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I. INTRODUCTION 
Currently, personnel at the U.S. Bureau of the 

Census are engaged in major survey-design and 
methods research required to complete the post- 
1980-census redesign of the current demographic 
surveys. Although current effort is primarily 
directed to redesign, we also must frequently es- 
tablish the designs for new surveys. Since data 
requirements for initial design and redesign are 
quite similar for a survey, we will be covering 
the broad range of both survey design and survey 
redesign in addressing the issues of informational 
needs and research efforts at the Bureau in this 
paper. 

It is essential that the sponsor realize that 
it is the survey design statisticians' responsi- 
bility to design the most efficient sample survey 
possible, i.e., to design one which will obtain 
maximum information with the smallest cost and 
error. We may all set as a goal, the design of 
the ideal sample survey, but we know in advance 
it will be unobtainable and that compromises will 
become necessary. Because the sponsor, user, and 
design statistician share interest in, and must 
be concerned about final results, decisions on 
compromises become a mutual responsibility. Thus, 
informational needs as described herein extend 
beyond a simple statement of data requirements to 
include the criteria which the statistician is to 
use in making and/or incorporating compromises in 
a manner that will produce the most efficient de- 
sign those constraints will permit. To this end, 
success depends heavily upon the extent to which 
user and sponsor have provided timely, essential 
information to the design statisticians. 

This paper addresses the issues related to in- 
formation the statisticians need, particulary 
from the sponsor, to design or redesign a given 
survey within the constraints. Because of the 
predominant importance of good survey objectives, 
we have limited discussion of informational needs 
to that facet of survey design and describe in 
general terms why the information is needed. We, 
then, describe how the information is specific- 
ally being used in key redesign research now 
underway. 

II. DETERMINATION OF SURVEY OBJECTIVES 
By far the most important informational need 

for survey design is the description of survey 
objectives. This is established by the data user 
and survey sponsors and, other than an initial 
warning that a survey is needed, should be the 
first information provided to the Bureau. Every 
aspect of survey design should be related direct~ 
to, and procedures used should result from, inter- 
pretation of those objectives. Once the objec- 
tives of the survey are completely establishedg 
it is then possible for the survey sponsor and 
the design statisticians to work together to de- 
termine additional information required for 
designing and implementing the survey. 

A description of survey objectives should con- 
tain four overlapping areas of information: (I) 
the subject of the survey, (2) the basic purpose 

of the survey and major decisions which sponsors 
and users can be expected to make based on sur- 
vey results, (3) the different types of analysis 
and uses to be made of the data, and (4) a 
listing of major statistics, their relative im- 
portance, the primary level (e.g., geography, 
race) at which the estimates are to be used, and 
required reliability. 

In our experience, the first area, the subject 
of the survey, is easily described. The second 
area, the basic purpose and major decisions 
needed, is easily described when the purpose is 
clear-cut and there are definite decisions that 
are needed. The third area, types of analyses 
and data uses, is usally not difficult to 
establish in general terms. But it is always 
very difficult to list specific key statistics, 
their relative importance, the level at which the 
estimate is to be published, and the required 
reliability. As a result there is a tendency for 
sponsors to present such things as the subject, 
purpose, and tabulations in general terms and to 
want to discuss specific design details, such as 
sample size and rotation plans, before establish- 
i~g complete objectives of the survey rather than 
afterwards as they should be. The net result is 
that the specific objectives are provided too 
late to be fully reflected in determining the de- 
sign details and implementation of the survey. 
For example, we are still working with the 
sponsors to prepare a fully-specified set of 
objectives. 

Why is it so important that design statisticians 
have such information and have it so early? The 
discussion of sample size estimation and sample 
design refinements throughout the paper will 
answer why the information is needed. The answer 
to "why so early?" should be evident from the 
following discussion of the logical sequence of 
events from the time the sponsor has first ap- 
proached the Bureau with a request for design of 
a survey to completion of the survey design. 

As a first step in the sequence, we ask the 
sponsor to prepare a set of specific survey ob- 
jectives to guide us in the design of the survey. 
As soon as the sponsor has complied, we review 
those objectives and meet with the sponsors for 
clarification on questionable points and to 
negotiate any changes both parties may believe 
are necessary to the objectives. 

With information from the "revised" set of ob- 
jectives, we calculate a rough estimate of the 
sample size required to fulfill those objectives. 
By this time the sponsors are becoming concerned 
about what the survey will-cost so we use the 
rough sample size estimates and generate pre- 
liminary estimatesof what the survey will cost. 

The Bureau can now begin actual design of the 
survey with first effort being directed to determ- 
ining what design refinements, such as stratif- 
ication and clustering, might be implemented. 
Subsequently several meetings are held with the 
sponsor to report status of the project, to seek 
clarifying information on objectives, and to 
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seek guidance as to which of potential alternati~ 
methods to implement. 

Due to its importance, sample size estimation 
will be mentioned throughout the paper as an ex- 
ample of why the information is required. To 
help in understanding those discussions, we have 
presented below the formulae we might use to ob- 
tain the rough estimates of sample size mentioned 
previously. The formula have been presented in 
one place rather than throughout the paper so that 
differences in inputs required for the different 
estimates are more readily apparent. Thus the 
need for specific information to be specified in 
the objectives also is more apparent. The input 
t e rms  t o  t he  f o r m u l a e  a r e  d e f i n e d  g e n e r a l l y  
l e a v i n g  s p e c i f i c  d e s c r i p t i o n s  to  l a t e r  d i s c u s s i o n s  
i n  the  t e x t .  The f o r m u l a e  a r e ,  f o r  

k2~ 2 
e s t i m a t e s  o f  a mean v a l u e  n - .  - (1) 

x E 2 

k2pQ 
e s t i m a t e s  o f  a p r o p o r t i o n  n . - (2) 

P E 2 

e s t i m a t e s  o f  a t o t a l  v a l u e  n N2 k 2G2 . = ( 3 )  
x E 2 

e s t i m a t e s  o f  a t o t a l  number n . = N2k 2P-~Q (4) 
a E 2 

estimates of mean 
or total value 
when error is a 
percentage 

k2V 2 
n-. or n . - 
X(Rel) X(Rel) E 2 

(s) 

estimates of a 
proportion or 
total number 
when error is a 
percentage 

n . = n . = k 2-~Q (6) 
P(Rel) a(Rel) PE 2 

where n -- sample size estimated for the estimate 
shown as the subscript to n, 

k = indicator of level of statistical 
confidence, 

E = acceptable error, 
~2= variance of a characteristic in the 

population, 
N = size of the population, 
P = proportion of units in the population 

that have the characteristic, 
Q = proportion of units in the population 

not having the characteristic, 
V 2 = relative variance of the characteristic 

in the population, and 
(Rel)= indicates the error, E, has been ex- 

pressed in percentage form. 

It is important to note and keep in mind that 
these formulae work only for one characteristic 
and estimate at a time. They are based on the 
simplest of designs, simple random sampling, and 
as such produce only rough estimates of sample 
size and, consequentlD costs. Frequently, we 
will refer back to the formulae throughout the 
remainder of the paper to show how the terms are 
defined using information needed from the sponsor 
as examples. Now consider in more detail the 
four areas of information required in the survey 
objectives. 

A. S u h j e c t  o f  t he  Survey  
A g d n e r a l  d e s c r i p t i o n  o f  s u b j e c t  m a t t e r  to  be 

c o v e r e d  by  the  s u r v e y  s h o u l d  be p r o v i d e d .  Howeveg 
to  c l a r i f y  the  s u b j e c t  t he  s p o n s o r  s h o u l d  s p e c i f y  
t h e  ma jo r  d a t a  c a t e g o r i e s  (o r  s u b s e t s )  o f  i n t e r e s t  
w i t h i n  the  g e n e r a l  s u b j e c t .  For  example ,  w i t h i n  
" l a b o r  f o r c e  s t a t i s t i c s , "  i s  the  s p o n s o r  i n t e r -  
e s t e d  in  employment ,  unemployment ,  m i n o r i t y  
employment ,  a l l  o f  t h e s e ,  o r  some o t h e r s ?  To p r o -  
v i d e  u n d e r s t a n d i n N  c o n c e p t s  i n d i c a t e d  in  the  
s p e c i f i c a t i o n  o f  s u b j e c t  m a t t e r  s h o u l d  be d e f i n e d  
c l e a r l y .  For  example ,  what i s  meant  by " t o  be em- 
p l o y e d ?  ":  Should  the  d e f i n i t i o n  i n c l u d e  " d i s -  
c o u r a g e d  w o r k e r s ? "  I f  so ,  who i s  c o n s i d e r e d  to  be 
a d i s c o u r a g e d  worke r?  As a n o t h e r  example ,  what i s  
meant by "a crime victimization?" When does a 
fight between husband and wife constitute "assaul~" 

Once the subject and related concepts have been 
defined clearly, the information is used to iden- 
tify target populations. At this stage the in- 
formation should be provided without having been 
influenced by perceived administrative limitations. 

It is also true that there will be a demand to 
use some surveys as vehicles for supplemental in- 
quiry. For example, the current CPS design is 
used in this manner. Obviously, the "best" de- 
sign would be one established considering also, 
the need for this supplemental data collection. A 
c o m p l i c a t i o n  may e x i s t ,  t hough ,  b e c a u s e  the  t a r g ~  
p o p u l a t i o n s  may be d i f f e r e n t  f o r  the  b a s i c  s u r v e y  
c h a r a c t e r i s t i c s  t han  the  s u p p l e m e n t a l  o n e s .  

Why i s  i n f o r m a t i o n  on s u b j e c t  m a t t e r  needed?  
A ma jo r  r e a s o n  i s  t h a t  the  d e s i g n  s t a t i s t i c i a n  r e -  
q u i r e s  i t  to  be a b l e  to  compi le  r e l e v a n t  d a t a  
r e q u i r e d  in  the  d e t e r m i n a t i o n  o f  sample  s i z e .  
C o n s i d e r  the  sample s i z e  f o r m u l a e  shown ~ r e v i o u s l ~  
Each o f  t h o s e  c o n t a i n s  a t e rm (~2, pQ, v . o r  Q/P) 
which was d e f i n e d  as a measure  o f  the  v a r i a t i o n  
o f  a s p e c i f i e d  c h a r a c t e r i s t i c  w i t h i n  the  " p o p u l a -  
t i o n "  o f  i n t e r e s t .  A c o r r e c t l y  p r e p a r e d  d e s c r i p -  
t i o n  o f  the  s u b j e c t  o f  t he  s u r v e y  w i l l  s p e c i f y  
what t h a t  p o p u l a t i o n  i s  as  w e l l  as  p o p u l a t i o n s  f o r  
which v a l u e s  o f  o t h e r  i m p o r t a n t  c h a r a c t e r i s t i c s  
a r e  to  be e s t i m a t e d .  We then  have an i n d i c a t i o n  
o f  e x a c t l y  f o r  which segments  o f  the  p o p u l a t i o n  

d a t a  must be c o m p i l e d .  This  i s  d e s c r i b e d  in  more 
d e t a i l  l a t e r  i n  s e c t i o n  I I . D  unde r  "Major  S t a t i s -  
t i c s "  and " P r i m a r y  Level  a t  Which E s t i m a t e  Wi l l  
be U s e d . "  

B. The Purposes of the Survey and the Decisions 
Based on Survey Results 

The next item of importance to the design stat- 
istician is the purposes of the survey and the 
decisions desired. This covers the fundamental 
reasons why the survey is needed. Frequently, the 
major reason for a survey may be to help in public 
policy decision-making and implementation. If so, 
the statistician needs to know just what the sur- 
vey is intended to provide for precisely what 
decisions. An example of this is the use of the 
State labor force estimates from the Current Pop- 
ulation Survey for allocating Federal funds to 
local areas through the Comprehensive Employment 
and Training Act (CETA). Here the decision to be 
made is how much money each CETA prime sponsor 
will get. The decision depends upon the estim- 
ated level of unemployment. Knowing this tells us 
that a key statistic is unemployment level and, as 
indicated in section II.D of this paper, we will 
be concerned with knowing the reliability require- 
ment for the estimate. 
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The importance of considering the decision- 
making aspect of the survey is that it allows us 
to understand more fully the purpose and scope of 
the survey, and tabulations and types of analysis 
to be performed. Frequently it can become a basis 
for determination of the list of key statistics 
and the reliability requirements for these sta- 
tistics, as indicated above with the example of 
CETA funding. It may also help indicate the level 
of geography, if any, needed in the estimation 
process, and may aid in determining if the survey 
is an appropriate vehicle for obtaining the de- 
sired information. 
C. Types of __Analysis and Data Uses 

A description of the types of analysis and the 
uses to be made of the data is also necessary in- 
formation. This type of information should deal 
with the specifics of how the data are to be used 
It should include a description of tabulations to 
be made from the survey data and should specify 
additional types of estimates that might be gen- 
erated from these tabulations. In conjunction 
with the estimates, the sponsor should also in- 
dicate what tabulations of measures of reliability 
and accuracy will be needed. 

The information should also include a descrip- 
tion of what will be done with these data. This 
should let us know what types of series might be 
generated, and give an idea of the kinds of ad- 
justments (coverage, seasonal, composite 
estimation, etc.) desirable to improve estimates. 
In addition it will help both sponsor and design 
staff better determine the degree of stratifica- 
tion and clustering desired, help indicate the 
level for which estimates should be generated 
and, consequently, help identify which sample 
sizes need to be estimated. 

D. Major Statistics, Their Relative Importance, 
Primary Level at Which to be Used, and Required 
Reliability 

Of singularly greatest importance to the de- 
sign statistician, is the area of key statistics 
and required reliability. Yet, this part of a 
statement of objectives seldom is established 
sufficiently early and completely to permit the 
design statistician to do the best job of ini- 
tially incorporating the desired design features. 

The delay may partially result because the 
sponsor is not fully aware of what should be pro- 
vided in this area of the objectives. To be 
fully sufficient for survey design purposes, a 
list should be prepared giving" the major sta- 
tistics desired, i.e., the most important 
characteristics and the types of estimates to be 
made of these; the primary levels (e.g., geography, 
race) at which the estimates will be used; the 
relative importance (priority ranking) of the key 
statistics; and the reliability required for 
each statistic. 

It is difficult to discuss each of these inde- 
pendently because of the joint influence they 
have on final sample size. However, an attempt 
has been made to do so in the discussion that 
follows" 

Major Statistics 
A sponsor can usually specify a large number of 
tabulations wanted from the data and, generally, 
how these will be used. The specification of 
key statistics, thoug~ requires the sponsor to 
focus on some specific parts of the many tabula- 
tions of interest. Thus, in naming key 

statistics the sponsor is deciding which of many 
characteristics and estimates (means, totals, 
rates, changes) best fulfill the purposes of the 
survey. This is important not only to the design 
statistician but in many instances such lists have 
served as a guide for the sponsor to use in re- 
ducing the scope of a planned survey when costs 
prohibit full scale implementation. 

It is important that the number of key statis- 
tics specified be kept fairly small. Five to 
fifteen are manageable and will yield sufficient 
information on sample sizes and other design 
decisions. 

Particular care must be taken in choosing the 
key statistics. To illustrate, suppose design 
statisticians were told that some of the estimates 
of interest were total number of persons having 
achieved various educational attainment levels (of 
which "high school graduate" is most important) 
and total number of employed persons by detailed 
occupation categories (of which "sales clerk" is 
most important). To determine sample size re- 
quired, either equation (4) or (6) would be used, 
depending upon how the reliability requirement was 
stated, since totals, not proportions (equation [2)) 
or means [equation [i)), are specified. 

Suppose though that the sponsors had given in- 
sufficient thought to specifying the key statistics 
and that, after the data were collected, the analysis 
and decision-making processes were only secondarily 
concerned with total high school graduates and 
to~al employed persons that are sales clerks. 
The main interest turned out to be cross-tabula- 
tions of "educational attainment" and "occupatiorL" 
Since the cross-tab, "high school graduates that 
are sales clerks," represents a much smaller sub- 
group than did either of the other two groups, the 
relative variance would be larger and would have 
required a considerably larger sample than the one 
used to get the same required level of reliability 
as used for the two characteristics separately. 
In essence, the survey would have failed with 
respect to its main purpose. 

As implied above with the estimates of total, 
it is also vital to specify which of estimates of 
level, change over time, and/or comparisons of sone 
type are of prime concern since these specify 
which of formulae [i) through (6) are to be used 
in calculating sample size. Sponsors often con- 
sider estimates of level of major importance 
whereas estimates of change or comparisons are 
considered of equal or lesser importance. In a 
frequently recurring survey (e.g., monthly or 
yearly), the level of a statistic is basically 
determined the first time the survey is conducted. 
After that, it would seem that the prime interest 
would switch to estimates of change over time. 
This is not to say that there is no longer any 
interest in level or comparisons, but it would 
seem that the very fact that a survey is conducted 
repeatedly at relatively short intervals implies 
prime interest in estimates of change. 

In addition to its value in determining sample 
size, the specification of key statistics is very 
important in stratification. Knowing the most 
important characteristics provides the basis for 
sponsor and design statistician to select those 
variables (characteristics) which form the "best" 
stratification criteria. 

Primary Level at Which Estimates Will Be Used 
The primary level (e.g., geography, race) at which 
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an estimate is to be use~should be provided as 
part of the definition of the statistic and dic- 
tates where reliability measures must be used and 
should be calculated. As a result, it is also at 
this level that the sample size estimates are re- 
quired and must be determined. For example, are 
estimates to be made and used in analysis and de- 
cision-making at the State or national level? 
Within that geography are the estimates wanted 
for Blacks and/or Hispanics? Should the estim- 
ates be weekly, monthly, or yearly? 

Relative Importance (Priority) .... of Key Sta- 
tistics 

After a list of key statistics is determined, 
some type of prioritization is needed. This in- 
formation is important because choices, generally 
compromises, have to be made in the design. For 
examples, reliability of one statistic may be im- 
proved, but only at the expense of poorer relia- 
bility for something else, or due to cost and 
other constraints, reliability requirements may 
be achievable for only some of the key statistics. 
Establishing priorities also helps pinpoint what 
potential stratification criteria should be given 
preference for study. 

Reliability Required for Key Statistics 
So far we have mentioned reliability requirements 
several times without a definition or discussion 
of reliability. In general, the reliability of 
an estimate is a measure of the total error asso- 
ciated with the estimate. In setting reliability 
requirements in design planning, one should 
specify the total error that will be considered 
acceptable under the new design. There are three 
components which should be considered in setting 
reliability criteria. These are sampling vari- 
ance, nonsampling variance, and bias (both sam- 
pling and nonsampling) . 

Sampling variance is the best understood of 
the three components, and the one that is usually 
concentrated on in setting reliability require- 
ments. It usually decreases as the size of 
sample increases, which generally permits the 
statistician to make acceptable estimates of its 
magnitude for planning purposes. 

For initial rough estimates of sample size, 
since we have no additional information, we 
usually assume that sampling variance is the 
only component of reliability. Under that assump- 
tion, the reliability criterion is expressed in 
terms of the maximum sampling error on the esti- 
mate considered acceptable and is expressed as a 
function both of error (absolute or percentage 
error) (shown as E in the formulae) and a level 
of confidence (shown as k in the formulae). For 
example, a reliability criterion we might be given 
for estimating "total unemployed" is "No greater 
than 10 percent error on the monthly sample esti- 
mate assuming a 6 percent unemployment rate in 
the population and a confidence level of 
66 2/3 percent." 

Given those requirements, we would use 
equation (6) and calculate n • since we are 

a(Rel) 
to estimate a total and the desired error has 
been expressed in relative terms. In that equa- 
tion the error, E, is 0.i0 (the i0 percent error); 
P is 0.06 "the proportion unemployed"; and k=l 
for a 66 2/3 percent confidence level. 

With respect to nonsampling variance, many 
aspects of it are not a direct function of sample 
size, as is sampling variability. In addition 

the statistician has considerably less direct in- 
formation on most of its sources. A number of 
different phenomena make contributions, e.g., 
variation over time in the response given by an 
individual (called response variance) and vari- 
ance between interviewers. 

Response variance is often a particularly 
large component of nonsampling variances. It is 
relatively unimportant for simple estimates (e.g., 
Black unemployment rate), but can lead to serious 
inference errors in more complex analysis (e.g., 
determination of the relationship between educa- 
tional attainment and the unemployment rate). 

Bias, like nonsampling error, is contributed by 
a number of different phenomena and does not de- 
crease as sample size increases; thus, it may be 
the dominant component of error for very large 
samples. Nearly all estimates suffer from non- 
trivial bias. Comparison estimates and change 
estimates suffer least because biases, at least 
partially, and sometimes totally, cancel out. 
Unfortunately, statisticians seldom have good 
estimates of the overall bias; consequently, bias 
is usually not fully considered in setting re- 
liability requirements. 

Careful questionnaire design and survey imple- 
mentation, and good quality control can reduce 
the magnitude of nonsampling variance and bias, 
but cannot eliminate them entirely. Reliability 
requirements are important for determining the 
effort and money that should be put into these 
activities. For example, if the sole concern in 
a survey is month-to-month change, bias in esti- 
mates of the level of a characteristic may be of 
little importance. On the other hand, if the 
prime concern is with level of statistics, for 
which the sampling variance can be readily made 
small, then maximum efforts should be made to re- 
duce bias. 

Sampling variance, nonsampling variance, and 
bias can be combined together into a measure 
called the root mean square error (RMSE), as 
follows : 

RMSE = /sampling variance+nonsampling variance+ (bias) ~ 

Ideally, reliability requirements should be set 
in terms of RMSE, and the statistician should de- 
sign the survey to control the three components 
of RMSE accordingly. In practice, it is more 
typical that only sampling variance is considere& 
This sometimes leads to questionable practices. 
For example, the sponsor may set a very stringent 
sampling variance requirement for an estimate of 
level, and the design of the survey will ultim- 
ately achieve it. However, the design statis- 
tician may suspect that the bias term dominates 
the RMSE so that a sample size much smaller than 
that used would probably have yielded about the 
same RMSE. Thus, money is apparently wasted or 
misallocated. Further, if the sponsor really 
needed a very small RMSE and not just a small 
sampling variance, the survey as designed has 
not come close to meeting the actual reliability 
requirements. In fact, the reliability require- 
ment may not be achievable; thus, perhaps no 
survey should have been conducted at all. 

Setting reliability requirements, even if only 
in terms of sampling variance, is always diffi- 
cult. Nevertheless, it must be done. Sometimes 
the reason for the difficulty is that the sponsor 
does not fully understand the terminology and 
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concepts, and thus does not know how to specify 
required reliability. A role of the statistician 
is to help the sponsor understand these concepts. 
Thus, sponsors should not hesitate to seek 
assistance from the design statistician when there 
is uncertainty as to the meaning of the concepts. 

We believe the key to being able to specify 
reliability requirements lies in the previously 
mentioned aspects of survey objectives. If pur- 
poses and decisions to he made are specific and 
well understood, if the desired tabulations and 
data analyses are well understood, and if the key 
statistics and their relative priorities are 
clear, then the sponsor should be able to set at 
least approximate, minimum reliability require- 
ments for key statistics. In the use of informa- 
tion from survey objectives in calculating 
initial sample size and cost estimates, we look 
for statements similar to "Monthly estimates are 
needed at the State level of the unemployment 
rate for Blacks with a relative error of 10% 
or less with a probability of two-thirds." 

III. KEY REDESIGN RESEARCH UNDERTAKEN 
As mentioned in the introduction, we are re- 

designing the major current demographic surveys. 
These are the: 
• Current Population Survey (CPS), a monthly 

labor force survey sponsored by the Bureau of 
Labor Statistics 

• Health Interview Survey (HIS), mostly annual 
publications, sponsored by the National Center 
for Health Statistics. 

• Annual Housing Survey (AHS), annual publica- 
tions, sponsored by the Department of Housing 
and Urban Development. 

• National Crime Survey (NCS), mostly annual 
publications, sponsored by the Bureau of 
Criminal Justice Statistics. 

• Survey of Residential Alterations and Repairs 
[SORAR), a quarterly survey sponsored by the 
Census Bureau. 
You will recall we stated that every aspect of 

survey redesign must be related directly to the 
objectives established for a given survey and 
that it is the responsibility of the survey de- 
sign statisticians to consider those in designing 
the most efficient design possible within imposed 
constraints. To do that, the information re- 
quested from sponsors and users is being 
considered independently within its respective 
survey and research is being conducted to deter- 
mine which procedures of many possible ones are 
optimal ("best") for that survey. 

Because so many different redesign research 
projects are going forward, we discuss only a 
few key ones in detail and indicate how the 
information requested in the first parts of this 
paper are used in the research or dictate that 
research be done. 

A. Strata and PSU Definitions 
Major areas of concern for all the surveys are 

the formation of strata and primary sampling 
units (PSU's) within strata. In the past, one 
set of strata definitions was used for nearly all 
demographic surveys. However, since the 1970 
redesign, there have been three major expansions 
of the CPS. As a consequence, strata definitions 
have been modified in a manner which was not 
anticipated at the time of the post-1970 census 

redesign resulting in inefficiencies in the cur- 
rent strata definitions. This is a consequence 
of a shift in the survey objectives from national 
estimates towards State and substate estimates. 

Because of the expanded size of the CPS and the 
differences between survey objectives for the CP% 
NCS, AHS, and HIS, we are investigating alterna- 
tive stratifications for each survey. In order 
to accomplish this it is imperative that we have 
information from the survey sponsors as to what 
are the key characteristics of interest and their 
relative importance. This is essential since a 
cost efficient stratification for one character- 
istic may not be very good for some of the other 
characteristics of interest in the survey. 

The present PSU definitions were essentially 
defined about 30 years ago and are the same for 
all surveys. Except for New England, PSU's are 
defined in terms of counties. In the redesign, 
PSU's may vary for the different surveys. We 
will probably have some subcounty divisions for 
defining PSU's, especially in some of the coun- 
ties in the West which cover large land areas and 
thus involve high interviewer travel costs. 

To illustrate what we are doing in defining 
PSU's, consider plans for the Annual Housing Sur- 
vey. Some research will be done to determine the 
optimal work load size per interviewer in each 
PSU. Most of the research is planned to determine 
when and how counties and subcounties should be 
combined to form PSU's. Variance and cost data 
will be utilized to determine the approximate 
optimal and upper bound for the geographic size 
of a PSU. We will then attempt to combine coun- 
ties in cases where a single county is much 
smaller than the optimal, and will generally have 
a one-county PSU whenever the county is larger 
than the optimal. We are also investigating 
which set of variables is best in determining 
those counties to combine to form maximally heter- 
ogeneous PSU's. This set of variables will be 
based on information provided by the sponsor. 

B. Rotation Scheme 
In most household surveys, we employ a rota- 

tion scheme with sample units interviewed several 
times but eventually rotated out. Because of 
changes in survey objectives and cost structures, 
there is a need to reevaluate the rotation schemes 
now in use. 

The CPS has the most complex pattern of any of 
the surveys, with units in sample for 4 months, 
out for 8 months, and in for 4 months. This 
scheme is relatively efficient for estimating 
month-to-month changes at the national level. 
However, with changes in survey objectives, there 
is a great need to get reliable annual estimates 
of level for State and substate areas as the basis 
for distributing Comprehensive Employment Training 
Act (CETA) funds. Thus, we plan to examine rota- 
tion patterns that may be more efficient with 
respect to the variance of annual average esti- 
mates for these areas. To that end we will be 
examining both sampling variation and bias (namely 
rotation group bias) relevant to each rotation 
pattern. This examination must be based on the 
key statistics and the reliability requirements 
established for those statistics. The final rota- 
tion plan decided upon will be that which satisfies 
the conflicting objectives for State and substate 
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estimates of annual averages and national esti- 
mates of month-to-month change. 

The Annual Housing Survey (AHS) has had no 
sample rotation. Sample units have been inter- 
viewed once each year from the time the survey 
started in 1973. By introducting the redesigned 
sample in stages we will have the opportunity to 
determine if there is any rotation group bias in 
this survey. The results will be used in making 
decisions about what type of rotation pattern, if 
any, will be used in the future. 

In contrast to the AHS, in the Health Inter- 
view Survey each unit is interviewed only once. 
In order to improve estimates of year-to-year 
change as well as change over longer periods of 
time, we will study various rotation plans. 
There is also considerable interest in obtaining 
good estimates of annual medical expenditures 
which would require several interviews at the 
same housing unit within a year. Because of 
these specific objectives provided to us by the 
sponsor, we will consider the possibility of in- 
terviewing a subsample of the full sample at 
about 3-month intervals during the year. 

In the National Crime Survey the major concern 
with the rotation scheme is how it fits in with 
the reference period. At present, we ask res- 
pondents about crime victimizations during the 
preceding 6 months, and respondents are con- 
tacted 7 times at 6-month intervals. Asking 
respondents about victimizations during the pre- 
ceding 12 months is an alternative. Then a 
rotation scheme requring contact with respondents 
only once a year would be desirable. Here we 
need to know from the sponsor what is an accept- 
able level of bias for the various key statistics 
in order to make a decision among these alterna- 
tives. 
C. Other Redesign Research 

There are many other sample design considera- 
tions being studied. A brief description of a 
few follow. 
• All Area Sampling. Area samples are used only 

in rural areas for all surveys at present, but 
will probably be used everywhere for the Health 
Interview Survey because of the sponsor's 
wishes and confidentiality problems. There is 
an interest in increasing area list sampling 
for other surveys as well to simplify sam- 
ple selection and control. Since area sampling 
generally results in more variable segment 
sizes and 'is more costly than census list 
sampling, there are potentially bigger gains to 
be realized by research in this area. Thus, we 
will be investigating alternative forms of area 
sampling, trying to minimize cost, variance, 
bias, and operational problems. 

• Telephone Interviewing. A recently completed 
field study is being analyzed to see if there 
is any evidence of differences in labor force 
data between telephone and personal visits ~)r CPS. 
In the Annual Housing Survey, now conducted 
entirely by personal interview, a small feasi- 
bility test of telephone interviewing will be 
conducted. In the National Crime Survey, there 
is a greatly increased use of telephone inter- 
viewing this year. The results will be closely 
analyzed. 

• Proxy Respondent s. Analysis of a recently com- 
pleted study is under way to examine differ- 
ences by respondent type for labor force data. 

Since past data in the Health Interview Survey has 
shown important differences between self-respond- 
ents and proxy respondents, we are considering a 
change in the respondent procedure. 
• Estimation and Weighting. Research will include 

improved methodology for noninterview adjust- 
ments, imputation techniques, ratio estimation, 
raking, and composite estimation. 

IV. SUMMARY 
In the design of new surveys or redesign of the 

major current demographic surveys, the survey de- 
sign statisticians at the Bureau of the Census 
need a considerable amount of specific information 
regarding sponsor and user needs in order to de- 
sign the "best" surveys possible within certain 
constraints such as cost, timing, and/or relia- 
bility requirements. The bulk of this information 
is obtained from the sponsors in the form of a set 
of specific survey objectives. Since every aspect 
of survey design and implementation must be related 
directly to these objectives, it is extremely im- 
portant that they be clear and thorough. It is 
also important that they be established early. 
Several examples were given throughout the paper 
to illustrate these requirements. Obviously, if a 
good set of specific objectives are not prepared 
initially and early-on, the sample size and cost 
estimates may be faulty: t~cre may he "costly" 
delays in imnlementation, ~n~ t~er~ ms,,, be a po- 
tential for sacrificing quality for expediency. 
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