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SAMPLING FOR WEEKLY TIME SERIES

Max A. Bershad and Harold Nisselson
Bureau of the Census
Washington, D.C.

Introduction

The problem we wish to discuss in this paper
is the design of a general purpose repetitive
sample survey to provide estimates of a number
of statistics. The estimates from the survey on
successive occasions are to be used to draw
inferences sbout the population and underlying
changes in the population. For this purpose
they will be subject to a wide variety of analy-
ses and comparisons, ranging from more or less
formal time series analysis to comparisons with
preceding weeks, preceding months, the preced-
ing year, and patterns from earlier years. From
time to time the data from a number of occasions
may be pooled to provide estimates of aggregates
or more detailed analyses of the characteristics
and changes in characteristics of the population.

There are two interrelated aspects to the
problem of survey design in these circumstances.
One of these, to which we will give major atten-
tion, is the design of a sampling and estimation
procedure for each occasion. The various demands
on the survey lead to conflicting obJectives
from a sampling point of view, and the design’ to
be chosen will generally represent a compromise.
The other aspect of the problem of survey design
is the frequency with which data are to be col-
lected and estimates produced. Given fixed
total resources, the more frequent the occasions
at which data are to be collected the smaller
the sample it is feasible to cover at each occa-
sion. Thus, the question arises as to whether
smaller samples should be taken more frequently
or larger samples less frequently. This ques-
tion needs more exploration by survey analysts.l

We will be especially interested in explor-
ing the circumstances under which it may be
advantageous to use a system of weekly samples
even though the expressed primary interest of
the survey lies in estimating monthly statistics.
The techniques we will discuss are the use of
rotating samples and composite estimates [1] [2]
[3] T4]. The flexibility of rotating samples
provides the survey designer with the opportun-
ity to choose from a number of different plans
to meet special circumstances and important
demands for data. Among these choices is the
opportunity to sample the occasions themselves.
We will compare designs based on weekly estimates
every week with a design based on a systematic
sample of weeks. In the latter case there is a
component of variation between weeks that is
generally neglected but should be teken into
account.

In comparing alternative sample designs we
will take as our criterion the sampling variance
of estimates from the survey. These estimates
will be used in a wide variety of analyses, and
variance appears to be one of the best general
criteria for all uses.

Rotating Samples and Composite Estimation

Given a repetitive survey, at one extreme
the sample at each occasion might be identical.
This would be the case of & fixed panel. At the
other extreme, the sample at each occasion might
be completely independent. This would be the
case of complete rotation of the sample. Cases
in between represent partial or incomplete rota-
tion of the sample. The pattern of occasions
and number of occasions for which any given
sampling unit provides data in the survey is the
rotation plan. The significance of the rotation
plan is that it determines the carryover of
information between occasions by identical units.

Tt is helpful to distinguish the concept of
overlsp in information between occasions from
sample overlap, that is, the extent to which
identical sampling units are surveyed at dif-
ferent occasions. If information is obtained
from sample units for only one occasion in the
interview or report, the overlep in information
between occasions is the same as the sample over-
lap. Overlep in information between different
occasions can, however, be achieved without over-
lap in the sample interviewed if information for
more then one occasion can be obtained from sam-
ple units in a single interview or report.

To illustrate these concepts, suppose a
continuing interview survey based on equal-sized
weekly samples of segments with the following
rotation plan: Any one segment is in sample
only one week of the year and then returns to
the sample again in the corresponding week of
the following year. At interview, information
is obtained from each unit in the segment for
each of the two weeks preceding the week of
interview. Then the overlap in information
between successive weeks is 50 percent and the
overlap between corresponding weeks a year apart
is 100 percent. This plan is discussed further
below.

If we have overlap of information between
occasions we are in a position to use data from
the past to try to improve current estimates.
Suppose we have a continuing weekly survey with
overlap in information between successive weeks
and we are interested in estimating the level of
an item for the current week. We can comstruct
an estimate of level in at least two different
ways:
e 1. By teking the (composite) estimate of

level for the preceding week and adding
an estimate of change derived from the
sampling units for which there is
information for both weeks.

2. By méking an estimate of level for the
given week directly, using the data
from all sampling units for which there
is information for the current week.



The composite estimate of level for any given
week is a weighted average of these two types of
estimates. The composite estimate of change
between any two weeks is the difference between
the composite estimates of level for the two
weeks.

The determination of the appropriate weights
to use in the composite estimate for a single
item is a straight forward problem in optimize-
tion. The appropriate weighting to minimize the
sampling variance of the composite estimate will
hovever vary from item to item, and between sta-
tistics of level and change for a given item,
depending upon the pattern of correlations. The
determination of an efficient rotation plan is
also a problem in optimization. It is not, how-
ever, straight forward but has thus far been
dealt with only by comparison of specific alter-
natives. If information for a sampling unit is
positively correlated between different time
periods, as one might expect a high degree of
overlap is desirable for estimating change
between time periods. This is not so for esti-
mates of level, or for estimates of aggregates
based on the sum of successive sample estimates
or analyses for which successive samples are to
be pooled. If overlap in information can be
achieved in the interview by collecting data for
more than one time period rather than by sample
overlap, the objectives of estimating both level
and change well can be more successfully recon-
ciled than if we must depend on overlapping the
sample.

Reasons for Using Rotating Samples with Composite
Estimates

It is worthwhile to review in some detail
the reasons for using rotating samples with com-
posite estimates compared with the alternatives
of a fixed panel or completely independent sam-
ples. These will be considered in connection
with sampling variances, and measurement and con-
trol of respomse error.

With regard to sampling variances, it will
generally be found that where partial rotation
is of advantage over a fixed panel, say, a
design based on completely independent samples
has the same advantage to an even greater extent
-- and a similar statement could be made in the
opposite direction. Thus, we may think of the
use of rotating samples with composite estima-
tion as having some advantages and some disad-
vantages compared with alternative designs. It
combines the possibilities available under
either of the two extremes and, although it does
not exploit any of them to the hilt, it is for-
tunate that frequently most of the benefit of
a particular feature will be gained even without
complete exploitation.

There are certain unique advantages in the
measurement of response error that are inherent
in the use of rotating samples compared with
either a complete overlap of information or no
overlap of information.

Ssmpling Variances

Compared with a fixed panel design rotating
samples provide improved estimates of current
level. This is so because the composite estimate
makes it possible to take advantage of the
information in past samples. This raises a fur-
ther interesting possibility. Ordinarily, a time
series is produced point by point as each point
in time is reached. Suppose we are willing to
revise the current estimates at a later date, say
annually, with the object of developing the
"pest" historical series. The composite estimate
can be extended so that the "current” estimate at
each point in time takes advantage of the inform-
ation in samples future to that time as well as
in the past samples.

There is a further advantage with rotating
samples in the ability to treat more satisfacto-
rily unexpected large units that occur in the
sample. When unexpectedly large observations
occur in a sample survey a choice must ordinarily
be made between accepting the considerable
increase in variance they create or of reducing
their weight and accepting the resulting bias.
The usual advice 18 to choose the alternative
expected to lead to a smaller mean square error.
With rotating samples it is possible to improve
on this procedure by identifying all large obser-
vations in the entire annual sample and including
them in the survey for the current time period.
The effect of this is to sample large observa-
tions at each occasion at a rate k times that of
other observations, where k is the ratio of the
number of different segments annually to the num-
ber in the current survey, and hence to divide
their weight in the current estimate by k. While
the mechanics of putting this principle into
effect may sometimes require considerable ingenu-
ity, the resulting gains can be substantial.

Measurement and Control of Response Errors

We will consider the problems of response
error in connection with nonresponse, quality of
data for interview cases and measurement of
response differences.

Compared with a fixed panel design, the use
of rotating samples reduces the burden of report-
ing on the individual respondent. This can be
important in maintaining a high rate of response.
Where there is nonresponse, rotating and com-
pletely dependent samples both have the advantage
over completely independent samples in that an
earlier report may be available to permit better
imputation or adjustment for the nonresponse
cases in the current estimate. This can be of
special help for statistics of change between
different points in time, since the impact of
nonresponse on statistics of change may be more
nearly measured by the sum of the nonresponse
rates at each of the two occasions than by the
individual rates.

Where a response is obtained, previous
information may be useful for improving the



current information. This may be realized in
any of several ways -- for example, by the use
of shuttle forms where the respondent has the
opportunity to see his earlier information, or
by the application of editing rules leading to
follow-up to correct or clarify the information
originally reported.

Interview on successive occasions may meke
it possible to obtain better current information
through improved techniques. For example, in
pilot studies of the reporting of homeowners'
expenditures for alterations and repairs it was
found that more precise and complete reporting of
smaller expenditures could be obtained by fur-
nishing the interviewer with a copy of the pre-
vious response to read to the respondent and ask-
. ing about expenditures since the previous inter-
view.[6] This has been called a "bounded inter-
view" since the earlier interview bounds the
current one.

The opportunity to compare responses for
identical units at different points in time with
responses for new units that is provided by rota-
ting samples may help to uncover defects in the
survey procedure. This was the case in the
Census Bureau's Monthly Retail Trade Survey. Data
are obtained at interview in that survey for each
of the two calendar months preceding the month of
interview. It was found that the survey pro-
cedure tehded to miss stores that had gone out of
business during the month preceding interview.
This was remedied in part by providing for spe-
cial field instructions in case of vacant stores.

Where overlap of data is created by asking
for information covering more than one time
period, the comparison of data for a fixed
period obtained from successive panels may point
to problems of recall and suggest revisions in
the survey procedure. In several household
health surveys a recall period of four weeks was
used for obtaining reports, with a system of
independent weekly samples. Comparison of the
data for each calendar week when it was the week
preceding the week of interview, two weeks pre-
ceding the week of interview, etc., indicated a
sharp decline in the level of illness reported
with increasing length of recall. In the pilot
study for the National Health Survey a two-week
recall period was tested by this technique and
found to be acceptable.[7]

There is a speclal aspect to surveying the
same unit on more than one occasion, and that is
the training or conditioning effect on the
respondent. In the case of well-defined item,
the effect of repeated interview and questioning
of the respondent may reasonably be expected to
lead to improved data. When the definition of
the item has subjective elements, however, it
may be questioneble whether the data from later
reports are better or worse. Examples can be
cited on both sides of the argument. There is,
however, ample experience to show that they
will frequently be different. -With rotating
samples there is an opportunity to compare
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responses of new units in the survey with those
of continuing units so that such differences can
be measured and explored..

Some Choices among Alternative Sample Designs

We now turn to the specific question of
the use of weekly samples posed at the beginning
of this paper, and will examine some alternative
survey designs (including different rotation
plens) from a variance point of view. We will
consider various statistics under a composite
estimation procedure for two types of items.

We assume the following special conditions
for the survey --

(1st) That respondents have satisfactory
recall for the last two time periods
(weeks) but cannot furnish satis-
factory data for a longer period.

(2nd) That primary interest of the survey
lies in estimating either the total
value of an item for four time
periods (month) or the average value
of the item for four time periods
and in the changes over time in
these totals and averages.

(3rd) That the estimate of total or aver-
age for the item is to be published
at the end of every four time peri-
ods on a timely basis. Changes in
level are to be derived from the pub-
lished totals or averages.

Many rotation patterns are available for
use under these circumstances. Four possible
plans of rotation will be described here. In
three plans a predesignated number of interviews
are made every week. These plans have a weekly
overlap of 50 percent in information, since they
involve asking the respondent for data in the
last two weeks, but they differ from one another
in either their monthly overlap or yearly over-
lap. In the fourth plan, a systematic sample of
weeks is taken, one week from each month; four
times the predesignated number of interviews are
concentrated in the sample week and the respond-
ent is asked for data for only the last week.

Description of the Rotation Plans

The first plan considered is the "50-75-50
Plan." This plan is characterized by a 50 per-
cent overlap in information from week to week;

a 75 percent overlap in sample from month to
month, and a 50 percent overlap in sample from
year to year. A respondent on his first inter-
view furnishes separate data for the last two
weeks; he is interviewed three more times, the
interviews being spaced by four-week intervals,
before he has an eight month respite. After this
he is interviewed four more times at monthly
intervals, so that the total number of interviews
with this respondent is eight.
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The interview pattern is sketched in Dia-
gram I, where each line represents a different
week and each column represents a different sam-
ple person (or group of persons). Different
sample persons are designated in the diagram by
different letters. As an illustration, the sam-
ple person or sample group designated by the
small letter "m" is interviewed in weeks t, t-4,
t-8, t-12, t-52, t-56, t-60, and t-6k,

The second plan is the "50-0-100 Plan,"
indicating a 50 percent weekly overlap, O per-
cent monthly overlap, and 100 percent yearly
overlap. Each sample element is interviewed just
one a year, in every year.

The third plen is the "50-50-100 Plan,"
and indicates 50 percent weekly overlap, 50
percent monthly overlap, and 100 percent yearly
overlap. After the first interview, a sample
respondent is interviewed four weeks later, is
out of the sample for 10 months, then returns
for two interviews, is out again for 10, etc.
Each sample element is interviewed twice a year.

The fourth plan is the "X-75-50 Plan,"
under which interviews are conducted only in a
systematic sample of weeks, one from each month.
On interview, the sample person reports for the
last week only and not for the last two weeks.
The sample person is interviewed in the sample
week in four consecutive months; he is out for
eight months and then in again for four months.
Thus, eight interviews are conducted for each
sample element. As mentioned previously, the
nunmber of interviews in the sample week under
this plan is equal to the number of interviews
conducted in a month for one of the previous
three rotation plans.

Results

The tables below compare the variances of
estimates of different statistics for two differ-
ent items as derived from estimating the weekly
level of an item by means of the "composite"
estimator employing a weight of 0.5. 1In the
first three plans advantage is taken of those
responses for the week being estimated obtained
from the sample elements during interviews made
in the subsequent week. Except for a factor of
l/n for sample size, the number 4.00 represents
the variance of a simple unbiased estimate of
weekly level of an item from an independent week-
ly sample of size n; or equivalently the number
1.00 represents the variance of the average of
four such weekly levels during a month.

The following conclusions can be drawn from the
tables:

(1) In general, the different plans have
different abilities to estimate the
different statistics. For level those
plans are best which utilize more
different and distinct respondents.

In alternate terms those plans are best
for level which involve fewest repe-
titions of interviews with the sampled
elements.

(2) In general, for change between two
time periods, those plans are best
which have the highest overlap between
the given time periods. This is some-
what conditioned by the fact that the
plan must not lose too much on level
because of repetitive interviews.

(3) That there may be purposes for which
individual weekly levels themselves
and changes in these levels have satis-
factory variances even if the objective
at the outset might have been to pro-
vide monthly averages or totals of the
weekly levels. (This conclusion
follows from the fact that the weekly
levels generally have less than twice
the variance of the monthly average.)

(4) Dependent on the size of the between
week variance contribution, (and the
size of sample employed) the "X-75-50
Plan" may result in poorer estimates
of monthly averages or totals than any
of the other three plans which do not
involve sampling of weeks.

Footnote

1 For a discussion of this question in the con-
text of statistical quality control see [5].
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Teble I
COMPARATIVE VARIANCES WITH FOUR DIFFERENT ROTATION PLARS
FOR ESTIMATES OF LEVEL ARD CHANGES OVER VARIOUS TIME PERIODS:
A HIGH CGRRELATIONg/ ITEM

Estimate of statistic based on -

Statistic Average of 4 weekly esti.mai:ea Individual weekly estimte(s)
50-75-50 | 50-0-100 . 50-50-100 50-75-50 | 50-0-100 |50-50-100 | X-75-50
Plan Plan Plan Plan Plan Plan Plan
Jeveliceessoscscccsnne 0.92 °¢7° 0085 1.27 1.1k 1-25 O.BS'BI
Difference between
two levels:
1 month apart..e.. 0.59 1.05 0.82 1.08 2.09 1.46 0.55
1 year apart.escss 1.23 0.49 0.57 1.75 0.88 0.94 1.1k
1 week @m.ooooro _C/ 2(0 E/ 0066 0073 0069 g./
3 months apart.... 1.51 1. 1.68 e/ e/ e/ 122
1.69 e/ e/ e/ 1.58

6 months apart.... 1.85 1.k0

a/ A high correlation item is ome for which py = 9 o, = .85, P, = .80, Py = s p, =P, = Py = 70
= = = ,6 = = = , 0 = = = = = .6
LT - P12 - fis - 5"=ps:L spsz =p 70, P ™ Pae " Puo " Pos " Psg T Per T 2
Pas " Pas  Pes Psp  Peo  Per  +005 Pgg T P T P, T Peg = Py, = Pgg = :60; where p, 1s the
correlation over a t week period.
b/ The estimate of weekly level can be made for but one week du:nlhg the month. The estimate for the
week can be used as the estimate for the average of the 4 weeks from which the week was sampled,
in which case the variances in this columm must be increased to reflect the between-week variance.
¢/ Inapplicable
d/ Not possible

e/ Fot availsble
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Table IT
COMPARATIVE VARIANCES WITH FOUR DIFFERENT ROTATION PLANS
FOR ESTIMATES OF IEVEL ARD CHARGES OVER VARIOUS TIME PERIODS:

A IOW CORREIATIONFJ ITEM

Estimatevof statistic based on -
Statistic Aversge of L weekly estimates Individual weekly estimate(s)
50-75-50 | 50-0-100 |50-50-100 50-75-50 | 50-0-100 50-50-100; X-75-50
Plan Plan Plan Plan Plan Plan Plan
Level.eeusenrranseananns 1.14 0.79 1.09 1.98 1.69 1.95 1.00%/
Difference between
two levels:
1 month apart....... 1.28 1.27 1.4 2.93 3.21 3.16 1.16
1 year apart.ceece.. 1.835 0.91 1.37 3.40 2.23 2.8 1.62
1 week apaTteecesecss e/ e/ e/ 1.81 2.02 1.8 a/
3 months apart...... 210 1.57 2716 e/ e/ e/ 1.3
6 months apart...... 2,27 1.57 2.17 e/ e/ e/ 1.96

g./ A low correlation item is one for which p = .70, pas .56, p‘ = .50, p5= Ak, p_’ =p =p =.ho,

11
Pes ™ Paa

= = =.°
P P2 p” B,Du-p

Pes ™ Pss = Peo = Pe

52

80 L

correlation over a t week period.

x
=p =.50,p =p =p =p
sio 47 48 49 s
= . = =
’pss p P

45 41

=p

63 64

=p
S 56
=p

(-3

8
= p = 'l"S’
s7
= ,30; where ;::t is the

}_)/ The estimate of weekly level can be made for but one week during the month. The estimate for the
week can be used as the estimate for the average of U} weeks from which the week was sampled,
in which case the variances in this columm must be increased to reflect the between-week variance.

¢/ Inspplicsble
4/ Fot possible

e/ Fot available
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