of Linear Trend ? \
presence of linear trenq
‘known as “Yates’ Eng

T —
5
23

. 786 |
n the Presence

rove Systematic Sampling?
ling 1 ot very

efficient in the

(b) How to imp
in corrections

Even though syste
better results can be g
Corrections ( 1948)” to -

This consists in giving the weight (1/n) t0 all the sample ¥

last values which receive the weights -
1 2i-k-1

= T Y

n Y 2m-1k

Using these weights, the

1 zi-k=1];, 1[G :
n*2(n-1)kl'+n[(‘+k)+(‘+2k)+"

alues except the first and the

1 ?,1_'_’_}?_:-1— respectively-
d ~ 2n- 1k P

weighted mean of th becomes :

e systematic sample

+ +(n-2)k}]

Yeys =

X[i+(n=-1)k

1 2 ~k~1
+ |, " 2m-Dk

-2 (n - 1r. | — k-
)i + HO= D= +;;[z+<n-1)k]—‘—2‘—2i—”

kb, 9i-k-1_2i—k-1 . 1
="+ 12 - Dk~ 2(n-Dk '
m-Dk  2i-k=1

; k
=;;[1+(n-—2)+1]+§;l-(n-1)(n—-2)+——;l——- —
=Ii_______(u—1) "__‘.__2+1 +k+1 _k n-1 &+1 |
" > = 2 2 !
nk +1 N+1___

=2
Thus, after applying Yates’ end correction, we get

=9 YN":S'-..

N ST B
=Y. = V( s = — rry T = . . .
yi=Yy. Yeys) =}, i§1 (yi—-y.P=0,thus making systematic sampling 100% efficient.

7.11:5. Merits and Demerits of Systematic Sampling
Merits 1. Systematic sampling i i .
- : g is operationally more conveni :

. . en
ﬁﬁgi;:egrogzﬁmi?crgff ull Saml?hng_ Time and work involved is al:otlizll:ti?;] p:fl::l?ﬁaos?
populatior'x S ome of the ptlingl y_lelds.a sample which is evenly spread Y th t're; :

. practical situations where systemati &P over the entl |
usual are given below. atic sampling has been found very =
(i) The selection of every kth strip i
s p in forest : :
| (i) The selection of every kth village in rur ;Zﬂey for estimation of timber.
B (113 E:le selection of cornfields every kth mﬂemﬂ{meys. !
©(iv) Thrers. . apart for observation on incidence of |
iv) o }‘i sglec::lon of every kth time interval for th 3
eries [afte S e estimati o
r the first unit is chosen at randonfls timation of the total catch of fish }”

% Because of its operational i
4 conve
i entrusted to the field workers. men

2. Systematic samplin

frame (the list from'ﬁhichgsr:;ylbe more efficient than si i B0 Iy g

| mple units are drawn) is ar;naflle Ean_d_om sampling provided the o
- ged whally at random. The MO

ce, the job . x4 ; e O P30
_ J “ of colleétlng the systematic sample can be

1;):.5
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; roach to random .
. erits. Systematic sampling hqq .
2 od below n
w0\ e main disadvantage of systematje e
dom samples since the require sampling is that systematic samples are not in

ment j it '
tin merit two ig rarely fulfilled.,

d by alphahbe

tical j ;
ave certain py al lists such as names in

i n-random characteristics,
er of llmitutirms

and disadvantages as

entt i
L, Nisnota multiple of n, then
‘“'(i) the aCt“aI sample size is different from that required
_y A o - . . e 5
© i) sa mple mean is not an unbiased estimate of the populz:tli(l
Oon mean,

iHowBVBI" th(?Be disat.ivantages can be ov )
circular systematic sampling (C.8.S.) . [See § 7-lelr.c.f':}me by adopting a technique known as

.:_ gl . . . - 1 n
5. In systematic sampling, Var (7, =1 5 (7,5 2

However, it is not possible to obtain an unbi . T -

i s}fgle sample because a systematic Bam;ﬁ‘?:efezzi:érzzt% ::(f:' atl}:;s variance, on the basis 9f

| regarded as a sgmple of one unit (cluster). This obviously is a gri:t T;fvfg:l:ll{c z?nmcglz ,:Z

. ;mportant requirement for adopting any sampling method is that it should provide an

: f the sampling error. However, it is possible to build up some biased but useful
. yariance estimates on the basis of a systematic sample. [See § 7-11-6)

L 4, Systematic sampling may yield highly biased estimates if there are periodic features

¢ associated with the sampling interval, i.e., if the frame (list) has a periodic feature and £ is

=~ equal to or a multiple of the period. If the population exhibits a periodic trend (of a sine

. curve, say) the efficiency of the systematic sample depends on the value of &, the sampling

interval. If & is equal to the period or an integral multiple of it, the systematic sampling

#f becomes highly inefficient. In fact, in this case, systematic sampling is no better than

b selecting one unit at random.
E If k is an odd multiple of half the period, then
g ‘.El}e__ff_ective because in that case, systematic sampling p
'E dituations exhibiting periodicity are :
!é J.':“ PR g
- (i) Sales of departmental stores
(i) Postal articles received in a p

(itr) ‘Temperatures over 24-hour period

__(iv) Number of vehicles passing over a bridge duringaday. . - s T
ular atic pling. If N is not a multiple of 7, 2.€., N # nk, then

) ‘7'11'6 Circula . S .

-t . r Systematic Sam ase, take k to be an integer.

the Sampling interval k cannot be uniquely deﬁ“ed.‘ In Sgg}:n?ycbetween 1 and %, then the

Wt st to (M/n). If we select the first unit, 527 f’lr?:sk' . | PRI X
“matic sample is : i, i + &, i + 2kt (n - 1).k, be;i

iH“‘”eVérl depending on the choice of the startfingel«lsuf; (n-1D.

1)& > N and so, the sample size instead of n redu¢

: nits. We h
Pase we want a systematic sample of size aﬁr :s‘;ttzfszvg; S
fn) = 367 we take k = 4, the inteE®" ¢ L

| estimate 0

systematic sampling becomes most
rovides zero variance. Some of -the

e

over a week
ost office over the week

N

‘sometimes we may have.i +

woN=22andn=6
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Thus, the four systematic saml’;s rﬂttn2 . Sample Units Sample g~
a Sir
Sample No. Rﬂndo’ln —11,5,9,13,17,21 ... ‘\;ﬁf\_\ !
X 2 2,6,10,14,18,22 .. nsg
2 g 3,7,11, 15, 19, ... nss

Thus, the sample size is not necessarily 7 .(= 6) but 1;:“;5 (:38:5171;1;’;1(\5-)'

Hence, if N # nk, the sample size may differ from P , epend;ng on g,

1 om start ‘t’. ) )

Chm;:ot;{ag:i: :l: this case, the sample mean is not an unbiased estimate of the p"Pulatir,n
mea';‘lile problem of variable sample size when N # nk can be.oyercome by adopting 5 Modifigy
version of the above scheme introduced by Prof. D.B. Lahiri (1952) and known a5 Cirely
Systematic Sampling (CSS). This ensures a constant §ample size.

The procedure consists in selecting the unit %’ b_y randgm start from 1 t, N, an
thereafter select every kth unit in a circular way, % bemg: an integer nearest tq (N/n). The
systematic sample is then specified by the units corresponding to the numbers :

i+Jk, if i+jk<N
and i+jk=N,if i+jk>N

Using this technique in the above illustration, for the random starts i=3andi=4 th
corresponding systematic samples of size 6 are given below.

t=3; Sampleunitsare: 3,7,11, 15,19, 1 (=23 -22)
i=4; Sampleunitsare: 4,38, 12, 16, 20, 2 (= 24 — 22);

each with n = 6, the desired sample size.

Remarks 1.1f N = 129, n = 20, then (N/n) =

If N=131, n = 20, then (N/n) =

}, j=0,1,2, .., (n~1)

6-45 and we take k = 6, the integer nearest to 6-45.
6-56 and we take k = 7, the integer nearest to 6-56.
2.IfN # nk, then an unbiased estimate of _Y_N is provided by :

A k n’
Yy = N.? Yo

1 ¢ <ample
e sample, and not by o _21 y,» the samp
J -

A : .
V(ylyz)- (n ~ N) Slzv where 8‘2.; --_l._._ n | o L (7.137]
. n : :
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o8 80 that © 1t aceoung g, 789

¢ A Successive gy,
. t=] ts1= -yi )2
fethod ITI. This method congigte ;

Oi’r more, 8ay, m systematic in';.f“;“d“ dec.““l: the samp) = TE0)
= lected with i Pendent mter'Penetratienof required size n in the form of
(n/m)- GcPeiacte Wl? mdcpc“dent random Starts, If S . sub'Samplea of the same gsize

tion mean based Ay i=109
the popula ' I'y on these m gy} » & -+ M are the estimates of
sance of the combined estimatq Samples, th . °
yanan » mr . ®N an unbiased estimator of the
Ye="7 z }. ,
t=]
s given by : (7139
A 2 ] m
Vi Y=

7.12. CLUSTER SAMPLING

In this case the total population is divided, depend; .
recognisable sub-divisions which are termed as chp & on problem under study, into some

i tsters and a simple random sample of these
clusters is drawn. We than observe, measure and interview each and every Enit in the
selected clusters,

For example, if we are interested in obtaining the income of opinion data in a city, the
whole city may be divided into N different blocks or localities (which determine the clusters)

and a simple random sample of n blocks is drawn. The individuals in the selected blocks
determine the cluster sample.

Notations :

N = Total number of clusters ; n = Number of sampled clusters.
M; = Number of sampling units in the ith cluster.

N -
M= E M; is total number of units in the population.
i=1 . . . ,N
Y;; =Jth observation in the ith cluster (j = 1,2, ,_1_\41, ’?f 1,324,. N )2 o
= jth observation in the ith sampled cluster (j=1,2, .., M;1=1,2,

Yi .
In the typical situation, M; as well as M are not }Sﬁzgy :
An unbiased estimate of the population total is gi

- .. (7:141)

() =Y¥s5y -¥3m rme P

o “TnTTY onin +h sampled cluster and suffix ‘¢’ stands for clus
tre T; is the observed total for the tth S :

“impling, The variance of the estimate 18 given by :

Var (1), < 408 T @1

ntn-1,5

. (7-142)

. (7-1420)

‘hhﬁ‘l‘e ‘T‘ =;1; Z Ti

i5 , i=1 r totals.
lﬁ'th"-’f""iﬂ'u!wtic mean of the sampled cluste
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N
mber of units i
ke 1. A pointed out earlier, M= Z' M, the total nu in the PoPulzg,
e SRR ' n the basis of the sample, we may obtajn its e
e

q i ver, on 0 g
generally unknown prior to sampling. However iz, §
by the formula : .
- A N n P E
M :"‘I' z AII -.,i,,“.;.
i=1

which is same as (7-141) with T, replaced by M, and consequently the variance of this estimate ¢ ..

by (c.f. 7-142)
» N(N-n)
Var(M) == "1

z (M;—M)* ' (Pl

. e that the variance of the estimated : §

2. It may be observed from expression in (7-142) : . o ;. |
depends u';o: the heterogeneity of the cluster totals T} (¢ =1, 2, ..., n). It is thus obvious that ever ek
A e

units within a cluster are homogeneous Var fY)c may
considerably from cluster to cluster. Thus, in using
barne in mind :

(i) Clusters should be as small as possible consistent with the cost and limitations of the survey,

be sufficiently large if the number of units varis
cluster sampling, the following points shonid 1

and
(if) The number of sampling units in each cluster should be approximately same. .

Thus, cluster sampling is not to be recommended if we are sampling areas in city where there &=
private residential houses, business and industrial complexes, apartment buildings, etc., with wdsy
varying number of persons or households. ! '_ , L Hai ,

7-13. MULTISTAGE SAMPLING

Instead of enumerating all the sampling units in the selected clusters one can b3
better and more efficient estimators by resorting to subsampling within the clusters. T

technique is called two stage sampling, clusters bej rm ; ; s
P A s being t , d theun® ¢
within the clusters as secondary units. g termed as primary units ot E

Mm’?ﬁ:ua,b'z:fsmh?:gue may be generalised to what is called multistage sampling- g &
various sﬁfwcs 'Ir{lt:e !&fage sampling refers to a sampling technique which is carried % |
of which is furth ¢ population is regarded as made of a number of primary units & P

ich the deaig 0 of a number of secondar y stage units, and so on, till ™

ulti e the i .

ianexg rifnﬂz:;tainiﬁf:‘:g;:lrphfng unit in which we are interested. For example, ﬁ“?;:e
i eof, . 4 st S0

units may be district, the secong ,,ta;:’_’ ;gilt‘:‘:eholds from a particular State the fist”

units wil) be 3 ay be vill . ye e e oo third S
o be households in the "il,la_ees- Eack st ages in the districts an o

Qi 1ot

age thus results in a reduction of the sam?

Multistage sampli ist
zamplin_g. Frﬁm amg g st
rawn by sume suitable method
et i el
esired sampling units. - 8. Further gtages may be added to arrive o
. Merits and Limitations, M ‘ ConREIE
- methods of sampling, 1t i 8imp]
. permitting the field work to be 20.:1:;: cta
Fnictibel s e Dy Centrat,
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