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ROTATION OF SAMPLE IN MULTISTAGE DESIGNS

by

BURTON T. ONATE"

Sample surveys are conducted in the Philippines either
semi-annually or annually for the purpose of providing current
and reliable statistics on some echelons of the country's eco­
nomy. The Philippine Statistical Survey of Households
(PSSH) is one of these current surveys useful for planning
the socio-economic programs of the government. Others an:
developed and included for implementation in our annual
Philippine Statistical Program in order to provide for the gaps
which exist in our statistical system .

There are about six current major statistical surveys in
the Philippines and more than six other major sample surveys
on fishing, crop cutting, trade, construction, transportation
and communication, services and others are being envisioned
in the statistical program for the coming fiscal years, For
purposes of economy and efficiency, efforts are being exerted
to conduct these other surveys within the existing organiza­
tional framework like that of the PSSH. The statistics from
these surveys will give a bigger picture of the nation's develop­
ing economy,

Practically. all national sample surveys are designed to
sample the same population, repeadtedly, and if this is the
case, some considerations must be given to the aspects of fre­
quency of visits to panel households or establishments and the
pattern in which the sample will have to be changed from visit
to visit. Response resistance seems to increase with subse­
quent visits. Even if we assume that there exists complete
cooperation, the panel or respondent may be influened by the
information which it gives and receives and this constant ex­
posure may act as a conditioning effect resulting in a non­
randomness of the panel in subsequent visits. A rotation
scheme must be provided to answer these questions of res­
ponse resistance and non-representativeness of 'panel' samples.

~. Acting Dlrector, Office of m(lli~tical Coordination :lnc! Standards,
National Economic Council.
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The purpose or this paper is to indicate the relevant uses
and theoretical approaches in a stratified two-stage design
without replacement and with equal probability at each stage
of simple nod rotation sampling. An attempt will also he made
to show the approaches to other methods of selection or
sample.

REVIEW' OF LITERAruns

In February 1955, Hansell, et nl introduced a redesign of
• the Current Population Survey (CPS), from which information

on employment. unemployment, and other related data are
compiled each month, One feature of the subsampllng which
has an important bearing on the estimation procedure intro­
duced in the new sampling involves changing a part of the
s,~mplc each month. To accomplish this rotation, eight syste­
matic subsarnplcs or rotation groups of segments nrc idcnti­
fkd for each sample. A given rotation group is interviewed
for ~ total of eight months. then returns for the same Four
calendar months of the next year, It is then dropped from the
sample, In any one month, one-eight or the sample segments
are in their first month of enumeration, another eight arc in
their second month, etc. with the last eight in For the eight
time. Under this scheme, 75 per' cent of the sample segments

• are common From month to month and 50 per cent arc common
from year to year. Composite estimates and their variances
were derived and some empirical results were given. These
techniques arc now used in the U.S. sample of' retail trade.

The author (1960) developed a finite population theory
in a two-stage rotation sampling as this applies to the develop­
mcnt of the design of the PSSH. The basil; idea of the pro­
posed rotation is to dissect the sampling area into a finite
number of recognizable segments and each rotation group will
consist of three segments in which two segments (or 67 per
ccnt ) are common from visit to visit and one segment (or
33 per cent) is common from year to year. Composite esti­
mates for current total, visit-to-visit change and visit-to-visit
a year ago change and their variances arc derived. The relc-
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vant results of the theory developed in the author's work
(1960) will be utilized in the subsequent discussions.

SAMPLING SCHEMES

1. Without Replacement and Equal Probability at
Each Stage.

In a stratified two-stage design in which the units arc
drawn without replacement and with equal probability at each

stage, the estimate of the hth stratum total, Xh is

(1)

i•i

where N
h

is total number of primary sampling units (psu) in
thh stratum,

n h is number of sample psu's in ht h stratum,

)\'1}liis total (listed) number of hh's in i
th

PSLl of the

h th stratum,
. th

xhi is sample total of the Xcharacteristic in the 1

PSlI or the hth stratum, and

the' on ~ indicat0s s?.::!ple summation on i
,..

It can be sho~m (see Eartley, 1959) that t!:e variance of Xh j,:,

•

\2)
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\/here Xhi is the i tn prir.lary total fIL the ht h stratUD,

* '8X h = Xh/~
2

i

S hi = "E eChi 1 -, ~'i /,I

j ~i - 1

:lnd Xhi = Z Xhij / Hhi •
j

'"As usual, th~ ~U;;'I of the Xhls \lU1 provide an unbiased estima.to

of. the popul.et, ion total X with varisnce equo.L to the S\DIl of the
.... .

V::lr (JCh)'S.

The first term in (2) is usually designated as the between
secondary within primary contribution while the second term
is known as the between primary contribution to the Vat"

"(X ).
h

The complete Or exact estimate of (2) is

2 1 Z' ( - 2where .Po hi ..
1l1hi - 1 Xhij - ~i)

j

"hi • -L is'
~ij

~i. j

* 1 <>1.xh P - c:..},-
nh i 1\i ~

and the rest of the symbols is defined us in (1) and (2). Note
that the first term in (3) is a sort of a correction and is usual­
ly negligible. For economy and in actual practice, where the
survey is interested in many characteristics only the second
term is computed as estimate of (2),
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2. Stratified Two-Stage Sample With Rotation of
Segments

Let us Clpply this theory (Onate, 1960) to a particular
precinct in the urban area of the PSSH (semi-annual collec­
tion) where Shi (the number of segments) is usually small.
Split the precinct (psu) into segments and carry out the list­
ing operation only for a sample of three of the segments to he
rotated from visit to visit.

In general, each rotation group will consist of three seg­
ments; two segments or 67 per cent of the segments are com­
mon from visit to visit and one segment or 33 per cent is
common from year to year. See, for example, figures 1 and
2 for Shi:"-:: 8. We introduce a random element into the selec-

tion of segments by attaching at random the Shi actual seg­
ments to the ordinal segment numbers. There are Shi! pos­

sible permutations which form the reference set of our prob­
ability sample. A particular random selection from the Shi1 pos-

sible permutations is referred to as a 'rotation set' R. The
problem of making the segments approximately equal in size
and the problem of availability of 'natural' boundaries must
be reckoned with in the application of this theory.

One new feature in the rotation scheme involves chang­
ing a part of the sample each visit to avoid a decline in res­
pondent cooperation which may happen when a constant panel
is interviewed indefinitely. This scheme afforded also a re-

d .. d . '1 listi f h . hi thuction In cost ue primari y to istmg O' t e entire 11 pSU.

The rotation of sample will now be utilized in a new esti­
mation procedure which may result under certain circums­
tances into a reduction of variances of sample estimates. The
new estimation procedure makes use of what is referred to as
a composite estimate. The estimate for each characteristic is
a composite or weighted average of two estimates. These two
estimates of the same characteristic are not independent but
when given proper weights may yield a composite estimate
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with a smaller variance than either of the component esti­
mates (Hansen, et al, 1955).

The weights for the two components of such a composite
estimate need not be equal, and optimum weights may be
determined for estimating any particular characteristic. The
composite estimate takes advantage of accumulated informa­
tion from earlier visits or samples as well as information
from the current visit or sample and results in smaller vari­
ances of estimates of both level and change for most charac­
teristics, but the larger gains are achieved, for most part, in

the estimates of change. The weights, 0: Wh ij and ec W\ji
are shown in Tables 1 and 2, respectively, for size of segments,
Shi and for time periods 0: ~ 0 and ce <o.
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Figure 2. Rotation Scheme for Eight Segments in Sam-
pling Area (precinct)

Time :>:

Segment -9 -g -7 -6 ...') -4 -3 -2 -I -0
Number

• ',': .,': ..': .. ~':

2 ~~. .'. .;: ". :\"

3
~.( .. .'. '.'

4 ., ~'r .,

S .- .'. .'.

6 .'. .:: .::

7 .', ~":' *

• 8 '.': '" * ·.'f
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If the hith psu is dissected into a finite number of seg­

ments Shi as for example in the PSSH (see Onate, 1960), the

unbiased composite estimate of the hi th psu total with rota­
tion at time oc ::::: O. Xh· iso 1

• I

~ 0 Shi
"-

oXh i ::: z: Z .,c.Hhi j c:><~iJ..l = - 00 j (4 )

"" Y'hijwnere 0< l.nij = c< '1Jijkh i j

is t be sample tot.al estimc.tc of t,he hijth se~nt at visit r(. 1

Khi j is the nU!:'.ber of hbs in the ijth so~nt and jD

assumod to 'oe incependent of o!

(5)

•

•

)Chij is the nw.lber. of' se.':lj:'.lt: hhs in the ijin lj'.lvrent. ani is

Il1so <lssu:~d ~o be ir.9cr:endent of 0< •

0' Xhij is the sllr.:plc t ot a I of the i}'~ sCiJr,ent at t.:'m", 0 ,
"'\

and <:JI. \oIhi j is the h'13ight attilc!:<:d to the a'- Xhi j at. t.i/r.e Cl

('1'hesc ass\l1:Ipiions arc given for simplicity sake, althoUbh t.hes!: may be

dropped and adj1J.Stments Cal". be ll.'ldc ~:l the deTivJt ion of the vor1ance).
~

'!'rc variance of oAhi i::. e·,,"'~'V:~ ~'~' ~hc :-el:.t ~on,

S l::.( !\'
var (o"ni) • Shi:T! i'" c)y.hil!1:t /.

V.1r' i ~ . ~
'<;hi~111~ (ci:llil rl , I
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Table 1. ~':eit:htG \:i"hij) cf Sccr.:ent ,?ota:s for

tiU!:'.ber of $cL';I1\erlt~, Shi' a:1d f'cr- i'ir.l.
pericds or: • 0 end oC. <. 0

•

Sel9=\ent
1n 300!:lple

for

1st vis it

:'nd visit

orr 2 visit

d- :: 0

$,.,i (;, I 1)
3 2

o

c

:;,~i nO, ... J ).)
'3 -c .. ..

o

o

--_._---------_._---_._-_._---

•

•

r;tc. o

1

-1-1

c

o
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'r .., .., "al r' 1- f )' '. f ~."", t-1'".<1 ~. , UI)" Q "hSS or ,lo.-r.ocr 0 wo.,..,e') ~.

$hi' ;I~~ ter ike Periods (>(... 0
ar:d OC <: 0

SC!.?T.cnt
b SD...,.pl"

Cor
oC :: 0 oC < 0

Sh' '2 ;:(_2) (1 _ <;,)
J

•
1st vao it

1 ;. g )2
2

r.-2~(Q_l )'?

•

L I

Of.! 1 vis i t

;:::c.

o

o

c

o

o

o

-'-~---------.,.-
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The first term in (5) is the within rotation variance while the
second term is the between rota Lion variance. This variance
is approximated by using some truncation in the infinite series
Thus,

•

I-

-')r:) 4 5/. 2 ) "2: .~,!. (2Q ,l 5 Q /. Q 0< ,c,(,-?">i:i

oJ. =0

-2 .> ex 3 :22: Q-~ (Q - 2 Q f Q) 0<,0( -lShlJ ~

d- = -1 )

J (2 Q5 f 2 Q4 - 4 Q3) 0,-) Shi

- 1

•

loIhcre 0 = Q -:= 1 ,

• 43
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1\ is the correlation or estimates from identical
segments one visit apart,

f2 is the correlation of estimates from identical
segments two visits apart.

•
1 rz 2l i cI- X hij

I.'I

•

Var (oXhiJ') '" M
2
hi j (1 _ mhi,j) 2. (oYi1ijk - ihijl

l!l},ij ~~ij k Hhi j - 1

and the other symbols arc defined as in equation (2) .
for Q = 0, equation (Sa) red uces to

;... Shi ShiVar (Xhi)
r-;

:::
T g Var (oXhi j)

j (5b)
2

L Sh' 2~. o

T .
Shi

o-;)hi

where the first term is the within segment component, and the
second term is the between segment component in a two-stage
sampling scheme with equal probability and without replace­
ment at time O. Note that actually we started with a two­
stage design but because of the segmentation procedure, Wt.
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have added a third stage. Thus, with rotation, we have pre­
cincts as pSUS, segments as secondaries and households as
tertiaries.

The unbiased composite estimate of hth stratum total

oXh is

where the symbols are defined as in (2). (5) and (Sa). This
variance in equation (7) consists of three parts, namely: the
between psu component, the between rotation component and
the within rotation component, The last two (between and
wi thin rota tion ) are the componen Is of the between seconda­
ries within psu.

The method of evaluating (Sa ) is given by the author
((960) and will not be given here. The extent of the reduction
in variance in (7) as compared with (2) will depend, by and
large, on the Jag correlation which may exist between visits
and will emanate primarily from the component of the bet­
ween secondaries within primaries. For a multi-purpose sur­
vey, the value of an 'optimum' 0 must also be studied.

~

For pr-act LcaL purposes, ,,;0 nay usc as estimate of Var (oXh)
b l'Z > A

( n) 'j h nh <::: " *It 2
var ohh =--,-- (1 - ---1- (J (oXhi - x h )

T.\) !"h i 1
nh - (8)

where 1
Z;h

•
which is similar to the second term in (3) .
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3. With Complete Replacement of Primaries

This design is utilized in the PSSH. The sampling
scheme in the hth stratum is as follows: (a) sample the first
primary with probability proportional to some measure of

size, say Phi; (b) within this primary, sample by any method
which will permit for the computation of an unbiased esti-

mate X*hi of the hi th primary total, Xhi such that

• ..L
~i

~

X hi

is an unbiased estimate of the stratum population total, Xh; and
(c) replace all primaries, secondaries, etc. and repeat steps (a)

r, l~ 1\

and (b) nh times producting estimates Xhl, Xh2,···· ,Xh
nh

of the stratum total Xh' This set is a random sample of size
1\

nh from an infinite population of Xhi,S, and, therefore

/\
1 "9 7 .....Xh ::: "-l Xh.nh i :t

(10)

• ZI ..;~
1 v= "'hi

nh i I11i

is an \.IJ1bil.\sed est ::r·"te of Xii <In:! elTJ unb te sed est i7\otc of the

var-Iance. of Xh (Val' (Xh) ) is

1
nh - 1

(11)

I •

II

This scheme of sampling does not yleld a Var (Xh) which may
be written in terms of the finite components as indicated in
equation (2). One may assume an infinite model and esti-
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mates of components are obtained from the analysis of vari­
ance approach for hierarchal classification, Note that in a two­
stage design without rotation

";t

d ith 'Xii Xan WIt rotation hi::: 0 hi

where ox* hi is an unbiased cornposi te estimate of the hi
th

psu total, oXhi, at time ec = O.

\\le can conclude that any reduction in the variance of

/\

X. as : compared to the variance of y. ( X) at time
o n :"l : o' h

O. will be due 'L\.) the corresponding reduction in the within

rotation component and the between rotation com­

ponent of variance of (o~) This situation is evident by an
.', , r I or Vo.r ( xh i " . )exarmnanon o· t te components 0 i 10 equation (5

and (Sa) and on the fact that the between psu components are

the same for the composite estimate and the usual

unbiased estimate

used [or both estimates.

since the same panel of psus is

•

The unbiased composite estimates of the visit-to-visit
change and the visit-to-visit a year ago change and their vari­
ances will be given in a separate paper.
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