G.U. Fen Bilimleri Dergisi ISSN 1303-9709

18(4): 591-601(2005)

G.U. Journal of Science
18(4): 591-601 (2005)

CALIBRATION ESTIMATOR

) Aylin ALKAYA o
Gazi Universitesi, Fen-Edebiyat Fakiiltesi, Istatistik Bolimii, 06500, Ankara, TURKIYE

Alptekin ESIN*
Gazi Universitesi, Fen-Edebiyat Fakiiltesi, Istatistik Boliimii, 06500, Ankara, TURKIYE,
e-mail: alpesin@gazi.edu.tr

ABSTRACT

A method which is similar to regression estimation method is the calibration
estimator. The calibration estimator uses auxiliary variable(s) information to
produce efficient estimates. Calibration requires that we know population totals for
one or more auxiliary variable (x variables). The efficiency of the calibration
estimator depends on how well the auxiliary variables explain the variability of y,
the variable of interest. To improve the quality of estimates in sample surveys
some kind of weighting is often carried out. This article reviews the calibration
estimator which is one of the weighting method and attempts to show calculation
of calibration weights with a hypothetical data.
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AYARLAMA TAHMIN EDIiCisSi
OZET

Regresyon tahmin yontemine benzeyen bir diger tahmin yontemi de ayarlama
tahmin edicisi yOntemidir. Ayarlama tahmin edicisi yardimeci degisken(ler)
bilgisini tahminlerin etkinligini arttirmak i¢in kullanir. Ayarlama tahmin edicisi,
bir veya birden ¢ok yardimci degisken (x degiskenleri) icin y1gm toplamlarimi
bilmeyi gerektirir. Bu tahmin edicinin etkinligi yardimeci degisken veya
degiskenlerin ilgilenilen degisken »’yi ne kadar iyi aciklayabildigine baglidir.
Omekleme arastirmalarinda  tahminlerin  kalitesini  arttirmak  icin  bazi
agirliklandirmalar  siklikla  kullanilmaktadir. Bu ¢alismada agirliklandirma
yontemlerinden biri olan ayarlama tahmin edicisi incelenmeye calisilmig, bir
hipotetik veri ile ayarlanmis agirhiklarin nasil hesaplandifi gdsterilmeye
caligilmusgtir.

Anahtar Kelimeler: Ayarlama, Agirliklandirma, Yardimeir bilgi, Regresyon
tahmin edicisi

1. GIRIS 1. INTRODUCTION

Orneklemede yiiksek duyarliliga sahip tahmin ediciler
yardimei degisken(ler) x; (x;’ler) hakkinda giiglii bilgilere
gereksinim duyar. N sayida birimden olusan bir yigindan
tesadiifi olarak segilen 6rnek birimlerinin iliskili x; (x;’ler)
ve y; ile gosterilen iki Ol¢limii elde edilebiliyorsa, bu
degiskenlerden biri yardimiyla (yardimei degisken(ler) ile)
digerinin tahmin edilmesi, tahminin duyarliligim
artirabilmek i¢in bagvurulan bir yontemdir.

Ayarlama (calibration) tahmin edicileri Deville ve
Sérndal (1) tarafindan anket verisinde yardimci bilginin
(x;’lerin)  kullanimi ~ kapsaminda ele  alinmistir.
Agrirliklandirma  yontemlerinden biri  olan ayarlama,
ornekleme tasarim agirliklariin  arastirma  verisine
uygulanmast durumunda ilgilenilen farkli arastirma
degiskenleri (y;’ler) i¢in model-yansiz tahmin ediciler
saglar (2).

Omegimizde yardimc1 degisken veya degiskenlere

In sampling, high sensitive estimators need strong
informations about auxiliary variable(s) x; (more than one
x;). If the sample units” which are chosen randomly among
the N units of population and two related measure x;
(more then one x;) and y; of one of these variables can be
obtained, estimating the other one by the aid (by auxiliary
variable(s)) is a method of increasing the sensitivity of
estimation.

The calibration estimators were introduced by Deville
and Sérndal (1) in the scope of using auxiliary information
(x;) from research data. The calibration estimator which is
one of the weighting methods, gives model-unbiased
estimators for discrete research variables of interest (y;)
when sampling design weights applied to the research data

Q).

If an adequate population information about auxiliary
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iliskin y1gin hakkinda yeterli bilgi mevcut ise, gdzlemler
tizerinde agirliklarin uygulanmasi parametre tahminlerinin

duyarlilignt  arttirilabilir.  Tahminler agirliklandirimisg
gozlemler iizerinden yapilir. Platek ve Gray (1980) ve
Lindstrom et al. (1979) agirhiklandirmayr yanin

diizeltilmesinde kullanilacak 6nemli bir yontem olarak
tanimlamustir (3). Varyansdaki azalma yardimci degisken
bilgisinin ilgilenilen degisken ile ilgili olmasi durumuna
baglidir, eger yardimer degiskenler ile ilgilenilen degisken
arasinda iligki var ise, tahminlerin duyarliligin1 yardimei
degisken bilgisini kullanarak arttirilabilir. Tahmin edicinin

kalitesi ilgilenilen degisken ile yardimci degisken
arasindaki iliskinin giicii ile saptanir.
Ayarlama tahmin edicisinde Oncelikle ilgilenilen

degisken y; ile iliskili oldugu belirlenen yardimer degisken
veya degiskenlerin gozlenen degerlerine agirliklar verilir.
Bu agurliklara d; oOrnekleme tasarim agirliklart denir.

Aragtirmanin  baslangicinda belirlenecek olan d;=1/7;

agirliklart gézlemlere verilecek 6nem diizeyini ifade eder.
Bu agirliklarin  belirlenmesi arastirmadan aragtirmaya
degisir, agirliklar arastirmacinin deneyim ve bilgisine
dayali olarak her zaman elde edilebilir veya bilinebilir (4).

Arastirmalarda agirliklarin tespit edilmesi ilgilenilen
degisken y’ye Dbagl degildir, yalmzca yardimci
degisken(ler)e  baglidir. Dolayisiyla, herhangi bir
arastrmada agirliklart hesaplamada yalnizca yardimci
degisken bilgisine ihtiyag vardir. Agirliklar Ornegi
dengeler, bu nedenle yardimci degiskenlerin oOrnek
dagilimi y1gin dagilimina uyar (3).

Tahmin  etme, agulklart  arastirma  verisiyle
iliskilendirilmeyle esdegerdir. Bu c¢aligmada verilen
yardimc1 degisken bilgisi ile agiliklandirma sistemi
lizerinde odaklanmis olup, uzaklik 6l¢limii ve ayarlama
denklemleri kiimesi yardimiyla bir agirliklandirma sistemi
uygulanmustir.  Ayarlama  tahmin  edicisi, orijinal

ornekleme tasanm agirliklant (d=1/77;) ile ayarlama

denklemleri arasinda verilen uzaklik 6l¢iimiiniin miimkiin
oldugunca birbirine ¢ok yakin olmasini saglayacak sekilde
ayarlanmis agirhiklart kullanir. Her uzaklik olglimiine
karsilik gelen bir ayarlanmis agirlik ve bir ayarlama
tahmin edicisi vardir (1).

Ornekleme  aragtirmalarinda  parametre  tahmini
yardimci bilgiye dayali model-tabanli yaklagimlar olan
regresyon ve oran tahminleri yoluyla yapilmaktadir.
Literatiirde model-tabanl yaklagimlar olarak
siiflandirilabilecek {i¢ temel yontem Onerilmistir: genel
regresyon tahmin edicileri (GREG) (Cassel, Sérndal ve
Wretman 1976; Sarndal 1980); ayarlama tahmin edicileri
(Deville ve Sérndal 1992); ve son zamanlarda 6nerilen
ampirik olabilirlik yontemleridir. Model-tabanli ile tahmin
edicilerin yaklagik (asimptotik) olarak yansiz tasarim
oldugu ifade edilmektedir. Bu, calisilan-modelin dogru
veya yanlis olmasina bakilmaksizin ve eger model dogru
ise tahmin edicinin 6nemli diizeyde etkin olmasi1 demektir

().

Calismamiz kapsaminda ayarlama tahmin edicisi
incelenmeye ¢alisilmig, genellestirilmis regresyon tahmin
edicisi i¢in alternatif bir ydntem ayarlama yontemine

G.U. J. Sci., 18(4):591-601 (2005)/ Aylin ALKAYA, Alptekin ESIN*

variable or variables is available in our sample, assigning
weights on the observations my increase the sensitivity of
obtained by
summation of the weighted observations. Platek and Gray
(1980) and Lindstrom et al. (1979) regard weighting as an
important method in correcting the bias (3). The reduction
in variance is relevant to the relation between auxiliary
variables information and interest variable, if there is a
relation between these variables then the sensitivity of
estimations can be improved by the using auxiliary
variables information. The quality of the estimator can
determined by the power of the relation between interest

parameters’ estimates. Estimates are

variable and auxiliary variable.

At the first stage of calibration estimator, the weights
will assigned to auxiliary variable or variables observed
values which of them are correlated with interest variable

Yi-

These weights are called as d; sampling design weights.
The d;=1/7; weights which will be determined at the

beginning of the research express the significance level of
observations. The determination of these weights differs
for each research, the weights can always obtained or
known according to the researcher’s experience and

knowledge (4).

In researches determination of the weights aren’t
conditional upon to interest variable y;, they are only
conditional upon to auxiliary variable(s). In consequence,
calculating the weights at any research we need only
auxiliary variable information. The weights balance the
sample, therefore the sampling distribution of auxiliary

variables fits to population distribution (3).

Estimating is equivalent to associating weights with
research data. In this article we focus on given auxiliary
variable information and a weighting system has been
applied by the aid of the distance measure and calibration

equations set. The calibration estimator uses

calibration weights by providing the distance measure
between original sampling design weights (d,=1/7; ) and

calibration equations as closer as possible. There is an
equivalent calibrated weight and a calibration estimator

for all distance measure (1).

The parameter estimation which is leaning against to

auxiliary information in sampling researches

constructed by regression and ratio estimations which are
defined as model-based approaches. There have been three
main methods proposed in the literature which can be
general
Sérndal and
Wretman 1976; Sdrndal 1980); calibration estimators
(Deville and Sérndal 1992); and more recently empirical
likelihood methods. By model-based we mean that
estimators are approximately (asymptotically) design
irrespective  of whether the
working-model is correct or not and are particularly

categorized as model-based
regression estimators (GREG) (Cassel,

approaches:

unbiased. This means,

efficient if a working model is correct (5).

In the scope of our study we manage to present
method  for
generalized regression estimators is given according to the

calibration estimator, an alternative
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dayali verilmistir.
2. AYARLAMA TAHMIN EDIiCiSi

Ayarlama tahmin edicileri Deville ve Sérndal (1)
tarafindan anket verisinde yardimci bilgi kullanimi
kapsaminda verilmistir. Yardimci degisken x’in sonlu
yigin toplami (veya ortalamasi) bilgisini kullanarak
tahminler iizerinde avantaj saglayan bir baska yontem de
ayarlama tahminidir (6).

Bir 6rnege iliskin verilerden ilgilenilen y degiskeninin

N . . . .
toplam1 Y= Vi tahmin  edilmek  istensin.
im

U={1,2,....,N} sonlu y1gin birimlerini, s yigindan tesadiifi
olarak segilen bir 6rnegi (s C U) ve P(s) herhangi bir s
biriminin O6rnege secilmesi olasiligini gosteriyor olsun.
7t; = P(i€s) i biriminin s drneginde yer almasi olasilig
olarak tanimlanmis olsun. /€ s birimleri i¢in, (y; X;)
gozlemlendigi ve x’in yigm toplami X= ZU X; ’in
bilindigi varsayilsin. s={1,2,....,n} Ornek birimleri igin
7T;= P(i€s) igerme olasiliklart biliniyor ise Y yi§in

toplam1  tahmini verilen bir uzaklik Ol¢iimi ve
agirliklandirma  yapilarak ayarlama tahmin edicisi
yontemiyle elde edilebilir. Burada Ornekleme tasarim

agirliklant d;=1/7;, d>1 dir. Y’nin ayarlama tahmin

edicisi;
Yo=Y wy, [1]

burada bilinmeyen w;: ayarlama agirligi seklinde
tanimlanmustir (i=1,...,n). [1] nolu ayarlama denkleminde
w; yardimci degiskene bagli yapilan agirliklandirmayi
ifade eder. Yardime1 degiskeninin bilinen y18in toplami X,

ayarlanmis agirliklara bagli olarak asagidaki gibi
tanimlanmuigtir.
X=Towx =X x, (2]

Burada Z w, = N dir. Bir 0rnek arastirmasinda
ies !

her bir 6rnek birimi igin, k£ (j=1,..,k) sayida degisken

bilgisi mevcutsa, x; i inci Dbirime ait bilgi

X=X X )

birimin £ degisken degerini ifade eder. Burada arastirmada

yer alan tiim degiskenler degil yalnizca y degiskeniyle
iligkili olan & sayidaki x yardimci degiskenleri ele alinir.

vektoriiyle gosterilebilir. x;: i mc1

Yukarida da ifade edildigi gibi Ornekleme tasarim
agirliklar aragtirmadan arastirmaya degisir, aragtirmacinin
deneyim ve bilgisine dayalidir. Ayrica drnekleme tasarim
agirliklarinin  veri toplamadan sorumlu kisi tarafindan
belirlendigi de varsayilabilir. d; agirliklari  yigindan
tesadiifi olarak segilen drnekte yardimer degiskenin yigin
toplamlarini tahmin etmede kullanilabilir.

Yardimci1 degisken yigin toplami tahmini &rnekleme
tasarim agirliklarina dayal agagidaki gibidir.

X=Ydpx, [3]
i=1

calibration method.
2. CALIBRATION ESTIMATOR

The notion of calibration estimators was introduced by
Deville and Sarndal (1) in the context of using auxiliary
information from survey data. Another method which
provides advantages on estimates by using auxiliary
variable x’s finite population total (or mean) information
is calibration estimate (6).

Let the population total Y=Z?V1yi of interest
im

variable y is wanted to estimate. Suppose U={1,2,....,N} is
the set of labels for the finite population, let s be the
sample which has selected randomly from the population
(s C U) and let P(s) be the probability of selecting any s

unit to the sample. 77, = P(i€s) is defined as the

inclusion probability of the ith unit in s sample. Let (y; x;)
values are observed for i € s units the population total of x,

X=X, has If 7,=P(i€s)

probabilities for s={1,2,....,n} sampled units are known,
then a given distance measure and assigning weights
procedure the population total of Y’s estimation can

known. inclusion

derived by calibration estimator method. Here d;=1/7; ,

d>1 are sampling design weights. Y’s calibration
estimator;
Yo =2esWy; [1]

where the unknown w; is defined as a calibrated weight
(=1,...,n). the w; calibration system in [1] represents the
weighting procedure which was constructed by according
to the auxiliary variable. The known population total of
auxiliary variable X, which has been determined according
to calibrated weights is given as:

X=3 mx =Y, 2]

i=1""1

where Z,ES w, = N . For each sample unit in a sample
1

research, if the k (j=1,..,k) variables information is
available, ith unit information of x; can be illustrated by

vector X' =[X,;..X; ] xy denotes kth variable value

for ith unit. Here, we undertake only the x auxiliary
variables in number of k& which are related to the y interest
variable not all variables which takes place in research.

As we mentioned before, the sampling design weights
changes from one research to another, they depend on
researcher’s experience and knowledge. Moreover it is
assumed that each sampling design weights are provided
by responsible for collecting the data. Such d; weights
might be used to estimate the population total of auxiliary
variable from the samplewhich has been selected
randomly from the population.

The estimation of the population total of auxiliary
variable according to the sampling design weights is as
follows:

593
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d;: Ornekleme tasarim agwrhiklar, i=1,..,n dir. w;
agirliklarinin  hesaplanmasinda, x yardimcr degiskenleri
icin X yigin toplamlart bilinir. Hesaplamada yapilmasi
gereken yeni w; agirliklarini miimkiin oldugunca d; tasarim
agirliklarina yakin olmasini saglamaktir. Bu nedenle, [2]
ve [3] nolu denklemler ile verilen iki agirliklandirma
kiimesi arasindaki yakinlig1 saptamaya yarayacak bir kriter
belirlemek gereklidir. Bu kriter w; ile d; arasindaki
uzakliktir. Genel olarak, w; ve d; arasindaki uzaklik
G(w;d) ile gosterilir. Omekleme tasarim agirhklar ile
ayarlanmis agirliklart arasindaki toplam uzaklik;

V=% 60w,.d,) a

seklinde ifade edilebilir (7). Dolayisiyla sorun, [3] nolu
esitlige dayali olarak toplam uzakligr minimum yapmaktir.
Bunun i¢in Lagrange ¢arpani kullanilir.

L=3 GOw.d,) +i/1{)(, _jwixﬁ} [5]

A i Lagrange ¢arpanlar, j=1,..k

Amag ayarlanmis agirliklar1 hesaplamak oldugundan, L
denklemini minimum yapacak sekilde w; degerlerini,

iG(W" d) icin ki-kare uzaklik 6l¢iimiinii yazarak elde

edebiliriz.

Burada uzaklik 6l¢iimii olarak aragtirmacilar tarafindan
yaygin  kullanimi olan ki-kare wuzaklik 6lgiimii
kullanilmistir. Yeniden agirliklandirmada ki-kare uzaklik
Olgtimii yerine diger uzaklik dlglimleri de kullanilabilir.
Ancak Deville ve Sirndal (1) diger uzaklik 6lgiimlerinin
ki-kare ol¢iimiiyle hemen hemen ayni sonuglart verdigini
ve ki-kare uzaklik Ol¢liimiine asimptotik olarak denk
olduklarin1 gostermistir. Alternatif uzaklik Olgiimleri
Deville ve Sarndal (1)’in calismasinda detayli bir sekilde
ele alimmistir. Ki-kare uzaklik 6l¢iimii;

- _1&(w,—d) [6]
ZG(W"’d") 24

seklindedir. Ki-kare uzaklik 6l¢timii [5] nolu esitlikte
verilen Lagrange c¢arpaninda yerine yazilirsa asagidaki
esitlige ulagilir.

_1 n *d 2 + k n 7
52% ;ﬂ.{X.f’;Wixﬁ} 71

Burada /Fijz Lagrange carpanlar, j=/,.k, X; : j. birimin

bilinen X yigm toplamu vektoriini gostermektedir.
Optimum w;, [7] nolu esitlikte L nin w;’ye gore tiirevinin
alinip sifira esitlenmesiyle asagidaki gibi elde edilir.

Ll

i i J=1
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£=Ydpx, [3]

d;: sampling design weights, i=1,...,n. In calculation of w;
weights we know the population total of auxiliary variable
X. The thing to do in computing is to ensure the new
weights w;’s as close as possible to the design weights d;.
Thus, a constraint which will be used to find the closeness
between two weighting set given by [2] and [3] equations
should be determined. This constraint is the distance
between w; and d;. In general, the distance between w; and
d; is denoted as G(w;d;). The total distance between
sampling design and calibrated weights is as follows (7)":

U=3 Glw,.d,) [

The problem is therefore to minimize the total distance
[4] subject to the equation [3]. For this problem the
Lagrange multiplier is used.

=3 Gw,.d,) +§4{Xj 7zw} (5]
i j=1 i=1

A e Lagrange multipliers, j=1,..k

Our aim is to calculate calibrated weights, so obtaining
the values of w; by minimizing the L equation, we use

n
chi-squared distance measure as ZG(Wi’df)' Here for
i

distance measure, the chi-squared distance measure which
is the most commonly used by the researchers was used.
Alternative distance measures can also be considered for
reweighting instead of chi-squared distance measure. But
it has shown by Deville and Sérndal (1) that the alternative
distance measures gives almost the same results as chi-
squared measure and are asymptotically equivalent to the
one by using the chi-squared distance measure. The
detailed information about alternative distance measures
were given in Deville and Sirndal (1)’s study. The chi-
squared distance measure is:

z":G(w,,,d,.) Z(W d)’ [6]

If we replace chi-squared distance measure in the
Lagrange multiplier equation [5] we will get the equation
below.

Loyt d) by by, -3 7]
2; di ; J j ;W,xﬂ

where the /1 i for j=1,..k are Lagrange multipliers and X;

represents the jth element of the vector of known
population total. Differentiation of (7) by w; and then
equal to zero gives the optimum value of w; as below.

oL w, u _
= 1Y Ax, 70 (8]
6Wi |:dl :| ; /x.lf

1 Baz1 yazarlar, Falson ve Singh (2000) gibi minimize edilecek uzaklig Z?diG(Wi ’di) olarak yazmaktadir, ancak bu ¢aligmada Deville ve Sérndal
1

(1992) izlenmektedir.

1 Some authors, such as Falson and Singh (2000)write the distance to be minimized as Z"dvG(W' s d_) , but the present paper follows Deville and Séarndal
(i it

(1992).



Calibration Esiimator.../ Ayarlama Tahmin Edicisi...

k
OL esitliginde z 1 .x. yerine x;/l yazilabilir.
ow Jot

i J=1
Buradan, [8] nolu esitlikte w; yalniz birakilirsa,

w, =d,(1+x/A), i=1...n [9]

sonucuna ulasilmus olur. Burada A degerine ihtiyag
vardir. [9] nolu esitliginin her iki tarafi x; ile ¢arpildiginda,
wx, —d.x, =dx,x1 [10]
esitligine ulasilir. [10] nolu esitligi tiim n’ler {izerinden
toplarsak asagidaki esitlik elde edilmis olur.

X—X:{id,.x[x[}l [11]
i=1

A ’nin hesaplanabilmesi igin A nmn yalmz birakilmast
p y
gereklidir. Bunun igin [11] nolu esitligin her iki tarafi

-1
soldan [Zn: di‘xixz{i| ters matrisi ile ¢arpildiginda A
i=1

lagrange carpanlar1 vektoriine ulasilmis olur.

l:[zn:dixix;}l(X—)A() [12]
i=1

Elde edilen A degerleri [9] nolu esitlikte yerine
yazilacak olursa yeni agirliklar (ayarlanmis agirliklart)
elde  edilmis  olacaktir. [97 nolu  denklemi
w, = dl, a1+ ﬂbgi) seklinde yazmak da miimkiindiir,
A=(X-X)T" simetrik  matrisi

burada olup T

n
Z dl_ X, xl_’ esittir.

i=1

Ayarlanmig agirliklart i=1,...n igin hesaplandiginda, Y
yigin toplammnin tahmini [1] nolu ayarlama tahmin
edicisiyle bulunabilir.

Yo =3 wy, [1]

A

YC ayarlama tahmin edicisinde [9] nolu denklem ile

verilen w; ayarlanmig agirliklar: denklemi yerine yazilacak
olursa,

Ye=>dy +(x -X)B- [13]
i=1

sonucuna ulagilir, B= T’lzn: d Boylece, ayarlama

XVt

i=1
tahmin edicisi ile genellestirilmis regresyon (GREQG)
tahmin edicisi arasinda bir baglanti kurulmus olur.

Ayarlanmig agirliklarinin - hesaplamalari  basit  bir

ornekle verilmeye ¢alisilmigtir.

ORNEK. Arastirma degiskeni ile iliskili ve y1gin toplami
degerleri bilinen {i¢ yardimer degisken oldugu varsayilsin.
n=30 ornek birimi i¢in hipotetik veri Cizelge 1°deki gibi

k
In equation OL instead of Z A .x.» We can substitute
aW — J
J=

i

xl% . Hence, from equation we will obtain w;:
w,=d,(1+ xl.'/l), i=1,...n 9]

Here the value of A is required. Multiplication of two
side of the equation [9] by x; gives:

wx, —d,x, =dx,x/A [10]

"1

Summing [10] over all n, the following equation will
be obtained.

X—)A(:[Zn:dl.xix;}l [11]
i=1

To obtain A it will have to be let alone. Therefore,
when two side of the equation [11] from the left hand side
-1
multiplied by inverse matrix {an d.x.xi the vector of
i=1
Lagrange multiplier is given by:

ﬂ:{id,xix;}l (X—X’) [12]
i=1

The resulting values of A are substituted into [9] to
obtain the new weights (calibrated weights). It can be
possible to write equation [9] as w, = dl_ a+ ﬂ,’xl_) , here

A'=(X —X)T" and the symmetric matrix of T is equal

n

’

to Zdixixi .
i=1

When the calibrated weights computed for i=1,...n, the
estimation of the population total of Y can be obtained by
calibration estimation which was given by equation [1].

Yo =3 wy, 1]

Substituting the calibrated weights equation w; which was

given by equation [9] in calibration estimation Y, C > gives:

Yo=Y dy, +(X - R)B- [13]

i=1

where B=T—lz dxy, Thus, a correlation has been
i=1

established between calibration estimation and general

regression estimator (GREG).

The calculations of the -calibrated weights was
managed to illustrated by a simple example.

EXAMPLE. Suppose there are three auxiliary variables
correlated with the research variable and for which
population total values are available. Let the hypothetical
data for a sample of n=30 sample units are shown in Table
1. Suppose the auxiliary variables were defined as below.
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olsun. Yardimci degiskenler asagidaki gibi tanimlanmis
olsun. X;: Kisi Kadin ise 1, Erkek ise 0; X, Kisi geng ise
1, degil ise 0 degerini alyyor; X;: Calisma statiisiinii
gosteriyorken kigi iggi ise 1, memur ise (0 degerini aldig1
kabul edilsin. Yardimcr degiskenler i¢in bilinen yigin
toplamlart  X=[ X; X; Xz ]'= [30,60,70]" seklinde
varsayllmis olsun. Yardimci degiskenlerin  drnek
toplamalari, Cizelge 1°de 5. kolonda verilen d; ornek

tasarim  a@rliklart  ile  $ _ Z": dx formiiliinden
i=1

yararlanilarak, X =[35,68,67]" seklinde hesaplanmustir.

Yukarida verilen yardimci degiskenlerin yigin toplami
degerleri 6rnekteki degerler ile kiyaslandiginda, yiginda
ornektekine kiyasla daha az sayida kadin, daha az sayida
geng ve daha cok sayida isci oldugu goriiliir. Ornekleme
tasarim agirliklarinin aslinda daha ¢ok sayida erkek, daha
az sayida gen¢ ve daha ¢ok sayida isciyi yansitacak
sekilde olusturulmasi istenilirdi. Yardimcr degiskenlerin
yigin toplami bilgisini daha iyi yansitmak amaciyla
yeniden agirliklandirma yapilmasint Oneren ayarlama
tahmin edicisiyle, w; ayarlanmis agirliklar1 hesaplanir.

Ayarlama agirliklar1 hesaplanmustir ve Cizelge 1’in

son kolonunda verilmistir. Z" 1di X, xlf simetrik matrisi
i=

ve bu matrisin tersi Cizelge 2’de verilmistir.
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X;:1 for those who are Female, 0 who are Male; X,: 1 for
those who are young, 0 otherwise; Variable 3 refers to
personal statute so that X;:1 for those who are blue-collar
worker, 0 who are civil servant. Let the known population
totals for auxiliary variables were assumed as X=[ X; X,
X3]'=[30,60,70]". The sample total of auxiliary variables

were calculated as X =[35,68,67]', by the aid of sampling

design weights d; which was shown in the 5 column of

Table 1 and formula § _ i“ dx, -

i=1

When the population total values of auxiliary variables
which were given as above were compared with the values
in sample, it has seen that there are fewer females, fewer
younger units but more blue-collar worker in population
than in sample. In fact the sampling design weights were
desired to reflect more male, few younger unit and more
blue-collar worker. By the calibration estimation which
propose reweighting to reflect population total values of
auxiliary variables better, the calibrated weights w; will be

calculated.

The calibrated weights were calculated and shown in

the last column of Table 1. zn 1d[ X, x; is a symmetric
iz

matrix and its inverse are given in Table 2.

Table 1. Sample values of auxiliary variables and calibrated weights
Cizelge 1. Yardimci degiskenlerin 6rnek degerleri ve ayarlanmis agirliklar

i Xy X5 X3 di Wi i Xi | X | X5 di Wi

1y I I 4 4,958 16| 1| 0] 0| 2 2,445
2 0 Ji 1 5 5,085 17 | 0 ] 1 5 5,085
3 ) 0 0 2 2,445 18 | 0 ) 0 4 3,369
4 ] 0 0 2 2,445 19 | J 0 0 2 2,445
5 0 )i 0 4 3,369 20 | ¢ 0 0 3 3,000
6 0 0 )i 4 4,699 21 | ¢ 0 1 4 4,699
7 0 0 0 3 3,000 22 | ¢ 0 1 4 4,699
8 0 0 0 3 3,000 23 | | )i 0 3 3,195
9 0 )i )i 5 5,085 24 | 9 ] )i 5 5,085
10 1 )i 0 3 3,195 25 | 9 ] 0 4 3,369
11 )i )i )i 4 4,958 26 | )i 1 4 4,958
12 )i 0 I 3 4,192 27 | ¢ )i 1 5 5,085
13 1 0 )i 3 4,192 28 | 0 )i 3 4192
14 0 )i )i 5 5,085 29 | ¢ ] 0 4 3,369
15 0 0 )i 4 4,699 30 | o )i 0 4 3,369
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Table 2. Matrix zn 1dl_ x,x; and its inverse
-

Cizelge 2. Matris Z" 1di X,x] Ve tersi
i

::1 d.x,x]
35 18 21
18 68 33
21 33 67
n 1
L dixx]
0,0366 -0,0054 -0,0088
-0,0054 0,0200 -0,0082
-0,0088 -0,0082 0,0217

w; ayarlanmg agirliklar, w, = d, (14 x;A) denkleminde

-1
A:[Zdixix;:| (X—)?) yazilmasiyla Cizelge 1 ve
=1

Cizelge 2°deki degerlerden hesaplanir.

The calibrated weights w; will be obtained by the values in
-1
Table 1 and Table 2, writing } — |:Z d'x'x',i| (X _ )}')
i=1

value in w, = d, (14 x;A) equation.

—
(X—)?)= 2= 0,0366
-8 ~0,0054
3 20,0088
N—
1=

-0,0054 ~0,0088 -3
0,0200 ~0,0082 -8
~0,0082 0,0217 ;
0,2226
~0,1576
0,1747

Ayarlanmis agirliklant w,=d; (I+x;. A ) formiiliinden
i=1,...,30’a kadar tiim birimler i¢in elde edilir. Omegin
Cizelge 1°deki w; agirlig1 sdyle bulunmustur.

0,2226

}=4,958

wo=4{ 1+ 1 1) 01576

0,1747

Agirliklarda yapilan gerekli diizeltmelerin beklenen
degerlerle tutarli oldugu goézlenmektedir. Ayarlama igin

gerekli  bilgiler mevcutsa  kisilerin  6zelliklerini
(karakteristiklerini) de  yansitan agirliklandirmanin
yapilmas:  yiiriitilecek  tahminlerin  duyarliligini

arttiracagindan, tahmin i¢in ayarlama tahmin edicisi
kullanilmasi yerinde bir karar olacaktir. Bu 6rnegimiz igin
Cizelge 1°de yer alan 5, 18, 25, 29, 30 numaral kisilerine
iliskin agiliklar1 inceleyelim. Bu kisiler i¢in 6ngoriilen
ayarlanmis agirliklar ile kisilerin karakteristik ozellikleri
de goz oniline alindiginda, ayarlanmis agirliklart d; 6rnek
agirliklarina kiyasla  goreli olarak diisiik bulunmustur
(4’ten 3,369’a diismiistiir). Ornektekine kiyasla yiginda
calisan isci sayist yliksek olmasina karsin kadin ve geng
sayisinin daha az olmasi nedeniyle 5,78,25,29,30 numarali
kisilere verilecek agirlikta daha diisiik olmalidir, bu ise
ayarlanmis agirliklarla saglanmistir.

The calibrated weights, for all units i=1,...,30, obtained

by wi=d, (1+x;" A ) formula. For example the w; weight in
Table 1 was obtained as:

0,2226

’ }1=4,958
-0,1576

wo=4{1+(1 1 1)

0,1747

The required adjustments made on the weights are
observed to be consistent with the expected values. If the
required information for calibration 1is available,
constructing the weights as reflecting the units
characteristics will increase sensitivity of estimations, so
using calibration estimation for estimating will be an
appropriate decision. For our example, lets examine the
weights for number of 5, 18, 25, 29, 30 units in Table 1.
When the calibrated weights which are prescribed for the
units and the characteristics of the units are taken into
consideration, the calibrated weights found relatively low
in comparison with the sampling design weights d; (fall
from 4 to 3,369). Although the number of blue-collar
worker in population is higher than in sample, the weights
given to the number of 5,18,25,29,30 should be lower
because of the few number of female and young units, this
situation was provided by calibrated weights.
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3. NEDEN AYARLANMIS AGIRLIKLAR?

Bir ¢ok arastirma istatistik¢isi ayarlanmis agirlik

yonteminin asagida yer alan Ozellikleri tasidigina
katilmaktadir (8):
1. Tutarlhilik. Ayarlama tahmin edicisi tutarli bir

tahmin edicidir. Bu yontemde, [2] nolu denklemi
saglayan bir agirliklandirma sistemi uygulanir.
Boylece her bir yardimei degiskeninin bilinen
yigin toplami degerlerinin en iyi sekilde temsil
edilmesi saglanmis olur.

2. Temel agirliklara c¢ok yakin olma. Temel
(orijinal)  Ornekleme  tasarim  agirliklan

di=1/7C; 'nin en (cazip) 6nemli &zelligi model

yansiz tahminler vermesidir. Dolayisiyla, bu
agirliklardan olabilecek herhangi bir sapma az
olmalidir ki model yansizlik en azindan yaklasik
veya asimptotik olarak s6z konusu olsun.

3. Yardimci degisken toplamlart iizerinde kontrol
saglama. Ayarlamada ilgilenilen degisken ile
iligkili oldugu bilinen ne kadar ¢ok yardimei
degisken bilgisi kullanilmigsa o kadar “iyi”
diizeyde agirliklandirma  sistemi  yapilmis
demektir. Ayarlama tahmin edicilerin duyarlilig
y degiskeni ile iligskili olan ¢ok sayida
(otokorelasyon sorunu olmayan ve yigin toplami
bilinen) yardimer degisken kullanimiyla artis
gosterecektir.

4. GENEL REGRESYON TAHMIN EDIiCiLERININ
AYARLAMA iLE ELDE EDiLMESIi

Ayarlama yaklasimina olan ilgi Deville and Sérndal
(1992)’1n ayarlamanin genel regresyon tahmin edicisine
olan asimptotik denkligini gostermesiyle artmustir. Genel
regresyon tahmin edicileri (GREG) ¢ok degiskenli
yardimcr bilgi ile tasarlanmistir. Burada, GREG’in
agurliklar iizerinde odaklanilarak farkli bir yoldan elde
edilebilecegi gosterilmistir.

i inci gozlemin Ornekleme tasarim agirliklar d; dir.
GREG de ki agirliklar, verilen bir uzaklik 6l¢timiine dayali

bir sekilde, d;=1/ 7T, *ye olabildigince yakin tutulmaktadir.

Bu durum agirhiklandirilmis  yardimer  degisken
degerlerinin 6rnek toplamimnm, X yigm toplammi bu
yardimci degiskenlere esit yapmasi gerektigini ifade eder.
Bu, ayarlanmus agirliklar her bir yardimci degiskene
uygulandiginda mitkemmel tahminler vermelidir demektir.
Dolayisiyla, bu da tutarhiligi saglar, ciinkii yardimci
degisken ile ilgilenilen degisken arasinda giiglii bir
iliskinin olmasi yardimci degisken i¢in O6nemli bir rol
oynayan agirliklarin ilgilenilen degisken i¢in de 6nemli
olacagi anlamma gelirr. GREG yardimc: bilgiyi etkin
kullanir, bu nedenle tahminler kusursuzdur; buna karsin
birey agirliklart her zaman uygun olamamaktadir (1).

Ayarlama teknigi, genel regresyon tahmin edicisi
(GREG) i¢in bir alternatif cikarsama olup [14] nolu
denklem ile verilmistir. Y’nin ayarlama tahmin edicisi
regresyon tahmin edicisine bir alternatif olacak sekilde
asagidaki gibi yazilabilir.
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3. WHY CALIBRATED WEIGHTS?

Many survey statisticians agree on the following
objectives for a calibrated weight method (8):

1. Consistency. Calibration estimation is a
consistent estimation. In this method, a
weighting system that satisfies [2] is applied.
Thereby, it reproduces the representation of the
known population total value of auxiliary
variable at optimum way.

2. Closeness to the basic weights. The most
attractive property of the basic sampling design
weights have is that they yield design unbiased
estimates. Therefore, any departure from these
weights should be small in order to preserve the
design unbiasedness, at least approximately or
asymptotically.

3. Control on auxiliary variable totals. The more
auxiliary variables information we wuse in
calibration, which are known to be related with
interest variable, the ‘“better” we expect the
resulting weight system to be. The sensitivity of
calibration estimations tends to increase as more
auxiliary variables (known that have no
autocorrelation problem and known population
total) which are correlated with interest variable
are used.

4. DERIVING THE GENERAL REGRESSION
ESTIMATORS BY CALIBRATION

The interest for the calibration approach has grown
since Deville and Sérndal (1992) showed the asymptotic
equivalence of calibration to the general regression
estimator. The general regression estimators (GREG) were
conceived with multivariate auxiliary information. Here, it
has shown that the GREG can be derived by a different
route by focusing on the weights.

The sampling design weights of ith observation is d|.
The weights implied by the GREG are as close as possible

to the d;/=1/77; according to a given distance measure.

This situation signifies that the sample total of weighted
auxiliary variable values must be equal to the known
population total X for that auxiliary variable. That is, the
calibrated weights must give perfect estimates when
applied to each auxiliary variable. So this provides the
consistency, because a strong correlation between the
auxiliary variable and the interest variable means that the
weights that perform well for the auxiliary variable also
should perform well for the interest variable. GREG uses
the auxiliary information efficiently, so the estimates are
perfect; despite this the individual weights are not always
suitable. (1).

The calibration method is an alternative inference for
general regression estimator (GREG) and was given by
[14]. The calibration estimator of Y can be written as
below as an alternative to the regression estimator:
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YCireg :zi:lwiy[= YHT+(X_XHT),B [14]
Burada X HTZZ[ES d ;X; x vektorii icin Horwitz-

Thompson tahmin edicisidir ve

é = {Zies diQixix; }_121'&3 diqi'xiyi [15]

coklu regresyon katsayisinin agirliklandirilmis bir tahmin
edicisidir.
Deville ve Sarndal (1) Y, ¢ ayarlama tahmin edicisinin

A

Y,

C _reg
denk oldugunu ¢aligmasinda gostermistir.

regresyon tahmin edicisine asimptotik olarak

5. VARYANS VE VARYANS TAHMINi

Yukarida da ifade edildigi iizere Y, ¢ ayarlama tahmin

edicisi Y,

C reg Tegresyon tahmin edicisine asimptotik

A

olarak denktir. Dolayisiyla Y, ¢ 'nin asimptotik varyansi

(4V) regresyon tahmin edicisinin varyansiyla ayni olup,
sOyledir (10):

A N N
AVYe =3 Ay (d,E,)d,E) [16]

=1 [=1

Ay =my—m7,, d

1

=1/7, ve E, =y, —x/B olup,
B [17] nolu esitligi saglar.

(ZLqixfx;)B = Z,A; q,%); [17]

B agirliklandiriimis en kiigiik kareler ifadesini minimize
eder:

N N
SSU = zqi(yi _xi'B)z =zqz'Ei2 ’ (18]
i=1 i=1

[16] nolu esitlikte yer alan varyansi tahmin etmek igin,

El. artiklart kullanilamaz, ¢iinkii B bilinmemektedir.

B tahmin edicisi,

ws [18] nolu esitlik ile verilen

2
bilinmeyen ql.El. degerinin yigin toplami olan SSy ile

hesaplanir. Bu toplamin ayarlanmis agirhiklar tahmin

SSSW = z ‘/ViQiE‘i2 dlI' ve
i=1

i=
n 1H _ n
i=1 Wi X X; )D s = Zizl Wid; XY,

normal denklemini saglayan B

edicisi
Ornek-tabanli

s tahmin edicisi ile

A

minimize edilir. Ornek-tabanh artiklar e, = y, — x;BWJ

A

olarak hesaplanabilir. Y, ¢ 'nin varyans tahmin edicisi

asagidaki gibi yazilir.

YCireg

zzz':lwiyiz YHT +(X_XHT)’B [14]
where X HT = Zies d ;X; is the Horwitz-Thompson

estimator for the x-vector and

B=1{5 dgxx|'s. dqxy, [15]

is a weighted estimation of the multiple regression
coefficients.

Deville and Sérndal (1) state that the calibration

A

estimator Y, ¢ is asymptotically equivalent to the

regression estimator Y, C reg -

5. VARIANCE AND VARIANCE ESTIMATION

A

As mentioned above, the calibration estimator Y, c is

asymptotically equivalent to the regression estimator

A

Y,

C reg Thus, the asymptotic variance (47) of Y, c is the

same as that of the regression estimator and it is (10):

A

N N
AV(YC ):ZzAil(diEi)(dlEl) [16]

i=1 [=1

where A, =r,—mr,, d =1/nx, and

E =y - x,.' B, B satisfying the equation [17].

> g B=3" g, [17]

B minimizes the weighted least square expression:
N , & R

SSy :zqi(y[_xi,B) :zqiEi ’ [18]
i=1 i=1

To estimate the variance [16], the residuals £ ; cannot

be used, because B is unknown. The estimator BWY is

calculated by SSy given by [18] is the population total of

2 . . .
unknown qiEi values. The calibrated weights estimator

of this total is §S :zwiq[Eiz and which is
i=1

minimized by estimator B ws Satisfying the sample-based

. n 1 H _ n
normal equation (Zi:l W,q,X,X] )BWS = Zi:l Wi g, X, Y, -

The sample-based residuals can be calculated as

_ 'D . . 4
e =y - xiBWS . The variance estimator of YC can be

written as below:

V=334, m)me)we,) [19)

=1 [=1

599



600

non

vV (f’c )= (A, /7)) (we,)(we,) [19]

i=1 I=1

Ayarlanmis  agirhiklan V' (Y, c)de e artiklarim

agirliklandirmak i¢in kullanilmigtir. Tasarim-tabanl bakis
acistyla ele alinacak olunursa, e; artiklar standart tasarim
agirliklari d;’lerden basit bir sekilde agirliklandirilabilir ve
tasarim-tutarli bir varyans tahmin edicisi elde edilir.
Model-tabanli, tasarim-tabanlida ki 6zellikleri tasimasina
karsin, d;’lerin tizerine w;’lerin tercih edilmesinin bir
sebebi vardir. Regresyon tahmin edicisinin [14] temelini

olusturan  model f, E.(y)=p%, V.(y)= ol

oldugunu belirtir. Buradan, [19] nolu esitligin yalnizca
tasarim-tutarli bir varyans tahmin edicisi degil, ayni

zamanda model hata kareler ortalamas1 £ p ()A’C - Y)2 i¢in

adeta bir model-yansiz tahmin edicidir. Basit tesadiifi
orneklemede yerine koymadan o6rnekleme yapildiginda,
eger ornekleme kesri kiiciik ise [14] nolu esitligin model
yani ihmal edilebilmektedir.

6. SONUC

Arastirmacilar yardimer degiskenler igin miikemmel
tahminler saglayan agirliklarin, ilgilenilen degisken iginde
iyi bir tahmin saglayacagina inanmaktadirlar. Agirliklarn
uygulanmasiyla yansiz tahminler elde edilecektir
denilemez, ama yansizliga c¢ok yakin olunacag
soylenebilir (1, 10). Ornek arastirmalarinda yardimei
degisken bilgisinin olmasi halinde, tahminlerin etkinligini
arttrmada ve varyansta da genis ¢apli azalmalarin
olmasmi saglamada bir agiliklandirma ydntemi olan
ayarlama tahmin edicisinin kullanimi o&nerilebilir. Bu
calismada ayarlanmis agirliklarin nasil hesaplandigi bir
hipotetik veriyle gosterilmeye ¢alisiimistir.

Arastirma verisinde yardimc bilginin etkili kullanim
hem tahmin edilecek yigin degerlerine hem de ilgilenilen
degiskeni ile yardimci degiskenler arasindaki gergek
iliskiye  baglidir.  Yardimci  degiskenler iizerinde
bilingsizce ayarlama yapmak c¢ogunlukla iyi bir yaklasim
degildir. Ayarlamada asil disiince agirliklar1 yeniden
diizenleyerek, bilinen yardimeir degisken toplamlarim
ornek i¢in yeniden temsil edilir hale getirmektir.

Ayarlama tahmin edicilerinin yapilabilmesinde uzaklik
Ol¢limii ve ayarlama denklemleri olarak adlandirilan iki
temel bilesen vardir. Deville ve Sérndal (1992)’1in 6nemli
bir ¢ikarsamasi da, yigin toplami tahmin edicilerinin
uzaklik  Ol¢limiinin ~ farkli  se¢imlerinde  tiimiiniin
asimptotik olarak denk olduklarii ve yigin toplami igin
ayni asimptotik varyansa sahiptirler (11). Ayarlanmig
agirliklariyla yeni agirliklar, arzu edilen yansiz tahminler

saglayan ornekleme tasarim agirliklarinda (d;=1/7C; de)

miimkiin oldugunca az degisiklik yapilarak belirlenir.
Arastirma istatistik¢ileri 6rnekleme tasarim agirliklarinin
yakininda durmayi isterler.
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illustrated by a hypothetical data.
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