {3.2.1), Y can be written as

+ LLIXes
ijke

Y =

Nu + §m1 8 + §§m1j“i3 ijke

where U is the true mean of the population.
Hence, from the previous assumptions,

2 2

V(Y) = o Z'"1 + 9 $§m1]

+

Fmi [02(i,5) (1 + cq5 pij)]  (3.2.2)

2
where cijj = Emijk/mij'l‘



3.3 Appropriateness of the Model

Perhaps the most striking feature of the
proposed model is its simplistic representation
of the multitudinous and complex nonsampling
errors of a census. A natural question at this
stage of the theoretical development is whether
such a simple model 1is appropriate for the pur-
poses of estimation or whether a more accurate
representation of the census errors is needed.

For example, it may not be realistic to assume
independence of the errors ejjkq within a dis-
trict office for some operations such as clerical
editing where editors may make errors which are
correlated. Or, the assumption that the d; are
sampled from the one distribution may not hold
and this will have implications for the interpre-
tation of the estimates.

It should, therefore, be emphasized that our
current research objectives are simply to deter-
mine whether the proposed estimation method, or
a similar method, (a) yield measures which are,
at least, an indication of magnitude of nonsam-
pling error in census data and (b) is feasible
for implementation in future censuses.

Upon satisfying these objectives, future work
will be concerned with building models which
better aid us in the formulation and interpe-
tation of the estimates. The focus in this
paper is, therefore on the estimation technique
itself. The model is used only as a rough guide
for interpreting the estimators and for combining
the component estimators to create the Tower and
upper bounds.

4. ESTIMATION OF UPPER AND LOWER BOUND ON V(Y)

4,1 Derivation of V| and Vy

Two EDs will be called adjacent if their
boundary lines connect at some point. Two EDs
may be adjacent and lie within the same district
office boundary. These pairs of EDs will be
referred to as EDs of type A. ED pairs of type
B are defined as adjacent EDs which lie in two
different census districts. Let A denote the
set of all pairs of adjacent EDs of the type A
and let B denote the set of all pairs of adjacent
EDs of the type B.

To simplify the notation, the symbol Avg dj
he$
will denote the simple expansion mean of a

characteristic d for all elements in some

specified set S.

Hence, the mean of the characteristic y for
ED (i,j) will be denoted as ¥ij = Avg yp where
he$§

S is the set of all units in the ED. Similarly,
the true mean of the population for ED (i,3)
will be denoted by wjj = Avg Hp.

he$§

Further, let the indexes 1 and 2 be assigned
arbitrarily to each ED in a pair, h, of adjacent
EDs (either type A or type B). Define, for
each pair, h, of adjacent EDs
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2 1 _ —
dy =% (Fpy - Tno)? (4.1.1)
2 1 _ _
Y =% (Hp1 - uh2)2 (4.1.2)
and
1 [92(h,1)¢ +1)
vh =_.{e 22)\n1Pn1
2 Mh1
52
+ e(h,2)(ch2®p2tl) (4.1.3)
Mh2
where?ht,'u_ht, 02€(h,t), Cpts Ppy and mp, (¢ =
1,2) are as previously defined ‘but using the

abbreviated notation.

Then, for heA, that is, for pairs of adjacent
EDs 1lying within the same district

2 2
E(dp) = Ué +Yp + Vp. (4.1.4)
And, for heB, that is, for pairs of adjacent EDs
lying in different districts

2 2 2 2
E(dp) = 96+ %4+ Yp + vy (4.1.5)
We now estimate the components of variance in
(3.2.2). Let AL be the set of all pairs in A
having an ED in common with the h-th ED pair in B.
Define

o2 2
% = Avg dp (4.1.6)
heA
and
.2 2 2
a5 = Avg [dy, - Avg dp]. (4.1.7)
heB peAh
It can be shown that, under the stated assump-
tions,
~2 2 Y2
Eog = 9, + Avg Y + Avg vy (4.1.8)
heA heA
and
.2 2
Eoy =og+ 8 + 4 (4.1.9)
where
2 2
b, = Avg (vp - Avgyp)
heB peAp
and
Ay = Avg (vp - Avg vp).

heB DEAh
The following upper and lower bound estimators
of V(Y) are proposed. Define

~ 2 2

VL = 85Imj (4.1.10)
1



and

A N ~2 2
Yy = Vi + 0o ZEZm;54. 4,1.11
U L * Je §imij ( )

4,2 Conditions under which V,
Estimators for V(Y)

and Vi are Bound

The estimator 05 is an average of between
district office “deviations squared minus the
average of within district office deviations
squared. The contrasts between EDs in different
district offices estimate the combined effects
of district office operations including the enu-
merator or ED effect and an effect of population
characteristic differences for adjacent EDs. The
contrasts between adjacent EDs within district
office attempt to estimate the effects of differ-
ent enumerators and different EDs so that the
district office effect can be isolated by sub-
traction. Choosing the EDs in the estimates of
the enumerator and ED effects, which surround
the two EDs used for the between district office
contrasts, attempts to reduce the bias in the
estimate of the between district office variance
by taking into account the possibility that the
expected differences between adjacent EDs may
depend upon the proximity of the EDs to district
office borders and other other political bound-
aries.

A 2

Thus, 0. is an estimator of o, with negligible
bias if it can be assumed that the district
office boundaries are drawn without regard to
the value of the characteristic of interest or of
variables highly correlated with the character-
istic of interest. For example, if it assumed
that the set B is a random sample from the set

uA
heB n

Sg = (4.2.1)

that is if the district office boundary is essen-
tially drawn in a random fashion through the set
of EDs S, the estimator Og will be unbiased for
; that is
€(i2) - o2
where £ includes the expectation over all pos-

sible samples of EDs of the same size as the
set B from the set Sd.

Therefore in expectation, the lower bound
estimator, V|, will underestimate V(Y) by

B 0’2 I 2
= msy
L o {5 ij

2
+ IIMii0 i,i)0(1 + cyi053
i3 1j0¢ (i,3)( ij 13)

(4.2.2)
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Now consider VU, the upper bound estimator. As
an estimator of V(Y), Vy has a bias

2 2
By = Avg Y 22m13
heA 13

2 2¢: 3
+ Zimgy (Avgy, - ZE(1d)) (4.2.3)
1] heA mij
The term Avg vy will, in general, provide a
h eA
close approximation to Avg Ue(h) where here S
heS ™Mh
is the set of all EDs. Therefore, if it is
2
assumed that 9. (h) =9_, a constant, for all

neS, it can be shown that the second term on the
right of (4.2.3) is always positive. Further-

more, this term will be negligible if, in
addition, the EDs have approximately the same
size.

the right, however, is
expected to be large. By restricting the esti-
mation to contrasts of adjacent EDs, we attempt
to minimize this term, which 1is the average
difference between ED true population means.

The first term on

Therefore, under the conditions stated above,

E(v) < v(Y) < E{W) (4.2.4)
and, the expected range of the bounds is given
approximately by

2 2 2
R = (of+ Avgy?©) Immy
( 6 neA h ij ij
+ Zim i g (i,3) (1 + Cijpij) (4.2.5)

4.3 Estimation Based on a Sample

The previous results assume that all type A

and type B EDs were used in the estimation.
Because of the cost involved in matching and
pairing EDs for all census districts, this

approach may not be feasible. However, it fis
easily shown that the preceeding results also
apply when either a random sample of district
office pairs are selected from all possible
pairs of adjacent district offices or a random
sample of type A and %ype B ED pairs is selected
from the sets A and The extension of the
general theory to allow for this sampling is
straightforward and does not afford any diffi-
culties.

T/ Tn T17, the model has been extended to the
full organizational structure of the 1980 Census
in which the data processing was performed out-
side the district offices in processing centers
and several types of district office structures
were used.
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