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Summary:

In this paper, a multivariate product type of estimator is suggested
- for positively correlated auxiliary variables in a finite popu]ation

This estimator is used for estimating the plevalence rate at a glven o
value of socio — cconomic and family planning vanables Thls cstlmalor o

is always bettcr than tl1c mean per element.

1. Introductlon?

Mult:valntc product typc of estunatms are proposed for s1mple ;

| random sample by (Hussein, 1988) These estimators are better than the

‘mean per element for some region (Hussein, 1088, 1995) The new -
modll' ed estiimator is always better than the mean per element Itisalso

superior to the ratio and the or iginal product estimator for other leglons

"The author had also suggested two estimators for the medlan in the

_ plesence of two auxdlary variables (Hussem 2001)
L. Notatlons.
1-N and n <N are the population and.salnple siZe.

2

| and the auxllmry variables lcspecuvely

3- yand z are the sample means of the characterlsllc under study and :

the auxmary variables 1cspccl|vcly

4- Q= Z(}" r)2 is the .variance for lhe“population of the

eh'uacteusuc under study

| 1 | '
5- Sy = ——— VD) 2 Z(Y ——}’) (t’ X) is the covariance between Y, and X '
- 6- Gy =—2" s the square of the coelficient of variation of ¥or the

relative variance of .

2

Y. '
- 7+ Cx =~\_,'—2 ~is the squ'uc of the coefﬁcuent of vauatlon oF X or the' '

R

lelntlve variance ot‘ X '

¥ and X are the popu!atlon means for the chalacterlstlc under study
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' S' . . . v
8- C,, = %~ is the relalive covariance.
Yx ' '

9- Y=NY, X=Nx arc unbiased estlmalors of Yand X based on a
sample of size n. C

10- Suppose that v, follows a snnple lmear model.

R '=a+b,x,. +ey, . - _ - izl N

‘Where a, b are ﬁ\cd constant for a {,IVCII (J) e; are mndom crrors_'
mdependentol‘ the Zi wnth mcan zero 'md var ( ;(,j) =g’ cxusts

IML: Mu!uv'u iate product type of cslumllol :

An umvauale ploducl cstitalor was proposed mdcpcndently by‘
~ servenkataraman (1980) and Bandyopadhyay (1980). The author had
suggested mullivariale version for simple and another versions for |
stratified sample and cluster sample combmed w1th stlatlﬁcatlon, .
- (Hussein, 1988, 1995 1999). RS

The umvamtc velsmn can be presented as follows _

I
rﬂ_xli
X

Where

*»

:‘, NX-~ nX |
. (N-n)
Where o

X Nx
and X=NX .‘

~

A

LY.= (NX-n XYY )Y

(N~m) X

AA

N o n XY

v

“(N-n) (N-m) X

28



" THE EGYPTIAN POPULATION AND
FAMILY PLANNING REVIEW,

o

let =
5 N-n

Y =(+g)Ny-gNyE
v Ca X
~Y,=(+g) y-g Yy
From a model based sl'mdpoml, it is helpful to consndel a slight
. expansion of * the lincar model used by Cochran (1977) Dot{man
(1994), Rao and Shao (1996) to conslruct the new modlﬁed eslumtor. -

We alcproposmg the fo!lowmg estimator

' - a+ bjz
YMa—(] Ing)y g Z !
a+2b 1\,

as an estimator based on lmear combmaluon of the auxnllary, |
vauable instead of the mean per element '

~ Assuming that
AT
‘”‘Z bj x ;=1
=t :

. };A ( g)y gy L
aRE Zb ;gj-l-Zb X

Y,\ra':.(]""g))’*: . gy‘ -

\ 1-21{,_ (7,-X)

}’ﬂlflﬁ(l'l'g)y_ . £y -

: ¥ ";/\r
I_ZKJ (Z_, - j) .

o X,

=
-X ;)
)Mu =(1+g) y- gy '“‘ZK L
XJ
Thc univariate version of lhlS cstimator can be pr cscnled as follows
. -1

(lfc)y ~gyli- K("-’“‘)

Fa
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I ®1’M.,—(H g)y gJ' I—ZKJ

 Let ;-':}ﬂ’(l~|-‘e) |

- 'Whei‘e 0=

: Whefc €=
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-'_Thc mean square crror of lhc proposed multwar:atc product typc of
.esllm‘um : :

-

(x,..)

1

;—Y : -

A g

K1s j
.. X»_ i

J'

"'_');, —(I+g)Y(l—|e) gY(I+e) (- zK ej)

Mﬂ-'-(1+g)Y(l+e) gl’(l-l e)[l+zK e,+(ZK e,)+--;-=44.§-¢-'-?-e b
| —}’+gY+cY+geY e o
—gY[]+ZK e, +(ZK ) +c+ZK ee +e(z

(Ym Y)meY—~gY[ZK e;+ (ZKIGJ) +Z K ee + ]
.'.( Ma Y)zﬁ 2}’ +g Y [(ZK c})+(Zch)"(ZK GG ) ":".].
—2gY ZK ee i PRI ' : :

.;L-"(i{,,‘, l Y) zYF(c )4 & YPZZK K (c e, ) 2ngK E(cc)

| . "Aﬁf_lt'ﬂfa)gr _-Zg}’ ZK Cn’ +&'ZZZ K K

Wee can cxpress the mean squalc error in matrix l'mm as 1ollow5'

Assumlng we have only one auxlllary vauablc

M, =T KGK

._..'where K= [l -K]

G . C‘)_l' _g C_l'.\' } -
" g.CJ'.r l’ 'gzc_tr B
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e, -gc. 1]
M) = K][ ’][ ]
. ‘ —gcyx gzcxx K
] )
m_rcv—ch.,_,—gKCng’K’c_“]

~M(Yu)=[C,, ~2gKC,, +5'K*C,,] -
~ where k is a constant that minimize thc mean square error.
* To get the value of k we proceed as follows: |

oM (Yua) 2 —
T="—. Zgny j|-2g kC“ | ﬂ 0
+.2gC,, 22g2 KC,,

C .

&’Cxx

K....
- Assuming we have two auxiliary variables.
- MY, )=YKGK

Where K=|l K, K,]
Cp "~’ Cr —8Chm,
- _gcy.q g CX|I|, gz C.X|Iz
-8 C}'v_’fz' § CXM g’ Con

"'f' ’ "'_2 - . . : ‘ .
M (Y Ma)= Y[ C - gk ny,“gKZ ny gKI ny|+K| g Cx|r|+K K g C \’1\2
-2 Ky, +K1Kzg C\'\' "Kzg Cy,x, | | |
oM . | SR
E(Yﬁfﬂ) g(Jt| Scy,\ +2KIJ> Cnx." KZS Cx,xz"*K2g Caqxz .S‘SIO :
: set
"=2gCy, +21<, 22Cyy 12K, 8%Cyy =0
o Zg Cy, -|-2K|g2 .c,,m' +2K g*C, . =‘0,—> )

oM = | -
| 5};—2_() nfa)-—Z;,nyZ I2K|;., CM,r |2K23, C,iz\fz - set 0

“g -| Kl" C"I'le + Kz& C\‘z]z “0 >2

3
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: Addmg equallon 0 and (2) we get thc followmg

E‘[CJ’“ +CJ’-"2 ]+K| |.g CXM'I +g Cx|x2]+K2 I_g C.X'|t2 +g C-"Z-"Zl ' K

R oo I | |
Assuhung we havc lln‘cc auxlllary varmbles
M()’m)-}’zKGK' | -
Whech =[l K, K; K], |

—gC

C):v _'_3C)ru-- ‘ gC}"’z s

oo | 78 g'Cc,, g C g’C,.
-8C,, ¢’C.. gC., £C.|

-gC,, g'C,, g&C,., g'C.,

M(Yua) c 2g/<1c o —28K, Cyp ~28K5C —l-K|2g2C“l+K gzc,?_,fz n

2
g st‘.a +2K|K2g Cxlfz +2K|K3g (‘TI".'! +2K2K3 szx! .
g—M(YMa)m-?.gC +2Klg Cx +2K2g szxl+2K3g CX.x_;' =sel0 . .
a—K:“(YAf(a)z—ng_‘,xz +2K2g2C_,3x‘ 'FZIK','g-lexzx; +2K3g2CI;I; =sel0
9 B R
5——1—M(]’M(,)-—22Cm +2K-,l:_,2CJr 1 +2K2me +2K|g2Cx|xJ =,se_tO_ ‘ o

Adding the three cquallons and solvmg for k., k2 and k3 wc get lhe

followmg
Com o 'Kz L C.Wz". R
3(C~\m 'C‘flxz +C—Y113). C 3’(sz"| J‘z'z *“C‘m) -
Ky= : S -, | e
Ve i lcmr2 lem) ,
. - .yx -
- Kj = — S

P
T . :
JF=t .
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.Compauson of the proposcd cslumton in the prcsence of one

auxiliary variable with that of its ougmal version and the usual

_ lallo esumator

- a- The mean square of the proposed cstrmator compared to the

mean per element.

MEu)<®) g
Cpy = gKCyt+gzK2C <, ,-ﬂ*r.i_<‘2_‘. B

Which i is always satlsﬁed S0, Y, IS always beltet than y
b- The mean square error of the proposcd estlmator compared to |

the ougmal versron

.ffM(}’m)<M(Y,,) o

C_'_w‘y--ZgKny.'{-g_zK c_‘._r-<'c”,--2gcj__;x4-'gzcx, I

iF280-K)Cpy <g*(1-K)? Cy

iff—L-<g -
.[fC s.

_<'2g

‘XX

c- The mean square error of the orlgmal product type of eStlmator-' o
o -Compared to the usual ratio csum'llor | R .

'M(Y)<M(YR) _ R
WGy ZgCyt+g2C“<C 'zcﬂa-'c'n_-_: 5
ﬂ;ff 2(1 g)C,x<(l g )c“ '

i 2
ﬂ C

Xx

<l+g

So, we can conclude thc followmg - : : _
1-The new ])1oposcd cstimator is alw'lys beller lhan the mean pel o

clement.

' 2-The new proposcd esumalor is better lhan lhc ougmal velsron of the

p:oduct type csllmator 'lnd the usual rallo cslumtor

Cyy
rff2

.\'.\‘

<2g..

-Thc ougma! version of thc ])loduct typc csum'llor is the bcuel lhan the

‘33
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new proposed estimator and the usual ratio estimator.

- 20,
iff 2g< <(i+g).

4-The usual ratio estimator is better than _the_p.roposed:é's_timator and
the original one. o EERE . -

_ C.

i 2.
__}[f e >re-

Xx

~ When we have one auxiliary variable we Lave to choose between the
~ eslimators according to the preceding criterion. o

Numerical example:.

It is believed now that socio - cconomic development and family
planning programs have both significant roles in bringing about fertility
" decline (Khalifa, Moneim & Zohry, 1999). Also it is believed that socio .
“economic development affects the performance of the family planning
‘programs and that family planning effort can influence socio economic

~ development. Nine variables for family planning and ‘seven variables for

socio economic development have been selected by Khalifa, Moneim &

Zohry (1994), it is found that threc of the family planning variables and
the seven socio economic variables have significant correlation with the

contraceptive prevalence rate. A simple random sample (approximately =~~~

o by 50%) from governorates is chosen and the data for this sample isused
{0 esiimate contraceplive prevalence rate. B RN EE N

Table (1)'__slidws ‘the samp.le. means and Hiheir‘:coé"fﬁé'iéht's: of

variation and the population means. Table (2) also shows ‘correlation

 coefficients with the contraceptive prevalence rate and its significant "

" level.

LR
[, -

KL
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Table(1):

- Sample means and the coelficients of variation and the
population means. )
Se Population means ‘Sample | CoefTicient | Population
' ' . means | of variation | means
1 {Number of women per family | o N
planning center (x,) per year 20%&0 0.3992 2099.57
2 | Number of women per pharmacy (xp) | 620.80 0.3126 | 809.14 -
3 | Percenlage contribution of the family | 26.71 0.2752 30.37
of the future in the distribution of | | '
coniraceplives (X3) a R S
4 jliteracy rate for population 10 ycars | 47.48 0.2056 - |  49.77
and more (x4) . | | |
5 | Primary and secondary  school R o
| enrolment (x5) | 75.06 0.1188 | = 76.89
| 6 | Lilc expectancy at birth(xe) 63.20 |  0.0282 - | 63.43
7 | Infant mortality rate (x7) 41.54 0.3175 3924
8 | Per capila Income (Xg) 902.80 0.2359 - 994.77
9 | Percent working in agriculture (hg) 41.52 | 03175 | 3833
10 | Percent urban (xq) 35.56 | 0.6246 43.03. |
11 | The coniraceptive prevalence rate (Y) | 44.05 | 03292 | 454

35

- *: Source; Khalifa M.A.,.'Mo_neim AA. and ZOhry_, A.G.(1994). |
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"The corrclatmn coefTi icients
between the contraceptive
prevalence rate and other varlables

| Table (2): -

04519

_ I Numbel of women per famlly plannmg cenler (x,) |
: : : : P=0.040 .
| -2-Number of women per phanmacy (xz) =0.5715 .
- - | P=.007
'3 Percentage contrlbutlon of the famlly of lhc future nj 0.5_65'.7_-
the distribution of contracepllves (x3) - |- P=0.008
| 4- Lit racy rate for populallon 10 years and | morc (x4) ' 0.8077 |
‘ _ _ o : P=.000 |
| 5 Prlmary and second'u'y school emo[ment (xs) - 0.7524 2
. : : P=0. 000 -
R Llfc expectancy alBlrlh (x(,) 0.8694
_P=0.000
| 7- Infant Morlallly_ rate (x7) | =0.7310 |
R | _P=.000
18- Per capita income (xg) | 0.5469
_ P=0.010
9- Percent workmg in agrlcullurc (Xg) -0.6857
: ‘ P=0.001
| iO Percent urban (xm) | 0.5563
P=0.009
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Table (3) |
The cocfficients of variation

Y | 010835 | 006303 | 07801 | "0.05102 | 0.05177 | 0.02694 | 0.008199 | -07087 | 03601 | -08216 | 09123 -
X, 15939 | 0702 | 06e36 | IS | 0101 003946 T ) | f.:|§'t§7 - '2.09'"13”;
X, .09?7.# -.uz'm_,' ,Qg.v)v "“l.(;” -,oq'rim') ' .07.}18 _-'.qjsjss ..ltljs'slsé _ 0892
j(-:‘ W7 02563 077 .ungs%_;z . '.0356.1‘ 03979 | Ty _ 08986
X4 .u.izés O .uq.u'/_' ST --..(um'z mws “ 09557
' X oz | 00 | -.iil(,sj w6 | f.ivSSl;;i | | 03549
Xs 00079 -.qilvji .6039; ‘-.t_maz_a- ﬁﬂﬁ:S# ':
X7 o081 ..05387. | 0427
IXB .055(._5 -..03.8.97‘. .0'5939.6. 1
xgl  .|5§'|'| ' ozﬂss
X0 ..3909‘.
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From table (2) we can notice that seven variables have positive
signilicant conelauons whlle lhree only have negallve s:gm[' cant
correlatlons :

- Applying the criteria fon choosmg between estnmtors we get the
following results. : \

g Table (4) - Thc bcst csumator for c'lch
o aux:lmry varl‘\blc

o - The eriteria* . =~ Thc bcsl csum'ltor
- The variable S S :

Number of -women | C,, -Thc proposcd _.  _

| per family planning 2 o _079089<2q R cstimator =~ 5
h(.:rCchtagC o |
contribution of the - o N
family of the future|» Cr =0. 89857<2g - | The proposed -

in the disu"ib'ul_i_bno[’_ Clm S R "CSt_i‘n‘lato‘r
contraceplives (x3) S S P o

Lit racy rale for|

population 10 years o T I
2 =2 4503609 g (] * g) The ratio estimator

and more (x4) Cxy%y
Primary ~ and ' : e e
secondary . enrolment | 5 % C s -3, 78902> (]+g) Thg ratio estimator
(x5) S stxs ' |
Life expeclancy at|{ =~ - N
| birth (xq) N P a s C”‘" =20. 673222>(l + q) The m“-o-, ?St".]-mt_)r
_ Y66

Per cqplta income o e
- | C i The proposed
kg |2 294|599<2g | proposed

. B oy : esl;malql‘_. L

Perc_ient urban (xg) - Tl S :
: | The  proposec
cstimator -

C | |
—L"_— 0. 467738<2g

’\‘[0.\]0

J Culcua derived ﬁom lhc comp‘mson of lhc mean squ‘uc cuons of lhc
p1 oposed CSlIm'llOl with olhc: csllmalors

38
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Table (5) Rclatlvc Efl"clency of the Mullivariale
. ' Prodm.t typc of Estimator
The variab’l;e | -Thc The mean - The
estimator | square error |- relative
| .| cfficieney -
Numbc: ol"womcn per Iamlly ' Y IO
planning center (x;) 44.301375 161.87808 129.87713 .
Percentage contribution of the | o o
family of the fulure in the [ 46.301025 | 180.58414 116.42363
distribution ol'conlmccpllvcs - o x
(x3) R R
- | Literacy rate for populal:on 46.388216 | 87. 16753 241.19989
~ 1 10 years and more (x4) | o
Primary and sccondary school 1 10 522222 190.22655
enrolment (xs) | 45.954854 o o
Life cxpcclancy at birth (x5} | 45.635646 | 49.149856 427.75834
Per capita income (xg) 46.52271 {165.02871 127.3976
Percent mban (xm) 45.761959 | 168.84238 . | 124.52005
Xe, Xa 46.428149 | 69.662972 | 301.79966
The mean per clement | 44.05 210.242061 100 '

39




_ 1SSR,Cairo Univ., Vol.35,N0.2,2002.

Conclusion:
~We can get an estimate of the contraceptive prevalence rate forany
governorate depending on the data of the sample of the
governorates only. SR - | -

Table ('5)‘ shiows (hat lifc cxp:éc_:tancy at birth (xlg) is'.l_:hc best o

* . auxiliary -variables can be used to estimate the contraceplive
‘prevalence rale among the variables which- have positive -
~ corrclation with the contraceptive prevalencc rate. e o

Table (5) also shows that lieracy rate for population 10 yeais and

over (xy) is the second best auxiliary variable can be used to |
cstimate the contraceplive prevalence rate. Table (5) also show that
using the 'nmhivnrialc version (g , X4) improved the precession
than using one auxiliary variable (x4). ' | |

40
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