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ABSTRACT

The choice of an efficient samglscheme within strata is one of the technicarafions involved with
the use of Stratified Sampling design in Survey @lang. Literature had concentrated on the use ofp@ Random
Sampling (SRS) as a choice scheme within the stratsis study examine systematic sampling schentkiwthe
strata and proved to be more precise than 8RS, )sys < V (Js:) sgs) for both optimum and proportional allocation
using any method of strata boundaries determination

KEYWORDS: Precision, Stratified Sampling, systematic sangplsimple random sampling,
optimum allocation aneportional allocation.

INTRODUCTION

Stratified sampling is a methodoldgywhich the elements of a heterogeneous
population are classified into mutually exclusivedaexhaustive homogenous subgroups
called strata based on one or more important cterstics. Depending on the sampling
scheme employed in selecting the samples fromtthtus independently from other strata,
Stratified sampling becomes Stratified random sargpkhen simple random sampling (SRS)
is employed in selecting the samples and when mdte sampling is used it becomes
Stratified systematic sampling (SYS). In practites former is common; therefore the latter is
examined in this study in other to determine aitiefit sampling scheme within the strata.

Literature adequately reports diegtisampling in terms of procedures and methods
of estimation: Murthy (1967); Sukhatme and Sukhafit@84); Mendehall et al. (1971);
Cochran (1977); Raj and Chandhok (1998) and OK&fa02). In order to reduce the amount
of variations contained within the samples and iobtaore precise estimates, we employ
stratified sampling technique which was describgdviendehall et al. (1971) as a sampling
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procedure which separates the population unitsnoteoverlapping groups called strata and
thereafter select sample independently from eaelush. Okafor (2002) on his part, referred
to it as the procedure of drawing independent sasnpfter grouping the whole units in the
population into homogenous distinct strata asifigrdtsampling. When SRS is used to select
sample in each stratum, the procedure is calledif|gd random sampling. Thus, classes of
stratified sampling derived their names from theagling schemes employed in drawing the
samples from the strata. When SYS is employed,ave ktratified systematic sampling.

However, we shall be satisfied witle definition of Cochran (1977) which states
that “In stratified sampling, the population funits is first divided intd. subpopulations of
N;, N,, ..., N, units, respectively. These subpopulations are avemtapping and together
they comprise the whole of the population, such ¥a+ N, + -+ N, = N.i.eY:_ N, =
N.The subpopulations are called strata. If SRS dafssig, n,, ..., n, respectively are taken
from each stratum, such th@f_, n, = n the whole procedure is described as stratified
random sampling.

It is pertinent to state tI#RS dominated literature as the common sampling scheme
used within strata to study efficiencies of methaafsstrata construction. In this study
therefore, we examine the useYS sampling as an alternative sampling scheme witign
strata using optimum and proportional allocatiomd the results compared with thatSKS

1. Sampling Scheme within Strata

Choice of sampling scheme withinatst is one of the design problems when
stratified sampling technique is employed. Emplrigavestigation in the literature is
dominated with the use of SRS within the strataaf@k(2002, pp.98) dwelt only on stratified
random sampling. Murthy (1967, pp. 255) dealt esitely on stratified random sampling and
gave expressions for the mean and variance inifftdaProbability Proportional to Size
(PPS) Sampling. Cochran (1977) exhaustively exangteatified random sampling and gave
an expression for the mean and variance of sgdtsiystematic sampling (See section 8.12,
pp.226).

1.1 Stratified systematic sampling

Cochran (1977) describes systemsaimpling thus: suppose thidt units in the
population are numbered 1kbin some order. To select a sampla afmits, we take a unit at
random from the firsk units and every'kunit thereafter. The selection of the fiktunits
determined the whole sample. This is called anyekBrsystematic sample. Murthy (1967)
states that systematic sampling is operationallyenconvenient and at the same time saves
time while ensuring equal probability of inclusioheach unit in the sample.

Murthy (1967), Cochran (1977), Raf Chandhok (1998) and Okafor (2002) have
all mentioned that systematic sampling can be Idok® in another way in relation to cluster
sampling. They explained that in a population Witk nk, the population can be divided into
k large systematic sampling units each contaimirgf the originaln units. The operation of
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choosing a randomly located systematic samplesistie operation of choosing one of these
large sampling units at random. Thus, systematigping amounts to selecting of a simple
random sample of one cluster unit from a populatifhk cluster units with probability/ k.

In practice, it is common to encounter situatiomsvhich N # nk.Various suggestions had
been made on how to handle such a situation. L&t862) suggested the Circular Systematic
Sampling (CSS); Murthy (1967) suggested that wNe# nk, i.e., the population unithl
cannot be divided int& clusters of equal size, and therefore choosenteevialk to be the
nearest integer t% resulting inn’ which may not necessarily be equalrtothe required

sample size. Another approach whére nk is the use of fractional interval also reported by
Murthy (1967). Leu and Tsui (1996) developed thewNeartially Systematic Sampling
(NPSS) in order to derive an unbiased estimatothef variance ofV/(y ).Thus, NPSS
combinesSRS with systematic sample to obtain its estimatesetne deviating from the
objective of this study as we intend to observe peeformance of stratified systematic
sampling over stratified random sampling as a éhsitheme within strata. Remainder Linear
Systematic Sampling (RLSS) due to Chang and Hu@0@Q) is also an approach when
N # nk.Competing methods therefore ar€SS NPSS, and RLSS. Due to its greater
efficiency over the CSS andPSS as reported by Chang and Huang (2060)SS is used in
this study wherlN,, # npk, in each stratum. Therefore when any of these proesds applied

in selecting samples from each stratum, whethernk, or not we have stratified systematic
sample.

Murthy (1967), Cochran (1977), Baf Chandkok (1998) and Okafor (2002) have
all itemized reasons why stratification technigeieammonly used to include:
i.  the need for estimates with known precision fdympulations;

ii. administrative conveniences may dictate the ustrafified sampling; most
especially when there are sub-stationsstatstical organization and such offices
could be directed to collect data on aecthpf interest in their domain;

iii. differences between strata may necessitate diffsgnpling methods; and
iv. when increased precision for the whole populatsorequired.

2. Design Problems Associated with Stratified Sgpling

Dalenius and Hodges (1959), Hesslet(1966), Wang and Aggrawal (1984),
Horgan (2006) and Okafor (2002) itemized the follmpvas specific design problems involved
in stratification processes:

(@) the choice of a stratification variable;

(b) the choice of number of strata L to be formed;

(c) mode of stratification i.e. the way/manner in whigthata boundaries are
determined;
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(d) the choice of sample sizg to be taken from the"hstratum. i.e. the problem
of allocation of sample size to strata; and
(e) choice of sampling design within strata.

Solutions have also been suggestedost of these problems by different authors as
examined below. On the choice of stratificationiallle, Cochran (1977) enjoined the use of
the frequency distribution of the study variatelit@s stratification variable if available or
that of variableX (an auxiliary variable) which is highly correlataith the study variate and
perhaps the value of variabteat a recent census. Same view was expressedikbatine &
Sukhatme (1984). Raj and Chandhok (1998) opineat the basic consideration in
stratification is to ensure that strata are intibyrteomogenous; therefore all prior knowledge,
personal intuition and judgment have to be browgiiay in ensuring similarity within strata.
Hess et al. (1966) examined the significance aghly correlated auxiliary variable as choice
of stratification variable while Kish and Anders(i977) took it to a logical conclusion in a
multivariate stratification study. Almost all reéeices cited emphasized the need for the use
of a highly correlated auxiliary variable for therpose of stratification. However in practice,
the estimation variable is commonly used for theppse of stratification, e.g., Dalenius
(1959), Ghosh (1963), Hess et al. (1966) and Hd@b0n0).

Concerning the number of strataolbé constructed, in most of the surveys, the
number of strata is predetermined; while in othegtjmum number of strata is believed to
have been attained when there is no further gaiprécision by increasing the number of
strata. This study allows for optimum number ofatst and the stratification process
continued until when deep stratification occure,,iN, = 1,Vh = 1,2,...,L (at least one
population units in one or more stratum). Howev@ochran (1977) developed a model
representing the approximate reduction in the pragtiof stratified sample mean compared to
that obtained with SRS and concluded that beyandtsatalL > 6, there is little or no further
gain, in terms of precision. This was premisedh@nfollowing two basic questions Cochran
(1977) said should be considered to efficientlyedwsine the number of strata:

(@) at what rate does the variancelofy ) decrease dsis increases; and
(b) how is the cost of the survey affected by an irexeal ?

Thus, when there is no appreciable gain in pretiswith additional strata, then optimum
number of strata has been reached and when thefceatpling additional strata is already
overshooting the survey budget, it is obvious ttte number of strata to be surveyed should
be limited to the one covered by the survey budget.

Hess et al. (1966) confirmed tHéitient number ) of strata can be arrived at by
observing the/ar(L)/Var(L — 1) reduction in variance attained when additionatsin is
considered, with the remark that in many multipsgoinvestigations, only marginal
stratification gains could be expected from the afsmore than six strata. Ghosh (1963), Hess
et al. (1966), Hidiroglou (1986), Hedlin (2000), ing and Horgan (2004), Kozark (2004),
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Keskintur and Er (2007) etc, have all studied meshmf strata construction using
predetermined number of strata.

On the issue of placing the popatatunit into its exact stratum, that is, strata
boundary determination, various methods have beepoped by different authors in the
literature. Dalenius (1950) took the lead, Equéiiraof Strata Totals (EST) was due to
Mahalanobis (1952), Dalenius and Hodge (1959) sstgdecumif(y) method, here referred to
as Dalenius and Hodge’s Rule (DHR). Others are Bksraule (1959) (EKR), Durbin’s Rule
(1959) (DUR), Sethis Rule (1963) (STR), ThompsonleR(1976) (TNR), Lavalle and
Hidiroglou Method (1988) (LHM) and Extended Ekmaisile (EEKR) by Hedlin (2000).
Random Search Method (RSM) was due to Kozark (20Bdpmetric Stratification (GMS) to
Gunning and Horgan (2004) and Genetic Algorithm Y@AKeskintur andEr (2007).

It is pertinent to mention thatatifthe above methods, two are popularly in use: th
DHR and the GMS because of simplicity in their agilon. In addition, EST and STR are
also considered in this study due to their simpfion application. Detailed procedures of
these four methods and their applications are désulin section 3.

On the problem of allocation of s#ento strata, Okafor (2002) stated that the
following are very important: variability within géhstratum, stratum population size and the
cost of obtaining information per element in eachtam. However, if the variability and cost
per element are not known in advance, the genatalis to take a large sample from the
stratum that has a large population unit (size) asdhall sample from the stratum that has a
small stratum population size. Literature had resieely dwelt on the subject matter with the
following result: Optimum allocations due to Neyméid34), Sethi(1963) determines his
optimum points of stratification (OPS) for variadistributions using equal, proportional and
Neyman allocations. Hess et al. (1966) used edimman and proportional allocations in
their studies; same allocation procedure was ersglogy Kish and Anderson (1977).
Compromise allocation was by Chatterjee (1968yas used and improved upon by Khan
and Ahsan (2003).while Judez and Chaya (1999, 200&]lin (2000), Kozark (2004), and
Gunning and Horgan (2004) used the Neyman allacatith a predetermined sample size
Power allocation was used by Lavallee and Hidirog{t988), Keskinturk and Er (2007)
examined Genetic allocation in comparison with égNayman and proportional allocations.
This study makes use of the optimum and proporticabocations for its empirical
investigation. Details of these allocation methads discussed in section 4. Sample giie
predetermined for all the sets of data used ingtidy and sample estimation was restricted to
strata formation in which;, > 2.

With all the aforementioned, it erbby assumed that the strata had been formed and
next is the sample selection from each stratum.iSB® commonly used sampling scheme
within the strata due to its simplicity in termssa#fmple selection and estimation. This study,
without deviating from the common practice, examia@other sampling scheme within the
strata by making use of systematic sampling. Sasgkection and estimation procedures for
this new approach are reflected in detail in secio
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3. Method of Strata Boundary Determination
3.1 Dalenius and Hodge Rule (DHR)

DHR requires us to choose equalsciaterval, obtain the cumulative square root of
the frequency (curf(y)) of the study variate and determine the sttatandaries by dividing
the total cumulative square root of the frequengythe required number of strata L and the
boundary is placed at this division point.

Dalenius (1950) was credited with first statistical study into the problem of &ira
boundary determination. He found the optimum dication points for Neyman allocation to
be those which satisfy the equation:

oF+(Xp—pp)? — Tpa1t Kn—tn+1)? h=12 L—1,L (1)
Oh Oh+1 ’ e '

and for proportional allocation to the number ofitsinthe general expression for the
simultaneous equation is:

X, =t g~ 9.2, ., L1 2)

while Cochran (1961) and Sethi (1963) reported thatgeneral equation to be satisfied in
order to obtain optimum stratification points faqual allocation is given

as: Wyloh + X — #)*] = Whia[ohs + Xn —pre)? L R =12, L 1L
3

These equations are solved througfious steps of iteration to obtain Optimum
Points of Stratification (OPS) and these equatiares derived on the assumptions that the

estimation variable is the stratification variakded that the frequency distribution is
continuous.

For details on derivation of thessis of general equations, see Dalenius (1957,
1959), Murthy (1967, section 10.7a, pp.262), Sukiesand Sukhatme (1970, section 3.11, pp.
108), Cochran (1977, section 5A.7, pp.127), Raj @hdndhok (1998, section 4.8, pp 107)
and Okafor (2002, section 4.6, pp. 120)

3.2 Equalization of Strata Totals (EST)

Mahalanobis (1952) suggested Egatin of Strata Totals (EST) which requires us
to form stratum boundaries for equal allocationniigking the product of the stratum weight
and the mean equal to a constant:

Wy, =C,h=1.2,..L—1,L 4

20



On the Choice of An Efficient Sampling Scheme Wit Strata

3.3 Sethi's Rule (STR)

Sethi (1963) solved the sets of ganequations (1) — (3) in section 3.1 for some
standard distributions (Normal, Beta, Gamma anéuarChi-squares) with a view to evolve
a good stratification system and obtained corredipgnOPS for the said distributions. He
also tabulated the optimum boundaries for Neymauakand proportional allocations for<L
6 (for Gamma distribution) and £ 10 for Normal distribution. (See comprehensivehBet
Table for these distributions in Sethi (1963), Hessl. (1966) and Murthy (1967, pp.267-
269). Sethi’s procedure is referred to as SethileRSTR).

3.4 Geometric Stratification (GMS)

Gunning and Horgan (2004) introdltee new and now the most commonly used
method of strata boundary determination called Gadm Stratification (GMS). It was
applied to positively skewed populations and rescitmpared with DHR. Stratum boundaries
are automatically formed with GMS once the georoettior is determined.

r = [maxY;/minY;]'/*
r= [V /Y (5)
where Y, is the highest value andl, is the smallest value of the study variate The
boundaries are at the points:
Minimum Ko = a, ar, ar?, . .., ar- = MaximumK,.
The general term is:
K,=ar",h=0,12,..,L—1

Details of the GMS algorithm aresiction 2 of Gunning and Horgan (2004). The
simplicity of GMS had been extended to Pareto ithstion by Gunning and Keogh (2006)
and was found to be more efficient than DHR.

4. Allocation of Samples to Strata

Once we select at least a samgen feach stratum the procedure of stratified
sampling is satisfied. However, this study recuiieg least two units in each stratum for
estimation purposes. After the sample size n is@hothere are many ways of allocating n
into individual stratum sizes,,n,, ...,n, with the aim of using an allocation method that
gives a specified amount of information at minimoost. Available allocation methods have
being highlighted in section 2. The two methodslusehis study are discussed below.
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4.1 Optimum Allocation

With optimum allocation, samplesynt®e selected to minimize the overall cost of
the survey for a specified value ¥fy;,) or to minimize thd/(y,,) for a given overall cost of
the survey. The cost function can be expressediasa cost function:

Cost=C=Cy+Xk_,Cny (6)
where Cis the total cost of the survey

Cy is the overhead cost and
Cy is the cost per unit in stratum h

The cost is always proportional to the size of daput the cost per unit in each strat@y,
may vary from stratum to stratum. The above costtion in (6) is appropriate when the
major item of cost is that of taking measurememtgach unit. In stratified random sampling
with a linear cost function of the form (6), thepappriate allocation which minimizes cost for
a fixed value oV (y,,) or minimizesV(y,,) for a given cost is given as:

_ nWpSp/JCr

M= S WnSn/\Ch ()
Cochran (1977 pp.98) stated that the use of thisalon method leads to following rules of
conduct. In a given stratum, take a larger saniple i

1. The stratum is larger.
2. The stratum is more variable internally
3. The sampling is cheaper in the stratum.

On the other hand, if the costs are unknown orteohgthe same in each stratum Cg.=
C forh=12,...,L,then expression (7) above reduces to:
— nNpSp
np TNpSh (8)
This method of allocation of total sample size nstmata is called optimum or minimum
variance allocation and it was due to Neyman (1984éhce, it is often referred to as Neyman
allocation, while the expression of its variancgiigen as:

_ swipsn)?  Sw,s2
Vopt = Vmin(yst) = % - Thh 9)

Cochran (1977) stated that optinalimcation is better than proportional allocation
in a population that consists of large and smaiiitations, stratified by some measure of size.
VarianceS? is usually much greater for the large institutitiman for the smaller ones, making
proportional allocation inefficient. In some suniaywhich some strata are more expensive to

sample than the others, the influence of the fa@ﬁr may make proportional allocation poor.
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4.2 Proportional Allocation

This allocation calls for making theatum sample size, proportional to stratum
size N That is, it requires us to allocate large samplimits to large stratum and small
sampling units to a small stratum. Thus, a reptasiwe sample of the population units is
obtained with this allocation since the sample ssizg n,, ..., N, are proportional to the
stratum sized/;, N,, ..., N, i.e.% = % or % =% or f, = f. Proportional allocation is given

h
by the expression:
ny = Sk = i, h=12,..L (10)
This allocation method could also be deduced fraegrman allocation when the cast and
variancesS? forh = 1,2,...,L, are constant (the same) through all the stratareSsion (7)
reduces to (10). i.e.

n, = N Sh becomes n;,, = n—Nh=n—Nh=nW h=1,2,..L

h ZNhSh h ZNh N hs S
The variancd/ (y,,) of the mean in stratified random sampling wherpprtional allocation is
used is given as:

v a-n Sw,sz Yw,Ss?
V(yst)prop = TZ WhS}% = Thh — Thh

(11)

This allocation is often employed due to its simwipfi It is also good whes? is the same in
all strata and when there is no knowledge of nedatize of within strata variances.
5. Estimation Procedures in Stratified Sampling

5.1 Stratified Random Sampling

This section discusses estimatiorcguiare in stratified random sampling while the
subsequent section discusses that of stratifiei@mpgic sampling. Symbols and notations of
Cochran (1977, pp.90) were adopted in this study.

Notations
The subscript h denotes the stratum and i thewittitn the stratum, forh=1,2, ..., L.
L =  Number of strata.
Nn = Total number of population units in stratum h.
nn = Number of sample units taken in stratum h.
N = Total number of population units in all thettasa
n = Sample size of the study

The observed value of tH&unit in the ' stratum

=
1
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W, = Nu/N = stratum weight (population units)
W, = ny/n = stratum weight (sample units)
Sample mean §, = n—iZ?:hl Vhi (12)
True mean 3, = Nihz’]:l Y (13)
Sample Variance 82 = ﬁz?jl(ym = Vn)? (14)
True Variance =57 = Nhl_IZIinl(Ym - 1p)? (19)
Population Mean 5, = Yk_, W, ¥, (16)
2
Variance of the population mearV€y,,) = Yt_ W2V(y,) =Yk _ W2(1 - fh)fl_:
(7)

5.2 Estimation in Stratified Systeatic Sampling

Literature had dealt on the sigmifice of the arrangement of the population units on
the precision of SY¥(y,,), Madow (1953), Guatschi (1957), Murthy (1967,s@ttb.8,
pp.153), Mendenhall et al. (1971, pp.151) Cochi&YT, pp.227) , Raj and Chandhok (1998).
Cochran (1977, pp.208) has given a corollary thatrhean of a systematic sample will be
more precise than that of SRS if and onlggf, > S?, whereSZ;, is the weighted variance
of all possible systematic samples.

Notations

Cochran (1977, pp.91) stated thatesgions for the mean and variance of stratified
sampling applied generally to all classes of steatisampling and not restricted to stratified
random sampling. Therefore, all notations in secdoabove are also valid for stratified
systematic sampling.

The subscript h denotes the stratum iatid unit within the stratum.
The subscript “sy” in this section denotes systésmple.

Foyn = 3= 2ty (212, 22) (18)

k i=1 np
is the mean of systematic sample in stratum h,
ystsy Z Wh ysyh (19)
is the population mean of the stratified systemsaimple.
For the Variance,

i When Nh = nhkh
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_ _ Wh-1Ss§ kn (M =1Sgsyn
V(ysyh) - Np, Np, (20)
is the variance of systematic sample in straturwhere
1 Kp np
2
Sesyn = 722(%‘1’}1 — Vi)
ken O, — 1) i=1j=1
and
V(ystsy) = Z W121 V(ysyh) (21)

is the variance of the population mean of stratigstematic samples.

i. wheW, # n,k, the mean and the variance of RLSS is used and gistow:
(See relation 2.2 and 2.3 pp.251 of Chang and H(2010)).

(-1 kxyqi+r(k+D*yy;

Ysy(rLss) = m (22)

V(y =21 - Zkzll.‘ V. —Y4)?2 2(k + 1)2 1 ktles )2
(Fsy(riss)) N {(" r) [k21=1(3’1z 1) ]"‘T (k+1) [(k+1)21=1 32 -Y) ]}
(23)

To suite our applications, expression (22) and &8)modified as follows:

_ (Mp—rR)kp*V1i+7rR (kp+1)*3,;
Ysyh(rLSS) = At 11:,}1 =t = (24)

kp+1
1 o
G+ 1) 20 ”Zl}

(25)

kn

_ 1 1 B _
V(ysyh(RLSS)) = Nﬁ{(nh - Th)zkle [khZ()’u -YD?| + TP% (kn + 1)2
i=1

6. Analysis and Results
The four (4) sets of data below, whose featuresedlected in Table 1 are used for this study.
Data used in this study are;

i. Overall cumulative average scores of 145 studaattsgraduated from the
Faculty of Engineering University of llorin 1989/9@t.

i. Data of Kano State Ministry of Comroerand Industry Survey (2008) on

manpower strength of companies addstries in the six (6) industrial
Estates of Kano, Nigeria.

iii. Grants allocation to 774 Local Goverent’s Council in the country for the
month of December, 2008 shared fmudey 2009.
(See www.fmf.gov.ng)

iv. Population Census figures for the T@dal Government Areas of Nigeria
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during the year 2006 census.(see wigeriastat.gov .ng)

SIN| N n Range Skewness| Mean | Variance Standqrd
Deviation
1 | 145| 48 44.7 - 68.8 0.712 55.418 20.04 4.48
2 | 171| 57 3 -3756 6.581 166 1639283 405
3 | 774| 258 72.2-365.0 3.239 108.96 700.41 26.4y
4 | 774 258 11.7-1277. 3.218 180 10281 101

Table 1: Summary Statistics of the data used in thistudy.

The four (4) methods of strata boundary determimakiighlighted in section 4 above where
used to determine strata boundaries, populatiots yaf@ced in their respective stratum and
simple random and systematic samples of fixed sasigks 48, 57, 258 and 258 are selected
for data 1 to 4 respectively in order to obtairevaht statistics for the purpose of estimating
the population parameters usiiRpackages (generating seed of 123). For the systemat
samples, units within strata are in order of magtét Results obtained for data 1 to 4 using
optimum and proportional allocation are as showmahles 2 to 9.

Stratification Methods

DHR GMS EST STR
glt?.atoaf SRS SYS SRS SYS SRS SYS SRS SYS
2 0.098690[ 0.005383 0.089851 0.006235 0.094785 0620710.106414) 0.01147
3 0.048783] 0.004871 0.067589 0.003410 0.056735 082064.061245 0.00628
* 0.024145| 0.003284 0.034797 0.002092 0.035492 093028.030784] 0.00392
> 0.015230[ 0.002483 0.023983 0.001599 0.017760 0OZ3OB5
° 0.016269 | 0.00158% 0.014280 0.001881
! 0.012348 | 0.001932

Table 2: Variance of the Population Mean by Numbebf Strata and Methods of Strata Construction for DATA
1 Using Optimum Allocation.
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Stratification Methods
DHR GMS EST STR
g t?étozj SRS SYS SRS SYS SRS SYS SRS SYS

2 0.111925| 0.009091 0.099633| 0.008992 0.1101%4 0.008748 0.110305 06FP0
3 0.060491| 0.0065060.070774| 0.006031 0.079164 0.006931 0.071611 O2BWE5
4 0.040585| 0.0027000.034715| 0.002831 0.045240 0.006137 0.042008 O7HR7
S 0.015952| 0.0030110.026129| 0.001928 0.048436 0.004606

6 0.016136| 0.002009 0.043932 0.004826

7 0.040995| 0.004443

Table 3: Variance of the Population Mean by Numbeof Strata and Methods of Strata Construction for
DATA 1 Using Proportional Allocation.

Stratification Methods
DHR GMS EST STR

('::c“é‘;‘get; SRS| SYS | SRS | SYS | SRS | Sys | sRs| svs

2 34.78| 2.16791 128.7p 41.68460 104]99.35991| 42.67 1.28302

3 20.79| 1.12741 36.51 4.0637R 43.43 2.26057 41.0422326

4 12.46| 3.54900 23.03 151544 20.45 1.25824

> 13.11| 0.83763 3.43] 071966 20.90 1.80413

° 533 | 0.92732

! 3.12 | 0.47215

8 4.34 | 0.46705

Table 4: Variance of the Population Mean by Numbebf Strata and Methods of Strata Construction for DATA
2 Using Optimum Allocation.
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Stratification Methods
DHR GMS EST STR
Number | cos | sys | srs | sys | srs | sys | Srs | svs
of Strata
2
1495.84 | 638.56 1715.50 531.92624.6| 442.63 1447.34 506.89
3
1260.81 | 481.43 1192.55 482.7@83.79| 48.17| 143.29 62.79
4
1264.85 | 360.21 1279.28 360.1687.35| 35.15
5
89.33 | 365.56 100.2Q0 370.57

Table 5: Variance of the Population Mean by Numbeof Strata and Methods of Strata Construction for
DATA 2 Using Proportional Allocation.

Stratification Methods
DHR GMS EST STR
Number
of Strata | SRS SYS SRS SYS SRS SYS SRS SYS
2 0.57960| 0.057222 0.62534 0.037251 0.46866 0.060®191987| 0.06245
3 0.22953| 0.001531 0.36131 0.005036 0.21272 0.0497080474| 0.03719¢
¢ 0.11481| 0.002408 0.24619 0.004881 0.09441 0.0024000832| 0.001636
> 0.09489| 0.00207¢ 0.20642 0.003907 0.05126 0.00110O7967| 0.002184
° 0.08035| 0.001423 0.03598 0.000871 0.06319 0.@D
! 0.02830| 0.000734 0.05336 0.0017
8 0.02155| 0.000771
° 0.01529| 0.000699
10 0.01340| 0.000567

Table 6: Variance of the Population Mean by Numbebf Strata and Methods of Strata Construction for DATA
3 Using Optimum Allocation.

28



On the Choice of An Efficient Sampling Scheme Wit Strata

Stratification Methods
DHR GMS EST STR

Number | cp o sYs SRS sYs SRS SYs SRS sYs

of Strata
2 1.05755| 0.108500 0.69610 0.086420 0.75910 O.BL11276997| 0.113350
3 0.57920] 0.0958090 0.37780 0.074365 1.06632 0.@BR4E58863| 0.100827
2 0.28540] 0.085411 0.29809 0.051942 0.75810 0.099€638693| 0.075293
5 0.20067| 0.076768 0.22977 0.010085 0.42796 0.@5@119153| 0.069257
6 0.17339| 0.076118 0.39227 0.093355 0.20p44 0.G4705
7 0.34057 0.07573p 0.19483 0.009301
8 0.31786 0.089197
9 0.27504 0.08593B
10 0.22209 0.084034

Table 7: Variance of the Population Mean by Numbebf Strata and Methods of Strata Construction for DATA
3 Using Proportional Allocation.

Stratification Methods
DHR GMS EST STR

Number | oo | sys | srs | sys | srRs | sys | smrs sYs

of Strata
2 8.4273| 0.00257| 18.2072 2.39406 9.5789 0.96503 11.0460 5981
3 3.0593] 0.06419] 6.9140] 0797156 3.3461 052980 3.6232 05719
4 2.1646| 0.02676] 6.0417| 0.08440 1.7310 0.03112 1.8361 0D364
5 1.1201] 0.02953| 3.4276] 0.11740 1.0244 0.02481 1.3645 00371
6 0.8765| 0.02374] 3.3028] 0.08610 0.7462 0.01831 1.2312 O0WM266
7 2.1526| 0.03584 05248 0.02161 0.8623 0.01593
8 1.7707| 0.04724 04884 0.01527
9 0.3486 0.01356
10 0.2957 0.0141B

Table 8: Variance of the Population Mean by Numbebf Strata and Methods of Strata Construction for DATA
4 Using Optimum Allocation.
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Stratification Methods
DHR GMS EST STR

Number | gps | sys | Srs | sys | srRs | sSvys | sms sYs
of Strata

2 11.3638] 2.26073 26.3685 2.51967 19.67/85 2.296%3089| 2.61715

3 7.6474 | 2.13573 83237 1.93014 14.3550 1.95777 8.832.40526

4 4.8101| 1.95892 7.8008 1.72459 5.7988 2.08423 35.36 2.39719

5 25160 | 1.81447 8.7369 1.465P7 4.00p4 1.87954 2.849528774

6 22992 | 1.62204 7.9777 1.27204 3.8869 1.85589 2.74&712626

7 2.0633| 1.8682p

8 7.5922| 1.78097

9 15761| 1.7779

10 1.1873| 1.7931p

Table 9: Variance of the Population Mean by Numbepf Strata and Methods of Strata Construction for DATA

4 Using Proportional Allocation.
Tables 2 to 9 present the result when simple randamples and systematic samples are
selected from each stratum for the four methodstratification considered in this study. For
all the methods of strata construction studle@,.)opr <V ¥st)prop- This is in agreement
with common experience. On the choice of samplaoigeme within the stratum, SYS is more
precise than SRS for optimum and proportional atioo for all the datasets used. Thus,

VFs)sys <V Tsdsrs -
Conclusion

This study has empirically confirmtbdit on the choice of sampling scheme within
the Strata when stratified sampling is in use, esystic samples provides more precise
estimates than the commonly used simple randonplsamithin the stratum when the
sampling units in each stratum are in order of ritade. It further confirms that whether N =
nk or otherwise, estimation is possible using tipprapriate formulae recommended in
respective cases in this study. Thus the use ¢émyic sampling is recommended for use
when most precise estimate is required.
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