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ABSTRACT

MULTIPLE FRAME SAMPLING THEORY AND APPLICATIONS

Dalcik, Aylin

Master of Science, Department of Statistics

Supervisor: Prof. Dr. H. Oztas Ayhan

February 2010, 125 pages

One of the most important practical problems in conducting sample surveys is
the list that can be used for selecting the sample is generally incomplete or out
of date. Therefore, sample surveys can produce seriously biased estimates of
the population parameters. On the other hand updating a list is a difficult and

very expensive operation.

Multiple-frame sampling refers to surveys where two or more frames are used
and independent samples are taken respectively from each of the frames. It is
assumed that the union of the different frames covers the whole population.
There are two major reasons for the use of multiple-frame sampling method.
One is that, using two or more frames can cover most of the target population
and therefore reduces biases due to coverage error. The second is that multiple-
frame sampling design may result in considerable cost savings over a single

frame design.

Key words: Multiple frames, overlapping frames, coverage, cost-efficiency



Oz

GOKLU GERGEVE ORNEKLEME TEORISi VE UYGULAMALARI

Dalcik, Aylin

Yiiksek Lisans, Istatistik Bolimii
Tez Yoneticisi: Prof. Dr. H. Oztas Ayhan

Subat 2010, 125 sayfa

Ornekleme arastirmalarindaki en énemli uygulama problemlerinden biri secilen
ornekler icin kullanilan listenin genellikle tamamlanmamig olmasi veya verinin
guncel olmamasidir. Bunun sonucunda, 6rnekleme arastirmalari ciddi sekilde
kitle parametrelerine iliskin yanli tahminler tretebilir. Listenin giincellenmesi zor

ve ¢ok pahali bir iglemdir.

Coklu cerceve t6rneklemesi iki veya daha fazla gergevenin kullanildidi ve her bir
cerceveden bagimsiz orneklerin c¢ekildigi arastirmalan ifade eder. Farkli
cergevelerin birlesiminin  tim kitleyi kapsadigi varsayilir. Coklu c¢ergeve
ornekleme yonteminin kullaniminin iki dnemli sebebi vardir. Bir tanesi, iki veya
daha fazla cergevenin kullanimi, hedef kitleyi kapsayabilir ve neticesinde
kapsama hatasi ylziinden olusabilecek yanlli§i azaltir. ikincisi, coklu cerceve
ornekleme plani tek cerceveli plana gore Onemli maliyet tasarrufuna sebep

olabilir.

Anahtar kelimeler: Coklu cerceveler, 6rtisen gergeveler, kapsam, uygun maliyet
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CHAPTER 1

INTRODUCTION

The list of population elements is called a sampling frame. To do sampling, list of
population elements must be available or to be prepared. The sampling frame or
list is the keystone around which a sampling process constructed. The frame can
be phonebook, student record index, population index of record, voter lists,

maps, etc.

The frame is perfect, if it covers all elements of the target population. In other
words, sampling frame and selected sample elements must have one to one
correspondence. But perfect frames are rare, and we must often use frames with

serious deficiencies that must be detected and remedied.
There are four basic frame problems discussed by Kish (1965).

Missing elements, noncoverage, incomplete frame
Cluster of elements together in one listing

Blanks or foreign elements

P w DD PR

Duplicate listing
Kish (1965) mentioned three general ways of avoiding the problems.
a. Ignore and disregard the problem if it is known to be small compared to

other errors, and if correcting it would be too costly.

b. Redefine the population to fit the frame. It can be used if the result of the

redefinition is trivial or preferred. For example, a firm’s payroll list may



exclude recently hired employees; but this may be few and the

researcher may prefer to exclude them.

c. Correct the entire population list. This means finding all missing

elements, splitting each cluster, and eliminating all blanks, foreign

elements and duplicate listings.

Kish (1965) proposed specific treatments for the four basic problems:

1. Missing elements

It is also called noncoverage and incomplete frame. There are two solutions

for this problem.

A supplement listing in a separate stratum for the missed
elements may be formed to provide for their separate selection.

Linking procedures append uniquely the selection of the missed
elements to specified listings. Linking procedure is a convenient
device when a separate stratum is too costly and the missed

elements are scattered individually or in small clusters.

2. Cluster of elements can appear together, associated with single listings.

In this case, three solutions can be used.

If the clusters are rare and small, include all the elements that
occur with each selected listing.

Select one element from the cluster, at random, and weight it up
with the number of elements in the cluster.

Relist a larger sample and then select from it an epsem of

elements.

3. Blanks or foreign elements occur when some listings contain no

elements of the target population. In this case the selected blanks must

be rejected and omitted, because they contribute no element to the

sample.



4. Duplicate listings can be treated as follows:

= Problem can be solved by weighting each case by the inverse of its
number of listings. If the element has P; listings, assign the weight
1/P; to its selection and include duplicate selections.

= Unique identification of a single listing for each element may be
determined at the time of the selection.

< When the population consists of more than one frame, in which
some units may be duplicated. For each sample case a search of all
preceding frames must be made, and the selection thrown if a

preceding duplicate is found.

Multiple frame surveys generally used to decrease cost of sampling or reduce
undercoverage. A common example is a dual frame survey where one frame
can be sampled cheaply but does not cover the whole target population,
however the other frame complete coverage but it is expensive to sample.
Supposing that complete frame such as a household address list is available, it
is more efficient to take sample reduced size from the complete frame and
supplement the sample by additional data taken from other frame such as
telephone directories might be incomplete but less expensive to sample from.
Figure 1 displays overlapping two frames, frame A that covers the whole
population is very expensive to sample and frame B that does not cover the

whole population but is cheaper to sample.

Figure 1: Overlapping Frames A and B and Two Domains, Because Frame 4 is
Complete and Frame B is Incomplete.



Figure 2 displays overlapping three frame in which frame A is complete but
frame B and C are incomplete. Hartley (1962) proposed the general
methodology of multiple frame sampling. His applications concentrated on the
circumstances where one frame was complete but expensive to sample, other
frames were cheap to sample butincomplete. Hartley (1974) used multiple
frame estimators for estimation of Crop and Livestock items in Texas. Frame A
was the list frame of "farm operators” compiled from the country ASCS
(Agricultural Stabilization and Conservation service of the U.S.) offices
eliminating duplications of operators within the county (operators with several
ASCS contracts) and between counties (operators operating in several
counties). Frame B was the list of "tract farmers"; that is, operating a tract
contained within the segment boundaries with regard to all operations
conducted on the tracts. In this example frame B has 100% coverage but frame

A only cover about 70% to 95% of the farm operators.

Figure 2: Overlapping Three Frames and Four Domains, Because Frame A is
Complete and Frames B and C are Incomplete.

Under coverage is one of the most common problems of sampling frames. To
reduce the effect of coverage error on survey estimates several frames can be
combined in order to get a complete (or nearly complete) coverage of the target
population. Multiple frame estimators have been developed to be used in the

circumstances of multiple frame surveys (Maia and Vicenta 2009). Sampling



frames may overlap; it means a single unit of the sample frame is related with
more than one element of the target population. Figure 3 displays a two
overlapping frames in which each frame is incomplete and Figure 4 displays a
three overlapping frames in which all frames are incomplete. Kalton and
Anderson (1986) described a multiple frame survey of persons with AIDS, one
sample was taken from the frame for a general population health survey,
meantime independent samples were taken of clients of sexually transmitted
disease clinics, drug treatment centers, and ospitals. The multiple frame
approach would be expected more accurate estimates of persons with AIDS,
because the last three frames would provide larger numbers of persons with
AIDS for the sample. lachan and Dennis (1993) described a multiple frame
survey of the homeless population where the frames were homeless shelters,
soup kitchens, and street areas. Not all homeless persons visit the homeless

shelters, so using more frames probably reduces the undercoverage bias.

Figure 3: Overlapping Frames A and B and Three Domains. All Frames are
Incomplete.

A
N

Figure 4: Overlapping Frames 4, B and C and Seven Domains. All Frames are
Incomplete.



In this study, making estimates without making a single list will be discussed
when the population consists of more than one frame in which some elements
may be duplicated. Because combining lists can not be possible. For example,
when it is made a research about internet banking users in Ankara, combining
lists of internet banking users taken each of different banks to provide perfect
frame can not be possible. People having same name and surname can be seen
in records of different banks. If those people have different address, it is possible
to identify as different people. In such cases, it is difficult to determine
duplications. In such circumstances multiple frame approach can be good

solution.

In chapter 2, general description of multiple frame survey was made and
coverage and matching errors were explained in chapter 3. In chapter 4 and 5,
multiple frame estimators were discussed. In chapter 6, application with artificial
data was made in order to compare and discuss these estimators. In chapter 7,
conclusions and recommendations were made about use of multiple frame

estimators.



CHAPTER 2

MULTIPLE FRAME SURVEY

When multiple frames are used, it is likely that some members of the target
population will be included on more than one frame. This situation is called
“matching frames” or “overlapping frames” in the literature (Kish 1965). The
representation of some population members on more than one frame gives rise

to the frame problem of duplicates.

There are two basic approaches for handling duplicates (Kalton and Anderson

1986).

= To redefine the frames so that they are non-overlapping

= To make compensations in the analysis.

The replications can be ignored if they are known to be a small henough
proportion, or if the target population is redefined to include them. If it is not too
costly, we can eliminate replications from all lists. Kish (1965) proposed a
procedure for eliminating overlaps. These procedures can be represented in

the following Table 1 for four frames.



Table 1: Procedure of Unique ldentification

Frames 1 2 3 4
Number of
Unique M, M, M, M,
Elements

Number of
Replicated 0 M, My + M3, M3y + Myyz +Myy s
Elements

Number of
Population N, N, Ny N,
Elements

Source: Kish (1965)

From the first frame, we accept all N; listings as the M; unique elements of the
first frame. From the N, listings of the second frame, we eliminate the M,
listings which also appear on the first frame, and obtain the M, unique elements
of the second frame. From the third frame of N3, we eliminate M,; which appear
on the second frame, and M,;, which appear on the first, though not on the
second. From the fourth frame, we eliminate those found on the third, those on
the second but not on the third, and those on the first but neither on the third nor

on the second, and so on.

To save effort, this procedure of unique identification can also be carried out on
a sample basis. From the first frame, all n, = N;f; selections are accepted.
where f, =n,/Ny, h =1,23,4. The n, = N,f, selections from the second frame
are searched for duplications among the population N; of the first frame, and any
found are eliminated; but this number my, will be variant around its  expected
value M;,f,. Hence m, = n, —my, is also a variate which can be regarded as
the subclass that appears as the proportion m, = m,/n, from the second frame.
Similarly from the n; = N;f; selections of the third frame, a search of the second
frame eliminates m,5, and a search of the first frame a further m,3 ,; this leaves
the random subclass proportion of m; = m3/n3 from the third frame. And so on
to the fourth and later frames. The unique listings m; +m, + mg +--- = Y my,
denote a stratified sample of subclasses, except for the first stratum in which

m; = m;/n;=1. Now the formulas of stratified subclasses can be applied.



Within the strata, the simple random samples of n;, elements result in simple
random samples of the m,;, of the subclass members. Thus, when the weights
Wy = Mp/M are known constants, the general stratified random formulas for the

variance can be applied to the mean (Kish 1965).

Vo = Zn(Mp/ M) 27" ypi/my,  and its variance is

2
var() = LW - fu) ;—’;

Frequently M, is not known. But we just know the random variable m, of
subclass members that are found among the n; elements of the random sample
selected in the h.th stratum. The proportion of subclass members, m;, = m;/ny,
is the binomial mean of the count variable M;; that takes on the values

my; =nyp; =1 for the m;, members of the subclass,
my; =0 for the (n, —my) non members.

The computations and derivations for subclasses involve a similar auxiliary

variable Yy; for the variable Xj;
Vhi = Xni for the members of the subclass,
Vi =0 for the (n;, —m;) nonmembers.
The stratum total is
Yh = Z?h Yhi = Z;nh Yni and

The stratum mean is

mp
Yn _ Yn _ Zi Yhi
— s =comp
myn, my Zi My

We want to estimate the subclass total Y:Z,ﬁ’Zf"thi for the M subclass

members in the population and the subclass mean ¥ = Y/M. The subclass total

can be estimated by



7=E Ny 72 = SRy 21)

The subclass sample mean is

_ XNpyu/np _ XFpyn _ _
where wy = Fhmh/Z Fhmh and Fn = Nh/nh.
Kish (1965) proposed the variance for a subclass total ¥,,. It is
7y — _ 2 mp. o2 Yh
var (7,) = £ - f)Fi [Zi Yhi nh]
NE — o2
=2~ fa) 2 M ok + (- M) 23)
(24)

1 _
where 12 = -~ 2" Wni — Yn)?

In a related example, procedure of Kish (1965) can be shown below. This
example was made with small frames on Table 2 to show how the procedure
worked. Samples s,,sg and sc were selected from the population frames A, B

and C respectively.

10



Table 2: Artificial Population Frames 4, B and C

FRAME A FRAME B FRAME C
Pop. Pop.

Pop. Element | Pop. Pop. Pop. Element
ID Value ID Element ID Value

i ID Label A i ID Label Yi i ID Label A
1 Aylin 1 1 Suheyla 1 1 Suheyla 1
2 Suheyla 1 2 Vural 1 2 Aylin 1
3 Atrif 2 3 Aysegul 0 3 Berrin 1
4 Aynur 3 4 Berrin 1 4 Hakan 2
5 Ayse 5 5 Mahmut 3 5 Ozgur 5
6 Hakan 2 6 Murat 0 6 Necla 2
7 Ebru 2 7 Hacer 6 7 Haydar 6
8 Ozcan 3 8 Ayse 5 8 Zehra 3
9 Birsen 4 9 Aylin 1 9 Murat 0
10 Kamil 2 10 Ebru 2 10 Kaya 6
11 Aysegul 0 11 Didem 1 11 Nurettin 2
12 Deniz 5 12 Tuna 7 12 Aysenaz 0
13 Nilgun 2 13 Hakan 2 13 Nurcan 2
14 Zehra 3 14 Zehra 3 14 Hacer 6
15 Sule 4 15 Ozcan 3 15 Umit 5
16 Ahmet 2 16 Necla 2 16 Tuna 7
17 Bora 1 17 Ismail 4 17 Osman 3
18 Hacer 6 18 Eda 3 18 Gizem 3
19 Nurettin 2 19 Ferit 2 19 Vural 1
20 Asli 1 20 Bora 1 20 llsu 0
21 Vural 1 21 Nurettin 2 21 Banu 2
22 Haydar 6 22 Gizem 3
23 Tuna 7 23 Nurcan 2
24 Ozlem 4 24 Doga 4
25 Berrin 1 25 Haydar 6
26 Umit 5
27 llsu 0
28 Aysenaz 0
29 Osman 3
30 Mehmet 1

An application to this method was made with samples given in Table 3.
These independent simple random sampless,, sz ands; selected from the
population frames A, B and C respectively. The sizes of samples were

nA:lO,nBZS and nC:7.

11



Table 3: Independent simple random samples s,, s and s,

Sample 4 Sample B Sample €
Sy Sp Sc
Sample Sample Sample
Sample| Pop. Element | Sample Pop. Element|Sample |Pop. Element

ID ID Value ID ID Value ID ID Value
i i |ID Label y; i i ID Label | y; i i D Label Yi
1 1 Aylin 1 1 11 |Didem 1 1 10 Kaya 6
2 30 Mehmet 1 2 1 [Suheyla 1 2 2 Aylin 1
3 22 Haydar 6 3 23 |Nurcan 2 3 9 Murat 0
4 10  Kamil 2 4 14 Zehra 3 4 5 [Ozgur 5
5 28 Aysenaz 0 5 4 [Berrin 1 5 3 [Berrin 1
6 17 Bora 1 6 9 Aylin 1 6 12 |Aysenaz 0
7 7 Ebru 2 7 6 Murat 0 7 18 |Gizem 3
8 26 Umit 5 8 10 [Ebru 2
9 14 Zehra 3
10 4 Aynur 3

Procedure of unique identification was made on a sample basis and replications
were eliminated from all listings s;,s5 and s; were found. These unique
elements can be seen in Table 4 and replicated elements can be seen in

Table 5.

Table 4: Unique Elements Based on Samples s4, sz and s,

Unique elements in Sample A Unique elements in Sample B
S Sk
Sample Pop. Sample Sample Pop. Sample
ID ID Element ID ID Element
j i ID Label Vi j i ID Label Yi
1 1 Aylin 1 1 11 Didem 1
2 30 Mehmet 1 3 23 Nurcan 2
3 22 Haydar 6 7 6 Murat 0
4 10 Kamil 2 Unique elements in Sample €
5 28 Aysenaz 0 S¢
6 17 Bora 1 Sample Pop. Sample
7 7 Ebru 2 ID ID Element
8 26 Umit 5 i i ID Label Vi
9 14 Zehra 3 1 10 Kaya 6
10 4 Aynur 3 4 5 Ozgur 5

12



Table 5: Replications Based on Samples s4, sz and s,

Sampled elements from frame B .It is also in

Sampled elements from frame C. It is also in

Sampled elements from frame C .It is also in
frame A but not in frame B

Sace
Sample Sample
ID Pop. ID Element
i i(A) i(© ID Label ¥;
6 28 12 Aysenaz 0

frame A frame B.
Sy Spe
Sample Sample Sample Sample
ID Pop. ID Element ID Pop. ID Element
j i (A) i (B) ID Label y; j i (B) i(C) |ID Label y;
2 2 1 Suheyla 1 2 9 2 Aylin 1
5 25 4 Berrin 1 3 6 9 Murat 0
6 1 9 Aylin 1 5 4 3 Berrin 1
8 7 10 Ebru 2 7 22 18 Gizem 3
4 14 14 Zehra 3

After eliminate the replications from all lists the number of unique elements,

replications summarized in the Table 6.

Table 6: Number of replications and unique elements based on samples
Sy, Sp and s

Samples A B c
Number of UniqueElements
in Sample 10 3 2
Number of Replicated
Elements 0 5 4+1=5
Number of Sample
Elements n,=10 ng =8 n=7
my, m,=10/10=1 mp=3/8=0,375 m=2/7=0,285
Y 24 3 11
~ 30 25 21
7, =N, A =YFy,= —24+—3+—11=11436
np 10 8 7

Making a single list requires the matching of listings across frames. This process

is error prone generally. Problems such as misspelt names and alternative

13



addresses cause failures to match and mismatches. Biases arising from these

problems need to be taken into account.

Multiple frames in sample surveys has been examined by several author such as
Hartley (1962 and 1974), Lund (1968), Fuller and Burmeister (1972), Bankier
(1986), Skinner (1991), Skinner and Rao (1996) and Lohr and Rao (2000).
Different estimators were proposed whether domain and frame sizes are known
or unknown. In most cases, the domain sizes are not known or only
approximately known, due to the use of out of date information and lists, which
makes difficult to determine whether a unit belongs to any other frame. In such a
case, the estimator of the population total is biased and the bias remains

constant as the sample size increases.

A general approach for overlapping frames introduced by Hartley (1962 and
1974) and followed by the others. Although literature has mostly dealt with the
dual frame case, a theoretical framework for multiple frame surveys has been

given by Lohr and Rao (2006) as follows:

F denotes the index of frames, F ={1,2,.......,Q}. They assumed that the union
of the frames covers the target population. There are possible 29~ domains with

Q frames. For K £ F, the domain defined by K is
Dy = (Niex 4;) N (Nygx AS) where ¢ denotes complementation.

For example, Q =3 and there are 7 domains Dy denoted by index sets
K ={(a), (), (c), (ab), (ac).(bc), (abc)} (see in Figure 3).

N@ s the number of population units in frame Aq, and Ny is the number of

population units in domain K. The frame sizes N are often known but the
domain sizes Ng are often unknown. In this context, the population total Y can be

written as the sum of the population totals in distinct domains,

Y = Yker Yk (25)

where Yy =YV, 8;(K)y; (2.6)
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and §;(K) is an indicator of domain variable:

500 ={g oehernwise
The number of population units in domain Dy, is a special case of Yy wheny; =1
for all i.

Ny = XL, 8i(K) (2.7)
sq denote the probability sample from frame A,,q =12,.....Q. The multiple

frame survey has K independent estimators of Y. Estimation of Yy using the

sample is given by
7P = Vies, w'® 8,()y; (28)

q)

The weights Wi( are the appropriate weights used for estimation from frame 4,.

Similarly the estimators of domain sizes Ny is given by
NP = Bies, w'® 8,(K). (2.9)

In literature there are three main approaches to estimate of population total from

setting weights wi(q) in (2.8) which is given by Mecatti (2007).

(&) The Optimum Estimator WL-(,Z;,: proposed by Hartley (1962), Lund (1968)

and Fuller and Burmeister (1972) has minimal variance but, in

operationally is very complex.

i ; (a)
(b) The Single Frame Estimator w; g

and Anderson (1986) and Skinner (1991) uses fixed weights

proposed by Bankier (1986), Kalton

guaranteeing unbiased estimates. However, they are less efficient than

the optimal estimator.

(c) The Pseudo Maximum Likelihood Estimator w®

i PML proposed by Skinner

and Rao (1996) and Lohr and Rao (2000) extends the applicability of the
optimal estimator. It increases its efficiency when compared with the

single based estimator.
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CHAPTER 3

COVERAGE AND MATCHING ERRORS

In surveys, the sample is selected from a sampling frame of all population
members. An inadequate frame leads to coverage errors. An error in coverage
occurs when there is an exclusion or duplication of the elements in the
population or sample. Exclusions are referred to as under-coverage, while
duplication and wrongful inclusions are called over- coverage. These errors are
caused by defects in the sampling frame: inaccuracy, incompleteness,
duplication, inadequacy and obsolescence. Many researchers use these kind not

up-to-date sampling frames. This can lead to serious bias.

Coverage errors may also occur in field procedures (e.g., a survey is conducted,
but the interviewer misses several households or persons due to poor

transportation facilities or severe weather conditions).

Matching error is another source of error which may be also associated with the
coverage error when mismatching occurs. In the following sections recent

literature on coverage error and matching error are examined.

3.1 Coverage Errors

The population coverage errors were defined by Ayhan (2000) and Ayhan and
Ekni (2003) as below:
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N is the size of the target population,

N; is the size of available frame population for source i,

where N > N, refers to under-coverage error, N < N; refers to over-coverage

error and N = N; refers to no coverage error.

Several methods have been proposed to solve the problem of coverage errors.
The most popular method of these is dual-record system estimation. Dual-
records system (DSR) estimator was first proposed by Chandra Sekar and
Deming 1949 and was developed by many researchers such as Casady,
Nathan, Sirken (1985), Hogan (1990, 1993a, and 1993b) Isaki (1992) and Ayhan
(2000),

This method is based on collecting and matching data for the same units of
observation, from two independent data collection sources. These two data
sources may be any combination of registration, census or sample surveys
(Ayhan 2000). The main idea is to compare the results of two sources, generally
the census or household survey and a generated source and try to estimate the
total population. Application of dual record system estimation is presented by a

2x2 contingency table as in Table 7.

Table 7: Data Layout Structure of a Dual-Record System

Data Source 2
Data Source 1 Reported Not reported Total
Reported Ny, ny, niy
Not reported N,y Ny, Ny,
Total Nyq Ny, n

Source: Ayhan (2000)
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where

n = the total number of events

n,, = the total number of events reported by both data sources 1 and 2
nq., = the total number of events reported by only data source 1
n,, = the total number of events not reported by both data sources 1 and 2

n,;, = the total number of events reported by only data source 2.

The Chandra Sekar - Deming (CD) estimator is given by Ayhan (2000) as below:

ACD) = nyy + gy +nyp + ﬁgiD) (311)
where ﬁggD) = n12n21/n11 (312)

By using the information on marjinal total, the same estimator can be presented
in the following form (Ayhan 2000).

ﬁ(CD) = (n11 + Tllz)(nll + n21)/n11 = n1+n+1/n11 (313)

The structure of the layout of data for the DRS can be altered to accommodate
the new proposed estimators as shown in Table 8 and Table 9. The unmatched
cases from both data sources for the cells of the original layout were further
divided as missed as a result of undercoverage (UC) and not reported as a result

of non-response (NR).

Table 8: Layout of the Breakdown of Error Components for the Proposed
Estimator When n; = n,

Data Source 2
Not Matched
Data Source 1 Matched Not reported Missed
(reported) NR (n,) UC (n3) Total

Matched (reported nq4q Ny, ny,
Not reported NR (n;) nyy gy —n ANy —nyy)  (ny —ny )A (G — 1) ng —ng,
Missed UC (n;) Ny M —n)IAy —nyy)  (n) —n A —ny) n-m
Total n,. n, —n. n;, —n, n

Notes: n, and n, relate to the matched and not reported cases from the data sources 1 and 2

respectively.n; and n; relate to the matched and not matched (both not reported and missed) cases from
data sources 1 and 2 respectively.

Source: Ayhan (2000)
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The total number of events obtained from data source 1 is n,, with

fiy = nyy + NR (n4) (3.14)
The total number of events obtained from data source 2 is n,, with

fi; = nyy + NR (1) (315)

The total number of events that should have been obtained from data source 1 is

nj, with
fif =n14 + NR (ny) + (nf — nq) (3.16)

The total number of events that should have been obtained from data source 2 is

n3, with
13 = ny + NR (np) + (n; — ny) 3.17)
Ayhan (2000) proposed the following estimators.

(i) When the selected sample sizes are equal (n; = n,), estimators based on

data source 1 is given by
AW = (ny1 +ny1) + 1y +{lng + (0 +n3) + (05 =)l —nyy} —np (3.1.8)
AW =nyy +nyp + (0] —ny1) — 14l (319
~(4) _

where A, = [(n] —nyy) —nyl

The same estimators can also be determined on the basis of data source 2, as

follows:

AW = (nyy +nyp) + gy +{lngy + (ny +nyy) + (0 —n)l —ny d —nygy

(3.1.10)
AW =nyy +ny + (05 — n4q) — 0] (3111)
where ﬁg‘g) = [(n; — n41) — nyol (3.112)

19



(ii) When the selected sample sizes are equal (n; # n,)

Table 9: Layout of the Breakdown of Error Components for the Proposed
Estimator When n; # n,

Data Source 2
Not Matched
Data Source 1 Matched Not reported Missed
(reported) NR (n,) UC (n3) Total
Matched (reported ny ng, 0 ny,
Not reported NR (14) Ny, (g —n ANy —nyy)  (ny =y )A(M; —1y) n—ny,
Missed UC (n;) 0 (n; —n)HAny, —n.y) (n] —n)An; —ny) n;—n,
Total nyq n, —Nyq n, —n, fl

Notes: n,; and n, relate to the matched and not reported cases from the data sources 1 and 2
respectively.n; and n} relate to the matched and not matched (both not reported and missed) cases from
data sources 1 and 2 respectively.

Source: Ayhan (2000)

The number of events determined from the data source 1 is
] =gy + (g —nyy) + (n] —ny) (3113)
=ny4+ + NR (ny) + UC (n3)
The number of events determined from the data source 2 is
iy = ngq + (np —nyq) +(n; —ny) (3.1.14)
= n41 + NR (1) + UC (n3)
Thus, the alternative estimator was proposed by Ayhan (2000) as follows:

A = Max (75, 7t} (3.1.15)

There are two approaches to overcome coverage error. One is to use up-to-date
frames. But updating a frame is a difficult and very expensive operation. The
second is to adjust the data after they are collected. Several methods were
proposed to improve the coverage errors by now. In this thesis, multiple frame

methodology was used to improve the population estimates.
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3.2 Matching Errors

There are two kinds of matching errors, erroneous matches and erroneous
nonmatches. An "erroneous match" means a report that is classified as a match
but does not correspond to any report in the other system and, an “erroneous
nonmatch™ means a report that is classified as a nonmatch and does correspond
to a report in the other system. Erroneous matches predominate within some
sampling units because of similarities of names and duplications or other
inadequacies of the address identification. Within other sampling units,
erroneous nonmatches may predominate because of a poor interviewer or a
careless registrar who makes errors in recording names, addresses, and other
identification data. The definitions of "erroneous match” and “erroneous
nonmatch" are important primarily during the process of trying to determine

matching rules that will minimize bias and variance.

To minimize the matching bias we need only be concerned with the net matching

error, that is

Matching error = (the number of erroneous matches) — ( the number of

nonerroneous matches)

On the basis of the definitions of matching error, following notations were
established by Marks, Seltzer and Krotki (1974)

ni;, = humber of erroneous matches among source 1 reports using some
specific set of matching rules; that is, the number of source 1 reports
classified as matched for which no true counterpart exists among any

of the source 2 reports;

nip, = number of erroneous nonmatches among source 1 reports under the
same matching rules; that is, the number of source 1 reports classified as
nonmatched for which a true counterpart does exist among the source

2 reports;
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n,, = number of erroneous matches among source 2 reports under same

matching rules;
n,, = number of erroneous nonmatches among source 2 reports;
Ne =Nqyqg — Nqp = Nyq — Nyp = estimated net matching error ;
Nig = N1q + Nq1p = gross matching error for source 1; and
Nyg = Ny + Ny, = Qross matching error for source 2.

The probabilities P4, Pog, P1p, and Py, and the expected net and gross error

rates P., P4, and P,; are proposed by Marks, Seltzer and Krotki (1974) as

follows:
p = E(nyg) — E(nyq)
la N 1 2a N ’
E(nyp) E(nyp)
Py, = Py, =
1b N ' 2b N ’
E(n.) E(nyq) E(nzq)
P =—- Py = and P,y =————.
c N ' 1d N ’ 2d N
In addition,

m; = Estimated number of events that should match ( that is, the number of

"true matches" ) and

E(my)
P12 = N .

n,; = the number of events reported by source 1

n, = the number of events reported by source 2

m = the number of matches obtained in a particular study
So the number of matched reports is,

m=m; + Ny —Nqp =My + Nyq — Nyp =M + N, (3.21)
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where mg, 1y, Nqp, Nag, Nop, @and n, are the sample estimates.

Marks, Seltzer and Krotki (1974) proposed the following estimator,

ANy — MmN
= = (322
The relative bias due to matching error B, is
— _E(nc) — E(nc) - _ P
B = ~FGm) = " Emo+EGD) Py, +P. " 323)
By, can be estimated by
by = — e = MU= (3.2.4)

m m

As we have seen this formula, the relative matching bias is estimated by ratio of
net matching error to the observed number of matches. In general, m; and n,
are unknown. However it is possible to make a reasonably good approximation
of m, for a (small) sample. This procedure would be too expensive to use as a
regular operating procedure, but the expenditure would be m; and n. Marks,
Seltzer and Krotki (1974).

When multiple frame approach is used with more than two frames, some of them
may be out of date, in this case record matching is very difficult and error prone.

Errors in records matching are another sources of bias.
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CHAPTER 4

SIMPLE RANDOM SAMPLING FROM EACH OF TWO FRAMES

The subject of multiple frames in sample surveys has been examined by Hartley
(1962 and 1974), Cochran (1967), Fuller and Burmeister (1972), Lund (1968),
Bankier (1986), Kalton and Anderson (1986), Skinner (1991), Skinner and Rao
(1996), Lohr and Rao (2000 and 2006) and Mecatti (2005 and 2007). Different

estimators were anticipated under several assumptions whether domain and

frame sizes are known or unknown.

We follow the notation of Hartley (1962). Notations for two-frame surveys are

shown in Table 10.

Table 10: Notation for Two Frame Designs and Estimates

Frame Domain

A B a b ab
Number of population elements N, Ng N, N, Nay
Number of selected sample elements * Ny ng N, n, Ngp My
Population total for Y Y, Y Y, Y, Yo
Population mean for Y Y, Yy Y, Y, Y.
Sample total for y* ya | Y8 | Y Y YanYan
Sample mean for Y* Va Vg Va Vb Fun Vb
Cost of enumeration of the sampling unit* 4 cp

*Applies to case of drawing random samples from both frames

Source: Hartley (1962)
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According to Lund (1968), the foundation for dual frames can be presented in

Figure 5 and Figure 6 as:

Population of size N

Frame A of size N, |
| Frame B Of Size Ng---------==-=zmmm=nn=-

N |- Nap- |- Ny

(04, Ya) | (szb: Yap) | (0131 Y,)

Source: Lund (1968)

Figure 5: Division of the Population Elements for any Frame Between Two
Domains

| Tab | - Np=-===-

| 3_’;17 Vb

Source: Lund (1968)

Figure 6: Division of the Selected Sample Elements for any Frame Between
Two Domains.

U is population, consisting of the union of two overlapping frames A and B. We

can write

U=AUB, a= A nB°,
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b=A°NnBAB, ab=ANB,
where ¢ denotes complement of a set. For example, B¢ is the complement of B.

The sizes of U, A, B, a,b and ab are denoted N, Ny Np Ng, N, Ngp, respectively,

then
N = Ng + N, + Ngp = Ng + Ng = Ny + N, (41)
Ny = Ng + Ngp (4.2)
Np = Ny + Ngp 4.3)

Independent simple random samples s, and s; are selected from A and B

respectively, then we can write
Sa=SaNa, s;lbzsAnab
Sp =SgNb, s;bsznab

and denote the sizes of s4, sg, S4, Sp, s[lband s;b by ng, ng, ng, np, ";zb and n;b,

respectively.

An important point here is how we will classify sampled units into domains. This
classification can be made by using algorithm in Figure 7. Note that, simple
random samples s, and sz were drawn without replacement from frames A and

B respectively.
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Target population consists of two frames. Frame A and Frame B. Their sizes are

N, and Np.
Frame A Frame B
Ny Ng
S, is selected with SRS and its size is ny Sg is selected with SRS and its size is ng

Sa Sp

ny np

One element is selected from S, One element is selected from Sg
NO It also YES NO It also YES

belongs to belongs to

Frame B Frame A

y y y y
s, It comes from A Sqp It comes from A s, it comes from B Sqp It comes from
andisin A and also is in B andisin B B andalsoisin A

Figure 7: Algorithm for Classification of Sampled Elements to Domains for Dual

Frame
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A small application concerning classification can be shown as below.
Independent simple random samples s4, sp shown in Table 12 selected from

population frames A, B shown in Table 11 respectively.

Table 11: Two Population Frames A and B for Classification

FRAME A FRAME B
Pop. Pop. Pop. Pop.

ID Element ID Element

i ID Label Yi i ID  Label Yi

1 Aylin 1 1 Suheyla 1

2 Suheyla 1 2 Vural 1

3 Arif 2 3 Aysegul 0

4 Aynur 3 4 Berrin 1

5 5 5 Mahmut 3

6 Hakan "\ 2 6 Murat 0

7 CEbru 2 7 Hacer 6

8 Ozcal 3 8 Ayse 5

9 Birsen 4 9 ¥Avlin > 1

: 10 Kamil 2 10 bru 2

i
Table 12: Two Samples Selecte rame A and Frame B for Classification
Sa Sp
Sample | Pop. /ample Saqpl&\] Pop. Sample
ID ID Element ID ID Element

i i ID Labe ¥i i ID Label ¥i
1 4 Aynurx’ 3 1 2 Vural 1
2 1 [(Avlin D 1 2 6 MMurat 0
3 10 ] 2 3 8 %g 5
4 7 CEbriF 2 4 10 ru 2
5 3 5 4 | Berrin 1

8 Ozcan

In this example, Aynur, Kamil and Ozcan are unduplicated elements because
they are sampled from frame A and not in frame B. Aylin and Ebru are duplicated
elements because they are sampled from frame A but also in frame B. In the
same way Vural, Murat and Berrin are unduplicated elements because they are
sampled from frame B and not in frame A. But Ayse and Ebru are duplicated
elements. Since they are sampled from B and also inframe A. Hence,
classification of the samples between two domains was shown in Table 13 and
14.
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Table 13: Sample A Elements Classification to Domains a and ab

SAMPLE A
Sa
Sample element in domain a Sample element in domain ab
Sa Sab

Sample Pop. Sample Sample Sample

ID ID Element ID Pop. ID Element

i i ID Label ¥i i i(A) (B ID Label ¥i

1 4 Aynur 3 2 1 9 Aylin 1

3 10 Kamil 2 4 7 10 Ebru 2

3

5 8 Ozcan

Table 14: Sample B Elements Classification to Domains a and ab

SAMPLE B
Sp
sample element in domain b Sample element in domain ab
Sp Sap

Sample Pop. Sample Sample Sample

ID ID Element ID Pop. ID Element

j i ID Label Vi j i(A) i(B) ID Label Vi

1 2 Vural 1 3 5 8 Ayse 5

2 6 Murat 0 4 7 10 Ebru 2

5 4 Berrin 1

One of the aim analyzing data from a multiple frame survey is often to estimate
population total Y, using information from independent samples taken from the

frames. In dual frame survey, we can write

Y = Ya + Yab + Yb’ (44)

where Y, is the total of the population elements in domain a (unduplicated), Y,
is the total of the population elements in domain ab, Y, is the total of the
population elements in domain b. Let s, and s samples drawn independently
from A and B. Suppose that y; observed for each element in s, and sz.The
estimation problem using this data to construct a suitable estimator ¥ of Y and
about

estimator of its variance. This problem depends on what is known

Ny, Ng,and Ng;,. There are three different situations Skinner and Rao (1996).
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- Situation 1: N4, Ng, N, known
- Situation 2: N4, Ng known but N, unknown
- Situation 3: N4, Ng, Ng unknown, it may arise if, for example, both A

and B consist of clusters, and lists are only available of clusters with

measures of size.
In this thesis, situation 1 and situation 2 were examined.

For the purpose of estimation of population total we assume that we know:

(a) nAl nBl na: nabx nabx nb;

(b) Y4, Y5 Yar Yap» Yap and y, the totals of y; across units iin s,, sg, Sz, Sup.

s, and s, respectively;
(C) NA and NB'

Finally we let Yy, Y5, Y,, Y,,,and Y, denote the totals of y;, across units i in

, B, a, ab, and b, respectively, and write
YA:YA/NA’ YB:YB/NB’ Ya:Ya/Na’ Yb:Yb/Nb

yA:yA/nA, yB:yB/nB: yaZYa/na’ Yo = Vb /nb’

yab =Yab /nab’ yab =Yab /nab’ yab =Yab /nab

where yg, = Yap + Yap @Nd gy = ngp + ngy.

4.1 Estimators of Population Total When Ng4, Ng, No, are Known

In literature Hartley (1962) and Lund (1968) proposed dual frame estimator of
population total for situation 1. This situation may arise if frames A and B are
available as known length and if the overlap size N,;, can either be determined

from these lists or is known; e.g., if frame A is complete, then Ng, = Nj.
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4.1.1 Hartley’s Estimator

Hartley (1962) suggested the unbiased estimator for the population total
Yy = NoVa + NapP¥ap + Nap@Vap + NoPs (4111)

where the means y,, 7., are replaced by ¥, if either n, =0 or n,, = 0, and

similarly the means ¥y, y;b are replaced by yj if either n, =0 or n;b =0.
The variance of this estimator is approximately equal to that in proportional
allocation stratified sampling so that

N NZ N3
Var (%) = ﬁ [(1 - @)o2 + ap?al, | + i [(1 - B)o +Bg*al,]  (4112)

where = N‘lb/NA : /3=N“b/NB :

finite population correction have been ignored and ¢2, o2 and ¢2, are the

"within domain" population variances.
Assuming a linear function of cost can be expressed by
Total Cost C =nycy + ngcg (4.11.3)

where ¢, and cz define costs of enumeration of the sampling elements from
each frame respectively .The problem of optimizing the sample allocation among

the two frames and finding the optimum value for p consists of minimizing

Var (¥y) as afunction of p, n, and ngy subject to restriction cost function.
The optimum value for p is given by a solution of the bi-quadratic

_ (1-a)oZ +ap?c?),
(1-B)of +Ba*a?,

cap?/cpq? (4.1.1.4)
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The optimum sampling fractions are given by

ngy 1/2

N, ¢ {1 - a)a2 + ap?al,] / ca} (4.1.15)
Z—Z = c{[(L - B)og + Baaly | / ca}"” (4.1.16)

with ¢ shows budget (4.1.1.3).

4.1.2 Lund’s Estimator

Lund (1968) showed Hartley's bi-quadratic p value, with a simple expression as

below:

ang

Por = (4.12.1)

B anyg+ fng

Lund considered that Hartley's procedure does not consider the actual division
achieved (at random) of n, and ng elements among the domains. He discussed

whether a gain is achieved when the p value is a function of n,, and n,.
The variance of ¥y as given by (4.1.1.1) can be taken in two steps

Var(Y) = E[Var(¥ 1 ng, ng)| +Var[E(¥ 1ng,n4)] (4122)
where E(Y Ing,, ng) =Y and Var[E(? | n;lb,n;b)] =0

Ignoring finite population corrections

L. NZ NZ, N2, , Nj
Var(Y ing, ng,) = —= 0z +p* =2 o2, + (L —p)* =20y, + —> 0 (41.2.3)
Tla nab nab le

32



The values of p which minimizes the variances in (4.1.2.3) is

avar(¥ Ing,ng,) var(Yap)
ap var(¥,,)+ Var(¥,p)
_ ﬁab -1 _
Po = Map + Nap 1= @

Substituting (4.1.2.4) into (4.1.2.3) and obtaining the expected value, the variance

for the estimator with this value for p can be found.

The estimator of population total and it's approximately variance are

?L = Naya + Nabyab +Nb3_’b (4-1-2-5)
N Vo + Moy Vo
where 3, =—abYab ™ "abYab (4.1.2.6)
Nap + Nap
N2 NaNgaB

N N3
Var ()= A -a) o + Oap + 5> L=P)ap. (4.12.7)

ang+fBng

4.2 Estimators of Population Total When N4, N are Known But N, is

Unknown

In literature different estimators were proposed by Hartley (1962, 1974), Lund
(1968), Fuller and Burmeister (1972), Bankier (1986), Skinner (1991) Skinner
and Rao (1996) and Mecatti (2005). This situation may arise if again frame A and
B are lists of known length but reliable determination of overlap size are not

possible because of practical difficulties in matching.

We assume two frames A and B, containing N, and Ny elements respectively

are available. Thus

NA :Na+Nab and NB :Nb +Nab
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and the total number of elements in the population, N, was given by
N=N,+N,+Ngy =N, +Nz =Ny, +N,

From this information the estimates of N,, N, and N, are to be computed. When
N, and Ny are known it is only essential to estimate the number of elements
in Ng,. After estimate Ng, the estimates of N, and N, can be easily found by

subtraction as
ﬁa: NA_ﬁab and ﬁb = NB_ﬁab'
The number of distinct elements in the population can be estimated as

ﬁ: NA+ NB_ ﬁab-
4.2.1 Hartley’s Estimator

Hartley (1962) considered if domain sizes N, Ny, Ng;, are not known the ordinary
stratified sampling formulas applied to the u-variables in the two strata (frames)

of sizes N, and Nz must be applied. Thus the estimator of U =Y is given by
. Ny . Np "
Yy =—={va+pya} +—— {vp + aVap} (42.11)
U\ np
The variance of this estimator is

N N2 _ _
Var(%y) = i {@- ) +ap?a?, +a(l—a)(¥, — p¥)?}

N2 _ _
o {@ = B)of +BaPol, + BT —a¥w)?) (4212)
The optimum allocation formulas

n 42 _ _
N_jz =c{(1 - )¢ + ap?®a, +a(l— a)(¥, — p¥,,)?}c, (4.2.1.3)
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Z_Zz = c{( = Bog + pa*oq, + B~ B)(¥a — Yap)?} fcs. (4.214)

4.2.2 Lund’s estimator

Lund (1968) proposed estimators for the case of unknown N,, N, and Ng;,. Lund
used estimates of unknown domain sizes by use of sample data and known N,
and Ng. The expressions N, (n, / ny) and Ny (n;, / ng) are unbiased estimators
of N, and N, respectively. N, (ng, / ns) and Ny (ng, / ng) are two unbiased
estimators of Ng,. Using p and 1 — p as undetermined weights for two estimates
of Ny, and replacing these estimator in (4.1.25), an unbiased estimator of

population total is

N _ N N N “ _ N _
Y, = n—:naya + {n_j Ngp P+ n_BB Ngy (1 — p)}yab + n—BBnbyb (422.1)

where as before y,, is sample mean of all elements selected from domain of

duplicated elements.

nabyab + nabyab
Nap + Nap

yab =

The variance of Lund’s estimator is

4 Nfl 2 NANBaB 2 Né 2
= —= — —_— + — —
Var(Yy) 4 1 -a)ai + anatfng Oab s Q=P +
Ni(l-a)a _ _ N3(1-B)B _ _
= (= ) + = (T — aTa) 4.222)

The final two terms represent the increase in variance due to not knowing Ng, N,
and Ng,. Lund showed the optimum value of p and estimator of optimum p from

the sample data as below,
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Ny(1-a)- Np(1- — —
Ar(l a)Ya + Br(l B (Yab_Yb)
— A B
p, = <NAna ; NBnb)? (4.2.13)
ny ng ab
N _ Npgny ,_ _
2—l2:laya + :%b(yab_yb)
pL = NATla NBle _ (4214)
ng ' ng )b

Lund (1968) indicated Hartley’'s weight variable p was calculated for two

individual estimates of the total over the duplicated elements (N,,,Y,, ). The

optimum value of p includes 02,02, and ¢2. Thus Lund's estimator is more

simple than the Hartley's estimator. Furthermore Skinner (1991) showed that

Var (Y,) < Var(¥y) for any value of p .
4.2.3 Fuller and Burmeister’'s Estimator

Fuller and Burmeister (1972) proposed the estimator
Yes = (Na = Nap r8) Ya + Nap r¥ar + (Ng — Nap r5) Vb, (4.231)

where Vo, = praVap + (1= Pre)iap. (4.232)

. 1 ) . .
Vap = — Z?j’l’ y; = the mean of elements in domain ab selected from frame A
ab
ng

- 1
Vap = o Zl:’l’yi = the mean of elements in domain ab selected from frame B
ab

e
nab(l_fB)+ nab(l_fA).

PrB (4233)

Here, prg has been chosen to minimize the variance of y,,. If the finite
correction term can be ignored the estimator of Y, reduces to the mean of all

ng, +ng, elements selected from domain ab. The estimator Yz5 is linear in
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observations y;. Since weights are not a function of the characteristic they apply
equally well for all y-characteristics (Fuller and Burmeister 1972).

Further, N, 75 is the smallest root of the quadratic equation

[nagp + npgal ﬁtfb,FB - [nANBgB + ngNaga + n;szAgB + n;bNBgA]ﬁab,FB

+ [n;zbgB + n;bgA] NyNg = 0

Considering Hartley's estimator for p value given by Fuller and Burmeister

(1972), we have derived the estimator of N, rp as stated below.

Napy = + (4.2.3.4)
Napt = PNgp + qNgp,
The variance of Hartley's estimator is

Var(Ngp u) = p?Var(N,,) + q% Var(N,,)

)

Ray Na_ Ni (Nap Nap
Varlp) =@ -7 -5 30 () =8

— (M) Nz (Bar ab)(NA (Ng— a))

Ng—1/ ng Ny Ny
= gm;/#f,wa where ga = % (4235)
Var(y) = (- 28) oo B8 ety (o e
(IYVBB—nlB) NB( ab)(NB (NB a))
= gm;%lvb where g = 1\;\2;—7118 (4.2.3.6)
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The values of p which minimizes the variance is

AV (N, . = .
;pab) =2p Var(Nab) -2 Var(Nab) + 2pVar(Nab) =0
_ Var(ﬁ;b) B

p= var(N,, )+ Var(N,,) q=1-p (42.3.7)

Thus the value of p using (4.2.3.7) is
9BN, N,
naN
np _ ANbIB (4238)

PH = 9BN,, N, 94N, Ng
abVb + abNa NaNpgp+ NgNaga
ng ng

To obtain an estimator of N, that is a function of the sample data only we put

and substitute py into formula of Ny, .

ngNqagangpNp

. naNpgpNapNa
[naNpgp+ ngNegalng

N =
WFB T [naNpgp+ npNagalna

7 _ nA(NB_ﬁab,FB)an;szA 4
abFB [nA(NB_ﬁab,FB)gB+ ng (NA_IVab,FB)gA]nA

ng(Na—Ngp rp )gAn;bNB
[na(Ng—Nap rB)gp+ ne(Na—Nap r5)galng

7 _ nangN4Ng[gengp+ 9anapl— nansNap[9enapNa+9ganapNe |
ab,FB — = =
[naNggp—naNapgp + ngNaga—ngNapgalnang

NyNg [an;zb + gAn;b] — Nap s [an;szA + gang,Np ] — Nap re[naNegs +

ngNygal — Ngb,FB [nags + npgal =0
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Thus the estimation of N, can be found by this quadratic,

[nags + npgal ﬁgb,FB - [nANBgB + ngNyga + n;szAgB + n;bNBgA]Nab,FB
+[ngpgp + Ngpga] NaNg = 0
It can be shown that the roots of this quadratic are always real and the largest
root is always greater than or equal to the minimum of N4 and Ng. The smallest
root is always contained in the interval zero to minimum (N, ,Ng), inclusive.
Hence we take the left (smallest) root of this quadratic as the estimator of N,
Note that Hartley's p value does not always fall into the range of feasible values

for N, Fuller and Burmeister (1972).
The variance of Yz is
Var (Yeg) = No(fa* = 1)SZ +[(1 = fe)fa + (1 = fa)fsl™*

(L-£a) (@ = fe)NapS2y + Np(fg' — 1)Sh

= = o NagpNaNpga9gp
+ Yy -V, - 7)2—= 4239
(Fap = Yo = 1p) naNpgp+tngNagas ( )
where
2 1 Ng v \2
Sa :N 1 Zi=1 ai — Ya)*, (4'2'3'10)
a
2 1 Nap vV o\2
Sab - Ngp—1 Zi=1 (Yabi - Yab) (4-2-3-11)
a
and
2 — 1 Np V)2
S5 _Nb—l Zi=1(ybi_yb) : (42312)
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4.2.4 Single Frame Estimator

Bankier (1986) proposed an estimator based on Horvitz-Thompson estimator
using the following simple form. It is assumed that units selected in more than
one sample can be identified. But, the estimator of Kalton and Anderson (1986)

and Skinner (1991) do not require identification of units found in both samples.

For SRS of each frame, the Single Frame estimator for dual frame is given by:

Ysr = fa'ya+ (fa* f8) " "Yar + f5'V» (4241)

Skinner (1991) indicated that Yy is a special case of ¥, or of ¥, with

p = fa(fa+ f5)"* and Var(Ysp) = Var(Yep).
Ysr = fitlva + pyan] + f5 e + (1 —2)yas] (4.2.4.2)

In a single frame estimator data from two frames are combined by using fixed
weights which guarantee design-unbiasedness. Fixed weights usually differ from
optimum weights, the SF estimator is generally less efficient than optimum
estimator (Lohr and Rao 2000). Finally, computationally and algebraically it is
very easy to extend the method to any number of frames. However the correct

classification of sampled units into domains still required.

4.2.5 Raking Ratio Estimator

Bankier (1986) the rth iteration raking ratio estimator is given by
7R = w0y + Wy, + Wy, (4.251)
where

w =t w® =t w =+ )
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Wa(r) _ (NA/ﬁf_l))Wa(r_l), Wb(r) _ VVb(r_l)’
w = (Ny/RCHYwED ) =135,
Wa(r) _ Wa(r—l)’ Wb(r) _ (NB/Nér_l))VVb(r_l),
W) = (Na/BEOYWS™,  r=246,........
D =W + Wn0, 8O =W Ony + W Ona,. (4.25.2)

?é;) was obtained by taking 17R(g) = Y, and applying r successive ratio adjustment

with respect to domains A and B alternately.

Theorem 1 of Skinner (1991) showed that the raking procedure in fact converges

to the following raking ratio (RR) estimator for multiple frame surveys.
Theorem 1: As r—w, 70_p&)
where
?éﬁ) = (Na— Naprr)Va + Nap rrVap + (N5 — Nap rr) Vb, (4253)

and Ny, g is the smallest root of the quadratic equation

nabﬁab,RRz — [nap(Ny + Np) + (f* + fz IngnyINap rr + napNaNg =0 (4.25.4)
Proof of Theorem 1 was given by Skinner (1991) as follows.
Proof: 787 = Wy, + Wy, + Wy, (4.255)

where W, W, and W™ are the limit of sequence {W ™ {w ™1 and
a b ab q a b

{Wa(; )}, respectively.
Then

W = £ Ty 0aa(NA/NS ™) = £ kg,
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Wy = f5 Tl cvoenNs /NS ™) = f5 ks,
W = (fa + f5) " Ty 0aaWa/ RS ™) Ly oaa (Na/NS ™)
= (fa+ f5) ‘kaksp.
We can write the frame sizes N, and Ny as below,
Ny = W + WEn,,
= fatkang + (fa + fp) kakpnap
N = W, + w$ng,
= fg tkany + (fa + f5) kakgnap
Let Nop rr = W(ff)nab = (fa+ f8) tkakpngp
From this equation we can write

Nop rr(fa+/B)
Ngp

kAkB =
Then, from (4.2.5.7) and (4.2.5.8)
(Na — Nap rr)(Ng — Naprr) = fa ' f5 "nanpkaks

the equation (4.2.5.9) was inserted in (4.2.5.10). Thus

_ _ ~ 2 1
NaNg — NaNgp — NgNgp + Nop™ = fi Mg 'ngny T
a

~ 2 _ _ —~
nabNab - [nab(NA"'NB) + nanb(fA 1+fB 1)]Nab + nabNANB =0

and Ny— N, =wn,, Ny—N, = Wb(°°)nb. Hence from (4.2.5.7)

a

?R(;) = (NA - Nab)ya + Nabyab + (NB - Nab)yb’
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(4.259)
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The variance of 75 is

AS N—°

Var(T$)~fr INGS2 + f NpS2 + (f4 + f5) *NapSZ,

_ N, N N
(V. +7V. — 2 _fab¥a’’b 4 42 25
(o + ¥y = Fop)? (1427, (4.25.11)
where
2 _ NgNpNap(FANA—fENB)?

NgNgfafs(fa+fz)?*(N2,—NaNg)? ’ (4.25.12)

If A= 0asymptotically Var (Yrg) = Var (17;3(; )) .

4.2.6 Pseudo-Maximum Likelihood Estimator

Fuller and Burmeister's estimator for simple random samples was
Yes = (Na — Nap r5) Yo + Nap,r¥ar + (Ng — Nap r5) Vb

and ignoring finite-population correction, N, was the smallest root of the

guadratic equation
[na + ngl N:fb,FB - [nANB + ngNy + ng,N, + n;bNB]Nab,FB
+ [ngp +ngy| NaNp =0

Fuller and Burmeister (1972) showed that N, is a MLE of N;,. Skinner and Rao
(1996) indicated that Yz can not be directly applied inthe case of complex
designs, because it will generally be design inconsistent for Y. They proposed
modifying the maximum likelihood estimator for a simple random sample to
obtain pseudo-maximum likelihood (PML) estimator for a complex design. It is

given by
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Yomr, = (Na = Nappmr )¥a + (Ng — Nap pmr )V + Nap pmzVan, (4.26.1)
where

Vb — [;_jﬁz;by;zb +;_Zﬁt;by;b] / [;_jﬁt’zb + ;fﬁ;b] (4.262)
Further, ﬁab,PML is the smallest root of the quadratic equation:

(n4 +np)NZy pur, — (MaNp +ngNy + 1Ny, +1gNay)Nap pus

+(n4Ng,Np + ngNg,Ny) =0 (4.263)

The PML estimator has a simple form and uses the same set of weights for each

response variable.
4.2.7 The Single Frame Multiplicity Estimator

A multiple frame estimator is on the basis of single frame multiplicity approach
which does not require domain classification. Consequently they are insensitive
to misclassification. In addition the proposed estimator is analytically simple so

that it is easy to apply in practical applications.

Multiplicity is a characteristic of every unit m; = ¥, (Si(Aq) where (Si(Aq) denotes the

frame membership indicator,

s =

L

{1 L€ Ag
0 ,otherwise

Unit multiplicity;
m; = the number of frames in which uniti is included.

Thereby unit multiplicity can be collected simply by asking sampled units “how

many frames they belong to” (see in Figure 8).
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Target population consists of two frames. Frame A and Frame B. Their sizes are

N, and Ng
Frame A Frame B
Ny Ng
S, is selected with SRS and its size is n, Sg is selected with SRS and its size is ng

Sa S

ny ng

Selected one element from S, Selected one element from Sy
NO does It YES NO does It YES
belong to another —p belong to another

Figure 8: Algorithm for Multiplicity Units
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Fulvia Mecatti (2007) proposed estimator by using multiplicity the population total
to be estimated is expressed as a sum over frames instead of a sum over

domains:
— @ -1
Y = Zq:l ZiEAq yim;
As a consequence a SF multiplicity estimator given by:
Permtuiei = 21 Yics w @ ymit 4.2.7.1)
SFMulti q=14ieSq Vi yim; e b
For SRS we have fixed weight wi(q) =fiLVi€es,.

The estimator variance is given by

Ng—1nq

- _ N2
Var(Pspmue) = ¢ N, ZiEAq yim;? - (ZieAq yimy 1) ] (4.27.2)

4=1n,(Ng-1)

An unbiased variance estimator for SRS of every frame is then

PN Ng(Ng—1q) - - —1)?
W sranutt) = Ty L | N, e, vimi? = £i7* (Bies, yemi'") | (4273)
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CHAPTER 5

SIMPLE RANDOM SAMPLING FROM EACH OF THREE FRAMES

In literature, most of the study about multiple frame surveys was about dual
frame. Cochran (1967) proposed estimators of population sizes for three
overlapping frames. Lohr and Rao (2006) presented methods that may be used
combine information from more than two frames. These methods were sensitive
to misclassification of units into domains, and estimates can be biased because
of misclassification. Mecatti (2005 and 2007) proposed multiple frame estimator

by using multiplicity approach. This estimator is insensitive to misclassification.

In three overlapping frames survey, we can write population total and size as

below:
Y= Ya + Yb + Yc + Yab + Yac + ch + Yabc (5-1)
N = Na + Nb +Nc +Nab +Nac + Nbc + Nabc (5-2)

where Y,, Y, and Y, are the total of the population elements in domain a, b and
¢ (unduplicated) respectively. Y,;,, Y;., Y, @and Yy, are the total of the population
elements in domain ab, bc, ac and abc (duplicated) respectively. Similarly N,, N,
and N, are the number of the population elements in domain a,b and
¢ (unduplicated), respectively. Ngp,, Ny, Ny and N, are the number of the
population elements in domain ab, bc, ac and abc (duplicated) respectively. Let
s4 ,Sp and s are the three independent samples taken from frames A, B and C
respectively. The basic question is how to estimate population total Y using three

frames.
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For the purpose of estimation of population total we assume that we

know:
(a) Ny, Np, N¢, Ng, Ngp, Nacr Ngper Moy Ngpr Npey Naber Ner Nacy Mooy Nabes
(b) Yar Y8y Ycr Yar Yabr Yacr Yaber Ybr Yabr Yber Yaber Yer Yacy Yber Yabe the

totals of y; across units i in s4, Sg, Sc, Sa» Sups Sacr Saber Sbr Sabr Sher Saber Sei

Sacr Sper Sape » TESPECtively;
(c) N4, Ngand Ng.

Classification of sampled units to domains for three frames can be made by

using Figure 9, 10 and 11.

48



Target population consists of three frames. Frame A, Frame B and Frame C. Their sizes are

Ny, Ng and Ng.

A

It also belongs to

11

Frame A

Ny

Il

S, is selected with SRS and its size is ny

SA

Ny

gt

One element is selected from S,

It also belongs

to Frame B

It also belongs to

A

Sape - It comes from A

and also is in B and C|

Sqp - It comes from A Sqc - It comes from A

and also is in B and also is in C

s, - Itcomes from A

andisin A

Figure 9: Algorithm for Classification of Sampled Elements Selected from

Frame A to Domains for Three Frames
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Target population consists of three frames. Frame A, Frame B and Frame C. Their sizes are

Ny, Ng and Ng.

1l

Frame B

Ng

gt

S is selected with SRS and its size is ng

Sp

np

U

One element is selected from Sy

It also belongs

to Frame A

It also belongs to It also belongs to

Frame C

y

Sape - Itcomes from B [s,;," It comes from B | [s,.’. It comes from B sy - It comes from B

and also isin Aand C| |and also is in A and alsoisin C andisinB

Figure 10: Algorithm for Classification of Sampled Elements Selected from
Frame B to Domains for Three Frames
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Target population consists of three frames. Frame A, Frame B and Frame C. Their sizes are

Ny, Ng and Ng.

1l

Frame C

Ne¢

gt

Sc is selected with SRS and its size is n.

Sc

[

U

One element is selected from S

It also belongs

to Frame A

It also belongs to™, NO It also belongs t®

v

Sape - It comes from C| |s,." It comes from C Ispc " It comes from C s. .It comes from C

and alsoisinAand B| |and alsoisin A and also is in B andisinC

Figure 11: Algorithm for Classification of Sampled Elements Selected from
Frame C to Domains for Three Frames
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5.1 Cochran’s Estimator of Population Total When N4, Ng, N, are Known

But Ngp,Nge, Npc, Ngpe are Unknown

Cochran (1967) considered the estimation of the number in the domains created
by the overlapping of three frames. When sampling from three frames, 4, B and
C, there are 23 —1 =7 domains. It is only necessary to directly estimate the

number of units in ab, ac, bc and abc (see in Figure 4).

Using extension of the notation and procedures of the two-frame case the
following estimates were obtained Cochran (1967):

_ Ng - Ng
Nab,C =Pab Nap + Gab Nap
na ng

7 Ng - Nec
= —— Ngc + —n
ac,C Pac na ac Gac ne ac

ﬁ NB ~ NC N
= —n + —n
bc,C Pbc ng bc dbc n bc

_ Na - Np - N¢ -
Napec =Pa T Nape * PB T Mape + Pc T Nape (5.11)
ny ng ne

The variances of the quantities are

2 2

~ N N Ngp. Nap
Var (Ngp.c) = pép n_j a;(1—ag) +q2, i a,(l—ay), a;= NL, a; = i
¥ — 2 Ni 2 Ng‘ _ Ngc. _ Nge
Var (Nac,C) = Pac a Vl(l - Vl) +q5¢ n_C Vz(l - Vz), V1= N_A’ Y2 = N_C
—~ 2 Né 2 Ng‘ NbC. Nbc
Var (Nycc) = Ppe g B1(1 — B1) *+qpc n_c B(L—=P2), B = N_B’ B, = Ne
2 2 2
~ N N N,
Var (Nape) = pi 34 61(1=80) +PF 2 8,(L=8;) + PE 1% 85(1=65).
(561.2)
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The values of the p’s that minimize these variances are:
Var (Nap) = pap® Var (Ngp) + qap? Var (Ngp)

= pap? Var (N,,) + Var (Np) — 2pasVar (ﬁ;b) + papVar (ﬁ;b)

a N . P .
Var—(Nab) = 2pabvar(Nab) - Zvar(Nab) + 2pab Var(Nab) =0

0Pap
= Yar (ﬁab) ~ =1-
Pab var (ﬁab) +Var (ﬁab)’ 9ab Pab
Similarly;
_ var (Ng) _
pac Var (ﬁ;lc) + Var (ﬁ;c)’ qac pac
var (N,,) B
dbc — 1- Pbc

Poe = Vor (N,.) +var (N,.)

1t
Var (Ngpe)
1

Pa = 1 1

Var (Ngpe)  Var (Ngpeo)  Var (Ngpe)

1
Var (N;bc)
P = T . T . T
Var (N,p.) Var(Ng,.) Var (Ngpe)

1

var (I’\\Im )
T : (5.1.3)

Pc = 1
Var (Ngpo) Var(Ngpe)  Var (Ngpe)

The estimation of N,, N, and N, can be found by

N = NA - (Nab + Nac + Nabc)a

a
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Nb = NB - (Nab + Nbc + Nabc)’
ﬁc =N¢ — (ﬁbc + ﬁaa + ﬁabc)a (5-1-4)
Estimation of N can be found easily using these estimators by this equation

ﬁ: Na+ﬁb+ﬁc+ﬁab+ﬁac +ﬁbc+ﬁabc

Cochran (1967) shows the variances of N, to be

_ NZ
Var (Ng) = i {ptzzb a;(1—ay)+ ptzzc n(@—y)+ pi 8:(1 = 681) — 2 papPacaivs
NB 2 2
— 2 PapPa®161 — 2PacPa¥161} + E {qaba2(l —a3) + ppd(1 —653)

N2
— 2ppqap @202} + Tl—z {q2; v2(L —v,) + p& 65(1 - 63)

=2 PcQacy203} (5.15)

5.2 Extension of Fuller-Burmeister's Estimator of Population Total When

N4, Np,Nc are Known But Ngp,Nac, Npe, Nape are Unknown

In this section, using Fuller and Burmeister approach for dual frame the following

estimators were derived. As mentioned in 5.1, the estimators of number of units

in the areas of overlap were

Ny :pabﬁz;b + qap Nz;b

Nac = Pac Nac + qqc Nac
Nbc = Pbc Nbc + 9bc Nl;cb

Nabc =Pa Nt;bc + 5] N;bc + Pc Nabc
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The variance of these estimators

Var(Ngp) = p2,Var(Ny,) + q2,Var(Ny,)

Var(fy)= (1~ 24y Na_ N N ) (1 — oy

N,/ Np—1ny Ny
AN N Ns—mn
— 2L aba where ga = -4 4
TlA NA—l
“ N NZ
= np B B ab
Var(N 1-—)—— 1-
Fap) == 37) 57 () € )
9IBN 3, N Ng—n
——abb where gp =——2=
nB NB—l
_ V(N,p) _ nyNpgp
Pap =

— — = 521
V(Nab)+ V(Nab) naNpgp+ npNaga ( )

To obtain an estimator of N, that is a function of the sample data only we put
Na:NA_Nab ) Nb:NB_Nab

o~ NnaNpgpn,p,Na NnpNagang, Np
ab —
[naNpgp+ ngNagalna  [naNpgp+ ngNegalng

Thus, the estimation of N, can be seen by this quadratic equation,
[nags + npgal N2, — [nANBgB + ngNaga + NapNags + napNpgalNap
+ [nap 95 + Napgal NaNp = 0 (522)

Var(Noc) = picVar(Noe) + qicVar(Nac)

nay Na Ni Ngp Ngp
Var(Nge) = (1 ——) ——— 1-
W)= -3 v, G ) =30
'gANabNa NA—TlA
= where ga =
Ny NA—l
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V)= ey Ne Né (Napy i Nap
VarWiee) = -1 ) =7 72 G (1 =707)

9cN N Nc—nc

— 2=Tab7c where gc=—

Nce Nc—l
V(ﬁac) _ nANcgc

Pac (523)

V(ﬁac) + V(ﬁac) nANch+ nCNagA

To obtain an estimator of N, that is a function of the sample data only we put

ﬁa:NA_Nac ) ﬁc: Nc_ﬁac

N _ nANcchAnac + nCNagANCnac
% [naNcgc+ncNegalna  [naNegc+ neNagalne

Thus, the estimation of N,. can be seen by this quadratic equation,
[nagc + ncgal N&: — [nANCgC + neNaga + NacNage + NacNegalNge
+ [n;zcgc + n;ch] NsNc= 0 (5.24)

Var(Np) = pacVar(Ny) + qi.Var( Ny.)

=~ np Np Né Nap Ngp
Var(Npe) = (1- =) — () - =
B Ng—1 ng " Ng Np
9BN N Np—ng
—22"ab'b where gp = ———
np NB—l
P ney N NE Nap Ngp
Var(Nye) = 1 -2%) =7 7~ =) @--=)
¢’ Nc—1n¢ "N¢ N¢
9dCcN N Nec—n
——ab ¢ where ge = —=
Tlc Nc—l
V(ﬁbc) _ NnpNcgc

Pbe (525)

V(N,.) +V(N,.)  npNegc+ncNyggp
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To obtain an estimator of N, that is a function of the sample data only we put
ﬁb:NB_ﬁbc ) ﬁc: Nc_ﬁbc

o= ngNcg:Npnp, + neNpgpNenace
e =
¢ [ngNegc+ncNpggplng  [ngNcgc+ncNpgglne

Thus the estimation of N, can be seen by this quadratic equation,
[nsgc + ncgsl NZ& — [nBNCgC + ncNpgp + NpeNpge + npeNcgplNpe
+ [npcgc + npegs| NsNe = 0 (5.2.6)

Var(Nape) = piVar(Nape) + piVar(Nape) + pévar(Napc)

=0 Ny NA Ni Nabc Nabc
Var(Nope) = (1 - 5) =7 —4 == (1— =)
A Na—1nyg Ny Ny
_ gANabc(NA_Nabc) _ Np—ngy
= , where g, =——""
Ny NA—l
P np Np Né Napc Napc
Var(Ngp.) = (1——) — (1- )
NB NB—l np NB NB
_ gBNabc(NB_Nabc) _ Npg—ng
= , where ggp=——
np NB—l
. ne . N¢  NE Ngpe Ngbe
Var(Nope) = (1= ==) —= =2 (1 - =%
NC Nc—l Nc NC NC
gcNavc(Nc—Nape) N¢-n¢
S e where g =——" (5.2.7)
Nc Nc—l

Using equations in (5.1.3) the values of p,, pg and p. were found as follows.

na
_ gANabc(NA_Nabc)
pA - na ng nc

} +
9aNabc(Na—Nabc) 9BNabc(NB=Ngpc)  9cNabc(Nc—Ngbe)
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_ ny 9a(Ng—Napc)9p(Np—Napc)9gc(Nc—Napc)
ga(Ng—Ngpc) A

where

A=n4989c(Np — Napc)(Ne — Ngpe) + nggagc(Na — Nape)(Ne — Ngpe)
+ncgags(Na — Nape)(Np — Nape)

A=mn49p9c [NBNC — NgNgpe — NcNgpe + szbc] + NpJdadc [NANC — N¢Ngpe —
NaNgpe + Nopl + ncgags [NBNA — NpNgpe — NgNgpe + Ntfbc]

A=14959cNpNc — 1agpgcNsNave — 1agsdcNeNape + 1agp 9 Nipe
+npgagcNaNe — npgagcNeNave — negagcNaNape + npgagcNave
+ncgagsNgNa — 1cgagsNaNape = 1cgagNpNave + ncgagsNipe

A= [nagpgc + npgage + ncgagslNene
= [989c(MaNg + nyN¢) + gagc(ngNe + ngNy) + gagp (ncNa + neNp)INapc
+[na959cNeNc +ngagcNaNe + ncgagsNpNal

n Ng—Ngpo)(No—N
by = 4989c(Np :bc)( c=Nabc) (5.2.8)

Similarly, ps and p. were as follows

n N4—N, Nc—N
Py = Bgagdc(Na Aabc)( c=Nabc) (5.2.9)

_ncgpga(Ng—Napc)(Na—Ngpc)
¢ =
A

(5.2.10)

To obtain an estimator of N, that is a function of the sample data, p,, ps and

pc were only put into formula of Ny,
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o~ _14989c(Ng—Nap)(Nc—Ngpc) Na -
abc — A na Nape
n8gagc(Na—Napc)(Nc—Napc) Np

+ A ng abc

ncgpga Ng—Nap)(Na—Napc) Ne¢
+ A Nape
nc

B
Nape = n where

B =gp9c [NBNCNAn;zbc - NBNANabcn;zbc - NCNANabcn;zbc + NAﬁébcn;zbc]
+949c [NANCNBn;bC — N¢NpNapenape — NaNpNapefgpe + NBszbcn;bc]

+949s [NANBNCn;bC — NeNgNopcngpe = NeNaNopengpe + Ncﬁébcn;bc]

B = [ngCNAn;zbc + gagcNangpe + gAgBNCn;})C]szbc - [ngC(NBNAn;zbc +
NCNAn;zbc) +949c (NCNBn;bc + NCNBn;bc) + 9a9s (NCNBn;bc +

NeNanaye) |Nape+NaNg Ne [989cnane + 9agcTape + GagsNae]
NabcA =B

[nagsgc + npgagc + ncgagslNipe —[gpgc(maNg +nuNe) + gage(npNe +
npNa) + gags(ncNay +ncNp)] +

[nags9gcNeNc + npgagcNaNe + ncgagsNeNalNope = [ngCNAn;zbc +
9a9cNeMape + 995 Nenanc | N2pe —[989c (N Namape + NcNangne) +
949c(NcNgNgpe + NaNgngpe) + 9ags(NcNpngpe + NeNanigpe) [Nape +
NaNpNc[gpgcape + 9agcape + 9agsManc] (5.2.10)

Hence, from (5.2.10) we can find Ng,. by solving the following equation

[nagsgc + nsgagc +ncgagslNpe — [989c(naNp + naNe + Nangy.)
+9agc(npNe + ngNy + Ngngp.) + gags(neNa + neNp+Nengy ) INZ,e +
Lgp 9c(naNgN; + NBNAn;zbc + NCNAn;lbc) +949c (nBNANC+NANBn;bc +
NCNBn;bc) + gagp(ncNgNy + NCNBn;bc + NCNAn;})c)]Nabc — NyNgN; =0

(5.2.11)
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CHAPTER 6

APPLICATION OF MULTIPLE FRAME METHODS WITH ARTIFICAL DATA

A simple example has been made with an artificial three frames presented in
Table A1, A.2 and A.3 in Appendix A. These frames consist of nine times
enlarged elements presented in Table 2. 01-02-03-04-05-06-07-08-09 was
suffixed to these enlarged elements. In this thesis, the population element values
were presented to compare with the expanded population total estimates.
However generally, population element values (measurement or count) are not
known to the researcher. Different estimators were calculated for estimation of
population size and total for two overlapping frames A and B shown in Chapter 4
and for three overlapping frames A, B and € shown in Chapter 5. Sizes of frames
were N, =300 and N =250 and N =210. In these examples, sample A4,
sample B and sample C presented in Table D.1, D.2 and D.3 in Appendix D were
selected with simple random selection without replacement. Their sizes

were ny = 60, ng =50 and n; = 30.

6.1 An Example For Dual Frame

SITUATION 1: In this situation, Ny, N3 and N, , was known. In generally the
knowledge of the domain sizes is a very restrictive assumption that is seldom
verified. In this thesis, in order to calculate estimation of population total for

situation 1, frame A has been matched with Frame B according to their ID Label
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to classify population elements to three domains. As results of this matching,
population elements classification to three domains a,ab and b can be seen in
Table B.1, B.2 and B.3 in Appendix B. The sizes, totals, variances of frame A4,

frame B, domains a, b and ab were as found below:

N, =300, Np = 250,

Y, = 790, Ys = 650,

N, = 150, N, = 150, N, = 100

Y, = 380, Y, = 410, Y, = 240

¥, = 2533, ¥, = 2.733, v, =24

S2 =25324 S2 = 46263 S2 =1.4545
02 = 25155, 02, = 4.5954 o2 = 1.4399
N, = Ny — Ng, = 300 — 150 = 150

N, = N — N, =250—150=100
The size and total of population was obtained as follows:
N =Ny + Np —Ngp = Ng + N + Ngp
N =300+ 250 — 150 = 150 + 100 + 150
N =400
Y=Y +Yp—Yop =Yoo+ Y +Yap
Y =790+ 650 — 410 = 380 + 240 + 410
Y= 1030

Each sample was classified into two domains by using algorithm in Figure 7. The
results of classification sample A elements to domains a and ab were shown in
Table E.1 in Appendix E and results of classification Sample B elements to
domains a and ab were shown in Table E.2 in Appendix E. n,, was the number

of elements sampled from frame A and in the domain ab. ¥,, was the mean
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of these elements. Similarlyn,, was the number of elements sampled from
frame B and in the domain ab. ¥,, was the mean of these elements. The sizes,
totals and means of independent simple random samples s, , sy and sample

domains s,, s;,54, Were found as below:

Ny = 60, npg = 50

v, = 180, yg = 115,

ng =24, n, =20

Vo = 66, v, =45

Vo = Ya/n,=66/24 = 2.75 Yy = yp/np=45/20 = 2.25
ng, =36, ng, = 30

y;zb =114 y;b =70

Nap = Ny + Ny = 36 +30 =66

Vb = Yap Iy = 114/36 = 3.167,
Vup = Vap /My = 70/30 = 2.333,

Yab = Vap + VYap = 114 +70 = 184,

Yab = Yan/Map = 184/66 = 2.788,
Hartley's unbiased estimator for the population total was

Yu = No¥a + NapPVap + Nap@Vap + NpJp

Lund(1968) showed Hartley's bi-quadratic p value ,with a simple expression as

below:

_ ang _ (0.5)60 — 0,50 _, 1050 0.5
Pi = ang+ Bng  (0.5)60+(0.6)50 q= p= 50=0.

where a = Ng, /Ny , B =Ng/Np

a= 150/300=05, f=150/250=0.6,
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Y, = 150(2.75) + 150(0.50)(3.167) + 150(0.50)(2.333) + 100(2.25)
Yy = 1050

Response Bias (RB) =Y — Yy = 1030 — 1050

RB= —-20

The variance of this estimator was calculated as below:

N Nz NZ
Var () = 12 (L= @of +ap?e, | + 2 [0 = p)of + Ba’ady ]

2

Var (%) = 3222 [(1 — 0.5)(2.5155) + (0.5)(0.50)2(4.5954)] + 22’2

[(1 —0.6)(1.4399) + (0.6)(0.50)%(4.5954)]
= 1500(1.8322) + 1250(1.2653) = 4329.93

Var (Yy) = 4329.93

When N,, Ng, Ny, were known, Lund's estimator for population total was as

calculated below:
Y, = NoYa + NapVap + Np¥p
Y, = 150(2.75) + 150(2.788) + 100(2.25)
Y, =1055.7
Response Bias (RB) =Y — Y, = 1030 — 1055,7

RB = -25.7

The variance of this estimator was

NyNpaf

2
Var (Y,) = Na (1-a)o? +
na ang+fng

2
Np
oz + - 1 -p)ot
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_ 3002 300(250)(0.5)(0.6)
Var (1) === (1-05)(25155)+ (0.560+(06)50 (4.5954)
2
+=5~ (1-06)(14399)

= 1500(1.258) + 375(4.5954) + 1250(0.576)

= 1887 + 1723.28 + 720
Var (Y,) = 4330.28.

As a result of this application, it was seen that Var (Yy) < Var (¥,) and response
bias of Hartley's estimator is also smaller than Lund’s estimator. Thus, using

Hartley's estimator can be better than using Lund’s estimator for Situation 1.

SITUATION 2: In this case, it was assumed that N,, was unknown and
duplicated units (i.e.,s4 N sg) might not be identified. So, estimates of N,, N, and
N, should be calculated for estimation of size of population. After estimating

N,;, the estimates of N, and N, might be found by subtraction as
ﬁa: NA_ﬁab and ﬁb: NB _ﬁab-

When N,, N,, N, were unknown, Hartley's estimator for population total was

as calculated below:

. Ng , Ng . 300
Vo= == {ya+oyw} +— {I» + qvar} = — {66 + (0.5)114}
TlA TlB 60

250
+ R {45 + (0.5)70}

Yy =1015
Response Bias (RB) =Y — Yy = 1030 — 1015

RB= 15
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The variance of this estimator was as below:

. N3 _ _
Var(¥y) = i {(1 - a)o? + ap?a?, +a(l— a)(¥, — p¥ap)?}

2
+ :_Z {1 =P)oi + Bg*ol, + B —B)(Yy — q¥ap)?}

3

2
Og {(1— 0.5)(255155) + (0.5)(0.5)2(4.5954) + 0.5(1 — 0.5)

Var(¥y) = o

2

250
(2533~ (05)2733)%} + ——

{(1 - 0.6)(1.4399)
+(0.6)(0.50)2(4.5954) + 0.6(1 — 0.6)(2.4 — (0.50)2.733)2}

= 1500{1.2578 + 0.5744 + 0.3402} + 1250{0.5760 + 0.6893 +
0.2563}

= 1500(2.1724) + 1250(1.5216)

Var(Yy) = 5160.60

Lund’s estimator for population total for situation 2 was calculated as below:

~ _NA — Ny - N ~ _ Np _
YL_nA "a)’a"‘{a Map P+ 7 Map (1—17)} Yab * 7 ™¥p

where an estimator of optimum p from the sample data was

Nang _ Npny ,_ _
+ — 300(24) 250(20)
5 - nZ YeT Tz (ab yb)_60—2(2.75)+T(2.788—2.25)
L= =
Nana  Npnp) o (30062) , 20C0)); 788
n2 w2 | Yab 60 50
A B
_ 6576
© 11.152

pr = 0589 where §, =1-0589=0411
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. 300 300 250
7, =" 24(275) +{W 36 (0.589) + T 30 (1 - 0.589)} (2.788)

+ 22500225
o 20(2.25)

= 330 + {106.02 + 61.65}2.787 + 225
Y, =1022.30
Response Bias (RB) =Y — Y, = 1030 — 1022.30
RB=7.7

Variance of Lund’s estimator was

. N2 NyNgaf N3
var(7,) = i (1-a)o? + m o+ i (1-pB)o;
Ni(1-a)a _ _ Ni(1-B)B .- _
+—4 (Ya - pYab)2 + = (Yb - qYab)2
Ny np

300 250(0.5)(0.6)
(0.5)60+(0.6)50

~ 3002
Var(7,) = 0 (1-0.5)(2.5155) + (4.5954)

2507 300%(1-0.5)0.5
= (1-06)(14399) + ===

" (2,533 — (0.589)(2.733))*

2502%(1-0.6)0.6
g A 70)P0

= (2.4 — (0.411)(2.733))?

= 1886.625+ 1723.275 + 719.95 + 319.655 + 480.017

Var(Y,) = 5138.54

According to Fuller and Burmeister (1972), when Ng, Ny, Ny, Were unknown,

estimation of population total was

Yep = (Na — Nap pB) Ya + Nap rsVap + (N3 — Nap rs) Vo
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where the estimation of N,;, was the left (smallest) root of equation given by
[nags + npgal ﬁtfb,FB - [nANBgB + ngNyga + n;szAgB + n;bNBgA]Nab,FB
+ [napgs + Napga] NaNg = 0

\ n;lb(l_fB)
nab(l_fB)+nab (1_fA) '

and  Yap = pVap + (1 —p)¥gp Where ppp =

300-60 250-50

=0.802 and =
300-1 98 = He0-1

ga = = 0.803.

[60(0.803 + 50(0.802)] N2, = — [60 250(0.803) + 50 300(0.802) +
36 300(0.803) + 30 250(0.802)]N,,; 75 + [36(0.803) + 30(0.802)] 250 300 = 0

88.28N2, o5 — 387624N,, p5 + 3972600 = 0

1 —b—Vb?-4ac _ 38762.4—/38762.42—4(88,28)3972600
2a B 2(88.28)

ab,FB —

=162.98 = 163

o2 —b+Vb?—4ac _ 38762.4+38762.42—4(88,28)3972600
abFB = 2a - 2(88,28)

Neprs- = 27610 = 276
Naprp =163
Estimation of N, was
Nyrg = Ny — Ngppp = 300 — 163 = 137

Estimation of N, was

Ny = Np — Ngp s = 250 — 163 = 87
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Estimation of N was
Neg = Ny+ Np — Nab,FB = Ngrp + Nprp +1Vab,FB
=300+250—-163 =137+ 87+ 163 = 387

—24_ 60 _ I8 _ 50 _
Ja=y, 300 =092 [fs=3_ =250 = 02

3 36(1-0.2) _ 288
"~ 36(1-0.2)430(1-0.2) 52.8

PrB = 0.545

Vap = 0.545(3.167) + (1 — 0.545)(2.333)
Vap = 2.788
Yrp = (300 — 163)(2.75) + 163(2.788) + (250 — 163)2.25
Yep = 376.75 + 454.44 + 195.75
Yrp = 1026.95
Response Bias (RB) =Y — Ygg = 1030 — 1026.95
RB =3.05
The variance of this estimator was
Var (Yeg) = No(fi ' = 182 + [(1 = fp) fa + (1 = fa) fpl ™"
(1-f2) A = fo)NanSZy + No(f5* — 1S}

NapNogNpgags
NnaNpgp+ngNaga

+(Yab - Ya - Yb)z

Var (-5) = 150(5 — 1)(2.5324) + [(1 — 0.2)0.2 + (1 — 0.2)0.2] 1
(1 - 0.2)(1 — 0.2)150(4.6263) + 100(5 — 1)(1.4545)

150 150 100 (0.802)(0.803)
60 100 (0.803)+50 150 (0.802)

+(2.733 — 2.533 — 2.4)?
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Var (Vep) = 152124 + (3.125)(444.125) + 581.8 + (4.84)(133.759)

Var (Ypg) = 4138.32

When N,, N,, N, were unknown, SF estimator of population total was

calculated as follows:
Ysr = fa'Va+ (fa+ f8) ""Yar + f5 'O
where
Yab = Yap + Yap = 114+ 70 = 184
Ysr = 5(66) + (0.2 + 0.2)"1184 + 5(45)
Per = 330 + 460 + 225
Y¢r = 1015
Response Bias (RB) =Y — Ygr = 1030 — 1015
RB= 15
In Situation 2, Var (Yrg) < Var (V) < Var (Yy)
Ysr Was a special case of ¥y or of ¥, with p = f4(fa + f5)~*. Thus

Var (Ysz) > Var (Yrg) Skinner (1991).
Skinner’s raking ratio (RR) estimator for population total was as calculated
below:

?é;) = (N4 — Nap.rr)Va *+ Nap reVap + (N5 — Nap g ) Vb,

where Nab,RR was the smallest root of the quadratic equation

_ 2 _ - o
NapNap rr~ — [Map(Na + Np) + (f7 1 + f5 ngnyINgp g +1apNaNg = 0
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and
661Vabm2 — [66(300 + 250) + (5+ 5)24 ZO]Nab]RR + 66(300)250=0

66Ny i — [41100]N,p zr + 4950000 = 0

1 -b—VbZ—4ac _ 41100—/411002-4(66)4950000
2a B 2(66)

Nab,RR -

Napre' = 16321 = 163

P —b+VbZ—4ac _ 41100+,/411002—4(66)4950000
abRR = 2a - 2(66)

Nepre' = 45951 = 460

Naprr = 163
7$) = (300 — 163)2.75 + 163(2.788) + (250 — 163)2.25
v{? = 1026.95.
Response Bias (RB) = Y — Ygg = 1030 — 1026.95
RB =3.05
The variance of this estimator was
Var(Ti)~fi NaSE + f5 *NoSE + (fa + f5) " "NapS2

NgpNgNp

(1+24%),
nygNp+ngN,

+(Ya + 7b - Yab)z

Var (75))~5(150)2.5324 + 5(100)1.4545 + (0.2 + 0.2)"1150(4.6263)

150 150 100

+(2.533+ 2.4 —2.733)2 ——————— (1 + 0.0014)
60 100+50 150

Var (7))~1899.3 + 727.25 + 1734.87 + 807.80
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Var (¥$))~5169.22
where

, 150 100 163%(0.22300-0.22250)> 1594140000
300 250(0.2)(0.2)(0.2+0.2)2(1632-300 250)2  480(2345561761)

= 0.0014

Var (Yeg) < Var (?é;)) .

Fulvia Mecatti (2007) proposed SF multiplicity estimator as

% — (@ -1
Yormuiri = Zgﬂ ZiESq w;tyim;

(@

— f-1 :
where w;™ = f*, Vi €s,.

In this method, unit multiplicity was collected by asking sampled units “how many
frames they belong to” as in Figure 9, results were shown in Table G.1 and G.2

in Appendix G.
Vrmutei = fa " Z yimit |+ fzt Z yim;?t
i€Sy i€Sp
Ysrmwei = 5(123) +5(80) = 1015
Yspmue: = 1015
Response Bias (RB) = Y — Yppue: = 1030 — 1015
RB =15
For SRS of every frame the estimator variance was

Q Ng—nq

Var(Ysppuie:) = Zq=1m
q(Nq

2
Ny Ziea, yimi? — (ZiEAq Yi mi_l) ]3
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~ N,—m _ _1n\2
Var(Yspmuiei) = m [NA Yiea yizmi 2 - (ZiEA yim; 1) ] +

Np—n B N2
% [NB Dies )’izmi - (ZiEByi m; 1) ]

where
Yicayimit =585 and Y,y 2m;?=17925
Yiepyimi' =445 and Yepy; 2m;?=11725
Variance of this estimator was calculated as follows:

300-60

oGoy) 130017925) - (585)?]

Var(?SFMulti) =

250-50
50(249)

[250(1172.5) — (445)?%]

Var (Vspmuiei) = 2615.72 + 1527.71

Var (Ysppuiei) = 4143.43

Var (Yspmuie:) > Var (Yeg) -
Estimates of population total and variance for situation 1 and situation 2 were
summarized as Table 15 and 16.

As seen in Table 15, using Hartley's estimator can be good solution for
estimation of population total when Ny, Ng, Ny, are known. Because the variance
and response bias of Hartley's estimator smaller than the variance of Lund's

estimator.

Var(Yy) < Var(Y,).
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Table 15: The Estimates of Population Total and Its Variance for Dual Frame in
Situation 1

HARTLEY'S ESTIMATOR
¥, = 1050 ‘ Var(%,;) = 4329.93 ‘ Response Bias (RB) = —20

LUND'S ESTIMATOR
¥, = 1055.70 ‘ Var(¥,) = 4330.28 ‘ Response Bias (RB) = —25.7

As seen from the Table 16, Fuller-Burmeister's estimator has minimum variance

and response bias between others.

Table 16: The Estimates of Population Total and Its Variance for Dual Frame in

Situation 2
HARTLEY'S ESTIMATOR
Yur = 1015 ‘ Var (%) = 5160.60 ‘ Response Bias (RB) = 15
LUND'S ESTIMATOR
¥, = 1022.30 ‘ Var(¥,) = 51385 ‘ Response Bias (RB) = 7.7
FULLER-BURMEISTER'S ESTIMATOR
Yes,s = 1026.95 ‘ Var (% 5) = 4138.32 ‘ Response Bias (RB) = 3.05
BANKIER'S SINGLE- FRAME ESTIMATOR
Ysr = 1015 ‘ * ‘ Response Bias (RB) = 15
SKINNER'S RAKING RATIO ESTIMATOR
Ver” = 1026.95 ‘ Var (fpe”) = 5169.22 ‘ Response Bias (RB) = 3.05
MECATTI'S SINGLE FRAME MULTIPLICITY ESTIMATOR
Vormues = 1015 ‘ var(Vsepnue) = 4143.43 ‘ Response Bias (RB) = 15

*Ysr is @ special case of ¥ or of ¥, with p = f,(fu + f3) ™! so Var(¥sz) = Var(Yy3).(Skinner 1991)

Thus, when N,, N, and N, are unknown, using Fuller-Burmeister's estimator
may be good approach for dual frame. However, Fuller-Burmeister’'s estimators
become more complex as the number of frames is increased. Fulvia Mecatti's
estimator can be good alternative when the number of frames is increased and
this estimator does not require domain classification. Therefore they are

insensitive to misclassification.
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6.2 An Example For Three Frames

In this study, three artificial frames A,B and C were used. (See Table A.1, A.2
and A.3 in Appendices A). As it is said in section 6.1, in order to calculate
estimation of population total for situation 1, frame A, frame B and frame C have
been matched with each other according to their ID Label to classified
population elements to seven domains. Results of matching, population
elements classification to seven domains a, b, c,ab, ac,bc and abc can be seen
in Table C.1, C.2, C.3, C.4, C.5, C.6 and C.7 in Appendix C. The sizes, totals of

frame A, frame B, and frame C and domains a, b, ¢, ab, ac, bc and abc were given

as below:
N, =300, Ny = 250, N, =210
Y, =790, Y; = 650 Y. =580
N, =110, N, = 60, N, = 30,
Y, = 300, Y, = 170, Y. =130,
N,, =50, N, =40, Ny = 40, Ngpe =100
Y,, =110, Y,. = 80, Y, =70, Y. = 300.

The size and total of population was calculated as follows:
N = Ng + Np + N; + Ngp + Nge + Ny + Nope
N =110+60+30+50+40+ 40+ 100 =430
Y=Y, +Y, + Y.+ Yo + Yo + Yo+ Yape
Y =300+ 170+ 130+ 110+ 80+ 70 + 300
Y =1160

In this section Cochran’s estimators were used for estimation of domain sizes
and Fuller and Burmeister's estimators for dual frames were enlarged to three

frames and domain sizes were estimated by using sample data. For this
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purpose, each sample was classified in four domains by using algorithms in
Figure 9, 10 and 11. Results of classification sample A elements to domains
a, ab, ac and abc were shown in Table F.1, F.2, F.3 and F.4 in Appendix F.
Results of classification sample B elements to domains a, ab, bc and abc were
shown in Table F.5, F.6, F.7 and F.8 in Appendix F and results of classification

sample C elements to domains a, ab, ac and abc were shown in Table F.9, F.10,
F.11 and F.12 in Appendix F. n, was the number of elements sampled from
frame A and in the domain ab. ¥,;, was the mean of these elements. n,. was the
number of elements sampled from frame 4 and in the domain ac. ¥, was the
mean of these elements. n,,. was the number of elements sampled from frame
Aand in the domain abc. y,, was the mean of these elements. n,, was the
number of elements sampled from frame B and in the domain ab. ¥,, was the
mean of these elements. n,, was the number of elements sampled from frame
B and in the domain bc. y,, was the mean of these elements. n,,, was the
number of elements sampled from frame B and in the domain abc. y,,. was the
mean of these elements. Similarly, n,. was the number of elements sampled
from frame C and in the domain ac. y,. was the mean of these elements. n,,
was the number of elements sampled from frame C and in the domain bc. ¥,.
was the mean of these elements and n,,, was the number of elements sampled
from frame € and in the domain abc. 7,,. was the mean of these elements. The
sizes, totals and means of independent simple random samples s, , sz, s and

sample domains s, Sp, S¢, Sab: Sher Sqe @Nd sy Were found as below:

nyg = 60, ng = 50, Ne = 30,
vy, =180, yp =115, ye = 87,

Ng = 12, n;zb =24, n;zc =12, n;zbc =12,
Ya=18,  yu, =58,  Yue=48,  Ya. =60,
}_]a = 15, )_/;lb = 225, y(;_c = 41 y;lb(] = 5’
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n, =10,  ng, = 10, Npe =10, Mgy, =20
=35 Yo =15 ¥pe =10,  yap =55,
¥»=35 Yo =15 = Fpc=1  Fapc =275

n, = 6, n;c =6, n;c =9, n;m =9
v, = 24 Yoo = 15, Yoe =21, Yape =27
Ve=4  Fac=25  5pc=233 Fup =3

Sample means of units in the areas of overlaps were calculated as follows:

— _ Yap*Yap _ 54+15 _
Yab = A n, | 24+10

2.03,

_ Ypet¥pe _ 10421 o
Npe+ Ny, 1049 R

Ybe =

__ Yac+Yac _ 48+15 _
T Nge+nge 1246

)_] _ yabc+ yabc+ Yabc _ 60+55+27 — 347
B et Mo Nope 1242049

_Np—ny  300-60

94= "N, -1 ~ 300-1 = 0.802,
Ng—n 250-50

gp =——= = =0.803
Ng-1  250-1
Ne—n 210-30

ge=——"F<= = 0.861

Nc-1  210-1

The estimation of population size and total by using Cochran’s estimator were

calculated as below:
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Estimation of N,;, and its variance was as calculated below:

. 3002 24 24 . 2502 10 10
V(W) ==~ (1-5) =360 . v(Fw)= =~ (1-g) =200
v (N, 200
Spp—_ ) S =036
v (N, )+v(N,) ~ 360+200
Nab,COC = pﬁ(\lb + qIV;b where p+qg=1
P Ng - 300 P Np - 250

N, =— =—=24=120 , N, =— =——10=50
ab na Nap 60 ab ng Nap 50

Nap.coc = 0.36(120) + 0.64(50) = 75.2 = 75

Nabcoc = 75
v (Nap.coc) = Pap® v (Nap) + qan? v (Ngp)
v (Nap.coc) = (0.36)2 360 + (0.64)2.200

v (Ngp.coc) = 12857

Estimation of N, and its variance was as calculated below:

.. 300712 12y .. 210% 6
vV =~ = (1-55) =240 . v(a)= —~ 3
v (N, 235.2
poe = ——oBac) = 0.49
v (Noe)+v (Nge) 24042352
. Na . 300 . N¢c . 210
ac :anaczglzz(so’ Nac:n_cnaczg(s:

Naecoc = (0.49)60 + (0.51)42 = 50.82 = 51

Ngccoc =51
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v (Nac,COC) = pac2 v (Nac) + qac2 v (Nac)
= (0.49)?240 + (0.51)2235.2
=118.79

Estimation of N, and its variance was as calculated below:

. 2502 10 10 P 2102 9 o]
v (@) =, 5(1—%)_ 200 , v(N,)= T5(1—%) = 3087
v (N, 308.7
Poe = 7o Fro __ _ =0.61
v (Npo)+v (Np)  200+308.7
. N . 250 . N¢ - 210
Ny, =—mny,,=—10=50 , N,,=—= n,,=—— 9=63
ng 50 nec 30

Nyecoc = (0.61)50 + (0.39)63 = 5507 = 55
Nbc,COC =55
v (Noecoc) = Do’ ¥ (Npe) + qpc? v (V)
= (0.61)?200 + (0.39)2308.7
=121.37

Estimation of N, and its variance was as calculated below:

. 3002 12 12

v (Vape) =5~ = (1-55) =240
. 250% 20 20\ _

v (Fane) = 5~ o (1-%5) =300
. 210% 9 9\

v (Fave) = S5 50 (1-35)=3087
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1
V(N gpe) 0.0042

= = =040
Pa BE S S 0.0042+0.0033+0.0032
V(Nabc) V(Nabc) V(Nabc)
1
by = V(W) _ 0.0033 ~ 030
B IS S 0.0042+40.0033+0.0032
V(Nabc> V(Nabc) V(Nabc)
1
V(N o) 0.0032
bc = T 1 T =0.30

— + —= + —~ - 0.0042+0.0033+0.0032
V(Nabc) V(Nabc) V(Nabc)

R Ng Np . Nc
= n + —n + —n
abc,COC Pa ny abc 5] ng abc Pc ne abc

N, —040ﬂ12+030@20+ 0.30 £9—729
wecoc = (040) - 12 +(0.30) =~ 20+ (0.30) - -~ 9=72

Nabc,COC =72.9=173
Var(ﬁabc,COC) = pfl Var(ﬁz;bc) + plzi’ Var(Nz;bc) + pg‘ Var(Nz;l;c
= (0.40)2240 + (0.30)2300 + (0.30)2308.7 = 93.18

Estimation of N, was obtained by subtraction of the estimates of N, N, and

N, from the known frame size N,

Ny =Ny = (Nap coc * Naccoc * Nave,coc) = 300 — (75 + 51 + 73)
=300—-199=101

Na’coc =101

Estimation of N, was obtained by subtraction of the estimates of Ny, N, and

N, from the known frame size N,
Ny coc = Ng = (Nap coc * Noecoc + Napecoc) = 250 — (75 + 55 + 73)

=250 — 203 =47
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Nb,coc =47

Estimation of N. was obtained by subtraction of the estimates of N,., N,, and

N, from the known frame size N,
Necoc = Ne — (Nae,coc + Niecoc + Nape,coc) = 210 — (51 + 55 + 73)
=210-179=31

N¢coc =31

Estimation of size and total of population by using Cochran estimators were as

calculated below:
Ncoc = Nacoc + Nycoc + Necoc + Navcoc + Naccoc +Noecoc + Nave coc
= 101 +47+31+72+55+51+73
Ncoc = 433

Ycoc = NacocYa + Nococ¥p + NecocYe + NavcocYab + NaccocYac + Npe,coc

+ Nape.cocVabe
Ycoc = 101(1.5) + 47(3.5) + 31(3) + 75(2.03) + 51(3.5) + 55(1.63)
+73(3.47)
Ycoc = 1082.71
Response Bias (RB)=Y — ¥, = 1160 — 1082.71

RB =77.29

In this section, Fuller-Burmeister's estimators for dual frame given section 4.2.3
has been enlarged to three frames. These estimators were applied to obtain
estimation of size and total of population. Thus, the results were obtained as

follows:
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Estimation of N,;, was the smallest root of quadratic equation
[nags + npgal szb,FB - [nANBgB + ngNyga + n;szAgB +n;bNBgA]Nab,FB
+ [napg5 + napgal NaNg =0

[60(0.803) + 50(0.802)IN2, z5
— [60(250)0.803 + 50(300)0.802 + 24(300)0.803
+10(250)0.802]N,;, 75 + [24(0.803) + 10(0.802)]300 250 = 0

88.28N2, ;5 — 318616, r5 + 2046900

1 —-b—VbZ—4ac _ 31861.1—,/31861.12—4(88.28)2046900
2a B 2(88.28)

ab,FB —

14763.05
= ——— =8361=84
176.56

2 —b+VbZ—4ac _ 31861.1+,/31861.12—4(88.28)2046900

N =
ab.FB 2a 2(88.28)
48960.14
= ——=277.30
176.56
Noprp = 84

The estimation of N,. was the smallest root of quadratic equation,
[nagc + ncgal Noc s — [nANCgC + neNaga + NacNage + nacNegalNoc rp
+ [n;zcgc + n;ch] NyNc =0

[60(0.861) + 30(0.802)INZ, 15
— [60(210)0.861 + 30(300)0.802 + 12(300)0.861
+6(210)0.802] N, -5 + [12(0.861) + 6(0.802)]300 210 = 0

75.72N2 pp — 22176.72Ny g + 954072 =0
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1 —-b—VbP—4ac _ 22176.72—/22176.72%—4(75.72)954072
2a B 2(75.72)

ac,FB —

_ 7934.61
"~ 151.44

=52,39

2 —b—VbZ-dac _ 22176.72+/22176.722—4(75.72)954072

acFB = 2a 2(75.72)

36418.82
=——— =24048
151.44

Thus

Nac,FB =52

The estimation of N,. was the smallest root of quadratic equation,

[npgc + ncgsl lec,FB - [nBNCgC + ncNpgp + n}acNBgC + n;cNCgB]Nbc,FB
+ [n}acgc + n;ch] NBNC =0

[50(0.861) + 30(0.803)INZ. £z
— [50(210)0.861 + 30(250)0.803 + 10(250)0.861
+9(210)0.803]N,,. 75 + [10(0.861) + 9(0.803)]250 210 = 0

67.14N2, 1y — 18733.17N, 5 + 8314425 = 0

P ~b—Vb?—4ac _ 18733.17—/18733.172-4(67.14)831442 5
beFB — 2a - 2(67.14)

_7435.40
"~ 134.28

= 55.37

Nbc,FB = 55.37
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Estimation of Ny,

[nagpgc + npgagc + anAgB]szc,FB - [ngc (naNg +nyN¢ + NAn;zbc)
+ gagc(ngNe +npNy + Ngngp) + gagp(neNy + neNp +NCn;bc)]chlbc,FB
+ g5 gc (naNsNc + NpNangpe + NeNangpe) + gage(npNaNe+NaNgngp, +
NeNgngpe) + 9a9s(eNgNy + NeNgngye + NeNangye)IN ape pp —

NyNgN¢ [ngCn;zbc + gAgCn;bc + gAan;bc] =0

[60(0.803)0.861 + 50(0.802)0.861 + 30(0.802)0.803IN3, p —
[0.803(0.861)(60 250 + 60 210 + 300 12) +0.802(0.861)(50 210 + 50 300 +
250 20) + 0.802(0.803)(30 300 + 30 250 + 210 9 )]N2, pp +
[0.803(0.861)(60 250 210 + 250 300 12 + 210 300 12) +

0.802(0.861)(50 300 210 + 300 250 20 + 210 250 20) +

0.802(0.803)(30 250 300 + 210 250 9 + 210 300 9)IN apcrp —
[0.803(0.861)12 + 0.802(0.861)20 +0.802(0.803)9]300 250 210 = 0
95.33N2, rp — 54475.34N2,. zp + 9377219.84N,p pp — 4394736675 = 0

Naperp =75.86 =76
The estimation of N,, N, and N, can be found by
Nyrs =Ny — (Ngp pg + Nycpp + Nopepp)= 300 — (84 + 52 + 76)
N.rp =88
Nyrg =Ng = (Nap rg + Nocrp + Naperg)= 250 — (84 + 55 + 76)
Nprp =35
N.pg =N¢ — (Npepp + Nyepp + Nype pp)= 210 — (55 + 52 + 76)

Ncrp = 27
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Estimation of N was found easily using these estimators as below:
Npp = Ngrp + Nprp + Nepp + Nap rp + Nacrg tNpcrg + Nabe rp

Npp =88+ 35+ 27 + 84 +52+55+ 76 = 417

Npg = 417
Estimation of Y was found using these estimators as below:

Yep = Narp¥a + Nors¥o + NersVe + Nap rsVab + Nac.raVac + NocraVoe

+ ﬁabc,FByabc
Yrp = 88(1.5) + 35(3.5) + 27(3) + 84(2.03) + 52(3.5) + 55(1.63) + 76(3.47)

Yrp = 1041.39

Response Bias (RB) =Y — Yz = 1160 — 1041.39

RB=118.61

The multiplicity estimator was also used for estimation of population total. The
units multiplicity were collected by asking sampled elements “how many frames
they belong to". The multiplicity units of sample A, B and C were shown in Table

H.1, H.2, H.3 and H.4 in Appendix H respectively.

By using the single frame multiplicity estimator, total value of population were
obtained as follows:

Yormurei = fi* Z yimit |+ fzt Z yimit |+ fet Z yim;*

€Sy i€Sp i€Sc
Yermue: = 5(88.98) + 5(65.75) + 7(50.97)

Yrmuni = 1130.44

Response Bias (RB) = 1160 —1130.44

RB = 29.56
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As seen in Table 17, Mecatti’'s the single frame multiplicity estimator gives

smallest response bias for estimation of population total.

Table 17: The Estimates of Population Total for Three Frames

COCHRAN'S ESTIMATOR

Yeoc = 1082.71 ‘ Response Bias (RB) = 77.29

FULLER AND BURMEISTER'S ESTIMATOR
Ypp = 1041.39 ‘ Response Bias (RB) = 118.61

MECATTI'S SINGLE FRAME MULTIPLICITY ESTIMATOR
Vermure: = 1130.44 ‘ Response Bias (RB) = 29.56

When the number of frames is increased, using Mecatti's single frame
multiplicity estimator is more reasonable than using Cochran’s and Fuller and

Burmeister's estimators.
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CHAPTER 7

CONCLUSION

Multiple Frame Surveys can be adopted only if the different frames contribute
with essential information or when a complete frame is very expensive to
sample. In a typical application, such as farm survey, there is a list frame
(incomplete, names, addresses, less costly) and an area frame (complete,
insensitive to changes, expensive to sample). Hartley (1962 and 1974) was
concentrate on this circumstance. By taking a large sample from list frame and a
smaller sample from area frame, can be obtained a more efficient estimator for a
fixed cost than the area frame was used alone. If the list frame was used alone,

the results would be seriously biased due to its incompleteness.

When the articles in literature were examined, it was seen that different
estimators were proposed by the author under the several assumptions. These
assumptions were that every unit in the population of interest should belong to
at least one of the frames and it should be possible to record for each sampled
unit whether or not it belongs to one or more of the other frames. All of the
methods used for estimation with overlapping frames were examined in this
thesis. Various author, such as Hartley (1962 and 1974), Lund (1968), Fuller and
Burmeister (1972), proposed optimal estimators of the population total when
domain sizes were not known. (Skinner 1991 and Lohr and Rao 2000) showed
that optimal estimators had optimal properties but practical problems. These
estimators are sensitive to misclassification of observation into domains and
estimates can be biased due to misclassification. In addition, optimum weights

depend on unknown population parameter so they should be estimated from
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sample data and these estimators become more complex as the number of

frames is increased.

Single frame (SF) approach has been proposed in order to reduce this kind of
complexity by using fixed weights. Fixed weights usually differ from optimum
estimator and they are also sensitive to misclassification. Hence, optimum and
SF estimators can be applied only if the correct classification of sample units into

the domains is achieved.

A single frame multiplicity approach was proposed by Mecatti (2005 and 2007).
The multiplicity estimator, unlike optimum and SF estimators, does not require
domain classification. So they are insensitive to misclassification. Multiplicity
estimator is recommended when the risk of misclassification of sampled unit into

the domains is possible.

In this thesis, different estimators of the total were applied to the artificial two and
three frames. Fuller and Burmeister's estimator was the most efficient, however
due to additional calculations and complexity SF multiplicity estimator may be

preferred.

Multiple frame surveys can improve efficiency and reduce undercoverage bias,
but should be used carefully. The number of used frames should not be high,
otherwise the sample size per domain will be small, the domain sizes will
probably be only approximately known and the population total estimator can be
seriously biased. Moreover, with many frames, some of which out of date, record
matching is very difficult and errors in record matching are another sources of

bias.
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Table A.1: List of Population Elements for Frame A

APPENDIX A

TABLES OF POPULATION ELEMENTS FOR APPLICATION

FRAME A
Pop. Pop. Pop.
Pop. Element | Pop. Element | Pop. Element
ID Value ID Value ID Value
i ID Label Yi i ID Label Yi i ID Label Yi
1 Aylin 1 36 Hakan-01 2 71 Aysegul-02 0
2 Suheyla 1 37 Ebru-01 2 72 Deniz-02 5
3 Arif 2 38 Ozcan-01 3 73 Nilgun-02 2
4 Aynur 3 39 Birsen-01 4 74 Zehra-02 3
5 Ayse 5 40 Kamil-01 2 75 Sule-02 4
6 Hakan 2 41 Aysegul-01 0 76 Ahmet-02 2
7 Ebru 2 42 Deniz-01 5 77 Bora-02 1
8 Ozcan 3 43 Nilgun-01 2 78 Hacer-02 6
9 Birsen 4 44 Zehra-01 3 79 Nuretin-02 2
10 Kamil 2 45 Sule-01 4 80 Asli-02 1
11 Aysegul 0 46 Ahmet-01 2 81 Vural-02 1
12 Deniz 5 47 Bora-01 1 82 Haydar-02 6
13 Nilgun 2 48 Hacer-01 6 83 Tuna-02 7
14 Zehra 3 49 Nurettin-01 2 84 Ozlem-02 4
15 Sule 4 50 Asli-01 1 85 Berrin-02 1
16 Ahmet 2 51 Vural-01 1 86 Umit-02 5
17 Bora 1 52 Haydar-01 6 87 llsu-02 0
18 Hacer 6 53 Tuna-01 7 88 Aysenaz-02 0
19 Nurettin 2 54 Ozlem-01 4 89 Osman-02 3
20 Asli 1 55 Berrin-01 1 90 Mehmet-02 1
21 Vural 1 56 Umit-01 5 91 Aylin-03 1
22 Haydar 6 57 llsu-01 0 92 Suheyla-03 1
23 Tuna 7 58 Aysenaz01 0 93 Arif-03 2
24 Ozlem 4 59 Osman-01 3 94 Aynur-03 3
25 Berrin 1 60 Mehmet-01 1 95 Ayse-03 5
26 Umit 5 61 Aylin-02 1 96 Hakan-03 2
27 llsu 0 62 Suheyla02 1 97 Ebru-03 2
28 Aysenaz 0 63 Arif-02 2 98 Ozcan-03 3
29 Osman 3 64 Aynur-02 3 99 Birsen-03 4
30 Mehmet 1 65 Ayse-02 5 100 Kamil-03 2
31 Aylin-01 1 66 Hakan-02 2 101 | Aysegul-03 0
32 Suheyla-01 1 67 Ebru-02 2 102 Deniz-03 5
33 Arif-01 2 68 Ozcan-02 3 103 Nilgun-03 2
34 Aynur-01 3 69 Birsen-02 4 104 Zehra-03 3
35 Ayse-01 5 70 Kamil-02 2 105 Sule-03 4
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Table A.1 (continued)

FRAME A
Pop. Pop. Pop.
Pop. Element | Pop. Element | Pop. Element
ID Value ID Value ID Value
i ID Label Vi i ID Label Vi i ID Label Yi
106 | Ahmet-03 2 160 | Kamil-05 2 214 | Aynur-07 3
107 | Bora-03 1 161 | Aysegul-05 0 215 | Ayse-07 5
108 | Hacer-03 6 162 | Deniz-05 5 216 Hakan-07 2
109 | Nurettin-03 2 163 | Nilgun-05 2 217 | Ebru-07 2
110 | Asli-03 1 164 | Zehra-05 3 218 | Ozcan-07 3
111 | Vural-03 1 165 | Sule-05 4 219 Birsen-07 4
112 | Haydar-03 6 166 | Ahmet-05 2 220 | Kamil-07 2
113 | Tuna-03 7 167 | Bora-05 1 221 | Aysegul-07 0
114 | Ozlem-03 4 168 | Hacer-05 6 222 Deniz-07 5
115 | Berrin-03 1 169 | Nurettin-05 2 223 | Nilgun-07 2
116 | Umit-03 5 170 | Asli-05 1 224 | Zehra-07 3
117 | llsu-03 0 171 | Vural-05 1 225 Sule-07 4
118 | Aysen03az 0 172 | Haydar-05 6 226 | Ahmet-07 2
119 | Osman-03 3 173 | Tuna-05 7 227 Bora-07 1
120 | Mehmet-03 1 174 | Ozlem-05 4 228 Hacer-07 6
121 | Aylin-04 1 175 | Berrin-05 1 229 | Nurettin-07 2
122 | Suheyla-04 1 176 Umit-05 5 230 Asli-07 1
123 | Arif-04 2 177 llsu-05 0 231 Vural-07 1
124 | Aynur-04 3 178 | Aysenaz05 0 232 | Haydar-07 6
125 | Ayse-04 5 179 | Osman-05 3 233 | Tuna-07 7
126 | Hakan-04 2 180 | Mehmet-05 1 234 | Ozlem-07 4
127 | Ebru-04 2 181 | Aylin-06 1 235 | Berrin-07 1
128 | Ozcan-04 3 182 | Suheyla-06 1 236 | Umit-07 5
129 | Birsen-04 4 183 | Arif-06 2 237 llsu-07 0
130 | Kamil-04 2 184 | Aynur-06 3 238 | Aysenaz-07 0
131 | Aysegul-04 0 185 | Ayse-06 5 238 | Osman-07 3
132 | Deniz-04 5 186 Hakan-06 2 240 Mehmet-07 1
133 | Nilgun-04 2 187 | Ebru-06 2 241 | Aylin-08 1
134 | Zehra-04 3 188 | Ozcan-06 3 242 | Suheyla08 1
135 | Sule-04 4 189 Birsen-06 4 243 | Arif-08 2
136 | Ahmet-04 2 190 Kamil-06 2 244 | Aynur-08 3
137 | Bora-04 1 191 | Aysegul-06 0 245 | Ayse-08 5
138 | Hacer-04 6 192 Deniz-06 5 246 Hakan-08 2
139 | Nurettin-04 2 193 Nilgun-06 2 247 | Ebru-08 2
140 | Asli-04 1 194 | Zehra-06 3 248 | Ozcan-08 3
141 | Vural-04 1 195 Sule-06 4 249 Birsen-08 4
142 | Haydar-04 6 196 | Ahmet-06 2 250 | Kamil-08 2
143 | Tuna-04 7 197 Bora-06 1 251 | Aysegul-08 0
144 | Ozlem-04 4 198 Hacer-06 6 252 Deniz-08 5
145 | Berrin-04 1 199 Nurettin-06 2 253 | Nilgun-08 2
146 | Umit-04 5 200 | Asli-06 1 254 | Zehra-08 3
147 | llsu-04 0 201 Vural-06 1 255 Sule-08 4
148 | Aysenaz-04 0 202 Haydar-06 6 256 | Ahmet-08 2
149 | Osman-04 3 203 Tuna-06 7 257 Bora-08 1
150 | Mehmet-04 1 204 | Ozlem-06 4 258 Hacer-08 6
151 | Aylin-05 1 205 Berrin-06 1 259 | Nurettin-08 2
152 | Suheyla-05 1 206 | Umit-06 5 260 | Asli-08 1
153 | Arif-05 2 207 | llsu-06 0 261 | Vural-08 1
154 | Aynur-05 3 208 | Aysenaz06 0 262 Haydar-08 6
155 | Ayse-05 5 209 Osman-06 3 263 | Tuna-08 7
156 | Hakan-05 2 210 Mehmet-06 1 264 | Ozlem-08 4
157 | Ebru-05 2 211 | Aylin-07 1 265 | Berrin-08 1
158 | Ozcan-05 3 212 | Suheyla-07 1 266 | Umit-08 5
159 | Birsen-05 4 213 | Arif-07 2 267 llsu-08 0
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Table A.1 (continued)

FRAME A
Pop. Pop. Pop.
Pop. Element | Pop. Element | Pop. Element

ID Value ID Value ID Value
i ID Label Vi i ID Label Vi i ID Label Yi
268 | Aysenaz08 0 279 Birsen-09 4 290 | Asli-09 1
269 | Osman-08 3 280 Kamil-09 2 291 | Vural-09 1
270 | Mehmet-08 1 281 | Aysegul09 0 292 | Haydar-09 6
271 | Aylin-09 1 282 | Deniz-09 5 293 | Tuna-09 7
272 | Suheyla-09 1 283 | Nilgun-09 2 294 | Ozlem-09 4
273 | Arif-09 2 284 | Zehra-09 3 295 Berrin-09 1
274 | Aynur-09 3 285 | Sule-09 4 296 | Umit-09 5
275 | Ayse-09 5 286 | Ahmet-09 2 297 | llsu-09 0
276 | Hakan-09 2 287 Bora-09 1 298 | Aysenaz-09 0
277 | Ebru-09 2 288 Hacer-09 6 299 Osman-09 3
278 | Ozcan-09 3 289 Nurettin09 2 300 Mehmet09 1
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Table A.2: List of Population Elements for Frame B

FRAME B
Pop. Pop. Pop.
Pop. Element | Pop. Element | Pop. Element
ID Value ID Value ID Value
i ID Label Vi i ID Label Yi i ID Label Yi
1 Suheyla 1 55 Mahmut-02 3 109 | Aylin-04 1
2 Vural 1 56 Murat-02 0 110 Ebru-04 2
3 Aysegul 0 57 Hacer-02 6 111 Didem-04 1
4 Berrin 1 58 Ayse-02 5 112 Tuna-04 7
5 Mahmut 3 59 Aylin-02 1 113 Hakan-04 2
6 Murat 0 60 Ebru-02 2 114 Zehra-04 3
7 Hacer 6 61 Didem-02 1 115 Ozcan-04 3
8 Ayse 5 62 Tuna-02 7 116 Necla-04 2
9 Aylin 1 63 Hakan-02 2 117 Ismail-04 4
10 Ebru 2 64 Zehra-02 3 118 Eda-04 3
11 Didem 1 65 Ozcan-02 3 119 Ferit-04 2
12 Tuna 7 66 Necla-02 2 120 Bora-04 1
13 Hakan 2 67 Ismail-02 4 121 Nurettin-04 2
14 Zehra 3 68 Eda-02 3 122 Gizem-04 3
15 Ozcan 3 69 Ferit-02 2 123 Nurcan-04 2
16 Necla 2 70 Bora-02 1 124 Doga-04 4
17 Ismail 4 71 Nurettin-02 2 125 Haydar-04 6
18 Eda 3 72 Gizem-02 3 126 Suheyla-05 1
19 Ferit 2 73 Nurcan-02 2 127 | Vural-05 1
20 Bora 1 74 Doga-02 4 128 | Aysegul-05 0
21 Nurettin 2 75 Haydar-02 6 129 Berrin-05 1
22 Gizem 3 76 Suheyla-03 1 130 Mahmut-05 3
23 Nurcan 2 77 Vural-03 1 131 Murat-05 0
24 Doga 4 78 Aysegul-03 0 132 Hacer-05 6
25 Haydar 6 79 Berrin-03 1 133 | Ayse-05 5
26 Suheyla-01 1 80 Mahmut-03 3 134 | Aylin-05 1
27 Vural-01 1 81 Murat-03 0 135 Ebru-05 2
28 Aysegul-01 0 82 Hacer-03 6 136 Didem-05 1
29 Berrin-01 1 83 Ayse-03 5 137 Tuna-05 7
30 Mahmut-01 3 84 Aylin-03 1 138 Hakan-05 2
31 Murat-01 0 85 Ebru-03 2 139 Zehra-05 3
32 Hacer-01 6 86 Didem-03 1 140 Ozcan-05 3
33 Ayse-01 5 87 Tuna-03 7 141 Necla-05 2
34 Aylin-01 1 88 Hakan-03 2 142 Ismail-05 4
35 Ebru-01 2 89 Zehra-03 3 143 Eda-05 3
36 Didem-01 1 90 Ozcan-03 3 144 Ferit-05 2
37 Tuna-01 7 91 Necla-03 2 145 Bora-05 1
38 Hakan-01 2 92 Ismail-03 4 146 Nurettin-05 2
39 Zehra-01 3 93 Eda-03 3 147 Gizem-05 3
40 Ozcan-01 3 94 Ferit-03 2 148 Nurcan-05 2
41 Necla-01 2 95 Bora-03 1 149 Doga-05 4
42 Ismail-01 4 96 Nurettin-03 2 150 Haydar-05 6
43 Eda-01 3 97 Gizem-03 3 151 Suheyla-06 1
44 Ferit-01 2 98 Nurcan-03 2 152 | Vural-06 1
45 Bora-01 1 99 Doga-03 4 153 | Aysegul-06 0
46 Nurettin-01 2 100 Haydar-03 6 154 Berrin-06 1
47 Gizem-01 3 101 Suheyla-04 1 155 Mahmut-06 3
48 Nurcan-01 2 102 Vural-04 1 156 Murat-06 0
49 Doga-01 4 103 Aysegul-04 0 157 Hacer-06 6
50 Haydar-01 6 104 Berrin-04 1 158 | Ayse-06 5
51 Suheyla-02 1 105 Mahmut-04 3 159 | Aylin-06 1
52 Vural-02 1 106 Murat-04 0 160 Ebru-06 2
53 Aysegul-02 0 107 Hacer-04 6 161 Didem-06 1
54 Berrin-02 1 108 Ayse-04 5 162 Tuna-06 7
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Table A.2 (continued)

FRAME B
Pop. Pop. Pop.
Pop. Element |Pop. Element | Pop. Element

ID Value ID Value ID Value

i ID Label Vi i ID Label Vi i ID Label Vi
163 [Hakan-06 2 193 | Eda-07 3 223 | Nurcan-08 2
164 [Zehra-06 3 194 | Ferit-07 2 224 | Doga-08 4
165 [Ozcan-06 3 195 | Bora-07 1 225 | Haydar-08 6
166 |Necla-06 2 196 | Nurettin07 2 226 | Suheyla-09 1
167 |Ismail-06 4 197 | Gizem-07 3 227 | Vural-09 1
168 |[Eda-06 3 198 | Nurcan-07 2 228 | Aysegul-09 0
169 [Ferit-06 2 199 | Doga-07 4 229 | Berrin-09 1
170 [Bora-06 1 200 | Haydar-07 6 230 | Mahmut-09 3
171 |Nurettin-06 2 201 | Suheyla-08 1 231 | Murat-09 0
172 |Gizem-06 3 202 | Vural-08 1 232 | Hacer-09 6
173 |Nurcan-06 2 203 | Aysegul-08 0 233 | Ayse-09 5
174 |Doga-06 4 204 | Berrin-08 1 234 | Aylin-09 1
175 |Haydar-06 6 205 | Mahmut-08 3 235 | Ebru-09 2
176 |Suheyla-07 1 206 | Murat-08 0 236 | Didem-09 1
177 |Vural-07 1 207 | Hacer-08 6 237 | Tuna-09 7
178 |Aysegul-07 0 208 | Ayse-08 5 238 | Hakan-09 2
179 [Berrin-07 1 209 | Aylin-08 1 238 | Zehra-09 3
180 |Mahmut-07 3 210 | Ebru-08 2 240 | Ozcan-09 3
181 |Murat-07 0 211 | Didem-08 1 241 | Necla-09 2
182 |Hacer-07 6 212 | Tuna-08 7 242 | Ismail-09 4
183 |Ayse-07 5 213 | Hakan-08 2 243 | Eda-09 3
184 |Aylin-07 1 214 | Zehra-08 3 244 | Ferit-09 2
185 |[Ebru-07 2 215 | Ozcan-08 3 245 | Bora-09 1
186 [Didem-07 1 216 | Necla-08 2 246 | Nurettin-09 2
187 [Tuna-07 7 217 | Ismail-08 4 247 | Gizem-09 3
188 [Hakan-07 2 218 | Eda-08 3 248 | Nurcan-09 2
189 [Zehra-07 3 219 | Ferit-08 2 249 | Doga-09 4
190 |Ozcan-07 3 220 | Bora-08 1 250 | Haydar-09 6
191 |Necla-07 2 221 | Nurettin-08 2
192 |Ismail-07 4 222 | Gizem-08 3
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Table A.3: List of Population Elements for Frame C

FRAME C
Pop. Pop. Pop.

Pop. Element |Pop. Element Pop. Element
ID Value ID Value ID Value

i ID Label Yi i ID Label Yi i ID Label Yi
1 Suheyla 1 55 | Nurcan-02 2 109 | Hakan-05 2
2 Aylin 1 56 | Hacer-02 6 110 | Ozgur-05 5
3 Berrin 1 57 | Umit-02 5 111 | Necla-05 2
4 Hakan 2 58 | Tuna-02 7 112 | Haydar-05 6
5 QOzgur 5 59 | Osman-02 3 113 | Zehra-05 3
6 Necla 2 60 | Gizem-02 3 114 | Murat-05 0
7 Haydar 6 61 | Vural-02 1 115 | Kaya-05 6
8 Zehra 3 62 | llsu-02 0 116 | Nurettin-05 2
9 Murat 0 63 Banu-02 2 117 | Aysenaz05 0
10 Kaya 6 64 | Suheyla-03 1 118 | Nurcan-05 2
11 Nurettin 2 65 | Aylin-03 1 119 | Hacer-05 6
12 Aysenaz 0 66 | Berrin-03 1 120 | Umit-05 5
13 Nurcan 2 67 | Hakan-03 2 121 | Tuna-05 7
14 Hacer 6 68 | Ozgur-03 5 122 | Osman-05 3
15 Umit 5 69 | Necla-03 2 123 | Gizem-05 3
16 Tuna 7 70 | Haydar-03 6 124 | Vural-05 1
17 Osman 3 71 | Zehra-03 3 125 | llsu-05 0
18 Gizem 3 72 | Murat-03 0 126 | Banu-05 2
19 Vural 1 73 | Kaya-03 6 127 | Suheyla-06 1
20 lisu 0 74 | Nurettin-03 2 128 | Aylin-06 1
21 Banu 2 75 | Aysenaz-03 0 129 | Berrin-06 1
22 Suheyla01 1 76 | Nurcan-03 2 130 | Hakan-06 2
23 Aylin-01 1 77 | Hacer-03 6 131 | Ozgur-06 5
24 Berrin-01 1 78 | Umit-03 5 132 | Necla-06 2
25 Hakan-01 2 79 | Tuna-03 7 133 | Haydar-06 6
26 Ozgur-01 5 80 | Osman-03 3 134 | Zehra-06 3
27 Necla-01 2 81 | Gizem-03 3 135 | Murat-06 0
28 Haydar-01 6 82 | Vural-03 1 136 | Kaya-06 6
29 Zehra-01 3 83 | llsu-03 0 137 | Nurettin-06 2
30 Murat-01 0 84 Banu-03 2 138 | Aysenaz06 0
31 Kaya-01 6 85 | Suheyla-04 1 139 | Nurcan-06 2
32 Nurettin01 2 86 | Aylin-04 1 140 | Hacer-06 6
33 Aysenaz01 0 87 | Berrin-04 1 141 | Umit-06 5
34 Nurcan-01 2 88 | Hakan-04 2 142 | Tuna-06 7
35 Hacer-01 6 89 | Ozgur-04 5 143 | Osman-06 3
36 Umit-01 5 90 | Necla-04 2 144 | Gizem-06 3
37 Tuna-01 7 91 | Haydar-04 6 145 | Vural-06 1
38 Osman-01 3 92 | Zehra-04 3 146 | llsu-06 0
39 Gizem-01 3 93 | Murat-04 0 147 | Banu-06 2
40 Vural-01 1 94 | Kaya-04 6 148 | Suheyla07 1
41 llsu-01 0 95 | Nurettin-04 2 149 | Aylin-07 1
42 Banu-01 2 96 | Aysenaz-04 0 150 | Berrin-07 1
43 Suheyla02 1 97 | Nurcan-04 2 151 | Hakan-07 2
44 Aylin-02 1 98 | Hacer-04 6 152 | Ozgur-07 5
45 Berrin-02 1 99 | Umit-04 5 153 | Necla-07 2
46 Hakan-02 2 100 | Tuna-04 7 154 | Haydar-07 6
47 Ozgur-02 5 101 | Osman-04 3 155 | Zehra-07 3
48 Necla-02 2 102 | Gizem-04 3 156 | Murat-07 0
49 Haydar-02 6 103 | Vural-04 1 157 | Kaya-07 6
50 Zehra-02 3 104 | llsu-04 0 158 | Nurettin-07 2
51 Murat-02 0 105 | Banu-04 2 159 | Aysenaz07 0
52 Kaya-02 6 106 | Suheyla-05 1 160 | Nurcan-07 2
53  |Nurettin-02 2 107 | Aylin-05 1 161 | Hacer-07 6
54  |Aysenaz-02 0 108 | Berrin-05 1 162 | Umit-07 5
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Table A.3 (continued)

FRAME C
Pop. Pop. Pop.

Pop. Element | Pop. Element |Pop. Element

ID Value ID Value ID Value

i ID Label Vi i ID Label Vi i ID Label Yi
163 | Tuna-07 7 179 | Nurettin-08 2 195 | Necla-09 2
164 | Osman-07 3 180 | Aysenaz08 0 196 | Haydar-09 6
165 | Gizem-07 3 181 | Nurcan-08 2 197 | Zehra-09 3
166 | Vural-07 1 182 | Hacer-08 6 198 | Murat-09 0
167 | llsu-07 0 183 | Umit-08 5 199 | Kaya-09 6
168 | Banu-07 2 184 | Tuna-08 7 200 | Nurettin09 2
169 | Suheyla08 1 185 | Osman-08 3 201 | Aysenaz-09 0
170 | Aylin-08 1 186 | Gizem-08 3 202 | Nurcan-09 2
171 | Berrin-08 1 187 | Vural-08 1 203 | Hacer-09 6
172 | Hakan-08 2 188 | llsu-08 0 204 | Umit-09 5
173 | Ozgur-08 5 189 | Banu-08 2 205 | Tuna-09 7
174 | Necla-08 2 190 [ Suheyla09 1 206 | Osman-09 3
175 | Haydar-08 6 191 | Aylin-09 1 207 | Gizem-09 3
176 | Zehra-08 3 192 | Berrin-09 1 208 | Vural-09 1
177 | Murat-08 0 193 | Hakan-09 2 209 | llsu-09 0
178 | Kaya-08 6 194 | Ozgur-09 5 210 | Banu-09 2
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APPENDIX B

TABLES OF POPULATION ELEMENTS CLASSIFICATION TO THREE
DOMAINS FOR DUAL FRAME

Table B.1: List of Population Elements in Domain a for Dual Frame

Population Elements

In Domain a
Pop. Pop. Pop.
Pop. Element | Pop. Element | Pop. Element

ID Value ID Value ID Value
i ID Label ¥i | ID Label ¥i i ID Label ¥i
3 Arif 2 70 Kamil-02 2 135 Sule-04 4
4 Aynur 3 72 Deniz-02 5 136 Ahmet-04 2
9 Birsen 4 73 Nilgun-02 2 140 Asli-04 1
10 Kamil 2 75 Sule-02 4 144 Ozlem-04 4
12 Deniz 5 76 Ahmt-02 2 146 Umit-04 5
13 Nilgun 2 80 Asli-02 1 147 llsu-04 0
15 Sule 4 84 Ozlem-02 4 148 Aysenaz-04 0
16 Ahmet 2 86 Umit-02 5 149 Osman-04 3
20 Asli 1 87 llsu-02 0 150 Mehmet-04 1
24 Ozlem 4 88 Aysenaz-02 0 151 Arif-05 2
26 Umit 5 89 Osman-02 3 154 Aynur-05 3
27 llsu 0 90 Mehmet-02 1 159 Birsen-05 4
28 Aysenaz 0 93 Arif-03 2 160 Kamil-05 2
29 Osman 3 94 Aynur 3 162 Deniz-05 5
30 Mehmet 1 99 Birsen-03 4 163 Nilgun-05 2
33 Arif-01 2 100 Kamil-03 2 165 Sule-05 4
34 Aynur-01 3 102 Deniz-03 5 166 Ahmet-05 2
39 Birsen-01 4 103 Nilgun-03 2 170 Asli-05 1
40 Kamil-01 2 105 Sule-03 4 174 Ozlem-05 4
42 Deniz-01 5 106 Ahmet-03 2 176 Umit-05 5
43 Nilun-01 2 110 Asli-03 1 177 llsu-05 0
45 Sule-01 4 114 Ozlem-03 4 178 Aysenaz-05 0
46 Ahmet-01 2 116 Umit-03 5 179 Osman-05 3
50 Asli-01 1 117 1lsu-03 0 180 Mehmet-05 1
54 Ozlem-01 4 118 Aysenaz-03 0 183 Arif-06 2
56 Umit-01 5 119 Osman-03 3 184 Aynur-06 3
57 llsu-01 0 120 Mehmet-03 1 189 Birsen-06 4
58 Aysenaz-01 0 123 Arif-04 2 190 Kamil-06 2
59 Osman-01 3 124 Aynur-04 3 192 Deniz-06 5
60 ehmet-01 1 129 Birsen-04 4 193 Nilgun-06 2
63 Arif-02 2 130 Kamil-04 2 195 Sule-06 4
64 Aynur-02 3 132 Deniz-04 5 196 Ahmet-06 2
69 Birsen-02 4 133 Nilgun-04 2 200 Asli-06 1

97




Table B.1 (continued)

Population Elements

In Domain a
Pop. Pop. Pop.

Pop. Element | Pop. Element | Pop. Element

ID Value ID Value ID Value

i ID Label y; | ID Label ¥i i ID Label ¥i
204 Ozlem-06 4 237 llsu-07 0 269 | Osman-08 3
206 Umit-06 5 238 | Aysenaz-07 0 270 Mehmet-08 1
207 | llsu-06 0 239 | Osman-07 3 273 | Arif-09 2
208 | Aysenaz-06 0 240 Mehmet-07 1 274 Aynur-09 3
209 | Osman-06 3 243 | Arif-08 2 279 Birsen-09 4
210 Mehmet-06 1 244 | Aynur-08 3 280 Kamil-09 2
213 | Arif-07 2 249 Birsen-08 4 282 Deniz-09 5
214 | Aynur-07 3 250 Kamil-08 2 283 Nilgun-09 2
219 Birsen-07 4 252 Deniz-08 5 285 Sule-09 4
220 | Kamil-07 2 253 Nilgun-08 2 286 | Ahmet-09 2
222 | Deniz-07 5 255 | Sule-08 4 290 | Asli-09 1
223 Nilgun-07 2 256 | Ahmet-08 2 294 | Ozlem-09 4
225 | Sule-07 4 260 | Asli-08 1 296 | Umit-09 5
226 | Ahmet-07 2 264 | Ozlem-08 4 297 | llsu-09 0
230 | Asli-07 1 266 Umit-08 5 298 | Aysenaz-09 0
234 | Ozlem-07 4 267 llsu-08 0 299 | Osman-09 3
236 | Umit-07 5 268 | Aysenaz-08 0 300 Mehmet-09 1
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Table B.2: List of Population Elements in Domain ab for Dual Frame

Population Elements
In Domain ab

Pop. Pop.
Element Element
Pop.ID Value Pop.ID Value

i(A) i(B) ID Label ¥i i(A) i(B) ID Label ¥i
1 9 Aylin 1 107 95 Bora-03 1
2 1 Suheyla 1 108 82 Hacer-03 6
5 8 Ayse 5 109 96 Nurettin-03 2
6 13 Hakan 2 111 77 Vural-03 1
7 10 Ebru 2 112 100 Haydar-03 6
8 15 Ozcan 3 113 87 Tuna-03 7
11 3 Aysegul 0 115 79 Berrin-03 1
14 14 Zehra 3 121 109 Aylin-04 1
17 20 Bora 1 122 101 Suheyla-04 1
18 7 Hacer 6 125 108 Ayse04 5
19 21 Nurettin 2 126 112 Hakan-04 2
21 2 Vural 1 127 110 Ebru-04 2
22 25 Haydar 6 128 115 | Ozcan-04 3
23 12 Tuna 7 131 103 | Aysegul-04 0
25 4 Berrin 1 134 114 | Zehra-04 3
31 34 Aylin-01 1 137 120 Bora-04 1
32 26 Suheyla-01 1 138 107 Hacer-04 6
35 33 Ayse-01 5 139 121 Nurettin-04 2
36 38 Hakan-01 2 141 102 | Vural-04 1
37 35 Ebru-01 2 142 125 Haydar-04 6
38 40 Ozcan-01 3 143 112 Tuna-04 7
41 28 Aysegul-01 0 145 104 Berrin-04 1
44 39 Zehra-01 3 151 134 Aylin-05 1
47 45 Bora-01 1 152 126 Suheyla-05 1
48 32 Hacer-01 6 155 133 Ayse-05 5
49 46 Nurettin-01 2 156 138 Hakan-05 2
51 27 Vural-01 1 157 135 Ebru-05 2
52 50 Haydar-01 6 158 140 | Ozcan-05 3
53 37 Tuna-01 7 161 128 | Aysegul-05 0
55 29 Berrin-01 1 164 139 | Zehrab 3
61 59 Aylin-02 1 167 145 Bora-05 1
62 51 Suheyla-02 1 168 132 Hacer-05 6
65 58 Ayse-02 5 169 145 Nurettin-05 2
66 63 Hakan-02 2 171 127 | Vural-05 1
67 60 Ebru-02 2 172 150 Haydar-05 6
68 65 Ozcan-02 3 173 137 Tuna-05 7
71 53 Aysegul-02 0 175 129 Berrin-05 1
74 64 Zehra-02 3 181 159 | Aylin-06 1
77 70 Bora-02 1 182 151 Suheyla-06 1
78 57 Hacer-02 6 185 158 Ayse-06 5
79 71 Nurettin-02 2 186 163 Hakan-06 2
81 52 Vural-02 1 187 160 | Ebru-06 2
82 75 Haydar-02 6 188 165 | Ozcan-06 3
83 62 Tuna-02 7 191 153 | Aysegul-06 0
85 54 Berrin-02 1 194 164 Zehra-06 3
91 84 Aylin-03 1 197 170 Bora-06 1
92 76 Suheyla-03 1 198 157 Hacer-06 6
95 83 Ayse-03 5 199 171 Nurettin-06 2
96 88 Hakan-03 2 201 152 | Vural-06 1
97 85 Ebru-03 2 202 175 Haydar-06 6
98 90 Ozcan-03 3 203 162 | Tuna-06 7
101 78 Aysegul-03 0 205 154 Berrin-06 1
104 79 Zehra-03 3 211 184 Aylin-07 1
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Table B.2 (continued)

Population Elements
In Domain ab
Pop. Pop.
Element Element
Pop.ID Value Pop.ID Value
i(A) i(B) ID Label ¥i i(A) i(B) ID Label ¥i
212 176 Suheyla-07 1 257 220 Bora-08 1
215 183 Ayse-07 5 258 207 Hacer-08 6
216 188 Hakan-07 2 259 221 Nurettin-08 2
217 185 Ebru-07 2 261 202 | Vural-08 1
218 190 Ozcan-07 3 262 25 Haydar-08 6
221 178 Aysegul-07 0 263 212 Tuna-08 7
224 189 Zehra-07 3 265 204 Berrin-08 1
227 195 Bora-07 1 271 234 Aylin-09 1
228 182 Hacer-07 6 272 226 Suheyla-09 1
229 196 Nurettin-07 2 275 233 | Ayse-09 5
231 177 Vural-07 1 276 238 Hakan-09 2
232 200 Haydar-07 6 277 235 Ebru-09 2
233 187 | Tuna-07 7 278 240 | Ozan-09 3
235 179 Berrin-07 1 281 228 | Aysegul-09 0
241 209 | Aylin-08 1 284 239 | Zehra-09 3
242 201 Suheyla-08 1 287 245 Bora-09 1
245 208 Ayse-08 5 288 232 Hacer-09 6
246 213 Hakan-08 2 289 246 Nurettin-09 2
247 210 Ebru-08 2 291 227 | Vural-09 1
248 215 Ozcan-08 3 292 250 Haydar-09 6
251 203 | Aysegul-08 0 293 237 | Tuna-09 7
254 214 Zehra-08 3 295 229 Berrin-09 1
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Table B.3: List of Population Elements in Domain b for Dual Frame

Population Elements

In Domain b
Pop. Pop.

Pop. Element Pop. Element
ID Value ID Value

i ID Label ¥i i ID Label ¥i

5 Mahmut 3 130 Mahmut-05 3

6 Murat 0 131 Murat-05 0
11 Didem 1 136 Didem-05 1
16 Necla 2 141 Necla-05 2
17 Ismail 4 142 Ismail-05 4
18 Eda 3 123 Eda-05 3
19 Ferit 2 144 Ferit-05 2
22 Gizem 3 147 Gizem -05 3
23 Nurcan 2 148 Nurcan-05 2
24 Doga 4 149 Doga-05 4
30 Mahmut-01 3 155 Mahmut-06 3
31 Murat-01 0 156 Murat-06 0
36 Didem-01 1 161 Didem-06 1
41 Necla-01 2 166 Necla-06 2
42 Ismail-01 4 167 Ismail-06 4
43 Eda-01 3 168 Eda-06 3
44 Ferit-01 2 169 Ferit-06 2
47 Gizem -01 3 172 Gizem -06 3
48 Nurcan-01 2 173 Nurcan-06 2
49 Doga-01 4 174 Doga-06 4
55 Mahmut-02 3 180 Mahmut-07 3
56 Murat-02 0 181 Murat-07 0
61 Didem-02 1 186 Didem-07 1
66 Necla-02 2 191 Necla-07 2
67 Ismail-02 4 192 Ismail-07 4
68 Eda-02 3 193 Eda-07 3
69 Ferit-02 2 194 Ferit-07 2
72 Gizem -02 3 197 Gizem -07 3
73 Nurcan-02 2 198 Nurcan-07 2
74 Doga-02 4 199 Doga-07 4
80 Mahmut-03 3 205 Mahmut-08 3
81 Murat-03 0 206 Murat-08 0
86 Didem-03 1 211 Didem-08 1
91 Necla-03 2 216 Necla-08 2
92 Ismail-03 4 217 Ismail-08 4
93 Eda-03 3 218 Eda-08 3
94 Ferit-03 2 219 Ferit-08 2
97 Gizem -03 3 222 Gizem 08 3
98 Nurcan-03 2 223 Nurcan-08 2
99 Doga-03 4 224 Doga-08 4
105 Mahmt-04 3 230 Mahmut-09 3
106 Murat-04 0 231 Murat-09 0
111 Didem-04 1 236 Didem-09 1
116 Necla-04 2 241 Necla-09 2
117 Ismail-04 4 242 Ismail-09 4
118 Eda-04 3 243 Eda-09 3
119 Ferit-04 2 244 Ferit-09 2
122 Gizem -04 3 247 Gizem -09 3
123 Nurcan-04 2 248 Nurcan-09 2
124 Doga-04 4 249 Doga-09 4
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APPENDIX C

TABLES OF POPULATION ELEMENTS CLASSIFICATION TO SEVEN
DOMAINS FOR THREE FRAMES

Table C.1: List of Population Elements in Domain a for Three Frames

Population Elements

In Domain a
Pop. Pop. Pop.
Pop. Element | Pop. Element | Pop. Element

ID Value ID Value ID Value
i ID Label Yi i ID Label Vi i ID Label Yi
3 Arif 2 93 Arif-03 2 183 Arif-06 2
4 Aynur 3 94 Aynur-03 3 184 Aynur-06 3
9 Birsen 4 99 Birsen-03 4 189 Birsen-06 4
10 Kamil 2 100 Kamil-03 2 190 Kamil-06 2
12 Deniz 5 102 Deniz-03 5 192 Deniz-06 5
13 Nilgun 2 103 Nilgun-03 2 193 Nilgu-06 2
15 Sule 4 105 | Sule-03 4 195 Sule-06 4
16 Ahmet 2 106 | Ahmet-03 2 196 Ahmet-06 2
20 Asli 1 110 | Asli-03 1 200 Asli-06 1
24 Ozlem 4 114 Ozlem-03 4 204 Ozlem-06 4
30 Mehmet 1 120 Mehmet-3 1 210 Mehmet-06 1
33 Arif-01 2 123 | Arif-04 2 213 Arif-07 2
34 Aynur-01 3 124 Aynur-04 3 214 Aynur-07 3
39 Birsen-01 4 129 Birsen-04 4 219 Birsen-07 4
40 Kamil-01 2 130 Kamil-04 2 220 Kamil-07 2
42 Deniz-01 5 132 Deniz-04 5 222 Deniz-07 5
43 Nilgun-01 2 133 Nilgun-04 2 223 Nilun-07 2
45 Sule-01 4 135 Sule-04 4 225 Sule-07 4
46 Ahmet-01 2 136 | Ahmet-04 2 226 Ahmet-07 2
50 Asli-01 1 140 Asli-04 1 230 Asli-07 1
54 Ozlem-01 4 144 Ozlem-04 4 234 Ozlem-07 4
60 Mehmet-01 1 150 Mehmet-04 1 240 Mehmet-07 1
63 Arif-02 2 153 | Arif-05 2 243 Arif-08 2
64 Aynur-02 3 154 Aynur-05 3 244 Aynur-08 3
69 Birsen-02 4 159 Birsen-05 4 249 Birsen-08 4
70 Kamil-02 2 160 Kamil-05 2 250 Kamil-08 2
72 Deniz-02 5 162 Deniz-05 5 252 Deniz-08 5
73 Nilgun-02 2 163 Nilgun-5 2 253 Nilgun-08 2
75 Sule-02 4 165 Sule-05 4 255 | Sule-08 4
76 Ahmet-02 2 166 Ahmet-05 2 256 | Ahmet-08 2
80 Asli-02 1 170 | Asli-05 1 260 | Asli-08 1
84 Ozlem-02 4 174 Ozlem-05 4 264 | Ozlem-08 4
90 Mehmet-02 1 180 Mehmet-05 1 270 Mehmet-08 1
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Table C.1 (continued)

Population Elements

In Domain a
Pop. Pop. Pop.
Pop. Element | Pop. Element | Pop. Element
ID Value ID Value ID Value
i ID Label y; i ID Label ¥i i ID Label ¥i
273 | Arif-09 2 282 | Deniz-09 5 290 | Asli-09 1
274 | Aynur-09 3 283 Nilgun-09 2 294 | Ozlem-09 4
279 | irsen-09 4 285 Sule-09 4 300 Mehmet09 1
280 | Kamil-09 2 286 | Ahmet-09 2
Table C.2: List of Population Elements in Domain b for Three Frames
Population Elements
In Domain b
Pop. Pop.
Pop. Element Pop. Element
ID Value ID Value
i ID Label ¥i i ID Label ¥i
5 Mahmut 3 130 Mahmut-05 3
11 Didem 1 136 Didem-05 1
17 Ismail 4 142 Ismail-05 4
18 Eda 3 123 Eda-05 3
19 Ferit 2 144 Ferit-05 2
24 Doga 4 149 Doga-05 4
30 Mahmut-01 3 155 Mahmut-06 3
36 Didem-01 1 161 Didem-06 1
42 Ismail-01 4 167 Ismail-06 4
43 Eda-01 3 168 Eda-06 3
44 Ferit-01 2 169 Ferit-06 2
49 Doga-01 4 174 Doga-06 4
55 Mahmut-02 3 180 Mahmut-07 3
61 Didem-02 1 186 Didem-07 1
67 Ismail-02 4 192 Ismail-07 4
68 Eda-02 3 193 Eda-07 3
69 Ferit-02 2 194 Ferit-07 2
74 Doga-02 4 199 Doga-07 4
80 Mahmut-03 3 205 Mahmut-08 3
86 Didem-03 1 211 Didem-08 1
92 Ismail-03 4 217 Ismail-08 4
93 Eda-03 3 218 Eda-08 3
94 Ferit-03 2 219 Ferit-08 2
99 Doga-03 4 224 Doga-08 4
105 Mahmut-04 3 230 Mahmut-09 3
111 Didem-04 1 236 Didem-09 1
117 Ismail-04 4 242 Ismail-09 4
118 Eda-04 3 243 Eda-09 3
119 Ferit-04 2 244 Ferit-09 2
124 Doga-04 4 249 Doga-09 4
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Table C.3: List of Population Elements in Domain ¢ for Three Frames

Population Elements

In Domain ¢
Pop. Pop.

Pop. Element Pop. Element
ID Value ID Value

i ID Label ¥i i ID Label ¥i

5 Ozgur 5 110 Ozgur-05 5
10 Kaya 6 115 Kaya-05 6
21 Banu 2 126 Banu-05 2
26 Ozgur-01 5 131 Ozgur-06 5
31 Kaya-01 6 136 Kaya-06 6
42 Banu-01 2 147 Banu-06 2
47 Ozgur-02 5 152 Ozgur-07 5
52 Kaya-02 6 157 Kaya-07 6
63 Banu-02 2 168 Banu-07 2
68 Ozgur-03 5 173 Ozgur-08 5
73 Kaya-03 6 178 Kaya-08 6
84 Banu-03 2 189 Banu-08 2
89 Ozgur-04 5 194 Ozgur-09 5
94 Kaya-04 6 199 Kaya-09 6
105 Banu-04 2 210 Banu-09 2

Table C.4: List of Population Elements in Domain ac for Three Frames

Population Elements
In Domain ac

Pop. Pop.
Element Element
Pop.ID Value Pop.ID Value
i(A) i(C) ID Label ¥i i(A) i(C) ID Label y;
26 15 Umit 5 176 120 Umit-05 5
27 20 llsu 0 177 125 llsu-05 0
28 12 Aysenaz 0 178 117 Aysenaz-05 0
29 17 Osman 3 179 122 Osman-05 3
56 36 Umit-01 5 206 141 Umit-06 5
57 41 llsu-01 0 207 146 llsu-06 0
58 33 Aysenaz-01 0 208 138 Aysenaz-06 0
59 38 Osman-01 3 209 143 Osman-06 3
86 57 Umit-02 5 236 162 Umit-07 5
87 62 llsu-02 0 237 167 llsu-07 0
88 54 Aysenaz-02 0 238 159 Aysenaz-07 0
89 59 Osman-02 3 239 164 Osman-07 3
116 78 Umit-03 5 266 183 Umit-08 5
117 83 llsu-03 0 267 188 llsu-08 0
118 75 Aysenaz-03 0 268 180 Aysenaz-08 0
119 80 Osman-03 3 269 185 Osman-08 3
146 99 Umit-04 5 296 204 Umit-09 5
147 104 llsu-04 0 297 209 llsu-09 0
148 96 Aysenaz-04 0 298 201 Aysenaz-09 0
149 101 Osman-04 3 299 206 Osman-09 3
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Table C.5: List of Population Elements in Domain ab for Three Frames

Population Elements

In Domain ab

Pop. Pop.
Element Element
Pop.ID Value Pop.ID Value
i(A) i(B) ID Label y; i(A) i(B) ID Label ¥i
5 8 Ayse 5 155 133 Ayse-05 5
7 10 Ebru 2 157 135 Ebru-05 2
8 15 Ozcan 3 158 140 Ozcan-05 3
11 3 Aysegul 0 161 128 Aysegul-05 0
17 20 Bora 1 167 145 Bora-05 1
35 33 Ayse-01 5 185 158 Ayse-06 5
37 35 Ebru-01 2 187 160 Ebru-06 2
38 40 Ozcan-01 3 188 165 Ozcan-06 3
41 28 Aysegul-01 0 191 153 Aysegu-06 0
47 45 Bora-01 1 197 170 Bora-06 1
65 58 Ayse-02 5 215 183 Ayse-07 5
67 60 Ebru-02 2 217 185 Ebru-07 2
68 65 Ozcan-02 3 218 190 Ozcan-07 3
71 53 Aysegul-02 0 221 178 Aysegul-07 0
77 70 Bora-02 1 227 195 Bora-07 1
95 83 Ayse-03 5 245 208 Ayse-08 5
97 85 Ebru-03 2 247 210 Ebru-08 2
98 90 Ozcan-03 3 248 215 Ozcan-08 3
101 78 Aysegul-03 0 251 203 Aysegul-08 0
107 95 Bora-03 1 257 220 Bora-08 1
125 108 Ayse-04 5 275 233 Ayse-09 5
127 110 Ebru-04 2 277 235 Ebru-09 2
128 115 Ozcan-04 3 278 240 Ozcan-09 3
131 103 Aysegul-04 0 281 228 Aysegul-09 0
137 120 Bora-04 1 287 245 Bora-09 1
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Table C.6: List of Population Elements in Domain bc for Three Frames

Population Elements

in Domain bc

Pop. Pop.
Element Element
Pop.ID Value Pop.ID Value
i(B) i(C) ID Label ¥i i(B) i(C) ID Label y;
6 9 Murat 0 131 114 Murat-05 0
22 18 Gizem 3 147 123 Gizem-05 3
23 13 Nurcan 2 148 118 Nurcan-05 2
16 6 Necla 2 141 111 Necla-05 2
31 30 Murat-01 0 156 135 Murat-06 0
47 39 Gizem-01 3 172 144 Gizem-06 3
48 34 Nurcan-01 2 173 139 Nurcan-06 2
41 27 Necla-01 2 166 132 Necla-06 2
56 51 Murat-02 0 181 156 Murat-07 0
72 60 Gizem-02 3 197 165 Gizem-07 3
73 55 Nurcan-02 2 198 160 Nurcan-07 2
66 48 Necla-02 2 191 153 Necla-07 2
81 72 Murat-03 0 206 177 Murat-08 0
97 81 Gizem-03 3 222 186 Gizem-08 3
98 76 Nurcan-03 2 223 181 Nurcan-08 2
91 69 Necla-03 2 216 174 Necla-08 2
106 93 Murat-04 0 231 198 Murat-09 0
122 102 | Gizem-04 3 247 207 Gizem-09 3
123 97 Nurcan-04 2 248 202 Nurcan-09 2
116 90 Necla-04 2 241 195 Necla-09 2
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Table C.7: List of Population Elements in Domain abc for Three Frames

Population Elements
in Domain abc

Pop. Pop.
Element Element
Pop.ID Value Pop.ID Value

i(A) i(B) i(C) ID Label ¥i i(A) i(B) i(C) ID Label ¥i
1 9 2 Aylin 1 151 134 107 Aylin-05 1
2 1 1 Suheyla 1 152 126 106 Suheyla-05 1
6 13 4 Hakan 2 156 138 109 Hakan-05 2
14 14 8 Zehra 3 164 139 113 Zehra-05 3
18 7 14 Hacer 6 168 132 119 Hacer-05 6
19 21 11 Nurettin 2 169 146 116 Nurettin-05 2
21 2 19 Vural 1 171 127 124 Vural-05 1
22 25 7 Haydar 6 172 150 112 Haydar-05 6
23 12 16 Tuna 7 173 137 121 Tuna-05 7
25 4 3 Berrin 1 175 129 108 Berrin-05 1
31 34 23 Al-01 1 181 159 128 Aylin-06 1
32 26 22 | Suheyla-01 1 182 151 127 Suheyla-06 1
36 38 25 | Hakan-01 2 186 163 130 Hakan-06 2
44 39 29 | Zehra-01 3 194 164 134 Zehra-06 3
48 32 35 Hacer-01 6 198 157 140 Hacer-06 6
49 46 32 Nurettin-01 2 199 171 137 Nurettin-06 2
51 27 40 Vural-01 1 201 152 145 Vural-06 1
52 50 28 | Haydar-01 6 202 175 140 Haydar-06 6
53 37 37 | Tuna-1 7 203 162 142 Tuna-06 7
55 29 24 Berrin-01 1 205 154 129 Berrin-06 1
61 59 44 Aylin-02 1 211 184 149 Aylin-07 1
62 51 43 | Suheyla-02 1 212 176 148 Suheyla-07 1
66 63 46 Hakan-02 2 216 188 151 Hakan-07 2
74 64 50 | Zehra-02 3 224 189 155 Zehra-07 3
78 57 56 Hacer-02 6 228 182 161 Hacer-07 6
79 71 53 Nurettin-02 2 229 196 158 Nurettin-07 2
81 52 61 Vural-02 1 231 177 166 Vural-07 1
82 75 46 | Haydar-02 6 232 200 154 Haydar-07 6
83 62 58 | Tuna-02 7 233 187 163 Tuna-07 7
85 54 45 Berrin-02 1 235 179 150 Berrin-07 1
91 84 65 | Aylin-03 1 241 209 170 Aylin-08 1
92 76 64 | Suheyla-03 1 242 201 169 Suheyla-08 1
96 88 67 | Hakan-03 2 246 213 172 Hakan-08 2
104 89 71 | Zehra-03 3 254 214 176 Zehra-08 3
108 82 77 Hacer-03 6 258 207 182 Hacer-08 6
109 96 74 Nuretin-03 2 259 221 179 Nurettin-08 2
111 77 82 | Vural-03 1 261 202 187 Vural-08 1
112 | 100 | 70 | Haydar-03 6 262 225 175 Haydar-08 6
113 87 79 | Tuna-03 7 263 212 184 Tuna-08 7
115 79 66 Berrin-3 1 265 204 171 Berrin-08 1
121 109 86 Aylin-04 1 271 234 191 Aylin-09 1
122 | 101 | 85 | Suheyla-04 1 272 226 190 Suheyla-09 1
126 | 113 | 88 | Hakan-04 2 276 238 193 Hakan-09 2
134 | 114 | 92 | Zehra-04 3 284 239 197 Zehra-09 3
138 | 107 | 98 | Her-04 6 288 232 203 Hacer-09 6
139 | 121 | 95 | Nurettin-04 2 289 246 200 Nurettin-09 2
141 | 102 | 103 | Vural-04 1 291 227 208 Vural-09 1
142 | 125 | 91 | Haydar-04 6 292 250 196 Haydar-09 6
143 | 112 | 100 | Tuna-04 7 293 237 205 Tuna-09 7
145 | 104 | 87 Berrin-04 1 295 229 192 Berrin-09 1
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APPENDIX D

TABLES OF SAMPLE ELEMENTS FOR APPLICATION

Table D.1: List of Sample Elements for Independent Simple Random Sample
s, Selected from Frame A

Sampe A
Sa
Sample Sample
Sample |Pop. Element Sample Pop. Element
ID ID Value ID ID Value
j i ID Label ¥i j i ID Label ¥i
1 71 Aysegul-02 0 31 173 Tuna-05 7
2 143 Tuna-04 7 32 203 Tuna-06 7
3 296 Umit-09 5 33 134 Zehra-04 3
4 170 Asli-05 1 34 53 Tuna-01 7
5 200 Asli-06 1 35 123 Arif-04 2
6 161 Aysegul-05 0 36 77 Bora-02 1
7 248 Ozcan-08 3 37 176 Umit-05 5
8 131 Aysegul-04 0 38 158 Ozcan-05 3
9 83 Tuna-02 7 39 213 Arif-07 2
10 119 Osman-03 3 40 149 Osman-04 3
11 146 Umit-04 5 41 153 Arif-05 2
12 56 Umit-01 5 42 80 Asli-02 1
13 290 Asli-09 1 43 116 Umit-03 5
14 215 Ayse-07 5 44 167 Bora-05 1
15 179 Osman-05 3 45 293 Tuna-09 7
16 197 Bora-06 1 46 140 Asli-04 1
17 287 Bora-09 1 47 8 Ozcan 3
18 33 Arif-01 2 48 254 Zehra-08 3
19 164 Zehra-05 3 49 125 Ayse-04 5
20 68 Ozcan-02 3 50 251 Aysegul-08 0
21 98 Ozcan-03 3 51 155 Ayse-05 5
22 104 Zehra-03 3 52 59 Osman-01 3
23 95 Ayse-03 5 53 5 Ayse 5
24 238 Osman-07 3 54 107 Bora-03 1
25 93 Arif-03 2 55 299 Osman-09 3
26 47 Bora-01 1 56 128 Ozcan-04 3
27 65 Ayse-02 5 57 50 Asli-01 1
28 101 Aysegul-03 0 58 3 Arif 2
29 206 Umit-06 5 59 74 Zehra-02 3
30 14 Zehra 3 60 11 Aysegul 0
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Table D.2: List of Sample Elements for Independent Simple Random Sample
s Selected from Frame B

Sampe B
S
Sample Sample
Sample Pop. Element Sample Pop. Element
ID ID Value ID ID Value
i i ID Label ¥; i i ID Label ¥;
1 137 Tuna-05 7 26 41 Necla-01 2
2 74 Doga-02 4 27 59 Aylin-02 1
3 90 Ozcan-03 3 28 6 Murat 0
4 241 Necla-09 2 29 246 Nurettin-09 2
5 166 Necla-06 2 30 37 Tuna-01 7
6 127 Vural-05 1 31 206 Murat-08 0
7 171 Nurettin-06 2 32 243 Eda-09 3
8 128 Aysegul-05 0 33 146 Nurein-05 2
9 93 Eda-03 3 34 53 Vural-02 1
10 2 Vural 1 35 116 Necla-04 2
11 115 Ozcan-04 3 36 99 Doga-03 4
12 53 Aysegul-02 0 37 56 Murat-02 0
13 62 Tuna-02 7 38 168 Eda-06 3
14 71 Nurettin-02 2 39 249 Doga-09 4
15 212 Tuna-08 7 40 149 Doga-05 4
16 215 Ozcan-08 3 41 165 Ozcan-06 3
17 9 Aylin 1 42 118 Eda-04 3
18 40 Ozcan-01 3 43 43 Eda-01 3
19 177 Vural-07 1 44 178 Aysegul-07 0
20 34 Aylin-05 1 45 199 Doga-07 4
21 102 Vural-04 1 46 103 Aysegul-04 0
22 106 Murat-04 0 47 131 Murat-05 0
23 96 Nurettin-03 2 48 209 Aylin-08 1
24 109 Aylin-04 1 49 91 Necla-03 2
25 112 Tuna-04 7 50 3 Aysegul 0
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Table D.3: List of Sample Elements for Independent Simple Random Sample
s¢ Selected from Frame C

Sampe C
Sc¢

Sample

Sample Pop. Element
ID ID Value

i i ID Label ¥;
1 153 Necla-07 2
2 175 Hayar-08 6
3 36 Umit-01 5
4 178 Kaya-08 6
5 97 Nurcan-04 2
6 207 Gizem-09 3
7 4 Hakan 2
8 210 Banu-09 2
9 146 Banu-06 2
10 120 Umit-05 5
11 13 Nurcan 2
12 42 Banu-01 2
13 69 Necla-03 2
14 70 Haydar-03 6
15 181 Nurcan-08 2
16 204 Umit-09 5
17 10 Kaya 6
18 180 Aysenaz-08 0
19 151 Hakan-07 2
20 39 Gizem-01 3
21 123 Gizem-05 3
22 127 Suheyla-06 1
23 73 Kaya-03 6
24 96 Aysenaz-04 0
25 1 Suheyla 1
26 27 Necla-01 2
27 46 Hakan-02 2
28 7 Haydar 6
29 43 Suheyla-02 1
30 12 Aysenaz 0
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APPENDIX E

TABLES OF SAMPLE ELEMENTS CLASSIFICATION TO TWO
DOMAINS FOR DUAL FRAME

Table E.1: List of Sample A Elements in Domains a and ab for Dual Frame

Sampe A
Sa
Sample Elements in Domain a Sample Elements in Domain ab
Sq Sab
Sample Sample
Sample |Pop. Element Sample Pop. Element

ID ID Value ID ID Value
j i ID Label Yi j i ID Label Yi
3 296 | Umit-09 5 1 71 53 Aysegul--02 0
4 170 | Asli-05 1 2 143 | 112 Tuna-04 7
5 200 |[Asli-06 1 6 161 | 128 | Aysegul-05 0
10 119 |Osman-03 3 7 248 | 215 Ozcan-08 3
11 146 | Umit-04 5 8 131 | 103 | Aysequl-04 0
12 56 Umit-01 5 9 83 62 Tuna-02 7
13 290 |Asli-09 1 14 215 | 183 Ayse-07 5
15 179 | Osman-05 3 16 197 | 170 Bora-06 1
18 33 |Arif-01 2 17 287 | 245 Bora-09 1
24 238 | Osman-07 3 19 164 | 139 Zehra-05 3
25 93 | Arif-03 2 20 68 65 Ozcan-02 3
29 206 | Umit-06 5 21 98 90 Ozcan-03 3
35 123 | Arif-04 2 22 104 | 89 Zehra-03 3
37 176 | Umit-05 5 23 95 83 Ayse-03 5
39 213 | Arif-07 2 26 47 45 Bora-01 1
40 149 | Osman-04 3 27 65 58 Ayse-02 5
41 153 | Arif-05 2 28 101 | 78 Aysegul-03 0
42 80 Asli-02 1 30 14 14 Zehra 3
43 116 | Umit-03 5 31 173 | 137 Tuna-05 7
46 140 | Asli-04 1 32 203 | 162 Tuna-06 7
52 59 Osman-01 3 33 134 | 114 Zehra-04 3
55 299 |Osman-09 3 34 53 37 Tuna-01 7
57 50 Asli-01 1 36 77 70 Bora-02 1
58 3 Arif 2 38 158 | 140 Ozcan-05 3
44 167 | 145 Bora-05 1

45 293 | 237 Tuna-09 7

47 8 15 Ozcan 3

48 254 | 214 Zehra-08 3

49 125 | 108 Ayse-04 5

50 251 | 203 | Aysegul-08 0
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Table E.1 (continued)

Sampe A
Sa
Sample Elements in Domain a Sample Elements in Domain ab
Sa Sab
Sample Sample
Sample |Pop. Element Sample Pop. Element
ID ID Value ID ID Value
j i ID Label Yi j i ID Label Yi
51 155 | 133 Ayse-05 5
53 5 8 Ayse 5
54 107 | 95 Bora-03 1
56 128 | 115 Ozcan-04 3
59 74 64 Zehra-02 3
60 11 3 Aysegul 0

112




Table E.2: List of Sample B Elements in Domains a and ab for Dual Frame

Sampe B
Sp
Sample Elements in Domain b Sample Elements in Domain ab
Sp Sab
Sample Sample
Sample |Pop. Element Sample Pop. Element
ID ID Value ID ID Value
j i ID Label Vi j i ID Label Vi
2 74 Doga-02 4 1 137 | 173 | Tuna-05 7
4 241 Necla-09 2 3 90 98 | Ozcan-03 3
5 166 Necla-06 2 6 127 | 171 | Vural-05 1
9 93 Eda-03 3 7 171 | 199 | Nurettin-06 2
22 106 Murat-04 0 8 128 | 161 | Aysegul-05 0
26 41 Necla-01 2 10 2 21 | Vural 1
28 6 Murat 0 11 115 | 128 | Ozcan-04 3
31 206 Murat-08 0 12 53 71 | Aysegul-2 0
32 243 Eda-09 3 13 62 83 | Tuna-02 7
35 116 Necla-04 2 14 71 79 | Nurettin-02 2
36 99 Doga-03 4 15 212 | 263 | Tuna-08 7
37 56 Murat-02 0 16 215 | 248 | Ozcan-08 3
38 168 Eda-06 3 17 9 1 Aylin 1
39 249 Doga-09 4 18 40 38 | Ozcan-01 3
40 149 Doga-05 4 19 177 | 231 | Vural-07 1
42 118 Eda-04 3 20 134 | 151 | Aylin-05 1
43 43 Eda-01 3 21 102 | 141 | Vural-04 1
45 199 Doga-07 4 23 96 | 109 | Nurettin-03 2
47 131 Murat-05 0 24 109 | 121 | Aylin-04 1
49 91 Necla-03 2 25 112 | 143 | Tuna-04 7
27 59 61 | Aylin-02 1
29 246 | 289 | Nurettin-09 2
30 37 53 | Tuna-01 7
33 146 | 169 | Nurettin-05 2
34 52 81 | Vural-02 1
41 165 | 188 | Ozcan-06 3
44 178 | 221 | Aysegul-07 0
46 103 | 131 | Aysegul-04 0
48 209 | 241 | Aylin-08 1
50 3 11 | Aysegul 0
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APPENDIX F

TABLES OF SAMPLE ELEMENTS CLASSIFICATION TO FOUR
DOMAINS FOR THREE FRAMES

Table F.1: List of Sample A Elements in Domains a for Three Frames

Sample A Elements in Domain a

Sa

Sample Sample

Sample | Pop. Element Sample Pop. Element
ID ID Value ID ID Value
i i ID Label ¥i i i ID Label ¥i
4 170 Asli-05 1 39 213 Arif-07 2
5 200 Asli-06 1 41 153 Arif-05 2
13 290 Asli-09 1 42 80 Asli-02 1
18 33 Arif-01 2 46 140 Asli-04 1
25 93 Arif-03 2 57 50 Asli-01 1
35 123 Arif-04 2 58 3 Arif 2

Table F.2: List of Sample A Elements in Domains ab for Three Frames

Sample A Elements in Domain ab

Sab

Sample Sample

Sample Element Sample Element
ID Pop.ID Value ID Pop.ID Value
i i(A) i(B) ID Label ¥i i i(A) i(B) ID Label ¥i
1 71 53 | Aysegul-02 0 28 101 78 | Aysegul-03 0
6 161 | 128 | Aysegul-05 0 36 77 70 Bora-02 1
7 248 | 215 | Ozcan-08 3 38 158 140 | Ozcan-05 3
8 131 | 103 | Aysegul-04 0 44 167 | 145 | Bora-05 1
14 215 | 183 | Ayse-07 5 47 8 15 Ozcan 3
16 197 | 170 | Bora-06 1 49 125 108 | Ayse-04 5
17 287 | 245 | Bora-09 1 50 251 | 203 | Aysegul-08 0
20 68 65 | Ozcan-02 3 51 155 | 133 | Ayse-05 5
21 98 90 | Ozcan-03 3 53 5 8 Ayse 5
23 95 83 | Ayse-03 5 54 107 95 Bora-03 1
26 47 45 | Bora-01 1 56 128 115 | Ozcan-04 3
27 65 58 | Ayse-02 5 60 11 3 Aysegul 0
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Table F.3: List of Sample A Elements in Domains ac for Three Frames

Sample 4 Elements in Domain ac

Sample Sample

Sample Element Sample Element
ID Pop.ID Value ID Pop.ID Value
i i(A) i(C) | IDLabel ¥; i i(A) i(© ID Label ¥;
3 296 | 204 | Umit-09 5 29 206 | 141 | Umit-06 5
10 119 | 80 Osman-03 3 37 176 | 120 | Umit-05 5
11 146 99 Umit-04 5 40 149 101 Osman-04 3
12 56 36 Umit-01 5 43 116 78 Umit-09 5
15 179 | 122 | Osman-05 3 52 59 38 Osman-01 3
24 209 | 164 | Osman-07 3 55 299 | 206 Osman-09 3

Table F.4: List of Sample A Elements in Domains abc for Three Frames

Sample A Elements in Domain abc
Sabc
Sample
Sample Element
ID Pop.ID Value
i i(A)  i(B) i© ID Label ¥i
2 143 | 112 | 100 | Tuna-04 7
9 83 62 58 | Tuna-02 7
19 164 | 139 | 113 | Zehra-05 3
22 104 | 89 71 | Zehra-03 3
30 14 14 8 Zehra 3
31 173 | 137 | 121 | Tuna-05 7
32 203 | 162 | 142 | Tuna-06 7
33 134 | 114 92 | Zehra-04 3
34 53 37 37 Tuna-01 7
45 293 | 237 | 205 | Tuna-09 7
48 254 | 214 | 176 | Zehra-08 3
59 74 64 50 | Zehra-02 3
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Table F.5: List of Sample B Elements in Domains b for Three Frames

Sample B Elements in Domain b

Sh
Sample Sample
Sample | Pop. Element Sample Pop. Element
ID ID Value ID ID Value
i i ID Label ¥i i i ID Label ¥i
2 74 Doga-02 4 39 249 Doga-09 4
9 93 Eda-03 3 40 149 Doga-05 4
32 243 Eda-09 3 42 118 Eda-04 3
36 99 Doga-03 4 43 43 Eda-01 3
38 168 Eda-06 3 45 199 Doga-07 4

Table F.6: List of Sample B Elements in Domains ab for Three Frames

Sample B Elements in Domain ab

S

b

Sample Sample
Sample Element Sample Element
ID Pop.ID Value ID Pop.ID Value
i i(A) _i(B) ID Label Yi i i(A) i(B) ID Label Yi
3 98 90 |Ozcan-03 3 18 38 40 |Ozcan-01 3
8 161 | 128 |Aysegul-05 0 41 188 | 165 |Ozcan-06 3
11 128 | 115 | Ozcan-04 3 44 221 | 178 |Aysegul-07 0
12 71 53 |Aysegul-02 0 46 131 | 103 |Aysegul-04 0
16 248 | 203 | Ozcan-08 3 50 11 3 |Aysequl 0

Table F.7: List of Sample B Elements in Domains bc for Three Frames

Sample 4 Elements in Domain bc

S

C

Sample Sample
Sample Element Sample Element
ID Pop.ID Value ID Pop.ID Value
j i(B) i(C) | IDLabel y; j i(B) i(C) ID Label y;
4 241 | 195 | Necla-09 2 31 206 | 177 | Murat-08 0
5 166 | 132 | Necla-06 2 35 116 90 Necla-04 2
22 106 | 94 | Murat-04 0 37 56 51 Murat-02 0
26 41 27 Necla-01 2 47 131 114 Murat-05 0
28 6 9 Murat 0 49 91 69 Necla-03 2
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Table F.8: List of Sample B Elements in Domains abc for Three Frames

Sample A Elements in Domain abc

Sabc
Sample
Sample Element
ID Pop.ID Value

i i(A) _i(B) i(© ID Label ¥;

1 173 | 137 | 121 Tuna-05 7

6 171 | 127 | 124 Vural-05 1

7 199 | 171 | 137 Nurettin-06 2
10 21 2 19 Vural 1
13 83 62 58 Tuna-02 7
14 79 71 53 Nurettin-02 2
15 263 | 212 | 184 | Tuna-08 7
17 1 9 2 Aylin 1
19 231 | 177 | 166 Vural-07 1
20 151 | 134 | 107 Aylin-05 1
21 141 | 102 | 103 Vural-04 1
23 109 | 96 74 Nurettin-03 2
24 121 | 109 | 86 Aylin-04 1
25 143 | 112 | 100 Tuna-04 7
27 61 59 44 Aylin-02 1
29 289 | 246 | 200 | Nurettin-09 2
30 53 37 37 Tuna-01 7
33 169 | 146 | 116 | Nurettin-05 2
34 81 52 61 | Vural-02 1
48 241 | 209 | 170 | Aylin-08 1

Table F.9: List of Sample € Elements in Domains c for Three Frames

Sample € Elements in Domain ¢

sC
Sample Sample
Sample | Pop. Element Sample Pop. Element
ID ID Value ID ID Value
i i ID Label ¥i i i ID Label ¥i
4 178 Kaya-08 6 12 42 Banu-01 2
8 210 Banu-09 2 17 10 Kaya 6
9 147 Banu-06 2 23 73 Kaya-03 6
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Table F.10: List of Sample € Elements in Domains ac for Three Frames

Sample B Elements in Domain ac

S

ac

Sample Sample
Sample Element Sample Element
ID Pop.ID Value ID Pop.ID Value
i i(A) i(C) | ID Label Vi i i(A) i(C) ID Label Vi
3 56 36 | Umit-01 5 18 268 | 180 | Aysenaz-08 0
10 176 | 120 | Umit-05 5 24 148 96 Aysenaz-04 0
16 296 | 204 | Umit-09 5 30 28 12 | Aysenaz 0

Table F.11: List of Sample B Elements in Domains bc for Three Frames

Sample 4 Elements in Domain bc

S

C

Sample Sample
Sample Element Sample Element
ID Pop.ID Value ID Pop.ID Value
i i(B) i(C) | IDLabel Vi i i(B) i(C) ID Label Vi
1 191 | 153 | Necla-07 2 15 223 | 181 Nurcan-08 2
5 123 | 97 Nurcan-04 2 20 47 39 Gizem-01 3
6 247 | 207 | Gizem-09 3 21 147 | 123 | Gizem-05 3
11 23 13 Nurcan 2 26 41 27 Necla-01 2
13 91 69 Necla-03 2

Table F.12: List of Sample B Elements in Domains abc for Three Frames

Sample A Elements in Domain abc
Sabc
Sample
Sample Element
ID Pop.ID Value
i i(A) _i(B) i(© ID Label Vi
2 262 | 225 | 175 | Haydar-08 6
7 6 13 4 Hakan 2
14 112 | 100 70 Haydar-03 6
19 216 | 188 | 151 | Hakan-07 2
22 182 | 151 | 127 | Suheyla-06 1
25 2 1 1 Suheyla 1
27 66 63 46 | Hakan-02 2
28 22 25 7 Haydar 6
29 62 51 43 | Suheyla-02 1
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Table G.1: List of Multiplicity Units of Sample A for Dual Frame

TABLES OF MULTIPLICITY UNITS OF SAMPLES A AND B FOR

APPENDIX G

DUAL FRAME

SAMPLE A
Sa
Sample
Sample Pop. Element Multiplicity
ID ID Value Unit
j i ID Label Yi m; yim;! yim;?
1 71 Aysegul-02 0 2 0 0
2 143 Tuna-04 7 2 35 12.25
3 296 Umit-09 5 1 5 25
4 170 Asli-05 1 1 1 1
5 200 Asli-06 1 1 1 1
6 161 Aysegul-05 0 2 0 0
7 248 Ozcan-08 3 2 15 2.25
8 131 Aysegul-04 0 2 0 0
9 83 Tuna-02 7 2 35 12.25
10 119 Osman-03 3 1 3 9
11 146 Umit-04 5 1 5 25
12 56 Umit-01 5 1 5 25
13 290 Asli-09 1 1 1 1
14 215 Ayse-07 5 2 25 6.25
15 179 Osman-05 3 1 3 9
16 197 Bo-06 1 2 0.5 0.25
17 287 Bora-09 1 2 0.5 0.25
18 33 Arif-01 2 1 2 4
19 164 Zehra-05 3 2 1.5 2.25
20 68 Ozcan-02 3 2 15 2.25
21 98 Ozcan-03 3 2 15 2.25
22 104 Zehra-03 3 2 15 2.25
23 95 Ayse-03 5 2 25 6.25
24 238 Osman-07 3 1 3 9
25 93 Arif-03 2 1 2 4
26 47 Bora-01 1 2 0.5 0.25
27 65 Ayse-02 5 2 25 6.25
28 101 Aysegul-03 0 2 0 0
29 206 Umit-06 5 1 5 25
30 14 Zehra 3 2 15 2.25
31 173 Tuna-05 7 2 3.5 12.25
32 203 Tuna-06 7 2 35 12.25
33 134 Zehra-04 3 2 15 2.25
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Table G.1 (continued)

SAMPLE 4
Sa
Sample
Sample Pop. Element Multiplicity
ID ID Value Unit
j i ID Label Yi m; ym;! yim;?
34 53 Tuna-01 7 2 35 12.25
35 123 Arif-04 2 1 2 4
36 77 Bora-02 1 2 0.5 0.25
37 176 Umit-05 5 1 5 25
38 158 Ozcan-05 3 2 15 2.25
39 213 Arif-07 2 1 2 4
40 149 Osman-04 3 1 3 9
41 153 Arif-05 2 1 2 4
42 80 Asli-02 1 1 1 1
43 116 Umit-03 5 1 5 25
44 167 Bora-05 1 2 0.5 0.25
45 93 Tuna-09 7 2 35 12.25
46 140 Asli-04 1 1 1 1
47 8 Ozcan 3 2 1.5 2.25
48 254 Zehra-08 3 2 15 2.25
49 125 Ayse-04 5 2 2.5 6.25
50 251 Aysegul-08 0 2 0 0
51 155 Ayse-05 5 2 25 6.25
52 59 Osman-01 3 1 3 9
53 5 Ayse 5 2 2.5 6.25
54 107 Bora-03 1 2 0.5 0.25
55 299 Osman-09 3 1 3 9
56 128 Ozcan-04 3 2 15 2.25
57 50 Asli-01 1 1 1 1
58 3 Arif 2 1 2 4
59 74 Zehra-02 3 2 1.5 2.25
60 11 Aysegul 0 2 0 0
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Table G.2: List of Multiplicity Units of Sample B for Dual Frame

SAMPLE B
Sp
Sample
Sample Pop. Element Multiplicity
ID ID Value Unit
j i ID Label Yi m; ym;! y?m;?
1 137 Tuna-05 7 2 3.5 12.25
2 74 Doga-02 4 1 4 16
3 90 Ozcan-03 3 2 15 2.25
4 241 Necla-09 2 1 2 4
5 166 Necla-06 2 1 2 4
6 127 Vural-05 1 2 0.5 0.25
7 171 Nurettin-06 2 2 1 1
8 128 Aul-05 0 2 0 0
9 93 Eda-03 3 1 3 9
10 2 Vural 1 2 0.5 0.25
11 115 Ozcan-04 3 2 1.5 2.25
12 53 Aysegul-02 0 2 0 0
13 62 Tuna-02 7 2 3.5 12.25
14 71 Nurettin-02 2 2 1 1
15 212 Tuna-08 7 2 3.5 12.25
16 215 Ozcan-08 3 2 15 2.25
17 9 Aylin 1 2 0.5 0.25
18 40 Ozcan-01 3 2 15 2.25
19 177 Vural-07 1 2 0.5 0.25
20 134 Aylin-05 1 2 0.5 0.25
21 102 Vural-04 1 2 0.5 0.25
22 106 Murat-04 0 1 0 0
23 96 Nurettin-03 2 2 1 1
24 109 Aylin-04 1 2 0.5 0.25
25 112 Tuna-04 7 2 3.5 12.25
26 41 Ncla-01 2 1 2 4
27 59 Aylin-02 1 2 0.5 0.25
28 6 Murat 0 1 0 0
29 246 Nurettin-09 2 2 1 1
30 37 Tuna-01 7 2 3.5 12.25
31 206 Murat-08 0 1 0 0
32 243 Eda-09 3 1 3 9
33 146 Nurettin-05 2 2 1 1
34 53 Vural-02 1 2 0.5 0.25
35 116 Necla-04 2 1 2 4
36 99 Doga-03 4 1 4 16
37 56 Murat-02 0 1 0 0
38 168 Eda-06 3 1 3 9
39 249 Doga-09 4 1 4 16
40 149 Doga-05 4 1 4 16
41 165 Ozcan-06 3 2 15 2.25
42 118 Eda-04 3 1 3 9
43 43 Eda-01 3 1 3 9
44 178 Aysegl-07 0 2 0 0
45 19 Doga-07 4 1 4 16
46 103 Aysegul-04 0 2 0 0
47 131 Murat-05 0 1 0 0
48 209 Aylin-08 1 2 0.5 0.25
49 91 Necla-03 2 1 2 4
50 3 Aysegul 0 2 0 0
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APPENDIX H

TABLES OF MULTIPLICITY UNITS OF SAMPLES 4, B AND C FOR
THREE FRAMES

Table H.1: List of Multiplicity Units of Sample A for Three Frames

SAMPLE 4
Sa
Sample
Sample Pop. Element Multiplicity
ID ID Value Unit
j i ID Label Yi m; ym;! yim;?
1 71 Aysegul-02 0 2 0 0
2 143 Tuna-04 7 3 2.33 5.44
3 296 Umit-09 5 2 25 6.25
4 170 Asli-05 1 1 1 1
5 200 Asli-06 1 1 1 1
6 161 Aysegul-05 0 2 0 0
7 248 Ozcan-08 3 2 15 2.25
8 131 Aysegul-04 0 2 0 0
9 83 Tuna-02 7 3 2.33 5.44
10 119 Osman-03 3 2 1.5 2.25
11 146 Umit-04 5 2 25 6.25
12 56 Umit-01 5 2 25 6.25
13 290 Asli-09 1 1 1 1
14 215 Ayse-07 5 2 2.5 6.25
15 179 Osman-05 3 2 1.5 2.25
16 197 Bora-06 1 2 0.5 0.25
17 287 Bora-09 1 2 0.5 0.25
18 33 Arif-01 2 1 2 4
19 164 Zehra-05 3 3 1 1
20 68 Ozcan-02 3 2 15 2.25
21 98 Ozcan-03 3 2 15 2.25
22 104 Zehra-03 3 3 1 1
23 95 Ayse-03 5 2 25 6,25
24 238 Osman-07 3 2 1.5 2.25
25 93 Arif-03 2 1 2 4
26 47 Bora-01 1 2 0.5 0.25
27 65 Ayse-02 5 2 25 6.25
28 101 Aysegul-03 0 2 0 0
29 06 mit-06 5 2 25 6.25
30 14 Zehra 3 3 1 1
31 173 Tuna-05 7 3 2.33 5.44
32 203 Tuna-06 7 3 2.33 5.44
33 134 Zehra-04 3 3 1 1
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Table H.1 (Continued)

SAMPLE 4
Sa
Sample
Sample Pop. Element Multiplicity
ID ID Value Unit
j i ID Label Yi m; ym;! yim;?
34 53 Tuna01 7 3 2.33 5.44
35 123 Arif-04 2 1 2 4
36 77 Bora-02 1 2 0.5 0.25
37 176 Umit-05 5 2 2.5 6.25
38 158 Ozcan-05 3 2 1.5 2.25
39 213 Arif-07 2 1 2 4
40 149 Osman-04 3 2 1.5 2.25
41 153 Arif-05 2 1 2 4
42 80 Asli-02 1 1 1 1
43 116 Umit-03 5 2 2.5 6.25
44 167 Boa-05 1 2 0.5 0.25
45 293 Tuna-09 7 3 2.33 5.44
46 140 Asli-04 1 1 1 1
47 8 Ozcan 3 2 1.5 2.25
48 254 Zehra-08 3 3 1 46
49 125 Ayse-04 5 2 2.5 6.25
50 251 Aysegul-08 0 2 0 0
51 155 Ayse-05 5 2 2.5 6.25
52 59 Osman-01 3 2 1.5 2.25
53 5 Ayse 5 2 2.5 6.25
54 107 Bo03 1 2 0.5 0.25
55 299 Osman-09 3 2 1.5 2.25
56 128 Ozcan-04 3 2 1.5 2.25
57 50 Asli-01 1 1 1 1
58 3 Arif 2 1 2 4
59 74 Zehra-02 3 3 1 1
60 11 Aysegul 0 2 0 0
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Table H.2: List of Multiplicity Units of Sample B for Three Frames

SAMPLE B
Sp
Sample
Sample Pop. Element Multiplicity
ID ID Value Unit
j i ID Label Yi m; ym;! yim;?
1 137 Tuna-05 7 3 2.33 5.44
2 74 Doga-02 4 1 4 16
3 90 Ozcan-03 3 2 15 2.25
4 241 Necla-09 2 2 1 1
5 166 Necla-06 2 2 1 1
6 127 Vural-05 1 3 0.33 0.11
7 171 Nurettin-06 2 3 0.66 0.44
8 128 Aysegul-05 0 2 0 0
9 93 Eda-03 3 1 3 9
10 2 Vural 1 3 0.33 0.11
11 15 Ozcan-04 3 2 1.5 2.25
12 53 Aysegul-02 0 2 0 0
13 62 Tuna-02 7 3 2.33 5.44
14 71 Nurettin-02 2 3 0.66 0.44
15 212 Tuna-08 7 3 2.33 5.44
16 215 Ozcan-08 3 2 15 2.25
17 9 Aylin 1 3 0.33 0.11
18 40 Ozcan-01 3 2 15 2.25
19 177 Vural-07 1 3 0.33 0.11
20 134 Aylin-05 1 3 0.33 0.11
21 102 Vural-04 1 3 0.33 0.11
22 106 Murat-4 0 2 0 0
23 96 Nurettin-03 2 3 0.66 0.44
24 109 Aylin-04 1 3 0.33 0.11
25 112 Tuna-04 7 3 2.33 5.44
26 41 Necla-01 2 2 1 1
27 59 Aylin-02 1 3 0.33 0.11
28 6 Murat 0 2 0 0
29 246 Nurettin-09 2 3 0.66 0.44
30 37 Tuna-01 7 3 2.33 5.44
31 206 Murat-08 0 2 0 0
32 243 Eda-09 3 1 3 9
33 146 Nurettin-05 2 3 0.66 0.44
34 53 Vural02 1 3 0.33 0.11
35 116 Necla-04 2 2 1 1
36 99 Doga-03 4 1 4 16
37 56 Murat-02 0 2 0 0
38 168 Eda-06 3 1 3 9
39 249 Doga-09 4 1 4 16
40 149 Doga-05 4 1 4 16
41 165 Ozcan-06 3 2 15 2.25
42 118 Eda-04 3 1 3 9
43 43 Eda-01 3 1 3 9
44 178 Aysegul-07 0 2 0 0
45 199 Doga-07 4 1 4 16
46 103 Aysegul-04 0 2 0 0
47 131 Mura-05 0 2 0 0
48 209 Aylin-08 1 3 0.33 0.11
49 91 Necla-03 2 2 1 1
50 3 Aysegul 0 2 0 0
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Table H.3: List of Multiplicity Units of Sample C for Three Frames

SAMPLE €
Sc
Sample
Sample Pop. Element Multiplicity
ID ID Value Unit
j i ID Label Yi m; ym;! yim;?
1 153 Necla-07 2 2 1 1
2 175 Haydar-08 6 3 2 4
3 36 Umit-01 5 2 25 6.25
4 178 Kaya-08 6 1 6 36
5 97 Nurcan-04 2 2 1 1
6 207 Gizem-09 3 2 15 2.25
7 4 Hakan 2 3 0.66 0.44
8 210 Banu9 2 1 2 4
9 146 Banu-06 2 1 2 4
10 120 Umit-05 5 2 25 6.25
11 13 Nurcan 2 2 1 1
12 42 Banu-01 2 1 2 4
13 69 Necla-03 2 2 1 1
14 70 Haydar-03 6 3 2 4
15 181 Nurcan-08 2 2 1 1
16 204 Umit-09 5 2 25 6.25
17 10 Kaya 6 1 6 36
18 180 Ayseaz-08 0 2 0 0
19 151 Hakan-07 2 3 0.66 0.44
20 39 Gizem-01 3 2 15 2.25
21 123 Gizem-05 3 2 15 2.25
22 127 Suheyla-06 1 3 0.33 0.11
23 73 Kaya-03 6 1 6 36
24 96 Aysenaz-04 0 2 0 0
25 1 Suheyla 1 3 0.33 0.11
26 27 Neclal 2 2 1 1
27 46 Hakan-02 2 3 0.66 0.44
28 7 Haydar 6 3 2 4
29 43 Suheyla-02 1 3 0.33 0.11
30 12 Aysenaz 0 2 0 0
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